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Figure 1: Honda Test for the Presence of Individual-Specific Effects 

Source: Created by the author using RStudio  
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Figure 2: Hausman Specification Test for the Export Model. 

Source: Created by the author using Stata 14 

Figure 3: Results of the Jarque-Bera Normality Test 
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Figure 6: Estimation of the Export Gravity Model Using PPML and GCE Methods. 

Figure 4: Results of the Homoscedasticity Test. 

Source: Created by the author using RStudio 

Figure 5: Results of the Autocorrelation Test (Intra-Individual Correlation) 

 

Source: Created by the author using RStudio 
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Source: Created by the author using RStudio and Stata. 

 Figure 7: Estimation of the Import Gravity Model Using PPML and GCE Methods. 

Source: Created by the author using RStudio and Stata. 
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 Appendix 3: List of ISO-3 Country Codes for African Countries Used in the Analysis. 

Table 1: List of ISO-3 Country Codes for African Countries Used in the Analysis 

ISO 3166-1 alpha-3 Country ISO 3166-1 alpha-3 Country 

DZA Algeria LBR Liberia 

AGO Angola LBY Libya 

BEN Benin MDG Madagascar 

BWA Botswana MWI Malawi 

BFA Burkina Faso MLI Mali 

BDI Burundi MRT Mauritania 

CPV Cape Verde MUS Mauritius 

CMR Cameroon MAR Morocco 

CAF Central African Republic MOZ Mozambique 

TCD Chad NAM Namibia 

COM Comoros NER Niger 

COG Congo NGA Nigeria 

CIV Côte d'Ivoire RWA Rwanda 

COD Democratic Republic of the Congo STP São Tomé and Príncipe 

DJI Djibouti SEN Senegal 

EGY Egypt SYC Seychelles 

GNQ Equatorial Guinea SLE Sierra Leone 

ERI Eritrea SOM Somalia 

SWZ Eswatini ZAF South Africa 

ETH Ethiopia SSD South Sudan 

GAB Gabon SDN Sudan 

GMB Gambia TGO Togo 

GHA Ghana TUN Tunisia 

GIN Guinea UGA Uganda 

GNB Guinea-Bissau TZA Tanzania 

KEN Kenya ZMB Zambia 

LSO Lesotho ZWE Zimbabwe 

 

  



   Volume XX, Fall, Issue 3(89), 2025 

7 

 

Appendix 4 

Equations to Add, modify (*), and Remove (**) from the PEP-1-1- Model 

 

Table 10: Equations to Add, modify (*), and Remove (**) from the PEP-1-1- Model 

The model equations Endogenous variables 

Export EQ 318 v. Endogenous 318 

𝐸𝑋𝑗,𝑖 = 𝐵𝑗,𝑖
𝐸𝑋 ∗ [𝛽𝑖,𝑗

𝐸𝑋 ∗ (𝐸𝑋𝑗,𝑖
𝐴𝐹)

𝜌𝑖,𝑗
𝐸𝑋

+ (1 − 𝛽𝑗,𝑖
𝐸𝑋)

∗ (𝐸𝑋𝑗,𝑖
𝑅𝑀)

𝜌𝑖,𝑗
E𝑋

]

1

𝜌𝑗,𝑖
𝐸𝑋

 

21 𝐸𝑋𝑗,𝑖
𝑅𝑀 21 

𝐸𝑋𝑗,𝑖
𝐴𝐹 = [

1 − 𝛽𝑗,𝑖
𝐸𝑋

𝛽𝐸𝑗,𝑖
𝑋 ∗

𝑃𝐸𝑖
𝐴𝐹

𝑃𝐸𝑖
𝑅𝑀]

𝜎𝑗,𝑖
𝐸𝑋

𝐸𝑋𝑗,𝑖
𝑅𝑀 21 𝐸𝑋𝑗,𝑖

𝐴𝐹 21 

𝑃𝐸𝑖
 =

𝑃𝐸𝑖
𝐴𝐹 ∗ 𝐸𝑋𝑗,𝑖

𝐴𝐹 + 𝑃𝐸𝑖
𝑅𝑀 ∗ 𝐸𝑋𝑗,𝑖

𝑅𝑀

𝐸𝑋𝑗,𝑖
 21* 𝐸𝑋𝑗,𝑖  21 

(𝑃𝐸𝑖
𝐹𝑂𝐵)𝐴𝐹 = (1 + 𝑡𝑡𝑖𝑥𝑖

𝐴𝐹) [𝑃𝐸𝑖
𝐴𝐹 + ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔(𝑖𝑗,𝑖)

𝑋

𝑖𝑗
] 21 𝑃𝐸𝑖

𝐴𝐹 21 

(𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀 = (1 + 𝑡𝑡𝑖𝑥𝑖

𝑅𝑀) [𝑃𝐸𝑖
𝑅𝑀 + ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔(𝑖𝑗,𝑖)

𝑋

𝑖𝑗
] 21 𝑃𝐸𝑖

𝑅𝑀 21 

𝑃𝐸𝑖
𝐹𝑂𝐵 =

(𝑃𝐸𝑖
𝐹𝑂𝐵)𝐴𝐹 ∗ 𝐸𝑋𝐷𝑖

𝐴𝐹 + (𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀 ∗ 𝐸𝑋𝐷𝑖

𝑅𝑀

𝐸𝑋𝐷𝑖
 21* 𝐸𝑋𝐷𝑖 21 

𝐸𝑋𝐷𝑖
𝐴𝐹 = [𝐸𝑋𝐷𝑖

𝐴𝐹]𝑂 [
e ∗ 𝑃𝑊𝑋𝑖

𝐴𝐹(1 + [𝑡𝑚𝑀𝑀𝑖
𝐴𝐹]0)

(𝑃𝐸𝑖
𝐹𝑂𝐵)𝐴𝐹(1 + 𝑡𝑚𝑀𝑀𝑖

𝐴𝐹)
]

𝜎𝑖
𝐸𝑋𝐷_𝐴𝐹

 21 𝐸𝑋𝐷𝑖
𝐴𝐹 21 

𝐸𝑋𝐷𝑖
𝑅𝑀

= [𝐸𝑋𝐷𝑖
𝑅𝑀]𝑂 [

e ∗ 𝑃𝑊𝑋𝑖
𝑅𝑀(1 + [𝑡𝑚𝑀𝑀𝑖

𝑅𝑀]0)

(𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀(1 + 𝑡𝑚𝑀𝑀𝑖

𝑅𝑀)
]

𝜎𝑖
𝐸𝑋𝐷_𝑅𝑀

 
21 𝐸𝑋𝐷𝑖

𝑅𝑀 21 

𝐸𝑋𝐷𝑖
𝐴𝐹 = ∑ 𝐸𝑋𝑗,𝑖

𝐴𝐹

𝑗

 21 (𝑃𝐸𝑖
𝐹𝑂𝐵)𝐴𝐹 21 

𝐸𝑋𝐷𝑖
𝑅𝑀 = ∑ 𝐸𝑋𝑗,𝑖

𝑅𝑀

𝑗

 21 (𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀 21 

𝐸𝑋𝐷𝑖
 = ∑ 𝐸𝑋𝑗,𝑖

 

𝑗

 21 𝑃𝐸𝑖
𝐹𝑂𝐵 21 

𝑇𝐼𝑋𝑖
𝐴𝐹 = 𝑡𝑡𝑖𝑥𝑖

𝐴𝐹 {𝑃𝐸𝑖
𝐴𝐹 + ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔𝑖𝑗,𝑖

𝑋

𝑖𝑗
} ∗ 𝐸𝑋𝐷𝑖

𝐴𝐹 21 𝑇𝐼𝑋𝑖
𝐴𝐹 21 

𝑇𝐼𝑋𝑖
𝑅𝑀 = 𝑡𝑡𝑖𝑥𝑖

𝑅𝑀 {𝑃𝐸𝑖
𝑅𝑀 + ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔𝑖𝑗,𝑖

𝑋

𝑖𝑗
} ∗ 𝐸𝑋𝐷𝑖

𝑅𝑀 21 𝑇𝐼𝑋𝑖
𝑅𝑀 21 

𝑇𝐼𝑋𝑇𝐴𝐹 = ∑ 𝑇𝐼𝑋𝑖
𝐴𝐹

𝑖
 1 𝑇𝐼𝑋𝑇𝐴𝐹 1 

𝑇𝐼𝑋𝑇𝑅𝑀 = ∑ 𝑇𝐼𝑋𝑖
𝑅𝑀

𝑖
 1 𝑇𝐼𝑋𝑇𝑅𝑀 1 

𝑇𝐼𝑋𝑇 = 𝑇𝐼𝑋𝑇𝐴𝐹 + 𝑇𝐼𝑋𝑇𝑅𝑀 1* 𝑇𝐼𝑋𝑇 1 

𝑇𝑀𝑀𝑖
𝐴𝐹 = (𝑡𝑚𝑀𝑀𝑖

𝐴𝐹) ∗ (𝑃𝐸𝑖
𝐹𝑂𝐵)𝐴𝐹𝐸𝑋𝐷𝑖

𝐴𝐹 21 𝑇𝑀𝑀𝑖
𝐴𝐹 21 

𝑇𝑀𝑀𝑖
𝑅𝑀 = (𝑡𝑚𝑀𝑀𝑖

𝑅𝑀) ∗ (𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀 ∗ 𝐸𝑋𝐷𝑖

𝑅𝑀 21 𝑇𝑀𝑀𝑖
𝑅𝑀 21 

𝑇𝐼𝑋𝑖 = 𝑡𝑡𝑖𝑥𝑖 {𝑃𝐸𝑖 + ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔𝑖𝑗,𝑖
𝑋

𝑖𝑗
} ∗ 𝐸𝑋𝐷𝑖 21** 𝑇𝐼𝑋𝑖 21** 
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The model equations Endogenous variables 

EQ of import 318 v. Endogenous 318 

𝐼𝑀𝑖 = 𝐵𝑖
𝐼𝑀 ∗ [𝛽𝑖

𝐼𝑀 ∗ (𝐼𝑀𝑖
𝐴𝐹)−𝜌𝑖

𝐼𝑀
+ (1 − 𝛽𝑖

𝐼𝑀)

∗ (𝐼𝑀𝑖
𝑅𝑀)−𝜌𝑖

𝐼𝑀
]

−
1

𝜌𝑖
𝐼𝑀

 

21 𝐼𝑀𝑖
𝑅𝑀  21 

𝐼𝑀𝑖
𝐴𝐹 = [

𝛽𝑖
𝑀

1 − 𝛽𝑖
𝑀 ∗

𝑃𝑀𝑖
𝑅𝑀

𝑃𝑀𝑖
𝐴𝐹 ]

𝜎𝑖
𝐼𝑀

𝐼𝑀𝑖
𝑅𝑀  21 𝐼𝑀𝑖

𝐴𝐹 21 

𝑃𝑀𝑖
 =

𝑃𝑀𝑖
𝐴𝐹 ∗ 𝐼𝑀𝑖

𝐴𝐹 + 𝑃𝑀𝑖
𝑅𝑀 ∗ 𝐼𝑀𝑖

𝑅𝑀

𝐼𝑀𝑖
 21* 𝑃𝑀𝑖

  21 

𝑃𝑀𝑖
𝐴𝐹 = (1 + 𝑡𝑡𝑖𝑐𝑖

 ) [(1 + 𝑡𝑡𝑖𝑚𝑖
𝐴𝐹) ∗ 𝑃𝑀_𝑇𝑖

𝐴𝐹

+ ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔(𝑖𝑗,𝑖)
 

𝑖𝑗
] 

21 𝑃𝑀𝑖
𝐴𝐹 21 

𝑃𝑀𝑖
𝑅𝑀 = (1 + 𝑡𝑡𝑖𝑐𝑖

 ) [(1 + 𝑡𝑡𝑖𝑚𝑖
𝑅𝑀) ∗ 𝑃𝑀_𝑇𝑖

𝑅𝑀

+ ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔(𝑖𝑗,𝑖)
 

𝑖𝑗
] 

21 𝑃𝑀𝑖
𝑅𝑀 21 

𝑃𝑀_𝑇𝑖
 =

𝑃𝑀_𝑇𝑖
𝐴𝐹 ∗ 𝐼𝑀𝑂𝑖

𝐴𝐹 + 𝑃𝑀_𝑇𝑖
𝑅𝑀 ∗ 𝐼𝑀𝑂𝑖

𝑅𝑀

𝐼𝑀𝑂𝑇𝑖
 21 𝐼𝑀𝑂𝑇𝑖 21 

𝐼𝑀𝑂𝑖
𝐴𝐹 = [𝐼𝑀𝑂𝑖

𝐴𝐹]𝑂 [
𝑒 ∗ 𝑃𝑊𝑀𝑖

𝐴𝐹/[1 + 𝑡𝑒𝑀𝑀𝑖
𝐴𝐹]𝑂

𝑃𝑀𝑇𝑖
𝐴𝐹/[1 + 𝑡𝑒𝑀𝑀𝑖

𝐴𝐹] 
]

−𝜎𝑖
𝐼𝑀𝑂_𝐴𝐹

 21 𝐼𝑀𝑂𝑖
𝐴𝐹 21 

𝐼𝑀𝑂𝑖
𝑅𝑀

= [𝐼𝑀𝑂𝑖
𝑅𝑀]𝑂 [

𝑒 ∗ 𝑃𝑊𝑀𝑖
𝑅𝑀/[1 + 𝑡𝑒𝑀𝑀𝑖

𝑅𝑀]𝑂

𝑃𝑀𝑇𝑖
𝑅𝑀/[1 + 𝑡𝑒𝑀𝑀𝑖

𝑅𝑀] 
]

−𝜎𝑖
𝐼𝑀𝑂_𝑅𝑀

 
21 𝐼𝑀𝑂𝑖

𝑅𝑀  21 

𝐼𝑀𝑖
𝐴𝐹 = 𝐼𝑀𝑂𝑖

𝐴𝐹 21 𝑃𝑀_𝑇𝑖
𝐴𝐹 21 

𝐼𝑀𝑖
𝑅𝑀 = 𝐼𝑀𝑂𝑖

𝑅𝑀 21 𝑃𝑀_𝑇𝑖
𝑅𝑀  21 

𝐼𝑀𝑖
 = 𝐼𝑀𝑂𝑇𝑖

  21 𝑃𝑀_𝑇𝑖
  21 

𝑇𝐼𝑀𝑖
𝐴𝐹 = (𝑡𝑡𝑖𝑚𝑖

𝐴𝐹) ∗ 𝑃𝑀𝑇𝑖
𝐴𝐹 ∗ 𝐼𝑀𝑖

𝐴𝐹  21 𝑇𝐼𝑀𝑖
𝐴𝐹 21 

𝑇𝐼𝑀𝑖
𝑅𝑀 = (𝑡𝑡𝑖𝑚𝑖

𝑅𝑀) ∗ 𝑃𝑀𝑇𝑖
𝑅𝑀 ∗ 𝐼𝑀𝑖

𝑅𝑀 21 𝑇𝐼𝑀𝑖
𝑅𝑀 21 

𝑇𝐼𝑀𝑇𝐴𝐹 = ∑ 𝑇𝐼𝑀𝑖
𝐴𝐹

𝑖
 1 𝑇𝐼𝑀𝑇𝐴𝐹 1 

𝑇𝐼𝑀𝑇𝑅𝑀 = ∑ 𝑇𝐼𝑀𝑖
𝑅𝑀

𝑖
 1  𝑇𝐼𝑀𝑇𝑅𝑀 1 

𝑇𝐼𝑀𝑇 = 𝑇𝐼𝑀𝑇𝐴𝐹 + 𝑇𝐼𝑀𝑇𝑅𝑀  1* 𝑇𝐼𝑀𝑇 1 

𝑇𝐸𝑀𝑖
𝐴𝐹 = (𝑡𝑒𝑀𝑀𝑖

𝐴𝐹) ∗
𝑃𝑀𝑇𝑖

𝐴𝐹

(1 + 𝑡𝑒𝑀𝑀𝑖
𝐴𝐹)

∗ 𝐼𝑀𝑂𝑖
𝐴𝐹 21 𝑇𝐸𝑀𝑖

𝐴𝐹 21 

𝑇𝐸𝑀𝑖
𝑅𝑀 = (𝑡𝑒𝑀𝑀𝑖

𝑅𝑀) ∗
𝑃𝑀𝑇𝑖

𝑅𝑀

(1 + 𝑡𝑒𝑀𝑀𝑖
𝑅𝑀)

∗ 𝐼𝑀𝑂𝑖
𝑅𝑀 21 𝑇𝐸𝑀𝑖

𝑅𝑀 21 

EQ, government 21 v. Endogenous 21 

.𝑇𝐼𝐶𝑖 = 𝑡𝑡𝑖𝑐𝑖[{𝑃𝐿𝑖 + ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔𝑖𝑗,𝑖𝑖𝑗 }𝐷𝐷𝑖 + [(1 +

𝑡𝑡𝑖𝑚𝑖
𝐴𝐹) ∗ 𝑃𝑀𝑇𝑖

𝐴𝐹 ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔(𝑖𝑗,𝑖)
 

𝑖𝑗 ]𝐼𝑀𝑖
𝐴𝐹 + [(1 +

𝑡𝑡𝑖𝑚𝑖
𝑅𝑀) ∗ 𝑃𝑀𝑇𝑖

𝑅𝑀 ∑ 𝑃𝐶𝑖𝑗 ∗ 𝑡𝑚𝑟𝑔(𝑖𝑗,𝑖)
 

𝑖𝑗 ]𝐼𝑀𝑖
𝑅𝑀] 

21* 𝑇𝐼𝐶𝑖 21 
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The model equations Endogenous variables 

EQ: The rest of the world 6 v. Endogenous 6 

.𝑌𝐴𝐹 = ∑ 𝑃𝑀𝑇𝑖
𝐴𝐹 ∗ 𝐼𝑀𝑖

𝐴𝐹
𝑖 + ∑ λ𝐴𝐹,𝑘

𝑅𝐾 ∗ (∑ 𝑅𝑘,𝑗𝐾𝐷𝐾,𝑗𝑗 ) +𝑘

∑ 𝑇𝑅𝐴𝐹,𝐴𝐺𝑑𝐴𝐺𝑑  
1 𝑌𝐴𝐹 1 

.𝑌𝑅𝑀 = ∑ 𝑃𝑀𝑇𝑖
𝑅𝑀 ∗ 𝐼𝑀𝑖

𝑅𝑀
𝑖 + ∑ λ𝑅𝑀,𝑘

𝑅𝐾 ∗ (∑ 𝑅𝑘,𝑗𝐾𝐷𝐾,𝑗𝑗 ) +𝑘

∑ 𝑇𝑅𝑅𝑀,𝐴𝐺𝑑𝐴𝐺𝑑  
1 𝑌𝑅𝑀 1 

𝑌𝑅𝑂𝑊 = 𝑌𝑅𝑀 + 𝑌𝐴𝐹 1* 𝑌𝑅𝑂𝑊 1 

𝑆𝐴𝐹 = 𝑌𝐴𝐹 − ∑(𝑃𝐸𝑖
𝐹𝑂𝐵)𝐴𝐹 ∗ 𝐸𝑋𝐷𝑖

𝐴𝐹

𝑖

− ∑ 𝑇𝑅𝐴𝐺𝑑,𝐴𝐹

𝐴𝐺𝑑

 1 𝑆𝐴𝐹 1 

.𝑆𝑅𝑀 = 𝑌𝑅𝑀 − ∑ (𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀 ∗ 𝐸𝑋𝐷𝑖

𝑅𝑀
𝑖 − ∑ 𝑇𝑅𝐴𝐺𝑑,𝑅𝑀𝐴𝐺𝑑  1 𝑆𝑅𝑀 1 

𝑆𝑅𝑂𝑊 = 𝑆𝐴𝐹 + 𝑆𝑅𝑀 1* 𝑆𝑅𝑂𝑊 1 

𝑇𝑅𝐴𝐺𝑑,𝑟𝑜𝑤 = 𝑃𝐼𝑋𝐶𝑂𝑁𝜼 ∗ 𝑇𝑅𝐴𝐺𝑑,𝑟𝑜𝑤
0  3** 𝑇𝑅𝐴𝐺𝑑,𝑟𝑜𝑤  3** 

EQ: On request 21 v. Endogenous 21 

.𝑀𝑅𝐺𝑁𝑖 = ∑ 𝑡𝑚𝑟𝑔𝑖,𝑖𝑗 ∗ 𝐷𝐷𝑖𝑗 + ∑ 𝑡𝑚𝑟𝑔𝑖,𝑖𝑗 ∗ 𝐼𝑀𝑖
𝐴𝐹 +𝑖𝑗𝑖𝑗

∑ 𝑡𝑚𝑟𝑔 𝑖,𝑖𝑗
𝑋 ∗ 𝐸𝑋𝐷𝑖

𝐴𝐹
𝑖𝑗 + ∑ 𝑡𝑚𝑟𝑔 𝑖,𝑖𝑗

𝑋 ∗ 𝐸𝑋𝐷𝑖
𝑅𝑀

𝑖𝑗 +

∑ 𝑡𝑚𝑟𝑔𝑖,𝑖𝑗 ∗ 𝐼𝑀𝑖
𝑅𝑀

𝑖𝑗  

21* 𝑀𝑅𝐺𝑁𝑖  21 

EQ: from GDP 1 v. Endogenous 1 

.𝐺𝐷𝑃𝐹𝐷 = ∑ 𝑃𝐶𝑖𝑖 [∑ 𝐶𝑖,hh + 𝐶𝐺𝑖 + 𝐼𝑁𝑉𝑖 + 𝑉𝑆𝑇𝐾𝑖] +

[(𝑃𝐸𝑖
𝐹𝑂𝐵)𝑅𝑀 ∗ 𝐸𝑋𝐷𝑖

𝑅𝑀 − ∑ 𝑃𝑀𝑇𝑖
𝑅𝑀 ∗ 𝐼𝑀𝑖

𝑅𝑀
𝑖 ] + [(𝑃𝐸𝑖

𝐹𝑂𝐵)𝐴𝐹 ∗

𝐸𝑋𝐷𝑖
𝐴𝐹 − ∑ 𝑃𝑀𝑇𝑖

𝐴𝐹 ∗ 𝐼𝑀𝑖
𝐴𝐹

𝑖 ] 

1* 𝐺𝐷𝑃𝐹𝐷 1 

𝑇𝑅 
𝐴𝐺𝑑,𝑅𝑀 =  

𝑇𝑅𝐴𝐺𝑑,𝑅𝑀
 

(𝑃𝐼𝑋𝐶𝑂𝑁 )𝜼
 3 𝑇𝑅 

𝐴𝐺𝑑,𝑅𝑀  

𝑇𝑅 
𝐴𝐺𝑑,𝐴𝐹 =  

𝑇𝑅𝐴𝐺𝑑,𝐴𝐹
 

(𝑃𝐼𝑋𝐶𝑂𝑁 )𝜼
 3 𝑇𝑅 

𝐴𝐺𝑑,𝐴𝐹  

Source: Authors 
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Appendix 5: General Nested Structure of the PEP-1-1 Model. 
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Figure 1: General Nested Structure of the PEP-1-1 Model. 
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Figure 2: Modified General Nested Structure of the PEP-1-1 Model. 
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