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Abstract

Aiming at modelling and prediction for oscillation sequences which exist widely in the real world,
this paper proposes a new type of exponential curve model with oscillation term based on the
classical exponential curve model. With the characteristics of the model and the least squares es-
timation method, an optimization problem is developed to evaluate the system parameters. Based
on this problem, the Matlab software is used to solve the optimization problem to obtain the sys-
tem parameters. Further, the model is applied to forecast the China’s primary energy consumption.
The computational results are compared with the classical exponential curve and the modified
exponential curve, and it shows the oscillating exponential curve has higher accuracy in China’s
primary energy consumption.
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£ [ 77 il 22 7] (British Petroleum) 2018 4 [\t A GEIRGTTHF 221170, ATLUE £ 2017 A GEVRIH 2%
PR 3.1%,  H AT E SR B RO R RENHE P, 5 A ERAEIR 2 B 23. 2% A BRAE 2 K
(1) 33.6%. S HEB AT i REVRH 9 A EERE, (H 2017 SRS LEDN 60.4%, 8157 SR, HETT
PRI K 31%, SRR KM 36.0%. 1 T FRA B 9 A ERE R 21.9%. EAREARE
Pk, o EORFHAETH SR AR, 38 76%, HUGRAEMIFRE, HEKIE 25%, MAEERTKIE 21%, KK
15 0.5%. FEREURAOBTTT A, Hr N —IRAEIEA —IRREIR . —IRAEIRAE SR B AR T LUR AT AF R . R
LM TR REE TR, XORRMRBEIR, R . A, R Keg. HElhEOgZMR E5—K
(IREYRIH B, (EAE R D MR R SR RIS N, BEIR S5 M) IEAE [ S vt HEARBR (R 2
T, S [E REUR K 2T TORARA O AR, BE TSSO B IR HOTE 9 A SIS RTIAIN, e
DN A ) 5E B AT AL B R AR

FEXRSHHE T 23 B v, 4R B 2R [ 22 AR B L LA — ST Y, JHL o A (1 A 5 ST (1 3 bl
KO AR, B I 18] Fr 41 (I a3 4% — 8 1 1 70 Bl g el i bk, 2010 47, 22 MAPRSE[3 1A FH 15 K th 26
B IR B kit e 2k (R TR EAT 1 0 H o XD 55 (41T 2013 EK 70 BUR BB R N T+ KU
MBI BE AR, FRIAS TARGFAEE IR . M e[S TAR I 45 Kl 2 PN AL (e s, ot i B0 b e TN AR 2 1
st SHAhTE AR ZE LIERYESES T R REAT TR, #E0, i fa St 22 10 2L Al 30
—ANEEI, RO IE AR B AR [2] 0 e B R A AN ] T R i, AT B S AT REAR AR,
A BRGNS, S REEE TR AR K. 2B X612 145 Bth 2 AR e 1
NBEARRA G OLREAT TR B . £ 5B 7 EBA TR EAE B, 45t T IESRHuih &S 8l i)
M, JF RS A L SR TR AR A . BRBH B AE (88 ie T — AN IB IEFR RO 2R Y, Jf:
U B IR B AT P o TH AR 45 SRARTIE 15 A F5 480 th 2 L XU ity 2 R R OB R #8247 . A3
N9 HIE IE 5 B0 R x5 vkt 2 B it T 5 AR B B R OO B 1) R AT 1 T

IR 3 51 FHEIN 1) 0 T S A 5 B 32 AP AE ) — R BB R 2R i AL, I RE I 2 5 /oK. B B
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Y, =ab' +ct+d+rsin(z), (8)

HEE T 28 SR 4R BUB R RS IE AR, iR KA — s 51N rsin (¢) #89 BLEIR R GUAT A0 7 51 (4R 5
sz, A2, WRGAEEMZTA 5 MRS, HTREE)AR S AHIELMERE. Pl EXSHE
THIN SR )2 f /> —3fe ik
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Table 1. The statistical data of the primary energy consumption of China (mtoe)

1. BRE—XREREEENGTRREAMHEE)

Ay 2004 2005 2006 2007 2008 2009 2010

SERRME 1586.8 1803.4 1977.8 2150.3 22312 2329.5 2491.3

EHy 2011 2012 2013 2014 2015 2016 2017

SERRME 2690.1 2799.1 2907.0 2973.5 3009.8 3047.2 31322
APE = |-t x100%,¢t=1,2,---,n, (12)

t
1 &ly-Y
MAPE = z L 11x100%,v<n o (13)
v—I+1 =1 f

MFIERA3) A, H1=2,v=m, MAPE Nill&5i%%, iGN MAPE, : %l=m+1l,yv=n, MAPE}y
TR 2%, A MAPE,, s 4/=2,v=n, MAPE N&IR%, LN MAPE_, -
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Figure 1. Modelling and forecasting the primary energy consumption by the exponential curve, the modified exponential
curve and the oscillation exponential curve models
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Table 2. The results of China’s primary energy consumption by the exponential curve, the modified exponential curve and
the oscillation exponential curve models

2. RN (2 IERIE R AIRSA B R B — R BRI SR T H AR

Ay SEhR{E fafuth 2 APE (%) ENE AT APE (%) PR T Hih 2 APE (%)
2004 1586.8 1716.4824 8.1726 1623.3590 2.3040 1632.5780 2.8849
2005 1803.4 1825.0526 1.2007 1760.174 2.3969 1785.0933 1.0151
2006 1977.8 1940.4899 1.8864 1900.36 3.9155 1942.2660 1.7966
2007 2150.3 2063.2288 4.0493 2044.001 4.9434 2098.2136 24223
2008 22312 2193.7312 1.6793 2191.183 1.7935 2246.0701 0.6665
2009 2329.5 2332.4880 0.1283 2341.992 0.5362 2384.0208 2.3405
2010 24913 2480.0215 0.4527 2496.517 0.2094 2516.6567 1.0178
2011 2690.1 2636.8866 1.9781 2654.851 13103 2650.3982 1.4758
2012 2799.1 2803.6737 0.1634 2817.088 0.6426 2787.1902 0.4255
2013 2907.0 2981.0103 2.5459 2983.322 2.6255 29222588 0.5249
2014 2973.5 3169.5637 6.5937 3153.654 6.0587 3047.9856 2.5050
2015 3009.8 3370.0435 11.9690 3328.184 10.5782 3160.3295 5.0013
2016 3047.2 3583.2038 17.5900 3507.015 15.0897 3261.8827 7.0452
2017 31322 3809.8469 21.6349 3690.253 17.8166 3358.7418 7.2327
MAPE, (%) 1.5649 2.0415 1.2983
MAPE, . (%) 14.4469 12.3858 5.4461
MAPE , (%) 5.5286 5.2244 2.5746
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Figure 2. The absolute percentage errors of the primary energy consumption by the exponential curve, the modified expo-
nential curve and the oscillation exponential curve models

2. feHhs . EIERERHL RIS R MR B H L —R BRI H RN EN B NIRE

DOI: 10.12677/0rf.2019.92016 145 18 %5 S 2


https://doi.org/10.12677/orf.2019.92016

AR

20 , , , , .
® g %hZk I s %
18 © BIE K48 0 th 28 N 15 IE 0 8 Hoh 28
® i A P Hh 2k I 555 7 e K 2k
16} |
14.4469
14®
12.3858
12F ®
10+
8 o 5% 2= BRRZE
L 5.4461 5.5286
6 ¥ 5.2044
4L |
2.5746
2_

0 i
1 1.5 2 2.5 3 35 4 45 5 5.5 6 6.5

Figure 3. The forecasting error and the total error of the primary energy consumption by the exponential curve, the modified
exponential curve and the oscillation exponential curve models
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