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Multidimensional Time Series Analysis Based on Support Vector
Machine Regression and Its Application in Agriculture

YUAN Zhe-ming, ZHANG Yong-sheng, XIONG Jie-yi

(Bio-safety Science and Technology College, Hunan Agricultural University, Changsha 410128)

Abstract: [ Objective] To construct a novel nonlinear multidimensional time series approach based on structural risk
minimization, which shows the dynamic characteristics of sample set as well as the effect of environmental factors. [ Method]
Integrated controlled autoregressive (CAR) into support vector machine regression (SVR), a novel nonlinear multidimensional time
series model named as SVR-CAR was proposed. After estimated the order and screened the variable by leave-one-out method based
on the minimum mean square error, the reliability of SVR-CAR was validated by one-step prediction method. [Result] The
prediction results of the agricultural sample set showed that SVR-CAR had the highest prediction precision in all reference models,
characterized the nonlinear dynamic of the sample sets subtly, and explained the effect of variable to prediction partly according to
the order of the restrained variable screened compulsorily. [Conclusion] As a novel nonlinear multidimensional time series analysis
approach integrated CAR into SVR, SVR-CAR had the advantages of structural risk minimization, non-linear characteristics,
avoiding the over-fit, strong generalization ability and high prediction precision, efc. SVR-CAR, can be widely used in the prediction
area of agriculture, ecology and economics.
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Table 1 Index of agricultural total output value and its correlative factors from 1952 to 1980 in China

RN EFEAREL ()

RAFFE ) (xi1,5N)

R (xo, ST RMEBL (x3, 1270)

iﬁ Index of agricultural Agricultural labor force Crop yield Agricultural taxes
total output value (y) (x1, ten thousand persons) (X2, ten thousand tons) (x3, 100 million yuan RMB)

1952 100 17317 16392 27
1953 103.1 17748 16683 27.1
1954 106.6 18152 16952 32.8
1955 114.7 18593 18394 30.5
1956 120.5 18545 19275 29.7
1957 124.8 19310 19505 29.7
1958 127.8 15492 20000 32.6
1959 110.4 16273 17000 33
1960 96.4 17019 14350 28
1961 94.1 19749 14750 21.7
1962 99.9 21278 16000 22.8
1963 111.6 21968 17000 24
1964 126.7 22803 18750 259
1965 137.1 23398 19453 25.8
1966 149 24299 21400 29.6
1967 151.2 25167 21782 29
1968 147.5 26065 20906 30
1969 149.2 27119 21097 29.6
1970 166.3 27814 23996 32
1971 171.4 28400 25014 30.9
1972 171.1 28286 24048 28.4
1973 185.5 28861 26494 30.5
1974 193.2 29222 27527 30.1
1975 202.1 29460 28452 29.5
1976 207.1 29448 28631 29.1
1977 210.6 29345 28273 29.3
1978 229.6 29426 30477 28.4
1979 249.4 29425 33212 29.5
1980 259.1 30211 32056 277
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AR AT B IR 8 S5 (1 SVR-CAR 7E3 2 Fi #1465 v 7
ML, XK WIHELR P M G — 2 RE Rl 4 AT AN )

2 Rl B ERETN

I B . 5 CAR ARJA], SVR-CAR JEALAR
P e — i sk — A5 B MR Z ORI, IR IR A
o=1 WAL HIE SVR (0) #iEH] SVR (1) K
MSE 4K MR 5 . AL, it T8 )E R
GiARLEMEALFEE 5%, SVR-CAR K540 M % i T AEA
P LR S5 e R RPN ITTR UMb
RS0 % 9% 1952~1970. 1952~1971. ...... L1952~

Table 2  Predication of the index of agricultural total output value

4E4) Year JU{H True value ~ MLR SVR SLR SNR CAR SVR-CAR  If[a]/F4 Tl Time series analysis
1971 171.4 176.1 1713 176.1 162.6 189.1 176.1 194.8
1972 171.1 167.3 163.9 167.3 166.9 169.9 166.9 1713
1973 185.5 185.0 173.6 186.3 170.8 186.1 180.9 171.1
1974 193.2 191.8 179.3 191.8 178.9 167.8 193.2 185.2
1975 202.1 198.0 198.4 198.0 170.9 201.0 199.9 193.0
1976 207.1 200.3 196.2 201.6 197.4 206.2 204.5 201.9
1977 210.6 199.7 1973 200.1 197.5 207.8 207.1 207.0
1978 229.6 217.5 205.0 217.6 199.9 222.7 219.3 213.3
1979 249.4 2422 234.1 240.8 2454 249.3 240.4 229.2
1980 259.1 236.9 226.8 235.0 236.8 248.5 248.9 273.5
MSE 91.2 257.6 99.3 315.2 112.7 374 182
MAPE% 331 6.05 3.37 7.24 3.39 2.40 5.51
Qe 0.9842 0.9553 0.9828 0.9454 0.9804 0.9935 0.9684

1980 4 17 1474 5 i ik 5 P A ok i S A il i S AL
AL (R 3N 1952~1980 4RI , 455
T MR G AR M A B = E R EUT
TR R W g5 K o AL 57 80 ) 32 1977 45 16 Al S =8
P A T AT B M, HLRE ST N B, AR 1980
SEOEEATCE M NI R AR R (R 3) 5 XARER

B 20 {20 70 AR, Bl “I AR B TUER 15K
Jitg, A5 Bt e T Sk . 1973 SELUE, ARk
B e AR AP BN AV S B 47 B P — &
oM AR R (AR BN AR 7 (B AR T
D0 i S B Bl XS K, 2 1977 SRS 2K
TR X A WF ST b E AL R

R3 LBEAMR—NELEEMESHKRETERHINEIZRE MSE &

Table 3 Screening variables and their MSE values in different steps according to table 1

BB IR KR X X2 X3 LAy B4 x, 4 x, FAExs  fRIKAS
Stage Step  Before screen y of last year ~ x; of last year x,of last year x;oflast year Variables screened
A i 1 21.6 212 814 220 522 16.2 21.9 317 BAE x
Screening variables x, of last year
2 16.2 127 70.5 17.3 473 16.1 26.2 Xi
P B A8 S R T UK O 3 12.7 582 128 30.0 13.1 17.1 X3
Sereening retained 4 12.8 549 429 13.5 163 L4 x
variables compulsorily %2 of last year
5 13.5 55.0 62.6 20.2 A xs
x3 of last year
6 20.2 68.2 50.2 iy

y of last year
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18 M= (y, 5X 10 kg) Hdhi 51 H SCHk[24],
4 MG AR ANFERIEF IR (x, JTRD « AIE
i E (x,, 5X10°kg) « WFEACHE LB (x50 T3k
MUKFEZEIAEK (x40 10 mm) . J5 5 FEHERZE
—BTINEE R ANE 4. (1) MLR FERURIN ] 41
HAWHIR Q%o KT 0.6, FEWATIM 24 ML= 12 1]
FEERLA (DA T RIS (720 3 M 48— 245, A MSE-
MAPE%AI Q* &> (2) ZEAFIS, MLR 4T SVR,

x4 HWRTEMN
Table 4 Predication of crop yields in spring

SLR LT SNR, i8] 4 F AR R R AR A A it FH 12
TIFRNEAE Sk KRG AR B /K 1 DR 70 A A R
R E 2 2N LR, (3 BAUBRIE
— Wi CAR AL HI W % T MLR Ml SLR; H
Q’x=0.3168<C0.6, HEMITHMI K BL . KSR 5 AEALE
EAE R TERIRTM . (4) SVR-CAR {5 4 ¥
BRI T 5 AR, 3R A AR 1 25— 2% FE =l ) 43 A
TN S 71 o T & VA N <o P 7 ) U G vkt 59
RGAL R B ] 1G58, SVR-CAR HEAf A2
B TREARE N IE AR AR, BRI POAR  f L

4EJP No. of year  FL{H True value MLR SVR SLR SNR CAR SVR-CAR I [ /7575 | Time series analysis
14 618 624.5 816.8 618 616.9 659 595.9 629.5
15 742 656.7 524.0 630.4 524.0 801.3 787.0 642.6
16 805 903.6 511.7 856 974.9 833.7 880.5 721.7
17 859 848.2 845.3 852.7 846.1 4152 846.4 773.6
18 855 861.9 759.8 892.6 843.8 941.9 843.8 904.4

MSE 3441 36467 3302 15341 42106 1698 5337

MAPE% 54 22.1 53 10.7 16.0 4.4 8.3

Qzex‘ 0.9442 0.4083 0.9464 0.7511 0.3168 0.9724 0.9134

DIABI TR, A5 T4 1~18 44
(AR e L O P AT o R R (PR TR, 3L
FERFIND » SRR IR AR, EAFESRRR
B E AR R A S R AR AR B TN A T 5%
(AR ACE) o CREAZR, 0™ R T
ML MR NI R AR SR IEHE Sk > 4
SR T A2 > A R B T AR > _E SRR ALt =
> B B> R IRALSE S > KRR e
BRI o XIS ALEE R M 2 AR 2 T v A
PERSCHEN 2, HLALBHI R AAAE 20— KA 2%
H T AR Bl T AR A B [ BN BRUE . HOW ™

®5 —HKEREREEETN

BN E L LCARR 2, R R R
RO RPN —E R, ™ A AR —E
[P RFAIE s 2955 KRS 326 30 B AR AR S T
SUMAALSS, XA 4. 8. 15 FEH LI K FHR K

AR AR 52 W B i ] 759 33— ek
2.3 —REXREBEEZEETN

21 FRIKESEHEREE (y, HBEE%) £
g1 SCHR[25], 2 MILG B AR ) — R B (x,
SKIERR F17 A BRI R (xp, mm/C) o 5
5 FE AR IR S FRRE DI g ik 5. [FFE
Hi, M MSE. MAPE%M! Q% %, SVR-CAR ¥

Table 5 Forecasting damage degree of the 2nd generation corn bore

EFF%1 No. of year FL{H True value MLR SVR CAR SVR-CAR B[] 2 %1 TGl Time series analysis
17 10 15.8 30.7 12.1 16.4 25.1
18 38 325 33.6 26.6 34.0 23.1
19 27 42.9 39.5 41.8 31.0 27.4
20 12 18.0 229 13.2 8.1 25.2
21 31 36.8 31.1 345 32.0 25.7

MSE 77.3 144.6 73.4 17.8 130.5

MAPE% 40.01 71.21 25.42 25.01 63.76
Q%ext 0.6464 0.3384 0.6640 0.9184 0.4028
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AARAAE HAR R A BES FE oL, R e d
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BB I, AN R I R — YR AR ) T kG
ISR /N e BB, SVR-CAR X T T mf fig Eb )
PSR N, W — iR v R g
TR FA AR SRR VKL 5 RS S BT kAT

4 ZEig

P T R T SVR ARG 2 Yk i A R
4y HT 7% (SVR-CAR) FHAETHH ML LA LS.
SVR-CAR it 1 I Ta) 2 510 3 M A Rl U 2, AT 2k
TaE RN, AR E, IS TMEA, B
(B /b HUUR VR | RN i)
AN, ZARHETREIL e, AR e, ARt AR
i, KT MSE m/NHZhikFEZ K. AT
gridregression.py H 248 R T iz R B S5, #4F
B ANN AR fRMEAEVE 2 A0 I (R B AR s A
1%, SVR-CAR ] 4 i f B AR 568 Tt (4 A b 2
U MY R 3B o il e e s 6 T A& i — 20 Tl
ML, S2BAER W] SVR-CAR FiKE i w, el
Bl BB GOSN T I N .
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