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Hyperspectral Estimation of Soil Salt lon Contents in Lakeside Oasis of Bosten Lake Based

on Geographical Weighted Regression Model

ZHAO Hui®?, LI Xinguo * %", JIN Wangui® 2, NIU Fangpeng® %>, MAMATTURSUN £ziz"?

(1 College of Geographic Sciences and Tourism, Xinjiang Normal University, Urumgi 830054, China; 2 Xinjiang Laboratory of
Lake Environment and Resources in Arid Zone, Urumgi 830054, China)

Abstract: In this paper, the lakeside oasis of Bosten Lake was taken as the study area, the contents of main soil salt ions (HCO;,
CI, SO%, Ca?*, Mg%, Na*+K*) were measured, soil hyperspectral reflectance, fractional differential spectral transformation, and
2D soil indexes such as RSI, DSI and NDSI were obtained, and then the estimation models of soil salt ion contents were
constructed based on the geographically weighted regression (GWR) model. The results showed that the feature bands of Na*+K*
were concentrated in 468-724 nm and 1 182-1 539 nm under the differential spectral transformation, and the feature bands of 2D
soil indexes were concentrated in the near-infrared band (1 742-2 395 nm). GWR model based on RSI feature band optimization
estimated Na*+K* content well, in which the modeling set R? was 0.94 and RMSE was 0.22, the validation set R>was 0.74 and
RMSE was 0.19. The optimal band of SO} content in order 1.2 was 469-636 nm, in which the modeling set R* was 0.91 and
RMSE was 0.02, the validation set R? was 0.75 and RMSE was 0.33. The preferred feature bands of Ca*" and Mg** were mainly
concentrated in the near-infrared band (912-2 340 nm). The modeling effect of the near-infrared band with CI™ content in the first
order was better, the modeling set R? = 0.74, RMSE = 0.03, verification set R> = 0.93, RMSE = 0.11. The accuracies of GWR
model of Na*+K*, SOZ and CI~ with higher contents were higher than those of Ca?* and Mg?* with lower contents.

Key words: Soil salt ion; Fractional differentiation; Spectral matrix coefficient map; Geographically weighted regression model;

Lakeside oasis
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Fig.1 Sampling sites in study area
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Table 1 Descriptive statistical characteristics of main salt ions in soil

TG moME moRl W tefies SRIGET
BT (okg)  (9/kg) (gkg)  (arkg) LA (%)
HCO;  0.02 052 011 0.09 5.54
cr 0.01 1.59  0.30 0.32 15.06
SO% 0.72 526  1.58 1.01 79.40
Ca?" 0.02 246 022 0.38 10.64
Mg?* 0.01 1.04 0.22 0.27 10.95
Na'+K*  0.56 439 159 0.89 78.41
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Fig. 2 Correlation between main soil salt ion contents and spectral reflectance under fractional differential transformation

®2 EELRENBTERKBRESBEMMIALEL RN

Table 2 Modeling wave bands and fractional derivative spectral transformation forms of main soil salt ions

T TR AL FHEBEBE LS4
HCO; 1.6 i 419, 420, 452, 2297 0.34, 0.36, 0.36. 0.33
2 B 419, 452, 454, 490 0.34, 0.34, -0.37, 0.35
Na'+K* 1B 674, 675, 685, 724 0.48, 0.47, 0.44, 048
1.2 By 469, 588, 874, 1182 0.43. 0.41. 0.40. -0.40
2 [y 468, 1182, 1221, 1539 0.44, -0.41, -0.40, 0.47
cr 1B 1253, 1254, 1545, 1546 0.57, 0.56, 0.57, 0.52
1.4 947, 1253, 1661, 2341 0.45, 0.46. -0.47, 0.46
1.8 i 1253, 2341, 2345, 2360 0.44, 0.45, -0.49, 0.53
SOy 1B 631, 663, 675, 724 0.50, 0.50. 0.52, 0.51
1.2 By 469, 582, 588, 636 0.47, 0.43, 050, 0.45
1.8 By 468, 723, 830, 1321 0.50, 0.41. -0.40. -0.38
(o 1B 1253, 1254, 1694, 1993 0.48, 0.44, 0.47, 0.44
1.2 By 1253, 1694, 2228, 2316 0.47, 0.45, 0.43, 0.42
1.4 By 1080, 1253, 1694, 2316 0.42, 042, 0.41, 0.44
Mg* 1B 1253, 1546, 1982, 2004 0.53, 0.52, 0.50. 0.50
1.2 By 912, 1253, 1728, 2175 0.40, 0.49, -0.41, -0.42
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Fig. 3 Spectral matrix of main salt ions and 2D soil indexes
£3 THRIEHIREIERE
Table 3 Feature bands screened by 2D exponential
TR T IR EERRIEE LEES 3 T T A FHIEE B B3
cr RSI 1749, 1710 -0.67 SO% RSI 662, 663 0.49
DSl 1530, 1569 0.68 DSl 673, 675 0.53
NSDI 1597, 1461 -0.67 NDSI 2255, 2293 -0.46
Na*+K* RSI 1764, 2395 0.51 HCO, RSI 1748, 1739 0.41
DSl 1752, 1742 0.52 DSl 1760, 1749 -0.43
NDSI 1798, 1791 0.44 NSDI 1550, 1555 0.37
ca® RSI 2005, 1982 0.53 Mg RSI 1989, 2066 0.64
DSl 2340, 1978 0.53 DSI 2251, 1977 0.62
#4 ET GWRERRERE
Table 4 Modeling sets of main salt ions based on GWR model
FHE R A2 AlC A FE AL H AR AIC HRAE
BT R? RMSE AT R? RMSE
cr 1B 0.50 0.74 0.03 SOi 1B 124.23 0.90 0.02
1.4 Br 10.09 0.47 0.07 1.2/ 122.87 0.91 0.02
1.8 Bir 5.05 0.46 0.07 1.8 B 153.18 0.66 0.05
RSI 10.73 0.78 0.12 RSI 142.81 0.84 0.45
DSl 10.57 0.82 0.11 DSl 144.18 0.89 0.36
NDSI 14.79 0.34 0.22 NDSI 174.25 0.58 0.73
Na'+K" 1Ky 157.98 0.67 0.09 HCO; 1.6 By 129.88 0.14 0.01
1.2 B¢ 134.93 0.74 0.01 2 by 129.48 0.23 0.01
2 B 139.32 0.74 0.01 RSI 125.97 0.07 0.10
RSI 111.04 0.94 0.22 DSl 126.89 0.09 0.10
DSl 107.96 0.93 0.24 NDSI 126.22 0.17 0.09
NDSI 118.62 0.94 0.23
Ca* 1B 1.79 0.75 0.03 Mg* 1B 8.83 0.67 0.01
1.2 By 20.38 0.70 0.03 1.2 By 5.85 0.69 0.01
1.4 By 21.11 0.59 0.04 2 1 17.82 0.63 0.02
RSI 24.27 0.58 0.24 RSI 11.31 0.83 0.10
DSl 14.61 0.74 0.18 DSl 36.43 0.81 0.11

RV E T R 2 TR . CI Ak
BRI 1 Y R2= 0.74 fx K, RMSE = 0.03 fit/)y;
DSI ¥ R?=0.82 fix K, RMSE = 0.11 f/)s, 2y it
SRR, SO AR, 1.2 B R?=0.91 %
X, RMSE =0.02 f/]>; DSI it R?=0.89 fix K, RMSE =
0.36 fie/ly, PIAEBERAAL, Na™+K" fhiFRIA
tr, 1.2 BRI 2 B R*= 0.74 v K, RMSE = 0.01 i
/s RSI Y R*=0.94 fx K, RMSE =0.22 f/l, ¥4
HRAE R  HCO, BB H, 2 B R=0.23
K, RMSE =0.01 fz/]v; NDSI 1 R?=0.17 f2 K,

RMSE =0.09 fiz/Iy, ¥ohaBE ARl . Ca™ fi%
AR 1B R*= 0.75 fiv K, RMSE = 0.03 fie/)h;

DSI () R?=0.74 Jx K, RMSE = 0.18 f/)s, 1y
BRI, Mg® A 1.2 Brig R® = 0.69
K, RMSE = 0.01 fiz/v; RSI Y R = 0.83 f& Kk,
RMSE = 0.10 fiz/y, YRR A

] 4 AT A Y B UESE . X T CI i,
HTF 1By R?=0.93, RMSE = 0.11; SO} T DSI
) R*=0.77, RMSE = 0.32; Na*+K" 3£ T RSI 1 DSI
) R?= 0.74, RMSE = 0.19; HCO, %:T DSI ) R*=
0.83, RMSE=0.05; Ca** 37T DSI f4 R? = 0.96,
RMSE=0.08; Mg* #:7° RSI #J R = 0.93, RMSE =
0.08, YINIIFERRALAY LA HAAE RIS UE4E K
F,ClI WU ALE 1, Horb LAY AICE A 0.50;
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Fig. 4 Predicted results based on GWR validation set
3 it AN RNHBIAR RS I 45 R A R . GWR AU B
Wik o Na™+K™ JEATEAF 9 B, AU 7R 25 P BT s
ST B R T B AT B KPR BB 1 AERAE R, BFSEIKAO L R M Na'+K S 5 TE AR
P BOMPEIE Y 2 FRFAE BT HUER , D18 1 FRAE U H Na'+K* 7R H*EW%*”*AE%B%%P?O 14k
BtHA—EHAYE, Na'+K" FRAE g Bere i As i ™ IR, AT TR A A B, X S 1 A
EPTER WSk . WL R ZDCSOELIAME B, 2 Fh GG B REAE AL SR XT 32 BEB 2 iy e 7 R

W Be e BUh B A A ML AN B SO RO Ik
BeAeeiAc e N AR AT DR B, 2 Bl Bk
BUCER A3 3R 43t g ] DL YGLTE RIS 21 Mg B s I Ca®
MQ™* AR I B AE T2 LR A 2 Rl e b0
SRR LI ANE BE s HCO, 7EGIARHe S48 Bk B
RO B A TP e AT DRSOk . R BORE 2T 4
WPt T GWR BRI FRFFEIX 436k 40 B A4 5
HABRMRIER . GWR BRI Na'™+K" R RUR
U, X5 RARE A E P A R T IX T A £ 00

STEFER. AL AT ANER, TEREURIEDE
BORDETEF AR I M AS K . GWR A4 5 43
RO I A SR 37 B - e R 43 7 5 45 A8 e A A
SR R Mz AR R E PR P ARHF ST 0 R 23
TSR S A S e 3 R SR AT TR 45 SR A
HilE, SO; . Ca**, Mg™. CI ks EERss, *+
HHEER Ay B b S AR HCOL A B0RS BE AR

http://soils.issas.ac.cn



%3

U BET H PHUDVASE [ Y= AR £ 18 3071 0 A e e 0 0 8 - B R G A 3 653

4 Z5ig

L)Na™+K" F o 28 oGl R AR Ik B F2 A Th A
468 ~ 724 nm 5 1 182 ~ 1 539 nm, AHIENE(ER KN
0.48; 4 HIEIREUFRIEDE Bt EEAERAE 1 742 ~
2395 nm; JET RSI BYRFIE I B A 18 T b B inA [l )3
BRI Na'+K* & B FRUR e, BH4E R® =
0.94, RMSE =0.22, #:iF4 R°=0.74, RMSE = 0.19.

2)SO% WYL o> AR S R iF % Bt FEZLEE T 7E 468 ~
724 nm, HrP7E 1By, 1.2 B, DSI A4 R AR R IE
PG RO AR, RAEMKRT 0.71; Ca®*. Mg™.
CI" WRFIEPE BRI LT A X 8k, H R B = T
ARG, Hob Ca® 7EOLiETE 5L DSI AR UK
R*{Ef KK 0.96, RMSE 4 0.08.

3) BT b BEMA Im] U ABE TR (7 4 49 R 43 B8 A 5
B ER AR R (3 FIAE 0.74 ~ 0.96, S ALY AIC
BT FIFE 0.50 ~ 122.87; - HEEg+ i & e AHXTHC = 1)
Na'+K*, SO; . CI" AP hIAL [m] IS RORS B v %
KR Ca®*. Mg*,

Sk

[11 AAAE, KHm, 2, & RHOKEERES TR
i R UE AR T R IGHIE[J]. ARk T 2# 4], 2015, 31(22):
139-145.

[2] Hammam A A, Mohamed E S. Mapping soil salinity in the
East Nile Delta using several methodological approaches of
salinity assessment[J]. The Egyptian Journal of Remote
Sensing and Space Science, 2020, 23(2): 125-131.

[3] Chen K, Li C, Tang R N. Estimation of the nitrogen
concentration of rubber tree using fractional Calculus
augmented NIR spectra[J]. Industrial Crops and Products,
2017, 108: 831-839.

[4] Srivastava R, Sethi M, Yadav R K, et al. Visible-near
infrared reflectance spectroscopy for rapid characterization
of salt-affected soil in the indo-Gangetic Plains of Haryana,
India[J]. Journal of the Indian Society of Remote Sensing,
2017, 45(2): 307-315.

[5] FhWAE, AL, S, S AR X oK R
FE TR A RO R [J]. AL AR, 2019,
50(5): 344-355.

[6] RMG, 24k, BRerHe, 4. ERTotisasiiien) Lk e
TG, K AR5, 2018, 38(3): 193-199, 205.

[71 k@R, BEPENE, $hE, . BT R OLIER IR Hh il
AR L2 08 T B[] ol TR,
2019, 35(12): 106-115.

8] M= &, m/ha, k. LA LR AT b Lrsb
TEPMAREA AL e S [I]. 35, 2020, 52(2): 404-413.

[91 k33, BHATEA, 2R, 4. Ll glifdor 5 £ ok
AR A A DG AT ] BRSO,
2017, 17(25): 33-38.

[10] WARIL #508/R, MR, Jesshr St ihrie, % 5T
GBS AR TS R B 1 3 vl SR DR B[]
HE A2, 2019, 39(19): 7237-7248.

[11] HASE SLIL, K42 v, DRI LT8R
LA - I B P 2 R 26 (/N2 v e KR
JEIRHETIN]. Bt STk, 2019, 56(15): 251-259.

[12] Vi, &), FWE, & ERT R SVM U5
B R R SO [I]. AR AR K2R (A AR
JiX), 2018, 49(4): 585-590.

[13] XWHk, BRerds, EEi#E, . FE T WALL8M6E R
B IX A g o M K F 1 BT[] T ER
WP RL#, 2016, 49(10): 1925-1935.

[14] =E= KW\l M5, h s, % 5T GWREL
T H N LR ZER s )43 5 M S m R [3]. 0 H
HZ5244R, 2016, 27(10): 3273-3282.

[15] Mirer, RE%, BiE4S, & HET I E H 5 /N
72 W0 4 B 7 e AR 2 (B 43 A [J]. 324k, 2019, 56(4):
860-872.

[16] 2=k, Z=HrE, TR, . MW7 ) R W
Bl 2 AU A 9 ) TR 0 R AR 2 A 9], P bR L 2k
2018, 27(2): 260-268.

[17] Z=WE, FRF, RS, . JFE sl T s +
BB RRIE OGRS AT [J]. g, 2012, 43(1):
166-170.

[18] EFI35F, REBN, KI5 FETEAM VIS-NIR SLikny 14
o EEEFHNI]. L4 2020, 52(1): 188-194.

[19] SRZIM, MRIRE, sk, & BT U ERIZEE
PTG [I]. 2 K% TR2, 2014, 22(3): 779-786.

[20] Tarasov V E. On chain rule for fractional derivatives[J].
Communications in Nonlinear Science and Numerical
Simulation, 2016, 30(1/2/3): 1-4.

[21] 2#, THEwW, EAT, % BTRIOLES Landsat 8
OLI ot iy 3L Lhwlie b+ He b A B 0], 4%
%, 2019, 56(2): 320-330.

[22] Fotheringham A S, Charlton M E, Brunsdon C.
Geographically weighted regression: A natural evolution of
the expansion method for spatial data analysis[J].
Environment and Planning A: Economy and Space, 1998,
30(11): 1905-1927.

[23] Abliz A, Tiyip T, Ghulam A, et al. Effects of shallow
groundwater table and salinity on soil salt dynamics in the
Keriya Oasis, Northwestern China[J]. Environmental Earth
Sciences, 2016, 75(3): 1-15.

[24] [24] WAL, XREE, o858, 4. T U AY )5
14 3 T 28 IX. A= A BT 28 T A (3] ARl AR 241,
2019, 35(20): 102-110.

[25] =4, sKK, BT, & HHUMACR TRRIZE 5
WL ER AR R T 0] Rk AR,
2019, 35(10): 115-124.

[26] KA, 250 W0 IE A VY AR I e G o = b e
SIRRAT R T ST (3], M 2 2 Al (ol 5 A= Bk 2
Jii), 2016, 37(1): 75-80.

http://soils.issas.ac.cn



654 + e % 53 4%

[27] A&, 28 E, BT HRG &R0, 2. 190 1 Ve A2 0 [28] VIHRWE, MERE, VEW. GWR BLE + I E 48 5ot
Y b R T R A RRAE AT [3). T S X AR A 5T T TR A A N [3]. ML BRARR, 2017, 72(3): 533-544.
2014, 32(4): 151-158.

http://soils.issas.ac.cn



