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Abstract:

This study aimed to measure the impact of technological progress on the growth of
the Egyptian economy during the period from 1991 to 2023, relying on an annual data
series derived from the World Bank, for each of the gross domestic product at constant
prices (dependent variable), the total labor force and the total unemployment rate to
obtain the number of workers (first independent variable), and the total capital formation
and the capital/output coefficient to obtain the capital stock (second independent
variable). Thus, the research was able to estimate the Cobb-Douglas production function,
where the contribution of the technology element was estimated as a time vector in the
production function, using the multiple linear regression model and the joint integration

model according to the ARDL methodology using the EVIEWS 11 program.

The study found that the elasticity of GDP for labor factor was estimated at 0.328,
while the elasticity of GDP for capital factor was estimated at 0.662. Accordingly, the
sum of the elasticities of labor and capital was equal to 0.990, and this value is very close
to one, so the function is homogeneous of the first degree and passes through the end of
the stage of diminishing returns, and it is very close to the stage of stable returns. The
most important results of this study were represented in estimating the value of the
coefficient of technological progress (expressed in time), which amounted to 0.007, as
this coefficient represents the contribution of the technology factor to the production
process, which also means that the technology factor leads to an increase in the GDP by

+.Y% annually.

Keywords: Technological progress — Technology’s Contribution to Economic Growth —

Economic Growth - Cobb-Douglas production function.
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L. Jones & Other, “Technology and Policy Shocks in Models of Endogenous Growth”, Federal Reserve Bank of Minneapolis
Working Paper, p.281, (2000), https://pdfs.semanticscholar.org/9949/15d2b4c2e478dfd7e0b5a3d4a51b2e1d423f. pdf
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Hierachical Regression : .l Hlasa¥) -
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Stepwise Regression : syl jlassy) —»
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Dependent Variable: LNGDP
Method: Least Squares
Date: 10/14/24 Time: 13:58

Sample: 1991 2023
Included observations: 33

Variable Coefficient Std. Error t-Statistic Prob.

LNK 0.662747 0.031711 20.89938 0.0000

LNL 0.328129 0.083052 3.950897 0.0005

T 0.007132 0.010287 0.693332 0.4936

C 1.499401 0.304902 4917642 0.0000

R-squared 0.998441 Mean dependent var 12.61189

Adjusted R-squared 0.998280 S.D. dependent var 0.184430

S.E. of regression 0.007649 Akaike info criterion -6.795266

Sum squared resid 0.001697 Schwarz criterion -6.613871

Log likelihood 116.1219 Hannan-Quinn criter. -6.734232

F-statistic 6191.564 Durbin-Watson stat 0.448236
Prob(F-statistic) 0.000000

EVIEWS galiy; cilajae : jiuaal
:(:Jl."d\ JSadl Ao §iadal) Y adla T
LN(GDP) =0.662*LN(K) + 0.328*LN(L) + 0.007*T + 1.499.
R-squared = 99.2 %
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Estimation of the C-D production function, to the Libyan agricultural sector under the restriction of
Constant and Variable Returns to Scale.
Variable Retuins to Scale (VRS) Constant Returns to Scale (CRS)
Eqmm'ons 1 2 3 4 H 6 7 8 9 1 2 3 4 5 []
Varnables
049 0.85 0.035 1.78 0.85 0.82 0.86 113 118 -1.21 -1.21 -1.21 -1.11 -1.11 -1.08
Constant g (0.092) (L60)*** (243)°%% (232)°% (23E)** (L4T)** (5T)0** : o(." (1264 (12.9*0%(111)%** (-109) (-115)%**
065 Q@Y 16y
InkK 060 046 0.51 041 048 048 047 047 047
(0.02)%++ (1410)7= (15.03)*** (5.75)°%¢ (11.4)*%% (111)*** (10.71)°** (10.42)** (10.4)***
;%
InL 012 018 020 0035 014 014 014 010 009
(1.23)  (3.80)*=* (35.65)*** (0.34) (2.40)** (2.45)*** (243)*** (129 (1.12)
111 K/L 0.59 0.58 058 0.56 0.56 0.57
( ) (10.7)*++ (103)*** (10.0)*** (10.2)*** (10.0) (12.07)***
2
nK—-InZ)"
r 0.016 0.035 0.014 0.015 0.015 0.01 0.01 0.01 0.01 0.01 0.01 0.01
(11.48)=== (2.73)%%% (6.78)%%% (6.52)*%% (6.40)%** (5.44)°** (5.51)*%%(3.07)%%% (295)%%% (LT7)*** (277)*** (2.73)
5 0.0004  -0.0006 0.0003
t (1051)°** (-1.50)* (3.92)0%*
005 004 004 004 006 00008 -0006 -0005 002 005 003
D, ©9) (053) (0.78) (0.68) (0.96) (001) (007 (0.06) (034 (035  (0.46)
0.03 0.03 0.04 0.04 0.06 0.06 0.04 0.0+ 0.05
D: (063} (069  (0.74) (0.73) (08 (082 (065 (0.6%) (082
0.06 0.07 0.06 -0.01 0.006 0.006 0.03
D3 069 (0.72) (0.70) (0.10) (0.05) (009  (0.25)
007 010 018 018 003
D s (-096) (-120) Q39 (219)  (0.36)
005 001 003
D. ‘ 2
5 (-094) (017)  (043)
R 069 094 093 094 093 093 093 094 094 093 0.93 093 094 094 095
F 40.30 170.1 146.7 13222 1272 100.0 821 703 614 168.6 1257 97.6 939 78.1 95.07
D W 032 161 1.52 1.65 1.58 1.62 1.70 1.72 1.77 1.00 1.06 1.05 138 137 140

%4+ i (R-squared) yaail) Jabee dad cul€ Lo 5502l 73kl goes A o) ¢ Lae el
RIS lgaal cdagl Bac (e ¢ ptiaalyall U G sl 4Ll Ladl e WS

! Abo-Farwa, A. E. (2012). Estimation of The Cup Douglas Production Function for The Agricultural Sector in Libya
(Applied Study for The Period 1970-2008). Sinai Journal of Applied Sciences, 1(1), 35-48.
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GDP K L
Mean 4454047561171.861 14965556058128.03 22597320.84018637
Median 4226456430400 13117232800032.42 23786482.128
Maximum 8137300000000 30078700815758.86 30988447.7154
Minimum 2012562347600 5583542293532.417 14654418.467
Std. Dev. 1825497922031.982 7544515544159.211 4851034.696217691
Skewness 0.4045669360071964 0.5291567918305291 -0.07309680974743048
Kurtosis 2.020584361346858 2.037758669910723 1.65306921396258

Jarque-Bera

2.219184847109101

2.813162025703551

2.523943285540035

Probability 0.3296933089217591 0.2449794344816727 0.2830953130618851
Sum 146983569518671.4 493863349918225.1 745711587.7261501
Sum Sq. Dev. 1.066381652269787e+26 1.821430873473918e+27 753041203965051.9
Observations 33 33 33
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UNIT ROOT TEST TABLE
(ADF)
At Level
GDP K L
With
Constant t-Statistic 5.6505 1.1807 -0.0541
Prob. 1.0000 0.9973 0.9462
no no n0
With
Constant &
Trend t-Statistic | -0.4492 0.8389 -1.7383
Prob. 0.9808 0.9996 0.7104
no no no
\Without
Constant &
Trend t-Statistic | 16.8151 1.0533 5.1030
Prob. 1.0000 0.9197 1.0000
no no no
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At First Difference
d(GDP) d(K) d(L)
With
Constant t-Statistic | -2.3519 -1.2303 -4.7656
Prob. 0.1631 0.6484 0.0006
n0 n0 il
With
Constant &
Trend t-Statistic | -3.6395 -3.7686 -4.6970
Prob. 0.0426 0.0339 0.0037
Without
Constant &
Trend t-Statistic | -0.5822 0.6248 -3.0059
Prob. 0.4569 0.8460 0.0039
n0 n0 ekl
Notes: (*)Significant at the 10%; (**)Significant at the 5%; (***) Significant at the 1%. and (no) Not
Significant
*MacKinnon (1996) one-sided p-values. | | | | |
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ARDL Cointegrating And Long Run Form
Dependent Variable: LNGDP

Selected Model: ARDL(4, 3, 2, 4)

Date: 10/18/24 Time: 16:53

Sample: 1991 2023

Included observations: 29

Cointegrating Form

Variable Coefficient Std. Error t-Statistic Prob.
D(LNGDP(-1)) -0.024596 0.153532 -0.160201 0.8752
D(LNGDP(-2)) 0.276694 0.154115 1.795376 0.0959
D(LNGDP(-3)) 0.145630 0.145204 1.002937 0.3342

D(LNK) 1.209665 0.268264 4.509240 0.0006

D(LNK(-1)) 1.681582 0.434686 3.868501 0.0019
D(LNK(-2)) -0.455214 0.289486 -1.572492 0.1398
D(LNL) 0.413280 0.050702 8.151218 0.0000
D(LNL(-1)) 0.072280 0.049758 1.452617 0.1700
D(T) 402.589532 95.890931 4.198411 0.0010

D(T(-1)) -774.953327 183.790326 -4.216508 0.0010

D(T(-2)) 237.732090 56.602854 4.200002 0.0010

D(T(-3)) -20.102685 4.870938 -4.127066 0.0012

CointEq(-1) -0.835402 0.138713 -6.022501 0.0000

Cointeq = LNGDP - (0.4688*LNK + 0.4616*LNL + 1.6578*T )

Long Run Coefficients

Variable Coefficient Std. Error t-Statistic Prob.
LNK 0.468846 0.112296 4.175092 0.0011
LNL 0.461643 0.069459 6.646268 0.0000

T 1.657824 0.572445 2.896041 0.0125

EVIEWS galiy cilajia : tuaal

LN(GDP) = 0.4688*LN(K) + 0.4616*LN(L) + 1.6578*T

R-squared = 95.7 %
Adjusted R-squared = 90.7 %
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Heteroskedasticity Test: ARCH

F-statistic 1.276994  Prob. F(4,20) 0.3121
Obs*R-squared 5.086008 Prob. Chi-Square(4) 0.2786

EVIEWS galiy; cilajae 1 jiucaal
0.05 (e Sl P-value dad o moaiy AARCH I3 jlasi¥l dag piall ol el lasl aladiud o
Vg asall i Waall s ol il e as G poall G 58 (i Lo
iV sl sl alall gyl (pe Gal sl -
(1) Jsa
i) Sl k) o gill Jarque-Bera L) gl

9
Series: Residuals

81 Sample 1995 2023

7 Observations 29

6 - Mean 5.41e-09
Median -3.12e-05

5 Maximum 0.003216

4 Minimum -0.002558
Std. Dev. 0.001314

3 Skewness 0.055091
Kurtosis 3.447892

2 |

1 Jarque-Bera  0.257070
Probability 0.879383

0

-0.003 -0.002 -0.001 0.000 0.001 0.002 0.003

EVIEWS zaliy cilsjin t juaal)

e <0.05 o LSI P-value dad o G caanll G (md) (Ko ¥ 4 laaV) mil muass
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! Box, George E. P., Gwilym M. Jenkins, and Gregory C. Reinsel. Time Series Analysis: Forecasting and Control. 3rd ed.
Englewood Cliffs, NJ: Prentice Hall, 1994.

Engle, Robert. F. “Autoregressive Conditional Heteroscedasticity with Estimates of the Variance of United Kingdom
Inflation.” Econometrica 50 (July 1982): 987-1007. https://doi.org/10.2307/1912773.

2 Jarque, C., Bera, A., 1980. Efficient tests for normality homoscedasticity and serial independence of regression residuals. Econometric
Letters 6, 255-259.
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ARDL Bounds Test

Date: 10/18/24 Time: 16:54

Sample: 1995 2023

Included observations: 29

Null Hypothesis: No long-run relationships exist

Test Statistic Value k

F-statistic 18.45382 3

Critical Value Bounds

Significance 10 Bound 11 Bound
10% 2.01 3.1
5% 2.45 3.63
2.5% 2.87 4.16
1% 3.42 4.84

Test Equation:

Dependent Variable: D(LNGDP)
Method: Least Squares

Date: 10/18/24 Time: 16:54
Sample: 1995 2023

Included observations: 29

Variable Coefficient Std. Error t-Statistic Prob.
D(LNGDP(-1)) -0.024584 0.153531 -0.160127 0.8752
D(LNGDP(-2)) 0.276700 0.154114 1.795419 0.0959
D(LNGDP(-3)) 0.145636 0.145203 1.002979 0.3342

D(LNK) 1.209649 0.268263 4.509197 0.0006

D(LNK(-1)) 1.226333 0.382183 3.208759 0.0069
D(LNK(-2)) -0.455226 0.289485 -1.572534 0.1398
D(LNL) 0.413278 0.050702 8.151192 0.0000
D(LNL(-1)) 0.072280 0.049758 1.452628 0.1700
D(T) 402.5792 95.88977 4.198354 0.0010

D(T(-1)) -557.3098 132.0897 -4.219178 0.0010

D(T(-2)) 217.6239 51.74417 4.205766 0.0010

D(T(-3)) -20.10217 4.870882 -4.127009 0.0012

LNK(-1) 0.391681 0.140611 2.785576 0.0155

LNL(-1) 0.385653 0.063939 6.031595 0.0000

T(-1) 1.384908 0.394719 3.508587 0.0039
LNGDP(-1) -0.835400 0.138713 -6.022492 0.0000
R-squared 0.956861 Mean dependent var 0.019255
Adjusted R-squared 0.907086 S.D. dependent var 0.006328
S.E. of regression 0.001929 Akaike info criterion -9.362795
Sum squared resid 4.84E-05 Schwarz criterion -8.608425
Log likelihood 151.7605 Hannan-Quinn criter. -9.126536
Durbin-Watson stat 2.363735

Jarque, C., Bera, A., 1987. A test for normality of observations and regression residuals. International Statistical Review 55, 163-172.
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