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Abstract

The study of the relationship between economic development and environmental governance is of
great theoretical significance and practical need. This paper studies the linear relationship be-
tween regional economic development, industrial pollution and environmental protection in-
vestment based on partial least squares regression statistical method, so as to explore the starting
point and focus of regional environmental comprehensive management. The empirical analysis
and model fitting of the relevant data from 2004 to 2018 in Japan show that the cumulative con-
tribution rate of the three principal components extracted based on partial least square regres-
sion is 85.6%. In recent ten years, industrial sewage has no significant impact on the economic
development of Japan, but the total investment in environmental protection and material recy-
cling investment is significantly positively correlated with the economic development of Japan.
Combined with the experience of environmental protection in Japan, it provides a theoretical ba-
sis for the formulation of regional comprehensive environmental governance policy in China.
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3.1. BERIE &AL E

A TR A AL R R DU TIis 3R 18 Wiabr it i (HAZHESE) - (i
AL 2G) « (HAOKED - HA GREE « RS « AW RNEA RBOAEA B245))
DR ARG R E M. HAS RS R ST T7 Mt 2o S BB m S,

3.2. BEZFSIFMR ARG 574
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& A T SR R N RS e o TR DU T M A A A AE 20 A 60 SRAR, T H AR RS Bl o M I
5, WZAE 20 4D 70 A RIS H ATHAL 7 — Lo 2 H AT OR AP i R )
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Table 1. The Japan’s data of GDP, total investment in environmental protection and industrial waste 1971-2015

% 1. HAR 1971~2015 &£ GDP, MR Z DR T EEHNER RS EUEE

Ay GDP({Z H Jt) IR R AF(H T H ) b TS (T i)
1971 4E 807,013 1114 187,762
1972 4£ 923,944 1693 199,873
1973 4E 1,124,981 2737 209,987
1974 4£ 1,342,438 3421 218,847
1975 4£ 1,483,271 3751 228,746
1976 4E 1,665,733 4856 236,489
1977 4 1,856,226 6267 247,786
1978 4F 2,044,041 8682 258,876
1979 4 2,251,466 11,253 278,856
1980 £ 2,428,387 11,664 289,970
1981 4 2,610,682 12,030 292,312
1982 4 2,610,682 12,030 292,312
1983 4E 2,706,007 11,923 296,782
1984 4 2,817,671 11,769 298,878
1985 4 3,005,430 11,469 301,123
1986 4F 3,204,187 11,172 307,896
1987 4 3,354,572 10,944 312,271
1988 4E 3,497,596 10,879 312,445
1989 4 3,739,372 12,848 323,345
1990 4F 3,999,983 13,295 325,564
1991 4 4,300,398 13,402 344,512
1992 4 4,582,991 14,513 394,736
1993 4F 4,710,207 15,514 397,949
1994 4 4,753,811 17,148 403,480
1995 4F 4,865,517 25,124 404,602
1996 £ 4,935,881 25,987 405,455
1997 4£ 5,042,619 27,441 414,854
1998 4E 5,152,491 28,211 393,812
1999 £ 5,048,429 27,222 396,869
2000 4F 4,976,286 30,213 408,490
2001 £ 5,029,899 30,420 399,799
2002 4 4,977,197 30,484 406,037
2003 4F 4,902,940 27,423 393,234
2004 4 4,983,284 25,772 411,623
2005 4F 5,017,344 23,654 417,156
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Continued
2006 4 5,073,648 21,342 421,677
2007 4 5,158,049 29,490 418,497
2008 4 5,076,147 22,141 419,425
2009 4 4,802,265 21,168 403,661
2010 4 5,003,598 12,596 389,746
2011 4£ 4,997,814 12,091 385,988
2012 4E 5,072,524 15,318 381,206
2013 4F 5,173,934 19,326 379,137
2014 4 5,193,352 17,182 384,642
2015 4 5,263,618 18,069 392,840

M 1 RMHRHEE, A a 1 R 2 IATTLER], HATIFIRED KRR, HAKA
R LIk — e E, BE 20 D 80 FAATHAE D K g . 90 48, HARA RSB BAUT1HIZ
SR ETF, A 21 tEALYIE BT IR IT 46 R e SOTaasg . 1 H A 3 Tk R HEscE AL 90 47
HIFaE— B2 20 iy, BRE ETHES, 2008 )5, =Y TG E%E LT
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Figure 1. Japan’s industrial waste discharge statistics data 1971-2015
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Figure 2. Japan’s total environmental protection investment statistics data 1971-2015
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Figure 3. Japan’s environmental protection investment statistics data 2004-2018
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Figure 4. Japan’s statistics on atmospheric pollution data 2004-2018
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Figure 5. Japan’s industrial waste discharge statistics data 2004-2018
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Figure 6. Japan’s GDP statistics data 2004-2018
B 6. A7 20042018 FEIRE =2 EZIH IR

H T AE AR B P R AE IR B4, A JUIHE bR R G0 C BB M 2004 SEFF46, A
PRAEPE T REA (RS F e B, WERIAS B LRI ARE AT rR A EL R o R, IR 14 ANERR R
2004 52 2018 FEHAR], L 15 FEM H AR BEBERAE A ST SEE 5 BRE A 2

3.4. BIETAIE

ASCHHURAL N H T ih i) H AR R 2 S B . RV ORIE S P RSB S0 45 55 oy —
Bl Y 1 G TT A A5 S H AR R R A A BVEL, R PRV AR A, R A . R
ICH A B T7 BURF A A1 B LA H 78 5% B 45 550 10 [ 9 A2 7 e (B e A R AR 0

PAE A 2 [ A B AR IR AR, AR AR I IR . A A YR BT . Ik 1 i
A . —AAEMR IR . —F BRI E . S EIRINIR B AR Tl R S HE O DL A JE 3
ORI A HOERIA LRI . W RAEIA BT . VA BIK . RIys e it . IR B RRS JeAR E LL R
FETHBOI WA B 45 13 MRV AR . H BRI 2 for:

Table 2. Model of Japan’s economic development, industrial sewage and environmental protection investment regression

2004-2018
2. HA 2004~2018 AR TAHES S RIZERYFRE
Rl PR TRAR fRRR AR i LA
Az ST R WA EME Y feH7E
HAE Lok HES ZERMBIREE 91 B 7393 L (ppm)
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HEMNBIRIE g2 A J345 Lk % (ppm)
FIERLTIRE ¢5 H i 53 Heik % (ppm)
—EAMEIREE g4 T 7345 LR B (ppm)
HASE TolkHES
FATRIRE g5 H 353 ik (ppm)
ZEAAEIRE g6 H 357 Lk (ppm)
TR E ¢ Jim
FRRAR BT wy HAH
BRI ORA R Wy HH
A I ARIR RS ws FH
HASE PR TR
VREIK 1T G T wy HAH
VABRRST5 YA BT ws HAHG
IRAREE AR it R B TR wis HAHG

NTEBREFEN, K 2004 2 2018 fEH) iR 14 WU EHHE 5 A\ B SPPS v, #E47)H—fLALEE, 13
L5 BRI 3 R .
Table 3. Japan’s economic development, industrial sewage and environmental protection investment explanatory variables

normalization data 2004-2018
< 3. HAR 2004~2018 FLEF AR TUHISSHFMRIGEBBETE)T—LEIE

FAy Y, wi Wy w3 Wy ws We
2004 4 -0.232 0.361 —0.388 0.669 0.609 -0.413 0.533
2005 4 -0.182 —-0.020 —0.340 0.554 0.283 —0.438 0.533
2006 & —0.100 —0.381 -0.256 0414 —0.093 —-0.406 0.533
2007 4 0.023 -0.247 -0.197 0.448 —0.005 -0.297 0.033
2008 & —0.096 0.478 —0.205 0.329 0.374 —-0.403 0.033
2009 4 —0.495 0.557 —0.398 0.369 0.023 -0.217 0.033
2010 & —0.202 0.305 —0.148 —0.290 -0.139 —0.040 0.033
2011 & -0.210 0.149 —0.203 -0.300 0.357 -0.012 0.033
2012 4 —0.102 0.075 -0.014 —0.302 —0.006 —0.032 0.033
2013 4 0.046 —0.245 0.062 —-0.303 —0.060 0.385 —0.467
2014 4 0.074 —0.228 0.195 —0.305 —0.082 0.063 —0.467
2015 & 0.177 —0.443 0.335 -0.304 —0.205 0.410 0.033
2016 4 0.336 0.024 0.396 -0.322 -0.311 0.442 0.033
2017 4 0.459 —0.138 0.559 -0.327 —0.355 0.397 -0.467
2018 4 0.505 —0.247 0.602 -0.331 —0.391 0.562 —0.467

Fr q 92 gs g4 gs s q7
2004 & 0.439 0.309 0.267 0.444 -0.533 0.134 0.345
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Continued

2005 F 0.436 0.400 0.017 0.444 —0.533 —0.002 0.223
2006 4F 0.445 0.400 0.517 0.444 0.467 —-0.167 0.090
2007 &= 0.108 0.218 0.017 0.111 —0.533 0.265 0.558
2008 4F 0.114 0.127 0.267 0.111 0.467 0.395 0.136
2009 E 0.111 0.218 0.017 0.111 0.467 0.502 0.080
2010 4 0.111 0.127 0.017 0.111 0.467 0.427 -0.413
2011 4¢ 0.114 0.127 0.267 0.111 0.467 0.449 —0.442
2012 & 0.114 0.036 0.267 0.111 0.467 0.078 -0.256
2013 4 -0.217 —0.055 0.017 -0.222 0.467 —0.249 —0.026
2014 & -0.223 -0.418 -0.233 -0.222 —0.533 —-0.337 —0.149
2015 4F —-0.220 —0.145 —0.233 —-0.222 0.467 —0.450 —0.098
2016 4 —0.223 —0.236 —0.233 —-0.222 —0.533 —-0.176 0.001

2017 4 —0.555 —0.509 —0.483 —0.556 —0.533 —0.369 0.006

2018 4 —0.555 —0.600 —0.483 —0.556 —0.533 —0.498 —0.056

4. BEFWR/N_FREVIR HAZF L RIFMRIGIEX R SLIES

i MATLAB ¥ Fi&#% 3 st N, 8 mEscD ZREATRIA T, B8 2 E o 2
gERAINGE 4 iR

Table 4. Japan related data of partial least squares regression model principal component analysis table

F* 4. BAEXEERS /D ZREIERER S SR

A8 By E TR 7
1 0.642593 0.796660
2 0.802349 0.876518
3 0.856120 0.920150

B 4 iTRUE W, FESRBGE =AU nt, B ZTTREIAF 85.6%, KT 85%, MMiiX 3 /Myl
B INE BELIN 92%, PRIHAR R 4RI 3 AR s (8 w] AR AL RS FE IR B 2K . e B 3 AN i) 1Bl
EREOR TR RT = 0.92015, HATA @R, e/ r:

Y, =0.312¢, +0.204¢, +0.387¢,

HEREXMBLEILFENREIEE R, FIERAA:

Y, = 0.142w, +1.865w, +0.262w; +0.09w, —0.253w; —0.239w, —0.334¢,
+1.179¢, +0.377g, —0.339¢, —0.392¢; +0.004¢, —0.174¢,

MR HEAT T3 22 30T, BRI RN 5 PFios:

(4-1)
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Table 5. Japan’s related data of partial least squares regression model variance analysis table

5. BARMEXEERR N ZREGRE S ESTR

Kk H Hi Ss MS F P
[5] ) 3 4.623" 1.54084" 42.250 0.000

KRE R 11 4.011" 3.64672°
&it 14 5.024"

MT7 25 e al DUE B PAE/NT 0.05, B W27 Reaid 2 2 ke

FIRFEGH PR WK 6 PR

Table 6. Japan’s related data of partial least squares regression model residual statistics table
= 6. BAMEXHBRS /) ZREVIRBERESITR
HEh Y WA HE W7 FrAEAL i 72

2004 4 4,983,284 4,998,709 —15,425 —0.30646
2005 5,017,344 5,030,865 —13,521 —0.26559
2006 4= 5,073,648 5,099,011 —25,363 —0.53783
2007 4 5,158,049 5,113,885 44,164 0.88417
2008 4 5,076,147 4,954,471 121,676 2.18339
2009 4,802,265 4,872,391 70,126 —1.59960
2010 4 5,003,598 4,971,668 31,930 0.62605
2011 4 4,997,814 4,987,513 10,301 0.20562
2012 4 5,072,524 5,100,624 —28,100 —0.53376
2013 4 5,173,934 5,198,348 —24,414 —0.43040
2014 4 5,193,352 5,270,702 =77,350 —1.40758
2015 4F 5,263,618 5,329,624 —66,006 —1.21601
2016 4 5,373,178 5,347,993 25,185 0.46472
2017 % 5,457,965 5,407,275 50,690 0.97882

AR AE LS E(E AR, 15 MR R MEAR G AE2,2) XA, DRI B AR AR
AFFE IR . i PLS Wi 32 &I 8)F BB A TN 5 Sk BB 1 70 A BN R y = x B URIR

XA 1 AR AR B AR X e Y o

5. GRS RBUEREIN

5.1. R4

R i 25/ — 3R [ V1 5 {2538 — X 2004~2018 £F H A SR B AT L SAIE 0 R A 45 R M =, L
(13 AR R TTERER 85.6%, TMIIX 3 AN BT & LN 92%,
[l AT A 2, 2004 24K HA T ARG SR 224 T R@H AR, BILHA 2004 £2
A B TV HES 5 L E A A5 R B B LR AR
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Figure 7. Standardized residual normality map of Japan’s related data partial
least squares regression model
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Figure 8. Japan’s related data of partial least squares regression model PLS
response map
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