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Study on Spatial Variability of SOM in Estuary Wetland, Southeast China Based on

Characteristic Variables and SVRK
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Abstract: Choosing suitable auxiliary and effective method is the prerequisite to accurately predict the spatial distribution of soil
organic matter (SOM) in estuarine wetland. In order to achieve this purpose, a case study was conducted in the Minjiang Estuary
Wetland of Fuzhou, southeast China. A total of 23 environmental factors were extracted by ArcGIS geostatistical analyst and remote
sensing image analysis technique. Then, stepwise regression model and principal component analysis were used to screen the
characteristic variables. At last a hybrid model of the support vector regression Kriging (SVRK) was proposed to analyze the spatial
variability of SOM, and compared with BP neural network Kriging (BPNNK) and regression Kriging (RK). The results showed that
normalized vegetation index (NDVI), ratio vegetation index (RVI), perpendicular drought index (PDI), flow accumulation (FA) and
sediment movement index (SMI) were significantly correlated with SOM, which had the higher coefficient of determination (R? =
0.446) and the significant probability value (P<0.000 1). Three principal components, explained at least 94% of the total variance,
were extracted from these environmental factors by principal component analysis and used as characteristic variables. The spatial
variability of SOM was affected by structural factors, showing a trend of "lower in the north and higher in the south". Compared with
RK and BPNNK, SVRK had the highest prediction accuracy, and more accurately reflected the spatial variability of SOM, can
provide a methodological support for the study of spatial variability of SOM in the same or similar region.

Key words: Estuary wetland; Soil organic matter; Stepwise regression; Support bector regressior kriging
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MAFR A, H A BER AR Z B R AR Ve VDS |
PRIAEAR | R S 2 mAERRE P, St
JER LRSS A0 A0 b S B A S R, A L
Jfi(soil organic matter, SOM){E A 138 1 (1Y B4l
JERSYy, AR A KR T, e A
Xof Vi A 2 R 8 TN A Bk UG PR R ) T R
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2] R AR IR BB 52 M), B Al AR EE N T B Ah il
BEXELL AT KGRI -1 s TR A B, ey
TEAT BRI SR A AU A L, 228 B 338 ‘1% 225 ] F0 0 3
JUhEEL, HAET, v AR (OK) . L b LA
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HE b 28 2 AU AR RE TR A B 19 23 6] AE DG
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AL AE NI (OLS) Y 23 ()4 {H )5 125, 127 AR REHK
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SCHE ] AL N (SVR) B 02 — Fi 78 1=y 4 RRAIE
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ANy A v A A i ik, ASEIRSE R
SLR il PCA ¥Rk T #3527, $REU 7 (1Y
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1.1 FARERESR

TR DXL A A A N T TR TR 11 A i s £
TR A, i R VLR 1 DX A AR i R4 A R T A 14 ([
1), HuBARBR A 26°007 36" ~ 26°03'12" N, 119°36'30"~
119°40'40" E, SAIEIFAZYK 3 120 hm*. Z X HiAb R
oy 5w R B W, SRR, AR R
I 19.3°C, AFEXIRERTEY 1 380 mm. 14 R IER
EHE, WOKEREE, RIERR DR O
pH £ i B2 P 3] b Pk o A B 32 B0 45 B AR OK
(Spartina alterniflora). 7535 (Phragmites australis).
KT (Cyperus malaccensis) Fl Ji #8295 52 (Cyperus
compressus)3§

119°40'40" E, BHFZYH 3 120 hm® . %X 4k
R 5 R SR (9 ok PR, SARBERANE , 4R
PR 19.3°C, AFRIRERTEN 1 380 mm. %A
TEREAE HE, KRS . eI LA R 1
F, pH BMERMERI M, Mg =28 KR
(Spartina alterniflora). 735 (Phragmites australis).
KT (Cyperus malaccensis) Fl i #9552 (Cyperus
compressus)3¥
1.2 FIMREERIETERN

ZEFTH A H AR SR BRI 520 A 32
P, SerEE NHIH Google Earth 243 Wi BGZ AR KR
P TIAARE . 2017 4F 8 A 2—12 HEERFFEIX
FHF GPS T L, LUE RN LA 10 m < 10 m
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Fig. 1

ANEETT, IR HOSIR A RFEL” RAE LR, R
FEREEN 0~ 30 em, HoRAE T HEAER 105 D (BRIMEIX
FEf 70 A, BACKEE RS 16 4>, HABAE G XFE &
19 4%), FHIC A8 RAE S B AR AR 1) 4 RAE R 118
REfE R0, gad H AR MBS i i, R &
IR AL - SMMPIEI E SOM 7 1 .
FRAEFFT X A S PR L AR O SCik, AL 2017

Location of study area and distribution of sampling sites

4E 8 F1 8 HIY Landsat8 OLI S22 (17515 118/42, =
H7.58) FIECT R AR DEM(ZS (8] 43 3R 30 m), il
i ENVIS.1 340 Briz SR ArcGIS10.2 FA4r 7K
ST | A MRS . bR RS A, SRIBU
B BHE L OKSCRIHIE G2 AR R, BIRIRRA
LR 1o 3B IBSAR R FBCT o R R U5 T P
23 [A] 504 2 (http:/www.gscloud.cn/) o

%1 HTF Landsat OLI #1 DEM & B HINET &
Table 1 Environmental covariates derived from DEM and Landsat OLI
T DEM A K7 W FE(ELE) ., Mb MRS BE(SR) -1 i 2R (Ct) . H11hI 2R (Cp) . MBI E(TWDP | LI SR (FA)
LW A3 8 (SPD | UURR#IR shdE $(STH
JEF Landsat OLI 2B T R 7 DIEEE(B1 ~ B7). JA— LB 55 (NDVI) . Z(EMHEE DOV, AP ®RVY), 5485k

(CHP, BRIREEFRB(CAEX), WA W E(FEMI) . FhEFE(ST . LK -8 8(PDDPY

1.3 $FETEMRNFE

AWFFERF SLR 31 PCA BARBUSAEAS &, e
SR SLR AR i3 PB4 e EA 405, alad F 4G
ISR T KIS AW AIGR IS A AR &, Bk A R
AR, RS ] PCA MR A A28 fHAE JEAT 1%
Ak, PRWCRAEER T 1 807 22 TlikEE IR 3] 85% LU L
B4 5 A3 , VR RARFAE S 2 T SOM B #2144 [A) A
SLR. PCA ¥ F %R SPSS 22.0 #F k5291 .
1.4 EERWHE S

FIFH SVR S5 OK iEAHLE A, Anlit—Fhas i
B )71 (SVRK) . iZ it SVR BAIEST SOM 50
Fer i [AHEZMEURC R , TR OK IR IBR2EIE1 T
ZSIAHE(E, DISRBURAHIZEE, Had e 3omh .

Zsvr (%) = Zsyr () + o (%) (1)

K Zoyri () WA, Zoyg (x,) N SVR

RUTERE R x AR TRINE, ok (x;) A OK TR Y 5% 2
6, HFRKAy:

Eox (%) = iﬂ’ig(xi):uivi 2

2 e(x)h SVR BRI 5% 2230, 2, A 4B
{EXT i EAE B SRR, ] 3 AR S R A T
i, HEEAN:
TR

y(h) 0] 2:1: [e(x)—&(x; +h)] 3)
A p(h)HEFRE, e(x). e(xth) iR RTE x;
Hl xh 23 (B EAL SR IE(E, N KR S AR

ST B TR A WO AR, K SVRK k5
BPNNK 7% . RK LiEf 15t e, HRAFIE RZE(RD) |
B it iR 25 (RMSE) FIAHXS 23 B i 2% (RPD) #4751l
. Hoh, R F1 RMSE MBS simbks B i F64r
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R*#IK, RMSE i/, #ERITNRG R . RPD &
F IR GE F7 (4 EDUAE AR, RPD>2 B, UiBHA
TR TR BE S AR 5 1.4<RPD<2 B}, AL Tl fig
—f; RPD<1.4 B, AERIJCEXIREA AT Fm )
SVRK . BPNNK HI RK #i#1% ] MATLAB R2017a.
CS+10.0 AR SEHL

2 HBR5HH

2.1 TEFVREREEFHS T
R 2 ALIER, WX 105 RS R SOM

Er/IMEA 7.496 g/kg, FRIEA 70.948 g/kg, F
BN 28.563 g/kg, PrfEZENy 14.422 g/kg. AR
FRBUTHTR I, SOM & it 1748 5 R EE N 50.49%,
J& T SRR AR S R IR AR S R O 22
B, Herp o i i 2 (C A R (Cp) AR S R 5L
K, 44310 139.02% il 143.84%, J& TS5

177 1 F R B (SRS S5 RBON BN, 8 T 55748 5 .
K H Kennard-Stone 76 105 4~ SOM FEAEE L 43
80 M YNZRAE AN 25 MINAAE T AT IER M ik g
ZER R IIRAE . MRS & B0

R2 WMRERIFEVREINER TFRHER ESITHHE

Table 2 Descriptive statistics of SOM and environmental variables in study area

Sl R/ME EFNI] P H{H P2z A2 5 F B %)
SOM(g/kg) 7.496 70.948 28.563 14.422 50.49
B1 0.050 0.124 0.077 0.017 22.16
B2 0.045 0.124 0.070 0.017 24.15
B3 0.071 0.180 0.100 0.020 19.92
B4 0.062 0.222 0.106 0.031 29.33
B5 0.116 0.478 0.233 0.085 36.43
B6 0.081 0.407 0.165 0.045 27.21
B7 0.046 0.362 0.094 0.043 45.74
NDVI 0.039 0.749 0.344 0.219 63.70
DVI 1.081 6.977 2.555 1.604 62.79
RVI 0.012 0.408 1275 0.104 81.57
CI 0.769 6.449 2.694 1.098 40.76
CAEX 0.695 1.290 1.039 0.133 12.80
FMI 0.371 1.502 0.763 0.239 31.33
SI 0.053 0.166 0.086 0.023 26.68
PDI 0.332 0.970 0.580 0.135 23.27
ELE 0.000 32.000 10.311 4.661 45.21
SR 1.000 1.036 1.003 0.005 0.50
Ct —1.483 1.251 0.328 0.456 139.02
Cp —-1.505 1.596 0.333 0.479 143.84
TWI —-1.964 8.470 0.466 0.317 68.10
FA 0.000 464.000 87.932 58.023 65.99
SPI 0.000 7.421 1.024 0.700 68.36
STI 0.000 23.773 11.060 5.054 45.69

T PR RAH  SUILER 1.

22 TEBVRZEESHHBFIEETERIEE
e 3 M, Gt SLR BRI A AR kAT H
FE, TRk S ARG . Ho, 5 S ARG
FIERZB R A 0.446, WEVEMERM P<0.0001, J
SOM 5t [B) 43 A WU () e AR AR b AL, PRI DL AR
FEIEIEE 5 FpAE 41 & 31T PCA 4387,
ti3% 4 Al g PCA 0l 5 AN EEH

3AFEMSY, H, %5 1 FRSHE NDVIL, RVI, PDI
FEAEEETFEA, Tk 54.17%, FER
MR ARG E 8 2. 3 EMATE FA R STI LH
AR FEEAE, EERIRRA AU s B (S
B X 3 A FER R RR S 20 94.12%, R
R R G R, WERHMEAS T SOM
1) 2 ] AR
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Table 3 Stepwise linear regression between SOM and environmental variables

i AR E FIERE R FAH P1{H
1 Y=53.653-43.247PDI 0.164 19.783 <0.001
2 Y=51.818-41.623PDI+0.021FA 0.266 18.148 <0.001
3 ¥=63.790-79.752 PDI+0.023FA+3.943NDVI 0.330 16.223 <0.000 3
4 Y=70.435-93.833PDI+0.02FA+14.426NDVI-73.144R VI 0.423 17.941 <0.000 1
5 Y=67.72-88 PDI+0.02FA+14.16NDVI-73.7RVI-0.002STI 0.446 15.630 <0.000 1
F4 FBTRH PCA H4F 23 HEANRNSEREY
Table 4 Principal component analysis of environmental variables 23.1 SVR. BPNN il OLS 1‘;‘2 I ﬂ: IJ il 3 /l\

WEE A PCI PC2 PC3
NDVI 0.952 —0.094 0.082
RVI 0.976 —0.046 0.101

PDI 0.898 0.141 0.025

FA —0.156 0.625 0.764
STI 0.135 0.788 -0.595
FRIE(H 2.708 1.043 0.955
DT (%) 54.17 20.85 19.10
2T TTRE (%) 54.17 75.02 94.12

FHSH(PCL, PC2. PC3) W HAERE, SOM & it A
AR, 432K A OLS . BPNN £ SVR #8I% SOM £
IS AT . thER S W, SVR BLAUAY T
RS B e, HOIZRAE S MBRAERY R* 20900 0.619,
0.593, Lt BPNN #1475 0.088 F1 0.051, [t OLS
FERIPE R 0.19 F10.151, X0 A9 RMSE M/, MAASE
RIRG NG 1 1A, SVR BRI RPD {H(1.601)4 5,

FRIRRAE X SOM A TT, 17 OLS 4<% RPD
9 1.366, FAINIAGERS SOM Sritgbf i, it

B, SVR BAIGENS (AR R e,

%5 OLS. BPNN 71 SVM #& 8 89 71l 45 & % £t
Table 5 Prediction accuracy of OLS, BPNN and SVM

& i TR

el YRk MR

R? RMSE RPD R? RMSE RPD
OLS 0.429 11.077 1.331 0.442 9.845 1.366
BPNN 0.531 10.049 1.468 0.542 8.922 1.508
SVR 0.619 9.048 1.631 0.593 8.403 1.601

232 HiGIEE AT %% 6 I, SOM e,
OLS 5822 . BPNN 5%22 & SVR 582243 53 & = s
RIS RO, BRSO AT . BN TR R
GiApR B A IR AR OCERY, Beaslni<25%, REE
T2 ] [ A DGRBS, 245 PR 25 ; 25% <
RN <75%, RGASEMZS ] QAR DA, 32
R R DL R 50 G0 >75%, REAE

WA EE ] [ AR, ZREPLR R . F5EIX
SOM Fil 3 A5k 2 A H 400 53 4 38.88%.27.00%
25.98% H136.27%, S HAFRE RS RS, 2
GEF PR R MK o AR R A AR 2 [R5 il P ik 31 9
FE ISR, I PRl 28 T A DG AR
3 AR ZEM AT ] A AHOGE RS SOM BOh R, A

PR U Y 23 (] 25 R AL

*6 TIRANRSHEREBEBNEAESH
Table 6 Semivariance parameters of SOM and prediction residuals of SVR, BPNN and OLS

B4 FY A5 F (m) Hes1H Co FA1H CotC H &30 C/(Co+C) (%) WERBR LES

SOM g g i 452.75 0.098 0.252 38.88 0.852 1.457

OLS 72 i i 890.31 42233 116.445 36.27 0.798 6.341

BPNN &2 IR 874.36 24.877 95.741 25.98 0.772 5.043

SVR 5% 2% AR 865.73 21.229 78.615 27.00 0.807 4.199
2.3.3  SOM 173 [a] 434 FEAE WG LR rHrds OK #difl, 75%] RK. BPNNK il SVRK HEA T iy

B ARI%F OLS 5%2% . BPNN 5825 #1 SVR 5k 2217
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BV G . NTINACR BB, RK BOIREIRBTFEIX
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som s S A
(g/kg) ) e P =11 4
m 67961 ;‘\3.;:,'* « W,
7 -
075 15
902 em——kn RK
R
sov ey TERS
) 4
-

0.75

0 .
7.701 EEN km

B, BA—ERTEEUYL; BPNNK 5 SVRK AL
T ARG, AR IR - 3EAT AL & f2 = (I (A Y A
fRAE oL, BB S . (A SVRK BEHY [ Ti A%
WA, HAMEAELE 7.701 ~ 70.484 g/kg, S30Px
5 0 d5e R4

N
I —
SOM ey - A
S e :
. o 1
- [ .
$003 o) BPNNK
N
3 P i
g §
15
SVRK

2 WRX SOM K% [543 5
Fig. 2 Distribution of SOM based on RK, BPNNK and SVRK

h TR RAE SVRK ARG TSR, FH
25 MMNAAE 2 1 2 1 SCRE(E] 3), k&l 3 Al i,
SVRK HERIFEA SEEA M GTE 12 1 ERLK M,
RO AL A . 5 RK . BPNNK A 1, SVRK

BERYY R A RPD 43 5485 T 0.163, 0.058 11 0.394
0.172, RMSE W25 A% T 1.794. 0.683, 1%
SVRK A1 ] A5 3 45 v 1] 171 953t + 3G ML &5 Y
TR R

0. A e ol % A lIZg%E o4 80 - Al ol
A
60 SVRK A o
= 60F o 601 chal
=z =z
C) B 2
m 40 40 g 40+
e & & R=0.719
L 20 :
20 RMSE=8.779 20 RMSE=7.668 RMSE=6.985
RPD=1 532 RPD=1.754 RPD=1.926
0 1 1 1 ] 0 1 1 1 ] 0 1 1 1 ]
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TNE (2/ke) A (/ke) THINME (g/kg)

3 RK. BPNNK # SVRK 1#Z!#E & 18
Fig. 3 Validation of accuracy of RK, BPNNK and SVRK
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SOM Wz [E) Az BIAE RS . 3. KC, HiE
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432% FEANIRI RS I F- %0 SOM By i B S Ao
MR A ) Y T0] 19 B SEBRAR O, e OGS | ARk . M

TERIK A 23 DS ¥, 8l SLR 5 PCA #ok
I3 FEA[RI BRI R 7% SOM 7 B BRI L 445 TR e 1
SOM &Y%/ 45 NDVI, DVI, SPI, AS flI
STI XZ%Y], WEMMAR(E P<0.0001, A4 3
AT B RFIEAR S SRR 2 T 4 R S R A
THAEPTH Abuduwaili FEPY BT 45 R4 — 3

Bl LA — B2 W, Ry EEPTRR
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PEMRFIEAS i, PCA IRV —Fh AR i i B4 7 1k
R BBRCAT L BR 85 AH AR ) T4, IR SR AR i
Ao TIASHFSEBE SR SLR 5 PCA 43 5 M H -1
TE RN DR B 4k %) ff B R R, BB R N AR TR
SOM =5[] 434 1) FE 42 A -

Xt H RK. BPNNK A1 SVRK 58S (1) Fi SR %
B, SVRK HIAIAT g 245 SOM & iy A B2,
/R E BB N SOM 25 [A] 53 FUAFAE . 3 al LS
F 3 55 E5E, SVR MM LRI T 2R
HiBhAr s SOM FEmMAEL X R, MR
fife, el BPNN VA 25 5 B A Jai i /M (R 7 A5 . Song
ANk, SVRK ., BPNNK Al RK AT SOM 28
[ A R, 45538 SVRK B HLAT o o il e
FE RFCRTMERE , X 5 AR A5 R — 2 HAR,
SVR MR GBS 5 b bl e SOM 7 i il 5 A L 458
IR SCEF A AR AR T AR A R 2015 15 2., B4 Jmy M 73
TS5 T, G JRLAECOE AR R, SVR B
RERLUT S RFEAR Y <25 8" 284k, PIA R sy
FOTRINAE BE . Hefm, SOM 125 [l 434 52 F| 45 46 A
FMBEHLE R R B2, A Kriging 2: X0 5% 25 #6147
2R AEEL, 256 75 IR A A M3 40 R RE AL 3 43 5
P, AL SOM 25 [H] 43 A A BURG B . H R AR5
FERSLT R D, FE e ORI IR A
HZE LRBERTW M, ATl —E iRz, 5
R AT Bt — 5 AT 25 Eh AR 5, DU A MR 7
) 11 SOM 2 [A] S AR AIE

4 g

Difid SLR KK A ¥, NDVI, DVI, SPI,
AS Tl STI 5 SOM Kk R7%Y), HHAZRK RN
0.446, fEMEMEA(E P<0.000 1.

2)iz F Lo AR S o 5 AR A 3 kST
FIFRIEAS B, PRBA A A B R o5 R, TR Iy
TEZE B T SOM fl2s [a] A

)WFFEIX SOM Z3 [A] 48 55 2 B A7 25 H M R 35
Mo, S LR “AUAR R = 7 25 [l 4% J&y , Xl RK .BPNNK
B, SVRK AR AL FiLi 25 5 5 SR AW
ZE 11 SOM 75 [H] 43 A B 40 15 1% 5
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