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Research on filling methods of missing data in cultivated land quality evaluation

CHEN Yu', ZHOU Wu', HU Yueming"****%, XIE Jianwen"***

(1.College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. Guangdong Province
Engineering Research Center for Land Information Technology, Guangzhou 510642, China; 3. Guangdong Provincial Key Laboratory of
Land Use and Consolidation, Guangzhou 510642, China; 4. Key Laboratory of the Ministry of Natural Resources for Construction Land
Transformation, Guangzhou 510642, China; 5.College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China;
6.Qinghai—Guangdong Joint Key Laboratory of Natural Resources Monitoring and Evaluation, Xining 810016, China)

Abstract: In the process of cultivated land quality data investigation and collection, there will be missing data due to human,
environmental, and other factors. However, the current missing data—filling methods have insufficient applicability. In order to improve the
cultivated land quality database and evaluation accuracy, it is important to explore missing data—filling methods in cultivated land quality
evaluation. In this study, the cultivated land quality database of Conghua District Guangzhou City was used as the sample set. According to
the spatial correlation and spatial distribution, the dataset was divided into spatial and non—spatial correlation datasets. Various filling
methods were used to simulate the missing data filling, and a cross method was used to verify the accuracy. The results indicated the
proportion of total outliers was less than 1.2%, and 25 factors such as elevation, temperature, and available zinc showed spatial correlation.
The four—image nearest neighbor algorithm presented the highest filling accuracy for spatial association data, and the accuracy was as high

as 80% when the missing rate was less than 20%. The accuracy decreased with the increase in the missing rate. The four—image nearest
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neighbor algorithm was followed by K-nearest neighbor algorithm (KNN), expectation maximization algorithm, multiple interpolation

algorithm, and regression model algorithm. The four—image nearest neighbor algorithm showed better accuracy than K-nearest neighbor

algorithm when the data was dense. For the non—spatial correlation dataset, the highest filling accuracy was the similar aggregation filling

algorithm, which could maintain more than 80% accuracy within 25% of the missing rate, followed by expectation maximization algorithm,

multiple interpolation algorithm, and regression model algorithm. To sum up, the four-image nearest neighbor algorithm and the similar

aggregation filling algorithm proposed in this study show higher accuracy, more stable effect, and wider practicability than other algorithms

for filling missing data in cultivated land quality evaluation.

Keywords: evaluation of cultivated land quality; missing; data; filling; Conghua District; accuracy
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Figure 1 Geographical location, cultivated land and samples distribution of Conghua District
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A/ (mg-kg™) 284.00  2140.00  846.50 403.18 0.48 [0,2 056.05) 2

B/ (emol kg ™) 0.10 1.10 0.33 0.20 0.59 [0,0.93) 5

R (mg-kg™") 0.05 17.20 1.83 242 1.32 [0,9.08) 7

AR (mg-kg™) 0.16 24.82 2.96 3.49 1.18 [0,13.41) 7

WMAYE /(107 cfu-g™) 0.94 10.52 2.72 1.43 0.53 [0,7.00) 5

AT AL/ (g kg ™) 4.89 68.90 22.24 8.85 0.40 [0,48.78) 1

MATHLER/ (g-kg™) 0.44 6.78 1.78 0.94 0.53 [0,4.59) 5

FHASAL/ % 0.91 81.34 22.02 19.81 0.90 [0,81.45) 0

AMVPHLI% 2.86 64.60 29.30 13.99 0.48 [0,71.27) 0

W UHLI% 423 42.56 22.14 8.68 0.39 [0,48.18) 0

Fihi/% 2.05 85.27 26.54 17.37 0.65 [0,78.63) 4

pH i 4.20 8.20 5.74 0.52 0.09 (4.19,7.30) 2

SR/ 18.75 23.65 21.70 1.04 0.05 (18.58,24.82) 0

HE KR /L 1747.50 294730 224348  256.43 0.11 (1474.19,3 012.77) 0

T /% 73.00 84.00 78.55 2.4 0.03 (71.82,85.28) 0

A B UR 122530 168650  1449.80 80.60 0.06 (1208.00,1 691.60) 0

76 S/ (mg-kg™) 0.04 0.74 0.17 0.09 0.53 [0,0.44) 1

(E/ﬁ)ﬁ JR/(mg-kg™) 0.07 0.47 0.17 0.07 0.41 [0,0.38) 2

Fr B/ (mg-kg™) 1.90 98.11 13.01 15.32 1.18 [0,58.98) 1

S (mg-kg™) 10.50 111.91 55.06 19.05 0.35 [0,112.21) 0

S/ (mg-kg™) 17.90 240.20 81.46 45.60 0.56 [0,218.27) 1
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Table 3 Statistical results of Moran’s / index

Ffrs Moran's I Ffrs Moran's I Ff\rs Moran’s I Ffrs Moran's I
i 0.5417 A5 300 0.194 4 HIEATHLT 0.026 6 AR 0.261 2
Y 0.1156 B 0.003 1 S LR 0.0456 AL 0.132 1

AR 0.039 0 HRH -0.084 3 AL 0.0227 AR H RS AR -0.101 2

A 0.040 7 g -0.2619 Bl 0.1415 L -0.083 1

BRGE 02176 AR 0.1256 Kbk -0.097 2 Bk -0.060 9

EERL T 0.052 6 R 0.1212 Bk 0.094 1 ELf 0.006 0

AU 0.0316 ARRE 0.250 7 pH i 0.190 7 BT -0.005 4

ARk 0.0357 A i 0.051 4 S 0.652 1 B 0.081 8

N

A

R Elevation/m

TEEY)
Microbial

contents/

4% Total nitrogen/

(mg-kg™) (10° cfu-g™)
I Low B fI% Low
B —
- .
= .
— L
|
B 7 High B 5 High
2 R pHE 2R HMEMSETHNHE
Figure 2 Elevation, pH value, total nitrogen and microbial content spatial distribution map
2.3 ZEEHEETEE TN KA SR 2 FIH SR S U R AR AR SRR A T

AR 28 AR SR A A5t BF s B PR Bl b B ORIEOSE IR RO RS 7 1A ) B2k 3R B3 7S
F S TR, e e O A RS 25 B L OF KRG (5R4).
Xof i s ] A B R [l U R T 3 (KN ik M B A R ATT LIS, BT A 58 )5 122 B SEC ST G JEE 2 Bl
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Table 4 Comparison of filling accuracy of different filling methods for spatial data with different missing rate (%)

U987 ¥ Filling method {4 Z i Missing rate threshold 1.0% 5.0% 10.0% 15.0% 20.0%
IIE S 3I 20% 92.6 88.2 85.4 82.5 80.4
KNN 20% 90.2 85.6 82.3 81.6 78.8
W R A 15% 85.3 81.4 76.5 75.6 72.2
ZHEIHT 10% 80.9 75.0 70.4 62.8 58.7
[ )R 15% 75.6 72.9 69.8 66.4 57.7
A i AR TR AL, 25 Al o I R 2 B G A TN IRl 2 28 B AR S5 SR L 5

HE RS B2 R BN - DU 5 S5 I AR I 78 >KINN 3 70> 1 28
I KA 7> Z 7> A ARUE 5 . DU 52 A3 40
TR T B S FTRG B e i, AE 1.0% SR R IE
FENE I 1K 92.6% 5 1M1 KNN 52 1 78 2 AR I, 4
JEWEAR T DU 5 fe il SR e 5, Bl A iR SR A AN KT 1
o, PR Ty 1 ARG 4 i R T, R R R
R FR A ], DU G S5 40 1 T 1 4% 52 PR AR I S5
RAETL , FHREBGE S F O R MR T 5
R RE o HoAth = b B33 v 0 R A KA s A 35
It HLBf A i 2 22 () 48 2 A B R IR R P42 s Z L A
ARG F R 1.0% IR B2 8 21 80% , 1 Fifi 5 fik 2% %6
TR BE SR A 5 T A R A B A R Rk A
I, TEBRR 2R 15% LLF I 700G B FAae , ik 2%
h 20% B RG BE DL T . ISR KBRS 2 E
T R (o] DS AR I 7 =y AR B AR X AT FT e
S T ECH R HLAT 28 (B AR DG, T sk JUFR 7 2 - B A )
Hds NS S A T 4B, 1 B P B (E A T
HrEsn

g5 BT R A s (R B A F
FEHE 1 DU 52 d5 3 AR 4R 7 S A AR RS AR 28 I
Fo Bk BT A v
2.4 e EMEHEETEEIEN

FE A Hb 5T PO EE IR A R RO 4

KRS 7 20 2R X2 B S RR B 2 [ 1 43
FEOT IS TR B I A SR F AR R 7 2
B W AR S A SR AR 7T, X R 2 ()

HY 2% 5 R0« i 2 0000 i 2R 238 1) B o, DU R S i
SHFRSIE WRE B A T RAR ., T E K BE B A AR
R AR VR L fe i, TE B R 2R h 5%~10% I, X
P TS BE R L 90% , 3 B IR R 1% T4 R Ok
R T AR R Z [ A B2, IF Hiz
SIRAE BRI 6 25% DL B, 3503 RoRG B 3 A R R
T A SR R AR R IR FE | 22 5 1A 3 R [ ) A5 A S 7 7 B
R FIR B 15% B AF JE Bk s B S fin b, T 22 3 7T A
[ 01 TR 3L B A AR Y TR R A, Bl
FE B 2R Sk 5% IS (RS B2 .4k 80% Z2 47, Fir LA AH
LIRS F Rk R e, ELAE B R A i T 8%
REPRFF R Ur (BB TORE B o 28 LTk ML R 7
BA R AT v B S A R 23 8] ¢ B B Bl
I T AT e 2N BE B I B AR T s
SR I T HOE B R R kR A R A

3 #ie

AHFFELAT M T AR DX b 5 2 DA $iHs A
AR R 2R BRI TS EE A b, X
PEIEA 728 [AVRH OGS BT , IR B Bl A T IR, 4508
e

(1) M AR DX b [ PP A 5080 2 A A T 25
Aii, S H B B> 32 U A 25 HHA =S 1) A
FAAE

(2) X 2 ) SRR P el S o0 P2 e e ) 5 0 A DY

G AT ABE L ME BRI AR 20% VLT IR EE 2 ik

RS FRBREAETEZEAUHBESERFENETBEEILR (%)

Table 5 Comparison of filling accuracy of different filling methods for non—spatial data with different missing rate (%)

78 )7 ¥k Filling method {2 % {5 Missing rate threshold 5.0% 10.0% 15.0% 20.0% 25.0%
ARAASR 4R 20% 94.5 91.1 87.5 85.1 81.6
W KA 15% 90.4 88.2 87.3 82.5 75.7
ZHEIHR 15% 82.1 78.2 74.4 66.2 61.1
[ )5 A5 70 15% 78.0 75.8 73.5 67.4 59.8
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W AL 2 HIE R | R

(3) X 25 (] I B 1 o0 B A o 1 S A AL
AN TR, 76 B2 R 25% LR I Al {545 80% L) I
() ERG B, FLUOh W R R KA 2 E S ek | [l 5
Rk,

(4) A5 2 H 1 DU 52 s SR 5876 AR DL SR 4R 3
FEAEANAE AR [R1BR 2405 B0 T A B B & [m] B file 2k
R (R R T, 106 B L 1 A S R PR R

25 b AR AR Y DU 5 i AR IE A TR AR A
AL IE T 7 v TR b B S A G O B T TR R
A 5 A BRI, I H B0 A T b
TG AT IR SE X A AR 5T, e SE AR 5T
&t 5 1% S R R T S
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