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The impact of demographic changes on the productivity of strategic crops in
Algeria: an applied study 1995-2022
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Abstract :

In this study the Advanced Vector Autoregression (VAR) and the Toda-Yamamoto causality test
have been used to assess the demographic effects of grain productivity from 1995 to 2022 in Algeria.
The data were gathered from the Databases of the World Bank. The independent variables include age
dependency, population growth, fertility, and urbanization rate while the dependent variable was grain
productivity.

The findings revealed that there was a positive relationship between population growth and grain
productivity (22%).0n the opposite, there was a negative relationship between urbanization and grain
productivity ( 38 %). Also, there was no relationship between fertility rate and grain productivity.
These findings demonstrate that population growth enforces grain productivity in Algeria while
urbanization affects it negatively. This study recommends that the factors mentioned previously
should be taken into consideration to improve grain productivity and face any demographical changes
Keywords: Demographic changes ; Strategic crops ; Toda-Yamamoto causality test .
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d?:-'j\l\
(1) ¢ salall
Date: 08/26/24
Time: 22:21
Sample: 1995 2023
LOGGP LOGLGP AD PG TF
Mean 7.172488 14.74946 56.33874 1.689992 2.828655
Median 7.244370 14.86513 54.67912 1.708972 2.843000
Maximum 7.576610 15.11405 76.04126 1.999946 3.456000
Minimum 6.659037 13.87206 47.93333 1.348867 2.456000
Std. Dev. 0.256754 0.313917 7.749664 0.231238 0.233331
Skewness -0.492689 -1.495668 1.025446 -0.175805 0.307851
Kurtosis 2.113003 4.651451 3.289536 1.563348 3.051412
Jarque-Bera 2.123927 14.10775 5.183734 2.643349 0.461259
Probability 0.345776 0.000864 0.074880 0.266688 0.794034
Sum 208.0022 427.7344 1633.823 49.00976 82.03100
Sum Sq. Dev. 1.845836 2.759227 1681.604 1.497187 1.524415
Observations 29 29 29 29 29
(2) ) aaldl
Covariance Analysis: Ordinary
Date: 08/26/24 Time: 22:22
Sample: 1995 2023
Included observations: 29
Correlation
Probability LOGGP LOGLGP AD PG TF UG
LOGGP 1.000000
LOGLGP 0.478270 1.000000
0.0087 -
AD -0.559742 -0.172519 1.000000
0.0016 0.3708 -
PG 0.223572 0.347325 -0.168083 1.000000
0.2437 0.0649 0.3834 -
TF 0.033967 0.310188 0.293670 0.859834 1.000000
0.8611 0.1015 0.1221 0.0000 -
UG -0.380526 -0.027141 0.226297 0.468410 0.474165 1.000000
0.0417 0.8889 0.2378 0.0104 0.0094 -
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(3) # 3ald
Null Hypothesis: Unit root (individual unit root process)
Series: LOGGP, LOGLGP, AD, PG, TF, UG
Date: 08/26/24 Time: 22:24
Sample: 1995 2023
Exogenous variables: Individual effects, individual linear
trends
Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 168
Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 41.1080 0.0000
PP - Choi Z-stat -3.26513 0.0005

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results GROUP02

Series Prob. Bandwidth Obs
LOGGP 0.0123 2.0 28
LOGLGP 0.0000 1.0 28
AD 0.4357 4.0 28
PG 0.5404 4.0 28
TF 0.0218 4.0 28
UG 0.6345 4.0 28

(4) &, Gl
Null Hypothesis: Unit root (individual unit root process)
Series: LOGGP, LOGLGP, AD, PG, TF, UG
Date: 08/26/24 Time: 22:24
Sample: 1995 2023
Exogenous variables: Individual effects
Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 168
Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 41.9266 0.0000
PP - Choi Z-stat -3.81967 0.0001

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results GROUP02

Series Prob. Bandwidth Obs
LOGGP 0.0236 0.0 28
LOGLGP 0.0001 4.0 28
AD 0.0567 4.0 28
PG 0.4312 4.0 28
TF 0.0535 4.0 28
UG 0.4412 4.0 28

(5) po Galdl
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Null Hypothesis: Unit root (individual unit root process)

Series: LOGGP, LOGLGP, AD, PG, TF, UG

Date: 08/26/24 Time: 22:24

Sample: 1995 2023

Exogenous variables: None

Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 168

Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 13.7045 0.3200
PP - Choi Z-stat -0.36540 0.3574

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results GROUP02

Series Prob. Bandwidth Obs
LOGGP 0.9585 14.0 28
LOGLGP 0.7050 4.0 28
AD 0.1616 4.0 28
PG 0.3989 4.0 28
TF 0.3004 4.0 28
UG 0.0808 4.0 28
(6) 8, Gl

Null Hypothesis: Unit root (individual unit root process)
Series: LOGGP, LOGLGP, AD, PG, TF, UG

Date: 08/26/24 Time: 22:24

Sample: 1995 2023

Exogenous variables: Individual effects, individual linear

trends
Newey-West automatic bandwidth selection and Bartlett
kernel

Total (balanced) observations: 162
Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 337.149 0.0000
PP - Choi Z-stat -9.51926 0.0000

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results D(GROUP02)

Series Prob. Bandwidth Obs
D(LOGGP) 0.0000 6.0 27
D(LOGLGP) 0.0000 26.0 27
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D(AD) 09985 30 27
D(PG) 0.5533 20.0 27
D(TF) 0.0009 10.0 27
D(UG) 0.4406 14.0 27
(7) o8 Ll

Null Hypothesis: Unit root (individual unit root process)

Series: LOGGP, LOGLGP, AD, PG, TF, UG

Date: 08/26/24 Time: 22:24

Sample: 1995 2023

Exogenous variables: Individual effects

Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 162

Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 76.8390 0.0000
PP - Choi Z-stat -5.84328 0.0000

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results D(GROUP02)

Series Prob. Bandwidth Obs
D(LOGGP) 0.0000 6.0 27
D(LOGLGP) 0.0001 26.0 27
D(AD) 0.6133 3.0 27
D(PG) 0.1392 6.0 27
D(TF) 0.0008 1.0 27
D(UG) 0.1156 5.0 27
(8) ) Galdl

Null Hypothesis: Unit root (individual unit root process)

Series: LOGGP, LOGLGP, AD, PG, TF, UG

Date: 08/26/24 Time: 22:25

Sample: 1995 2023

Exogenous variables: None

Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 162

Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 364.658 0.0000
PP - Choi Z-stat -13.4891 0.0000

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results D(GROUP02)

Series Prob. Bandwidth Obs
D(LOGGP) 0.0000 5.0 27
D(LOGLGP) 0.0000 26.0 27
D(AD) 0.0838 3.0 27
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D(PG) 0.0130 7.0 27
D(TF) 0.0000 0.0 27
D(UG) 0.0181 7.0 27

(9) ¢ Gl

Null Hypothesis: Unit root (individual unit root process)

Series: LOGGP, LOGLGP, AD, PG, TF, UG

Date: 08/26/24 Time: 22:25

Sample: 1995 2023

Exogenous variables: Individual effects, individual linear
trends

Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 156

Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 972.324 0.0000
PP - Choi Z-stat -26.4018 0.0000

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results D(GROUP02,2)

Series Prob. Bandwidth Obs
D(LOGGP,2) 0.0000 20.0 26
D(LOGLGP,2) 0.0000 10.0 26
D(AD,2) 0.1334 0.0 26
D(PG,2) 0.0000 25.0 26
D(TF,2) 0.0032 2.0 26
D(UG,2) 0.0000 25.0 26
(10) ) =l

Null Hypothesis: Unit root (individual unit root process)

Series: LOGGP, LOGLGP, AD, PG, TF, UG

Date: 08/26/24 Time: 22:25

Sample: 1995 2023

Exogenous variables: Individual effects

Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 156

Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 96.8519 0.0000
PP - Choi Z-stat -7.54433 0.0000

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results D(GROUP02,2)

Series Prob. Bandwidth Obs
D(LOGGP,2) 0.0001 21.0 26
D(LOGLGP,2) 0.0001 10.0 26
D(AD,2) 0.6644 3.0 26
D(PG,2) 0.0000 12.0 26
D(TF,2) 0.0025 0.0 26
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D(UG,2) 0.0000 13.0 26

(11) &) 3=l
Null Hypothesis: Unit root (individual unit root process)
Series: LOGGP, LOGLGP, AD, PG, TF, UG
Date: 08/26/24 Time: 22:25
Sample: 1995 2023
Exogenous variables: None
Newey-West automatic bandwidth selection and Bartlett kernel
Total (balanced) observations: 156
Cross-sections included: 6

Method Statistic Prob.**
PP - Fisher Chi-square 610.939 0.0000
PP - Choi Z-stat -19.0293 0.0000

** Probabilities for Fisher tests are computed using an
asymptotic Chi-square distribution. All other tests
assume asymptotic normality.

Intermediate Phillips-Perron test results D(GROUPO02,2)

Series Prob. Bandwidth Obs
D(LOGGP,2) 0.0000 21.0 26
D(LOGLGP,2) 0.0000 10.0 26
D(AD,2) 0.2466 3.0 26
D(PG,2) 0.0000 11.0 26
D(TF,2) 0.0002 1.0 26
D(UG,2) 0.0000 12.0 26
(12) o8 Gl

Vector Autoregression Estimates

Date: 08/26/24 Time: 22:27

Sample (adjusted): 1998 2023

Included observations: 26 after adjustments
Standard errors in () & t-statistics in [ ]

LOG(GP) LOG(LGP) PG TF UG
LOG(GP(-1)) 0.002950 -0.471991 0.072408 0.032926 0.062020
(0.25775) (0.22584) (0.05491) (0.03352) (0.05657)
[0.01145] [-2.08997] [ 1.31866] [0.98223] [ 1.09628]
LOG(LGP(-1)) -0.129065 -0.542444 -0.025257 0.017234 0.007554
(0.17120) (0.15000) (0.03647) (0.02227) (0.03758)
[-0.75388] [-3.61618] [-0.69248] [ 0.77401] [ 0.20104]
PG(-1) 5.192402 12.53474 0.209504 -0.028353 -0.835386
(2.66430) (2.33444) (0.56760) (0.34651) (0.58479)
[ 1.94888] [ 5.36948] [0.36910] [-0.08182] [-1.42852]
TF(-1) -1.018054 0.850058 0.807802 0.811546 0.684590
(2.03544) (1.78344) (0.43363) (0.26472) (0.44676)
[-0.50016] [ 0.47664] [ 1.86288] [ 3.06563] [ 1.53233]
UG(-1) -4.940809 -13.52977 0.507259 0.299360 1.575412
(2.93613) (2.57261) (0.62551) (0.38186) (0.64446)
[-1.68276] [-5.25915] [ 0.81095] [ 0.78394] [ 2.44456]
C 12.51099 25.40815 -1.192671 -0.061149 -1.884285
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(4.59217) (4.02362) (0.97832) (0.59724) (1.00794)

[2.72442] [6.31474] [-1.21911] [-0.10239] [-1.86944]
LOG(GP(-3)) -0.267836 -0.630032 0.089665 0.059479 0.108396

(0.23545) (0.20630) (0.05016) (0.03062) (0.05168)

[-1.13754] [-3.05393] [ 1.78755] [1.94236] [ 2.09745]
LOG(LGP(-3)) 0.156691 0.425507 -0.030261 -0.016006 -0.017409

(0.16254) (0.14242) (0.03463) (0.02114) (0.03568)

[0.96402] [2.98778] [-0.87389] [-0.75717] [-0.48797]
PG(-3) -3.437351 -11.61722 0.192265 0.240448 0.237775

(2.75328) (2.41241) (0.58656) (0.35808) (0.60432)

[-1.24845] [-4.81561] [0.32778] [0.67149] [ 0.39346]
TF(-3) -0.684519 -1.637768 -0.406219 -0.138687 -0.324866

(0.77268) (0.67702) (0.16461) (0.10049) (0.16960)

[-0.88590] [-2.41910] [-2.46774] [-1.38008] [-1.91552]
UG(-3) 4.129823 13.14989 -0.231241 -0.314715 -0.281574

(3.02426) (2.64984) (0.64429) (0.39333) (0.66380)

[ 1.36556] [ 4.96252] [-0.35891] [-0.80014] [-0.42418]
R-squared 0.568669 0.770500 0.981689 0.990128 0.971642
Adj. R-squared 0.281115 0.617500 0.969481 0.983547 0.952736
Sum sq. resids 0.579542 0.444923 0.026303 0.009803 0.027920
S.E. equation 0.196561 0.172225 0.041875 0.025564 0.043143
F-statistic 1.977607 5.035955 80.41594 150.4496 51.39435
Log likelihood 12.55458 15.99097 52.75771 65.58892 51.98203
Akaike AIC -0.119583 -0.383920 -3.212132 -4.199148 -3.152464
Schwarz SC 0.412688 0.148351 -2.679860 -3.666876 -2.620192
Mean dependent 7.208597 14.76662 1.678740 2.790077 2.711452
S.D. dependent 0.231829 0.278472 0.239703 0.199301 0.198449
Determinant resid covariance (dof adj.) 3.35E-14
Determinant resid covariance 2.14E-15
Log likelihood 254.6457
Akaike information criterion -15.35736
Schwarz criterion -12.69600
Number of coefficients 55

(13) o8 Gl

Roots of Characteristic Polynomial

Endogenous variables: LOG(GP) LOG(LGP)

PG TF UG

Exogenous variables: C LOG(GP(-3))

LOG(LGP(-3)) PG(-3) TF(-3) UG(-3)

Lag specification: 1 1

Date: 08/26/24 Time: 22:27

Root Modulus

1.159380 1.159380

0.905164 0.905164

0.421342 0.421342

-0.214459 - 0.161517i 0.268478

-0.214459 + 0.161517i 0.268478

Warning: At least one root outside the unit circle.

VAR does not satisfy the stability condition.

(14) &) Gald
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VAR Residual Serial Correlation LM Tests
Date: 08/26/24 Time: 22:27

Sample: 1995 2023

Included observations: 26

Null hypothesis: No serial correlation at lag h

Lag LRE* stat df Prob. Rao F-stat  df Prob.

1 39.36279 25 0.0339 1.951548 (25, 23.8) 0.0535
2 39.98313 25 0.0293 2.003031 (25, 23.8) 0.0472
3 27.38033 25 0.3372  1.115727 (25, 23.8) 0.3959
4 28.85922 25 0.2698  1.204203 (25, 23.8) 0.3263

Null hypothesis: No serial correlation at lags 1 to h

Lag LRE*stat  df Prob. Rao F-stat  df Prob.
1 39.36279 25 0.0339  1.951548 (25, 23.8) 0.0535
2 83.54163 50 0.0021  2.011670 (50, 7.9) 0.1489
3 1083.628 75 0.0000 NA (75, NA) NA

4 NA 100 NA NA (100, NA) NA

*Edgeworth expansion corrected likelihood ratio statistic.

(15) &, galdl
VAR Residual Normality Tests
Orthogonalization: Cholesky (Lutkepohl)
Null Hypothesis: Residuals are multivariate normal
Date: 08/26/24 Time: 22:27
Sample: 1995 2023
Included observations: 26

Component Skewness  Chi-sq df Prob.*
1 -0.223699  0.216846 1 0.6415
2 -0.168087  0.122431 1 0.7264
3 -0.283719  0.348818 1 0.5548
4 -0.498535  1.076995 1 0.2994
5 0.222165 0.213882 1 0.6437
Joint 1.978972 5 0.8520
Component Kurtosis Chi-sq df Prob.

1 3.292002 0.092370 1 0.7612
2 2.976262 0.000610 1 0.9803
3 6.365159 12.26798 1 0.0005
4 2.454073 0.322872 1 0.5699
5 2.221728 0.656184 1 0.4179
Joint 13.34002 5 0.0204
Component Jarque-Bera df Prob.

1 0.309217 2 0.8568

2 0.123041 2 0.9403

3 12.61680 2 0.0018
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4 1.399868 2 0.4966
5 0.870066 2 0.6472
Joint 15.31899 10 0.1209

*Approximate p-values do not account for coefficient

estimation
(16) & ald
VAR Residual Heteroskedasticity Tests (Levels and Squares)
Date: 08/26/24 Time: 22:27
Sample: 1995 2023
Included observations: 26

Joint test:
Chi-sq df Prob.
307.7886 300 0.3660

Individual components:

Dependent R-squared  F(20,5) Prob. Chi-sq(20)  Prob.

resl*resl 0.914488 2.673579 0.1395 23.77670 0.2523
res2*res?2 0.975573 9.984377 0.0090 25.36489 0.1878
res3*res3 0.905338 2.390980 0.1695 23.53879 0.2631
res4*res4 0.762781 0.803877 0.6740 19.83230 0.4685
res5*resb 0.893119 2.089060 0.2121 23.22111 0.2781
res2*resl 0.741116 0.715684 0.7324 19.26902 0.5044
res3*resl 0.638198 0.440986 0.9130 16.59316 0.6792
res3*res?2 0.540734 0.294347 0.9780 14.05909 0.8275
res4*resl 0.802164 1.013674 0.5496 20.85627 0.4056
res4*res2 0.837373 1.287258 0.4221 21.77169 0.3530
res4*res3 0.543114 0.297183 0.9771 14.12097 0.8243
res5*resl 0.717447 0.634791 0.7876 18.65363 0.5444
res5*res?2 0.565880 0.325878 0.9676 14.71289 0.7926
res5*res3 0.898749 2.219112 0.1922 23.36747 0.2711
res5*res4 0.560758 0.319162 0.9700 14.57970 0.7999

(17) &) Gald

VAR Granger Causality/Block Exogeneity Wald Tests
Date: 08/26/24 Time: 22:28

Sample: 1995 2023

Included observations: 26

Dependent variable: LOG(GP)

Excluded Chi-sq df Prob.

LOG(LGP) 0.568342 1 0.4509
PG 3.798135 1 0.0513
TF 0.250164 1 0.6170
UG 2.831697 1 0.0924
All 3.865480 4 0.4245

Dependent variable: LOG(LGP)
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Excluded Chi-sq df Prob.

LOG(GP) 4.367994 1 0.0366
PG 28.83131 1 0.0000
TF 0.227185 1 0.6336
UG 27.65870 1 0.0000
All 32.67028 4 0.0000

Dependent variable: PG

Excluded Chi-sq df Prob.

LOG(GP) 1.738877 1 0.1873
LOG(LGP) 0.479534 1 0.4886
TF 3.470314 1 0.0625
UG 0.657638 1 0.4174
All 7.193951 4 0.1260

Dependent variable: TF

Excluded Chi-sq df Prob.

LOG(GP) 0.964778 1 0.3260
LOG(LGP) 0.599095 1 0.4389
PG 0.006695 1 0.9348
UG 0.614569 1 0.4331
All 4.313338 4 0.3653

Dependent variable: UG

Excluded Chi-sq df Prob.

LOG(GP) 1.201821 1 0.2730
LOG(LGP) 0.040416 1 0.8407
PG 2.040665 1 0.1531
TF 2.348045 1 0.1254
All 4.303957 4 0.3664
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