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Fig. 1  Distribution map of the soil sampling sites for productivity survey of standard cultivated land in Lucheng District of Wenzhou City
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Table 1 Scores of the productivity evaluation indexes for grading of standard cultivated land in Zhejiang Province

55 Landform type (LT)

IR Ji R I AR it T i b
Water-net plain Coastal plain River valley plain Low hill High hill
53 {H Score 1.0 0.8 0.7 0.5 0.3
5 Slope(S)
<3° 3~6° 6 ~10° 10 ~15° 15 ~25°
4H Score 1.0 0.8 0.7 0.4 0.1
2 Z T KA Winter groundwater level (WGL)
<20 ¢cm 20 ~50 ¢m 50 ~80 c¢cm 80 ~100 ¢m >100 cm
438 Score 0.1 0.4 0.7 1.0 0.8
1 FE kA Surface gravel (SG)
<10% 10%~25% >25%
/3 {H Score 1.0 0.5 0.2
HI T F R Profile pattern( PP)
A-Ap-W-C A-Ap-P-C A[BC-C A-Ap-C AC
A-[B]-C A-Ap-Gw-G A-Ap-G
SHH Score 1.0 0.8 0.5 0.3 0.1
HEHZIE R Thickness of cultivated horizon( TCH)
<8.0 cm 8.0~12 c¢m 12 ~16 ¢m 16 ~20 em >20 cm
53{H Score 0.3 0.6 0.8 0.9 1.0
HHEFiHL Cultivated soil texture ( CST)
i3+ Clay loam e+ Loam Fit Clay fib 1 Sand
M Score 1.0 0.9 0.7 0.5
2% Soil bulk density(SBD)
0.9~ L1~1.3 gem™?,
. " >1.3 gem ™3
1.1 g em <0.9 gcm
M Score 1.0 0.8 0.5
pH
6.5~7.5 5.5~6.5 7.5~8.5 4.5~5.5 >8.5,<4.5
53{H Score 1.0 0.8 0.7 0.4 0.2
PH &S F-38# it Cation exchange capacity (CEC)
<5 cmol kg ! 5~10 cmol kg™ 10 ~15 cmol kg™' 15 ~20 cmol kg ™! >20 cmol kg !
/H Score 0.1 0.4 0.6 0.9 1.0
IRV MR B Total water-soluble salt( TWS)
<1 gkg™! 1 ~2g kg™ 2 ~3gkg™! 3 ~4gkg™! 4~5gkg™! >5g kg ™!
4H Score 1.0 0.8 0.5 0.3 0.2 0.1
AP Organic matter( OM)
>40 g kg ™! 30 ~40 g kg ! 20 ~30 g kg ! 10 ~20 g kg ™! <10 g kg~!
HH Score 1.0 0.9 0.8 0.5 0.3
F %W Available phosphorus( AP)
>40 mg kg ™!,
30 ~40 mg kg ! 20 ~30 mg kg ™' 10 ~ 15 mg kg ™' 5~10 mg kg ™! <5 mgkg!
15 ~20 mg kg~!
43{H Score 1.0 0.9 0.8 0.7 0.5 0.2
A Available potassium ( AK)
>150 mg kg™ 100 ~150 mg kg ™' 80 ~100 mg kg™' 50 ~80 mg kg~ <50 mg kg '
/3 E Score 1.0 0.9 0.7 0.5 0.3
ﬁf:{%( PR RS Drainage capacity or drought resistance( DCDR)
— H B/ — HAE — H 2 = HHEH — H B = H R
One-day rainstorm and One-day rainstorm and One-day rainstorm and
one-day drainage two-day drainage three-day drainage
>70 d 50 ~70 d 30 ~50 d <30 d

i Score 1.0 0.8 0.6 0.4 0.2
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Table 2 Weight values of the productivity evaluation indexes for grading of standard cultivated land in Zhejiang Province

PN TEAR & GRAEEED e R bR S W R bR e BRI &
Evaluation index Weight ||Evaluation index ~ Weight ||Evaluation index =~ Weight |[|Evaluation index ~ Weight ||Evaluation index Weight

LT 0.17 SG 0. 06 CST 0.08 CEC 0.08 AP 0.04

S 0.05 pp 0.03 SBD 0. 04 TWS 0.04 AK 0. 06

WGL 0.05 TCH 0.07 pH 0. 06 oM 0.07 DCDR 0.10

AR (e 2) , IS B R A LR
LA (AR R IPT = Y (P x W) R
W IPT AR A 2R 1 T 3855, P, W, 53 5 i 56
i DVEM S bR AL 77 RE 1 PF A (E FIA R ) |, AR B (L
YU B A2 AR AR P b ) S R o pm e (£ 3)
PERE T REIR X A v A FH o o8 2 4% A 1 ) 55
P (F4), HFE4ATHLFERRIX 246. 8 hm® brifi 4k H
W2 %1 85.5 hm’, /5 34.63% ;3 9% 119.7 hm®,
i 48.49% ;4 2% M 25.3 hm?, (5§ 10.26% ;5 2 H
16.3 hm*, i 6. 62% .,
R3 IARERBIDZERKIDIRAED
Table 3 Criteria for productivity grading of standard cultivated lands

in Zhejiang Province

A rade 2R G TREL
Integrated productivity index

1 Z5H Class 1 1 ¢ Grade 1 =0.90

2 %M Grade 2 0. 80 ~0. 90
2 %M Class 2 3 21 Grade 3 0.70 ~0. 80

4 ¢ H Grade 4 0. 60 ~0. 70
3 %5 H Class 3 5 94 Grade 5 0.50 ~0. 60

6 %4 H Grade 6 <0.50
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Table 5 Scores of the productivity evaluation indexes of the interpolated samples and its evaluation results of integrated productivity factors method

43H Score
¥ No. 15K PG
LT S WGL SG PP TCH CST SBD pH CEC TWS OM AP AK DCDR
1 1 0.8 0.4 1 0.8 0.9 0.9 1 0.4 0.4 1 1 0.8 0.7 0.2 3 %% Grade 3
2 1 0.8 0.4 1 0.8 0.9 0.9 1 0.4 0.6 1 0.9 1 0.9 0.6 2 %% Grade 2
3 1 0.8 0.4 1 0.8 0.8 0.9 1 0.4 0.6 1 1 1 0.9 0.6 2 %% Grade 2
4 1 0.8 0.4 1 0.8 0.9 0.9 1 0.4 0.6 1 1 1 0.9 0.6 2 %% Grade 2
5 1 0.8 0.4 1 0.8 0.9 0.9 0.8 0.4 0.6 1 1 0.8 0.9 0.6 2 %% Grade 2
6 1 0.8 0.4 1 0.8 0.9 0.9 1 0.4 0.6 1 1 0.8 0.9 0.6 2 %% Grade 2
7 1 0.8 0.4 1 0.8 0.9 0.9 0.8 0.4 0.6 1 0.9 0.9 0.9 0.6 2 %% Grade 2
1 Note: PG, productivity grade
*F6 ZTHREVERESHMALE
Table 6 Optimized parameters of the support vector machine model
FHEEAHEHIEIY SVM model
ZH0 Parameter
SVM2 SVM3 SVM4 SVM5

BN C 497.297 585 430.312 474 571.204 018 550. 101 441

AR AT o 6.731 892 6. 573 820 5.266 817 4.531 504

REZALE RE 0.000 129 0. 000 006 0. 000 099 0. 000 049

¥R 7 MSE 0. 006 101 0.002 918 0. 000 184 0.000 113

¥ Note:C, SVM penalty parameter which controls the trade-off between maximizing the margin and minimizing the classification error; o, Gaussian

radial basis function kernel width parameter; r, combination coefficient of the hybrid kernel based on Gaussian radial basis function kernel and polynomial

kernel; MSE, mean square error

2.6 ZHEEVNIFNERRELS BP HE M EIT
MERMLLB S

FIH YLk 47 1Y SVM2 . SVM3  SVM4 FI SVM5
PEM AR SVM KA AR AT g () HTT5, JL
g(x) THEAEF SVM TEM 45 R L4 7,

FIHVEAN 78 A 55 40 A48 H50OR 2% 0 25 51, L
T REFEBRMEANE R BP A 28 R 2% (1) g A, DL B
ERAE N BP Bl 45 1 4t R B RE S 4R, 45
2 g W R (1,0,0,0) 5570 3 4, Wit oy
(0,1,0,0) ;478 4 %, M4 H 0 (0,0,1,0) 554
59, M 8 (0,0,0,1) , K& BP #4845 0F
MERIREALE ) B F S SVM PEA A TR) £ B 5
ANE R BP 125 W25 (R YI ZRREAR AT BE AR, R
FHUNRREAS | e BRI 53 45 A BT pR Y Oy S A
sigmoid PR, B2 45 580 5, RV 48 2544 4 15-
5-4, F RINZRRECH 7 000 000, i ZE o K
0.95,%%F n N 0.4 M 3 2 BP # LM
25y BP M MG I AT . BP 28 M 45|

G5 22 MSE M 0.000 318, IR EEA TR
PR AMEAE R I 25 0 0 465 0 i A, A7 b g 25 2%
W, ZERER T,

MR T W EH, SVM ik 58 BRI AL 45
SEAAHIE, SVM ¥ B PEA IE#6°F 8 100% 5 BP #l148
P 245 15 55 48 BORI Ik A I AN 45 R AR — B0, e 1 A4
(330302-0011 =) - FE R IEH 45 SR AR ], =38 4%
FETEM SN 3 S, T BP #2824 15 1 i He
TSR 2 9, BP #2845 1L F A IE B 2R
90% , MRIGHE 7 L5 F AT LIS, R SVM 5 5% it
FEARBEATPEMY 2 SRR 3 2% 1143 1) o5 IR AR A AR
Febn A I B AL (115.73 hm?) 1 45.04% F1
54.96% , FOIERA PN ARAEAR H BT ARN 100% ; 1 H
BP 28 28X IAREA A TPEA 2 G 3 9
4350 o R A A bR v AR BV TRT AR Y 34. 10% Al
65.90% , HAEBPEAT AR AER H YT ALK 89. 05% , Hi
BEATUL, 5 BP #2245 A L, SVM Ik B TEAN 45
FERTTEE, BRI SVM 5efIR T BP ML 5 E A
Jari e/ INEBILE , HA . BP R S S A AR RE
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Table 7 Comparison between the support vector machine method and the BP networks method in evaluation

BP #1245 /) 47 BP networks method

ZE9% Grade 45 {E Output value 9% Grade

HHRE SR

TPF method SVM method
+HE5 No

i A Output value
Y Grade
SVM2 SVM3  SVM4  SVMS5

330302-0004 3 2 Grade 3 -1.284 1.238  -0.981 -1.022
330302-0005 3 %% Grade 3 -0.205 -0.127 -0.920 -0.788
330302-0006 3 %% Grade 3 -0.595 0.113 -0.828 -0.741
330302-0007 3 4 Grade 3 -0. 802 0.270 -0.767 -0.742
330302-0011 2 2 Grade 2 0.014 -0.115 -0.927 -0.974
330302-0012 3 %% Grade 3 -0.332 -0.219 -0.892 -0.542
330302-0013 2 4 Grade 2 1.120 -1.089 -1.034 -1.032
330302-0015 2 4 Grade 2 0.820 -0.914 -1.004 -0.965
330302-0017 2 % Grade 2 1.000 -1.021 -1.021 -1.015
330302-0019 2 & Grade 2 0.231 -0.375 -0.895 -0.3811

3% Grade3 0.000 1.000 0.000 0.000 3 %% Grade3
3% Grade3  0.007 0.957 0.000 0.001 3 %% Grade 3
3% Grade3 0.000 1.000 0.000 0.000 3 % Grade 3
3% Grade3 0.000 1.000 0.001 0.000 3 %% Grade3
2% Grade2  0.002 0.996 0.000 0.000 3 %% Grade 3
3% Grade3  0.005 0.997 0.000 0.000 3 % Grade 3
2 %% Grade 2 1.000  0.000 0.000 0.000 2 %% Grade?2
2 9% Grade 2 1.000  0.001 0.000 0.000 2 %% Grade?2
2 % Grade 2 1.000  0.000 0.000 0.000 2 %% Grade2
2 %% Grade 2 1.000  0.000 0.000 0.000 2 %% Grade?2

¥ Note: IPF, integrated productivity factors

3 HhgSihe

1) N SVM X LAS P T R 3 IX A v A
Mo ST, R GA IFATIE R E5H R SA A9
RGEWERTE, $2 T GASA Hifk SVM SR v, o
BT SVM S50 H s AR ALE#5 k5 T A e
SVM S8 H B BUS Tl EaCR .

2) T SVM AR R T N T 28 0 45 3 2%
> JR /N b B AR SR 0 AL RE T, B ST 4
IR SVM Lt BP #h P 26A BT i R RS L

3) SVM P4 5 i ik FH /D i MR R AR I il 5
SVM PEMBERY 5, AT 7 | PR M 25 1 KA R
RO BRI L T 55 90, AT T SVM IRk A i
FEHL DX, ] 2R AR R A P 48 B B AR 43
{EL A M P JEL Al e DX A AR v A FE b ) A RPN

4) ARSCHE A AR I A A 4 By 2 30 A% 4
A BT A R B, I GASA TRA Rtk SVM
SRR TR RCR , i T SVM PEREM RS
BT A2 R 18 R, 0 AR 45 552 o 45 i A5 7R 1o
PO AR R B, B AT IR B b B fd o T 1k B
THE— DA, AR, Qfar SRl g 25 Svm il
GRFEA M THRTT

5) AR3C SVM PR 1 A S 0F W 7 1E A T 29 1]
(TR ) , AR AR 42 T8 1k 24 1 O 1k i 1 1 3§08
W, 85 VLA E IR 5 SVM B A,

NS SVM PR LAY AT AR SVM i A 1] 1 4E 0N
TR AR W DU 2RI ]

6) HrifE SVM YIZRFEA BT bR g — A2tk
ANEER LA R R, A AT A ARk | St
PuRBEE T RN N SE AR G ) RIS R
fiff, (ELSC BB 3 DR A7 03T 5 A% R 5O B (B O
R ABURGFEARLZT-J7) % o5 I K N AR
T RMBEYINZREE G SVM IR, Mtk , I 4F
SRR T AL SMO BIE A SVM YINRBE , OF
JF& T LIBSVM .mySVM  SVM"" 45 SVM #f4:12) 9%
X B3 34 R B S 2R 3500 IRt 6 AR A 90 3
YNGR L LUE A I 4 3% A 8 0 3 184 A o
A HTEL
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PRODUCTIVITY EVALUATION AND GRADING OF STANDARD CULTIVATED
LAND BASED ON SUPPORT VECTOR MACHINE
—A CASE STUDY OF LUCHENG DISTRICT OF WENZHOU CITY, ZHEJIANG PROVINCE

Lai Hongsong'"  Wu Cifang’
(1 Wenzhou City Bureau of Land and Resources,Wenzhou, Zhejiang 325027 ,China)
(2 College of Public Administration, Zhejiang University, Hangzhou 310029, China)

Abstract A SVM (Support Vector Machine ) -based method for productivity evaluation of Standard Cultivated Land
(SCL) and a GASA-optimized algorithm for selecting of SVM parameters is put forward in this paper. Based on determina-
tion of the indices for productivity evaluation and grading of SCL, this method first made use of the data of the samples in
the farmland productivity survey and its evaluation results of traditional integrated productivity factors method in building
up a SVM sample set, trained SVM with the GASA-optimized algorithm, and set up a SVM model for evaluation and grad-
ing of SCL. This method was tested on productivity evaluation of SCL in Lucheng District of Wenzhou City, Zhejiang. The
results indicate that the second grade and third grade of SCL accounts for 45. 04% and 54. 96% , respectively, of the total
SCL in area (115.7 hm®) which the test samples stand for. The evaluation using this method reached 100% in accuracy.
The evaluation of the test samples using the BP networks method was only 90% in accuracy. The findings show that the
SVM method is much higher in accuracy than the BP networks method, and therefore this effective new method can be
used efficiently to evaluate and grade SCL in productivity.

Key words Productivity evaluation of cultivated land; Standard cultivated land ; Support vector machine; Lucheng
District



