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Abstract Three methods i.e., average production function (APF), frontier production function (FPF) and data
envelopment analysis (DEA) model, are employed to quantitatively assess the efficiency of China s urban wastewater
treatment plants (WWTPs) and to identify the critical factors affecting the efficiency. Based on the data from 81 surveyed
WTTPs, the three models are solved and some variables are gained. The examined variables cover the production
elagticity of input factors, technological efficiency, return rate to scale, and so on. The study finds that capital is the factor
with the highest production elasticity (0.507), which is followed by electricity with the production elasticity of 0.415, and
labor is the factor with lowest production elasticity. The average rate to return derived from the APF model is 1.11, which
shows that there is high potentia to increase the profit by augmenting the inputs. Based on the results from DEA model,
the relative efficiency of each sample WTTP is gained and a full WTTP list can be ordered by efficiency, which would be
helpful to establish the benchmark standard for efficiency regulation.
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Tablel Regression results of the average production

functions of China sWWTPs

LNA a b g
-3.748 0.507 0.187 0.415
0.629 0.074 0.107 0.058
(-5.000, (0.359, (-0.027, (0.298,
(95%) -2.495) 0.655) 0.401) 0.531)
t -5.958 6.822 1.742 7.113
sig 0.000 0.000 0.086 0.000
1
(0.507, 10%
5.07%), (0.187, 10%
1.87%),
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Table2 Technological efficiency of sampled WWTPs resulted from frontier production function
j Eri ] Eri ] Eri ] Eri ] Eri ] Eri ] Eri I E ] Eri
1 0804 10 1 19 0353 | 28 0125 37 0228 46 018 | 55 0352 | 64 0237 | 73 0207
2 0331 11 0907 20 0416 | 29 0435 38 0763 | 47 0293 | 56 0336 65 0177 | 74 0.284
3 1 12 0715 21 0367 | 30 0727 39 0508 | 48 0392 | 57 0323 66 028 | 75 0.132
4 1 13 0906 22 0882 | 31 0302 40 0373 49 0312 | 58 0449 | 67 0115 76 0.199
5 0387 14 0564| 23 0412 | 32 0445| 41 0378 50 0532 | 59 0541 68 0363 77 0.139
6 0543 15 0649 | 24 0767 | 33 0438 42 0566 | 51 0133 | 60 032 | 69 0227 78 0.139
7 065 | 16 0445| 25 0379 | 34 0522 43 0348| 52 0402 | 61 0224 70 0244 79 0.079
8 075 | 17 0431 26 0509 | 35 0649 | 44 0163 53 0254 | 62 0295 71 0446 | 80 0.184
9 0907| 18 0953 | 27 0537 | 36 0316 45 0639 54 0456 | 63 0398 | 72 0272 | 81 0.027
1] 1. , 2. , 3. , 4. , 5.
, 6. , 7. , 8. , 9.
, 10. , 11 , 12. , 13. , 14.
, 15. , 16. ,17. , 18. , 19.
, 20. , 21 , 22, , 23. , 24.
, 25. , 26. , 27. , 28. , 29.
, 30. , 3L , 32. , 33. , 34.
, 35. , 36. , 37. , 38. , 39.
, 40. , 41 , 42. , 43. , 44. ,
45. , 46. , 47. , 48. , 49.
, 50. , 51 , 52. , 53. , 54.
, 55. , 56. , 57. , 58. , 59.
, 60. , B1. , 62. , 63. , 64. , 65.
, 66. , 67. , 68. , 69.
, 70. , 71 , 72, , 73.
, 74. , 75. , 76. , 77. , 78. , 79.
, 80. , 81,
34 RTS
3 DEA ,
) 1, 3,4, 7-13, 18
, , 44, 46, 51, 65, 67, 75~81
RTS
)
)
DEA RTS 1,
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Table3 DEA efficiencies of the sampled WWTPs
I a* q** R i a* a9 R i a* Tl R i a* q** R
1 1 1 0 22 0.548 0.924 -1 43 0.406 0.442 1 64 0.29 0.364 1
2 1 1 0 23 0548 0.6 1 44 0.395 0.815 1 65 0.287 0.421 1
3 1 1 0 24 0.544  0.753 -1 45 0.394 0.607 -1 66 0.285 0.421 1
4 1 1 0 25 0.535  0.535 46 0.39 0.607 1 67 0.285 0.778 1
5 1 1 0 26 0491  0.535 47 0.39 0.688 1 68 0.277 0.284 1
6 0.998 1 0 27 0491 0.503 -1 48 0.378  0.393 1 69 0265 0517 1
7 0.998 1 -1 28 0.487  0.487 49 0.37 0.421 1 70 0.245 0.517 1
8 0.987 1 -1 29 0471  0.677 1 50 0.366 0.421 -1 71 0.245 0.336 -1
9 0.94 1 -1 30 0461  0.677 -1 51 0.366 1 1 72 0.241 0.351 1
10 0.895 1 -1 31 0461  0.664 52 0.353 0.395 1 73 0.232 0.241 1
11 0.895 1 -1 32 0.456  0.489 53 0.346 0.383 1 74 0.203 0.241 1
12 0871 0.872 -1 33 0.455  0.454 54 0.338 0.383 1 75 0.203 0.344 1
13 081 0.715 -1 34 0.447  0.454 55 0.338 0.355 1 76 0.202 0.37 1
14 0691 0.715 -1 35 0.447  0.592 -1 56 0.336 0.381 1 7 0.191 0.262 1
15 0.691 0.705 -1 36 0.443  0.447 -1 57 0.332 0.334 1 78 0.169 0.262 1
16  0.668 1 37 0443  0.73 1 58 0.324 0.334 1 79 0.169 1 1
17  0.664 1 38 0434 0.73 -1 59 0.324 0.456 -1 80 0.156 0.248 1
18  0.652 1 -1 39 0.434 0437 60 0.317 0.376 1 81 0.109 1
19 0652 0.859 40 0432 0513 61 0315  0.353 1
20 0.587 0.685 41 0421  0.488 62 0.295 0.353 1
21  0.56 0.924 42 0.406  0.488 -1 63 0.295 0.324 -1
g . 2g* CR g+ CGS \R=0, ReL, Re-1,
4 4 ' ,
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