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Measurement of Eco-Efficiency of the Construction of Circular Economy in Shandong Province. WANG Yu-mei,
DING Jun-xin, WEI Xing-hua ( College of Geography and Planning, Ludong University, Yantai 264025, China)
Abstract: Eco-efficiency is considered to be an effective tool of implementing the target of sustainable development and
estimating developmental level of circular economy at different scales. Based on researches on regional eco-efficiency indi-
ces at home and abroad, an eco-efficiency evaluation index system was established for the construction of circular economy
in Shandong Province, and used to evaluate the eco-efficiency of the province. Further more, re-coupling and/or decou-
pling of economic development with environmental pressure was discussed. Results show that though GDP in Shandong was
rising rapidly with an annual growth rate reaching 13. 08% , a declining trend with total water consumption and discharge of
SO, and COD was observed during the period of 2000—-2010. The eco-efficiencies of the various natural input factors, as a
whole, were steadily increasing, especially with discharge of COD, emission of SO, and water consumption, of which the
annual eco-efficiency growth rate reached 18.59%, 14.85% and 14. 13%, respectively. All the three indices were in a
strong decoupling state, while the rest remained in a weak decoupling state. Generally speaking, the contradiction between
economic growth and environmental protection has been somewhat dulled, but the pressure of the large volumes of energy
input leading to higher carbon emission is still very high.
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Table 1 Eco-efficiency evaluation index system for Shandong
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Table 2 Carbon dioxide emission factors and carbon oxi-

dation rate of various types of energy sources
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Table 3 GDP and Natural input factors cited for eco-efficiency evaluation of Shandong Province in 2000-2010

GDPY / WEB M, HKE,  aRENRY / ERDEHIFE, CO, HElUR/ SO, HER/ ik HEfi:/ coD HEi/ Tolk Bk%EY)

R fZ7t km? fZ m? Tt 100 ¢ Jit Jit Tit Tt FEAE R/ Tt
2000 8 337.47 1 540.79 244. 09 12 513. 21 233.00 29 841.29 180 229 000 99. 86 5 407. 25
2001  9174.55 1 684.92 252.73 11 649. 88 242.39 27 656.75 172 235 271 92. 19 6 214.90
2002 10 250.72 1 893.70 244,73 13 121.91 254. 64 31 452.29 169 230 709 85.94 6 558. 50
2003 11 625.34 2 105.37 215.70 15 974. 50 285.73 38 127.58 184 245 782 82.95 6 786. 40
2004 13 404.02 2 369. 58 211.30 19 606. 14 324. 04 46 539. 62 182 264 014 77.89 7 922.10
2005 15 414.62 2 637.57 207. 65 25 044.29 367.98 59 819.71 200 280 377 77.03 9 174.90
2006 17 680.57 2 848. 46 222.24 28 158.48 418.97 67 247.22 196 302 637 75. 81 11 010.70
2007 20 191.21 3 023.06 219.55 30 596. 00 420. 38 73 061. 51 182 334 255 71.99 11 934.73
2008 22 614.16 3 191.50 219. 89 32 116.22 417. 46 76 361. 28 169 358 910 67. 86 12 988. 41
2009 25 373.09 3 346. 59 219.99 34 535. 66 459.29 81 957.29 159 386 731 64.70 14 137.95
2010 28 493.98 3 526.37 222.50 36 357.25 485. 14 86 089. 55 154 436 371 62. 05 16 038. 48
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Fig. 1 Trends of the variation of GDP and natural input factors in

terms of absolute quantity in Shandong Province (2000-2010)
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Table 4 Eco-efficiencies of various natural input factors in Shandong Province (2000-2010)

W R Bk 5% S RHH ALY CO, HEk S0, HEk K HETK COD #Ejik ELENGS
Gy AR (56 - m) FEF R/ (58 - 1) e e e R VARV Via LV
. e m . . . . . _ _

(JiJt - hm™2) (76 - t7) (L.t (FEL-tYH) (meth) (e (et
2000 541. 12 34. 16 2 447.30 6 662.93 2 793.94 46. 32 364. 08 83.49 1.54
2001 544. 51 36. 30 2 427.26 7 875.23 3317.29 53.34 389. 96 99.52 1.48
2002 541. 31 41. 89 2 484. 48 7 811.91 3259.13 60. 66 444. 31 119.28 1. 56
2003 552.18 53.90 2 529.01 7 277.44 3 049. 06 63. 18 472.99 140. 15 1.71
2004 565. 67 63. 44 2 691.79 6 836. 64 2 880. 13 73. 65 507.70 172.09 1.69
2005 584. 43 74.23 2 876. 18 6 154.94 2 576. 85 77.07 549.78 200. 11 1. 68
2006 620. 71 79. 56 3 008. 08 6 278.95 2 629. 19 90. 21 584.22 233.22 1.61
2007 667.91 91.97 3 403. 84 6 599. 30 2 763.59 110. 94 604. 07 280. 47 1.69
2008 708. 57 102. 84 3 848.50 7 041. 35 2 961. 47 133. 81 630. 08 333.25 1.74
2009 758. 18 115.34 4 014. 41 7 346.92 3 095. 89 159. 58 656. 09 392. 17 1.79
2010 808. 03 128. 06 4253.21 7 837.22 3 309. 81 185. 03 652.98 459. 21 1.78

RS 2000—2010 £ ILEE GDP 5ERBNEZESHEHNEDEKER

Table 5 Average annual growth rate of the ecological efficiency of natural input elements and GDP of Shandong Province

(2000-2010) %
ER GDP Mg K REFE FAEREFE  CO, FFC SO, fFEC  Bokdki  FRBA A
2000—2010 13.08 4.09 14.13 1.64 5.68 1.71 14.85 6.02 1. 46
2000—2005 13.08 1.55 16.79 -1.57 3.28 -1.60 10.72 8.59 1.76
2005—2010 13.07 6.69 11.52 4.95 8.14 5.13 19. 14 3.50 1.16
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Table 6 Types of decoupling /re-coupling between economic development and environmental pressure
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Table 7 Status of decoupling /re-coupling of each natural input factor in Shandong Province
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