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Abstract: [Objective] To analyze the difference of cultivated land quality in the study region, optimize the
use and layout of cultivated land, and provide a reference for cultivated land protection. [ Method] Taking the
cultivated land in Gonghe County, Dulan County and Wulan County in Qinghai Province as the research object,
the influencing factors of cultivated land quality were collected based on the history and existing literature, and
the random forest algorithm and correlation analysis were used to screen the grading indicators and confirm the

weight. We calculated the grading index and divided the levels by weighted sum method to get the grading
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result. We compared the results with the grading results of commonly used Delphi method. [Result] The value

of variable importance / obtained by random forest algorithm ranged from 0.03 to 11.94. Correlation analysis

showed that the correlation between most influencing factors was not significant, eight of which were significant

correlation. The 14 rating indicators under four dimensions were astringed from 30 influencing factors. The main

factors influencing the quality of cultivated land in the study area were ecosystem vulnerability, mean

precipitation of growing season and annual solar radiation amount, with the weights of 0.11, 0.10 and 0.09,

respectively. [ Conclusion] Compared with Delphi method, the random forest algorithm has better stability

and smaller level of index variation interval, which is more conducive to construct a comparable sequence of

cultivated land levels at provincial spatial scale.

Key words: cultivated land quality evaluation; grading indicators system; random forest algorithm; Delphi method
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Table 1 Yield information of investigation plot in research area

P8 /(kg-hm™)

B A/ HE 02 B/ (B hm ™) Yield
Type of cultivated land Amount of cultivated land Density of cultivated land wARE wME A
Max. Min. Mean
FHh Rainfed cropland 20 306.26 3 840 1980 2671.50
7KBFEHE Trrigable cropland 77 556.42 9375 2100  5296.35
K1t Total 97 512.78 9375 1980 4755.15

4] Legend

® RS Sampling site

I K % Water system

K Elevation
5520 m

—
2415m

1 ARELERRERSHE

Fig. 1 Location of the research area and spatial distribution
of the sampling sites
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Table 2 Factors impacting the quality of cultivated land

eS| EAEESES

Classification Impact factor

EFASEN

Natural factor

ARKZFR

Mean temperature of growing season
AERFFKE

Mean precipitation of growing season
GRSYNLEE TN,

Annual solar radiation amount
AR e

Elevation

WL

Topographic slope
HRLEERE

Effective soil thickness

E 3w Jip:

Surface soil texture

[YEICy

Gravel content

THHEE PSR

Soil organic matter content
IR L

Soil pH

L TRAIE

Irrigation guarantee rate
WK T

Irrigation water quality

H AR F fa it

Natural disaster risk
ARG
Ecosystem vulnerability

IK AR IARIL

Soil erosion condition

EERE

Ecological factor

Location factor

THRERZER

Engineering factor

i PSS
Classification Impact factor
te TR RIARE E
Socioeconomic factor Degree of forestation
HHEE S
Cultivation distance
AR FH % [0 2 22
Farmland road network density
HHZAR
Field shape
TR
Field size
AR AR JEE
Farmland fragmentation degree
I FH AR
Utilization status
XA BRAFRZ M

Urban influence degree

AR i L

Agricultural market influence degree
T8 B I B

Road accessibility degree

XA A S S JEE

External traffic convenience degree
WK LR

Irrigation drainage project
TR

Road construction project

AR HBIR TAE

Farmland protective forest project
TR TR

Land leveling project
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Table 3 Grading indicators system using Delphi method

—& Primary level

% Secondary level

5E 2% Grading level

— R dEhn L /& = A BUE SE AR L
Primary indicator Weight Secondary indicator Weight Grading indicator Weight
EARE 0.19 AR 0.19 EBRGETE 0.02

Ecological factor Ecological condition

SRS 0.48

Natural factor

AR

Climate condition

AR

Terrain condition

T

Soil condition

IKBEPRDL

Water resources condition

HEA e 2 A

Infrastructure condition

HEZFRER 0.09

Socioeconomic factor

Ecosystem vulnerability
B 4R K % & % 14 Natural disaster risk 0.08
K LI IR Soil erosion condition 0.09

0.16 ERZP I 0.06
Mean temperature of growing season
ERFP R RRK 0.08
Mean precipitation of growing season
CISYNIEERE S 0.02
Annual solar radiation amount

0.08 4R = Elevation 0.03
i3 Topographic slope 0.04
W41 & & Gravel content 0.01

0.22 H ¥+ 25 Effective soil thickness 0.06
R JZ T F M Surface soil texture 0.06
T IEERIE Soil pH 0.03
ARG R 0.07
Soil organic matter content

0.02 3w A 0.02
Irrigation water quality

0.04 A% FH I A 2 B2 0.01
Farmland road network density
MM ALFEE Degree of forestation 0.01
AR FH AR 2 0.01

Farmland fragmentation degree
FEMLARIE® Irrigation guarantee rate 0.01
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223 3 Continued table 3

—2 Primary level 2 Secondary level TE 2% Grading level
— AR bR B /&g B JERAEAR B
Primary indicator Weight Secondary indicator Weight Grading indicator Weight
BHE A 0.03 HHERE 2 Cultivation distance 0.01
Cultivating condition FHHH AR Field shape 0.01
K/ Field size 0.01
3R ARG 0.02 HHIBLR 0.02
Land use status Utilization status
EXATSES 0.20 X fr 254 0.11 IRAE S FE Urban influence degree 0.06
Location factor Locational condition V& i Ala 0.05
Agricultural market influence degree
WA 0.09 JE #1815 FF Road accessibility degree 0.05
Traffic condition St AT 8 e | 0.04
External traffic convenience degree
THEER 0.04 TR BRI 0.04 EMLHEK TR 0.01
Engineering factor Construction condition Irrigation drainage project
A PR TR 0.01
Farmland protective forest project
I8 I T.#2 Road construction project 0.01
+ 1 P# T2 Land leveling project 0.01
) EBENR BB A% b 51 B, SF%F 30 B IR 26 1 47 T 2
PR B o BERL B TN 7 B Sk B R UL
21 PEAERMEED TR (R) 3551 79.47, [R i BUR (090 25 FERLL
BL 97 A% B SR 15 20152017 46 (11°F 447 % 4 BT BENLAR KB 2 47 1o A B R

A= AN R &, 30 MU R RN AR EEY. A 30 AN H R AR & 5 2 7 E1E 0.03~

F4 BUNARMEENEMERNLTEEEN () HF

Table 4 Variable importance (/) ranking of impact factors by random forest algorithm

S K 25 Impact factor I M K 2 Impact factor I
X RGET51E Ecosystem vulnerability 11.94 || #EMEIRIER Irrigation guarantee rate 4.74
A K Z= [ 7K & Mean precipitation of growing season 10.63 || HRULZEE Effective soil thickness 4.65
E 2R K S P Natural disaster risk 10.01 || #EWEH/K TFE Irrigation drainage project 4.58
HESOKFAFESS Annual solar radiation 9.08 || FKJETIFEFHL Surface soil texture 4.50
LSRR pH 8.54 || ik =i/¥ Elevation 3.85
HEWE /K i & Irrigation water quality 7.94 || A H M % F Farmland road network density 3.85
XA A2 B AEF FE External traffic convenience 7.60 18 #% T.#% Road construction project 3.63
HuJEH L Slope 7.47 || FIABAR Utilization status 3.61
K Z2 143 Mean temperature of growing season 6.82 || WA & Gravel content 3.38
A % % Farmland fragmentation 6.75 || AXH P # TR Protective forest project 2.85
IR FF Urban influence 6.14 || HM1LFEE Degree of forestation 2.62
KA Agricultural market influence 6.10 || iEH#ILE Road accessibility 2.57
+I3EE WL S & Soil organic matter 5.79 || LH-PEE TFE Land leveling project 2.01
K EFRIIRAL Soil erosion condition 5.73 H K/ Field size 1.02
HHEEEE Cultivation distance 570 || HIZAR Field shape 0.03
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11.94, KA S RFEMIGE K F KR E
SR ¢ I PRI B R, T (A 0N 11.94,
10.63 F11 10.01 o it K PHEE I & T IR FR B L |
WEAK BT & X AR AT I AE R FE L B3RS AR K F= P 3
T RE A% FH I A E B R e FiE R BR T 3% 5
JE . A PR S K I S R AR R
I {ETE 5.70~9.08, HAh 15 MM R ZR W [ {ETE
474 LR

22 HEEMIIHER

X+ 30 A5 K = HE AT Pearson AHIC 43 HT, 45

SN, KR53 52 e PR 2 T AH G AN B 2 . Hoh g
8 MR RN AR (3R 5): B R Fat s

A RGNETINEN Pearson 1K R %L 7=0.957, N
FIEAH G RZ T IE S PR A & B R A R R AL
r=0.790; HEMEHE/K T2, 18 B THE K H P4k T2
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Table 5 Correlation coefficients matrix of significantly related impact factors

S2Mm K 25 Impact factor Y1 Y2 Y4 Y5 Y6 Y7 Y8
Y1 1
0.790%* 1
Y3 0.254* 0.310%* 1
Y4 —0.278* —0.150* 0.957** 1
Y5 0.132%* 0.119* 0.243* —0.251* 1
Y6 0.142%* 0.156* 0.222% —0.258* 0.856** 1
Y7 0.140* 0.177* 0.278* —0.262* 0.905%* 0.986** 1
Y8 0.190* 0.104* 0.189* —0.247* 0.851%* 0.969** 0.982%* 1

DY1: kB LR Y2: e 48 V3: ARRELRME; Y4 AKX RAMIHE,; V5 BBH K 142, Y6, 38 T42; Y7: RE
PARIAZ; V8: LI -F R IAZ;, “*7 Ffo “xx” 53] K F1£0.05420.01 K- 2 48 % (Pearsonik)

1)Y1: Surface soil texture; Y2: Gravel content; Y3: Natural disaster risk; Y4: Ecosystem vulnerability; Y5: Irrigation drainage

project; Y6: Road construction project; Y7: Farmland protective forest project; ¥Y8: Land leveling project;

“*” and “**” indicate

significant correlation at 0.05 and 0.01 levels, respectively(Pearson method)
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Table 6 The index system of cultivated land quality grading
—2J Primary level 2 Secondary level 5E 2% Grading level
— g dEbr WE Bt/ & 57 B SE HAER BUE
Primary indicator Weight Secondary indicator Weight Grading indicator Weight
EARER 016 R 016  EBRGMIE 11.94 0.11
Ecological factor Ecological condition Ecosystem vulnerability
IREFFARDL 5.73 0.05
Soil erosion condition
HARRER 053 ABERA 025  AEKFTEEE 6.82 0.06
Natural factor Climate condition Mean temperature of growing season
ERFT K 10.63 0.10
Mean precipitation of growing season
CSYNLEE TR 9.08 0.09
Annual solar radiation amount
HuTZ AR 0.07 I3 E Topographic slope 747 0.07
Terrain condition
TR 014  HEAHREE 5.79 0.08
Soil condition Soil organic matter content
TIEMHE pH 8.54 0.06
TKBEIEARL 0.07 WEWL/K 7 & Trrigation water quality 7.94 0.07
Water resources
condition
MR HER 012  FERIHE A 006  KHBHE 6.75 0.06
Socioeconomic factor Infrastructure condition Farmland fragmentation degree
BRI AT 0.06  BHEZEES Cultivation distance 5.70 0.06
Cultivating condition
Xz % 0.19 XA 2514 0.12 WS B Urban influence degree 6.14 0.06
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