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Abstract :

This study aimed to measure and analyze the impact of research and
development on economic growth in developing countries and Algeria as a
special case during the period 1990-2020. The Swamy Random Coefficients
Model (RCM) was used to estimate the study model for developing countries,
and we also used the Autoregressive Distributed Time Lag Regression
methodology ( ARDL), to estimate the study model for the case of Algeria, and
the results of the study showed that research and development positively affects
the economic growth of some developing countries, while it negatively affects
the economic growth of some other countries. The results for the case of Algeria
also showed that there is a positive impact of research and development
activities on economic growth in Long term.

key words: Research and development, Economic growth, Developing
countries, Algeria, Swami Random Coefficient Model (RCM), Autoregressive
Distributed Lag Time (ARDL) methodology.
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! Pesaran, M. H. & Yamagata, T ,“Testing slope homogeneity in large panels*, Journal of Econometrics ,
2008 ,p51
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1Pesaran, M. H. “A Simple Panel Unit Root Test in the Presence of Cross Section Dependence”, Cambridge
University DAE Working Paper, 2005, p266
2 Pesaran, M. H, op, p31.
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1 Joakim Westerlund, Testing for Error Correction in Panel Data, Oxford Bulletin of Economics and
Statistics, vol. 69, issue 6, 2007, P710
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Pa -2.077 8.793 1.000 0.020
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1 Swamy, P.A.V.B. & G.S. Tavlas ,“Random Coefficient Models: Theory and Applications”, Journal of
Economic Surveys, 9, (1995), p167.
2 Swamy, P.A.V. “Efficient inference in a random coefficient regression model“. op, p312.
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! Pesaran MH, Pesaran B.. Working with Microfit 4.0: Interactive Econometric Analysis, Oxford University
Press: Oxford, 1997.

2 Pesaran MH, Shin Y., An autoregressive distributed lag modelling approach to cointegration analysis,
Chapter 11 in Econometrics and Economic Theory in the 20 th Century: The Ragnar Frisch Centennial
Symposium, Strom S (ed.). Cambridge University Press: Cambridge, 1999.

3 Pesaran, M. H., Shin, Y, and Smith, R. J, Bound Testing Approaches to the Analysis of Level Relationships,
Journal of Applied Econometrics, 16: 289-326, 2001.
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1 Kwiatkowski, D , Phillips P, Schmidt P , & Shin, Y, “Testing the Null Hypothesis of Stationarity Against
the Alternative of a Unit Root: How Sure We That Economic Time Series Have a Unit Root?”, Journal of
Econometrics, No. 54, North Holand, 1992 , pp.159-178

2 Pierre Perron, ""Trend, Unit Root and Structural Change in Macroeconomic Time Series", Palgrave
Macmillan Books, in: B. Bhaskara Rao (ed.), Cointegration, chapter 4, 1994 .pp 113-146

3Zivot, E. and Andrews, D. W. K, Further evidence of the great crush, the oil price shock and the unitroot
hypothesis, Journal of Business and Economic Statistics, 10, 1992 , P 251
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(Eviews12) olr 2 e slaeVU Il slas] s
Zisadl B3gdh pis L adah il e sl L3 o) olel (02-03) Kad I e Lol
U Wy s (3 ade slaaeYl LS 1 il
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F o il Z3sedl 3 Bl Byl e el S0 B DL gy pde e ST T
0051 (17-03) Jgad! 3 imzge iladly o(Breusch-Godfrey : LM test) jlas| plisa

Breusch-Godfrey Jul.d bl jlast :(15-03) Jgud

Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 2 lags

F-statistic 1.433099 Prob.F(2,17) 0.2660
Obs*R-squared 4.183978 Prob. Chi-Square(2) 0.1234

(Eviews12) olx 2 e slazeVL LIl sl e
S DL aUSas e gl Y 23gedl OF oMel (15-03) Joudt il o Lr W iz
Ggled (F) adlom) 203 0580 1ag csllas S 313 B3| ssms 3N 20,80 2b) & o slasSI

L 965 tyimn syie 22 0.05 3,455 (0.2660)
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Heteroskedasticity Test:. ARCH

F-statistic 0.142497 Prob. F(2,24) 0.8679
Obs*R-squared 0.316855 Prob. Chi-Square(2) 0.8535

(Eviews12) cle 2 s slazeVL LIl slas] e
celbs Y b ol (ARCH) ot SW Gl gyl byadl bl ol i Lt W moy
bl (F) alam) aadd mly oy ¢ sl s Ol pdm 8B 20 d) a8 ¢
905 dygims st s 0.05 G55 (0.8679)]
(Ramsey) #3500 J1d K23 &t jlzs-1:(17-03) o3y Jgsr!

Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Squares of fitted values

Specification: LGDP LGDP(-1) LK LH LH(-1) LPAT LPAT(-1) LPAT(-2)
LIRN LTECKC

Value df Probability
t-statistic 1.182282 18 0.2525
F-statistic 1.397792 (1,18) 0.2525
Likelihood ratio 2.168836 1 0.1408
F-testsummary:

Sum of Sa. df Mean Squares

Test SSR 0.000375 1 0.000375
Restricted SSR 0.005204 19 0.000274
Unrestricted SSR 0.004829 18 0.000268

(Eviews12) olr 2 e slaeVU Il sl s

@ psand) L S i W s (Ramsey) jles] W) s ) &l O
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Series: Residuals
Sample 331
Observations 29

Mean -1.83e-16
Median 0.002200
Maximum 0.030662
Minimum -0.030791
Std. Dev. 0.013634
Skewness -0.193381
Kurtosis 3.086942
Jarque-Bera  0.189882
Probability  0.909427
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: (Bounds Test) 5.5 ggae alusuawl Ssll JolSI1 jles) .6
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Al Slgne ou Srie alSS 292 1K) (H. Pesaran, 2001)

(Bounds Test) el b5 Lzt :(18-03) o3y Jous!

F-Bounds Test Null Hypothesis: No levels relationship

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

Asym ptotic: N=1000

F-statistic 7.245853 10%0 2.08
k 5 590 2.39 3
2.5%0 2.7 3.7
1%0 3.06 a
Actual Sample Size 29 Finite Sample: Nn=35
10%0 2.331 3.417
590 2.804 4.013
1%0 3.9 5.419

Finite Sample: Nn=30

10°%0 2.407 3.517
520 2.91 4.193
126 4.134 5.761

Eviews-12 b, Je stazeyu (Il slas] o 1 jald
2 (7.24)0 ,um ayedl (Flasta=y) 2 oF oot (18-03)Jsudl I o man
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Levels Equation

Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.
LK 0.458763 0.193383 2.372304 0.0284
LH -1.969757 0.647403 -3.042551 0.0067

LPAT -0.105789 0.064901 -1.630011 0.1196

LIRN 0.190760 0.064040 2.978774 0.0077

LTECK -0.006154 0.018929 -0.325130 0.7486
C 0.142118 3.487798 0.040747 0.9679

:ogladl o g il 1

EC = LGDP - (0.4588*LK -1.9698*LH -0.1058*LPAT + 0.1908*LJRN -0.0062
*LTECK + 0.1421)
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ECM Regression
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.
D(LH) -6.286806 0.831935 -7.556844 0.0000
D(LPAT) -0.019123 0.008785 -2.176618 0.0423
D(LPAT(-1)) 0.031282 0.009535 3.280918 0.0039
CointEq(-1)* -0.448023 0.054842 -8.169340 0.0000
R-squared 0.714257 Mean dependent var 0.008330
Adjusted R-squared 0.679968 S.D.dependentvar 0.025505
S.E. of regression 0.014428 Akaike info criterion -5.511801
Sum squared resid 0.005204 Schwarz criterion -5.323208
Log likelihood 83.92111 Hannan-Quinn criter. -5.452736

Durbin-Watson stat 1.664723
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LOW-INCOME ECONOMIES ($1,045 OR LESS)

Afghanistan

Burkina Faso

Burundi

Central African Republic

Chad

Congo, Dem. Rep

Eritrea

Ethiopia

Gambia, The

Guinea-Bissau

Haiti Somalia
Korea, Dem. People's Rep South Sudan
Liberia Sudan
Madagascar Syrian Arab Republic
Malawi Tajikistan
Mali Togo
Mozambique Uganda
Niger Yemen, Rep.
Rwanda

Sierra Leone

LOWER-MIDDLE INCOME ECONOMIES ($1,046 TO $4,095)

Angola

Algeria

Bangladesh

Benin

Bhutan

Bolivia

Cabo Verde
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Kyrgyz Republic

Lao PDR

Honduras

Lesotho

Mauritania

Micronesia, Fed. Sts.

Philippines

Sdo Tomé and Principe

Senegal

Solomon Islands

Ukraine

Uzbekistan

Sri Lanka



Cambodia

Cameroon

Comoros

Congo, Rep.

Cote d'lvoire

Djibouti

Egypt, Arab Rep.

Eswatini

Ghana

Guinea

Jordan

India

Kenya

Moldova

Mongolia

Morocco

Myanmar

Nepal

Nicaragua

Nigeria

Pakistan

Papua New Guinea

Tanzania

Timor-Leste

Tunisia

Vanuatu

Vietnam

Zambia

Zimbabwe

UPPER-MIDDLE-INCOME ECONOMIES ($4,096 TO $12,695)

Albania

Argentina

Armenia

Azerbaijan

Belarus

Belize

Lebanon

Bosnia and Herzegovina

Fiji

Gabon

Iran, Islamic Rep

Georgia

Equatorial Guinea

Ecuador

Grenada

Guatemala

Namibia

North Macedonia

Paraguay

Peru

Russian Federation

Samoa

Serbia

South Africa



Botswana

Brazil

Bulgaria

China

Colombia

Costa Rica

Cuba

Dominica

Dominican Republic

El Salvador

Iraq

Jamaica

Kazakhstan

Kosovo

Libya

Malaysia

Maldives

Marshall Islands

Mexico

Montenegro

St. Lucia

St. Vincent and the Grenadines

Suriname

Thailand

Tonga

Tarkiye

Turkmenistan

Tuvalu

West Bank and Gaza

HIGH-INCOME ECONOMIES ($12,695 OR MORE)

American Samoa

Andorra

Antigua and Barbuda

Aruba

Australia

Austria

Bahamas, The

Bahrain

Barbados

Gibraltar
Greece
Greenland
Guam
Hong Kong SAR, China
Hungary
Iceland
Ireland

Isle of Man

Romania
Panama
Poland
Portugal
Puerto Rico
Palau
Qatar
San Marino

Saudi Arabia



Belgium
Bermuda
British Virgin Islands
Brunei Darussalam
Canada
Cayman Islands
Channel Islands
Chile
Croatia
Curagao
Cyprus
Czech Republic
Denmark
Estonia
Faroe Islands
Finland
France

French Polynesia

Guyana

Germany

Israel
Italy
Japan
Korea, Rep.
Kuwait
Latvia
Liechtenstein
Lithuania
Luxembourg
Macao SAR, China
Malta
Monaco
Mauritius
Nauru
Netherlands
New Caledonia
New Zealand

Northern Mariana Islands

Norway

Oman

Seychelles
Singapore
Sint Maarten (Dutch part)
Slovak Republic
Slovenia
Spain
St. Kitts and Nevis
St. Martin (French part)
Sweden
Switzerland
Taiwan, China
Trinidad and Tobago
Turks and Caicos Islands
United Arab Emirates
United Kingdom
United States
Uruguay

Virgin Islands (U.S.)
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Human Life expectancy  Expected years of Mean years of Gross national income GNI per capita rank
Development at birth schooling schooling (GNI) per capita minus HDI rank HDI rank
Index (HDI)
HDI rank Country Value (years) (years) (years) (2017 PPP $)
2021 2021 2021 a 2021 a 2021 2021 b 2020
1 Switzerland 0.962 84.0 16.5 139 66,933 5 3
2 Norway 0.961 83.2 182 N 13.0 64,660 6 1
3 Iceland 0.959 827 19.2 N 13.8 55,782 11 2
4 Hong Kong, China (SAR) 0.952 855 d 17.3 12.2 62,607 6 4
5 Australia 0.951 845 211 ¢ 12.7 49,238 18 5
6 Denmark 0.948 814 18.7 ¢ 13.0 60,365 6 5
7 Sweden 0.947 83.0 19.4 N 12.6 54,489 9 9
8 Ireland 0.945 82.0 18.9 N 116 e 76,169 f -3 8
9 Germany 0.942 80.6 17.0 14.1 e 54,534 6 7
10 Netherlands 0.941 817 18.7 °4 12.6 55,979 3 10
11  Finland 0.940 82.0 19.1 ¢ 12.9 49,452 11 12
12 Singapore 0.939 82.8 16.5 119 90,919 f -10 10
13 Belgium 0.937 819 19.6 ¢ 12.4 52,293 7 16
13 New Zealand 0.937 825 20.3 ¢ 129 44,057 16 13
15 Canada 0.936 827 16.4 13.8 e 46,808 9 15
16  Liechtenstein 0.935 83.3 15.2 125 9 146,830 th -15 14
17 Luxembourg 0.930 82.6 14.4 13.0 ! 84,649 f -13 17
18  United Kingdom 0.929 80.7 17.3 134 45,225 9 17
19  Japan 0.925 84.8 15.2 e 13.4 42,274 12 19
19  Korea (Republic of) 0.925 83.7 16.5 125 N 44,501 9 20
21  United States 0.921 772 16.3 13.7 64,765 -14 21
22 lIsrael 0.919 823 16.1 133 e 41,524 10 22
23 Malta 0.918 83.8 16.8 122 38,884 12 26
23 Slovenia 0.918 80.7 177 12.8 39,746 10 23
25  Austria 0.916 81.6 16.0 123 53,619 -8 23
26  United Arab Emirates 0.911 78.7 15.7 12.7 62,574 -15 25
27  Spain 0.905 83.0 17.9 10.6 38,354 10 27
28  France 0.903 825 15.8 116 45,937 -2 28
29  Cyprus 0.896 812 15.6 12.4 38,188 9 29
30 ltaly 0.895 82.9 16.2 107 42,840 0 32
31  Estonia 0.890 771 15.9 135 38,048 8 30
32  Czechia 0.889 Uas 16.2 129 38,745 4 30
33  Greece 0.887 80.1 20.0 N 114 29,002 17 33
34  Poland 0.876 76.5 16.0 132 33,034 8 36
35  Bahrain 0.875 78.8 16.3 11.0 39,497 -1 35
35  Lithuania 0.875 73.7 16.3 135 37,931 5 34
35  Saudi Arabia 0.875 76.9 16.1 113 46,112 -10 38
38  Portugal 0.866 81.0 16.9 9.6 33,155 3 39
39 Latvia 0.863 73.6 16.2 133 32,803 4 37
40  Andorra 0.858 80.4 133 1 10.6 e 51,167 K -19 45
40  Croatia 0.858 776 15.1 12.2 © 30,132 8 41
42 Chile 0.855 789 16.7 10.9 ° 24,563 14 43
42 Qatar 0.855 793 12.6 10.0 N 87,134 f -39 42
44 San Marino 0.853 80.9 123 10.8 52,654 -25 46
45  Slovakia 0.848 749 145 129 30,690 1 40
46 Hungary 0.846 745 15.0 © 12.2 32,789 -2 44
47  Argentina 0.842 75.4 17.9 111 e 20,925 17 47
48  Tirkiye 0.838 76.0 18.3 ¢ 8.6 31,033 -3 48
49  Montenegro 0.832 76.3 15.1 12.2 e 20,839 16 52
50  Kuwait 0.831 78.7 15.3 € 73 e 52,920 -32 54
51  Brunei Darussalam 0.829 74.6 14.0 9.2 64,490 -42 49
52  Russian Federation 0.822 69.4 15.8 12.8 ! 27,166 -1 49
53  Romania 0.821 74.2 14.2 113 30,027 -4 53
54  Oman 0.816 725 14.6 117 27,054 -2 51
55 Bahamas 0.812 716 12.9 12.6 e 30,486 -8 58
56  Kazakhstan 0.811 69.4 15.8 123 e 23,943 1 59
57  Trinidad and Tobago 0.810 73.0 145 m 116 e 23,392 1 56
58  Costa Rica 0.809 77.0 16.5 8.8 19,974 8 57
58  Uruguay 0.809 75.4 16.8 9.0 21,269 5 55
60 Belarus 0.808 72.4 15.2 121 18,849 8 60
61 Panama 0.805 76.2 131 ° 10.5 26,957 -8 67
62  Malaysia 0.803 74.9 133 10.6 26,658 -8 61
63  Georgia 0.802 717 15.6 12.8 14,664 17 64
63 Mauritius 0.802 73.6 15.2 € 10.4 e 22,025 -1 62
63  Serbia 0.802 742 14.4 11.4 19,123 4 62
66  Thailand 0.800 78.7 159 m 8.7 17,030 6 64
— —
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HDI rank Country Value (years) (years) (years) (2017 PPP $)
HIGH HUMAN DEVELOPMENT

67  Albania 0.796 76.5 14.4 113 © 14,131 17 68
68  Bulgaria 0.795 718 139 11.4 23,079 -8 64
68  Grenada 0.795 749 18.7 °q 9.0 ! 13,484 18 70
70  Barbados 0.790 77.6 15.7 e 9.9 n 12,306 26 71
71  Antigua and Barbuda 0.788 785 14.2 € 9.3 1 16,792 2 71
72 Seychelles 0.785 713 139 103 25,831 -17 69
73 Srilanka 0.782 76.4 14.1 e 10.8 12,578 21 75
74  Bosnia and Herzegovina 0.780 75.3 13.8 i 10.5 15,242 4 73
75  SaintKitts and Nevis 0.777 7 15.4 e 8.7 ! 23,358 -16 76
76  Iran (Islamic Republic of) 0.774 73.9 14.6 10.6 N 13,001 15 7
77 Ukraine 0.773 716 15.0 © 111 n 13,256 11 78
78  North Macedonia 0.770 738 13.6 e 10.2 15,918 -3 79
79  China 0.768 78.2 14.2 € 7.6 n 17,504 -8 82
80  Dominican Republic 0.767 726 145 e 9.3 ° 17,990 -11 82
80  Moldova (Republic of) 0.767 68.8 14.4 118 14,875 -1 81
80 Palau 0.767 66.0 15.8 e 125 p 13,819 5 80
83  Cuba 0.764 73.7 14.4 125 e 7,879 a 37 73
84  Peru 0.762 724 15.4 © 9.9 © 12,246 13 85
85  Armenia 0.759 72.0 13.1 113 13,158 4 87
86  Mexico 0.758 70.2 14.9 9.2 17,896 -16 88
87  Brazil 0.754 72.8 15.6 8.1 e 14,370 5 86
88  Colombia 0.752 728 14.4 8.9 14,384 -7 88
89  Saint Vincent and the Grenadines 0.751 69.6 14.7 e 108 11,961 1 82
90  Maldives 0.747 79.9 12.6 7.3 15,448 -14 97
91  Algeria 0.745 76.4 14.6 m 8.1 © 10,800 13 96
91  Azerbaijan 0.745 69.4 135 10.5 14,257 -8 100
91 Tonga 0.745 710 16.0 11.4 n 6,822 34 920
91  Turkmenistan 0.745 69.3 13.2 113 13,021 -1 93
95  Ecuador 0.740 73.7 146 8.8 10,312 11 99
96  Mongolia 0.739 710 15.0 9.4 10,588 9 90
97  Egypt 0.731 70.2 138 € 9.6 N 11,732 4 97
97  Tunisia 0.731 738 154 © 74 © 10,258 10 94
99  Fiji 0.730 67.1 14.7 E 10.9 € 9,980 9 94
99  Suriname 0.730 703 13.0 m 9.8 m 12,672 -6 92
101  Uzbekistan 0.727 70.9 125 11.9 7,917 18 107
102 Dominica 0.720 728 133 € 8.1 1 11,488 0 106
102 Jordan 0.720 743 10.6 10.4 9,924 8 104
104 Libya 0.718 71.9 129 ! 76 r 15,336 -27 117
105 Paraguay 0.717 703 13.0 ° 8.9 12,349 -10 100
106  Palestine, State of 0.715 735 134 9.9 6,583 21 109
106  Saint Lucia 0.715 711 129 8.5 12,048 -7 104
108 Guyana 0.714 65.7 125 e 8.6 22,465 -47 107
109  South Africa 0.713 62.3 136 114 12,948 -17 102
110 Jamaica 0.709 70.5 134 m 9.2 e 8,834 4 110
111 Samoa 0.707 728 12.4 11.4 5,308 24 112
112 Gabon 0.706 65.8 13.0 ! 9.4 13,367 -25 113
112 Lebanon 0.706 75.0 113 P 8.7 ! 9,526 -1 103
114 Indonesia 0.705 67.6 137 € 8.6 11,466 -11 116
115 Vet Nam 0.703 73.6 13.0 s 8.4 7,867 6 113
HDI rank Country Value (years) (years) (years) (2017 PPP $)
116  Philippines 0.699 69.3 13.1 9.0 8,920 -3 113
117  Botswana 0.693 61.1 12.3 e 10.3 16,198 -43 110
118  Bolivia (Plurinational State of) 0.692 63.6 14.9 9.8 8,111 0 119
118  Kyrgyzstan 0.692 70.0 13.2 11.4 n 4,566 26 121
120  Venezuela (Bolivarian Republic of) 0.691 70.6 12.8 P 111 e 4,811 t 20 118
121  Iraq 0.686 70.4 121 s 7.9 m 9,977 -12 122
122 Tajikistan 0.685 716 117 € 113 n 4,548 23 126
123 Belize 0.683 70.5 13.0 8.8 6,309 6 120
123 Morocco 0.683 74.0 14.2 59 7,303 1 122
125 El Salvador 0.675 70.7 12.7 ° 7.2 8,296 -8 124
126  Nicaragua 0.667 738 12.6 ° 7.1 5,625 6 129
127 Bhutan 0.666 718 13.2 € 52 e 9,438 -15 125
128 Cabo Verde 0.662 74.1 12.6 © 6.3 P 6,230 2 127
129 Bangladesh 0.661 724 12.4 74 5,472 4 128
130  Tuvalu 0.641 64.5 9.4 € 10.6 6,351 -2 131
131  Marshall Islands 0.639 65.3 10.2 10.9 4,620 12 131
132 India 0.633 67.2 119 6.7 n 6,590 -6 130
133 Ghana 0.632 63.8 12.0 8.3 n 5,745 -2 135
134  Micronesia (Federated States of) 0.628 70.7 11.5 1 7.8 ! 3,696 22 136
135 Guatemala 0.627 69.2 10.6 5.7 8,723 -20 133
136  Kiribati 0.624 67.4 11.8 8.0 s 4,063 14 137
137  Honduras 0.621 70.1 10.1 ° 7.1 5,298 -1 138
138  Sao Tome and Principe 0.618 67.6 134 6.2 m 4,021 13 139
139  Namibia 0.615 59.3 119 u 72 n 8,634 -23 134
140  Lao People's Democratic Republic 0.607 68.1 10.1 5.4 7,700 -18 142
140 Timor-Leste 0.607 67.7 12.6 P 5.4 4,461 7 140
140 Vanuatu 0.607 70.4 115 € 7.1 v 3,085 23 142
143 Nepal 0.602 68.4 129 5.1 n 3,877 10 144
144  Eswatini (Kingdom of) 0.597 57.1 137 € 5.6 7,679 -21 141
145 Equatorial Guinea 0.596 60.6 9.7 ! 5.9 4 12,074 -47 147
146  Cambodia 0.593 69.6 115 w 5.1 4,079 3 148
146  Zimbabwe 0.593 59.3 121 € 8.7 © 3,810 9 145
148  Angola 0.586 61.6 12.2 5.4 5,466 -14 149
149  Myanmar 0.585 65.7 10.9 € 6.4 3,851 5 145
150  Syrian Arab Republic 0.577 721 9.2 5.1 ! 4,192 x -2 152
151 Cameroon 0.576 60.3 13.1 € 6.2 n 3,621 6 150
152  Kenya 0.575 61.4 10.7 v 6.7 4,474 -6 150
153 Congo 0.571 63.5 123 N 6.2 2,889 11 153
154 Zambia 0.565 61.2 10.9 w 72 n 3,218 7 154
155  Solomon Islands 0.564 703 10.3 e 5.7 s 2,482 13 155
156 Comoros 0.558 63.4 119 € 5.1 ! 3,142 6 156
156 Papua New Guinea 0.558 65.4 104 v 47 4,009 -4 157
158  Mauritania 0.556 64.4 9.4 4.9 n 5,075 -20 158
159 Cbte d'lvoire 0.550 58.6 10.7 5.2 n 5,217 -22 159
— —
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160
161
162
163
163
165
166
166
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

OW HUMAN DEVELOPMENT

Tanzania (United Republic of)
Pakistan

Togo

Haiti

Nigeria
Rwanda

Benin

Uganda
Lesotho
Malawi
Senegal
Dijibouti

Sudan
Madagascar
Gambia
Ethiopia
Eritrea
Guinea-Bissau
Liberia

Congo (Democratic Republic of the)
Afghanistan
Sierra Leone
Guinea
Yemen
Burkina Faso
Mozambique
Mali

Burundi
Central African Republic
Niger

Chad

South Sudan

OTHER COUNTRIES OR TERRITORIES

Korea (Democratic People's Rep. of)
Monaco

Nauru

Somalia

Human development groups
Very high human development
High human development
Medium human development
Low human development

Developing countries

Regions

Arab States

East Asia and the Pacific
Europe and Central Asia

Latin America and the Caribbean
South Asia

Sub-Saharan Africa

Least developed countries
Small island developing states

Organisation for Economic Co-operation and

World

0.549
0.544
0.539
0.535
0.535
0.534
0.525
0.525
0.514
0.512
0.511
0.509
0.508
0.501
0.500
0.498
0.492
0.483
0.481
0.479
0.478
0.477
0.465
0.455
0.449
0.446
0.428
0.426
0.404
0.400
0.394
0.385

0.896
0.754
0.636
0.518

0.685

0.708
0.749
0.796
0.754
0.632
0.547

0.540
0.730

0.899

0.732

66.2 9.2
66.1 8.7
61.6 13.0
63.2 9.7
52.7 101
66.1 11.2
59.8 10.8
62.7 10.1
53.1 12.0
62.9 12.7
67.1 9.0
62.3 74
65.3 7.9
64.5 101
62.1 9.4
65.0 9.7
66.5 8.1
59.7 10.6
60.7 10.4
59.2 9.8
62.0 103
60.1 9.6
58.9 9.8
63.8 9.1
59.3 9.1
59.3 10.2
58.9 74
61.7 10.7
53.9 8.0
61.6 7.0
52.5 8.0
55.0 55
733 10.8
85.9 -
63.6 117
55.3
785 16.5
74.7 14.2
67.4 11.9
61.3 9.5
69.9 123
70.9 124
75.6 13.8
729 154
721 14.8
67.9 116
60.1 10.3
64.2 10.2
70.3 124
79.0 16.5
71.4 128
—
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P

123
8.3
6.9
4.9

75

8.0
7.8
10.6
9.0
6.7
6.0

5.2
9.1

8.6

e

2,133

966
1,240
1,364

768

17,730
1,018

43,752
15,167
6,353

3,009

10,704

13,501
15,580
19,352
14,521
6,481
3,699

2,881
16,782

45,087

16,752
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Advanced Economies

Australia Iceland Portugal
Austria Ireland Puerto Rico
Belgium Israel San Marino
Canada Italy Singapore
Cyprus Japan Slovak Republic
Czech Republic Korea Slovenia
Denmark Latvia Spain
Estonia Lithuania Sweden
Finland Luxembourg Switzerland
France Macao SAR Taiwan Province of China
Germany Malta United Kingdom
Greece Netherlands United States
Hong Kong SAR New Zealand
Norway
Euro Area
Austria Germany Malta
Belgium Greece Netherlands
Cyprus Ireland Portugal
Estonia Italy Slovak Republic
Finland Latvia Slovenia
France Lithuania Spain
Luxembourg
Major Advanced Economies (G7)
Canada Germany Japan
France Italy United Kingdom
United States
Other Advanced Economies
(Advanced Economies excluding G7 and Euro Area)
Australia Korea San Marino
Czech Republic Macao SAR Singapore
Denmark New Zealand Sweden
Hong Kong SAR Norway Switzerland
Iceland Puerto Rico Taiwan Province
Israel of China

Emerging and Developing Economies

Afghanistan
Albania
Algeria
Angola
Antigua and
Barbuda
Argentina
Armenia
Aruba
Azerbaijan
The Bahamas

Fiji

Gabon

The Gambia
Georgia
Ghana
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti

Papua New Guinea
Paraguay

Peru
Philippines
Poland

Qatar
Romania
Russia
Rwanda
Samoa

S3o Tomé and




Bahrain Honduras Principe
Bangladesh Hungary Saudi Arabia
Barbados India Senegal
Belarus Indonesia Serbia
Belize Iran Seychelles
Benin Iraq Sierra Leone
Bhutan Jamaica Solomon Islands
Bolivia Jordan Somalia
Bosnia and Kazakhstan South Africa
Herzegovina Kenya South Sudan
Botswana Kiribati Sri Lanka
Brazil Kosovo St. Kitts and Nevis
Brunei Darussalam Kuwait St. Lucia
Bulgaria Kyrgyz Republic St. Vincent and the
Burkina Faso Lao P.D.R. Grenadines
Burundi Lebanon Sudan?
Cabo Verde Lesotho Suriname
Cambodia Liberia Syria?
Cameroon Libya Tajikistan
Central African Madagascar Tanzania
Republic Malawi Thailand
Chad Malaysia Timor-Leste
Chile Maldives Togo
China Mali Tonga
Colombia Marshall Islands Trinidad and Tobago
Comoros Mauritania Tunisia
Democratic Mauritius Turkey
Republic of the Mexico Turkmenistan
Congo Micronesia Tuvalu
Republic of Congo Moldova Uganda
Costa Rica Mongolia Ukraine
Cote d'Ivoire Montenegro United Arab
Croatia Morocco Emirates
Djibouti Mozambique Uruguay
Dominica Myanmar Uzbekistan
Dominican Republic Namibia Vanuatu
Ecuador Nauru Venezuela
Egypt Nepal Vietham
El Salvador Nicaragua Yemen
Equatorial Guinea Niger Zambia
Eritrea Nigeria Zimbabwe
Eswatini North Macedonia
Ethiopia Oman
Pakistan
Palau
Panama

1 Data for 2011 exclude South Sudan after July 9. Data for 2012 and onward
pertain to the current Sudan.

2 Data are excluded from 2011 and onward because of the ongoing conflict
and related lack of data.
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Commonwealth of Independent States?!

Armenia Moldova
Azerbaijan Russia
Belarus Tajikistan
Georgia Turkmenistan
Kazakhstan Ukraine
Kyrgyz Republic Uzbekistan

! Georgia, Turkmenistan, and Ukraine, which are not members of the
Commonwealth of Independent States, are included in this group for reasons
of geography and similarity in economic structure.

Emerging and Developing Asia

Bangladesh Myanmar
Bhutan Nauru

Brunei Darussalam Nepal
Cambodia Palau
China Papua New Guinea

Fiji Philippines

India Samoa

Indonesia Solomon Islands
Kiribati Sri Lanka

Lao P.D.R. Thailand
Malaysia Timor-Leste
Maldives Tonga
Marshall Islands Tuvalu
Micronesia Vanuatu
Mongolia Vietham
ASEAN-5

Indonesia, Malaysia, Philippines, Thailand, and Vietham

Emerging and Developing Europe

Albania Montenegro

Bosnia and Herzegovina North Macedonia
Bulgaria Poland

Croatia Romania

Hungary Serbia

Kosovo Turkey

Latin America and the Caribbean

Antigua and Dominican Republic Paraguay
Barbuda Ecuador Peru
Argentina El Salvador St. Kitts and Nevis
Aruba Grenada St. Lucia
The Bahamas Guatemala St. Vincent and the
Barbados Guyana Grenadines
Belize Haiti Suriname
Bolivia Honduras Trinidad and
Brazil Jamaica Tobago
Chile Mexico Uruguay
Colombia Nicaragua Venezuela
Costa Rica Panama
Dominica




Middle East, North Africa, Afghanistan, and Pakistan

Afghanistan Morocco
Algeria Oman
Bahrain Pakistan
Djibouti Qatar

Egypt Saudi Arabia
Iran Somalia
Iraq Sudan?
Jordan Syria?
Kuwait Tunisia
Lebanon United Arab Emirates
Libya Yemen
Mauritania

!Data for 2011 exclude South Sudan after July 9. Data for 2012 and onward
pertain to the current Sudan.

2Data are excluded from 2011 and onward because of the ongoing conflict and
related lack of data.

Middle East and North Africa

Algeria Morocco
Bahrain Oman
Djibouti Qatar
Egypt Saudi Arabia
Iran Somalia
Iraq Sudant
Jordan Syria?
Kuwait Tunisia
Lebanon United Arab Emirates
Libya Yemen
Mauritania

!Data for 2011 exclude South Sudan after July 9. Data for 2012 and onward
pertain to the current Sudan.
2Data are excluded from 2011 and onward because of the ongoing conflict and

related lack of data.

Sub-Saharan Africa

Angola

Benin

Botswana

Burkina Faso
Burundi

Cabo Verde
Cameroon
Central African
Republic

Chad

Comoros
Democratic Republic
of the Congo
Republic of Congo
Cote d'Ivoire

Equatorial Guinea
Eritrea
Eswatini
Ethiopia
Gabon

The Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Lesotho
Liberia
Madagascar
Malawi

Mali

Mauritius
Mozambique

Namibia
Niger

Nigeria
Rwanda

Sao Tomé and
Principe
Senegal
Seychelles
Sierra Leone
South Africa
South Sudan
Tanzania
Togo
Uganda
Zambia
Zimbabwe




2shdly Eoudl Ol 5803 3LtV gl G Rl L) 5 1(5) ol

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test

Number of units— 34 Obs. per unit (T) —
Number of lags = 1 BIC = -5910.266

JIKS non-causality test

He: lpat does not Granger-cause lgdppc.
H1l: lpat does Granger-cause lgdppc for at least one panelvar.

HPJ Wald test
p-value

BIC selection:
lags i,

- ~5910.2662%
lags = 2,

-5741.37S

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z p>lz| [95% con¥. intervall]

lpat
(519 19122094 90351831 3.47 ©-.001 -~ 005314 2191047

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per unit (T) = 38
Number of lags = 1 BIC = ~2471.824

JKS non-causality test

HO: lgdppc does not Granger-cause lpat.
H1l: lgdppc does Granger-cause lpat for at least one panelwvar.

HPJ Wald test : 18.3188
p-value : ©.0000
BIC selection:

lags = 1, BIC = -2471.8241%

lags = 2, BIC = =2375.3881

lags = 3, BIC = -2249.1296

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z P>zl [95% conf. imtervall

La. =.198357 2463446 =4.28 ©.000 ~. 2891908 ~. 1075232

Juodis, Karavias and Sarafidis (2021) Granger non-causaliity Test
Number of units= 34 Obs. per unit (T) = 3&
Number of lags = 1 BIC = -3798.465

JKS non-causality test

HO: lgdppc does not Granger-cause ljrn.
H1: lgdppc does Granger-cause ljrn for at least one panelvar.

HPJ Wald test : 6.7206

p-value : ©.8095

BIC selection:
lags = 1, BIC = -3790.465*
lags = 2, BIC = =-3586.2218
lags = 3, BIC = -3427.8463

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z eslz| [95% conf. imterval)
1gdppc
Li. =.0695581 6268314 =2.59 ©.0190 =.1221466 =. 0169696
1 —
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Juodis, Karavias and Sarafidis (2621) Granger non-causality Test
Number of units= 34 Obs. per wnit (T) = 3@
Number of lags = 1 BIC = -1493.327

JKS non-causality test

HO: lgdppc does not Granger-cause lteck.
H1l: lgdppc does Granger-cause lteck for at least one panelvar.

HPJ Wald test : 59.2357
p=value 1 ©.0000

BIC selection:

lags = 1, BIC = -1493.3266™
lags = 2, BIC = =-1446.5732
lags 3, BIC =1381.4576

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z eslzl [95% conf. dmtervall

k3. 6649536 . 0863972 7.706 ©-.900 - 4956183 - 83242889

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per unit (T) = 30
Number of lags = 1 BIC = -5963.698

JKS non-causality test

HO: 1jrn does not Granger-cause lgdppc.
H1l: 1jrn does Granger-cause lgdppc for at least one panelvar.

HPJ Wald test : 12.6983

p-value : ©.0004

BIC selection:
lags = 1, BIC = -5963.6979%
lags = 2, BIC = -5755.9569
lags = 3, BIC = =-5516.8666

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z es|z| [95% conf. interval]

13rn
L1. L1255  .0035219 3.56 ©.000 0056473 0194527

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per unit (T) = 30
Number of lags = 1 BIC = -5899.988

JKS non-causality test

He: lteck does not Granger-cause 1lgdppc.
H1l: lteck does Granger-cause lgdppc for at least one panelvar.

HPJ Wald test 1 20.3627

p=value t ©.0000

BIC selection:
lags i, BIC
lags 2, BIC
lags = 3, BIC =

5899.9883*
5702.6773
5488.4849

Results for the Half-Panel Jackknife estimator

Coefficient Std. ervr. z p>lz| [95% conf. interval]
lteek
Li. 8896117 108213 4.51 8.0606 .©8654326% 8137864
1 —
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Juodis, Karavias and Sarafidis (2021) Granger mon-causality Test
Number of units= 34 Obs. per unit (T) = 30
Number of lags = 1 BIC = ~3747.362

JKS non-causality test

HB: lpat does not Granger-cause ljrn.
H1: lpat does Granger-cause ljrn for at least one panelvar.

HPJ Wald test : ©.2310
1 ©.6308

p-value
BIC selection:

lags = 1, BIC = =-3747.3619%

lags = 2, BIC = -3541.6827

lags = 3, BIC = =3459.8144

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z P>|z| [95% conf. imterval]

lpat
Li. =.8057357 9119351 =0.48 ©.631 =.8291281 ~@U785E7

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per wnit (T) = 3@
Number of lags = 1 BIC = -3725.549

JKS non-causality test

HO: lteck does not Granger-cause 1ljrn.
Hi: lteck does Granger-cause 1ljrn for at least one panelvar.

HPJ Wald test : 6.7783

p=value : ©.0092

BIC selection:

lags 1,
lags 2,
lags = 3,

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z P>zl [9%% comf. interval]

lteck
Li. +@158581 < 0060911 2.60 @.209 ~ 033199 2277964

Juodis, Karavias and Sarafidis (2821) Granger non-causality Test
Number of units= 34 Obs. per unit (T) = 38
Number of lags = 1 BIC = -2473.555

JKS non-causality test

He: 1jrn does not Granger-cause lpat.
H1l: 1jrn does Granger-cause lpat for at least one panelvar.

HPJ Wald test : 4.4237
p-value ©.0354
BIC selection:

lags = 1, BIC = =-2473.5555*

lags = 2, BIC = -2364.5541

lags = 3, BIC = -2252.1902

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z P>|z| [95% conf. intervall]
1jrn
Li. 8370246 8176034 2.16 ©.63% 10025227 <©715266
— —
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Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per unit (T) = 3©
Number of lags = 1 BIC = -2403.848

JKS non-causality test

HO: lteck does not Granger-cause lpat.
H1: lteck does Granger-cause lpat for at least one panelvar.

HPJ Wald test :
p-value H

Results for the Half-Panel Jackknife estimator

Coefficient Std. err. z Ps|z| [95% conf. interval]

lteek
Li. =.8185967 9164782 =31.631 ©.3312 =.©311276 . 0099462

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per unit (T) 3e
Number of lags = 1 BIC = -1328.485

JKS non-causality test

He: lpat does not Granger-cause lteck.
H1l: lpat does Granger-cause lteck for at least one panelvar.

HPJ Wald test ©.8679
p-value ©.7945

BIC selection:

lags = 1, BIC = -1328.4052*
lags = 2, BIC = -1381.2657
lags = 3, BIC = -1206.4454

Coefficient Std. err. z p>|z| [95% conf. interval]

Li. . 0898692 +©348142 ©.26 ©.794 =.9591654 8773039

Juodis, Karavias and Sarafidis (2021) Granger non-causality Test
Number of units= 34 Obs. per unit (T) = 29
Number of lags = 2 BIC = -12419.449

JKS non-causality test

HO: 1jrn does not Granger-cause lteck.
H1: 1jrn does Granger-cause lteck for at least one panelvar.

HPJ Wald test : 21.6540
: ©.0000

BIC selection:

lags = 1, -1362.3427
lags = 2, -1419.4487%
lags = 3, -1385.3023

Resules for the Half-Panel Jackknife estimator

Coefficient Std. err. z p>lz| [928% con¥. jintervall
i3vn
L. +1872148 21061202 1.786 °.078 -.0207773 ~ 395207
k2. =-.88765983 +106650% -9.54 ©.593 =-.2660904 +315319738
— —
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Testing for weak cross-sectional dependence (CSD)
HO: weak cross-section dependence
H1: strong cross-section dependence

cb
1gdppc 111.91
(0.000)
1k 90.51
(0.000)
1h 123.16
(0.000)
lpat 22.74
(0.000)
1jrn 91.52
(0.000)
1teck 80.53
(©.000)
p-values in parenthesis.
References
€D: Pesaran (2015, 2021)

i3l i Sladas ol Ll (8) gl

Testing for slope heterogeneity
(Pesaran, Yamagata. 2008. Journal of Econometrics)
HO: slope coefficients are homogenous

Delta p-value
30.347 0.000
adj. 34.490 0.000

Variables partialled out: constant
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Pesaran's CADF test for D.lgdppc

Cross-sectional average in first period extracted and extreme t-values truncated
Deterministics chosen: constant
t-bar test, N,T = (34,30) Obs = 952
Augnented by 1 lags (average)

Byl o ol @ls (9) gl
LGDPpPC szl adl

Levin-Lin-Chu unit-root test for D.lgdppc

He: Panels contain unit roots

Number of panels = 34
Ha: Panels are stationary =

Number of periods 30

AR parameter: Common
Panel means: Included
Time trend:  Not included

Asymptotics: N/T -> @

ADF regressions: 1 lag
LR variance: Bartlett kernel, 10.00 lags average (chosen by LLC)

statistic p-value
t-bar  cvi0 5 ol Z[t-bar]  P-value
Unadjusted t -15.9521
2,755 -2.040  -2.110  -2.230 -5.983  0.000 Adjusted t* -4.4687 ©0.0000

Pesaran's CADF test for 1k

Cross-sectional average in first period extracted and extreme t-values truncated
Deterministics chosen: constant & trend

Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for D.lgdppc
Deterministics chosen: constant & trend

Dynamics: lags criterion decision General to Particular based on F joint test
Individual ti were truncated during the aggregation process

Ho (homogeneous non-stationary): bi = @ for all i

CIpPS* =

-3.767 N,T = (34,30)

10% 5% 1%

Critical values at -2.54 -2.61 -2.73

Levin-Lin-Chu unit-root test for lk

He: Panels contain unit roots
Ha: Panels are stationary

AR parameter: Common

LK jaed)

Number of panels = 34
Number of periods = 31

Asymptotics: N/T -> @

Panel means: Included
Time trend:  Included
t-bar test, N,T = (34,31) 0bs = 986
ADF regressions: 1 lag
AugmentEd by 1 lags (average) LR variance: Bartlett kernel, 10.00 lags average (chosen by LLC)
isti -val
t-bar  cvi0 ) ol Z[t-bar]  P-value stetistic preee
-2.85%  -2.5%  -2.600 -2.720 -3.421  0.000 Uehjtesiet] i LER
Adjusted t* -1.7009 0.0445

Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for 1k
Deterministics chosen: constant & trend

Dynamics: lags criterion decision General to Particular based on F joint test
Ho (homogeneous non-stationary): bi = @ for all i
CIpPS =

-2.610 N,T = (34,31)

10% 5k 1

Critical values at -2.55 -2.6 272
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Levin-Lin-Chu unit-root test for D.lh

Pesaran's CADF test for D.1h

. . . . He: P: il tai it it Numb f i = 34
Cross-sectional average in first period extracted and extreme t-values truncated o) (e £ Ty I o s . &
Deterministics chosen: constant & trend .

AR parameter: Common Asymptotics: N/T -> @

Panel means: Included
Time trend:  Included

t-bar test, N,T = (34,30) Obs = 850
Augnented by 4 lags (average) ADF regressions: 1 lag
LR variance: Bartlett kernel, 10.00 lags average (chosen by LLC)
thar 10 s ol Z[t-bar]  P-value Statistic  p-value
23,331 -2.540 -2.6106 -2.730 -6.399  0.000 Unadjusted t -11.9867
Adjusted t* -2.3654 0.0090

Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for D.lh
Deterministics chosen: constant & trend

Dynamics: lags criterion decision General to Particular based on F joint test
Individual ti were truncated during the aggregation process
Ho (homogeneous non-stationary): bi = @ for all i

CIPS* = -2.426 N,T = (34,30)

10% 5% 1%

Critical values at -2.54 -2.61 -2.73

LPAT jazll il

Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for lpat LeAIn=LAm=E UE=FenE FesE fep UzEe

Deterministics chosen: constant & trend He: Panels contain unit roots Number of panels = 34
Ha: Panels are stationary Number of periods = 31
Dynamics: lags criterion decision General to Particular based on F joint test
AR parameter: Common Asymptotics: N/T -> @
. . . . Panel means: Included
Individual ti were truncated during the aggregation process N e
He (homogeneous non-stationary): bi = @ for all i ADF regressions: 1 lag
LR variance: Bartlett kernel, 10.00 lags average (chosen by LLC)
oo -
CIps* = -3.220 N,T = (34,31) — p-value
10% 5% 1% Unadjusted t -12.6108
Adjusted t* -2.4676 0.0068

Critical values at =2.55 =2.6 =2.72

Pesaran's CADF test for lpat
Cross-sectional average in first period extracted and extreme t-values truncated
Deterministics chosen: constant & trend

t-bar test, N,T = (34,31) Obs = 986
Augmented by 1 lags (average)

t-bar cvie 5 cvl  Z[t-bar]  P-value
-2.793  -2.550  -2.600  -2.720 -3.002 0.001
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Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for D.1jrn Levin-Lin-Chu unit-root test for D.1jrn

Deterministics chosen: constant & trend

He: Panels contain unit roots Number of panels = 34

Ha: Panels are stationary Number of periods = 30
Dynamics: lags criterion decision General to Particular based on F joint test

AR parameter: Common Asymptotics: N/T -> @
Individual ti were truncated during the aggregation process Panel means: Included

Time trend: Included

He (homogeneous non-stationary): bi = @ for all i ADF regressions: 1 lag

LR variance: Bartlett kernel, 10.00 lags average (chosen by LLC)
CIPS* = -5.021 N,T = (34,30)
Statistic p-value
10% 5% 1% X
Unadjusted t -21.0204
. Adjusted t* -6.9074 0.0000
Critical values at -2.54 -2.61 =2.73

Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for D.1jrn
Deterministics chosen: constant & trend

Dynamics: lags criterion decision General to Particular based on F joint test
Individual ti were truncated during the aggregation process

Ho (homogeneous non-stationary): bi = @ for all i

ps* = -5.021 N,T = (34,30)
10% 5% 1%
Critical values at -2.54 -2.61 -2.73
Levin-Lin-Chu unit-root test for lteck
Pesaran's CADF test for lteck
. . . . He: Panels contain unit roots Number of panels = 34
Cross-sectional average in first period extracted and extreme t-values truncated Ha: Panels are stationary Number of periods = 31
Deterministics chosen: constant & trend AR parameter: Common Asymptotics: N/T -> 0
Panel means: Included
Time trend: Included
t-bar test, N,T = (34,31) Obs = 986
ADF regressions: 1 lag
Augmented by 1 lags (average) LR variance: Bartlett kernel, 10.00 lags average (chosen by LLC)
Statistic p-value
t-bar  cvi0 (4% vl Z[t-bar]  P-value -
Unadjusted t -15.0686
-2.964  -2,550  -2.600  -2.720 -4.135 0.000 Adjusted t* -5.8735 0.0000

Pesaran Panel Unit Root Test with cross-sectional and first difference mean included for Iteck
Deterministics chosen: constant & trend

Dynamics: lags criterion decision General to Particular based on F joint test
Individual ti were truncated during the aggregation process
He (homogeneous non-stationary): bi = @ for all i

CIPS* = -2.924 N,T = (34,31)

10% 5% %

Critical values at -2.55 -2.6 -2.72
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19xel WSl Westerlund st :(10) =l
Bootstrapping critical values under HO..........

Calculating Westerlund ECM panel cointegration tests..........

Results for H@: no cointegration
With 34 series and 5 covariates

Statistic Value Z-value P-value Robust P-value
Gt =)o) -0.280 0.390 0.010
Ga -1.411 11.298 1.000 0.000
Pt -6.812 9.470 1.000 0.000
Pa -2.077 8.793 1.000 0.020

(RCM)aglsea) cdalall =354 i s 1(11) gl
F IS el Al

Random-coefficients regression Number of obs = 1,054

Group variable: idd Number of groups = 34
Time variable: year Obs per group:

min = 31

avg = 31.0

max = 31

Wald chi2(5) = 162.72

Prob > chi2 = 0.0000

lgdppc | Coefficient Std. err. z P>|z| [95% conf. interval]

1k .3053874 .0330787 9.23 0.000 .2405543 .3702204

1h .8887841 .47939 1.85 0.064 -.0508031 1.828371

1pat -.0033077 .0173213 -0.19 0.849 -.0372569 .0306415

1jrn .062718 .0242916 2.58 0.010 .0151073 .1103287

Iteck -.0102849 .0211334 -0.49 0.626 -.0517055 .0311357

_cons -1.474566 1.08267 -1.36 0.173 -3.59656 .6474284

‘ast of parameter constancy: chi2(198) = 8.1e+05 Prob > chi2 = 0.0000

| —
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Group 1 Group 7

K| omese o350 o.6h 0.53 .45 0821508 k| 3391627 0308791 10.98 ©.000  .2786407  .3996846

Ih| 1678 113375 1029 0.000  9.451462  13.89813 Ih] 138928 1988302 -6.99 0.000 -1.778%89  -.999589
ot | MU N6 6.0 0.000 61T 3159305 lpat | .0106564 .0164881  0.65 0.518  -.0216507 0429726
e | 4070 oMGS  9.03 0.0 0 495196 Ljrn | 107974 0177218  6.69 ©.000 0731733  .1426416
leck | -.4300053 050733 -B.91 0.080  -.S247  -.3295758 lteck | .0201948 .0061499  3.28 0.001  .0081413  .0322484
cons | -17.64994 2468525  -7.05 .00  -22.48816 -12.81172 cons | 1473385762428 251 0.012 3185226 2.577353
Group 2 Group 8

| 3389 o072 1092 0.00 2660928 .385251 Mol 209536 0646457 3.7 0.000 1042504 3576568

In| 19503 .4SSeS7 429 BB 196357 2,888 W 7eers2 2580 385 0.0 38557 1192593
lpat | -.031475 0200589 169 .02 .73 0055593 lpat | 0267267 0212839 126 0.205  -.0l4%85 068442
U | 0313 350 0.1 0.091  -.061479 062135 Ijrn | -.0799805 0265282  -3.01 0.003  -.1319748 -.0279862
lteck | 030581 009331 .85 0.000 0176697 .Si2aed lteck | .0049091 .0051713  0.95 0.342  -.0052265 0150447
ons | 264771 LODEL  -0.50 0.018  -A.648003 - .639438 cons | 1.440974 1.282663 112 0.261 -1.072881  3.954829
Group 3 Group 9

| 4708125 0429989 10.95 0.808  .3865363  .5550887 | 2674265 .e4078s4 656 0.000 1874807 347373

In| -1.60934 1020785 158 0115  -3.61209 3932271 In| -.2887504 1497463 -1.93 0.054  -.5812%6 0047353
lpat | -.1580188 .0319678  -4.94 0.000  -.2006745 -.0953632 lpat | -.0996281 0189565  -0.51 @.612 -.8467822  .6275259
Lirn | .e974537 533339  1.83 0.868  -.8070789  .2019863 Ljn | .edersss 030228 135 e.178  -.0184829 1
lteck | 119381 0382635  3.12 0.602 .43 1043233 lteck | .0208955 .6119681  1.75 0.081  -.0025615 0443526
cons | -1.667236 2.519772  -0.66 ©.508  -6.605898  3.271426 Cons | 1.950803 8808898  2.21 0.627  .:2429%04  3.677315
Group 4 Group 16

1k 317928 .0281067  11.31 0.000 2628399 3730161 1k .1658877  .0649716 2,55 0.011 .0385457 2932297

1h| .e516553 .2685085  0.19 0.847  -.474596 5779065 Ih| .6519284 1278447  5.16 0.000  .4013573 9024995
lpat | .0054812 .081767 .67 0.503  -.0105449 0215073 lpat | -.0044653 .0351874 -0.13 0.899  -.0734313  .0645007
ljrn | -.0032901 022277  -0.15 0.883  -.0469523 0403721 1jrn .2967881  .0365932 8.11 0.000 ,2250666 3685095
Iteck | -.0015829 .0051357  -0.31 0,758  -.0116488 0084829 lteck | -.0595939  .621717  -2.74 0.606  -.1621585 -.0170293
cons | .9885598 .5024557  1.97 @.049 0037648  1.973355 _cons | -.4105918  1.232734  -0.33  0.739  -2.826706  2.005522
Group 5 Group 11

Tk | 3303783 .015823 20.88 0.600  .2993659  .3613908 lk | .6319703 .0649637  9.73 0.000  .5e46438 7502967

1h| .1621653 .1845095  0.88 ©0.379  -.1994668  .5237973 Ih| 3130865 .1489433  2.16 0.836  .0211631 60501
lpat | -.0107856 .0134207 -0.80 .42  -.0370897  .0155185 lpat | -.0601551 .0272233  -2.21 0.627  -.1135118 -.0067984
ljrn | -.0050984 .0145103  -0.35 0.725  -.0335381 0233413 Ljr | -.0512853  .21341  -2.40 0.616  -.0931128 -.0094578
lteck | .0380068 .0105536  3.60 0.000 8173221 8586916 lteck | -.1462001 .0170355 -8.58 0.000  -.179589 -.1128112
_cons .1113054 3480342 0.32 0.749 -,570829 7934399 _cons -9.704991  1.469371 -6.60 0.000 -12.58491  -6.825076
Group 6 Group 12

k| .38913 .0225761 17.23 0.000  .3447646 4332614 Ik | 6450287 0335047 134 0.179  -.0206394 1166967

Ih| 438767 .1087168  4.04 0.600  .225686  .6518481 lh| 2590569 .2484854  1.04 0.297  -.2279655  .7460793
lpat | .0678486 0301044  2.25 0.4  .0088452 1268521 lpat | .0661482 .0086506  7.65 ©.000  .0491932  .8831031
ljrn | -.0401489 0122276  -3.28 0.001  -.0641145 -,0161832 1jrn | -.0084645 0146598  -0.58 0.564  -.0371972 0202682
lteck | -.0099663 .0102256 -8.97 0.33  -.0300021 0100814 lteck | 0045068 0067746 .67 0.506  -.0087712  .0177848
cons | -2.095154 5614749  -3.73 0.000  -3.195624  -.9946831 cons | 6.209986 6845313  9.07 ©.600  4.868249  7.551562




Group 13

1k .2527197 0436974 5.78 0.000 .1670744 3383649

1h .2863869  .135418  2.11 0.034 .0209725 5518012

Ipat .0132782  .0162418  0.82 0.414  -.0185551  .0451114

1jrn .060575  .0214156  2.83  0.005 .0186011  .1025488

Iteck | -.0306818 .0072608  -4.23 0.000  -.0449128  -.0164508

_cons .4703198  1.008427  0.47 0.641 -1.50616 2.4468
Group 14

1k .6522383  .0610845  10.68 0.000 .5325148 7719618

Ih | -.7588169 .0912948  -8.31 0.600  -.9377514 -.5798823

Ipat .0104802 .0083117  1.26 0.207  -.0058105  .0267709

1jrn 0767884 0247321 3.10  0.002 .0283145  .1252624

Iteck .0055806 0033143 1.68 0.092  -.0009152  .0120765

_cons | -8.308093 1.161499  -7.15 0.000  -10.58459  -6.031596
Group 15

1k (1137392 0437712 2.60  0.009 .0279492 1995293

1h .8183915  .3038428  2.69 0.007 \2228707  1.413912

Ipat | -.0057376 0339712  -0.17 0.866  -.0723199  .0608447

1jrn .1460479 0368672 3.96 0.000 .0737894 2183063

Iteck .0A13061 0249992  1.65 0.098  -.0076913  .0903035

_cons 2.21853  1.045694  2.12 0.034 .1690082  4.268052
Group 16

1k .5535196  .0246498  22.46  0.000 .5052069 6018322

1h 2.567047 3289516  7.80 0.000  1.922314  3.21178

Ipat | -.0206359 .0209522  -0.98 0.325  -.0617015  .0204297

Ijen | -.0185813 0477832  -0.39 0.697  -.1122346 075072

Iteck | -.0456015 .0176677  -2.58 ©0.010  -.0802295 -.0109735

_cons | -9.433466 .6722661 -14.03 0.000  -10.75108 -8.115848
Group 17

1k .180199  .0338654  5.32 0.000 (1138241 . 2465739

1h .5528285 112425 4.92  0.000 \332479% 7731773

Ipat | -.0235742 0218146  -1.08 0.280 -.06633 0191817

1jrn .1100534 0196933 5.59 0.000 .0714553 1486516

Iteck | -.0018908 .0213056  -0.09 ©0.929 -.043649  .0398675

_cons 2.088532  .8072903 2.59 0.010 .5062721  3.670792
Group 18

1k .3261313  .0380445  8.57 0.000 .2515654  .4006972

1h 1.046498 .3214711  3.26 0.001 .4164264  1.67657

Ipat .0647319  .0188268  3.44 0.001 .027832  .1016318

Ijen | -.1644182 .0380209  -4.32 0.000  -.2389379  -.0898986

Iteck | -.0071072 .0188557  -0.38 ©0.706  -.0440637  .0298493

_cons | -.1120002 8424612  -0.13 0.894  -1.763194  1.539193

Group 19

1k .1591534 0437227 3.64  0.000 0734586 2448483

1h .1993428 .2263929  0.88  0.379  -.2443791  .6430647

lpat | -.0122704 0133399  -0.92 ©0.358  -.0384162  .0138754

1jrn .0491348 0261577  1.88 0.060  -.0021333 .100403

Iteck .0642215 .0160484  4.00 0.000 0327671 0956758

_cons | 2.522058  .824795  3.06 0.002 .9054893  4.138626
Group 20

1k .397054 0467781 8.49 0.000 .3053707 4887373

Ih | -.392076 3013122 -1.30 0.193  -.982637 .198485

Ipat 0752247 0309356 2.43  0.015 014592 1358575

1jrn .0017113  .0429202 0.4 0.968  -.0824108 0858333

lteck | -.0205411 .0175962  -1.17 0.243  -.0550173 .013935

_cons | -.5896361 .7953828  -0.74 0.458  -2.148558  .9692855
Group 21

1k .6379828 051707  12.34 0.000 .536639 7393266

1h | 1.645514 .4359267  3.77 0.000 J911129  2.499914

Ipat | -.1345437  .027707  -4.86 ©0.000  -.1888485 -.0802389

1jrn 0814629 .0257645  3.16 0.002 .0309653 1319605

Iteck .0701778  .0274459  2.56 0.011 .0163848 1239707

_cons | -12.12512 1.366792  -8.91 0.000  -14.79222 -9.458015
Group 22

1k .1068724 0244686  4.37 0.000 .0589147 .15483

1h \7924195 097306 8.14  0.000 .6017033 9831357

Ipat | -.0508315 .0244109  -2.08 ©0.037  -.0986761  -.002987

1jrn .0789467  .0271595  2.91 @.004  .0257151  .1321784

Iteck .0128814  .0066082  1.95 0.651  -.0000704 0258333

_cons | 3.248853 4689301  6.93 0.000  2.329767  4.167939
Group 23

1k .3626034 .0262937  13.79 0.000 .3110687 414138

1h | -.3332997 .0858463  -3.88 0.000  -.5015554  -.165044

Ipat 0259578 .0057246  4.53  0.000 0147377 0371779

1jrn .0664982  .0142342  4.67 0.000 .0385996 0943967

Iteck .0122662 .0149868  0.82 0.413  -.0171073 0416397

_cons -.548573 3594261  -1.53 0.127  -1.253035  .1558892
Group 24

1k .4646992 .0171488  27.10  0.000 .4310881 4983102

1h | 2.485608 .1325591  18.75 0.000  2.225797  2.745419

lpat | -.0321358  .625914  -1.24 0.215  -.0829262  .0186546

1jrn 0371771 0185842 2.00  0.045 .0007528  .0736014

Tteck | -.0012511 .0176424  -0.67 0.943  -.0358295  .0333274

_cons | -9.361031 .3173507 -29.50 ©0.000  -9.983027 -8.739035




Group 25
1k .5502403  .0364871  15.08 0.000 4787269 6217536
1h .2857059  .3150535 0.91 0.364  -.3317877 .9031995
Ipat .0005903  .0254006  ©0.02 ©0.981  -.0491939  .0503745
1jrn .0652563 0265802 2.46  0.014 0131601 1173525
Iteck | -.0479532 .0126976  -3.78 0.000  -.0728401 -.0230664
_cons -5.18039  1.087729  -4.76  0.000 7,313 -3.048479
Group 26
1k .171061  .0782935 2,18 0.029 .0176085 3245135
1h 1.055303  .2154997 4,99 0.000 .6329313  1.477675
lpat | -.0038712  .033596  -0.12 ©0.908  -.0697182  .0619757
1jrn 006901 .0264096  0.26 0.794  -.0448608  .0586629
Iteck .0077118  .0216386  0.36 0.722 -.034699 0501226
_cons 3.705183  1.688195 2,19 0.028 .3963819  7.013983
Group 27
1k .3663632 0356455  10.28  0.000 .2964992 4362271
1h 1.505867  .4048677 3.72 0.000 JJ123413 2.29939%4
Ipat .0247172 0216705 1.14 0.254  -.0177563  .0671906
Ijrn | -.0135851 .0361038  -0.38 0.707  -.0843472 .057177
Iteck | -.0442125 .0149244  -2.96 0.003  -.0734639 -.0149611
_cons | -2.289942 .8213919  -2.79 0.005 -3.89984  -.6800433
Group 28
1k 1645877 0265242 6.21 0.000 1126012 .2165742
1h .4506006 0621848 7.25 0.000 .3287207 5724805
Ipat | -.0074838 0049153  -1.52 ©.128  -.0171175 ,00215
1jrn .0231407  .0092645 2.50  0.012 .0049827 0412987
Iteck .007082 .0087886  0.81 0.420  -.0101435  .0243074
_cons 3.490103 .612632 5.70  0.000 2.289366  4.690839
Group 29
1k .3371061 0639545 5.27 0.000 2117575 4624546
1h .626059 4602326 1.36 0.174  -.2759803  1.528098
Ipat | -.0698024 0304767  -2.29 ©0.022  -.1295356  -.0100692
1jrn ,1248888 0415458 3.01  0.003 .0434605 2063172
Iteck .0611064 0175228 3.49  0.000 0267624 0954504
_cons | -1.757832 1.220938  -1.44 ©0.150  -4.150826  .6351622
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Group 30

1k .3349701 0523916  6.39 0.000 .2322844 4376558

1h 185444 3757742 0.49 0.622 -.55106  .9219479

lpat | -.0119929 .0160966  -0.75 ©0.456  -.0435416  .0195559

1jrn J1673752 0337744 4.9 0.000 .1011786  .2335718

Iteck | -.0011609 .0094478  -0.12 0.962  -.0196781  .0173564

_cons J2734215 8793157 .31 0.756  -1.450006  1.996849
Group 31

1k ,1378934 0274095 5.03 0.000 .0841718 .191615

1h .4329448 .188191 2,30 0.021 .0640971 .8017925

Ipat .0574053 0127987  4.49  0.000 .0323203  .0824904

Ijen | -.0007156 .0236597  -0.03 ©0.976  -.0470877  .0456565

Iteck .0444627 0194491 2,29 0.022 .0063431  .0825823

_cons 3.062167 .6675334  4.59 ©0.000 1.753826  4.370509
Group 32

1k .1579829 0408803 3.86  0.000 .077859 2381068

1h | -.7334682 .1553494  -4.72 ©0.000  -1.037948  -.4289889

Ipat -.013404 .0231363  -0.58 ©0.562  -.0587503  .0319422

1jrn .2230658 .040614 5.49  0.000 . 1434639 .3026677

Iteck | -.0451406 .0128401  -3.52 0.000  -.0703068 -.0199744

_cons | 4.370594 .6576152  6.65 ©0.000 3.081692  5.659496
Group 33

1k \2753856 0246794 11,16 0.000 \227015 3237563

1h 1.992575  .2751096 7.24  0.000 1.453371 2.53178

lpat | -.0460344 .0174312  -2.64 0.008  -.0801989 -.0118698

1jen | -.0292407 .0241832  -1.21 0.227  -.0766389  .0181574

Iteck | -.0016084 .0175567  -0.09 0.927  -.0360189  .0328021

_cons | -1,911394  .6563873  -2.91 0.004  -3.197889  -.6248982
Group 34

1k 1474923 .0399249 3.69 0.000 .069241 2257437

1h 2.498697  .634504  3.94 0.000 1.255092  3.742302

lpat | -.0903373 .0288686  -3.13 0.002  -.1469187  -.0337558

1jrn .277208  .0420505 6.59 0.000 .1947905  .3596256

Iteck | -.0228695 .0287846  -0.79 0.427  -.0792862  .0335472

_cons | -1.945376 .9216805  -2.11 0.035  -3.751837 -.1389156




