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Abstract Based on support vector regression SVR and controlled autoregressive CAR  we proposed a new non-linear
multidimensional time series method named SVR-CAR that can show the dynamic characteristics of sample set as well as the
effect of environmental factors. To evaluate the performance of SVR-CAR we compared its predictions with those of four
other commonly-used methods using two sets of real-world data and one-step prediction. The results showed that SVR-CAR
had the highest accuracy in prediction among the five methods and had the advantages of structural risk minimization non-
linear characteristics avoiding over-fit and strong capacity for generalization. SVR-CAR has the potential to be widely

used for predictions involving multidimensional time series data in ecology agricultural sciences and economics.
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1 1970 ~1987
Table 1 Forecast factors of wheat scab from 1970 to 1987

Year ¥ X X X3 Xy

1970 21.5 25.8 0.6 81.9 7
1971 5.3 25.4 0.2 82 8.4
1972 22.4 25.4 24 81.7 11.9
1973 68.5 24.3 28.9 78.2 11.6
1974 13.5 25.9 1 79.5 8.5
1975 56.7 24.5 9.8 78.9 10.7
1976 37.9 24.7 3.5 82.4 10.6
1977 50.2 25.1 66 78.8 13.1
1978 8.6 25.4 1.8 80.9 9.2
1979 16.8 25.9 2.8 81.8 9.5
1980 20.5 25.3 1.5 81.8 10.3
1981 42.5 24.9 23 70.7 12.7
1982 25.7 25.2 16.3 80.1 13.3
1983 72.3 25.4 84.3 79.3 10.2
1984 15.8 24.9 0 81.3 11.4

1985 25 25.4 24.6 80.7 8
1986 46 24.3 0 80.7 11.4
1987 56.65 24.9 11.3 79.8 14.5

¥ Diseased panicle rate %  «x, 7 8 Mean minimum temperature from the last 10 days of July to the
first 10 days of August last year C  «x, 1 Rainfall in the first 10 days of January mm  «x;3 7~9 Sum of
mean temperature from July to September last year C  x, 3 Mean temperature in the middle 10 days of March °C
2

Table 2 Forecasting the diseased panicle rate of wheat scab

Year True value MLR Time Series Analysis * CAR SVR ** SVR-CAR **

1983 72.3 59.0 30.4 108.7 60.5 72.8
1984 15.8 27.1 41.0 -12.6 30.6 15.0
1985 25.0 39.8 38.0 91.7 37.4 28.0
1986 46.0 42.4 36.4 27.3 32.0 55.0
1987 56.65 25.4 39.7 36.4 32.2 26.1
MSE 302.7 588.3 1471.1 261.4 205.2

MAPE% 42.4 64.1 114.7 46.6 18.3

® 7 MSE Using the forecast values of linear smoothing model which has minimum MSE

among seven time series analysis models

® K Using polynomial kernel ¢=1 d=3

SVR-CAR SVR
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Table 3 Diameter growth of fir and climate data >
Age a ¥ X X X3 Xy X5
6 1.3125 - - - - -
7 1.1778 23.3 23.2 145 37 94.45
8 0.9286 23.3 23.2 156 43 54.55
9 1.05 22.6 22.6 176 26.5 95.55
10 1.0216 23.3 23.2 165 31 71.35
11 1.2 22.7 22.6 147 34 33.45
12 1.1818 23.3 22.2 146 30.5 41.85
13 1.0968 23.3 22.3 155 42.5 99.1
14 1.1034 21.8 21.7 138 36.5 90. 65
15 0.8519 22.5 22.6 127 29.5 67.7
16 0.8077 22.5 22.6 168 36 64.15
17 0.875 22.1 22.2 164 48 130.25
18 1 22.2 22.2 180 38.5 102.6
19 0.8095 22 22.1 169 28 179.9
20 1.05 21.8 21.8 162 32.5 127.4
21 1.0526 22.6 22.7 164 30 80.45
22 1.1111 22.4 22.4 155 30 48.25
23 1 22.2 22.3 143 22.5 81.15
24 0.875 22.7 22.8 133 27.5 86.05
25 - 22.5 22.7 158 29.5 100. 05
y Age ring index «x, 15cm Annual average geotemperature under 15cm last year C x, 20cm Annual
average geotemperature under 20cm last year C x, 18 ~27C Days of mean temperature from 18 to 27 last year d  x,
5 6 Mean minimum relative humidity in May and June last year % s 9 10 Mean
rainfall in September and October last year mm
4
Table 4 Forecast/simulation values of the age ring index of fir
Tre value VIR Time Series CAR Simulation values SVRLCAR ™
Age a Analysis * of CAR ?
19 0.8095 1.0240 0.9975 0.7709 0.9455 0.9112
20 1.0500 0.9360 0.8272 0.7933 0.9450 0.9941
21 1.0526 0.9800 1.0014 0.9066 0.9185 0.9999
22 1.1111 1. 0460 1.0421 1.0783 1.0536 1.1555
23 1.0000 1.0380 1.0976 0.9139 0.9702 0.9930
24 0.875 1.0000 1.0211 0.8675 0.8894 0.8636
MSE 0.0143 0.0205 0.0162 0.0087 0.0031
MAPE% 11.37 13.66 9.25 8.22 4.82
® 7 MSE Using the forecasted values of linear exponential smoothing model which has

minimum MSE among seven time series analysis models
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