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Introduction: Meeting the food demands of a rapidly growing global por%lation isa tantial challenge
for the agricultural industry, which requires a significant increas ion. However, such
expansion often triggers adverse environmental consequences, ecosystem degradation,
biodiversity loss, soil erosion, water contamination, and increased gr ouse gas emissions. Furthermore,

environmental degradation poses a threat to agricultural stab affecting incomes and food security, a

particularly concerning issue in leading agric@ilt@ial nati underscores the critical need to link

agricultural development with environmental cor!erv t

relationship
Dynamic Ordi Squares (DOLS) cointegration techniques to explore the effects of agricultural
production. The antalysis also considers other variables such as adjusted net national income, renewable
energy consumption,population size, the regulatory quality index, and the interactive impact of adjusted
net national inco n the agricultural production's ecological footprint.

Results and Discussion: Pesaran's test confirms the independence of the cross-sections. Although all
variables become highly significant when differenced, they do not all exhibit stationarity in their levels.
The empirical findings indicate the presence of cointegration between the dependent variable (ecological
footprint) and the independent variables (adjusted net national income, renewable energy consumption,

population size, regulatory quality index, and the interaction between adjusted net national income and
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agricultural production). The FMOLS and DOLS models reveal a positive relationship between the
ecological footprint and both adjusted net national income and agricultural production. However, the
interaction between these variables shows a negative and significant impact on environmental degradation,
suggesting that income plays a mediating role in the relationship between agricultural production and
ecological footprint. This indicates that higher income levels have the potential to mitigate the negative
effects of agricultural production on environmental degradation. The findings also confirm the expected
positive influence of population size and the negative impact of renewable energy consumption on
environmental degradation. Furthermore, the regulatory quality index is found to inversely affect the

ecological footprint. 9

Conclusion: Governments and policymakers should prioritize the elimination of poverty, rai income
levels, and promoting financial solutions to encourage sustainable and environmign responsible

agricultural practices. Tax incentive policies, such as reductions in income tax for ic products, can

energy consumption

.
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Table 1 - variables

Symbol Variable Source
Ecological Footprint (gha)
Y FN?!
(Sl 58) (581 st o ¢
Adjusted net national income (constant 2015 US$) .
X1 (V10 ol oo dSG el V) oy Jyows o el wel o
X2 Aggregate Agricultural Production (t)
() &5,5leS wladss
Population, total
X3 Pt -
(%) Come
Renewable energy consumption (Btu) .
x4 (53 100 Joao) iy 055 5351 3 EIA
X5 Regulatory Quality Index*( s cois’ WGI®
X6 Adjusted net national income *Agricultural

(59l Sladgs moad Jow Lo\ Bl MT)o)
1) Global Footprint Network °
2) World Development Indicators.

3) Food and Agriculture Organization
4) Energy Information Administration
5) Worldwide Governance Indicators

)
99
.

w‘ W) 0)
.

Eblio Sl (g0
@bl oseil bl 518 Lol g plowl ajice gliwal s3] ool oY o Jib slaosls 900 o515 51 i
Sse;] 0,8 Ojgo canlie axly di, g0l Gl jslite 4 ablie MLl aeil Wb (S 5 sloesls
Jsl by 53 o] Sl cnslin go3l Dl a7 o1 9525 Bl (sloosls gl yeiin b (o) Sz (il

IS Heb s aS ool l)l jelaie poy alises slacyge;] (Baltagi, 2005) ol cabaie  SKinsly 0959 (o Sie3Ls
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Table 2-Descriptive statistics

4 ) . Syl
I
. . - . ndar
Variables Maximum Minimum  Median Average sta_da_l d Total
deviation
Y 2.92E+08 1.33E+08 2.43E+08 1.25E+08 49879939 5.86E+08
!
QR
Iran X1 4.44E+11 1.81E+11 3.06E+11 3.12E+11 7.65E+10 8.10E+12
Islamic
5 X2 858520359 54217119 75383104 72194111 9602797 1.88E+09
ep.
X3 87923432 61598378 73820540 74402156 8168698 1.93E+09

X4 1.62E+15 4.22E+13 1.26E+14 1.73E+14 2.93E+14 4.50E+15



X5 -1.17463 -1.70923 -1.46233 -1.45667 0.15527 -37.8734

X6 3.53E+19 9.83E+18 2.38E+19 2.30E+19 7.49E+18 5.98E+20

oS N4 5.64E+09 2.17E+09 3.89E+09 3.83E+09 1.20E+09 9.95E+10
China X1 1.07E+17 1.62E+12 5.97E+12 4.12E+15 2.06E+16 1.07E+17
X2 2.00E+09 1.13E+09 1.61E+09 1.59E+09 2.83E+08 4.14E+10

X3 1.41E+09 1.22E+09 1.33E+09 1.33E+09 58583824 3.45E+10

X4 2.05E+16 1.69E+15 6.00E+15 7.90E+15 6.01E+15 2.06E+17

X5 -0.16431 -0.58277 -0.29257 -0.29704 0.085233 -7.72307

X6 1.21E+26 1.86E+26 9.76E+21 4.68E+24 2.34E+25 1.22E+02

REPS Y 1.83E+09 8.00E+08 1.19E+09 1.23E+09 3.23E+08 3.20E+10
India X1 2.42E+12 5.95E+11 1.34E+12 1.41E+12 68E+13
X2 1.41E+09 7.59E+08 1.01E+09 1.01E+09 2.64E+10

X3 1.41E+09 9.83E+08 1.22E+09 3.14E+10

X4 3.01E+15 7.55E+14 1.46E+15 4.12E+16

X5 -0.0788 -0.55335 -0.35634 -8.71791

X6 3.40E+21 452E+20 1.31E+21 9.47E+20 4.05E+22

(5 5! Y 3.02E+09 2.50E+09 2.71E+09 1.47E+08 7.13E+10
lé?;:gg X1 1.69E+09 1.06E+13 1.37E 1.40E+13 1.91E+12 3.64E+14
X2 9.37E+08 6.6%@ ‘7.77E+08 75368025 2.02E+10

X3 3.32E+08 2.69E+08 08g) W 304E+08 19025996 7.90E+09

X4 1.22E+16 5.16E+1 .39E+1‘ 8.22E+15 2.13E+15 2.14E+17

1.247849 1.5421 1.495938 0.138487 38.89438

7.06E+21 07E+22 1.10E+22 2.51E+21 2.86E+23

S gl 2.69E+ 3.44E+08 3.61E+08 72669941 9.39E+09
Indonesia 3.74E+10 5.11E+11 4.86E+11 2.73E+11 1.26E+13
1.69E+08 2.72E+08 2.99E+08 1.00E+08 7.76E+09

2.01E+08 2.39E+08 2.39E+08 22113093 6.22E+09

8.65E+13 2.00E+14 2.57E+14 1.25E+14 6.69E+15

0.298162 -0.86661 -0.28351 -0.25841 0.284482 -6.71877

4.06E+20 6.56E+18 1.39E+20 1.71E+20 1.31E+20 4.44E+21

&, 2.25E+08 1.24E+08 1.90E+08 1.84E+08 30369574 4.77E+11
Nigeria 3.96E+11 1.46E+11 3.33E+11 3.12E+11 7.92E+10 8.11E+12
X2 2.13E+08 1.11E+08 1.55E+08 1.58E+08 31313089 4.10E+09

X3 2.13E+08 1.11E+08 1.54E+08 1.57E+08 31125654 4.09E+09

X4 8.30E+13 4.39E+13 6.13E+13 6.34E+13 1.01E+13 1.65E+15

X5 -0.68177 -1.29282 -0.90018 -0.91025 0.147705 -23.6666

X6 8.33E+19 1.62E+16 5.25E+19 5.13E+19 2.05E+19 1.33E+21

s \% 6.06E+08 4.80E+08 5.20E+08 5.32E+08 38046381 1.38E+10
Brazil X1 1.60E+12 9.28E+11 1.43E+12 1.32E+12 2.26E+11 3.43E+13
X2 1.17E+09 4.86E+08 9.52E+08 8.61E+08 2.51E+08 2.24E+10

X3 2.14E+08 1.66E+08 1.94E+08 1.92E+08 14481456 5.00E+09
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X4 4.71E+15 2.98E+15 4.09E+15 3.94E+15 6.00E+14 1.03E+17

X5 0.327298 -0.28046 0.102317 0.07847 0.175165 2.040212

X6 1.76E+21 4.64E+20 1.40E+21 1.19E+21 4.97E+20 3.09E+22

obasl Y 1.83E+21 1.06E+08 1.51E+08 1.46E+08 22500740 3.78E+09
Pakistan X1 2.67E+11 1.24E+11 1.98E+11 2.00E+11 4.78E+10 5.16E+12
X2 2.38E+08 1.11E+08 1.50E+08 1.59E+08 35345434 4.14E+09

X3 2.31E+08 1.37E+08 1.88E+08 1.87E+08 27974745 4.85E+09

X4 4.08E+14 1.76E+14 2.95E+14 2.93E+14 6.47E+13 7.62E+15

X5 -0.47976 -1.04911 -0.6482 -0.67867 0.119153 -17.6455

X6 6.35E+19 1.41E+19 3.06E+19 3.34E+19 1.49|:‘+19 8.69E+20

S5 N4 3.00E+08 1.49E+08 2.23E+08 2.24E+08 44739043 .82+09
Turkiye X1 6.99E+11 1.30E+11 4.96E+11 4.28E+11 1.11E+13
X2 1.54E+08 1.00E+08 1.18E+08 3.17E+09

X3 84775404 60293786 71773183 1.88E+09

X4 1.18E+15 2.79E+14 4.62E+14 1.51E+16

X5 0.46303 -0.08191 0.257434 0.156004 5.476305

X6 9.29E+19 1.32E+19 5.84E+19 2.83E+19 1.42E+21

A, Y 8.27E+08 6.36E+08 7.40 7.37E+08 45159316 1.92E+10
Russian X1 1.15E+12 3838k 1 9.27E+11 2.35E+11 2.41E+13
X2 2.86E+08 1.44E708 Wo.16E+08 41718665 3.76E+09

X3 1.48E+08 1.43E+ c@ ‘1’5E+08 1658896 3.76E+09

X4 1.84E+15 1.45E+15 1.62E+15 1.60E+15 9.60E+13 4.15E+16

X5 10043 -05995 0.39543 -0.38307 0.129565 -9.95974

X6 7.03 2.28E+20 2.07E+20 7.88E+19 5.38E+21
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Table 3- Residual Cross-Section Dependence Test

o903l o Lel Jlezs|
Test Statistic Prob.
Pesaran CD -0.167 0.866

b | yg0 3]

oolitul 8,90 sl yxie ble oy (6l LLC TIPS oy ai ) (slacygos] 5l eadolio JMawl 094 oLl as axg5 b
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Table 4- Unit Root Test

Levin, Lin & Chu (LLC)

Im, Pesaran and Shin (IPS)

o o Lol Jlesi>| 0903 bl ] o L] Jlei> ool bl AZuS
Variable Statistic Prob. Test conditions Result Statistic Prob. Test conditions Result
__ Intercept & trend ... Intercept & trend
Lx1  -5479 0000w MercePted 1(0)  -42.62 0000w MeTCePLed 1 (0)
Ngy 9l sl 2ye b Ny 9l 5l 20 b
Intercept Intercept
Lx2  -L786 0037 TEEP 10 6671 0000w TEEP (1)
o 5l 2 se e 5l 250
Intercept " Intercept
-3. 0.000%#** 1. 0.03** (0
LX3 3.911 e 5l e 1 (0) 1.906 B Sl e (0]
Intercept & trend
LX4 -12.02  0.000%* . P oo (1) -2.254 0.012# 1(0)
Kgy 9 lae sl 2o b
Intercept & trend
X5 -8.373  0.000%* . P T 1(1) -2.428  0.007#= 1 (0)
Kgy g lae sl o b
Intercept & trend
LX6 -51.14  0.000%* . P T 1 (0) -33.16 1(0)
Wy g lae 5l ope b
Intercept & trend Intercept & trend
LY 8779 0.000° P (1)  -9.614 P I 0)

gy 9l 3l 2ye b

Source: Research findings (*, **, *** indicate the levels of 10%, 5% and 1

OleSs @ ax g5 b Lol oszien LU Joles gl yo b ‘45

= Oy o it G (SLALilen gy 9 93155@ :

(Jw:l)sao /\ 9 /A &/\ . d‘)‘é

Sgy 9l 5l oo b

Sy Sdlil o (59051 -7 Jgux
Table 6- Pedroni cointegration test

<295 (39,9 ‘suo,ui o)LoT Jlea! =57) o)LoT Jla!
Within-dimension Statistic Prob. Weighted Statistic Prob.
Panel v-Statistic 4.386 0.000™" -3.064 0.998
Panel rho-Statistic 1.896 0.971 3.149 0.999
Panel PP-Statistic -3.389 0.000™" -2.659 0.003™"
Panel ADF-Statistic -3.508 0.000™" -2.547 0.005™"
29 O ‘51‘»0)1.»7 o)LoT Jlosis|
Between-dimension Statistic Prob.
Group rho-Statistic 3.583 0.999

20



Group PP-Statistic -3.344 0.000™"
Group ADF-Statistic -2.751 0.003™

(ML‘SA VA 9 VIAR d)lo‘szm C?“a"" RS- QL...\*** e ‘*)‘j,:.azj Gbub o)
Source: Research findings (¥, **, *** indicate the levels of 10%, 5% and 1% confidence)

ol oolainl Syse slayiite e Sowadly (Jobss alaly ¢ oy 5 BT (Sl on sbayge)] @l 4 azg b

@l 958 o0 g ablie lalane 5l 200 o pln (58 F LImer (gajl 5l ool b ans al> yo 5o 0950

Ll ool 5,155 (V) Jgoz o

|

<ol Il 59031-Y Jgur
Table 7- Redundant Fixed Effects Tests

Sy g0l o Ll
Effects Test Statistic
F Limer 375.65

(asb oo JARYARYAR ‘_g)lou’_lu C?‘Ia“’ RSN
Source: Research findings (*, **, *** indicate the levels of 10%, 5%

Tl ygosl Jlaial
Effects Test t Prob
Cross-section ¥andom 0.9502

LY )

YA AR ‘5)|~>L5:M ol oins QLZ.S*** F* ‘*)&a:u sloasdl iais

slosn, 5 TN o size Cosasil a2 515 o 1 el o Sl S

FMOLS oz -9 Jgiz
Table 9 - FMOLS estimation

o b Hlro Gl ol t oLl Jloss|

Variable Coefficient Std. Error t-Statistic Prob.
LX1 0.694 0.259 2.676 0.008***
LX2 1.167 0.382 3.051 0.002***
LX3 0.326 0.101 3.218 0.001***
LX4 -0.286 0.031 -9.060 0.000***
X5 -0.394 0.075 5.246 0.000***
LX6 -0.029 0.013 -2.195 0.029**

R-squared 0.9962 Adjusted R-squared 0.9960
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(A...nl;sa JAl 9 A RYAR u;)las;_u C9.|a...: RSN QL’."..S*** Fx ‘*)c}..a.?u Lgl.a:d.._él.\ H o)
Source: Research findings (*, **, *** indicate the levels of 10%, 5% and 1% confidence)

DOLS (posi Ve Jguz
Table 10- DOLS estimation

o g Sbre Gl ol t ol Jloas|
Variable Coefficient Std. Error t-Statistic Prob.
LX1 0.926 0.281 3.295 0.001***
LX2 1.566 0.363 4.303 0.000***
LX3 0.341 0.123 2.765 0.006***
LX4 -0.318 0.025 -12.306
X5 -0.422 0.095 4.427
LX6 -0.044 0.013 -3.239
R-squared 0.9953 Adjusted R-squared

Dinda and Coondoo (2006); Wolde-Rufael <llas %%‘;Lml Lol cwl sty oo Olalllas
CodS o8l L as ols las i Fakher ef al (2020) asdlao fuzeon .ol 5500 (2009); Cerdeira Bento (2014)

ol ai, YU awlyo b Byl 10 Cns oo
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55 5l oolind (T B pan s5,5laS slagre; 5l iy eolinal (I3 L olyen (5 5leS
P @ ol SRS EF 5 e BB 55U sl e alpls ool S ale b g 655 B ran (S glasls
51,8 a0l 9,50 3.5 Gray and Moseley (2005); Nwokoro and Chima (2017); Olanipekun et a/, (2019) Slallae

Ll 428 F
gl Bras GlBIL Comez 0b) 1 Sl o gine 9 Sude (So39deST b3y 2 JS Cumexr G po Joe g0 5 50
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