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Abstract; Inversion models applied for hyperspectral prediction of soil chromium include univariate regression, multiple
linear regression, principal component regression, and partial least squares regression models. They are mostly based on the
presumed homogenéeous influence of heavy metal content on spectral reflectance at different locations. This presumption,
however, ignores the spatial heterogeneity of correlation between soil chromium and spectral variables. In contrast,
Geographically Weighted Regression( GWR) model effectively reveals the spatial heterogeneity among different variables, as
is evidenced in many studies involving the spatial prediction of soil properties. In this study, we first analyzed the influence
of different spectral resolutions and transformations on soil chromium-targeted hyperspectral prediction model. Thereafter,

optimal spectral resolution and variables were selected to establish the GWR model for prediction of soil chromium content in
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Fuzhou City. In addition, the applicability and limitations of the model were assessed by comparing the predictions based on
GWR and Ordinary Least Squares Regression( OLS) models separately. The conclusions finally drawn from the study are as
follows: (1) At a resolution of 10 nm, with soil chromium content as a dependent variable and the second derivative of
reflectance and reflectance reciprocal as independent variables, the GWR model displayed the best prediction performance.
The values of R” and the adjusted R* were 0.821 and 0.716, respectively, which showed an increase of 0.529 and 0.450,
respectively, above the corresponding values in the OLS model. The AIC was decreased by 22 units to 720.703, and,the
residual sum of squares was decreased by three quarters, an indication of significant improvement of the prediction
performance. (2) The spectral resolution exerted obvious influence on the accuracy of chromium prediction models. The
GWR model, with a spectral resolution of 10 nm, as against the OLS model, with a resolution of 3 nm, showed optimal
prediction outcome and an evident increase in accuracy. The best resolution for the GWR model was 10/nm.)(3) The
spectral transformation of first-order differential effectively enhanced the spectral features of soil chromium: Whereas other
spectral transformations failed to enhance the features, they significantly improved the prediction performance. (4) The
optimal spectral resolution of 10 nm for GWR-based soil chromium prediction was up to thedevel of EO-1 Hyperion images.
Moreover, the prediction performance of the GWR model showed a tendency to stabilize with the increase in the number of
sample sites, which is suitable for soil chromium prediction in the regions featuring great spatial heterogeneity. Therefore,
with hyper-spectral images, the application of GWR model can be extended from laboratory to the regional scale, making

the spatial prediction of soil chromium on grid basis feasible.

Key Words: soil heavy metal chromium; GWR model; hyper-spectral ; spectral resolution; spectral transformation
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Table 1 Maximum correlation coefficients between soil heavy metal Cr content and spectral variables in Fuzhou City
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Table 2 Outcome of stepwise linear regression of soil chromium content by using spectral variables

CREA PR , “ N “ T
Sk R wom MR R e R A .1' %?é
Spectral ) . 5 Estimation F P

X Model R Adjusted R

resolution/nm error
1 H,SR_2070,RTSD_1365,ATSD_435,CR_2218 0.342 0.316 14.701 16.403 0.000
2 i, RTSD_1368,AT_2070,ATSD_828,CR_2218 0.314 0.287 15.013 14.435 0.000
3 W, FD_1439,RTFD_479,RTSD_1856,CR_2219 0.359 0.333 14.515 17.643 0.000
4 i ,SR_1854,RTFD_414,RTSD_1854,CR_2218 0.351 0.325 14.061 17.062 0:000
5 H ,RT_2255,RTFD_410,CR_2215 0.302 0.280 15.089 18.302 0.000
6 g, FD_2230,RTFD_410 0.274 0.257 15.328 24.128 0.000
7 W&, FD_2228 ,RTFD_2228 0.173 0.154 16.366 25.614 0.000
8 i, FD_2230,RT_2254 0.201 0.182 16.081 16.077 0.000
9 i ,SD_2230, RTSD_2149 0.294 0.272 15.168 17.669 0.000
10 Wi, SD_1440,RTSD_430 0.292 0.266 15.898 17.499 0.000

2 2 AT, BEE YGIE A HER G FEAIC, S SR B A8 S MO U 3 (1 nm—4 nm 43 HERE 4 A
D] 6 nm—10 nm (9 2 4>) o AFEDEIEAR XA DG 0 PR AR R #E00 VE FH AR AR, B AR [R5 43
PR REET , 2 SR 4 3 A8 R AN R (ERH T 3 43 B R 00 AR (14 Y3 A s 2N A AR, HLLAAE
oI5 GRS RRIE AR B0 3, 0 1 T2 nm AT ALSA RTSD, ATSD, CR 1925 ,3 Fil 4 nm (9 004 RL 4745
RTFD,RTSD,CR #%: 5,6 F1 7 nm B A4 FD, RTED #2459 1 10 nm YA A4 SD, RTSD #Y
25, W ik — B o AR g n] DIAR G M R SRR A O R AR AR 1T A i AR 6 FROAS B 9 - R Ol
TERRAE , B0 AT DAAR G- b it i A A FOUINRG B . AR ISR R R | Bt G0 43 R (R R AT, AR TN A 2 S
AR 2 ARG AR ARG AR BARRBON R AE R R A1 iR sy 38K 8N TR K AR a3 i
THRZEE N R IR AN AR PN, o ORI AF I8 3 nm 43 HE 5 10 ToOI ARS8 | il %
Gy PR FRAR  ASE R T 5 S 0 sl 2 i, S TR R A I ST Al R o — 3K
3.3 HEEESE GWR N A ADEIE G HER

ANFIETE PR RE T, A 2 AT i 25 OGS RRAF I B A AR &, H 8 & AR =, 4300
OLS ¥ A1 GWR 34} HHE 44k 5 Ul AT A6, AR ATC {5 R® VY R*FI RSS #EAT T (3£ 3) , BN R
BB TR DA AR LA 50 /N ATCELRN RSS, 50K R? AT R, LALHA E - 855 & 1 GWR HUIN 9 B 60 43

£3 FRENILSHEEMN OLS iEF1 GWR EMRE B4
Table 3 Parameters of OLS and GWR models of different spectral resolutions

JERE MR/ nm AIC fi5 BHED] AIC PE ZH R PP R AL Adjusted R 325777 il RSS

Spectral resolution 0LS GWR 0LS GWR 0LS GWR 0LS GWR
1 1083.582 1089.355 0.342 0.362 0.316 0.313 27232.343 26407.790
2 1089.077 1092.328 0.314 0.348 0.287 0.298 28399.134 26983.965
3 1080.233 1077.986 0.359 0.412 0.333 0.372 26545.155 24071.696
4 1081.791 1083.449 0.351 0.395 0.325 0.347 26862.723 25034.506
5 1089.231 1093.092 0.302 0.327 0.280 0.284 28913.437 27885.885
6 1092.228 1096.059 0.274 0.288 0.257 0.254 30074.999 29468.624
7 1135.520 1109.181 0.173 0.499 0.154 0.314 34230.124 20754.347
8 1104.779 1108.382 0.201 0.217 0.182 0.180 33098.839 32433.979
9 1107.942 1106.773 0.294 0.580 0.272 0.432 33606.671 17406.571
10 1097.493 1089.866 0.244 0.674 0.226 0.541 31308.282 13486.885
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3 PABIRIYYE T P<0.05 ) F KKy, MFE 3 AT, GWR FUMALRIH 10 nm 43 HER 1K) GWR AL Fiii)
e e, SRR 7 nm 3 nm 14 nm, SIS HERARR], GWR AHEL T OLS A5 AU 00 B2 19 42 /o A2 B
A, HA 7 am F1 10 nm 43 HFERAY GWR RS OLS AR s SR AT BH b 48 s, EL AR R B0 Ry 3 P ' 3 43
PEAE) GWR Tl AIC {H%¢ OLS A 51/ T 26.339 F17.627 , YK T 3( GWR Bil4s OLS iR AIC {5
FrREIA 3 AN DA BRI B ) GWR FIN A R 43 B T 0.326 F10.430, JE & R U235 3
T 0.160 F10.315, 1MHABIERE 2 HERE GWR BRI FUNACRE OLS AR GERUR A B3, X EZREN
GWR AR 07 FH AT 2 25 R Rt , GWR AT 8 ) S HoX OLS A7 1) e AL B B Tz i PR
e S AR A DG OC R S AR MR (R 4)

R4 BMNTLEESHETEEXRNZEIETRERE

Table 4 Test of spatial non-stationarity of the relationship between soil chromium and spectral variables.in Fuzhou City

R HER/nm #18 Constant At 1 Variable 1 4G4 2 Variable 2 At 3 Variable 3 ARt 4 Variable 4
Spectral resolution UQ-LQ SE UQ-LQ SE UQ-LQ SE UQ-LQ SE UQ-LQ SE
1 39.50 37.26 0.02 0.02 0.54 1.01 0.03 0.04 0.04 0.09
2 57.58 29.41 0.90 2.66 5.98 10.94 16.51 27.68 0.07 0.04
3 59.70 50.57 0.59 0.51 0.06 0.13 9.32 3.78 0.07 0.05
4 73.81 44.43 0.02 0.02 0.03 0.04 10.48 6.48 0.08 6.48
5 32.47 27.51 2.20 5.47 0.04 0.07 0.04 0.03
6 4.37 4.07 0.06 0.20 0.06 0.06
7 13.64 3.15 1.11 0.41 5.01 1.22
8 7.86 14.40 0.20 0.26 6.64 2.45
9 6.18 4.74 0.18 0.22 0.06 0.06
10 15.78 3.60  277645.03 51064.04 6360.06 ~ 1981.41

2% 4 24 GWR BARAR s S80I D500 % (upper quartiles, UQ) 5 F DU % (lower quartiles, LQ) Y
{EIER (UQ-LQ H) KT OLS AH N A% 5 S AU B AT bR 1 1% 22 (standard errors, SE) B}, 43 8 4 J& 55 41 0 )63
P P G BRATAE W] 1 2 )P R SO )2 [ FE PR PE AN B R . 3R 4 AT, 7 nm H1 10 nm D635 73 B
Y GWR ZZ RS UQ-LQ EEIR T OLS MR AL B4 SE [E A% (2xSE) , JLHLL 10 nm 73R 0 2.
F AR ESH UQ-LQAEE 2 KT OLS AHRAZ & Z401) SE {1 =A%, 130858 5 &6 A8 & W] 5C R 1Y
73 (Al AR AR R B 3 2O G4 BRI GWR BB TR0 A8 ) Fe 5, 7 nm Zr BER TN BRSO IR Z X4
Y TR 0 G 1 (8] B AT LAAS B S A1 1Y RO i 4 7 — e R B RE ST 0 MR B -3 5 6 A (]
RARMZS A3 A AR T8 GWR BB SR RS DGIE% 7 PR A AR, A5 B B AUk B 2 i/,

SO IR SOBORT RS AT 5843 #8730 AR R R) DG AR Y 2 6] 3 S LA I (R N, SCRBJS T BB 2
AfE B i, & GWR BRGS0 PR B OCHE , Hi AATSE P OGIE RAE ] A AN 1—256 nm A5 [H2A
[F)7F 2 IR o 486 94 R A [ B LA R 0 2 5 200 B 3 I BT G o S v T - A A R R S T RE
I R BT o R TR TR e R R SR AR B P JE W, ARBFZE R, GWR AL 10 nm 43
AR, AT BE Sy fcsi , HAL OLS AR i3 008 1 3 13388 GWR 500 A dee 6 1% 2 B %6 i
ARSCAE 10 nm Zp A RETR B SO 3809 Z sl A R SRR — i oy AT 3BT R 1) GWR AR Y
L)

3.4 R EDEIEHINE GWR HR

R RAE A A 5 S UERE A Bl — 250, 8 131 MR B 44 4 3% 7 i AR BI/NHES , B B R A
B—AMME A UEREAS, 31 43 4~ (33%) , HAT A 88 1~ (67% ) VE MR AR . Horp | 88 SRS REAC () +- R &
B R (26.35+18.67) mg/kg, 285 REN 70.85% , FH T HLRLIAIE 1 (Y 43 ADEEAE & B 4043 YL 1L N
(25.68+16.24)mg/kg, B 2 BN 63.24% , 5 HAFREA (1) 72510 0 BE 45— %k,

http ; //www.ecologica.cn



8124 JAE = 378

7510 nm OERE PR RET , LL 1440 nm 59 SC5ER A Bt or (SD_1440) F1 430 nm 1 S5t 38 iy —
Bristsr (RTSD_430) Sy [ 78 &, - 3e 4 & & AR R 2000 A 3 OLS Al GWR B - e x4 & B A SR Aot
R TEINACR BN ATC AR AR 22705 Al ORI RPFIJATS RPHJEATHINT (3R 5) .

*5 THEEL£ER OLS B GWR O3 EI S tb %

Table 5 Comparison between parameters of OLS and GWR regression models for soil heavy metal prediction

A AIC 17 BN hE R HL P PE R AL v p B2 J5 H
Model AIC R? Adjusted R RSS
OLS 742.016 0.292 0.266 12.136 0.000 21484.197
GWR 720.703 0.821 0.716 5.667 0.010 5441.275

M 5 I, GWR REARIY AIC {EBTE /N T OLS #E AT (i BHAF GWR A AL T 1 S8 0 Ay 28 SR 22 0 (g
I OLS A5, Pt 80 R JHHE RPFNHR 227 7 At — IE S — 1550, GWR BEAY Sl A 6 1 3 4%
A 1] U T FEE 3K 71.6% , 558 OLS A5 (it BEFE 1y 26.6% ) , 4255 T 45%, H. GWR A AL [l 91 5% 22 5 7 F1 Ky
5441.275 7/ OLS A HU ) 21484.197 , i#E— 150 GWR L7 - 4% T A4 R R R4 OLS B T i 3%
4Tt

Ry TR G b i B TR AR R A A L 43 SRS 5 R R B AR Y OLS B GWR
REAY AT £ AR 0, PSR 5 R (IE ) Al TR 22 (+MEE) PR 2% (ME) ¥ Ri% 2% (RMSE) |
OLS H1 GWR AR T (15 5 S DA B A OC R EL(R) IMIA e RE(R?) KA MY FHOCSEN R 6 Fios

F 6 OLS 71 GWR #E Tl R A 4H X IEMR

Table 6 Correlation indicators of prediction performance of OLS and GWR models

(8| R iR HRKIERZE TR PR IR 2 1P ' Y " P
Model - MEE + MEE ME RMSE R R?

OLS -42.231 24.212 0.724 12.463 0.334 0.112 5.11 0.029
GWR -39.206 17.927 -0.720 15.487 0.641 0.411 28.581 0.000

AN 152 22 2 T s 1Y), B TS0 SCN R 422 30, - YR 22 45T T 0, 105 R 25 (BB /N | AR AU S0 A 32
i, S5 ATLUE ), OLS BRI GWR A MR 2 4 X E BN 2k B34 T 0,10 GWR AR e K
IE R 2E R iR 22 /N T OLS RS AR GWR AERL A4 0SB 2 T OLS ALY BGUEARAS ) GWR 5L i
T 5 SMME 2 8] P ARDCREUL RPYE KT OLS ALY | i — B E S GWR AR Y A T 00KS B2 O 4 37 T OLS 4%
W3 F R Sy F R A 25 (0] 531 [R5 3245 A B AR B G 2l i, B 52 2% 12 ) A2 S v R T4
P, OISR A SR R 2R A R, B AR [R5 X3k, ARG &, T R 45 Ay
Yo KA, 23 5 ik 56T RR IR OC R T BB AR, A0SR0 AL GE ) 4 J5 P A AL 04T 76 42 I 1% it
R G AR , 75 21 1 P13 S 0K & 38 IR [ S 5000 2448, 1105 45 5 g 0 5 Hl S e — 8 6 R &5
[EJREAE L S T 8IS 500 23 (8] 284k, GWR FERIX OLS LRI EAT 147 | A5 0 {35 I 5 sk 30T ) A9 o, L35 ik
82, A IR eRSOR W R 25 TR 1 (5 () R DG ) 118 2 TR 9 TR ) DB el o 800k o b 25 )3 T A
FESHE T IBGT N R RS R 25 () IX 381 A7 — %2 072 Ak , i 1 4% 2 1l 5 B A0 2 500 AR it 2= ]
SrPER AR, AT AR & DU 23 (8] 0C R AR AR, T DA R 4% & E e i s ik g i, B
Hil GWR B 2 28 K S I — I T I 25 [ BE T 22 BR S R B AN AT B 5 47, Al B30 25 SR A W 1)
TR SRS EAGTHA BB AT RS, R B GWR3.0 F1 ArcGIS 10.2 S5 A LA B A4, 1% 07 1
A Ay A 3R 1 v G S P (A ) S
3.5 3 GWR M AR E MR T

SR T S G 1 RS AR S0 P 205 R B AR P B R AS R e 4 4% B i AR B/ INHES ), T A ) ) A5 A
B UEECIEREAS L], 20 S R 2 1 SR U ) GWR ARARLAN OLS A AU (3% 7) , #5538 1 P<0.05 1 F K56,
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K BUEBAEA S IAEFEAER T HBIoN 1:1(66 MEBEA ) IF, GWR BIH 5 OLS BB G RCR M ZEA K,
At FEA AT % 5 i TN, GWR A Y [ml T YRR Y B WAL T OLS BERY B A BEAEAS HL o Ay 304 oK
GWR IR (g [m] Y250 2R B B oo — T e — 2 1o ) 22 A 38, FL b DU B AR 5 e AR A L 101 i, RCR A
22, HeB T 2:1 (88 ANEAEREA ) I, GWR BERL A [RRC R et . FEIAN 4:1.(105 ANEEBEREAS ) T i, B A
FEA B3GR, GWR ALY Y [ I3RS O A B R 3, I U] 1 GWR B2 A - SR 55 8 0 o 1Y
FILEA LR BN AR (AR DI A RO rTRE H BRI Sh LR, B AR A A 1, JLe B
B THE , GWR BRIE & KA L% i) 25 [ U065

RT RERBEXRETNRR KM

Table 7 Influence of sample site density on prediction performance of models

HHTRE A TR AS [ AIC {5 B AEN PLaE R B AT PR R B 3 il
Ratio of modeling sample AlC R Adjusted R? RSS
to validation sample OLS GWR OLS GWR oLS GWR OLS GWR
1:1 562.972 565.667 0.260 0.321 0.224 0.246 17162.844  15766.858
2:1 742.016 720.703 0.292 0.821 0.266 0.716 21484.197 5441.275
3:1 850.886 845.320 0.201 0.781 0.176 0.630 27193.180 7468.076
4:1 856.855 853.276 0.296 0.469 0.275 0.389 19862.900  14992.215
5:1 925.751 928.975 0.268 0.683 0.247 0.565 26966.022  11690.957
6:1 957.456 949.972 0.229 0.679 0.208 0.543 29392.550  12234.952
7:1 983.573 969.763 0.227 0.725 0.206 0.562 28768.907  10250.326
1:0 1097.493 1089.866 0.244 0.674 0.226 0.541 31308.282  13486.885
4 g

(1) ABFFEEI] 10 nm G55 HER R B DL 1440 ‘nm 59 RS0 Z 4 (SD_1440) F1 430 nm F4 2 5
RAFEH B4 (RTSD_430) Ay A AR 5, At 24 05 i A IR AR i AR ) GWR ASE AR XoF 4 S84 1 b 10U sk SR
el , RS R ELAT e KA RPANIE Y RYME, /NS 2277 RS FE 55 OLS Bl i B4R,

(2) - % TN L (S B 20l 0 BRI . X T OLS MR RIS, 3 nm J3 B 248 (10 A58 2 0 000 25 2
A, 1T GWR BUNAL AR UG, 10 nm 43R AR AUAS I 5 R ey, AR T OLS A5 RS 1 i 354 F
F O O GWR TN ARG MR 12T S HER R R EO- 1Hyperion 1 Y65 82 4% 19 Y615 43

(3) B AR S XA B T AR EA W 0 R MR, B AR OGIE AR e (BROGIE — B idsr o ) (5 1 98 4%
14 Jpe KAH DG R ORI TR IR S5 258 5 4% 18 S ROAH DG R 00, 6T 3% A DG T AR AE oA R B 8 s A D (R AE AN [A)D
AT PR RT3k SR 0 i A 4 A% 110 TOU AR ) A v J40 5 At 1 R B, AR A b 2 1 9 4 T 4 11
TR

(4) GWR ASEIRLEY ] U= 355 S A2 HASARE A S5 U0 UEREAR LU B A R2 0, GWR AR e S AR A Bigse A psf, LT
SR I S B4 Bl A AR AR 3, LRI i k FAeE , U6 GWR A5 RUAE & AR AR = 39 4% 1) 245 [ 4
Ao 454 Hyperion EOGIERAG | ok 5206 580 1) TR B A5O6IE iY JXRE FE 4 () JT, GWR BN 238 5 S 0 5256
= R[] DX RUBE (A T, Shy S B Y1 LS ) RLUE 19 = 39 4k 2 [ T 42 (16 T i
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