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OE: AT 133 MEEERM T2 E(TN) S B ADGIE U3 R) LHAE(1gR) . X HU— s ((1gR)) . BIE(1/R) . B —
B (U/R)) . —BAMR) . SEITH( VR ). —BB i B (L/(R) A e, SR FThidie /N — a1 (PLSR) . BEHLAR bk IE1 1 (RER)F15E
FEMIEALEE(SVR)3 ARSI HE S, 458 TN & Al 2550 3R 00 . D44 TN & 5 5 2CH et = B R : (1/R)!
>R'>(IgR) > 1/R>1gR> 1/(R)>~R >R, LI/ B, 13 TN & 520tk T R, Hrb 5(1/R)HY Pearson A1
ZHUR SN 0.746, @PLSR Hl SVR T R'. (1/R)'. (IgR)H 1/(R) A FE MR | RFR JIEMERM T AT R IGRT 0732, 1
AT TN S A . OHET 1/(R)HLHY SVR BTRITIPRG i s, Hi R* 4 0.987, RMSE 4 0.057 g/kg, MAE
0.050 g/kg, TR +HE TN SRARMEE, nN R BT 1 TN SRR AR e ik,
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Estimating of Soil Total Nitrogen Content in Coastal Wetland Based on Spectral Transformation
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2 Tangshan Key Laboratory of Resources and Environmental Remote Sensing, Tangshan, Hebei 063210, China; 3 Hebei
Industrial Technology Institute of Mine Ecological Remediation, Tangshan, Hebei 063210, China; 4 Collaborative Innovation
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Geography and Ocean Sciences, Yanbian University, Yanji, Jilin 133002, China; 6 The 8" Geological Brigade of Hebei Bureau
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Abstract: Based on total nitrogen (TN) contents, spectral reflectance (R) of and their logarithm (IgR), logarithm first derivative
((IgR)"), reciprocal (1/R), reciprocal first derivative ((1/R)"), first derivative (R'), square root (\/E ) and reciprocal first derivative
(1/(R)") transformations of 133 coastal wetland soil samples, the predicating models of soil TN contents were established by
partial least squares regression (PLSR), random forest regression (RFR) and support vector regression (SVR). The results showed
that: Correlations between soil TN contents and spectral forms from high to low were: (1/R)' > R' > (IgR)' > 1/R > IgR > 1/(R)' >
VR >R. Correlations between soil TN contents and spectral transformations were higher than those of R, and Pearson correlation
coefficient of (1/R)' was highest (0.746). R* of all models established by PLSR and SVR based on R, (1/R), (IgR)' and 1/(R)'
transformations and RFR method were greater than 0.732, indicating their applicable for soil TN content estimation, and SVR
model based on 1/(R)' had the highest accuracy, with R* of 0.987, RMSE of 0.057 g/kg and MAE of 0.050 g/kg, which was the
optimal model for accurately predicting TN content in coastal wetland soil.

Key words: Spectral transformation; Soil total nitrogen content; Partial least squares regression; Random forest regression;
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AR SRS A DS, B R TR
MRCR . BGE TS TG B, & P BRI
Bexd - HE TN S5 A MERs A e g ) FLAEN
FIH 677 nm F1 1 414 nm P B SR 857 T +3 TN
FrE IR, H 2 ANk B IMEFE a3 R 3EE R,
BRI — BRI PR . 25 2% % R B Pearson A5G R
B Rn 10 MBS £ TN St @i,
HACR SR —E R . TEEIHE T 4
U B AR 5 SRR BT, e R AR I T A Uil B A
W AL TR B, (R R B A vy A S AR A e i
IR TP B . A T A& 4R /OGS B,
(] IS AR Y A R B, T e R B 2 1Y o

HAT, F Ak - 498 2 Ak ot g Ze M R A 25T
PERNE . Z ot A A A /N — 7 1] )5 (Partial
Least Square Regression, PLSR)Z5:!3M - Hidh | £5¢
NS T B AR/, B A ARG 2 (B A SRR/
HTESL, X T RO, BBRUR 2 Bk B Z A5G
PR, AT LA Z 0k mE A —E MR BRI £o0
AL AT LAGR R TP A8 6, P2k A i A% £ ]
IS ERARIRAS e fife D 5k B ) Ay T 2 [ 525 T PLSR
3 o AR 3 A O AT DA X — [R) R, HLOAT DA
PUXT 4=k B B SRS , e BTRCRAE T 2 ook i 1n
HAZ Itz IR BRibZ b, HLaseE 2 Bk dh
an Je 56 A | H . BE AL A% AR 5] 15 (Random  Forest
Regression, RFR)FSZ 5 [a] & 4L [\ 5 (Support  Vector
Regression, SVR)FHA W IEL M ARET, #

P T R A T P A A 2
% HE T e e, Rt g E LA 1 5
2, AERRYCER A2 5 o B, 2R 2.
RFR 2 PR AR IR, B3t T SRR P S AR (14 Bk
S, SEMERRGE R G D 9 Ak R AR
JrkUS BRMLERSE SIS, TREE SR STz N,
H24F LT RFR, SVR FIFHZ M4 dk, 4503
B RFR {4 M4 A1 SVR I,

VLV b, 398 A2 W4 R K, VK A 1 B SR )
%, BACHERE R, B TN SRS
SRR HTEINSREEZ BRI, SRR IR PR,
JIT LA F I 6 635 B H 2 RO i AR 58 2 i I R
Hb A3 TN SRR . T, AFSE T
PLSR.RFR Fll SVR =R &7 I A AN DG i AR
P-4 TN S B, TR R
R AT FH T v 18 TN 55 G 3m Jr ik
D3 A 3 D00 5 7 - 3 TN Al i B (5 404, [+
it Ay 8 7 TR VI M A S R G G AR AT B

1 #RERE

1.1 THEHMRESHE

KA TIHRE 133 A FH I IS 25 s
TR 2 HRECRAERIE N 0 ~ 20 cm), RFE S0
B R . Ris/b A A R 2 RE  TN i s
X BT RAE 0 E AT N H AT, BB 54, B
1t 100 B, SRIE5 R 2 4, o0l T LR 2818 i )
SE A EE TN S8 PO e R 4R

+3E TN S ESIHFRHENEE 1 iR, 3 TN &
Wi RMEN 3.124 g/kg, RETHAERM; TN Fa
/MEHR 0.024 g/kg, RETHLD+; TN FHF
N 0.733 g/kg, tRifEZEH 0.501 g/kg, EHFRECH
68.5%. 133 A~LFELE 84 Mk A1 49 b,
AN BT AE 4 TN S FEA BE 2R, B
+ TN Z&- MK 0.881 g/kg, b+ TN &7
{60 0.478 g/kg, BbRiE B H TN FEAL,
FyRE o i A R TN A B
1.2 TEXRIENESHAE

K ASD 2w AE 72 1Y FieldSpecd 3R B A-RE Y &
ik T EE(R), D E Dl 350 ~2 500 nm, JGiER
FEMEIFETE 350 ~ 1 000 nm P BLEHE A 1.4 nm, 1000 ~
2500 nm P BEYEE N 2 nm, EREEMEIPEN 1 nm.
AMHEMEZNME 10 50654, IHEHEE A
B AF ViewSpec Pro BUCFEMEAE AiZFE S R IECIEE
o TEGTE R AR 1 2 B v 2 AN ] sk b 37 2100 3 2R
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Fig. 1 Location of study area and soil sampling sites
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Table 1 Descriptive statistics of soil texture and TN content

B RERE RME O mOKRME BE X BRFRE
<311 (g/kg)  (g/kg) (gkg) (g/kg) (%)
AF 133 0.024  3.124 0.733  0.501 68.5
it 84 0314 2255 0881 0.333 37.8
vt 49 0.024  3.124 0478  0.625 76.5

i AR A J R, SEOCE MR, Hi
AMFFE TR JE DG S St 2tk AT S-G Pl
AEFRASE R, FEXT R i 7 MOGTE A XA (1gR) . Xt
B — BT ((gRr)) . BIEL(1/R) . BIEH — B i sy
(/R)). —M MR FEIM(VR ). — sy fs)
R BEmIxTE . EI8 . SRR R
A “stats” EIERL, FOHE A — B o b R
Origin Pro 2021 SE i,

AHFFENT 4 TN Fr i 56585 B 5 3 I HAS il
A4 2 A 28T, Pearson AHIC REGIE FA
—1.0 ~ 1.0, ZEXHEB, HAHICH B , P BB
TEBURHC RECR T 0.4 B, #H47 P<0.01 7KF I
P4 S S MG S Y S MG 0 Y U0 B S B
Br, T3 TN &8 el sa i fh .

1.3 #HESHAE

1.3.1 iR/ "3 5 (PLSR) PLSR il T %
TR | FE B A34 BT A [ AR 8 PR AR s A DG S AT
3RO AL, AR [ AR A DGR

(49 [ 51, 348 AT LA 3 e $ B i o B SRR AR 1 AR e
B, FEREARBGE /N T A AR BB TG O T AR . AR5
10 1 4 Kt B —32: (leave One Out, LOO)3E LG i
75 AR 1% 2% (Root Mean Square Error of Prediction,
RMSEP)#fi & £ F41~41. #AH1) RMSEP {HkE 3 H
TN EL A3 N A3 ek, 3k B A S B 32 R A0
A BN A B . B RMSEP s5e/INEXT L Y
Fe R4 37, PLSR 7Y ] A5 350k b i 401 & ) A
AR S L TN S SRR, A5 IR
S A A R, L ST MBIRE T AAgE e . ok
F R A “pls” A58 )i PLSR #H

1.3.2  BEYLARAKEIII(RFR)  RFR J2 2R
LR 2] 25, AT LAk BE b A BB 4R, B
P O P 5 AN B 52 R ORAB BN/ IMEL ) 5% i) BV e
A, I LA AR S M L PLSR % o RFR Gl ad %
2D S LA G, R 25 R 2R 1T
¥IfH. #8 RFR A,

E(x):%i{h(x, 0,)} (1)

i=l1

Ko k() WERETINZER; (h(x, 6,)) WAET x F
O, BT H 5 x IR B 5 0, SR ST [R] o0 AR BEAIL ) £
T R PSRN0, AT RFR @ BGE i R
A “randomForest” S0, 7 A R rh AR 2
TE XA EZRSE R P A U (mtry)
IR A% (ntree), FIFH “caret” ARG MRS 224
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GiteE ] B PLAR = T HR . SVR (X s B0k
AR B m e Zs 8], FFEATIRIE . 7E SVR g,
PEIAR [ B bR AL, PSS %0 gamma Al cost, H
i, cost WAETIREL, costid K, oML HIE,

cost /I, G INE AT gamma P B i 5]
eSS ]S Y0 A, gamma BOK, SRR EUD,

gamma {EEk/)N, SZRpmEZE . ARFFTHAIH “caret”
A0 1) A% 38 R0 R Fe R S8 gamma il cost, R
TR 25 e/ N SR G A T e A RS, T R 4K
fF “e1071” AN, SVR AL,

1.3.4 MEEDRSEEIGUE g7 HHE TN B, oR
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T AP REL(RY) L ¥R 22 (Root Mean Squared
Error, RMSE)FISE)46 %1% 22 (Mean Absolute Error,
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2 ; MAE J24aXiR2E 0 F-340E, 58541 S e 35t
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AN, ROBEEE 1, ARG LS, RMSE, MAE {Hi%
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i=1
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MAE=;Z| P =il (4)
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b PN REARBITUINE ;56 i DEEAR RS2
DUAE s n AEAR S i s Y N AT REAS S EL P32 L
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Table 2 Evaluation standard of model overall accuracy

R R F0IN BE ) il ik
<0.5 MR B 22, R HL 4% B g
0.5~0.66 RRTRURS B — M, LA T R
0.67 ~0.89 KAV Bty BT fE
>0.89 RROEDRS B AT, EL A& e B A 0 BE

2 HEREHSWH

2.1 TEXRIEREMERSEREXY
Hi 18 2 AT LUE i, IR IX SR AR 1 SR R 5

FRER)MATESEA -, FMLEESRD, 2
¥ EFHERIE, 76 1410, 1920, 2210 nm HFL 3
ASEE KWy . Hoh, 7R R IR B (350 ~
780 nm)yE I, R G BT BRI, TEITLL
HMEEBE 780 ~ 1 900 nm Y [E N ZE1E TV, S FEAGE
B 22 F8EK, 2 2 100 nm 4b R IAFHKAE; 7EITLL
ANJEBE 2 150 ~ 2 500 nm JEEN, RFZE PR, 454
PFANRAE R, B ERESAY R HIZEFE 2 300 ~ 2 400 nm
Ab BB B A, DX R R R R T K o T
FREL(-OR) MRl G Mg, TR - ikfe R
T E R, FTUTER 2 db RS R R
MZE7E 2 300 ~ 2 400 nm H BRI UGy, Sk A
4 e XA .

ME3IATLAEL, R 518 TN S84 —2rH
KM, AEAHSEMERRAR , W5 Z [A] W AH DG R B0FE 584 nm
AR K 0.547, 47 PR b S, BOLiES
5 4 TN SR RECYA RFRRE e,
T A B EOGE S UR. VR A IgR 5 13
TN & f2 i RAHOC R BT 0.013 Tl 73 A8 4
FOEESEC R . (1/R)FI(IgR)' 5 +3 TN SHAHKE R
Bt m s R, R REEER 0.7 UL, £
A 2255 o3 A28 4 Pl AT DR TS S M s 1 T4, iR &
HEIE, eSS HERM R, ™ OLIE
fiE o Seik AL HREAS B AT s i b A b | IR
BEAEH T, A Motk R R 5 4 TN i
AR SEPERY SRR IR, BR(1gR)ERA I B YA 5L
AFrwA, HapB R, R, (1/R)'. IgR. (1/R)
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Fig. 2 Original spectral reflectance of soil samples
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Table 3 Correlations between soil TN contents and spectral bands under different spectrat transformations

Yotk AR W B AL TR B IX (8] (nm) WARMRRER  RFRAMRRED A (nm)

R 415 350 ~ 764 -0.547" 584
1/R 443 350 ~ 792 0.560" 593
R 534 350~792, 815~1155, 1279 ~1883, 1925~2499 0.707" 1130
JR 426 350 ~ 775 0.555™ 584

1/(R) 692 391 ~ 1120 -0.555" 901
1gR 576 350 ~ 872, 2448 ~2 500 -0.559™ 584

(1/R)’ 536 352~ 1130, 1862~2495, 1670 ~1700, 2027 ~2 474 —0.746" 718

(IgR)' 388 445~ 456, 596 ~ 1135, 2302 ~2 495 -0.703" 718

e *, % 4RRIFRIRTE P<0.05 F P<0.01 7K 5B 3 AH G,

2.2 HEBIFFEE ST

FEFIF PLSR gl fitrh , 2R RDEiAR e =X
S RS RDRE E - (1/R) > (IgR)' > R'> 1/(R)' > 1/R >
VR > 1gR > R, VLAY S iy (R R 15 T
KA HOEIE R R*, i RMSE, MAE WKT 4
LM AL R XTI (R 4), BB, 2 A e
TS B ST AR RDRG B A TR S o AR e Ok
S G AR ERE S BRI (1/R)
AR ST R PR RE R A, R* M 0.775, MAE K

0.351 g/kg, RMSE H 0.472 g/kg, MIHFEET R #7111
R, RPEETFT 38.9%, RMSE Hl MAE J3 Bl F&MK T
28.7% H125.3%, AILAH T 433 TN S, 2T
1/R. ~JR . 1gR Fl R @7 HIIEA R Jy 0.558 ~
0.598, 7£ 0.5 ~ 0.66, FIKH B FU iz g £ 39 TN
(R 2). TEXT R SEATOCIE AR B0 f5 PR A 42 T T
BERORE RS, UiBAXS R HEAT A3 A28 J6e e A I s Bk
HNFLR BTG BRI, DA G X 4 TN A

F 4 BIMIEEEIIGIE S X b
Table 4 Validation and comparison of different prediction models
S A T 2 PLSR RFR SVR
RMSE R MAE RMSE R MAE RMSE R MAE
(g/kg) (g/kg) (grkg) (gkg) (g/kg) (gkg)
1/R 0.635 0.598 0.455 0.193 0.852 0.134 0.376 0.438 0.212
R 0.662 0.558 0.470 0.199 0.843 0.138 0.387 0.404 0.224
IgR 0.643 0.583 0.466 0.204 0.835 0.140 0.347 0.521 0.183
JR 0.588 0.588 0.461 0.197 0.845 0.139 0.383 0.418 0.219
R 0.501 0.748 0.370 0.146 0916 0.096 0.057 0.987 0.052
1/(R) 0.516 0.732 0.380 0.147 0.915 0.095 0.057 0.987 0.050
(1gR)' 0.488 0.760 0.357 0.155 0.905 0.104 0.120 0.943 0.070
(1/R)' 0.472 0.775 0.351 0.151 0.910 0.103 0.059 0.987 0.050

TEFIA RFR @i fEd, ARG e
BgUR: R > 1/(R) > (1/R) > (IgR) > 1/R> JR >R>
IgR(FE 4), FT R HA LM BUMERISORRAE, RPN
0.916, RMSE 4 0.146 g/kg, MAE “} 0.096 g/kg. RFR
FEAI 5 PLSR ALBUAH LE , 5 TN [RDGIE AR 8 2 vy
) RFR #581 R*ARfE 3455/, R*4E1 0.835 ~ 0.916,
UEIGIEAEHexT RFR A IRES/N . RFR % MAE
1 RMSE /T PLSR #i%1 , MAE 7£ 0.095 ~ 0.140 g/kg,
RMSE 7E 0.146 ~ 0.204 g/kg, H, L0706
SR RRL R*>0.905, RMSE<0.155 g/kg, il
FERERNRGT, YPTRSHRAL S T8 TN iy R&EHur 2

PGSR T FRE R*<0.852, RMSE=0.193 g/kg,
BEAURG B4, HLAS 0 g

TEFI SVR i b, AREDGIE At
R 1/(R) > (1/R) > R > (IgR)' > 1gR > 1/R >
VR > R(F 4). BARCR MBI 245, B 1gR. 1R,
VR H R RGN EBOCESHGE T B RMSE
7E 0.347 ~ 0.387 g/kg, R* 7F 0.404 ~ 0.521 ,MAE 7 0.183
~ 0.224 g/kg, BIAVKEREE2E, ASHERAh IV TR 00 1 458
TN &85 1 R, (1/R)'. V/(R)FI(IgR)ZM o8t
T SO T AR RMSE 7E 0.057 ~ 0.120 g/kg, R’
7 0.943 ~ 0.987, MAE 7£ 0.050 ~ 0.070 g/kg, A%
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B E R By A AR e, DL TN i
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Fig. 3 Comparison between measured and predicted TN contents in optimal soil TN models established by PLSR, RFR and SVR

3 ZEig
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