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Soil organic carbon interpolation based on auxiliary environmental covariates .

a case study at small watershed scale in Loess Hilly region

WEN Wen'*, ZHOU Baotong', WANG Yafeng” ", HUANG Yong™’

1 School of Geographic Sciences, Southwest University, Chongging 400715, China

2 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China

3 School of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: Maps of regional spatial distribution of soil organic carbon (SOC) in detail are needed to guide sustainable soil
uses and management decisions. Spatial interpolation methods include deterministic methods and geo-statistical methods.
Deterministic method is based on mathematical functions, whichsearch for the spatial similarities within a certain
geographical area, such as inverse distance weighting method (IDW) , or create prediction surface by the known samples
based on smoothness such as radial-based function method( RBF) ; Geo-statistical method is one of the important means for
soil mapping supported by geographical and ecological parameters. It can achieve unbiased optimal estimation of regionalized
variables by using the statistical property of the known samples, and on the basis of theoretical analysis of semi-variogram,
such as ordinary kriging method (OK). Many of these methods perform well in areas with gentle terrains. However it is
uncertain how these methods perform to capture SOC variations in complex terrains, especially in those areas where land
uses are highly influenced by human activities, such as in the Loess Plateau of China. Therefore, four methods were applied
to predict SOC content spatial explicitly at typical small watershed in the Loess Plateau of China including Ordinary Kriging
method( OK) , Inverse Distance Weighted (IDW) method, Radial-Based Function method ( RBF) , and Ordinary kriging
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modified with land-use type method( OK_LU) in the present research to evaluate their usability.

The purpose of this study is to find appropriate methods which are suitable to the complex terrain in Loess Plateau
region of China. The study area was a typical watershed in Loess Plateau with complex hilly gully terrain and various land-
use types. A field sampling dataset of 188 points was divided into two parts randomly : 75% for model building and 25% for
accuracy validation. The accuracy validation points were used to compare the predicted value with measured value to check
the similarity at each point. Prediction results were validated using Pearson’s Correlation Coefficient( R) , Mean Absolute
Error (MAE) , Root Mean Square Error ( RMSE) and Accuracy ( AC).The model with higher R and lower MAE and
RMSE, while the AC value is closer to 1 was regarded as more relevant, less biased and more accurate.

Results showed that; (1) The values of MAE and RMSE produced by OK method were the lowest, while the values of
R and AC were the largest, which indicated OK's highest effectiveness in SOC interpolation to yield the most accurate
results among the three ordinary methods. IDW method ranked behind OK and followed by RBF method in interpolation
effectiveness. (2) OK_LU was the best method for predicting SOC in this study. The prediction by OK_LU had more details
of depicting the local variation under land-use types. MAE by OK_LU decreased from 0.900% to 0.567% , RMSE decreased
from 1.101% to 0.777% , R increased from 0.4026 to 0.5589, and AC increased from 0.9081 to 0.9505 comparing with OK.
In conclusion, OK_LU gave more precise evaluation which was critical for obtaining accurate spatial distribution of SOC in

Loess Hilly regions. This will be of interests for related research in similar environments.

Key Words: soil organic carbon;spatial interpolation ;land-use type;Loess Plateau

g 2 i b A 3 R G T R R B , MR SR Sl PR it X TR A PPN L A Bl A S R GBI | R IRBRAE R LA B
SERIBEASAL A VR A B Y A AURR 4 P Ry T R A4 43, L R A B0 S A T e A R 4 BRBR A 2R
HE T E AR, ARG S SRR A A SRR R X A LB S 10 28 ) 25 SRR A TR T, BRAS DX s A AL
e £ B A FELLAS A1 500, SRR HEAO BEARNR 2 8 BRI 5347 1 38 SRR 1) — U RIA: AR | SR A 4 - 38 Lo s [l 43
TAE B HREFREAL R KB AT W R I, B, ST An el R A B A REAS SR SR ARAR B8 D PRI Y - G DR 23 (8] 43 7

FEMTEREAEERE L,

25 (A (VB AR ST B - 9 ML 5 8 A B B s R A B T T UK o 2 1 BG40 O T L J2 R A 8 ML 25 (8] 43 71
B T B AT LICKE A BR A% SR AR a5 FH Ol T 44 A BF 5% X ) 4 18 a8 2 [l B0 L s TR o A 5 P ik R B
Gtk e P R R PRI A T AR A, LARIR 2 X P S50 B AR (S B A ) | S DA Vi A Ll ( A )
FERRFOE ) , h O s R B 7 T % T AR (B 35 s b B E T Oy v 2 A R s A G0 T i, 762128 53 BRSO 40 BT S il
e S DR P A R ) B S B T AR SR A A T T — o i, 053 T B AR VR . M B TR 9 R & B, 5 5T AR A (LR 2
A A0 3 i 0 2 TR 0 7 425 , (L7 M Y B2 2% 1) DX SR, 5308 LS D 9k 0 I FH A — 52 0 R B DR T — 2B 25 5 b S 26 70+
SESA | ) IS IR RN v v A SN T B A AR (BB R AR R B | 5 A B AT DL R F AR R R R

= Hi R AN KT R R S LR S R R R R 2 — AR RE B R 5 1 e AL AR b AR B Ay
i Py SR TR] R 5 28R SRR PEARAE AT T AT e X B R A, R R
B, A H R 2R e AR & A Rl A0 25 A F B e N 3 22— A B A A WL 1 23 TRD A 1 v 25 08 - b R
B N e s R W A (E vk BT ELIF ST AR 22, SR AN T BB - B M R 2k b XA B ¥R AR ELRF ST 20, B
8 b DX A iR R 28 704 1E 1) B 3 L B 2 (AR (E TR SR 2 L, ASHIFFR B X 8 4 P e b DX A 19 496 LB AT 5%
P/ 2 SR AN () 28 [ (1 kX O A 2 P s M | i ) R IS 204 T X 4 (7 Vo0 B s M 52 (R AL, L = BB i B S Y
I, 2007 He A 3 Al PR A4 T FE RS 5 (OK) B B A (TDW) A% i) 5 BR K006 (RBF) |, J2 281 4 MR S B4 1 10 35 38
L AR (OK_LU) BEATRE EXT L 0T, 1878 T Bl BB B AR B0 8 1+ Fr 2 10 B IX = e HLBR 25 1197 (LA 95 A O 02, AT R 2
RISk g - 18 S P s 1) 43 A 5 B PR 4RI S AR AT
1 #R5HE
1.1 s B SRS

ERBE PR T LT RIEXRILT 1 14 km b, J8 T8 X AR BUHE X, O I8 22 /5 1) 9% 03 (36°42'N, 109°31'E) , 1%
TsR)E TOR LI PR — G . IR — R B G AW I, F 1999 4F I P Sl TR HFAREOR . i X R B
+ BRI IX A R X, AR K BH A SR AR 5800 kI/em® 4T H HAR4L 2528.8 h, —BAF M BESE & /N ok S REM M A K
TR, R AE XK R T AR U I BTSSR TR, A ARAE IR SRR, 22 TR I T B IR A

http : //www.ecologica.cn



19 4] SO AT BB AL 9 b A BILAR A 1B 4R B —— LB o DX/ Nt s A 4] 6391

AR, AW B 35 32 B J M ( Robiniapseudoacacia ) , W B ( Salix
spp. ) FAGM ( Poplar spp.) 217

2011 45 F Y Y S )\ o 2 2 il ) I 2 R Ay bkl 7 R
R i SRE R 0 KR (R 1) . FE S
AR S Ay < b, AP L | Rk A A 5 R A TE T
T RS 5 AR S AR FH b RN A T S A A 7 T el e R 5 30U M Y A
s (K1) .
1.2 FEARES

2011 4543 I 7E 2E 42 = Bl Y 300 3l 0E AT 1 PR Ok BT A0 4 gt 4R
FE o AHIFS R T ML TR &) T 26 125 AT ST R AE | SRAE I 4% - 4t )
FHZE RN -+ R B IR AT 1 RAE A, RIS 25 SR A S, 50 -+ W 1
B3 6 AN BURERS TR 22 Eijkekamp 2 )72 AN 6 em (12
BB -5, SRAEREE N 0—20 em, HELE &S 0—5 em,5—10
em A1 10—20 em, ARBURAE f 00 A 19 24 ) P AR 2 b 2 BT
A LE B RN 3 R IEA AR SR R AR | LADRAIERE s 7E AN ) L
IR B S H A A& 1 38 1 B, K EF AR AR A 0%
FE G 200 %5, Se g KT WP el O | Pk ol R ke 0 S o
J& TSI E AT B, A BB I E i K, Cr, 0,8k
Ik
1.3 Hdiskpt

15 Mapgis FPF P i GPS 4 B A2 59 417 fi R SR HE ARG 22
245 B2 AR5 - P 1) T SR ) 2 18] 23 A1 A B A A R 0 A 1) R A
AR Y SR SN ) b A S R A5 3 B

G DXICRAE R A (B 1) o BRI P RAE 8 0—5 em, 0 250 500 m
5—10 cm, 10—20 cm W+ HEA HLER & BHEZE A 158 0—20 ' ' :
em +JZEEE ) H A BB & R . ASHFSE R AT 0—20 om o R
R HA U R IO S, AR 3 M S e e
FBYHR(E T 1255 3 T £ b A 28 UG 1IE 09 J7 2% 10 T A 5, 43 [ Akt A
BRI K S R AR (7 R S
1.3.1 Af{E TR 1 FREREEASTE

ABEGE B+ HEH PR 0 25 R (E ) 4 Fh ok R T Fig.1 Map of sample distribution

ArcGIS10.0 1A ArcMap -5 523K,

®1 EIEBRFERRE LM AER RESREAR &)

Table 1 Land-use type area,sample size and their proportion in Yangjuangou watershed of hilly region,Loess Plateau

R TR/ m? TR B % AL N
Land use type Area Area proportion Sample number Sample proportion
il Grass land 527745.31 25.69 43 22.87
FEAR M A Shrub land 517662.40 25.20 40 21.28
M Forest land 655663.03 31.92 66 35.11

# H Terrace land 218743.42 10.65 12 6.38
B Orchard land 10263.60 0.50 4 2.13
i Dam land 88437.12 431 23 12.23
K3 Water 2677.85 0.13 0 0.00
JEAEFEESH AL Construction land 32934.44 1.60 0 0.00
A3 Summation 2054127.16 100.00 188 100.00

(1) 3 ¢ HA% 1 (Ordinary Kriging, fAi#% OK)
308 5 FEL R v ) P DX 2 A 1 D 5 AR A8 S R R R R A X R SR 11 DX A 78 98 (L A e T B e £
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Table 2 Soil organic carbon content in different land-use type

A PR & 1 Soil organic carbon content/ (g/kg)

A 2R

Land-use type A brif 2 He/ME RKRE
Average value Standard deviation Minimum value Maximum value
b 4.90 A 1.27 2.46 9.19
HEAM 4.89 AC 1.48 2.27 8.76
b 4.87 AC 1.38 2.92 9.12
i, 4.32B 1.10 2.34 6.39
L[] 416 C 1.01 3.31 5.56
o 3.34C 1.16 2.48 4.48
J¥ill 4.73 1.33 2.27 9.19
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Fig.2 Semi-variagram map of spatial interpolation of SOC in YangJuanGou watershed of hilly region,Loess Plateau
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Table 3 Semi-variagram models

B4 Parameter A MUK & i Soil organic carbon OK_LU 2% Residue of OK_LU
T Model SR Exponential BRI Exponential
#KAH Range/km 100 100

B4l N/ (km/m?)? 0.1551 0.3104

A S/ (km/m?)? 0.6191 1.3901

N/S 0.2505 0.2233

S/(N+S) 0.7997 0.8175

T 4 VT LI H 4 FhoOr ik 0 SEINE S5 00 (E Y B — 8 B9 S IDW 9 R=0.3146 (P=0.0397) Al RBF [ R=0.3012
(P=0.0385) & I Z 45, OK i R=0.4026( P=0.0050) F1 OK_LU f§ R=0.5589( P=0.0000) M B EA, [RIEF, i#4t 7 A iR
2% (MAE) 345 15% 2% (RSME) FERNE (AC) SR & 4 FhEul )y vk 10 R GeiR 25 S IN &5 R it . OK_LU 345t
7RI 2 (MAE=0.7930, RSME =0.2136) ¥/ T OK(MAE =0.8665, RSME = 0.2927) .IDW ( MAE = 0.8665 , RSME = 0. 2927) .
RBF( MAE =0.8665, RSME=0.2927) ; i OK_LU(R=0.5589, AC=0.9505 ) #H 56 1= I AE 6 8 24 5 T OK (R =0.4026, AC=0.9081) .
IDW(R=0.3146,AC=0.0397) .RBF(R=0.3012,AC=0.0385) , AT LAA i , 7EXF + A HLR UEA T 25 (4 (A A (4 3R /E 38+ B
WEHLIX) 254 L R 2SR | BE IR (45 SR B AR BIAR KR 5, JE AR RE 0 9 - 6 MLB 2 1] A A R G

F4 RBIEHSINESHEERXERE

Table 4 The correlation test of the measured value and the estimated value

R T T B
WERE  RESEE  GRILREL ET LA ARTEIER

i o N
0K IDW RBF = %ﬁ?ﬁﬁ%
KM Correlation 0.4026 0.3146 0.3012 0.5589
1 FE Significance 0.0050 ** 0.0397 * 0.0385 " 0.0000 **
M N2 Mean Absolute Error (MAE) 0.8665 0.8778 0.8707 0.7930
I iR 2% Root Mean Square Error( RMSE ) 0.2927 0.3265 0.3109 0.2136
HERIE Accuracy (AC) 0.9081 0.8577 0.8647 0.9505
* FRHR B E KR 0.05; ** FRME BEMKFER 0.01
3 iFig
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