2026 2w 02 sualt 12 4l /(JEF) 2ty sbait) Ao

sty Aguebdd Aty 20241990 55881 I35 y31300 oy 33 ¢l ks A il o) 31
ARDL. 230t dia ! Colganild (3101 yhond ) Angicn

The Impact of climate Fluctuations On the Agricultural Sector in Algeria during the period
1990-2024 A Standard Study Using the Auto-Regressive Distributed Lag (ARDL) Methodology
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Abstract : This study aims to identify the relationship and measure the impact of climate
change, determined by temperature, precipitation level, and carbon emissions, on the
performance of the Algerian agricultural sector level during the period 1990-2024. This is
achieved by modeling and estimating an ARDL model of the three factors and tracking their
impact on the agricultural production index in the short and long term.

The results showed a significant impact of both carbon emissions and the average precipitation
rate in the long term, while the impact of temperature change was not significant. The study thus
highlights the pivotal role of precipitation level and environmental factors in general in
determining agricultural productivity in Algeria under ongoing climate changes

Keywords: Climate change, crop production index, precipitation level, carbon emissionsof.
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Total annual precipitation — rain and snow — calculated as the sum of daily averages, reported as the depth of
water falling to Earth's surface, excluding fog and dew.
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Data source: Contains modified Copernicus Climate Change Service information (2025) OurWorldinData.org/water-use-stress | CC BY
Note: These estimates are based on satellite imagery. The uncertainty is higher for smaller regions as the estimates are based on
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https://ourworldindata.org/grapher/annual-co2-including-land-use?tab=line&time=1990..latest&country=~DZA&mapSelect=~DZA
https://ourworldindata.org/grapher/annual-co2-including-land-use?tab=line&time=1990..latest&country=~DZA&mapSelect=~DZA
https://ourworldindata.org/grapher/annual-co2-including-land-use?tab=line&time=1990..latest&country=~DZA&mapSelect=~DZA

gl (A0 o ) e okl gl Bustyd 20241990 a8 I35 35001 b byl shes g ) ol ,31)
(173158 yo.p0 ARDL ag3gt! duia)

Sl e ohlas) sliseal Ll 38T anhul) olise alital e i) @ (oalaB¥l Laded cly |3 ales
rebinl Jgd) (3 moge S5y AU il (idy ool oL (ADF) bl g s
sl gl Sl s gy i) L) il 1(02) 0By Jgud!

1st differenceJs¥1 3,4 Level gl
Trend & Trend & b
None Intercept None Intercept
Intercept Intercept
5% Ls i
S8 -1.952066 | -3.562882 -2.960411 -1.951687 -3.557759 -2.957110 (t—tab)
-1.951332 | -3.552973 -2.954021 -1.951332 -3.548490 -2.951125 il
-1.951332 | -3.562882 -2.960411 -1.952066 -3.548490 -2.951125 1 gon)
-1.951687 | -3.557759 -2.957110 -1.951687 -3.552973 -2.954021 | Statistic)
(Prob)
-5.551917 -6.390109 -6.399712 1.973582 -2.290680 -0.176719
L CrPrIn
- 0.0000 0.0000 0.0000 0.9865 0.4267 0.9317
1
-8.345824 -8.129464 -8.259219 -0.911033 -3.972505 -3.810481
Ls ToAnPr
1 0.0000 0.0000 0.0000 0.3143 0.0195 0.0065
@
-8.914057 -6.062371 -6.186762 1.938164 -4.999165 -2.41293¢9
Ls TemChL
- 0.0000 0.0001 0.0000 0.9853 0.0015 0.1458
@
‘ -7.46726( -8.597652 -8.224991 2.347678 -2.094119 -0.311924C02Em_In
s
" 0.0000 0.0000 0.0000 0.9943 0.9126 0.9126 LaCh
@

Eviews 12 qsbp Sl 2 e sbas YU gt W) 1) e 2 ybal

zdgel Ll W 858 wpud 2.2

e WY ey (0T)aodll 3 o lly ol ity Bols ulas Gegast plisinl Lad o3sadl 43, diod
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piged) puls 32

OF W opw anng 2 Wl 50 512 g [(1) Jo¥1 G40 e 8 colST LS O Lo oyl ) ann) aulys day
& il sl wdes ARDL (1, 0, 2, 0) copsly asied anll lgmdld Gl Y1 2358 s Lyt (ol 235030
1(02) (3 gl

CRPRIN = C(1)*CRPRIN(-1) + C(2)*TOANPR + C(3)*TEMCHLA + C(4)*TEMCHLA(-1) +
C(5)*TEMCHLA(-2) + C(6)*ANCO2EM_INLACH + C(7)
Ml jaseidy Skl oSl sud) jlas) @

Ol Gy Y dlsh 455l S Sla iS5 ks Bounds Test jlas| alawly Lix3sé dnlydy Lad Ly

(Y g (3 el ansls ¢ (03) o5 Gl g ) aally i)
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Bounds Test dralt JslSall 39431 jlas| witw :(03) o3y Jgudr!

IR IRACIENTS O il Sue Il Y1 Aot
n=35 k=3 F-statistic= 6.352270
& s9u 1(0) I(1)
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816
A 1(0) <I(1) < F — statistic

(03) 3y gl « Eviews 12 zusby Ol 2 e sleae b Ul 3lus] 0 : paall
Joee Lawging 30 Gmys 15 a S5 ool 2] e o W ahgb w0 dla OF L odlel Jyud) Vs ns
A st ST e Ly (09 ,SU) Sola]y Lol
1(03) sl e absaand a1 Lskal) oY1 Aslee Jubowty oo oY) alysb w5 Slin O Ly
0.6283*TOANPR + 16.7598* TEMCHLA + 0.9437*ANCO2EM_INLACH - 109.4409 - CRPRIN
(Prob) - (0.0367) (0.0790) (0.0000) (0.0003)

Ledl ) 8LoYL 0, S Sblasly Liledl) Jdas Lawwgzn o S s 23 b 230 &) ol 2] a5 OF LS5 alall e
Gt e Lilall 1 (3 0l W ¥ 5 s 15 Ll ¢ ol 2] o ) Lslall Lt e J e Wila) OLginn
A3lasY) iUl r Lsinn 1 S5 may 010 i Lgtas o)lze] S Sy 905 i)
ol i) Jo W 35 3T i Sl OF 01 2SWl 4oy il aygine coldl (22 Lads
a3 epenas 346
(0l sl a el oz e bhad m3sadl) Lokl eoas jlas] slr] dey
Ut eoeas 348 il :(04)03) Joud-!

Y 4 J.A\AU Jlex Yt

B B> Sl 3 s

D(TEMCHLA) 0.178099 0.9293
AU 2 S

B domys s (3

L e D(TEMCHLA(-1)) 5591230 0.0040
S ColntEqtL” 0.356716 0.0000
Adjusted R -squared= 0.523430 Durbin-Watson stat= 2.419022

(04) o3y 3l « Eviews 12 by b2 e sbae Y ol 31us) 0 - puaal

Ba of Jo 48T s (05 28 12 e (syimay Il Y (i o) st falas bys OF Lo o3lel Jgdl
ke Sl AU ) lpaney Lol 2] ge O sl dlysb g5l s

Ssre 8 3L B i U B8 O G (s 3 By g Bilete OIS el V) Sl OF W 0 LS
I B e J sy aslasyl gl o sillny Whas) eme 314 B xd JoW) G0 LT cbalagy Wilas)
2 gWY) it By Bdg Bl Oy @l LS 6 ol 2l A oldl e A s oliad aaL) Sl
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Series: Residuals
Sample 1992 2022
Observations 31

Mean -5.50e-15
Median -0.212914
Maximum 9.202677

Minimum -9.629634
Std. Devw. 4.746406
Skewness -0.073217
- Kurtosis 2.742699
0 -5 0 5 10

Jarque-Bera 0.113211
Probability 0.944967

S
8
7
6
5
a4
3
2
1
o}

Eviews 12 mabp o2 Jo slass b iUl 31us] oo 2 ykeall
of wsTls Sl s ) Jaudt 3 amoll Jleom ) iy el (S ) (3 o) lasr dlamdlo S5 e
el i 1 G
OF e pas @) asdll 25 adey digme 8 ln—ls lzs] i olies Prob = 0.944967 > 0.05)
(el sl s Y Al
e RURCINY
3 Al Aol DBl e @lab ks g LM Ll b Breusch-Godfrey jles mots dois e
r 4 oy ((05),3) aodl) W) ol
Prob. Chi — Square(2) = 0.2302 > 0.05
L) 315 bl s Yl ) o sy
ZML;J\ ol —
e S of s Breusch-Pagan-Godfrey J (Heteroskedasticity Test) .l s o
(060) gl o inalsnd) AW Gl o 039 Ll Ol
Prob. Chi — Square(2) = 0.6031 > 0.05
Eigedl Ayl i) 2
oLl Sl oy ¢ ey ol Sty i Sledald OF o aSTHL pa L Y1 e (3 ipdged) Oledas dulys —
AR Sgds e o ) O L
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(FAO), F. a. (2021). The state of the world’s land and water resources for food and agriculture
(SOLAW 2021): Systems at breaking point. Récupéré sur
https://www.fao.org/3/ch7654en/ch7654en.pdf
(IPCC), I. P. (2022). Climate change 2022: Impacts, adaptation and vulnerability. Cambridge:
Cambridge University Press. Récupéré sur https://www.ipcc.ch/report/ar6/wg2/
Nations, F. a. (2002). The Role of Agriculture in the Development of Least-Developed Countries and
their Integration into the World Economy. Rome. Récupéré sur
https://www.fao.org/4/Y3997E/Y3997E00.htm
OECD-FAO. (2023). OECD-FAO agricultural outlook 2023-2032. OECD Publishing. Récupéré sur
https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural-outlook-2023-
2032_5d5hb18e3-en

, 3(271). AslasY) ashall el gy 5l dlna, Gloall 8 51330 GaY) e b U 5 aliall <l il (2023). . o, 30850 5

d0i:10.52113/uj05/023-3/269-281

https://www.fao.org/

https://ourworldindata.org

https://data.albankaldawli.org/
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Vector Autoregression Estimates .
Date: 11/01/25 Time: 15:04 Var j\"Ld\
Sample (adjusted): 1992 2022 )
Included observations: 31 after adjustments
Standard errors in () & t-statistics in ] ANCO2EM_INLACH(-2)  -0.428058  -1.124389  0.011185  -0.086859
0.18469) (0.36877) (0.01149) (0.19058)
CRPRIN TOANPR TEMCHLA ANCO2EM_... (
- [-2.31777) [-3.04906] [0.97341] [-0.35082]
CRPRIN(-1) 0.633500 0.215581 0.032782 -0.214001
(0.22289) (0.44485) (0.01385) (0.22980) c 0.727134 9429012 1.361887 47.74354
[2.84475]  [0.48483]  [2.36812]  [-0.93127] (20.1001)  (40.1342)  (1.25053)  (20.7414)
[0.03618]  [234937]  [1.08905] [2.30185]
CRPRIN(-2) 0.383026 0.1489731 -0.024987 0.951888
(‘1’ gfgg;) (ggggfg) (?g;ggg) (ggjggg) R-squared 0971762 0399640 0562645  0.969325
[ 1 [029615]  [1.58809]  [3.64302) Adj. R-squared 0.961493  0.181327 0403607  0.958171
TOANPR(-1) 0054209 0219042  -0.019386  0.135571 Sum sq. resids 8953285  3569.574 3465554 9533734
(0.11191)  (0.22346)  (0.00896)  (0.11548) S.E. equation 8.379400 1273787  0.396894  6.582944
[ 0.48440] [ 0.98025] [-2.78150] [ 1.17396] F-statistic 9463612 1.830582 3.537803 86.90007
Log likelihood -96.11675 -117.5534 -10.02481 -97.09040
TOANPR(-2) -0.009941 -0.035598 0.008132 -0.173565 Akaike AIC 6.781726 8.164736 1.227407 6.844542
(0.10913) (0.21791) (0.00679) (0.112617) Schwarz SC 7.198045 8.581055 1.643726 7.260861
[-0.09109]  [-0.16336]  [1.19768]  [-1.54123)] Mean dependent 68.17871 6776645 1300323  126.7790
TEMCHLA(-1) 0.344013 2 449953 0046694 2766504 S.D. dependent 32.50968 14.07802 0.513936 32.18695
(3.24446) (6.47828) (0.20185) (3.34798) - - - -
[ 0.10603] [0.37818] [1.22214] [-0.82632] Determinant resid covariance (dof adj.) 26073.01
Determinant resid covariance 6613.556
TEMCHLA(-2) 4.265184 -4.584594 0.164509 0.566324 Log likelihood -312.3000
(2.92171) (5.83383) (0.18177) (3.01493) Akaike information criterion 22.47097
[ 1.45983] [-0.78586] [0.90502] [0.18784] Schwarz criterion 24.13624
Number of coefficients 36
ANCO2EM_INLACH(-1) 0.364139 0613120 -0.013980 0.378554
(0.16605) (0.33156) (0.01033) (0.17135)
[2.19292] [ 1.84920] [-1.35317] [2.20924]
WAR Lag Order Selection Criteria
Endogenous variables: CRPRIN TOANPR TEMCHLA ANCOZEM_INLACH
Exogenous variables: C
Date: 11/02/25 Time: 21:21
Sample: 1990 2024
Included cbservations: 29
Lag LogL LR FPE AlC sSC HQ
(o] -368.7843 MNLA 1720050. 25.70926 25.89786 25.76833
1 -308.3180 100.0822 81228.92 22.64262 23.58558 22.93794
2 -281.2765 37.29855" 40712.40" 21.88114* 23.57847" 22.41272"
3 -270.8013 11.55890 T2024.70 22.26216 24. 71386 23.03000
4 -254.0974 13.82392 103506.1 22.21361 25.41968 23.21771

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error

AlIC: Akaike information

criterion

SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

ARDL 3¢ puss pid Eviews 12 o2 :(02) 3 5=l

Dependent “Wariable:
MMethod: ARDIL
CDate: 11/02/25
Sample (adjusted):

CCRP RN

Tinme: 21:18
19292 2022

INmncliuded observations: 31 after adjustmeaents
PMMaximum dependent lags: 2 (Aauatomatic selection)
Model selection method: Akaike info criteriomn (AlIC)

Dynamic regressors (2 lags. automatic):

AMNCOZER_INLACH

Fixed regressors: o

Numbeasr of mMmodeasis esvalulated: S

Selected Model:

ARDLLCT,

o, 2, O)

TOoOANPR TERMCHLA

wariable Coafficient Std. Error t-Statistic Prok. ™
CRPRINC=-1) O.S54328<4 o. 114857 S.e00758 o. 0000
T OoOAaMNMNPR o.Z22123 O.O7F7223<4 B.102735 o. 0049
TEMCHLA o 17099 Z.s510858 O.OFTOoO9S32 O . D440
TEMRMCHLAC-1) o.Z209159 2257354 O.092657 o.o9zZ2e9
TERMCHLAC-2) 5.591220 2. 244804 2. 4907432 o.o=201
ANCOZER_IMNLACH 0. .2I3ese2e O 1097327 DOSTSES O.00532
[ -—29.02932332 D.53I07=29 3 O0DE 1 S (s s]lelsl]

R-sguared
Adjusted R-sguared
S E. of regression
Sum sguared resid
Log likelihood
F-statistic
Frob{(F-statistic)

-291 . 75787
183 6531
O.O000000

Mean dependant wvar
S. D. dependaent wvar
Akaike info criterion
Schwar= criterionmn
Harmnmnan-CQuimnm criter.
Durbin-wWwatsonrn stat

Note: p-wvalues and any subseguant tests do Mot account for Modcdel

selection.

172

2026 e 02 3dall 12 aloel) (JEF) ity sbaZad) ubona
P-ISSN: 2437-0630 / E-ISSN: 2543-3695 / Legal Deposit N°4435-2015



gl (A0 o ) e okl gl Bustyd 20241990 a8 I35 35001 b byl shes g ) ol ,31)
(173158 yo.p0 ARDL ag3gt! duia)

Bounds Test Jj:ll Lol Lt wikd Eviews 12 o2 :(03) o3y gl

F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic wWalue Signif. 1(O) (1)
Asymptotic: Nn=1000
F-statistic 5.352270 10%% 2.37 3.2
L4 3 59 2.7 3.87
2.5% 2.15 4.08
1% 3.85 466
Actual Sample Size 31 Finite Sample: n=35
10%0 2.s18 3.532
5% 3.164 4. 194
1% 4.428 s.816
Finite Sample: Nn=30
1026 26876 3.586
S% 3.272 4.306
1% 4. 514 5.966

£ D - hA - 3 £ : - . A -
ECM b3 mowai 7358 jls| adld Eviews 12 ol 2 :(04) o gl
- . s (¢
AARDLEL Long Runmn Fornm and Bounds Teast
Depaendeaent Wariable: D(CRFPRIMN)
Selected Model: ARDL(T, O, 2, O)
Case 2 Restricted Constant and MNo Trend
Date: 1 1/02/25 Time: 21:43
Sample: 1990 2024
Inciuded observations: 31

Conditional Error Correction Regression

Wariable Coefficient Stad. Error t-Statistic FProb.
[ -29.03933 2.5307=29 -3 0D 154 o. 0004
CRPRIMN(-1)™ -0 . 3ISseT1a o 114857 -3 . 105751 D.0O048
TOoOAMNMPR™™ o.Z224123 O.OF72234 B.1OZ2TIS o. 0049
TERMCSHLALC-1) sS.avea489 214530 1. 9200153 00595
ANMNCOZERNM_INLAaSacCH™™ o.33s5528 O 1092737 . os 7S84 o.00s53
DT ERMCHILA) o.1TFTeo099 Z2.s10858 0.O0O7FVOoOS32 0. 9440
DT ERMCHLAC-TH) -5.5921230 2. 2444804 -2 . 4920743 o.0=201

Pp-valus incompatible with t-Bounds distribution.
= wWariable interpreted as = = Z(-1) + D{(=Z)».

Levels Eguation
Case 2 Restricted Constant and MNo Tremnd

Wariable Coefficient Stad. Error t-Statistic FProb.
T OoOANMPR o.szez29s o.283910 2.Z213005 O.03sT
TERMCHL.A 16 . 7FS9280 =2 135625 1. 834554 D.OF920
AMNCOZ2EN_ IR LA H o.S4a43caes o. 108517 28.s9s5240 o. 0000
L - 109 43409 25.50138 -3 . 291569 . 0003
ECc = CRFPRIN - {(O.&s283"TOANPR + 16. 7S998 " TEMCHLA + O. 292437

TAMNCOZEN_INLACH - 109 . 44309 )

St witd Eviews 12 wir 2 :(05) o3, gl Sl wikd Eviews 12 oir 2 :(06) o3, ol
LM Test Sisl gt bis,Y! Heteroskedasticity 33l ool b

Breusch-Godfrey Serial Correlation LM Test:

Null hypothesis: No serial correlation at up to 2 lags Heteroskedasticity Test: Breusch-Pagan-Godfrey

Null hypothesis: Homoskedasticity

F-statistic 1.151422  Prob. F(2,22) 0.3345 .
Py - F-statistic 0.687594 Prob. F(6.24) 0.6615
Obs*R-squared 2.937441  Prob. Chi-Square(2) 0.2302 ObsResquared 4547195  Prob, Chi-Square(s) 0.6031
Scaled explained SS 2374844 Prob. Chi-Square(6) 0.8822
Test Equation:
Dependent Variable: RESID
Method: Least Squares Test Equation:
Date: 11/02/25 Time: 21:58 Dependent Variable: RESID*2
Sample: 1992 2022 Method: Least Squares
Included observations: 31 Date: 11/02/25 Time: 22:00
Presample missing value lagged residuals set to zero. Sample: 1992 2022
Included observations: 31
Variable Coefficient  Std. Error t-Statistic Prob.
Variable Coefficient ~ Std. Error  t-Statistic Prob.
c(1) 0.084418 0.132132 0.638894 0.5295
C(2) 0.024779 0.073714 0.336146 0.7399 c 55.23051 54.96715 1.017752 0.3189
C(3) 1.661898 2.777101 0.598429 0.5557
c CRPRIN(-1) 0.849394  0.653983  1.299717  0.2080
(4) -1.061203 2.469124  -0.429789 06715
c(5) .0.361598 2044640 -0.161094 0.8735 TOANPR 0.006352 0.411293 0.015443 0.9878
c(6) 0085776  0.126746 -0.676752  0.5056 TEMCHLA 9.873642  14.29661  0.690628  0.4964
c() 3201046  9.776282  0.327430  0.7464 TEMCHLA(-1) 3.359438  12.85318  0.261370  0.7960
RESID(-1) -0.335507 0.258811  -1.296341 0.2083 TEMCHLA(-2) -10.46671 12.78172  -0.818881 0.4209
RESID(-2) 0.177057 0.256136 0.691263 0.4966 ANCO2EM_INLACH  -0.740090  0.624835 -1.184457  0.2478
R-squared 0.094756  Mean dependent var -5.50E-15 R-squared 0.146684 Mean dependent var 21.80165
Adjusted R-squared -0.234423 S.D. dependent var 4.746408 Adjusted R-squared -0.066645 S.D. dependent var 29.25639
S.E. of regression 5.273475 Akaike info criterion 6.400957 S.E. of regression 30.21556  Akaike info criterion 9.850271
Sum squared resid 611.8100 Schwarz criterion 6.817276 Sum squared resid 21911.53  Schwarz criterion 10.17407
Log likelihood -90.21483  Hannan-Quinn criter 6.536666 Log likelihood -145.6792  Hannan-Quinn eriter. 9.955823
F-statistic 0.287856 Durbin-Watson stat 1.939918 F-statistic 0.687594 Durbin-Watson stat 2073221
Prob(F-statistic) 0.962827 Prob(F-statistic) 0.661535
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