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HO,: B,= B=B,= B, = B,= B,=0 (for ARDL Equation 1)
HO;:A=A=A,=A,=A=A =0 (for NARDL Equation 2)

3 PR 6

Null gets rejected if ‘F” computed > Upper Bound critical (Table 5)

Long-term Relation: Elasticity and Asymmetry

The section discusses the long-run relation amongst the variables, which is
established only when co-integration is proved. Since results from the partial ‘F”
bounds test confirm the establishment of co-integration both for ARDL and
NARDL models and for both countries, India and China, we go ahead and
establish Equation 3, the long-term relation.

InEFP, =5,,+68,, 4, D, + 2" (8,,nEFP_ )+ > (8, InTR )+

i=0

> (53,., In.GDP, , ) +y " 0(53,, In.TO, , ) +° 0(53,, In.UR, ) +

> (68, MU, )+, 3)

Notation g, in Equation 3, represents lags of dependent variable EFP and g, lags
for all five independent variables, all following the AIC criteria. Further, long-run
elasticity of EFP with respect to TR is established by developing Equations 4 and
5. Considering ‘L’, as the backshift operator, we develop Equation 4.

A(L, g) In.EFP = o, + 51,:;301 ‘D, +B(L,g) InTR +e, 4)

To obtain long-run elasticity, we make use of Equations 3 and 4 and develop
Equation 5 as follows

A(L,gl)z 1-6,,-6,,—...6, 5)
B(L,g,) 8,0+8,,+08,,+8;;...8

*Y3.8;

Next, consider Equation 2 again, applying ‘Wald’ to test the asymmetric impact

of TR on EFP with null (H): 7* = 7~, where 7% = ﬁ and 77~ = £
A A
(from Equation 2). : :

Short-term Relation: Asymmetry and Error Correction
Towards Equilibrium

The section discusses short-run relations among the variables and tries to build an
Error Correction Model, which corrects for short-run disequilibrium and traces
the path towards long-run equilibrium (Equations 6 and 7 below)
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AInEFP,, =8, , + 0,4, D, +0,EC,,_, + > " (8, AInEFP,_ )+
> (0,AnTR, )+>"" (8,AlmGDP_,)+> " (8,AInTO,, )+

> (6, AIMURB,_,)+>"" (8, AlnMU,_, )+e,, ©)

Equation 6 provides the short-run equation under ARDL (with a single structural
break) with 7, being lags of EFP and n, as lags of independent variables TR, GDP,
TO, URB and MU, both follow AIC criteria. The term EC,, with coefficient 0,
represents the error correcting term, while d 4.0 18 the short-run price transmission
elasticity coefficient from variable TR to EFP.

Equation 7 provides an error correction and adjustment mechanism under
NARDL with the TR variable decomposition as TR* and TR~ under a short-run
framework.

Aln.EFP, =y,, + 71,1’,BD1#D/,¢ +7,BC, . + 22:1(73.iA1n'EFP:—m ) +
> (raAMTR, )+ 2" (v, AInTR, )+ > " (8, AlnGDP,_,)

+20 (0,AITO, )+ 3" (8, AIURB,_, )+ " (0, AInMU,_, )+e, (7

Further, for both equations, Equation 6 and 7, the term EC,_ shows how fast the
market would adjust to achieve long-run equilibrium, implying that a shock under
the system has an adjustment mechanism as d,(ARDL) and ¥, (NARDL). The ‘n’
period shock adjustment being 1-(1—4,)" and 1-(1—7,)" for two models, respectively.

NARDL also provides useful information on short-run asymmetry, with null

defined as Z"Z:O(ﬁl_ )= Z"” (7,,) (from Equation 7).

m=0

Analysis of Results

This section summarises findings from Tables 3 to 9. Tables 3 and 4 present BDS
test results, indicating non-linearity in the EFP variable for both India and China.
The rejection of the null hypothesis across all embedding dimensions supports the
use of non-linear models; ARDL (with structural break) and NARDL.

Following this, Tables 5 and 6 display results from the Partial F-Bounds test
for long-run co-integration. For both India and China, and under both ARDL and
NARDL models, the computed F-statistics exceeded upper bound at 1% level,
confirming long-run co-integration.

The co-integration established for India and China enabled long-run analysis.
Table 7 shows that TR significantly and positively affects EFP in both countries,
at 1% level for India and 10% for China. For India, ICT negatively impacts EFP,
while in China, GDP, TO, and URB positively affect EFP, and ICT has a negative
influence. These findings align with Hussain et al. (2023) and Salahuddin et al.
(2016).
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Table 3. BDS Results for Our Variable EFP (China).

Dimension BDS Statistic p Result

2 0.186464 .0000 Null rejected, non-

3 0.300130 .0000 linearity is detected at all
4 0.369431 .0000 dimensions

5 0.406886 .0000

6 0.420525 .0000

Table 4. BDS Results for Our Variable EFP (India).

Dimension BDS Statistic p Result

2 0.072266 .0000 Null rejected, non-

3 0.177897 .0000 linearity is detected at
4 0.276653 .0000 all dimensions

5 0.321174 .0000

6 0.365332 .0000

Table 5. Partial ‘F’ Bounds Test ARDL (with Dummy) Model.

Critical Table Value
at 5%* and | %**

Dummy
Date & ¢’ ‘F Bounds Lower  Upper
Model Value in  (Computed Bound  Bound
Specification Country Parenthesis  Value) 1(0) I(1) Inference
EFP as f India 1995 5.163 2.39% 3.38% Co-integration
(TR, URB, (.0084) 3.06%  4.15% js established
TO,ICT at 1% level
and GDP)
China 2002 8.229 2.39% 3.38% Co-integration
(.0993) 3.06%  4.15% is established

at 1% level

Notes: H: 8,= B,= B,= B, = B, = B, = 0 (see Equation ).

Table Result: Co-integration is established for both India and China.

Dummy Coefficients included in ARDL were significant for India at 1% and for China at 10% justifying
inclusion of structural break for India and partially justifying for China. The significance levels are 5%(*)
and | %(*¥).

The Wald F-test under NARDL confirmed no long-run asymmetry of TR on
EFP in either country. Long-run elasticity of TR on EFP was highly inelastic for
India (0.449) and fairly elastic for China (2.43), suggesting China’s gradual
transition toward alternative fuels, while India remains reliant on fossil fuels.

In the short run (Table 8), TR, TO, and ICT impact EFP in India; TR and TO
positively, ICT negatively. In China, all variables influence EFP, with ICT again
showing a negative effect, and the rest of the variables positively. Short-run
elasticity of TR on EFP remained inelastic in both nations, showing limited
flexibility. No evidence of short-run asymmetry was seen under the study. The
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Table 6. Partial ‘F’ Bounds Test NARDL Model.

Critical Table Value
at 5%* and | %**

‘F’ Bounds
Model (Computed Lower Upper
Specification ~ Country Value) Bound [(0) BoundI(l) Inference
EFP as f India 7.72 2.27* 3.28% Co-integration
(TR, URB, 2.88%* 3.99%* is established
TO,ICT at 1% level
and GDP)
China I1.41 2.27% 3.28* Co-integration
2.88%* 3.99%* is established
at 1% level

Notes: H:4,=A,=A,=A,=A, = A, =0 (see Equation 2).
Table result: Co-integration is established for both India and China. The significance levels are 5%(*)
and | %(*%).

Table 7. Long-run Results Under Both ARDL and NARDL Model.

(EFP China) (EFP India)
Regressors (Long-run) Coefficient  p Value  Coefficient  p Value
EFP(-1) 0.51 .0002 0.7207 .0058
TR(-1) 0.202 .0876 0.6208 .0208
GDP(-1) 3.304 .0001 —-0.3492 .3008
TO(-1) 0.578 .000 —0.0655 2426
ICT(-1) —0.059 .0004 —0.0577 .0063
URB(-1) —-7.83 .0003 -12.73 3697
Dummy for regressand —0.0872 .0993 0.3083 .0093
TRY(-1) (A,) -0.232796 0674 -0.1395 .1960
TR(-1) (A,)) -3.9157 .0022 0.2664 .1950
Coeff. of EFP(-1) from 0.614064 - -0.7276 -
NARDL (A,) for testing
asymmetry
Asymmetric impact of TR on China
EFP 7t* = 71~ = 0 (Null: No F computed: 0.143, ‘p’ statistics: .709, no long-run
asymmetry: F Wald) asymmetry.

where 77" = (L‘) and 71 = (5); India

7 s (o T

A, A-and A, are coeff. from F computed: 2.787, ‘p’ statistics: .1336, no long-run
Equation 2 asymmetry.

Long-run elasticity of EFP Highly inelastic for India at 0.449, fairly elastic at
with respect to TR 2.43 for China

Notes: |. Model selection method: AIC.
2. Model selected: China: ARDL (2,0, 2, 1, 1, 2); India ARDL (I, 1, 2, 0, 2, 2); China NARDL (I, 0, I,
0, 2,2, 0); India NARDL (2,2,2,2, 1,2, 1).

3. For long-run elasticity of EFP with respect to TR, the applicable formula from Equation 5 is given
as: AL.g)
B(L.g)"
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ECM(-1) term confirmed stable but slow adjustment: Faster in China than in
India.

Table 9 presents diagnostics: Breakpoint ADF tests showed mixed stationarity
across variables, justifying ARDL modelling. Results from BG-LM and BPG
tests indicated no serial correlation or heteroscedasticity. These diagnostics
support the reliability of the results.

Conclusion and Implications

This study empirically examined the long-term dynamic relationship between
CO: emissions from liquid fuel consumption in the TR and EFP in China and
India, using ARDL and NARDL models. Co-integration was confirmed at a 1%
significance level for both countries. In the long run, TR had a positive impact on
EFP; highly inelastic for India and somewhat elastic for China. No asymmetric
impact of TR on EFP was detected.

In the short run, TR also influenced EFP with inelastic elasticity in both countries.
The ECM(-1) coefficient was negative and stable, indicating adjustment toward
equilibrium; moderate (7% p.a.) for China and very slow (0.3% p.a.) for India.

Three key observations emerge: (a) the absence of asymmetry may stem from
limited negative growth years in TR and the composite nature of EFP; (b) elasticity
contrasts: India’s inelastic versus China’s elastic long-run TR-EFP link; and
(c) different speeds of long-run adjustment.

Table 8. Short-run Results and Error Correction.

(EFP China) (EFP India)
Regressors (Short run) Coefficient p Value Coefficient p Value
D(EFP(-1)) 0.297 .007 0.35 .002
D(TR) 0.009 023 0.596 .0005
D(TR(-1)) - - 0.3 .000
D(GDP) - - - -
D(GDP(-1)) 0.84 .001 - -
D(ICT) -0.08 .009 —0.004 0126
D(ICT(-1)) - - -0.006 0391
D(URB) 0.065 .04 - -
D(URB(-1)) - -
D(TO) 0.35 .00 0.09 .003
D(TO(-1)) - - 0.08 .009
ECM(-1) -0.07 .00 -0.0032 .00
Price transmission (elasticity) Highly inelastic Fairly inelastic
Asymmetry (short-run) Does not exist Does not exist

Notes: |. Short-run elasticity of EFP w.r.t TR: We consider contemporaneous slope coefficients of
the change variable TR. N -
2. Asymmetry is tested by equating the two terms: Z,:;O(%u) = Zm:0(74f)~

3. For error correction we consider lagged ECM term coefficient which must be negative and
significant.

"B
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Table 9. Diagnostics.

India China
Variable Level Ist Diff Level Ist Diff
EFP —67.42803 - -2.877 -5.178
(<.0l) (.749) (.044)
URB 1.991784 -0.527839 -2.211453 -0.697107
(:9997) (.08712) (-2070) (.08311)
GDP 1.244946 —4.690447 -0.410913 —2.46640
(.:9977) (.0008) (.8942) (.0340)
TO —1.910244 -5.392260 —1.696647 —-3.578047
(.:3232) (-0001) (-4220) (.0130)
ICT —0.668531 -3.827251 —6.773738 -
(.:8394) (.0074) (.0000)
TR —0.021051 —4.011752 —0.562592 —6.354847
(.9485) (.0048) (.:8642) (.0000)
ARDL model (India) ARDL model (China)
A. BPG heteroscedasticity test*
Obs. R? 8.473628 2268307
Probability ? .6704 3217
B. BG-LM serial corr. test*
Obs. R? 4.467508 7.019348
Probability x? 1071 .8563

Notes: |. Break date; EFP China was in 2002, and EFP India was in 1995.

2.@AEFP =3, + B* Dy, + (B,— 1)EFP_, + X" B AEFP_ +u s the Breakpoint
ADF test equatlon for variable EFP with single break pomt AEFP is change in EFP in
period t, B,, represents intercept, 3,* D, being single break mtercept and Dummy
taking value of ‘I’ for observations falllng after break date of EFP and ‘0’ before. The break
is validated if 3, * is statistically significant. Term EFP__, tests for stationarity with (3, ) as
coefficient, where t' computed is compared with ADF t’ tau tables. Next term X"
ﬂJEAERP _,removes serial correlation, and u, is the random error term. Using a S|m|Iar
methodology, we construct the stationary equation for our other remaining variables.
#BPG Heteroscedastluty test first determines R? of auxiliary equation u? = y,+ 18 X, *
Ys Xh +.+ }/k " foIIowed by n.R%  ~ x> -+ Null: No heteroscedastlcnty, that i is, Y, =
Yy=Vp o0 = Yk=

>l<BG-LM serial correlatlon The test also constructs an auxiliary equation: ug, = 3, + f3,
EFP_, + B, EFP_,+...+ B, EFP,, P Uggpy ¥ Py Ugepy -+ F P U, + €, number of lags
of regression and error tefm belng p’and ‘m’, respectlvely, p'>m.Null:p =p, =

p,, = 0 (no serial correlation between residuals). Reject the null when R* (n-p) > y’m.
Figures in parentheses are ‘p’ values.

These findings do provide valuable policy insights. India’s slower pace suggests
time for planning sustainable transport policies. China’s relatively elastic long-run
response and faster adjustment indicate better readiness for energy transition. For
both nations, inelastic short-run elasticity highlights challenges like poor
substitutability and infrastructure gaps. Thus, long-term planning is essential,
especially for India, where short- and long-run patterns show little divergence.
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