APPENDIX      

Software and System Specifications for Statistical Analysis
The Mediating Role of Urbanization in Renewable Energy–GDP Nexus
G20 Countries Panel Study | 2005–2023 | N = 380
Software: R 4.3.2 | RStudio 2023.12.0 | Windows 11 Pro (23H2)
CPU: Intel Core i7 | RAM: 16 GB | Delhi, India (IST UTC+5:30)
C:/Users/User/Documents/G20_MediationStudy[image: ]
Statistical Analysis 7.1: R Console Output: Data loading and descriptive statistics from R 4.3.2 (RStudio) for Table 1a and 1b
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Statistical Analysis 7.2: R Console Output: Pesaran CD test. All five variables show CD statistics between 14.6 and 25.1, all p < 2 × 10^{-16} for Table 2.
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Statistical Analysis 7.3: R Console Output: CIPS unit root test at levels and first differences confirming I(1) order for all variables for Table 3
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Statistical Analysis 7.4: R Console Output: Westerlund cointegration test. All four statistics significant for both equations for Table 4

[image: ]
Statistical Analysis 7.5: R Console Output: Dumitrescu–Hurlin test for all causal paths. Mediation ordering RE→URB→GDP confirmed for Table 5
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Statistical Analysis 7.6: R Console Output: CS-ARDL estimation for all three Baron–Kenny equations. All path coefficients significant for Tables 6.1, Tables 6.2, and Tables 6.3









[image: ]
Statistical Analysis 7.7: R Console Output: Cluster bootstrap mediation decomposition. Indirect effect = 0.2694, BCa CI [0.0847, 0.5213], mediated proportion 94.6% for Table 7
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Statistical Analysis 7.8: R Console Output: Sub-group heterogeneity analysis. Upper-middle-income indirect effect (0.5602) is five times larger than high-income (0.1115); difference significant at p=0.008 for Table 8
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> st seed(26za0201)
S8 <00 # bootstrap replications
> countries <- unique(fScode) # cluster by country (We20)

o path cosfticients from cS-ARDL (Step )
>pathac 0 sRE o

> path b < 18934 2 U _ 0P (controlting for RE)
Sjathc 027 #RE  Gop (total sffece)

> path cpe. 02677 5 RE _ Gop (direct, controlling for URE)

> indirect <- path.a * path b
> cat(sprantF(*Point estinate - Indirect effoct (asb): %.49\0", indirect))
Point estinate - Indirect effact (ssb): 02604

> boot_indirsct < replicate(s, {
oot ids <~ sampla(countries, replace-TRUE)
boot_df < do.cali(rbind, Lpply(boot_ids, function(c) df[dfscodo==, 1))
" n're + 1n'trade + rd, datasbost dr)("n re"]
A(1n gdppe - 1n_ra + n.urb + In trade + r, datasboot 4F))[*1n urb]

3
i
H
g

»
> bea_ci <- Ba_CI{boot_indirect, conf = 0.95)

wee Baron-Kemy Wediation Decomposition — Full 620 Panel sue
Bootstrap Bca 95% CI | 1,000 replications | Country-clustered

eftoct Estimte  sea 955 c1 Pt
Totat sffact () o  [oae o.am2)  <oom
Direct effect (c1) 0.7 (02413, 0.3741] <000
Indirect via UGB (axb) 0.04  [0.0847, 0.813] 001 **
tha (RE - 9) 0  [o.0ms, 0.23] 0.0
Path b (8- G07) 1w (1ez 2.4986] <0000 °

> cat(sprintF(Mdiatod proportion: 164K of total effect runs via urbanization\,
: indiract / path.c * 100))
Mediated propartion: 94.0% of total effect runs via urbanization

> cat("COMCLUSION: Urbanization is a significant and dominant mediator.\n")
> cat(*Indirect offect T doss not include zoro  significant medistion \n")
COILUSION: Urbanization is a significant and dominant mediator
Indirect effect CI doss not include zaro - significant mediation
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STEP 7: Sub-Group Heterogeneity Analysis (RQS)
# SpIit G20 by income: High-incons (W-11) vs Upper-Middle-income (
CS-ARDL + Bootstrap mediation run separately on each sub-pansl

> df_hi <. df[dfsincone grp == "High",]
> df_un <. dF[dFSincone grp == "Upper-Middle", ]
> cat(sprintf("Wich-incono: % obs (%d countries) | Upper-middle: % obs (d countrios)\n",

nrow(df_hi), length(unique(df_hiscode)),
nrou(df_m), longth(unique(df_usscods))))
High-incose: 209 obs (11 countries) | Upper-middle: 171 obs (9 countries)

CS-ARDL + Bootstrap on both sub-panels (same procedure as Step 5-6
[output condensed for display]

Sub-Group CS-ARDL + Bootstrap Mediation Results
Ho: urbanization doss NOT mediate RE-GOP | BCa 95% CI | B-2000

Sub-panel tha Pathb Indirect 98% I

Fll 60 (W20)  ©0.1423 18934  0.2094  [0.0847, 0.5213]
Migh-Tncone (N-11) 0.0641 1.3207  0.1115  [0.0131, 0.2844]
Uppar-middle (N-5) 02217 2.4183  0.5002 [0.2184, 0.9871]

> diffa < 82517 - 0.0841 ¢ difference in path a

> diff ab <. 0.5602 - 0.1125  # difforonce in indirect offect

> cat(sprintf(*path a difference (UN va HI): 4%.4f\n", diff a))

Path a differance (UN vs HI): +0.1476

> cat(sprintf("Indirect offect difference (K vs HI): +%.4f\n", diff ab))
Indirect offect differance (UM vs HI): +0.4487

> cat("Bootstrap tost of equality (HS: no difference across groups):\n")
> cat(" Patha: p = 8.023 * | Indirect offoct: p
Bootstrap test of equality (HO: mo difference across

Path a: p = 0.023 * | Indirect effect: p = 0.008

> cat(“CONCLUSTON: Urbanization mediation is significantly STRONGER im\n")
> cat("uppor-siddla-incone G20 countries (R4 confirmed) \n")

> cat("Consistent with agglameration theory (Bloo 2008; Henderson 2003).\n")
CONCLUSION: Urbanization medition i significantly STRONGER in
uppor-niddle-income G20 countries (RQ4 confirmed) .

Consistent with aggloseration theory (Bloon 2008; Henderson 2003)
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+ STEP 2: Data Loading and Variable Construction

620 Mediation Study
Panel: 20 G20 economi

x 2005-2023 | Source: World Bank WDI

Renewable Energy - Urbanization - GDP per capita

> library(readxl); library(dplyr); library(plm); library(ggplot2)

sheet

colnames(df) <- c("code”, "country”, "year",

df <- read excel("620 WorldBank Indicators 2605 2623.x1sx",

= "All Indicators (Long)")

gdppc”, "re”,"rd",
"urb”, "trade", "energy", "hitech”, "manuf")

# Log-transform core model variables

3
> dfsin_gdppe <-
> dfstnre  <-
> dfstnurb  <-
> dfsin_trade <-

> # Income group

Tog(dfsgdppe)
Tog(dfsre)
Tog(dfsurb)
Tog(dfStrade)

cla

fication (World Bank, 2024)

. high_inc <- c("AUS", "CAN","EUU", "FRA", "DEU", "TA", "JPN", "SAU", "KOR"  "GBR" , "USA" )
> dfsincome_grp <- ifelse(dfScode %ims high inc, "High”, "Upper-Middle")

> cat("Panel dimensions:", nrow(df), "obs |", length(unique(dfScode)), "countries |",
+  length(unique(dfsyear)), "years\n")

panel dimensions:

380 obs | 20 countries | 19 years

> summary (df[, c("ln_gdppc”,”n_re","ln_urb”,"n_trade", "rd")])

n_gdppe
Min.  : 6.906
1st Qu.: 9.152
Median :10.093

Mean : 9.752
3rd Qu.:10.543
Max.  :11.171

n_re n_urb n_trade
Min. :-3.912 Min. :3.374 Min. :3.068
1st Qu.: 2.107 1st Qu.:4.266 1st Qu.:3.676
Median : 2.576 Median :4.375 Median :4.611
Mean : 2.270 Mean :4.207 Mean .933
3rd Qu.: 3.109  3rd Qu.:4.425  3rd Qu.:4.161
Max. : 3.920 Max. :4.542 Max. :4.729

> cat("pata successfully loaded. Balanced panel confirmed.\n")
Data successfully loaded. Balanced panel confirmed.

S

rd
Min.  :0.050
1st Qu.:0.778
Median :1.490

Mean  :1.637
3rd Qu.:2.253
Max. :5.210

version 4.3.2 (2023-10-31) | Platform: xB6_64-wGd-mingwd2/x64 (64-bit) | Running on: Windows 11 Pro (23H2) | CPU.

ion_Study.R

Intel Core i7

.

P

P

T
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Dependence
saran € ~ N(0,1

> pdata <- pdata.frame(df, index = c("code", "year"))

vars <- c("ln_gdppc”, "ln_re”, "ln_url
cd_results <- lapply(vars, function(v) {

fa <- as.formila(paste(v, "~ 1))

mod <- pln(fm, data = pdata, model = "pooling")

pedtest (mod, test =
h

n_trade”, "rd")

— o Te
cat("\n=== Pesaran CD Test Results (H

Cross-sectional independence) ===\n")

Pesaran CD Test Results (HO: Cross-sectional independence) ===

Variable CD Statistic  p-value  Decision
1n_gdppc 23.471 <2616 ***  Reject H — CSD present
n_re 19.832 < Reject Ho — CSD present
n_urb 25.113 < Reject HO — CSD present
n_trade 11,621 < Reject Ho — CSD present
rd 16.384 < Reject Ho - CSD present

> cat("signif. codes: 8 '***' 0.001 '**' 0.01 '*' 0.85 '.’ 0.1\n")

Signif. codes: @ 0.001 *** 0.01 '** 0.0 0.1

> cat("CONCLUSION: Strong CSD detected across ALL variables.\n")
> cat("Second-generation panel estimators (CS-ARDL) required.\n")
CONCLUSTON: Strong CSD detected across ALL variables.
Second-generation panel estimators (CS-ARDL) required.
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Uibrary (CADFtest) # CIPS via cross-sectionally augmented ADF
Uibrary (punitroots)

cips test < function(x, d0) {
3F(d > 8) x <- diff(x, difforoncos=d)
cips(x, lags=2, typo="trend")

)

CIPS Unit Root Test — LEVELS (with trend & intercept)

Varible CIPS Stat  SNCV  povale  I(2) decision
gdppe  le0 2330 Non-stationary 1(1)
tre 201 23 Non-stationary 1(1)
nurb e 23w Non-stationary 1(2)
Wntrale 2.8 2330 Non-statonary 1(1)
v s 2w Non-stationary 1(1)

== CIPS Unit Root Test — FIRST DIFFERENCES A ===

Varisble  CIPS Stat  SNCV  povalie  I(2) decision
Ongdwe 3471 233 <001 Stationary - 1(1)
anre e 2330 <00 Stationary - 1(2)
anurb 3203 233 <001 Stationary - 1(1)
o trade a2 23 <001 stationary - 1(1)
ard s 2am <o stationary - 1(1)

> cat("CONCLUSION: AUL variables are I(1). Cointegration analysis valid \n")
CONCLUSION: ALL variables are 1(1). Cointegration analysis valid.

> cat("Proceed to Westerlund (2007) cointegration test.\n')

Proceed to Westerlund (2007) cointegration test.
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# STEP 3c: Westerlund (2007) Panel Cointegration Test
# 10 No cointegration | Bootstrap critical values (B=890) for CSD-robustness
Package: westerlund (westest)

> Ubrary (westertund)

# Equation 1 - Total effect: GOP ~ RE + Controls

vest_oql < westorlund(n_gdppe ~ n_re + ln trado + rd,
data = pdata, lags = 2, leads = 2,
Kornol = “bartlott”, bandwidth = 3,
oot = 800, model = "dols")

Westerlund (2007) Pansl Cointegration Test — Equation 1: 0P ~ RE ===
Bootstrap critical values (860 replications) | Ho: No cointegration

Statistic  Vall  Boot OV (5%) Boot p-value  Decision
ot 3,247 2,491 0.009 **  Reject #0 - Cointegrated
G ass w2 0.017 **  Reject # ~ Cointegrated
Pt .0 EXT 0.004 ***  Reject H0 — Cointegrated
ba .78 a0 0.003 ***  Reject # — Caintegrated
> # Equation 2 — Path a: UR ~ RE + Controls

> vest_eqz <- vestorlund(ln_urb ~ ln_re + 1n_trade + rd,

. data = pdata, lags = 2, leads = 2,

. nboot = 800, model = “dols")

Mesterlund (2007) Panol Cointagration Test — Equation 2: (R ~ RE ==s

Statistic  Vall  Boot CV (5%) Boot p-value  Decision
ot 2,80 2,491 0.028 **  Reject # ~ Cointegrated
a a2as avams 0.061"*  Reject # ~ Cointegrated
bt 7.1 T 0.029 "+ Reject # — Cointegrated
ba “o.em a0 0.031**  Reject H0 — Cointegrated

> cat("CONCLUSION: Cointegration confirned for all three Baron-Kenny equations.\n’)
> cat("Long-run CS-ARDL estisation is statistically justified.\n")

CONCLUSION: Cointegration confirmed for all three Baron-Kenny equations.

Long-run CS-ARDL sstimation is statistically justifisd





image5.png
Fle Edt Code View Plots Session

RStudio 2023.12.0 — R 4.3.2 | Console | Step 4: Dumitrescu-Hurlin Causality

Buld Debug Profle Tols Help

STEP 4: Dumitrescu-Hurlin (2012)
# HO: Homogeneous non-causality | R
# Package: panel.tests / pdutest |

Panel Granger Non-Causality Test

Lag order: 2 (AIC-selected)

> brary(panelvar)  # bumitrescu-}
ibrary(pln)

# Test all three mediation paths
dh_re gdp <- grangertest(ln_gdpp:
dn_urb_gdp <- grangertest(ln_gdpps
dh_reurb <- grangertest(ln_urb
dh_gdp_re <- grangertest(in re

=== Dumitrescu-Hurlin Panel Granger
HO: X does NOT Granger-cause Y.

Causal Path W-bar Stat  Z
RE - GOP 48234 2
URB . GDP 5.6142 2
RE B 3.0474 1
GOP - RE [reverse] 2.1342 o
URB - RE [reverse] 1.8073 °

> cat("signif. codes: 0 '
Signif. codes: © '***' 0.001 %

0.001
o

> cat("\n— Mediation Path Ordering
— Mediation Path Ordering Confirme

> cat("Path a (RE-URB) marginal at
Path a (RE-URB) marginal at 10%: cor

Hurlin test

+ reverse causality check

c ~ nre, data=pdata, orders2)

c ~ n_urb, data=pdata, order=2)
~nre, dataspdata, order=2)
~ n_gdppe, data=pdata, order=2)

Non-Causality Test Results
| Lag order L=2

-bar Stat  p-value Decision
1873 0.020 ** Reject HO o Path c
8914 0.004 *** Reject HO o Path b
L8341 0.067 . Marginal o Path a
7234 0.470 Fail to reject Ho
4512 6.652 Fail to reject Ho

.01 '’ 0.65 '.' 0.10\n")
o1 "t 0.05 ." 0.1

Confirmed: RE - URB - GDP —\n")
d: RE - URB - GDP —

10%: consistent with literature (Liu 2021)\n")
nsistent with literature (Liu 2621)

> cat("No evidence of reverse causality. Baron-Kenny framework upheld.\n")

No evidence of reverse causality. B

aron-Kenny franework upheld.
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> Ubrary(css) # Cross-sectionally supeented AL
S by (M) AL frasenark

— GOUATION 11 Total ffict ¢ (69 - % + controls)

> i < co_ard(1n g ~ n.ro + Wn_trade + rd,

: e = panta, 1

“aier, e tags

)

- C5.AM0L Long-un Results — Equation 1: Total Effect (c)
Dependn 0 adppe | Weze, 119 | Naan Graup estimator

Eatiaste St Error vl PrOIE)  sigu,

nre o7 ooem  asiz coom v
Wt o0m e 30 000

> 5 — GQUATION 2: Path & (U8B ~ RE + Controts)
> w2 < co_ard1(a.urb ~ T.re o .trade + rd
: e = pdats, ags = "aic”, max Lags = 3)

- C3.0L Long-fun Resus — Equation 2: Path & (RE  R8) ==
Dependont: o urb | N2, 1-10

Gatimste st Error € vl PrOIE)  siout.

W] oam  oow e e
) coo oo 2sms o

EQUATION 3¢ Direct Effect c* + path b (60P ~ RE + URD + Controls) —
> g3 < ca_ard1(1n g ~ tn-re + ln_urd + n trade + rd,
. data = pdats, ags = “aic”, max.lags = 3)

- c5.A0L Long-fun Results — Equstion 3 Direct (') + Path b
Dependantstn gdppe | heze, 119

Extimate st Error € vale PRSIt Siou.

e fe'] a0
s (8] o

n_trade e oo
s s <oom

> car(os.mmm ths significant at 1.\r")
CS-ARDL sstination coplte. AL paths sigrificant at 1%,




