Digitalization and agricultural structural transformation in Sub-Saharan Africa: Does Solow paradox apply?


Abstract
The objective of this article is to assess the effect of digitalization on agricultural structural transformation in Sub-Saharan Africa. To achieve this, agricultural structural transformation is measured by the reallocation of agricultural labor, the share of agricultural employment and the share of agricultural value added. The World Bank (2020) and Polity5 (2022) databases are used to mobilize all necessary data over the period from 1990 to 2018. In order to control for the endogeneity of digitalization, instrumental variables estimation technique is used. The results revealed that internet access promotes the transfer of labor from the agricultural sector to the industrial and the service sectors in Sub-Saharan Africa. In addition, an increase in the number of internet and telephone subscribers translates into an increase in the share of agricultural jobs created in Sub-Saharan Africa. These results confirm that Solow paradox does not apply in Sub-Saharan Africa region. In terms of policy implications, digitalization is an appropriate strategy to promote agriculture structural transformation in the region. 
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1. Introduction
Rural households in sub-Saharan Africa rely more on on-farm and less on off-farm income than rural households in countries with similar GDP per capita (Ana Paula D.O C. et al., 2025). Even though Sub-Saharan Africa (SSA) economies recorded encouraging economic performance these last twenty years, their agricultural performance in terms of productivity growth stills lacking behind, when compared to other regions (Bachewe et al., 2018; NEPAD, 2013). Some agricultural scientists found that the region is falling apart and even falling away from agricultural production frontier, thus, questioning the defended convergence hypothesis (Pilo et al, 2021; Wurlod and Eaton, 2015). This situation renders challenging the transformation dynamics of the region.  In the African context, the process of achieving a complete agricultural transformation has been truncated (Martin et al., 2024). Gollin (2023), for instance, warns that rural and urban economies in Africa often are separated, with potentially adverse implications for overall development prospects. Several references made it clear that SSA countries need to double (and perhaps triple) agricultural productivity to overcome food security issue in a changing climate context (Lokonon et al. 2019; FAO, 2017). This trend depicts the challenges agricultural development stakeholders face actually in their effort to sustain the walk of SSA region towards a region without hunger. In line to this “Feed Africa” is retained as the first goal of the “Highs 5s” by the African Development Bank (AfDB). Agricultural produce constitutes an important source of food and nutrition security (Pandey et al., 2016). Famers in developing countries devotes considerable share of their production to household consumption. In addition, a dynamic agricultural sector is vital to poverty reduction and overall economic growth improvement (Bachewe et al., 2018; Bahiigwa et al., 2015). 
In this context, FAO (2017) affirms that “digitalization for agriculture can be a game changer in supporting and accelerating agricultural transformation across African continent”. Structural change is important driver of productivity (Kuosmanen and Kuosmanen, 2021). Agricultural transformation is crucial to successfully deal with a variety of persistent challenges in Africa and boost economic development. According to the 1979 Nobel Prize Lewis’s two sectors model, transforming agriculture will lead to the modern sector (industrial sector) development (Lewis, 1954). This idea is supported by the work of Irandoust (2022) whose findings support the hypothesis of positive impact of agricultural growth on industrial sector. Traditionally, agricultural transformation is influenced by labor and capital. These factors are potentially affected by agricultural digitalization. Indeed, digitalizing agriculture impacts upon agricultural yield and the development of agribusiness (Adebayo et al., 2017). It leads to declines in transaction costs, communication cost, search costs and replication costs. Off-farm income, like wages and self-employment, benefit both poorer and wealthier households across regions and hold significant poverty-reducing potential (Ana Paula D.O C. et al., 2025).
SSA farmers and pastoralists are already experiencing digitalization at a rate of about 44% per annum (CTA, 2019). The digitalization of African agriculture report 2018-2019 concluded that 33 million of smallholder farmers and pastoralists are using information technology in their agricultural activities (CTA, 2019). This represents 13 to 45 % of SSA farmers and pastoralists. 

From theoretical point of view, the positive impact of digitalization is defended by some authors who consider that information technology plays crucial role in the accumulation of capital and the increase of productivity (Barro and Salai-i-Martin, 1995). According to Ehlers et al. (2021), digitalization is a driver of agricultural development in Europe. Similarly, Fleming et al. (2021) show that digitalization is essential for the development of the Australian agricultural sector. However, other authors pointed that digitalization has no productivity impact (Solow, 1987; Drew, 2003). This opposed view is known as Solow paradox or productivity paradox. The Solow paradox emerged in reference to the slowdown in productivity growth in the USA between 1970 and 1980 despite significant improvement of information technology (IT). With no consensus at theoretical level, economists refer to empirical studies to answer to the question: shall agricultural policies target digitalization? The response to such a question provides clear evidence to policymakers. Thus, against the two contradictory theoretical views, this paper contributes to the literature by providing rigorous evidence of the effect of digitalization on agricultural transformation in SSA. To the best of our knowledge, no empirical study has dealt with such a topic at SSA region level. Of course, some country specific studies can be cited while discussing about the role of information technology related to agricultural transformation dynamics. These includes Adebayo et al. (2017); Bachewe et al. (2018); Gildemarcher et al. (2009).
The remainder of the paper is organized as follow: The following section presents stylized facts while the third section deals with the methodological approach. The fourth section discusses the results. The paper ends with concluding remarks.
2. Some stylized facts
This section presents stylized facts on structural transformation in Sub-Saharan Africa based on output indicators. It presents also the dynamics of Information Communication Technology (ICT) measures as well as the link between ICT and the reallocation of agricultural labor in SSA. The stylized facts show that the services sector contributes the most to GDP in SSA, followed respectively by the industrial sector, the agricultural sector and finally the manufacturing sector from 1990 to 2018 (Figure 1). In terms of contribution to total employment, the agricultural sector comes first, followed respectively by the service sector and the industrial sector (figure 2). These results suggest that the agricultural sector which employs the most is not in first position when it comes to the contribution to the overall GDP. This points inadequate reallocation of production factors in SSA. From 1990 to 2018, internet subscription experienced a significant increase in SSA as figure 3 shows. 



Figure 1: Dynamics of sectoral value added in SSA from 1990 to 2018 


Figure 2: Dynamics of sectoral employment in Sub-Saharan Africa from 1990 to 2018 

Figure 3: Evolution of internet access and telephone access in Sub-Saharan Africa from 1990 to 2018 
Analysis of figure 4 and figure 5 shows a positive relationship between telephone access and agricultural structural transformation, on the one hand, and between internet access and agricultural structural transformation, on the other. This result assumes that ICTs can contribute to agricultural structural transformation in African countries and that the effect of telephone access would be greater than that of internet access. There is a weak relationship between ICTs and agricultural structural transformation in countries such as Ghana, Nigeria and Rwanda. This situation is possibly explained by the fact that these countries have already passed agricultural structural transformation and that the bulk of the workforce would migrate to the industrial and service sectors. On the other hand, in Mali and Madagascar for example, a small increase in ICTs positively affects agricultural structural transformation. These latter countries would then be at the first step of their agricultural structural transformation.
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	Figure 4: Scatter plot linking agricultural structural transformation and telephone access in Sub-Saharan Africa

	Figure 5: Scatter plot linking agricultural structural transformation and internet access in Sub-Saharan Africa


3. Material and method
3.1. Model 

[bookmark: _MON_1666425089]To examine the effect of ICTs on agricultural structural transformation, an indicator that measures the reallocation of labor from the agricultural sector is constructed and is taken from the decomposition of aggregate productivity presented by De Vries et al. (2015) as follow:Where  is the labor reallocation of a sector i (agricultural sector, industrial sector and services sector), Pi0 is the productivity of the sector i at the date 0, Si1 is the employment of the sector i in the employed active population on date 1, Si0 is the employment of sector i in the employed active population on date 0 and n represents the number of sectors. Following Mühlen and Escobar (2020) and Gniniguè and Tchalim (2021) who analyzed the determinants of labor reallocation between main economic sectors, our empirical model can be presented as follow:

Where  represents agricultural structural transformation measured by labor reallocation (RAGR) (Gniniguè and Tchalim, 2021; Mühlen and Escobar, 2020, De Vries et al., 2015. Mcmillan et al., 2014), agricultural employment (EMP) and agricultural value added (VA), as an output indicator of structural transformation (Herrendorf, 2014). ICT constitutes information and communication technologies. In this research, ICTs are measured by internet access (INTER) and mobile phone access (TELE) (Myovella et al., 2020; Habibi and Zabardast, 2020). Information and communication technologies are a driving force for the development of the agricultural sector (Fleming et al., 2021; Ehlers et al., 2021; Fielke et al., 2020). Zit, vector of control variables and λit, the error term. Finally, α; β and Ѳ' represent the coefficients to be estimates. Human capital (KH), investment (GFCF), access to credit granted to the private sector (CRED), trade openness (OUV), reallocation of industrial labor (RIND), reallocation of service labor (RSER), foreign direct investment (FDI) and institutional quality measured by Polity2 are the control variables mobilized on the basis of the literature. Human capital is a vector of structural transformation (Rodrick, 2013) and economic development (Lucas, 1988; Romer, 1986). Solow (1956) shows the importance of investment measured by gross fixed capital formation in economic development. The reallocation of industrial labor and the reallocation of service labor are expected to negatively affect agricultural structural transformation as the reallocation of labor between different sectors leads to decrease the weight of the agricultural sector to the benefit of the industrial sector and the service sector. The contribution of access to credit granted to the private sector to structural transformation finds its importance with Lo and Ramde (2019). Trade openness is a driver of structural transformation (Alagidede et al., 2020; Ibrahim and Vo, 2020). The Polity2 is a composite indicator of democracy that ranges from -10 to +10 measuring the level of autocracy and democracy. According to Acemoglu et al. (2017), good institutions positively affect long-term economic growth and according to Carraro and Karfakis (2018), good institutions have a positive and statistically significant effect on the reallocation of resources between sectors of the economy of countries of the SSA. Aron (2000) shows that weak institutions contribute to locking up resources in low productivity sectors. Foreign direct investment could finance the modern agricultural sector and contribute to the reallocation of labor from less productive to more productive sectors.

3.2 Data 
The data used in this research come from the World Bank and Polity 5 databases over the period from 1990 to 2018 and on a sample of 33 SSA countries. Table 1 presents the descriptive statistics of the variables used in the model. The reallocation of skilled agricultural sector’s labor is estimated at -0.059%. This statistic indicates that labor has moved from the agricultural sector to other sectors of activity in SSA countries. Internet access and telephone access are very volatile. This volatility is measured by their standard deviation estimated at 10.103 and 5.029 respectively. The correlation matrix is ​​shown in appendix 1. The multicollinearity test revealed that the mean of the variance inflation factors and individual VIF statistics are less than 10 (appendix 1). Thus, all variables in the data can be  included in the model for estimations (Sinan and Alkan, 2015; Salmerón Gómez et al., 2016). As the ICTs are measured by two alternative indicators, the estimates are made gradually considering each of these two variables separately. The Wooldridge error autocorrelation test (2002) showed that first-order errors are dependent over time at the 5% threshold (in appendix 1).
Table 1 : Descriptive statistics
	Variables
	Obs.
	Mean
	Std.Dev.
	Sources

	Reallocation of agricultural labor (%)
	890
	-0,059
	0,386
	WDI

	Reallocation of industrial labor (%)
	873
	-0,005
	0,198
	WDI

	Reallocation of service labor (%)
	873
	0,120
	0,570
	WDI

	Telephone access (% of total population)
	911
	2.597
	5.029
	WDI

	Internet access (% of total population)
	755  
	5.9189
	10.103
	WDI

	Human capital (% of population of age for formal secondary education)
	549
	38.031
	24.930
	WDI

	Investment (% GDP)
	858
	20.990
	9.193
	WDI

	Credit to private sector (% GDP)
	883
	20.718
	25.292
	WDI

	Trade openness (% GDP)
	895
	65.860
	30.283
	WDI

	Polity2 (-10 to + 10)
	
	
	
	Polity5

	Foreign direct investments
	910
	3.712
	7.622
	WDI


Source : Author 2022
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3.3 Diagnostic tests   
To avoid spurious estimations, series of tests are done in order to chose the appropriate method of estimation. Thus, the cross-sectional dependence test of Pesaran is the first test done and showed the existence of a spatial dependence between the SSA countries and the autocorrelation test of Wooldridge revealed that the first order errors are dependent over time, the Ordinary least squares estimation is not efficient. Moreover, ICTs are potentially endogenous (Kretschmer, 2012; Farhadi et al., 2012). Under these conditions, instrumental variables technique is the appropriate one since it corrects the endogeneity bias linked to ICT. It also solves the problem of spatial dependence, autocorrelation of errors and also takes into account the problem of heteroscedasticity. For the validation of the instruments, the Hansen test is used and considers the lags of the variables on the ICTs as instruments (Kretschmer, 2012; Farhadi et al., 2012). The stationarity tests revealed that all the variables of the model are stationary in level (Table 3).
Table 2 : Interindividual dependency test (CD-test) of Pesaran (2004) 
	Variables
	CD-test
	p-value
	corr
	abs(corr)

	Reallocation of agricultural labor
	0.63
	0.531
	0.005
	0.166

	Reallocation of industrial labor
	24.63
	0,000
	0.203
	0.558

	Reallocation of services labor
	118.26
	0,000
	0.957
	0.957

	Telephone access
	17.06
	0,000
	0.162
	0.450

	Internet access
	98.70
	0,000
	0.966
	0.966

	Human capital
	105.44
	0,000
	0.827
	0.827

	Gross fixed capital formation
	12.97
	0,000
	0.103
	0.358

	Credit to private sector
	49.48  
	0,000
	0.428
	0.564

	Trade openness
	15.07
	0,000
	0.134
	0.331

	Polity2
	0.21
	0.837  
	0.002
	0.393

	Foreign direct investment
	1.33
	0.183
	0.013  
	0.396


Source: Author 2022





Table 3 : Maddala and Wu stationarity test
	Variables
	Level test

	
	Chi2
	P-value
	Decision

	Reallocation of agricultural labor
	699.440
	0,000
	I(0)

	Reallocation of industrial labor
	137.047
	0,000
	I(0)

	Reallocation of services labor
	200.204
	0,000
	I(0)

	Telephone access
	251.516
	0,000
	I(0)

	Internet access
	593.520
	0,000
	I(0)

	Human capital
	176.151
	0,000
	I(0)

	Gross fixed capital formation
	292.904
	0,000
	I(0)

	Credit to private sector
	164.381
	0,000
	I(0)

	Trade openness
	247.467
	0,000
	I(0)

	Polity2
	244.010
	0,000
	I(0)

	Foreign direct investment
	295.504
	0,000
	I(0)


Source: Author 2022
Note : I(0) represent the order on integration 

4. Results and discussions
Preliminary tests have shown that ICTs are endogenous. This is confirmed by the probabilities associated with the Chi2(2) of the endogeneity test, which are less than 1% (Table 4 and Table 5).  The Hansen test shows that the instruments are valid because the value of the probabilities associated with the Chi2 (1) are greater than 10% (table 5, table 6). Columns (1), (2) and (3) of Table 4 and Table 5 respectively present the results of the effect of internet and telephone access on agricultural structural transformation measured by reallocation of agricultural labor, agricultural employment and agricultural value added.





Table 4 : Results of the effect of ICTs on structural transformation using internet access in SSA
	
	(1)
	(2)
	(3)

	VARIABLES
	Agricultural structural transformation
	Agricultural employment
	Agricultural value added

	
	
	
	

	Internet access
	-0.249*
	0.452***
	0.054

	
	(0.145)
	(0.160)
	(0.043)

	Industrial structural transformation
	-0.375**
	-0.022
	-0.018

	
	(0.167)
	(0.036)
	(0.018)

	Service structural transformation
	-0.375***
	-0.008
	0.015

	
	(0.060)
	(0.020)
	(0.009)

	Human capital
	0.037
	-0.643***
	-0.314***

	
	(0.115)
	(0.081)
	(0.045)

	Gross fixed capital formation
	-0.164
	0.545***
	-0.285***

	
	(0.155)
	(0.211)
	(0.084)

	Trade
	0.132**
	-0.239***
	-0.067

	
	(0.066)
	(0.059)
	(0.042)

	Domestic credit
	0.155**
	-0.153***
	-0.077***

	
	(0.073)
	(0.051)
	(0.024)

	Foreign direct investment
	-0.177
	0.152
	0.320***

	
	(0.251)
	(0.129)
	(0.103)

	Polity2
	0.063
	-0.049
	0.019

	
	(0.364)
	(0.295)
	(0.177)

	Constant
	-9.499*
	84.439***
	48.579***

	
	(4.892)
	(5.470)
	(1.962)

	Observations
	377
	377
	377

	R-squared
	0.495
	0.546
	0.557

	F
	6.66
	52.88
	57.95

	Prob > F
	0.000
	0.000
	0.000

	Hansen J statistic
	0.401
	0.258
	3.853

	Prob > Chi2(1)
	0.5266
	0.611
	0.1456

	Endogeneity test
	7.335
	7.593
	6.854

	Prob > Chi2(2)
	0.006
	0.005
	0.008

	
	
	
	


Standard deviations in brackets; Significance threshold: *** p<0.01, ** p<0.05, * p<0.1
Source: Author 2022
The results reveal that internet access, industrial labor reallocation, and service labor reallocation negatively affect agricultural labor reallocation (Table 4). However, trade openness and access to credit positively influence the reallocation of agricultural labor. Internet access and gross fixed capital formation promote agricultural job creation, while human capital accumulation, trade openness and access to credit negatively affect the share of agricultural employment. Human capital accumulation and access to credit negatively affect the share of agricultural value added (Table 4). The results presented in the Table 5 reveals that telephone access has no significant effect on agricultural structural transformation. Overall, similar to the results in Table 4, the other variables have the same effects on agricultural structural transformation in SSA.
Table 5 : Results of the effect of ICTs on agricultural structural transformation using telephone access in SSA
	
	(1)
	(2)
	(3)

	VARIABLES
	Agricultural structural transformation
	Agricultural employment
	Agricultural value added

	Access to phone
	0.112
	0.326
	-0.008

	
	(0.316)
	(0.203)
	(0.121)

	Industrial structural transformation
	-0.469***
(0.175)
	0.020
(0.040)
	-0.002
(0.018)

	Service structural transformation
	-0.355***
(0.057)
	-0.026
(0.021)
	0.009
(0.009)

	Human capital
	-0.031
	-0.569***
	-0.303***

	
	(0.088)
	(0.073)
	(0.036)

	Gross fixed capital formation 
	-0.200
(0.151)
	0.640***
(0.208)
	-0.252***
(0.085)

	Trade
	0.156**
	-0.297***
	-0.088**

	
	(0.072)
	(0.063)
	(0.043)

	Domestic credit
	0.129*
	-0.139***
	-0.064***

	
	(0.076)
	(0.043)
	(0.023)

	Foreign direct investment
	-0.202
	0.255*
	0.373***

	
	(0.235)
	(0.143)
	(0.104)

	Polity2
	0.019
	-0.082
	0.044

	
	(0.299)
	(0.268)
	(0.149)

	Constant
	-8.850**
	83.879***
	48.172***

	
	(4.312)
	(4.765)
	(2.181)

	Observations
	462
	462
	462

	R-squared
	0.476
	0.535
	0.563

	F
	7.59
	49.83
	69.86

	Prob > F
	0.000
	0.000
	0.000

	Hansen J statistic
	1.021
	1.747
	1.021

	Prob > Chi2(1)
	0.600
	0.417
	0.600

	Endogeneity test
	9.577
	10.237
	9.578

	Prob > Chi2(2)
	0.002
	0.001
	0.002

	
	
	
	


Standard deviations in brackets; Significance threshold: *** p<0.01, ** p<0.05, * p<0.1
Source: Author 2022
In sum, the results of the effect of ICTs on agricultural structural transformation reveal that internet access promotes the transfer of labor from the agricultural sector to the industrial sector and the service sector in SSA. Indeed, with the advent of the Internet, agricultural employees are well informed about the different labor markets. Thus, non-agricultural jobs that are better paid attract agricultural labor leading to structural transformation. In addition, an increase in the number of internet and telephone subscribers translates into an increase in the share of agricultural jobs created in SSA. These new jobs created would generally represent modern agricultural jobs. Indeed, ICTs allow economic players to come together and promote the sharing of experiences at the global level. Developing countries, particularly those in Sub-Saharan Africa, then discovered modern agricultural techniques and imported them. This increases the number of modern jobs such as in the mechanization of agriculture, the use of improved seeds and fertilizers and irrigation techniques. The positive effect of internet and telephone access on agricultural structural transformation measured by the share of agricultural employment confirms Solow's paradox and is similar to the results of the work of Ehlers et al. (2021) for Europe, Fleming et al. (2021) for Australia and Anisimov et al. (2019) for Russia.
Conclusion
The objective of this article is to examine the effect of ICTs on agricultural structural transformation in SSA. To do this, agricultural structural transformation is measured by the reallocation of agricultural labor, the share of agricultural employment and the share of agricultural value added. The World Bank (2020) and Polity5 (2022) databases are used to mobilize all necessary data over a period from 1990 to 2018. In order to control for the potential endogeneity bias of ICTs instrumental variable estimation technique is used.
The results revealed that internet access, industrial labor reallocation, and service labor reallocation negatively affect agricultural labor reallocation. However, trade openness and access to credit positively influence the reallocation of agricultural labor. Internet access and gross fixed capital formation promote agricultural job creation, while human capital accumulation, trade openness and access to credit negatively affect the share of agricultural employment. In addition, factors such as human capital accumulation and access to credit negatively affect the share of agricultural value added. The results also revealed that telephone access has no significant effect on agricultural structural transformation. These different results have implications for economic policies and suggest that in SSA, digitalization must be promoted in order to stimulate the reallocation of labor from the agricultural sector to the industrial sector and the service sector. This will help to the achievement of Agenda 2063, which promote the structural transformation of African economies.
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Appendix 1.: Correlation and multicollinearity test
	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	(1 RAGR
	1.000
	
	
	
	
	
	
	
	
	

	(2) INTER
	0.007
	1.000
	
	
	
	
	
	
	
	

	(3) RIND
	-0.246***
	0.010
	1.000
	
	
	
	
	
	
	

	(4) RSER
	-0.544***
	0.057
	0.048
	1.000
	
	
	
	
	
	

	(5) KH
	0.002
	0.601***
	-0.081*
	0.215***
	1.000
	
	
	
	
	

	(6) FBCF
	-0.011
	0.213***
	-0.092***
	0.088**
	0.116***
	1.000
	
	
	
	

	(7) OUV
	0.010
	0.140***
	-0.071**
	0.045
	0.326***
	0.390***
	1.000
	
	
	

	(8) CRED
	0.028
	0.464***
	-0.050
	0.137***
	0.735***
	0.064*
	0.174***
	1.000
	
	

	(9) IDE
	-0.093***
	0.007
	-0.018
	0.039
	-0.010
	0.316***
	0.314***
	-0.047
	1.000
	

	(10) POLITY2
	0.023
	0.277***
	-0.098***
	0.104***
	0.453***
	0.122***
	0.316***
	0.391***
	0.105***
	1.000

	VIF
	
	1.68
	1.04
	1.08
	2.98
	1.59
	1.62
	2.49
	1.39
	1.32

	Mean VIF= 1.69
	
	
	
	
	
	
	
	
	
	

	*** p<0.01, ** p<0.05, * p<0.1
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