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Abstract

:

This study assesses the impacts of technological innovation in Sub-Saharan African agriculture on local and global economies. Using the Eaton–Kortum model, with θ = 4.0875, the results show that comparative advantage’s positive impact on agricultural trade more than offsets the negative impacts of geography barriers. Sub-Saharan Africa is among the least competitive region with respect to agriculture production. This is due to its low value of the technology parameter, about 0.16 compared to the North American’s one (93.23). We found that increasing the technology of a country in Sub-Saharan Africa would increase world trade volume within the range of 0.02 to 0.19%. It would increase the local agricultural monthly wage and the welfare of farmers in the Sub-Saharan African region. Therefore, to improve technology in the Sub-Saharan African region, policymakers need to attract foreign direct investment by making incentives and increasing labor skills. This study adds to the literature by determining the contribution of the agricultural sector in Sub-Saharan Africa in global economic development through international trade. It also informs policies on the reduction of poverty and food insecurity around the world in order to achieve some of the Sustainable Development Goals.
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1. Introduction


According to mercantilism, international trade is a way for a country to acquire wealth by maintaining a trade surplus, which means a higher export value than import value [1]. Since the sixteenth century when the mercantilism theory first emerged, debates among economists and policymakers have persisted regarding the role of international trade in promoting economic development [2].



With four out of five people below the international poverty line living in rural areas, poverty reduction efforts need to primarily focus on increasing agricultural productivity, especially in Sub-Saharan Africa and in South Asia. Those two regions comprise 20% and 35% of the world’s rural population, respectively [3]. In general, countries from these two regions suffer from low production and inefficient use of technology in the agricultural sector [4,5,6]. Consequently, to meet the first objective of the Sustainable Development Goals (SDG), least developed countries (LDCs) need to increase their productivity to alleviate poverty. Higher agricultural productivity will in turn increase the global food supply to address the second SDG objective of achieving food security [7].



Sub-Saharan Africa is host to 13% of the global population [8]. The agricultural sector in the region has a high potential [9], but is still underperforming due to lack of technology [10]. The region also accounts for 50% of uncultivated world land [11]. Hence, technological innovation and investments are required to improve agricultural productivity in Sub-Saharan Africa [12]. Moreover, with the SDG, the world is now facing the challenge of eradicating hunger and poverty. Therefore, improvements in the agricultural sector in Sub-Saharan Africa are precariously needed [13].



Adam Smith, in 1776 [14], introduced the first-ever concept of international trade: the theory of absolute advantage. Since then, a wide range of literature and research on the raison d’être of the international trade has been published, going from the concept of comparative advantage introduced by David Ricardo (1817) [15], the revealed comparative advantage developed by Balassa (1965) [16], the approach of Krugman (1979) [17] using economies of scale and market extension, to the log-supermodularity measure of Costinot (2009) [18]. The concept of comparative advantage introduced by Ricardo is the most famous and widely used trade theory [15]. Ricardo proposed that countries should specialize in the sector in which they have a comparative advantage and should export the products from this sector [19,20,21]. Over time, researchers extended the original model with a factor endowments approach [22,23,24], a continuum of goods implementation [25,26], and a probabilistic approach with many countries and goods [27]. Empirically, most research focus on the manufacturing sector at the country and firm-level [18,25,27,28,29,30,31,32].However, to date, there has only been a few studies on the agricultural sector, especially in Sub-Saharan Africa [33,34,35].



This study assessed the potential impact of improving technology in agriculture in Sub-Saharan Africa in order to achieve the second SDG by 2030. We used the Ricardian model developed by Eaton and Kortum, henceforth EK, to capture the impact of comparative advantage on agricultural trade. We used the results from the EK model to determine the competitiveness of Sub-Saharan Africa in agriculture. Next, the study investigated whether competitiveness in Sub-Saharan Africa mostly stemmed from labor productivity versus wage and other inputs such as fertilizer. Finally, we ran a counterfactual analysis to assess the effects of technological improvement in agriculture on global and regional economies. This study used labor productivity, as measured by output per worker, instead of yield to proxy for the technology of each country. By using labor productivity, agricultural performance is less correlated to the land variable [35] and more related to labor performance and labor characteristics.



The paper is divided into 5 sections: Section 1 introduces the work, Section 2 describes the materials and methods used, Section 3 reports the results, Section 4 discusses the findings, and Section 5 concludes.




2. Materials and Methods


2.1. Study Area


Sub-Saharan Africa includes 46 countries geographically located to the south of the Sahara Desert. Due to data availability, we used 11 individuals Sub-Saharan Africa countries in our sample: Burundi, Cameroon, Cote d’Ivoire, Ethiopia, Ghana, Guinea, Kenya, Madagascar, Malawi, Niger, and South Africa. The majority of the Sub-Saharan African population (70%) live in rural areas and depend on agriculture. Between 2000 and 2020, Sub-Saharan Africa’s agricultural sector used 40% of world land area, enrolled 50 to 60% of the region’s employment, and generated 15 to 20% of the region’s GDP [3]. Furthermore, agriculture is one of the sectors with a positive balance of trade for the region [36].



To estimate the EK model, we used data from several countries. Ideally, we should have used all countries of the world, but due to lack of data, we were unable to do so. Thus, we applied Costinot and Donaldson’s principle in 2012 [33] and selected countries with high agricultural production. We took all the countries for which the data required for the model computation was available, which are (1) wages, (2) product prices, (3) production value, and (4) trade volume. As a result, 66 individual countries were selected and used. Data for selected countries were gathered from FAOSTAT [37], a database widely used in agricultural studies and literature [6,33,34,35,37].




2.2. The Eaton–Kortum Model


This study used a multi-country model based on technology differences, developed by EK. The model used labor as the only factor of production and drew the productivity under a probabilistic law à la Fréchet distribution given by Equation (1)


   F i   ( z )     = e       − T   i     z   − θ     



(1)







Subject to Ti > 0; θ > 1, where z is the productivity, Ti is the absolute advantage across the continuum of goods specific to country i, and θ, captures the relative efficiencies across goods. The force of comparative advantage weakens with higher θ denoting less variability within the distribution.



The parameter θ was estimated using Equation (2)


       X  ni      X n         X  i i      X i      =    (     p i   d  ni      p n     )     − θ     



(2)




where Xni is the share of agricultural goods that country i buys from country n, Xn is the total expenditure of country n in agricultural products, and pi and pn represent the average agricultural price of the importers (country i) and the exporters (country n), respectively. As it is proposed in the EK paper and adopting the methods used by Reimer and Li, we capture prices using producers’ average price [27,35]. The variable dni is the distance markup following Samuelson’s iceberg transportation assumption (dii = 1 and the triangular inequality).



We used two different methods to obtain an estimation for θ: First, the method of moments estimator, and second the two-stage least square estimation (2SLS). Referring to the findings from previous literature and the characteristic of Equation (1) (θ > 1), we suggested that the value of θ related to agriculture should be between (1,8.28) [27]. A value of θ that laid outside this interval means that the agricultural products are homogenous, which is unrealistic. The method of moments is often used in the literature of international trade [28,29], and allows to overcome the heteroskedasticity problem. It consists of taking the mean of the left-hand-side variable over the mean of the right-hand-side variable of equation (2) [27]. We will discuss the 2SLS after the presentation of the technology parameters estimation.



Technology parameters (Ti) in (1), represents the ability of the labor in each country to use their input to produce agricultural goods efficiently, obtained using Equation (3),


   T i  =      (   e   S i     w i θ   )   β   



(3)




where wi is the minimum wage, and Si is the competitiveness estimated using Equation (4). Because agriculture is a low-income sector activity in Sub-Saharan Africa [5,6,18], we used the minimum wage instead of the average wage to compute the model.


  ln    X  n i  ′     X  n n  ′     =    −    θ lnd    ni      + S   i  −  S n   



(4)




with


    lnX   ni  ′     = lnX    ni   −  [   (   1 − β   )  / β  ]  ln  (   X i  /  X  ii    )   








where Sn is the destination effects and β is the agricultural labor constant share. The variable dni was decomposed as follow: interval of physical distance, sharing a border, sharing the same language, regional trade agreement, destination effects, and error term. To deal with zeros value of the left-hand-side of Equation (4), we used the Poisson pseudo maximum likelihood (PPML) estimation. Instead of using a logarithmic transformation, PPML allows the dependent variable to take its level value [38].



The 2SLS consists of estimating θ with Equation (4) but we used Equation (5) to express the right-hand-side of Equation (4) and take the observed physical distance and the exporter and importer fixed effect as instrumental variable.


   D  n i   =   m a x  2 j   {  l n  p n   ( j )  − l n  p i   ( j )   }     ∑  j = 1  j   [  l n  p n   ( j )  − l n  p i   ( j )   ]  / J    



(5)







In Equation (5), we used the second largest value of the distribution, denoted max2j, instead of the maximum in order to address possible measurement errors in the prices of goods.



Finally, to identify the source of agricultural competitiveness we used Equation (6), derived from Equation (3)


   S i  =   ∑   j = 1  3   β F  ln ( F e r t i l i z e r   u s  e i  ) +  β L  ln ( L a b o r   P r o d u c t i v i t  y i  ) +  β E  ln (   E x p o r t  i  ) +  β  w l n    (  W a g  e i   )   



(6)




where j is nutrient nitrogen, nutrient phosphate, and nutrient potash use, representing the intensity of fertilizer input use per hectare for each country. Fertilizer use and labor productivity capture the technology parameters, and exportation value is useful in the sense that competitiveness relies on it.




2.3. Counterfactual Analysis


This analysis was used to assess the effects of increasing agricultural technology in Sub-Saharan Africa on the local, regional, and global economies. For that, we simulated a higher value of the technology parameters in Equation (1) to analyze impacts on welfare, wage, labor, and global trade volume.



In this sub-section, we followed three steps. First, we solved the equilibrium of the model using labor market clearing conditions as in the original EK model [27]. The equilibrium was set using the parameters of the model (Ti and θ) as well as the wage, distance, and labor variables. We considered two main characteristics of the factor of production. We used both mobile labor (agricultural labor can switch to another sector) and immobile labor (agricultural labor is not able to move to another sector). We chose to use both mobile and immobile labor to highlight the difference in the impacts of technological improvement according to country labor characteristics. From computing the equilibrium, we obtained a baseline value corresponding to welfare, wage, price, and global agricultural trade volume. Second, as the equilibrium condition is expressed with Ti, we simulated the impact of a technological innovation by increasing Ti (from Equation (3)) within the assumption that the distance variable remains the same. Finally, with the simulated Ti, we recomputed the equilibrium to get a new simulated value for welfare, wage, price, and global agricultural trade volume. The difference between the baseline value and the new simulated value represents the effect of the technological improvement. Here, welfare is set using GDP per capita and is explained by the wage and price of agricultural goods.




2.4. Statistical Analysis


The difference between the value of the competitiveness, the technology parameters, and the wage of each sub-region was assessed with a statistical analysis using the software SPSS statistics version 20 (IBM corporation). First, we determined the distribution of the data using the Kolmogorov–Smirnov test. Second, if the data had a normal distribution, we ran a t-test, and if not, we used a Mann-Whitney test for two groups and the Kruskal–Wallis test for k groups. We used a confidence level of 95%. To identify the source of competitiveness for the sub -regions, we used Equation (3) and Equation (6). Since competitiveness depends on technology and wage, we sought to explain competitiveness using these two variables. We also test the possible effect of labor productivity and wage productivity on competitiveness. For that, we regrouped sub -regions into two groups according to their competitiveness. Using values of the parameter technology and wage, we ran the appropriate test as outlined above.





3. Results


3.1. Data Description


For this study, 25% of the dependent variable had zero values. Developed countries (USA, Japan, and France), emerging countries (Brazil and China), developing Asian countries (Thailand and India), and African countries (Madagascar, Burundi, Cote d’Ivoire, Egypt, and Algeria) have 5%, 10%, 20%, and 40% of data that were zeroes, respectively. Through our data screening, we found that developed countries have a higher trade volume than African countries. In this instance, the U.S. is the largest importer and exporter with 13,000 and 14,000 million USD/year, respectively. While Burundi is the smallest exporter with only 4 million USD/year traded. We also found that Sub-Saharan Africa has a low average wage. Burundi is the country with the lowest monthly wage (4.2 USD/month), whereas the monthly wage in Germany is the highest (2800 USD/month). Generally, African countries have a low capital devoted to agricultural research and development (R&D), the lowest agricultural productivity, and the lowest education attainment compared to other countries.




3.2. Estimation of Parameter θ


From the method of moments estimation, we found θ = 4.0875. Table 1 summarizes the results of the estimation of parameter θ using 2SLS.



Table 1 shows a value of θ = 7.17, with significant impact on the dependent variable. We also found that θ has a larger effect than Dni on explaining the trade share. Taking into account the confidence interval of θ in Table 1 of (6.90; 7.44), both values of θ fall between (1, 8.28) which implies higher heterogeneity of agricultural products compared to manufacturing ones. In absolute terms, comparative advantage has a larger impact on trade than the resistance imposed by geographic barriers dni.




3.3. Agricultural Competitiveness


3.3.1. Competitiveness Estimation


Table 2 reports the coefficient values of the competitiveness variables Si from the PPML estimation. A positive coefficient of competitiveness indicates that the country is more competitive than the average competitiveness of the sample (   S ¯  = 0 )  . Twelve out of fifteen countries in Africa and nine out of sixteen countries in Asia is not competitive (with a negative coefficient). For the European continent twelve out of twenty-one countries are competitive. Finally, the United States, Canada, as well as Latin American countries (except Bolivia) have a positive coefficient of competitiveness. Within Sub-Saharan Africa, least to most competitive countries are Ethiopia, Madagascar, Ghana, Malawi, Niger, Kenya, Burundi, Cameroon, South Africa, Guinea, and Cote d’Ivoire. With the three-last countries with a positive coefficient. Cote d’Ivoire and South Africa had the highest GDP of Sub Saharan Africa sample, 11 billion and 121 billion USD, respectively. Guinea’s p-value (>0.05) suggest that for this country competitiveness does not explained its trade flow.



Figure 1 presents the average competitiveness of each sub-region. Sub-Saharan Africa, North Africa, South Asia, and Asia’s average competitiveness is lower than the sample average (≈0). Values of the regional competitiveness are −0.78, −1.46, −0.71, and −1.49, respectively. However, North America, Europe, Central Asia, Latin America, Oceania, and Southeast Asia have higher competitiveness in the agricultural sector (2.57, 0.10, 2.54, 0.74, 1.40, and 0.44, respectively).



Table 3 reports the results of the t-test (α = 0.05) run on the coefficient of Si. We divided the sample into two groups, the first group aggregated the sub-regions with low competitiveness (negative coefficients Si), and the second group combined the sub-regions with high competitiveness (positive coefficients Si). The difference between the mean of the two groups is significantly different from 0 with a p-value lower than 0.0001.




3.3.2. Technology, Wage, and Labor Productivity


We used θ = 4.0875 for our estimation because θ = 7.17 could mislead our conclusion because the value is near the upper bound of our interval and θ = 4.0875 are very similar to the literature findings. Table 4 exhibits the average technology parameters for each sub -region. The value of the technology parameters for Sub-Saharan Africa and South Asia are the lowest out of all regions, 0.16 and 0.09, respectively. North America, especially the U.S, is the most productive with a value of the technology parameter equal to 132.84. We can observe the high gap between this extremum value. Within the Sub-Saharan Africa sample, South Africa, and Cote d’Ivoire have the highest values for technology parameters, 0.62 and 0.43, respectively. Recalling the results from Section 3.3.1. South Africa and Cote d’Ivoire have the highest competitiveness coefficients and Ethiopia has the lowest. The Kruskal Poisson pseudo maximum likelihood Wallis test (α = 0.05), using values of the parameter Ti on the sub-regions shows a significant result (p-value = 0.0001). The differences between some of the medians are statistically significant. It indicated that technology differences are statistically different and possibly explain the source of competitiveness for some sub -region.



Sub-Saharan Africa and South Asian sub-regions have the lowest monthly minimum wages (31.91 and 21.93 USD/month, respectively), while the European sub -region has the highest monthly minimum wage (957.07 USD/month) (Table 4). The difference between the monthly minimum wage of each sub-region was significant according to the results from the Kruskal–Wallis test (p-value = 0.0011).



In terms of labor productivity, the Kruskal–Wallis test (α = 0.05) returns a significant result, suggesting a high gap among countries. Overall, North America, Oceania, Europe, Latin America, and Asia have a higher labor productivity than Central Asia, South Asia, and Africa. Again, South Africa and Cote d’Ivoire have the highest labor productivity of 8.28 and 1.18 thousand USD/labor/year respectively, and Ethiopia the lowest, generating 0.15 thousand USD/labor/year.




3.3.3. Source of Competitiveness for Each Sub -Region


As mentioned in Section 2.4., we performed the upper-tailed Mann–Whitney test (α = 0.05, using the same groups in Section 3.2. to identify the source of each entity’s competitiveness. We found that the difference in technology between the two groups was significant (p-value ≤ 0.0001).



Table 5 reports the results from the regression run on Equation (6), and shows that variation in competitiveness is explained by the variation in the independent variable by 42%. Labor productivity has a positive and significant impact on competitiveness. If we increase labor productivity by one percent, we expect competitiveness to increase by 0.0029 units. Unsurprisingly, export has a positive and significant impact on competitiveness. However, the use of nutrient nitrogen negatively and significantly affects competitiveness, one percent increase in nitrogen use decreases competitiveness by 0.0041 unit. The use of other inputs has a positive impact on competitiveness, but the coefficient is not significant. It is worth noting that the sign of the coefficient of the covariates wage return the expected sign as in Equation (3). However, this negative impact has not a significant effect on the competitiveness. These results suggest that low competitiveness of Sub-Saharan Africa is explained by the technology parameters, the labor productivity, and by inadequate use of fertilizer.





3.4. Counterfactual Analysis


This section discusses the results from the simulation outlined in Section 2.3.. Technology improvement in Sub-Saharan Africa is subject to many challenges [39,40]. Instead of increasing our technology parameters by 100%, to avoid overestimation, we choose to increase it by 25%. We present the simulation results for the Sub-Saharan Africa countries with the highest and lowest impacts on international trade volume (Burundi and Ethiopia, respectively) in this section. Table 6 shows value in percentage change of the variable welfare (Wi), the agricultural price, the agricultural labor, and the share of agricultural expenditure from the baseline value to the counterfactual value.



Technology improvement has a positive impact on local markets in Sub-Saharan Africa. The increase of 25% of the technology parameters in Sub-Saharan Africa country induces an increase of agricultural wage in the local economy and a decrease of price in the foreign market. According to Table 6, if we increase the technology parameters in Burundi or in Ethiopia, wage increases by 8% in both countries in case of immobile labor. When we allowed labor to move across sector, technology improvement attracts labor into the agricultural sector of the local economy (around 20%). The percentage change in wage and labor are almost the same for every Sub-Saharan Africa country with a variation of +/−1.



Increasing technology also benefits regional welfare, because increasing technology in any Sub-Saharan African country increases the welfare of all other countries in the region, within the range of 0.00 to 0.01% in case of mobile labor. However, in the case of immobile labor, only the beneficiary country, the neighboring countries, and countries with high GDP experience an increase in welfare. Local economies benefit more from the case of immobile labor. For example, for Burundi and Ethiopia, with immobile labor, welfare increases by 16% and 14%, respectively. It is worth to note that Burundi and Malawi benefit the most from technology improvement with 18% and 16%, respectively, and South Africa and Cote d’Ivoire benefit the least with only 0.2% and 2.5% increase of welfare. Finally, technology improvement increases agricultural expenditure especially in the local economy that increases its technology.



The simulation shows that increasing the technology parameters benefits the international market in two ways. The world’s agricultural price decreases and agricultural global trade increases (according to Table 6). Table 7 shows that international markets benefit more from a mobile labor than immobile labor.



Table 7 shows the percentage change in the agricultural trade according to 25% increase of the technology parameters. The agricultural trade volume increases within the range of 0.02 to 0.19% according to the country that increase its agricultural technology. The technology improvement in Ethiopia, Kenya, and Madagascar benefits the most the international market for both mobile and immobile labor case. We present the effect of 100% increases in agricultural technology in this case to highlights the impact of the inefficiency of technology transfer in the Sub-Saharan Africa. We found identical pattern but with higher impact on international trade volume, increase in international trade volume is 4-fold to 5-fold higher than the effect from 25% increase of technology.





4. Discussion


4.1. Comparative Advantage of the Agricultural Sector


The θ value found in this study is between the interval set earlier, (1.57, 8.28) which is consistent with existing literature [27,30,31,41]. The value of θ being within (1; 8.28) confirmed that agricultural products are more heterogeneous than manufactured products, and labor productivity is highly dispersed among the sample. Thus, labor in some sub-regions is more productive than labor in others. This result also indicated that a high inequality exists between sub-regions, which the SDG 2030 aims to reduce [42]. Moreover, it emphasized a large gap between labor productivity in LDCs and developed countries [4,5,6]. Low productivity in LDCs explained their lower value of agricultural export. Since agriculture is a rainfed activity, besides technology, the differences in productivity might also come from the large differences in temperature, precipitation, growing season, and soil type across the world [35,43], but this is beyond the model’s measurement and scope.



Existing literature found θ ∈ [1.57, 8.28], Reimer and Li (2010) [35], using agricultural crop found θ ∈ [2.52, 4.96]; Alvarez and Lucas (2007), and Costinot et al. (2012) [33,44] in their study, found θ equal to 4.47 and 6.67, respectively. Tombe (2015) [6] found a value of 6.02 for agricultural products in his work. Previous research found that in the trade of agricultural products, comparative advantage has a large impact on trade, which is in line with our findings.




4.2. Agricultural Competitiveness in Sub-Saharan Africa


Competitiveness is not only a matter of one factor but is the results of the combination of multiple factors as proposed in Porter’s Diamond [45]. Hence, even with low wages, African and South Asian countries are not competitive. In the opposite case, European countries (Ti = 65.30) have higher value of technology parameter than the countries in Oceania (Ti = 48.73). However, European competitiveness (Si = 0.01) is lower than Oceania’s (Si = 1.40). These cases reflect the effect of the ratio of productivity to wages on the competitiveness level. African countries are disadvantaged by their low labor productivity; African agricultural labor only generates 1370 USD per year against 226,000 USD for Argentina and 114,000 USD for the U.S. In line with previous studies, we found a significant difference between the technology used in agriculture in Sub-Saharan Africa and in developed countries (Sub-Saharan Africa’s technology coefficient value was evaluated to be equal to 0.16 and European’s one, equal to 65.30) [6,30,33]. Reimer and Li (2010) [35] found that France and Italy’s yield are twice higher than the average world yield. Morocco and Ethiopia’s yield are 100% and 60%, respectively lower than the average world yield.



Using the extension in the EK model, [27], low competitiveness of LDCs could be explained by:




	(1)

	
According to the 2SLS results, labor productivity governs the competitiveness. Effectively, even with low wages but also low production, Africa and South Asia cannot compete with others. Moreover, the choice of technology is important as it could have a negative impact on the competitiveness. Inadequate technology could worsen the productivity gap.




	(2)

	
Low competitiveness can be explained by a low capital allocated to the agricultural R&D field in Sub Saharan Africa (0.002 USD million/agricultural labor/year) and in South Asia (0.001 USD million/agricultural labor/year). This is low compared to North America (11.9 USD million/agricultural labor/year). According to Porter [45], LDCs are still in the first stage of development. They do not have enough capital to improve their productivity so they do not have enough agricultural goods to supply the local market and the international market [46,47,48]. Within the African sample, Cote d’Ivoire and South Africa are the most productive. They are among the countries with higher GDP, so, capital allocated for the agricultural R&D field is higher than the rest of the Sub-Saharan African countries (0.08 and 0.001 USD million/agricultural labor/year for South Africa and Cote d’Ivoire). In our study, the agricultural R&D was used as a proxy for the technology variable as mentioned by Narula (1993) [49]. This finding showed that lack of labor productivity is associated with low competitiveness for the African countries in the sample.




	(3)

	
Finally, low educational attainment of labor, with an average of 4.16 and 4.87 years of schooling for the Sub-Saharan Africa and South Asia against 11.95 years of schooling for North America, also contributes to low competitiveness. This result indicated that LDCs face a serious lack of capital, infrastructure, and educational skills.










4.3. Technological Innovation in the Agricultural Sector


In a global context, there is a high gap between the aims of the countries in improving their technology. Developed countries tend to invest more in sustainable agriculture and waste reduction [50], while LDCs are still struggling with auto-subsistence. For most LDCs, technological innovation and the global trade volume are positively correlated [21]. Poor countries benefit more from the technology increase than country with higher GDP [27]. Indeed, according to the rules of decreasing marginal return, more developed country will benefit less from the increase of one input compared to less developed country.



It is worth noting that with low educational attainment, African labor is likely to stay immobile. Its agricultural labor cannot shift to the information and technology sectors for example. At the same time, labor from other sectors do not find the agricultural sector appealing, due to its low wage. As a result, labor migration in Africa is more rural–urban than urban–rural or rural–rural [51]. However, with an immobile labor, most of the Sub-Saharan African countries will not enjoy the maximum benefit from technological improvement. In this case, even if local economies get higher benefit from the technology improvement, the regional economy are subject to a decrease of welfare. Moreover, the effect of technology improvement with immobile labor is lower than the effect with mobile labor. Thus, it is needed to combine technological innovation with an educational improvement because the use of technology in agriculture is often inhibited by educational attainment [52]. We showed the difference of the impact of 100% increase and 25% is about 4-fold to 5-fold. Countries that allocate higher capital to the agricultural R&D field would gain more from technological innovation, and higher education attainment would facilitate this technological innovation.



In addition to the global benefits from technological innovation in the agricultural sector in Sub-Saharan Africa, technological improvement also addresses the first and the tenth goal of SDG. It would increase the welfare and the consumption power of precarious producers in LDCs. Finally, it would help achieve the second goal of SDG by increasing the world food supply and lowering world food price.



The most efficient way to transfer technology is through FDI [53,54]. Despite low income and lack of agricultural production in Sub-Saharan Africa, foreign investors are reluctant to invest because they will face social, cultural, and institutional challenges [55]. However, investors have an interest in investing in Sub-Saharan Africa, especially in the agricultural sector. Following the concept of log-supermodularity, a country with educated labor gains more in an activity that requires more technology such as high-tech sector. Therefore, in the short term, our findings suggest that Sub-Saharan Africa should specialize in activities that require lower labor skills such as agriculture. It is a land-based activity and requires less training than other activities. However, in the long term, improving education in Sub-Saharan Africa will maximize the benefit from FDI. For a region that is subject to a lack of capital, a loan from the development bank could also help in the instauration of a good business environment [56]. Based on their respective strengths, countries can specialize in agriculture if the agricultural sector is relatively more productive than the manufacturing sector. We found that most LDCs, like Sub-Saharan Africa, should specialize in the agricultural sector.





5. Conclusions


This study examined the comparative advantage and competitiveness of agriculture in Sub-Saharan Africa. We assessed the importance of technological innovation in agriculture in Sub-Saharan Africa on world trade. We found θ = 4.0875 implying that comparative advantage in agriculture has a larger impact on trade than the distance variable. The results showed that Sub-Saharan Africa has low competitiveness compared to other regions. It is generally due to its low labor productivity, and the low value of its technology parameters which is equal to 0.16. However, technological improvement in any country in Sub-Saharan Africa, here by 25%, would increase the agricultural world trade volume within a range of 0.02 to 0.19%. This technology improvement would benefit African producers because it would increase the local wage and country welfare. Furthermore, it would help achieve global food security by increasing agricultural productivity in Sub-Saharan Africa. However, technology transfer could be inhibited by labor educational attainment. With an efficient technology transfer, a hypothetical increase of the technology parameter by 100% would impact world trade volume by 4-fold to 5-fold higher than the effect from 25% increase. Therefore, a combination of technological innovation and education improvement is recommended.



This study addresses the SDG 2030 in three ways: first, we show that increasing agricultural technology in Sub-Saharan Africa benefits the local, regional, and global economies. By doing so, it helps achieve the goal of SDG 2030 eradicate poverty and to reduce the gap between countries. Second, we show that by increasing Sub-Saharan African technology, both local and international price decrease. A lower agricultural price benefits local and foreign consumer and increases the affordability of food. Finally, it increases world agricultural supply and ensures food security.



A similarity between Sub-Saharan Africa and South Asia was also found in this study. Both have low competitiveness that comes from the low productivity of their labor. Thus, the findings from this study can be extended to the South-Asia countries and other LDCs. Our research could be used as an instrument to establish adequate policy in agricultural production. We oriented policymakers to invest more in the agricultural sector and provide adequate technology to improve the labor productivity of Sub-Saharan Africa. Most importantly, we highlight that labor quality must be improved in rural areas in order to maximize gains from technology improvement. Our analysis is limited by the sample size as we were unable to include all Sub Saharan African countries in the sample due to data unavailability. Finally, this study can help foreign investors in their decisions when investing in agriculture in Sub-Saharan Africa. However, FDI implementation cost and hostile environments linked to political instability; unstable economic structure may be factors that could stop multinational enterprises from entering the LDCs’ market. Further research is needed to compare the benefits from producing through multinational enterprises versus entering the international market by trading.
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Figure 1. World competitiveness in the agricultural sector. 
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Table 1. Two stage least square estimation of θ.






Table 1. Two stage least square estimation of θ.





	
Wald chi2(1) = 40.97

	
Instrumented Dni




	
Prob > chi2 = 0.00

	
Instruments Distance, Fixed Effect






	
Y

	
Coef.

	
Std. Err.

	
z

	
P > |z|

	
95% Conf. Interval




	
Dni

	
−0.52

	
0.08

	
−6.40

	
0.00

	
−0.68

	
−0.36




	
θ

	
−7.17

	
0.13

	
−52.30

	
0.00

	
−7.44

	
−6.90
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Table 2. Estimates of the competitiveness variables Si from the Poisson pseudo maximum likelihood (PPML).
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	Country
	Coef. 1
	Country
	Coef. 1
	Country
	Coef. 1





	Hong Kong
	−5.11 (0.00)
	Serbia
	−1.57(0.00)
	Australia
	2.01 (0.00)



	Iran
	−0.38 (0.22)
	Spain
	2.11 (0.00)
	New Zealand
	0.77 (0.00)



	Israel
	−1.19 (0.00)
	Sweden
	−0.22 (0.69)
	Bangladesh
	−2.77 (0.00)



	Japan
	−0.48 (0.47)
	Turkey
	0.72 (0.01)
	India
	1.48 (0.00)



	Korea
	−1.70 (0.00)
	Ukraine
	0.65 (0.00)
	Nepal
	−0.83 (0.03)



	Russia
	−0.11 (0.80)
	UK
	0.89 (0.01)
	Cambodia
	0.78 (0.00)



	China
	2.54 (0.00)
	Argentina
	2.74 (0.00)
	Indonesia
	0.44 (0.002)



	Armenia
	−0.99 (0.00)
	Bolivia
	−0.74 (0.02)
	Malaysia
	0.60 (0.018)



	Austria
	−0.98 (0.00)
	Brazil
	2.42 (0.00)
	Philippines
	−1.37 (0.00)



	Belgium
	0.75 (0.00)
	Chile
	0.54 (0.02)
	Saudi Arabia
	0.21 (0.47)



	Bulgaria
	−1.27 (0.00)
	Colombia
	0.51 (0.17)
	Thailand
	1.96 (0.00)



	Denmark
	0.55 (0.05)
	Costa Rica
	0.14 (0.68)
	Burundi
	−0.57 (0.00)



	Finland
	−1.91 (0.00)
	Ecuador
	0.19 (0.53)
	Cameroon
	−0.53 (0.05)



	France
	1.99 (0.00)
	Mexico
	0.03 (0.94)
	Côte d’Ivoire
	0.87 (0.00)



	Germany
	1.12 (0.00)
	Peru
	0.17 (0.40)
	Ethiopia
	−2.78 (0.00)



	Greece
	0.07 (0.77)
	Venezuela
	1.36 (0.00)
	Ghana
	−1.65 (0.00)



	Hungary
	0.11 (0.67)
	Algeria
	−3.31 (0.00)
	Guinea
	0.49 (0.50)



	Ireland
	−0.36 (0.22)
	Egypt
	−0.63 (0.03)
	Kenya
	−0.59 (0.05)



	Italy
	0.79 (0.00)
	Morocco
	−0.91 (0.00)
	Madagascar
	−2.33 (0.00)



	Netherland
	1.00 (0.00)
	Tunisia
	−0.97 (0.00)
	Malawi
	−1.13 (0.00)



	Portugal
	−0.09 (0.86)
	Canada
	1.73 (0.00)
	Niger
	−0.75 (0.03)



	Romania
	−1.10 (0.00)
	USA
	3.42 (0.00)
	South Africa
	0.42 (0.06)







1p-values are reported in parentheses.
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Table 3. T-test on the sub-region with negative coefficient and positive coefficient.
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	Difference
	−2.33.



	t (Observed value)
	−9.69



	|t| (Critical value)
	1.99



	p-value (Two-tailed)
	<0.0001



	Alpha
	0.05
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Table 4. Other variables presentation.
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	Sub-Region
	Technology (Ti) 1
	Labor Productivity 2
	Minimum Wage 3





	North America
	93.23
	97.37
	833.72



	Europe
	65.30
	34.70
	957.07



	Oceania
	48.73
	50.51
	723.82



	Asia
	10.57
	37.93
	411.67



	Southeast Asia
	5.21
	5.27
	181.73



	Latin America
	2.45
	27.51
	131.44



	Central Asia
	0.91
	0.99
	52.55



	North Africa
	0.39
	3.51
	68.13



	Sub-Saharan Africa
	0.16
	1.37
	31.91



	South Asia
	0.09
	0.34
	21.93







1 Result from Equation (3); 2 Thousand USD/Labor; 3 USD/month/Labor.
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Table 5. Source of competitiveness.






Table 5. Source of competitiveness.





	
Prob > F = 0.00

	
R-Squared = 0.42




	
Si

	
Coef.

	
Std. Err

	
t

	
P > |t|

	
Conf. Int.






	
Lab. Prod.

	
0.29

	
0.13

	
2.26

	
0.03

	
0.03

	
0.56




	
Wage

	
−0.41

	
0.34

	
−1.20

	
0.23

	
−1.09

	
0.27




	
Fert. use 1

	
−0.44

	
0.20

	
−2.16

	
0.03

	
−0.85

	
−0.03




	
Fert. use 12

	
0.19

	
0.24

	
0.83

	
0.41

	
−0.28

	
0.66




	
Fert. use 13

	
0.17

	
0.16

	
1.07

	
0.29

	
−0.15

	
0.50




	
Export 1

	
0.58

	
0.11

	
5.21

	
0.00

	
0.36

	
0.81




	
_cons

	
−9.27

	
2.07

	
−4.46

	
0.00

	
−13.42

	
−5.11








1 Excluding the export variable from the regression returns a positive and significant effect of the labor productivity variable on competitiveness with p-value equal 0.008 and R-squared 0.15.
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Table 6. Burundi and Ethiopia simulation results.






Table 6. Burundi and Ethiopia simulation results.





	
Country

	
Mobile Labor 3

	
Immobile Labor 3




	
Wi 1

	
Price

	
Labor

	
α 2

	
Wi1

	
Price

	
Wage

	
α 2






	
BURUNDI

	
Burundi

	
0.00

	
−0.02

	
22.2

	
0.49

	
16.09

	
−0.03

	
8.44

	
0.17




	
Cameroon

	
0.00

	
−0.04

	
−0.02

	
0.00

	
0.00

	
−0.03

	
−0.02

	
0.00




	
Cote d’Ivoire

	
0.00

	
−0.03

	
−0.10

	
0.00

	
−0.01

	
−0.03

	
−0.03

	
0.00




	
Ethiopia

	
0.00

	
−0.05

	
0.00

	
0.00

	
−0.02

	
−0.04

	
−0.01

	
0.00




	
Ghana

	
0.00

	
−0.03

	
−0.10

	
0.00

	
−0.02

	
−0.03

	
−0.03

	
0.00




	
Guinea

	
0.00

	
−0.03

	
−0.10

	
0.00

	
−0.02

	
−0.03

	
−0.03

	
0.00




	
Kenya

	
0.00

	
−0.06

	
0.04

	
0.00

	
0.00

	
−0.04

	
−0.01

	
0.00




	
Madagascar

	
0.00

	
−0.04

	
−0.04

	
0.00

	
−0.02

	
−0.03

	
−0.02

	
0.00




	
Malawi

	
0.00

	
−0.05

	
0.02

	
0.00

	
−0.02

	
−0.04

	
−0.01

	
0.00




	
Niger

	
0.00

	
−0.03

	
−0.10

	
0.00

	
−0.04

	
−0.03

	
−0.03

	
0.00




	
South Africa

	
0.00

	
−0.04

	
−0.04

	
0.00

	
0.00

	
−0.03

	
−0.02

	
0.00




	
World trade

	
0.02

	
0.01




	
ETHIOPIA

	
Burundi

	
0.01

	
−0.37

	
0.02

	
0.00

	
−0.20

	
−0.29

	
−0.10

	
0.00




	
Cameroon

	
0.01

	
−0.22

	
−0.77

	
0.00

	
−0.06

	
−0.24

	
−0.21

	
0.00




	
Cote d’Ivoire

	
0.01

	
−0.21

	
−0.79

	
0.00

	
−0.05

	
−0.24

	
−0.21

	
0.00




	
Ethiopia

	
0.00

	
−0.19

	
21.36

	
0.42

	
14.01

	
−0.22

	
8.22

	
−0.15




	
Ghana

	
0.01

	
−0.22

	
−0.75

	
−0.01

	
−0.15

	
−0.24

	
−0.21

	
0.00




	
Guinea

	
0.01

	
−0.22

	
−0.77

	
−0.01

	
−0.16

	
−0.24

	
−0.21

	
0.00




	
Kenya

	
0.01

	
−0.53

	
0.80

	
0.01

	
0.01

	
−0.35

	
0.01

	
0.00




	
Madagascar

	
0.00

	
−0.21

	
0.78

	
−0.01

	
−0.23

	
−0.23

	
−0.21

	
0.00




	
Malawi

	
0.01

	
−0.35

	
−0.06

	
0.00

	
−0.25

	
−0.28

	
−0.11

	
0.00




	
Niger

	
0.01

	
−0.22

	
−0.75

	
−0.01

	
−0.33

	
−0.24

	
−0.21

	
0.00




	
South Africa

	
0.00

	
−0.20

	
−0.78

	
0.00

	
0.00

	
−0.23

	
−0.21

	
0.00




	
World trade

	
0.19

	
0.06








1 Welfare; 2 Expenditure spent on agriculture; 3 all value is express as a percentage change from actual to counterfactual.













[image: Table] 





Table 7. Global world trade increases from the simulation.
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	Country
	Mobile Labor
	Immobile Labor





	Burundi
	0.02 (0.1)
	0.001 (0.03)



	Cameroon
	0.04 (0.16)
	0.01 (0.05)



	Cote d’Ivoire
	0.03 (0.13)
	0.01 (0.03)



	Ethiopia
	0.19 (0.75)
	0.07 (0.23)



	Ghana
	0.05 (0.22)
	0.02 (0.06)



	Guinea
	0.03 (0.13)
	0.01 (0.03)



	Kenya
	0.11 (0.43)
	0.03 (0.12)



	Madagascar
	0.09 (0.35)
	0.03 (0.1)



	Malawi
	0.05 (0.22)
	0.02 (0.06)



	Niger
	0.05 (0.22)
	0.02 (0.06)



	South Africa
	0.04 (0.15)
	0.01 (0.04)







Note: Values in parenthesis are the percentage change with 100% increase.
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