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A combined model of Richards model and BP neural network

to predict transportation carbon emission

GAOQO Jie?, WANG Jian-wei', LI Lin-na’
(1. School of Economics and Management, Chang’an University, Xi’an 710064, Shaanxi, China;
2. School of Management, Jiangsu University., Zhenjiang 212013, Jiangsu, China)

Abstract: In order to improve the prediction accuracy of transportation carbon emission, a com-
bined prediction model based on Richards model and BP neural network was established according
to the characteristics of nonlinear and saturated growth in transportation carbon emission time se-
ries. The time series of transportation carbon emission from 1985 to 2010 in China was used to for
fitting and validation of the combined model. The results of Richards-BP network model were
compared with that of the individual Logistic model, GM (1,1) model, Richards model, BP neu-
ral network model, Logistic-BP network model and GM (1,1)-BP network model respectively.

The results show that the prediction errors of three combined prediction models are significantly
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less than the errors of one single model. It is indicated that the BP neural network can improve

the accuracy of the single model by error correction.

In addition, the prediction error indexes

such as average absolute error, average absolute percentage error and standard deviation of the
combined Richards-BP network model are respectively 118. 439 X 10" t, 0. 254% and 136. 915 X

10" t, which means about five times of the accuracy of the Logistic-BP network model and GM

(1,1)-BP network model are improved. The Richards model is better than the other single models

as an input for BP network study. The combined Richards-BP network model is a reasonable method of

higher accuracy for prediction of transportation carbon emission. 5 tabs, 2 figs, 14 refs.

Key words: traffic engineering; transportation; carbon emission; combined prediction; Richards

model; BP neural network
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Tab.1 Simulated values of Richards model and combined Richards-BP neural network model
) SBRAE /101 ¢ Richards &% /10" t BP #i £ ™M 4% /10 ‘Al Richards-BP 414
LA 2 3% 1R 9% B IR 2 T % 22 BERL/10% t
1985 8 428.815 1 6 865.470 1563.344 9
1986 9 665.991 7 7 485.995 2179.997 0
1987 9 953.175 2 8 162. 604 1790.571 0
1988 10 387.650 7 8 900. 368 1487.283 1
1989 10 773.635 2 9 704. 812 1 068.823 4
1990 10 718.564 2 10 581. 960 136.601 1 287.838 1 —151. 237 00 10 869. 80
1991 11 150. 686 8 11 538.390 —387.704 9 —521.703 0 133.997 90 11 016. 69
1992 11 679.492 9 12 581. 260 —901. 768 0 —868.577 0 —33.190 80 11 712.68
1993 12 211.749 9 13 718. 380 —1 506.629 2 —1 810.830 0 304. 201 00 11 907. 55
1994 12 232,175 1 14 958. 260 —2726.081 4 —2942.730 0 216.653 20 12 015.52
1995 13 242. 806 6 16 310. 170 —3067.359 2 —3769.3300 701.975 40 12 540. 83
1996 13 351.130 6 17 784. 200 —4 433.072 7 —3580.140 0 —852.933 00 14 204. 06
1997 22 290.173 9 19 391. 350 2 898.821 5 2 908.139 0 —9.317 03 22 299. 49
1998 22 639.843 1 21 143. 540 1 496.303 3 1583.516 0 —87.212 50 22 727.06
1999 23 521.889 1 23 053. 680 468.211 9 472.992 3 —4.780 44 23 526. 67
2000 24 593.015 3 25 135.670 —542.652 5 —535.998 0 —6.654 06 24 599. 67
2001 25 471.413 5 27 404. 340 —1932.925 6 —2140.510 0 207.580 60 25 263. 83
2002 26 928.053 1 29 875. 230 —2947.180 8 —2761.3600 —185. 821 00 27 113.87
2003 31 106. 342 9 32 564.120 —1457.780 8 —1660.970 0 203.189 80 30 903. 15
2004 36 597.071 1 35 486.010 1111.064 8 1147.420 0 —36.355 60 36 633.43
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Tab. 2 Prediction of transportation carbon emission in China from 2005 to 2010

Richards 81 /10 t
CRGNES BP #2245 15 1IE D22 /101 t SERAE /10* t HABIITIAE /10" «
A 2 %] 1R 2%
2005 1772.491 38 653.15 1 552.096 40 205. 250 1 40 425. 64
2006 2 239.531 42 071. 48 2 163.786 44 235.269 9 44 311.01
2007 2 600.530 45 734. 14 2 494.337 ¢ 48 228.477 3 48 334. 67
2008 549. 542 49 610. 92 511.335 ¢ 50 122. 260 0 50 160. 47
2009 —2070.630 53 633.01 —1 868. 669 4 51 764. 343 0 51 562. 39
2010 —622.514 57 676.02 —554. 364 4 57 121. 660 0 57 053.51
% 3 Richards-BP HEZMEASFNER LI RERBIRE
Tab.3 Prediction errors of combined Richards-BP neural network model

Ay /AR 2005 2006 2007 2008 2009 2010
%R 2 /100 t 220.389 9 75.740 1 106.192 7 38.210 0 201.953 0 68.150 0
AR 2/ % 0.548 0.171 0. 220 0.076 0.390 0.119
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T XF 3] Richards-BP i 28 [ £ 4 4 455 7
(9 TR 4505 L DA 1985~ 2004 4F 54 R BEAS , 43 51 3R
FI Logistic A GM(1, 1) B | Pzl BP fifi 45 [ 2%
PL B Logistic-BP #1254 241 5 157 .GM (1, 1)-BP
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Tab. 4 Prediction results of models comparison

- 1 4 5 iR 22 (MAE) | 34 4 5 5 49 H i
2 (MAPE) & bt 22 (SDE) 8 7 4 Sk il 00455 760 46 56
T v 5 S5 B ST 45 F 5 S o AR 1 OB B L 5 A M
)N 2% A TR 00 A A T RE R R . A
TR RZL £ B TR T I0 235 R 1R 25 AR AR LR L3 5,

Ay /A Logistic 5 #1/10* t GM(1, D#LR /101 t BP # & M4 /10" ¢ Logistic-BP %1 /10" t |GM(1,1)-BP Ei%l/10" t
2005 38 528.505 19 36 493.962 6 42 154.961 0 40 123. 04 40 586.157 8
2006 41 705.132 07 39 715.657 0 41 981.033 7 44 232,71 43 695.903 0
2007 45 063. 608 96 43 221.763 3 47 247.660 1 47 608. 74 47 786.766 0
2008 48 601.415 93 47 037.389 3 49 459. 854 2 50 356. 18 51 038.057 8
2009 52 313.835 71 51 189.859 6 51 089. 860 8 53 284. 31 50 944. 637 0
2010 56 193. 811 29 55 708.910 8 54 256.310 0 56 119. 29 57 024.934 9
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Tab.5 Comparison of prediction error indexes of all models
PN R IR
T AL 7

MAE/10" t MAPE/ % SDE/10* t
Logistic 7 1728.323 3.695 1 .945. 305
GM(1, )RR 3 051. 620 6.595 3 442,626

A
Richards #& %l 1 524.099 3. 254 1 701. 637
BP 1 £ ) 45 B 1 1 564. 500 3. 270 1777.118
Logistic-BP 1 £ % 4% 41 A #5571 576. 794 1.109 791. 686
HiRsg el GM(1,1)-BP Hjt 2 o 2% 4 4 1 532. 369 1.110 598. 759
Richards-BP #ft £ {4 45 21 4 5 751 118. 439 0. 254 136. 915

H1 2R 5 W] LLAE Hh o 3 ol 28 45 99T 00 ASE D ) 0 15

22 W S /N T B — TN ASE R 1) T 2% 2 L T WA BP
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