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Abstract: Green Gross Domestic Product ( GGDP) accounting is an important tool to reflect the interaction between environment and
economic systems and can be used to balance local environmental protection and economic development. Based on the principle of
sustainable development we calculated the Green Gross Ocean Product ( GGOP) of the Bohai Rim in 2013 as the sum of GGOPs in four
provinces including Tianjin City and Liaoning Hebei and Shandong provinces. The results showed that: the GGOP of Bohai Rim was
about 1. 84 x 10> RMB  accounting for 93.44% of the total GOP ( about 1.97 x 10'> RMB) . However the ocean resource depletion

ecological degradation and environmental pollution led to 2. 54% 0.16% and 1. 70% of GOP loss respectively while the environmental
protection also resulted in about 2. 15% of GOP output. Fishing did not result in any resource depletion in 2013  but offshore oil and gas
exploitation caused some resource depletion

5.02 x 10" RMB. Land reclamation resulted in about 3. 11 x

costing about
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(2016 YFD0800906) ; 10° RMB of the GOP loss. The virtual cost of pollutants from
(41271102 41501087) ocean industries or rivers was about 3.36 x 10° RMB. The
(19859 government expended about 4. 42 x 10° RMB for protecting the
yanggao@ cau. edu. cn. local environment in which the research investment for
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3.81 x 10 RMB. At the provincial level the difference



1480

30

between GOP and GGOP accounted for 5. 30% of the total GOP 44.77% of which was from environmental pollution. The difference in
Hebei Province was about 5.30% of its GOP similar to Liaoning Province. The loss of GOP along the Bohai Sea Rim showed the largest

proportion in Tianjin City about 13.09% of GOP with ocean resource depletion resulting in about 69.74% of these losses. For

Shandong Province the difference was only 4. 34% of its GOP half of which was used for environmental protection.
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Fig. 1 The accounting framework of
the GGOP in ocean industries
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Table 1 GOPs of provinces around Bohai Sea in
2013 by section 10°
4554.1 8.7 3065.7 1 479.7
1741.8 77.9 911.4 752.5
3741.9 499.6 1402.7 1 839.6
9 696. 2 715.7 4593.9 4 386.6
1.3 19 734.0 1301.9 9973.7 8 458.4
: 54 313.2 2918.0 24 909.0 26 486.2

§ 2014 ).
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1.97 x 10" VK, t, U,
6.6:50.5:42.9 t (1)
N N AU, /U, = rln(¢K) —rln U, - qF, (4)
4.55x10".1.74 x10" | (4) (5):
3.74 10" 9.70 x 10" Y =b, +bX, +bX, +v (5)
0.2:67.3:32.5 (Y AU,IU, by~b, b,
; rin(gK) . -rv-¢; X, X, InU, E;v
13.4:37.5:49.2 .
( 2014)
b, 0.084 b, -0.398
b, -3.503x107%.
(g) 3.503x107° (r) 0.398
(K) 3.53x10 t.
2.2 (1) 2013 3.96 x
10° t. 2013
. 3.68 x10° t 92.99%
. 23
. # GDP 2013 0.
2.2.2
. . 2013
6.08 x 10° t
3.71 x 10° t;
2.2.1 7.18 x 10" m’ 4.95 x 10"
m’. 2013 3.18 x 10" t
69. 96% ; 3.43 x
10° m’ 29.17%.
21 2013 1. 65 x
( Catch per Unit of Effort 10" 2005
CPUE) : 2013
25
dB, = rB,ln(E) -C, (1)
di B, 79.51%
' B, ot vd B, /dt 1.31 x 10"
T 1.29 x10" 2.02 x 10’
K t; C,
t
C, B (2)(3) ;
C, = qBE, (2) (6).
B, =U,lq (3)
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2013 2.
> > > > 2 2013
6 Table 2 Pollutant emission of mari-culture in
6 area around Bohai Sea in 2013 t
3.87x10"  /a ™ TP coD Cu  7n
5.02 % 106 /kmz' —-21342.51 -1206.69 21579.25 0.38 5.22
" 2012—2014 ~4251.32  -188.48  4719.20 0.46 0.79
73.32 kn’ 24. 44 knm’ 21.04 6.31 494.39  0.10  0.63
2013 -31296.26 -1511.94 37 980.42 6.48 23.60
2013 -56869.06 -2900.80 64773.26 7.42 30.24
1.23 x10° « 2014).
(7)
2 2013
s S S S (7 COD 6.48 x 10" t
(1+m) (1+m)’ (1+m) " Cu 7.42 t Zn 30.24 t.
A :
S ;m T TN TP
a 50 a 2.4.2
1.23 x10° 2013
3.25% (7) N
3.11 x10°
2.4 . 2013
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1.59 x10° m’ ( 2013)
4.88 x10* m’.
2.4.3
2.4.4
3
3 2013
Table 3 Pollutants discharged into Bohai Sea
with river runoff in 2013 t ( 4)
COD TN TP
21 6104 38 884 2282 740 343
114 350 2 925 188 163 40
221 515 456 42 3 —
536 499 21 684 1724 5 662 742
1 088 468 63 949 4 236 6 568 1125
013 )
@013 ) N TP 2013 5
» ; CoD (€ .
2014) N
30 2010 : 6.4 101 /t.
! (2013 ) COD.TN.TP, \
' ' ' 2.7 x10*.5.0 x 10*.5.0 x
2013 10°.1.0 x 10*.0. 5 x 10*  /t 2013
10
7.73 x10° m’ 3800 m’ 3.36 x10
4
Table 4 Comparison the environmental capacity results of different models in Bohai Sea t
2013 32 33 34
COD 1 153 241. 26 2 400 000 914 500 452 400
TN 7 079. 94 93 000 — 82 300
TP 1335.2 13 000 — —
6 568 — 28 170 —
5 2013
Table 5 Pollutants discharged in Bohai Sea in 2013 t
COD TN TP
64 773.26 -56 869. 06 -2 900. 80 37. 66
158 636. 90" 23 831. 447
311 828 500. 00
90 800. 00
1 088 468. 00 63 949. 00 4 236. 00 6 568. 00 1 125.00
1 153 241. 26 7 079. 94 1 335.20 6 568. 00 1 162. 66 311 987 136.90 114 631. 44
:1) 1 000 kg/m?;2) 488. 85 kg/m’.

2.5
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Table 6 GGOP in areas around Bohai Sea in 2013
/10*
GOP @® 197 340 000
@=0+@ 5021 100
® 0
@ 5021 100
® 311 180
® 3 363 806
@D=0+0© 4 250 053
® 442 350
©) 3 807 703
0=0+®+®+® 12 946 139
GGOP =0 -0 184 393 861
2013 GGOP 1.84 x10"
GOP  93.449%. . 7.
. 1.29 x 7 . . .
10" GOP  6.56%. GGOP 3.55 x10"  .1.65 x10" .3.94 x
2.54% 10" 9.27 x 10" GOP
; 94. 80% 94. 96% 86.91%  95.66% ( 2).
0.17% ; 2 GGOP
1.70%
D 2.15% 44.77%
32.83%;
2.5.2 GGOP 44.22%
36. 68% :
GGOP 4 69. 74% .

0.06% - 10. 22%
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Table 7 GGOP in areas around Bohai Sea in 2013
GGOP /10*
GOP 197 340 000 37 419 000 17 418 000 45 541 000 96 962 000 4 2014)
5332 280 313 599 400 166 4161 956 456 559
0 0 0 0 0
5021 100 17 885 388 398 4 158 635 456 181
311 180 295 713 11 768 3320 378 3
3 363 806 871 715 322 232 609 489 1 615 061 ;
4 2014 ) ;
3
4 250 053 761 839 156 024 1191 603 2 140 588
442 350 50 206 69 021 219 096 104 027
3 807 703 711 632 87 003 972 507 2 036 561 { 2014
12 946 139 1947 152 878 423 5963 048 4212 208
GGOP 184 393 861 35471 848 16539577 39 577 952 92 749 792
80 GOP 9.13%
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50t 7]
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20
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0 ) R R i . GOP
bop =y REW th&R#E
BLHR 1.85% 1. 67% 1.34%;,
2 GGOP GOoP 2.62%
Fig. 2 Deduction proportions in areas GOP 0.90% (
around Bohai Sea 3) .
2.5.3
19.98% ; GGopr
50. 82% N
10.83% 0.01%  38.34%.
GOP D
GoP 13.09%
(5.20%) . (5.04%) (4.34%) . :
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