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Prediction of Spatial Distribution of Soil Salinity Content in Yellow River Delta Based on

Bayesian Maximum Entropy Model
YANG Qing, FAN Xiaomei', WANG Linlin, TANG Ying
(College of Geographical Sciences, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Soil salinization in the Yellow River Delta (YRD) is a key factor restricting local agricultural productivity and
ecological stability. In order to accurately grasp the spatial distribution of saline soils and improve the spatial prediction accuracy
of soil salinity, based on measured soil salinity at 193 sampling points and two soil layers in the YRD in May, 2022, and data such
as digital elevation model and Landsat 9 remote sensing imagery were combined, the Geographically Weighted Regression (GWR)
model was used to construct interval-type soft data, and then the Bayesian Maximum Entropy (BME) model was established to
predict the distribution of soil salinity in the study area, and finally the prediction results were compared with the traditional
geographic statistical model Ordinary Kriging (OK) and the GWR model. The results showed that the prediction accuracy of the
BME model was higher than those of the other two models. Compared with OK, the prediction errors (RMSE) of BME in the soil
surface (030 cm) and bottom (90—-100 cm) layers were decreased by 25% and 21%, respectively, and the R* were improved by
0.543 2 and 0.352 7, respectively. As the best spatial prediction model in this study, BME showed the advantages of multi-source
data integration and nonlinear estimation. The salinization rate (88%) of the surface layer in the YRD was higher than that of the
bottom layer (68%). Generally, soil salinity was increased from southwest to northeast, the coastal areas were more serious than
the inland areas, and soil salinization was most prominent in the northern part of the YRD.

Key words: Bayesian maximum entropy; The Yellow River Delta; Soil salinity content; Geographically weighted regression
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1 HESH®

1.1 HAREER

WEFE DAL T 1 AR A AR BT (B 1) T A H b
X, ARG FSEMTE, Hikh 37°25'N ~ 38°10'N,
118°30'E ~ 119°20" E, 1% 3 309 km’, i X 1 FE
SEIH, MR PR R AR AR, SRR ~13.5~10.2 m,
DX b KSR, B S K R, oK1k
JEE e TS0 A2 AR Sy I T 1 T I KBt 1 2 XU
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EHERE . FEE AR AN B T RS A T,
XIS A 3R Tz A o BEAh, BT 1
PRI S BT R A, AR E BB HER BT 2L,
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ABIFFER 0 T e A R ok A 3450 40 B AR BT
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N LR SR SRR S AR S AR I R P
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SNZLETE T W RFE S P SRR A RICREE 1 As R
R RIS = 5T AT, SRR
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Fig. 1 Location of the study area and distribution of sampling points
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NSRS AL FREE T 13 DRI i
& . I 2 (Distance to the sea, DTS). pH. LBt
(T4 4P (Near infrared, NIR)A% 7 £ 7 (Shortwave
infrared, SWIR1)). 41457 (Combined band, C2).

1 9% 48 B0 ()3 — 1k #H 9% 38 2L (Normalized difference
vegetation index, NDVI). 221{iHi#k 5 # (Difference

ArcGIS AL, 3HE% N 10 m, vegetation index, DVI), Z¢J& IH—fLAEHE$5 %0 (Green
1.3.2  IREEME i HE K FIB AN normalized difference vegetation index, GNDVI)FI i

SSC M5 LM, FEEGAR MLV LT AN BT
3 R M AR, EAR SR SRR B A
A G R . SRS BOMN A &k B B A R S

S5 T A B 45 £ (Modified soil adjusted vegetation
index, MSAVI))FI1EEEEF5 %1 (Salinity Index, SI3. SI9,
SI-T). T PME A sE LANER 1 R

x1 HIREMHEEREEX

Table 1 Environmental covariates and their definitions
pH HHORFE S RIS /DT A5 3] pH, J5 38 358 o AR ik (A 2R 2R, 2%k 30 m
o P E RS, MRS 12 10 000 HIE K G B AL G L, 43R 10 m
NIR, SWIRI LA I UM B, ik B i L 43 04 0.85 ~ 0.88 um FlT 1.57 ~ 1.65 pm
NDVI NDVI=(NIR-Red)/(NIR+Red), [ At ¥ 78 55 72 iE
DVI NDVI=NIR-Red, X+ 5E# 59728 fh 4 Ry ek
GNDVI GNDVI =(NIR-Green)/(NIR+Green), # F TIPAAE B 149564 15 P
MSAVI MSAVI =2xNIR+1- /(2% NIR +1)> ~8x (NIR —Red) , ik - RS0, WAk b
SI3. SI9 SI3 =+/Green’+Red”+NIR? , SI9=(NIR-Red)/Green, ] F Tt Eh i1k sh &3 44
SI-T SI-T =(Red/NIR) x100, W] TP $hi5 1k sh A VAl
DTS PEMGHE RS, ARUEIG R GRS R E B A Hr i, 435N 30 m
C2 C2=Green+Red+NIR, ). ZLGHGRLLANE BRI &, FHRARE SR AT SSC B4R
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2 HEREHSWH

21 TESHESHAESEIT

R IXRAE S SSC FiHFRHEILER 2 iR, K2
SSC £ 0.458 g/kg ~ 54.976 g/kg, F-HI{EH N 8.628 g/kg,
AT RBCN 152%, J@mAS AR 7(<10% H5574E5,
10% ~ 100% NS >100% NS, K2
SSCTE 0.459 g/kg ~ 26.599 g/kg, F-YI(EH N 4.516 g/kg,
R REON 120%, J@iRas AR S, SFEMERAE S R
B FRZ 0 HIEAC 48% F121%. Al 0L, WF5EIX SSC
i e, A T A AR AR, JRCJZE R AR X
B, TR REALIINE.
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JZ(oi -0’ (- D)
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ERERER  ASCHZ SSC HLE FpE — N2 SSC
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SI-T 5 SSC SIIEAHISL, HAbPVER S SSC 5
WERMIC, KPR S SSC 78 P<0.01 /K
ARG, (HAHSE R E R RO OC R BN HE R
0.3 ~0.7), FETEBSCHEAPREREFEE( NDVI,
DVI, GNDVI, MSAVI, SI-T){AHSEMAE + 3R 24 ir
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2 12 MFURZE 4 4~ GWR ALY ) 25 T4 X (5) ks
95% BEAFIXIE, sr5I1ERRZHIKZE SSC HEE .

x2 RHERTIRES RS MTRITEHE

Table 2 Descriptive statistics of soil salinity contents in surface and bottom layers at sampling points

W (em)  HdEdE BoE o BoMHEgkeg)  KfH(gkg)  PfH(gke) FrifE 22 (g/ke) SR B(%) AR
0~30 AR 193 0.458 54.976 8.628 13.132 152 YEOEZS
jeig S 154 0.458 54.976 8.636 13.485 156 XEOIEZS
Y urgE 39 0.459 54.976 8.598 11.633 135 XEOEZS
90 ~ 100  AEBFEAT 193 0.459 26.599 4.516 5.405 120 XEOIEZS
AR 154 0.459 26.599 4.592 5.396 117 XEOEZS
W urgE 39 0.460 26.599 4.214 5.429 129 XEOEZS
#F3 TRLEXESHRESHENTEMEXME
Table 3 Correlations between soil salinity content and covariates at different soil layers
s 0~30cm 90 ~ 100 cm s 0~30cm 90 ~ 100 cm
[ 041" -0.38"" GNDVI -0.42" -0.317
pH -0.53" -0.67" MSAVI -0.39" -0.30"
DTS -0.35" 0317 SI3 -0.27" -0.26"
NIR -0.37" 0317 SI9 -0.26" -0.26"
SWIRI -0.12 -0.17" SI-T 0.39” 0.30"
NDVI —0.43" -0.29" C2 -0.17 -0.38"
DVI 041" -0.25" KELEHHE 0.60"
T %, P IFERIRTE P<0.05, P<0.01 K | B AR,

23 AEFENFTRREER

J T XL, ARSI B E 2 AE MATLAB
) SEKS-GUI v0.69 #f415¢ i OK Fl BME £ ALY
W7 25530, AHCE 7 2RISR 2, S L (Cy/
(CotO)FRMEHLAE T 5 RS MR R, % HL(E

<0.25 FoRFASRIAENE, 0.25 ~ 0.75 Fnrh 2R i
ZE[AIAH DG, >0.75 F7m 859 28 A e . AN RITREE OK
RO B HETE 0.61 ~ 0.66, Ja H A% i BE 2 ] A G
ifii BME #580 ({ Bk F 49 <0.25, JE R as[m A6, 156
HOECHR A ISR T SSC AREA 22 ] (1923 [A] AH Ak
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Fig. 2 Covariance model parameters of OK and BME models for different soil layers

x4 HEBETM

Table 4 Accuracy assessment of different models

R (em) LAY MAE (g/kg) RMSE (g/kg) R?
0~30 OK 6.867 11.896 0.069 7
GWR 5.558 10.276 0.305 1
BME 4.625 8.919 0.6129
90 ~ 100 OK 2.641 4.684 0.3432
GWR 2.101 3.864 0.537 4
BME 1.922 3.703 0.695 9

25 TESHSTHESMEFLE

AR v ] 2 P PR AU X SSC /bRy
Bk R 5 ASERPY: EEREUR0 ~ 2.0 g/kg) . R
EHhwifh(2.0 ~ 4.0 gikg). TEERBIL4.0 ~ 6.0 gikg).

AR AK(6.0 ~ 10.0 g/kg) FIER +(>10.0 g/kg)., Xf 3
FRECAITS S ) SSC 28 [ A kAT 53 4%, 1595 SSC %
[ 534 AN 3 FroR o AR g SSC 25 0] 43 Af
FRAEFEA—F, BN X R T N REBIX, ZRdbHs X
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Fig. 3 Spatial distribution of soil salinity content of different models at different soil layers
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Fig. 4 Area statistics of soils under different degrees of salinization at different soil layers
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