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Abstract 

This article aims to determine the factors that influence the role of ICTs’ role in the interaction between financial inclusion and 

agricultural productivity in Senegal over the period 2008-2022. The paper use of an ARDL model to show that financial inclusion 

has a significant negative effect on agricultural value added in Senegal in both the short and long term. However, ICTs via mobile 

phones do not have a positive impact on the relationship between financial inclusion and agricultural productivity in the short 

term. But in the long term, they improve the relationship between financial inclusion and agricultural productivity in Senegal. 

Agricultural land influences positively the agricultural value added in the long term, but negatively in the short term. As for the 

interaction between the financial inclusion index and mobile phone use, it contributes positively to Senegal's agricultural 

production, both in the short and long term. Therefore, to promote agricultural productivity in Senegal, the government must 

establish a financial system tailored to farmers' needs. It must also strengthen mobile infrastructure and promote financial 

inclusion through mobile telephony to enable greater use of mobile financial services, especially in rural areas. Regarding access 

to land resources, the Senegalese government must develop more agricultural land to improve agricultural productivity, which 

will in turn positively impact financial inclusion, productivity, and agricultural value added. 
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1. Introduction 

In developing economies in sub-Saharan Africa, agriculture 

is a powerful lever for accelerating inclusive growth and re-

ducing inequality. It remains the most important source of in-

come for the majority of poor households. In Senegal, agricul-

ture is a vital sector of the national economy and plays a sig-

nificant role in food security, thus contributing to the regula-

tion of the country's macroeconomic and social balances. 

Given its importance in job creation, poverty reduction, com-

bating social inequality, and income redistribution [8, 9, 28, 

29], agriculture remains a crucial sector upon which the econ-

omies of developing countries partly depend. However, de-

spite its importance with a contribution of 17% to Senegal's 

GDP [3], major challenges remain, particularly regarding the 

availability of financial services for rural agricultural actors. 
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However, despite its strategic importance, the sector faces 

persistent structural constraints, notably limited access to fi-

nancial services tailored to the needs of farmers. Recent stud-

ies emphasize the crucial role of financial inclusion and digi-

talization in strengthening productivity, agricultural invest-

ment, and market integration [7, 13, 27]. 

Finance, as a catalyst for modern agriculture, enables pro-

ducers to invest in modern agricultural technologies, improve 

their practices, and better manage risks. It is now recognized 

as a central lever for agricultural transformation, facilitating 

productive investment, the adoption of technological innova-

tions, and the management of climate and market risks [11, 20, 

31]. In this context, financial inclusion is a mechanism that 

seeks to provide poor populations with easy access to formal 

services, ensuring their availability and accessibility at low 

cost [25]. Indeed, improved access to credit, insurance, and 

other financial products would allow agricultural producers to 

modernize their equipment, adopt sustainable farming prac-

tices, and improve their working conditions and economic 

well-being. Information and communication technologies 

(ICTs) play a crucial role in this process by offering tailored 

solutions to overcome traditional barriers to accessing credit. 

They can also help farmers improve their agricultural prac-

tices, address environmental risks, and contribute to poverty 

reduction in rural areas. Thus, improved financial inclusion 

can play a crucial role in optimizing agricultural productivity 

by facilitating farmers' access to fast and flexible financing to 

increase their yields. Furthermore, ICTs, particularly digital 

finance and mobile telephony, play a key role in expanding 

access to financial services by reducing transaction costs and 

information asymmetries [13, 26]. They also contribute to the 

dissemination of agricultural, climate, and market information, 

strengthening farmers' capacity to manage environmental 

risks and optimize their production decisions. Thus, the joint 

development of financial inclusion and ICTs appears as a key 

factor in the sustainable improvement of agricultural produc-

tivity and the reduction of rural poverty. 

In this context, the question that arises is what role infor-

mation and communication technologies (ICTs) can play in 

the relationship between financial inclusion and agricultural 

productivity in Senegal? 

The objective of our research is to analyze the effect of ICTs 

on the relationship between financial inclusion and agricul-

tural productivity in Senegal. Specifically, it aims to: 

1) Analyze the effect of financial inclusion on agricultural 

productivity in Senegal; 

2) Analyze the effect of information and communication 

technologies on the relationship between financial inclu-

sion and agricultural productivity in Senegal. 

The remainder of this article will be organized into three 

parts. We will first present the literature review, then the meth-

odological approach, and finally the results of the econometric 

estimations, before the conclusion and recommendations for 

economic policies. 

2. Theoretical Framework and 

Literature Review 

Financial inclusion is defined as “the permanent access of 

populations to a diverse range of appropriate financial prod-

ucts and services at affordable costs and used effectively, ef-

ficiently, and effectively” [5]. It involves financial innova-

tions such as promoting microfinance and the use of electronic 

payment methods. The correlation between financial inclusion 

and agricultural productivity has been the subject of both the-

oretical and empirical research. 

Theoretically, studies have demonstrated the importance of 

financial inclusion in improving agricultural productivity by 

facilitating access to financial resources [6, 12, 18]. Indeed, 

improved access to credit and savings enables the purchase of 

agricultural inputs necessary to increase agricultural produc-

tivity. This productivity is crucial for the socio-economic de-

velopment of developing countries. However, limited access 

to financial resources and farmers' capacity to cope with cli-

matic and economic risks remain major challenges. Faced 

with these obstacles, information and communication technol-

ogies (ICTs) appear to be a determining factor in overcoming 

them. Therefore, they are essential for improving agricultural 

producers' access to financial services. Numerous studies have 

shown that ICTs, through the expansion of mobile phone and 

internet services, have improved the level of financial inclu-

sion [10, 15]. They can also reduce access and transaction 

costs, particularly in remote areas [4]. Financial inclusion, fa-

cilitated by ICTs, can improve access to financial services 

such as credit, savings, and insurance [14, 16] and, enabling 

farmers to purchase agricultural inputs needed to increase ag-

ricultural productivity and manage risks. ICTs, such as mobile 

phones, thus stimulate financial inclusion and contribute to re-

ducing poverty and income inequality [24]. For example, in 

Kenya, the use of M-Pesa has allowed users, including farm-

ers, to make payments, send money, and access credit via their 

mobile phones [27]. This is a significant asset for rural devel-

opment. 

Empirically, several studies have been conducted to assess 

the impact of financial inclusion on agricultural development 

in developing countries. Analyzing the short- and long-term 

dynamics of the relationship between financial inclusion and 

agriculture, Evans [10] shows that the use of financial services 

contributes significantly to agricultural development in both 

the short and long term. Agbenyo, Jiang, and Antony [1], us-

ing the FMOLS estimation method, demonstrated that finan-

cial inclusion through domestic credit to the private sector 

negatively and significantly affects agricultural growth, while 

through interest rates, it positively and significantly affects ag-

ricultural growth in Ghana. Napo [19], using the generalized 

method of moments, analyzed the role of institutional quality 

in the relationship between financial inclusion and agricultural 

exports from WAEMU countries. The results of his estima-

tions show a positive effect of financial inclusion on agricul-
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tural exports. This study also highlights that financial inclu-

sion indicators affect agricultural exports from WAEMU 

countries through the channel of improved institutional qual-

ity. Furthermore, Akpa et al. [2], using ordinary least squares 

(OLS), demonstrate a positive and significant impact of access 

to financial services on agricultural production in Benin, while 

the use of financial services has a positive but not significant 

impact on agricultural production in that country. 

M. Toure et al. [17] analyze the effect of financial inclusion 

on agricultural development in WAEMU countries over the 

period 2000–2020. In this study, agricultural development is 

represented by the agricultural production index and financial 

inclusion by two variables: the rate of microfinance service 

utilization and the rate of banking service utilization (based on 

the adult population: 15 years and older). Using the general-

ized method of moments in a system, the authors showed that 

the use of microfinance services, the productive capacity in-

dex, and arable land contribute significantly to improving the 

agricultural production index. Using the same estimation 

method as M. Toure et al. [17], Patrick Arnold Ombiono Ki-

toto [22] investigated the effect of digital financial inclusion 

on agricultural productivity in sub-Saharan Africa during the 

period 2015–2020. To this end, partial land productivity (PLP) 

was used to measure agricultural productivity, and access to 

and use of mobile money services for digital financial inclu-

sion (DFI) was analyzed. The results of the analyses show that 

DFI significantly affects PLP growth. These findings suggest 

that promoting digital financial services tailored to farmers' 

needs can stimulate agricultural transformation in sub-Sa-

haran Africa. 

During the same period, Vangvaidi, A., & Gramtya Djidda, 

L. [30] analyze the role of ICTs in the relationship between 

inclusive finance and agricultural growth over the period from 

2004 to 2020. To achieve this objective, the authors measured 

information and communication technologies using the mo-

bile phone variable and financial inclusion through indicators 

of access to and use of financial services. The results of the 

study showed that inclusive finance positively affects agricul-

tural growth in sub-Saharan Africa through ICT channels. 

Furthermore, the authors suggest strengthening mobile phone 

use to facilitate access to and use of financial services for peo-

ple whose livelihoods depend on agriculture in sub-Saharan 

Africa. 

In summary, the literature on the relationship between fi-

nancial inclusion and agricultural productivity presents mixed 

opinions. Some studies show a positive and significant effect 

of financial inclusion on agricultural productivity [10, 12]. 

While others show a negative effect of financial inclusion on 

agricultural productivity [21, 30]. 

3. Methodology and Model Specification 

3.1. Model Specification 

This section focuses on the specification of the study model 

and the definition of the variables, as well as their evolution, 

are outlined. The methodology adopted here aims to analyze 

the impact of information and communication technologies on 

the relationship between financial inclusion and agricultural 

productivity in Senegal. To this end, econometric estimations 

are made using the ARDL " Auto-Regressive " model Distrib-

uted Cointegration lag [23], in order to analyze the short-term 

and long-term relationships between variables through the fol-

lowing relationship: 

∆(𝑙𝑜𝑔𝑉𝐴𝐴𝑡) =  𝛽0 +  𝛽1(𝑙𝑜𝑔𝑉𝐴𝐴𝑡−1) +  𝛽2𝐼𝐼𝐹𝑡−1 +  𝛽3(𝑙𝑜𝑔𝑇𝐸𝐿𝑀𝑡−1) +  𝛽4(𝑙𝑜𝑔𝐼𝐼𝐹 ∗ 𝑇𝐸𝐿𝑀𝑡−1) +  𝛽5(𝑙𝑜𝑔𝑇𝐴𝑡−1) +

 ∑  𝛽𝑖∆(𝑙𝑜𝑔𝑉𝐴𝐴𝑡−𝑖
𝑝
𝑖=1 )1 + ∑  𝛽𝑗∆𝐼𝐼𝐹𝑡−𝑗

𝑞
𝑗=1 + ∑  𝛽𝑘(𝑙𝑜𝑔𝑇𝐸𝐿𝑀𝑡−𝑘)𝑟

𝑘=1 + ∑  𝛽𝑙∆(𝑙𝑜𝑔𝐼𝐼𝐹 ∗ 𝑇𝐸𝐿𝑀𝑡−𝑙
𝑡
𝑙=1 ) +

∑  𝛽𝑚∆(𝑙𝑜𝑔𝑇𝐴𝑡−𝑚
𝑢
𝑚=1 ) + 𝜀𝑡  

Or 

1) VAA is the agricultural value added as a percentage of 

GDP; 

2) IIF, the Financial Inclusion Index; 

3) TELM the number of individuals using mobile phones 

as a percentage of the total population; 

4) IIF*TELM represents the interaction between the finan-

cial inclusion index and the number of individuals using 

mobile phones; 

5) TA represents agricultural land as a percentage of the 

territory's area. 

6) 𝛽1Up to  𝛽5represents the coefficients of the variables 

to be estimated in the long term and 𝛽𝑖, 𝛽𝑗 , 𝛽𝑘 , 𝛽𝑙 , 

𝛽𝑚represents the coefficients of the variables to be esti-

mated in the short term; 

7)  𝛽0Indicates the constant and 𝜀𝑡the random error term 

at time t. 

8) Δ is the first difference operator, log is the logarithm, and 

p, q, r, s, t represent the optimal number of delays. 

3.2. Methodological Tools 

Before estimating the model, we will first verify the station-

arity of the data, the validity of the model, and the existence 

of a long-term relationship. For the stationarity test, we will 

use the Augmented Dickey -Fuller test. This test determines 

whether a time series is stationary or not. The decision rule is 

as follows: 

1) If the p-value is less than the threshold (often 1%, 5%, 

10%), then we reject the null hypothesis of the presence 

of a unit root. We conclude that the series is stationary; 

2) If the p-value is greater than the threshold (often 1%, 5%, 

10%), the null hypothesis of a unit root is not rejected. 

The series is concluded to be non-stationary. 
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Regarding the validity of the model, we will perform the 

Jarque-Bara normality test, the autocorrelation test, the heter-

oscedasticity test and the stability test of the coefficients. 

The Jarque-Bera normality test is used to verify the normal-

ity of a statistical distribution. The decision rule involves com-

paring the p-value to the chosen threshold (1%, 5%, 10%). For 

example, if the p-value is greater than 5%, then the null hy-

pothesis of normality of the data is not rejected. This means 

that the variables follow a normal distribution. 

Durbin Watson, White and Cusum tests will be used to de-

tect autocorrelation of errors, heteroscedasticity and stability 

of coefficients respectively. 

To verify the existence of a long-term relationship between 

the variables, we will use the bounds test of Pesaran et al [23]. 

The decision rule of this method consists of comparing the F- 

statistic to the critical values of the lower (I(0)) and upper (I(1)) 

bounds. 

1) If the statistical value of F obtained is greater than the 

value of the upper bound, then the null hypothesis is re-

jected. Therefore, a long-term relationship exists. 

2) If the statistical value of F obtained is less than the value 

of the lower bound, then the null hypothesis is not re-

jected. Therefore, there is no long-term relationship. 

3) If the statistical value of F obtained is between the two 

bounds, then the test does not allow us to conclude. 

The study data covers the period 2008-2022 and comes 

from two sources, namely the reports on the state of financial 

inclusion in the WAEMU for the years 2018 and 2022 and the 

World Bank database (WDI) [31]. 

4. Data Analysis 

4.1. Definitions and Evolution of Variables 

During the Period 2008 – 2022 

Agricultural value added: This represents the dependent 

variable of the study, which measures the level of agricultural 

productivity in Senegal. Its evolution over the period 2008 to 

2022 is shown in Figure 1 below. Analysis of this graph shows 

a decrease in agricultural value added over the period 2008–

2011, falling from 14.687% in 2008 to 12.947% in 2011, a 

decrease of 1.74%. This situation can be explained by the de-

crease in rainfall observed in 2011. On the other hand, the 

VAA increased over the period from 2011 to 2022, rising from 

12.947% in 2011 to 16.341% in 2022. This upward trend can 

be attributed to several factors such as favorable climatic con-

ditions and agricultural development programs like the 

Emerging Senegal Plan (PSE) and the agricultural develop-

ment hubs (PDA). 

 
Source: Author based on data from the World Bank 

Figure 1. Evolution of agricultural value added in Senegal. 

Financial inclusion: In this study, it is measured by the fi-

nancial inclusion index, which ranges from 0 to 1, where 0 

represents total exclusion and 1 represents successful financial 

inclusion. According to the Figure 2 below, Senegal's finan-

cial inclusion index increased by 0.403 points between 2008 

and 2022, rising from 0.233 to 0.636. This improvement is ex-

plained by the progress in indicators related to access to and 

use of financial services. 
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Source: Author based on data from the BCEAO 

Figure 2. Changes in Senegal's financial inclusion index. 

Number of mobile phone users: this is the indicator chosen 

in this study to measure the level of information and commu-

nication technologies in Senegal. According to the Figure 3 

below, Senegal recorded a 75.044% increase in the number of 

mobile phone users, reaching 120.434% in 2022 compared to 

45.39% in 2008. This growth could be explained by the ex-

pansion of network coverage and adaptation to social needs. 

It can also be explained by increased access to financial ser-

vices via mobile. 

 
Source: Author based on data from the World Bank 

Figure 3. Evolution of the number of mobile phone users in Senegal. 

Agricultural land (percentage of the territory): refers to ac-

cess to land resources. The Figure 4 below shows a decrease 

in access to land resources between 2008 and 2014. Following 

this downward trend, observed since 2008, access to land re-

sources increased between 2014 and 2022, reaching 49.4% in 

2022, compared to 46.601% in 2014. This situation is partly 

explained by the implementation of certain agricultural pro-

jects such as the Program for Accelerating the Pace of Sene-

galese Agriculture (PRACAS) and the rice self-sufficiency 

program. 
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Source: Author based on data from the World Bank 

Figure 4. Evolutions agricultural land in Senegal. 

4.2. Econometric Results and Discussion 

4.2.1. Stationarity Test 

Dickey -Fuller test was used to test the stationarity of the 

data. The results (Table 1) show that the variables agricultural 

value added, financial inclusion index, interaction between the 

financial inclusion index and mobile phone use, and agricul-

tural land are stationary in first differences (I(1)), while mo-

bile phone use is stationary in I(0) at the 5% significance level. 

The variables are integrated at different orders (I(0) and I(1)), 

which demonstrates that the ARDL model is applicable. 

Table 1. Stationarity test results. 

Variables Statistical Test Prob. 1% Critical Value 5% Critical Value 10% Critical Value Conclusion 

VAA -5,279 0.0001 -4.38 -3.6 -3.24 I (1) 

IIF -4,474 0.0017 -4.38 -3.6 -3.24 I (1) 

TELM -3.614 0.0287 -4.38 -3.6 -3.24 I (0) 

IIF*TELM -3.752 0.0191 -4.38 -3.6 -3.24 I (1) 

YOUR -3.692 0.0229 -4.38 -3.6 -3.24 I (1) 

Source: Author based on data from the World Bank and the BCEAO 

Note: I(1) represents the stationary variables in first difference and I(0) the stationary one in level. 

The results in Table 2 show, through the F- statistic value 

and its probability, that the model is globally significant. They 

also show that 99.53% of the fluctuations in agricultural value 

added are explained by the variables. The Akaike Information 

Criterion (AIC) is used to select the optimal ARDL model. 

Table 2. Results of the ARDL (1,1,1,1) model estimation. 

Variables Coefficient Std. Error t - Statistics Prob. 

VAA     

L1. -0.2566279 0.0677425 -3.79 0.032 

IIF -3.288881 0.4071517 -8.08 0.004 

L1. 2.18795 0.2177478 10.05 0.002 
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Variables Coefficient Std. Error t - Statistics Prob. 

TELM -0.1554946 0.2335612 -0.67 0.553 

L1. 0.216197 0.2219385 0.97 0.402 

IIF*TELM 1,458273 0.1952867 7.47 0.005 

L1. -0.9543193 0.0780254 -12.23 0.001 

YOUR 3,411493 0.2362015 14.44 0.001 

L1. 2.812907 0.5231048 5.38 0.013 

Const -0.2949138 0.162163 -1.82 0.167 

F- statistic 70.89 

R- squared 0.9953 

Prob > F 0.0025 

Source: Author based on data from the World Bank and the BCEAO 

Note: L1 refers to the lagged value of each variable. 

4.2.2. Model Validity Test 

Furthermore, the validity of our model was examined using 

the Jarque-Bara normality test. Through the results in Table 3, 

we observed that the probabilities associated with the Jarque 

statistical test Bera values are greater than 5% except for the 

variables VAA and TA. However, the latter are greater than 

1%, which indicates that all variables follow a normal distri-

bution. 

Table 3. Jarque Bera Normality Test. 

Variables Statistics Prob 

VAA 9,136 0.0104 

IIF 0.0282 0.986 

TELM 3,527 0.1714 

IIF*TELM 2,436 0.2959 

YOUR 6,965 0.0307 

Source: Author based on data from the World Bank and the BCEAO 

Furthermore, the Durbin Watson autocorrelation test 

(2.43401) and the White heteroscedasticity test (0.3690) 

showed no autocorrelation of the residuals and no heterosce-

dasticity of the errors, respectively. Finally, the Cusum test 

(Figure 5) indicates that all coefficients are stable during the 

analysis period, as the residuals remain within the 5% confi-

dence interval. Ultimately, these results allow us to conclude 

that the model is valid. 

 
Source: Author based on data from the World Bank and the BCEAO 

Figure 5. Cusum test results. 

4.2.3. Cointegration Test 

cointegration test using the bounds approach of Pesaran et 

al [29] presented in the table below show the existence of a 

long-term equilibrium relationship between the variables of 

the model. 

Table 4. Results of the bounds test. 

Test Statistic Value 

F- statistic 73,431 

K 4 

Signif. I (0) I (1) 
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Test Statistic Value 

10% 2.45 3.52 

5% 2.86 4.01 

2.5% 3.25 4.49 

1% 3.74 5.06 

Source: Author based on data from the World Bank and the BCEAO 

4.2.4. Short-term Dynamics 

Table 5. Coefficients of the short-term relationship. 

Variables Coefficient Std. Error Prob. 

IIF -2.18795** 0.2177479 0.002 

TELM -0.216197 0.2219386 0.402 

IIF*TELM 0.9543193** 0.0780254 0.001 

YOUR -2.812907** 0.5231049 0.013 

CointEq (-) -1.256628 ** 0.0677425 0.000 

Source: Author based on data from the World Bank and the 

BCEAO 

Note: * P < 1%, ** p < 5%, *** P < 10% 

According to the results in Table 5, financial inclusion has 

a significant negative impact on agricultural value added in 

Senegal in the short term, meaning that the level of financial 

inclusion remains insufficient to stimulate agricultural pro-

duction in Senegal. This result can also be explained by struc-

tural and environmental problems such as the climate and the 

country's agricultural policy. Consequently, even if farmers 

receive financing, these external factors may limit the impact 

of this financing on agricultural productivity. 

Regarding mobile phone usage, it negatively impacts agricul-

tural production in Senegal. This means that in the short term, a 

1% increase in the number of mobile phone users implies a 

0.216% decrease in Senegal's agricultural value added. 

Regarding the interaction variable between the financial in-

clusion index and mobile phone use, it shows a positive and 

significant effect on Senegal's agricultural value added. This 

implies that a 1% increase in the level of financial inclusion 

through mobile phones leads to a 0.954% increase in Senegal's 

agricultural value added. This result demonstrates that the im-

pact of financial inclusion on Senegal's agricultural value-

added increases with the number of mobile phone users. In 

other words, it positively impacts the country's agricultural 

productivity when there is a significant number of mobile 

phone users. 

Regarding the variable access to land resources (TA), it has 

a negative and significant effect on agricultural production in 

Senegal. 

Furthermore, the error correction coefficient is negative and 

highly significant. Therefore, short-term imbalances correct 

themselves in the long term. 

4.2.5. Long-term Dynamics 

The results of the long-term coefficient estimation pre-

sented in the table below show the significant negative effect 

of the financial inclusion index on agricultural value added in 

Senegal, indicating that the level of financial inclusion re-

mains insufficient to stimulate agricultural production in the 

country. While financial inclusion negatively impacts agricul-

tural value added in both the short and long term, this impact 

is less pronounced in the short term. 

The coefficient for the mobile phone variable is positive but 

not significant in the long term. This means that a 1% increase 

in the number of mobile phone users leads to a 0.048% in-

crease in agricultural production in the long term, all other 

things being equal. The variables of agricultural land and the 

interaction between the financial inclusion index and mobile 

phones showed a positive and significant effect on Senegal's 

agricultural value added in the long term. 

Table 6. Coefficients of the long-term relationship. 

Variables Coefficient Std. Error Prob. 

IIF 
-0.8760995 

*** 
0.2844451 0.054 

TELM 0.0483058 0.0276003 0.178 

IIF*TELM 
0.4010368 

*** 
0.1270768 0.051 

YOUR 4.953257** 0.3730816 0.001 

Const -0.2949138 0.162163 0.167 

Source: Author based on data from the World Bank and the BCEAO 

Note: * P < 1%, ** p < 5%, *** P < 10% 

Overall, the test results showed a negative effect of finan-

cial inclusion on agricultural productivity in Senegal in both 

the short and long term. However, ICTs, particularly mobile 

phones, negatively impact the relationship between financial 

inclusion and agricultural productivity in Senegal in the short 

term, but positively in the long term. 

5. Conclusion and Implications of 

Economic Policies 

The objective of our research was to analyze the impact of 

information and communication technologies on the relation-

ship between financial inclusion and agricultural productivity in 

Senegal over the period 2008-2022. To this end, the Dickey -
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Fuller stationarity test, the Jarque - Bera normality test, the Dur-

bin- Watson autocorrelation test, the White heteroscedasticity 

test, and the ARDL cointegration model of Pesaran et al. [23] 

were used. The results of the latter estimation showed that fi-

nancial inclusion has a significant negative effect on agricul-

tural value added in Senegal in both the short and long term. 

Therefore, a 1% increase in financial inclusion leads to a de-

crease in agricultural value added in Senegal of 2.188% in the 

short term and 0.876% in the long term. However, ICTs via mo-

bile phones do not have a positive impact on the relationship 

between financial inclusion and agricultural productivity in the 

short term. But in the long term, they improve the relationship 

between financial inclusion and agricultural productivity in 

Senegal. This means that in the long term, any increase in the 

number of mobile phone users would lead to an increase in ag-

ricultural productivity in Senegal. 

Regarding the variable of agricultural land, it positively in-

fluences Senegal's agricultural value added in the long term, but 

negatively in the short term. This means that in the long term, 

any increase in agricultural land would lead to an increase in 

Senegal's agricultural value added, while in the short term, any 

increase in agricultural land would lead to a decrease in Sene-

gal's agricultural value added. As for the interaction between the 

financial inclusion index and mobile phone use, it contributes 

positively to Senegal's agricultural production, both in the short 

and long term. Consequently, a 1% increase in the level of fi-

nancial inclusion through mobile phone use leads to a 0.954% 

increase in the short term and a 0.401% increase in the long term 

of agricultural value added in Senegal. 

Therefore, to promote agricultural productivity in Senegal, 

the government must establish a financial system tailored to 

farmers' needs. It must also strengthen mobile infrastructure 

and promote financial inclusion through mobile telephony to 

enable greater use of mobile financial services, especially in 

rural areas. Regarding access to land resources, the Senegalese 

government must develop more agricultural land to improve 

agricultural productivity, which will in turn positively impact 

financial inclusion, productivity, and agricultural value added. 
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Appendix 

Appendix I: Study Data 

Table 7. Study Data. 

Year VAA IIF TELM IIF*TELM YOUR 

2008 14,687 0.233 45,390 10,576 48,174 

2009 16,108 0.233 56,593 13,186 48,190 

2010 15,945 0.253 66,589 16,847 48,190 

2011 12,947 0.264 72,639 19,177 46,564 

2012 14,098 0.281 86,690 24,360 46,564 

2013 13,725 0.334 96,603 32,265 46,580 

2014 13,369 0.388 102,931 39,937 46,601 

2015 14,283 0.430 104,202 44,807 48,450 

2016 14,414 0.375 102,950 38,606 48,242 

2017 14,982 0.459 103,962 47,719 48,424 

2018 14,988 0.499 106,324 53,056 48,605 

2019 14,896 0.604 111,748 67,496 48,798 

2020 16,149 0.589 116,079 68,371 48,979 

2021 15,551 0.618 117,677 72,724 49,400 

2022 16,341 0.636 120,434 76,596 49,400 

Source: Author based on data from the World Bank and the BCEAO 

Appendix II: Stationarity Test 

 

 

MacKinnon approximate p-value for Z(t) = 0.5217

                                                                              

 Z(t)             -2.143            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        14

. dfuller logVAA, trend lags(0)

MacKinnon approximate p-value for Z(t) = 0.1009

                                                                              

 Z(t)             -3.123            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        14

. dfuller IIF, trend lags(0)
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Source: Author based on data from the World Bank and the BCEAO 

Figure 6. Stationary test in level. 

 

 

 

MacKinnon approximate p-value for Z(t) = 0.0287

                                                                              

 Z(t)             -3.614            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        14

. dfuller logTELM, trend lags(0)

MacKinnon approximate p-value for Z(t) = 0.8505

                                                                              

 Z(t)             -1.435            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        14

. dfuller logIIFTELM, trend lags(0)

MacKinnon approximate p-value for Z(t) = 0.5996

                                                                              

 Z(t)             -2.003            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        14

. dfuller logTA, trend lags(0)

MacKinnon approximate p-value for Z(t) = 0.0001

                                                                              

 Z(t)             -5.279            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        13

. dfuller difflogVAA, trend lags(0)

MacKinnon approximate p-value for Z(t) = 0.0017

                                                                              

 Z(t)             -4.474            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        13

. dfuller diffIIF, trend lags(0)

MacKinnon approximate p-value for Z(t) = 0.0191

                                                                              

 Z(t)             -3.752            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        13

. dfuller difflogIIFTELM, trend lags(0)
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Source: Author based on data from the World Bank and the BCEAO 

Figure 7. Stationary test in first difference. 

Appendix III: Estimation of the ARDL (1,1,1,1,1) Model 

 

Source: Author based on data from the World Bank and the BCEAO 

Figure 8. Estimation of the ARDL Model. 

Appendix IV: Jarque-Bera Normality 

 
Source: Author based on data from the World Bank and the BCEAO 

Figure 9. Jarque-Bera Normality test. 

MacKinnon approximate p-value for Z(t) = 0.0229

                                                                              

 Z(t)             -3.692            -4.380            -3.600            -3.240

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        13

. dfuller difflogTA, trend lags(0)

                                                                                

         _cons    -.2949138    .162163    -1.82   0.167    -.8109887    .2211611

                

           L1.     2.812907   .5231048     5.38   0.013     1.148154    4.477661

           --.     3.411493   .2362015    14.44   0.001     2.659794    4.163192

     difflogTA  

                

           L1.    -.9543193   .0780254   -12.23   0.001    -1.202631   -.7060078

           --.     1.458273   .1952867     7.47   0.005      .836784    2.079763

difflogIIFTELM  

                

           L1.      .216197   .2219385     0.97   0.402    -.4901105    .9225045

           --.    -.1554946   .2335612    -0.67   0.553    -.8987906    .5878015

       logTELM  

                

           L1.      2.18795   .2177478    10.05   0.002     1.494979     2.88092

           --.    -3.288881   .4071517    -8.08   0.004    -4.584619   -1.993142

       diffIIF  

                

           L1.    -.2566279   .0677425    -3.79   0.032    -.4722147    -.041041

    difflogVAA  

                                                                                

    difflogVAA        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                                

Log likelihood =  50.518572                     Root MSE          =     0.0103

                                                Adj R-squared     =     0.9813

                                                R-squared         =     0.9953

                                                Prob > F          =     0.0025

                                                F(   9,      3)   =      70.89

Sample:       2010 -       2022                 Number of obs     =         13

ARDL(1,1,1,1,1) regression

. ardl difflogVAA diffIIF logTELM difflogIIFTELM difflogTA, maxlag(1) aic

Jarque-Bera test for Ho: normality:

Jarque-Bera normality test:  6.965 Chi(2)  .0307

. jb difflogTA

Jarque-Bera test for Ho: normality:

Jarque-Bera normality test:  2.436 Chi(2)  .2959

. jb difflogIIFTELM

Jarque-Bera test for Ho: normality:

Jarque-Bera normality test:  3.527 Chi(2)  .1714

. jb logTELM

Jarque-Bera test for Ho: normality:

Jarque-Bera normality test:  .0282 Chi(2)   .986

. jb diffIIF

Jarque-Bera test for Ho: normality:

Jarque-Bera normality test:  9.136 Chi(2)  .0104

. jb difflogVAA
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Appendix V: Cointegration Test 

 

 
Source: Author based on data from the World Bank and the BCEAO 

Figure 10. Cointegration test. 

Appendix VI: Short and Long-Term Dynamics 

 
Source: Author based on data from the World Bank and the BCEAO 

Figure 11. Short and Long-Term Dynamics test. 

 

. ardl difflogVAA diffIIF logTELM difflogIIFTELM difflogTA, maxlags(1) ec btest

Critical values from Pesaran/Shin/Smith (2001)

k: # of non-deterministic regressors in long-run relationship

reject if t < critical value for I(1) regressors
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                                       t = -18.550
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Pesaran/Shin/Smith (2001) ARDL Bounds Test
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SR              
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difflogIIFTELM     .4010368   .1270768     3.16   0.051    -.0033782    .8054518

       logTELM     .0483058   .0276003     1.75   0.178    -.0395307    .1361424

       diffIIF    -.8760995   .2844451    -3.08   0.054    -1.781331    .0291317

LR              
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  D.difflogVAA        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
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                                                Adj R-squared     =     0.9933

                                                R-squared         =     0.9983
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. ardl difflogVAA diffIIF logTELM difflogIIFTELM difflogTA, maxlag(1) ec regstore (ecreg)

http://www.sciencepg.com/journal/ijsdr


International Journal of Sustainable Development Research http://www.sciencepg.com/journal/ijsdr 

 

98 

Appendix VII: Durbin Watson 's Autocorrelation Test and White's Heteroscedasticity Test 

 

 
Source: Author based on data from the World Bank and the BCEAO 

Figure 12. Durbin Watson 's Autocorrelation Test and White's Heteroscedasticity Test. 
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