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Table 1  Assessment indexes system of economic and environmental system
LU RS dRbR HEL R G An
A#)GDP(Jt) X, AR 75 2(%) Y,
N B (L) X BTN B A B i T () Y
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AR V(TR 0) X; N EJ7K B3 5 b () Ys
NSRRI AR A 0) X BN GDP AR HE O (1) Ye
Bl s R SRR (D) X, NI BT B (1) Y
A i RS AN () Xs N A SIS R (1) Yy
GDP K % (%) Xo 7 GDP P /K HER (1) Y,
W OB NS KA (%) Xuo AL GDP RO (D) Yio
SE P (%) Xu AL GDP SO, HF U (t) Y
FE2 T B i 2 RV K (%) X LA GDP [ A P2 7407 E A (1) Yu
A PR (%) X BB AL AL i (tehm™) Yis
Bkl AT SRS K (%) X Tl R AKFFTBEEFR (%) Vi
R Je AT A (%) X Tk SO, LBRF(%) Yis
TRBNBE 7 A e UK (1) Xis [ 1A R FE 255 R HI 2 (%) Yie
WL (%) Xin BRIH “ =[N HhAT B (%) Yy
H = I (%) Xis SIREGEA A E Y GDP L E (%) Yig
FRABE LA _E Al B9 L o B e EE (%) X TR P H £ 9% i GDP L HE (%) Y
o Z R A FE X NI A LG A (m? ) Yo
i B RE R K AR R X Beyr b HEBR (T 1) Yo
A i ISR BE RS IR 2R 8 Xa CV K HEBE (T 1) Yo
BB IR (0« hm ™) Xos PR HEBCE A (T ) Yy
UNEIGIPN) Xos Lol SO /™ H(t) Yo
INEEASVIPN) Xos Tk AR P54 A 4O ) Yas
GDP(Jj JT) Xa NBK B 050 A () Vs
HEH DU 950) Xor ALK AT m?) Yy
SRR A A9 AR 35 TT) Xog AAF ()T kWh) Vs
ok I7E I (%) X Tk H ()T kWh) Yo
5 kY E 77 B (%) X0 PRATHL(K) Yao
5 = k5 3 73 BT (%) Xy PR (L m’) Vs
e SRR BEFR 58 B = b A B Al A DA L
Autocorrelation Partial Correlation AC PAC  (-Stat  Prob Autocorrelation Partial Correlation AC FAC  G-Stat Prob
| = [ — 1 0795 0.795 14.624 0.000 L s | 1 0530 0530 62340 0.013
| — [ | 2 0582 -0.133 22912 0.000 ! [ 2-0.018 -0.416 62414 0.044
| S [ [ 3 0407 -0.032 27.193 0.000 LI [ 3 -0.085 0251 6.4213 00893
| = | [ [ 4 0273 -0.015 29.236 0.000 LI [ 4 -0.092 -0.293 B.6471 0156
! — | [ 5 0163 -0.041 30017 0.000 | [ 5 -0.256 -0.143 BS5162 0130
! g ! [ ! & 0.068 -0.054 30162 0,000 L == [ 6 -0.250 0035 10440 0107
i I I I 7 -0,002 -0.019 30162 0.000 [ = 7 -0.194 -0.300 11694 0111
[ | | ! 8 -0.060 -0.048 30.295 0.000 | = | 8 -0.236 -0.075 13706 0.090
[ = [ [ ! 9 -0.115 -0.064 30.828 0.000 L [ 9 -0.223 -0.143 15688 0074
[ = [ [ | 10 -0.165 -0.058 32.030 0.000 ! [ 10 -0.012 0067 15695 0109
[ = | [ ! 11 -0.209 -0.063 34172 0.000 | p ! 11 0078 -0.201 16.001 0141
[y [ [ ! 12 -0.251 -0.077 37.635 0.000 ! [ 12 0021 -0.025 16.026 0.190
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Fig. 1 Autocorrelogram of sequence X, and ilX; and partial correlation diagram
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Yariahle Coefficient Std. Error t-Statistic Prob. Variable Coeflicient Std. Error +-Statistic Proh.
AR(1) 0804032 0153612 5234170 0.0001 ﬁ]% gf?ig;g g??;ggi 349;321; ggggg
1 0712631  0.204477 3485132  0.003 -0. : -0. -
A MA(2) -0.820987 0170428 -4.817185  0.0002
R-squared 0.366919 Mean dependent var 0147618
2 R-squared 0.5583180 Mean dependentvar 0.147618
Adjusted R-squared 0326289 5.0 dependentvar 0.076893 Mlj'm:’ R-squarad Gaa3sis. 5 depgndentvar il
S.E. of regression 0.063113  Akaike infa criterion -2583325 o o rocsion bt il iy
Bum squared resid 0.063733 Schwarz criterion "24B439S g e ared resid 0044810 Schwarz criterion -2.673862
Log likelihood 25.24993  Hannan-Quinn criter. -2569684 | g ikelihood 2840031 Hannan-ouinn criter 2801705
Durbin-¥atson stat 1.833206 Durbin-¥atson stat 1.382858
Inverted AR Roots .80 Inverted AR Roots 85
Invarted MA Roots -1 Inverted MA Roots 1.00 -82
a ARMA (1, 1) b ARMA (2, 2)
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Fig.2 ARMA (1,1) and ARMA (2,2) modeling results
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Fig.3 ARMA (1,2) model residuals result
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Table 2 Order determination and predictive value of each economic indicators

P q 2010 4F 2011 4F 20124 20134 20144 20154
iLx, 1 2 43 372.12 47 381.78 51 550.55 55867.45 60 320.72 64 898.00
il 302 3 866.98 4697.75 5714.47 6969.41 8352.02 10025.43
il 2 3 37415.58 45 150.07 52377.99 58282.18 62 810.02 66 161.78
iLx, 11 15 614.08 16 303.77 16 722.69 16 973.57 17 122.57 17 210.64
iLX; 3002 542.47 488.78 541.91 542.47 527.94 530.91
iLX, 2 2 379.05 392.88 406.45 413.97 419.58 423.07
iLx; 11 95 720.47 103 143.50 110 389.63 117 417.41 124 193.39 130 691.70
iLX; 11 39312.84 43 050.90 47 099.88 51481.51 56218.72 61335.65
X, 2 2 13.35 11.90 10.01 9.53 9.99 10.47
ilX, 303 20.73 9.01 4.97 2.27 2.50
ilx,, 11 29.10 27.67 28.90 28.20 28.73 28.40
X, 11 17.40 17.68 17.58 17.61 17.60 17.61
X, 23 13.72 29.94 -1.52 -1.04 -0.27
X, 21 9.80 10.31 10.32 10.27 10.27 10.27
ilX,s 11 11.35 10.66 10.01 9.40 8.83 8.29
ilX,q 2 3 2.82 2.93 3.06 3.11 3.16
ilx,, 11 53.58 53.57 53.58 53.57 53.58 53.57
ilX, 22 41.00 40.84 40.58 40.63 40.73 40.72
ilX, 33 0.04 0.04 0.04 0.04 0.04
ilXa (| 70.08 69.96 69.84 69.71 69.59 69.47
ilXa, 34 37.63 39.15 39.69 39.39 39.37 39.45
ilXa 11 36.41 35.44 34.49 33.57 32.66 31.79
ilXo 12 20 641.56 20251.48 19970.93 19 768.27 19 621.38 19 514.68
X 11 2361.55 2359.97 2358.70 2357.67 2356.83 2356.16
ilXas 0 0 3.77 3.21 2.62 2.40 2.12
X 21 10 423.38 10 999.31 11451.48 11 804.54 12 078.96 12291.47
X 12 1367 352.91 1159 154.11 912 547.25 645 384.32 390 814.62 189019.18
X 2 2 908 728.95 957 035.54 1 000 696.39 1029 199.47 1050 471.82 1065 156.12
ilXa 11 30.54 30.78 31.01 31.25 31.49 31.73
il 11 27.98 27.40 26.85 26.33 25.84 25.38
ilX;, 11 .73 4293 43.10 4325 43.39 43.50
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Table 3 Order determination and predictive value of each environment indicators
P q 20104 2011 4F 20124 20134 2014 4F 20154F
i1y, 2 1 32.97 32.97 32.97 32.97 32.97 32.97
i1y, 2 2 21.59 21.12 21.28 21.28 21.26 21.27
ilYs 2 3 39.49 39.77 38.89 38.59 38.29 38.11
iy, 2 1 0.00 0.00 0.00 0.00 0.00 0.00
ilYs 2 2 86.85 82.67 83.72 84.05 83.55 83.81
ilY; 1 1 0.00 0.00 0.00 0.00 0.00 0.00
i1y, 1 2 3.12 3.13 3.13 3.13 3.13 3.13
ilYs 2 3 0.22 0.21 0.21 0.21 0.21 0.21
ilYs 1 1 0.00 0.00 0.00 0.00 0.00 0.00
ilYio 1 2 2.81 2.07 2.38 223 2.30 2.27
i1y, 0 0 0.01 0.00 0.00 0.00 0.00 0.00
ilYi 3 1 0.00 0.00 0.00 0.00 0.00 0.00
ilYss 2 2 0.89 0.88 0.91 0.92 0.90 0.88
ilYi 1 1 86.09 86.01 85.98 85.96 85.96 85.96
ilYs 2 2 36.43 41.81 50.24 33.90 49.29 4275
ilYi 2 2 46.01 46.00 45.78 45.89 45.81 45.87
1Yy, 2 2 99.92 100.00 99.97 99.98 99.98 99.98
il Yig 2 2 0.28 0.31 0.30 0.31 0.31 0.31
ilYs 1 1 1.32 1.32 1.32 1.32 1.32 1.32
il Yy 2 2 75.54 74.31 74.61 74.90 74.82 74.75
i1Ys 2 2 7.68 7.51 7.57 7.55 7.56 7.56
ilYa 1 1 19 708.16 18 739.1 17 826.42 16 966.44 16 155.72 15391.06
il Y 1 1 24 635.20 23 423.87 22283.03 21 208.05 20 194.64 19 238.81
il Ya 2 2 53.60 57.14 59.96 59.81 58.88 58.60
il Yas 1 1 14 185.21 14 289.25 14 260.62 14 268.47 14 266.32 14 266.91
il Ya 2 1 83.92 77.41 81.04 79.99 79.49 80.48
ilYs 2 1 19933131 18243453 19231039 1890%.16 18801158 19065225
il Yo 1 1 1002451129 1061087127 1120183272 1179583424 1239160222 1298755926
il Y 2 2 800423395 877415387 959251487 1056774898 11652026.14 1292117300
ilY3, 2 2 103091.60 100853.19 10168588 10147680 10150320 101509.54
ilYs 4 4 61 198.75 63 474.96 61 453.76 61 287.93 61224.29 61712.76
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Fig. 5 Coupling analysis of economic and ecological

system of Shenyang Economic Zone
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The Coordinated Development of Economy and Environment Based
on ARMA Model in Shenyang Economic Zone

HAN Rui-ling', TONG Lian-jun’, ZHU Shao-hua', LU Zi'

(1.Tourtsm College of Hebei Normal University, Shijiazhuang, Hebei 050024, China; 2.Northeast Institute of
Geography and Agroecology, Chinese Academy of Sciences, Changchun, Jilin 130102, China)

Abstract: The short-term forecasts on economic and environmental indicators of Shenyang Economic Zone in
2009-2015 were made by choosing ARMA model. Then, the coupling relationship between economy and envi-
ronment was simulated using coupling coordinate model. The ARMA model is one of the most popular time se-
ries models currently and requires a large sum of data with a minimum of 50 samples. In accordance with the
principles and modeling steps of time series analysis, this article compared the pros and cons among models by
model order determination, established the optimal ARMA forecasting model of economic development and
environmental transformation respectively. It was found that, the predicted error of ARMA model was smaller
and the effect was better. The economic indicators of the study area kept growing. The environmental indica-
tors also gave a good trend with the positive indicators growing and the negative ones decreasing in various
degrees. However, the coupling degree between economy and environment represented a declining tendency
from 2010 which was mainly owing to the intensified environmental pressure from fast economic growth. The
result told that there was still contradiction between economic development and environmental degradation
and the contradiction kept circulating from ease to sharp and backward constantly. This research provided prac-
tical value for the management and adjustment of the contradiction between economy and environment in
Shenyang Economic Zone. The coordinated development degree was directly affected by the scale of econom-
ic development and level of environmental construction. Thus, in order to improve the sustainability of eco-
nomic development in Shenyang Economic Zone in the future, the environmental construction was as crucial
as economic development. More projects from economic perspective should be taken as the adjustment of eco-
nomic structure, reduction of energy consumption and increase of economic revenue. A series of positive mea-
sures should also be taken for the improvement of environment, such as improving resources utilization rate,

strengthening cleaner production and promoting environment-friendly industry.

Key words: coordinated development of economy and environment; ARMA model; short-term forecast; cou-

pling coordinate model; Shenyang Economic Zone



