5536 &4 19 1 *t &~ £ Eild Vol.36,No.19
2016 4F 10 A ACTA ECOLOGICA SINICA Oct.,2016

DOI: 10.5846/stxb201501060044
TCFIHE, EEDE, SRR ST I0 R A R /N RUBE e 2 1A R A SR A= 2527412, 2016, 36 (19) :6246-6255.

Jiang Y J, Wang G Y, Mo L F.A sampling strategy for fine-scale regional soil carbon flux estimation based on spatial distribution of soil moisture. Acta

Ecologica Sinica,2016,36(19) :6246-6255.

ETEESHFEMN/NRE T ERIEE S B RE R

LA, EEEY, RGN
1 #IVLARMOK A0 B TR B, 2 311300

2 M B TR BIAL , 492% 312000
3 PRl R T 5E R TSR, % 710049

FEE iy T A IEORE 4 25 [B) S BT PEAR SR, A% G ) B LARE 5 125 TGI8 %o IX dul - S i 3 12 AT ME A 4 1T 22 FORAERFE S K
9N T3 B & JAs TR A2 25 > P SRARE R e B A SR X T X ol - e i B (DU R 5 S, R A — b I T B 2 ) 43
AR (9 /N RUBE - 303 225 () SRAE M« 27 ST R P 0 A2 [ ) 23 A2 000 £ DX 319 - 3000 B AR 8 500 19 28 IV 43 A R i Rl 43
W X 3k, 3 3 Hammond MeCullagh J5 R 138045 Xl A 14 B DR s 00, i 200 7 A i i DX ) 2 (1) SR o e TR 28 SRS
PR T AT DX R) SR s W] G0 B 22 S, AR R P 0 S b G Y 20 A B B AR G,
WFFTEE RAE ] - 1 e B 8 SRR R A ARAT LU0 50 2 SR | AL 058 S W v ) DX - S il 2 A S

KGR : 1 IFEOFI  SRAF IS ; i = TR

A sampling strategy for fine-scale regional soil carbon flux estimation based on
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Abstract: Soil respiration is a key ecological process during which CO, is emitted from the soil and released into the
atmosphere. It includes processes such as soil microbial respiration, root respiration, and respiration of heterotrophic
animals. The regional soil carbon flux cannot be accurately estimated using traditional random sampling methods, because of
its strong spatial heterogeneity. Because multi-point sampling involves massive manpower and equipment costs, it is crucial
to determine the appropriate number and the distribution of sampling positions to include in studies estimating regional soil
carbon flux. As a complex ecological process, soil respiration is not only affected by environmental factors such as soil
temperature and humidity but also by biological factors such as vegetation, microorganisms, and land usage. Because of the
correlation between soil respiration and soil moisture, we propose a spatial sampling strategy based on soil moisture
distribution characteristic (SMTC) for use in the estimation of fine-scale regional soil carbon flux. Regional soil moisture
data are collected using densely deployed sensors nodes, and the monitored area is divided into several sub-regions
according to the spatial distribution of the soil moisture data. Then, the optimal number of sampling positions in each sub-

region is calculated using the Hammond McCullagh method. As a result, the optimal sampling strategy of the whole
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monitoring area is determined. We simultaneously applied the SMTC method, random sampling strategy, and uniform
sampling strategy to estimate the regional soil carbon flux. In the experiment, we determined that 23 sampling points would
be required to measure soil carbon flux in the monitored area, according to the SMTC method. In the same experimental
environment, 23 sampling points were selected using a random sampling strategy, and 25 sampling points arranged in a 5 m
X 5 m grid pattern were selected using a uniform sampling strategy. Regional soil carbon flux is determined via interpolation
using the Kriging method based on the measurements taken at all sampling points by using each strategy described above.
The experimental results show that SMTC performs better than the other two sampling strategies. The mean squared errors of
SMTC, random sampling strategy, and uniform sampling strategy were 8.78%, 13.32%, and 11.56%, respectively.
Furthermore, the SMTC method also produced the smallest mean squared error among these three strategies. The SMTC
strategy takes the variation of the soil carbon flux among various sub-regions into account, which leads to a better correlation
between sampling positions and the distribution of soil carbon flux. Using the SMTC strategy, more sampling points are
selected in regions where the soil carbon flux is strongly heterogeneous, allowing the heterogeneity to be captured more
fully, and allowing the estimation error to be reduced. In addition, it allows for the use of fewer sampling points in regions
of weak heterogeneity. Thus, the SMTC sampling strategy can be used for fine-scale regional soil carbon flux estimation,
needing comparatively fewer sampling points because of its strategy of setting each sampling point in a more optimal position

than traditional methods.
Key Words: soil respiration; sampling strategy; carbon flux; soil moisture

W 1 R BOR5 SUR B 722 O R R, B 8 S i K - 2 22 16 B A EAS i i R L (H B
FT A L, DI S K7 Py oA f ot A7 S e, DXl 30 >R P S0 e R 28 7 1%, B B R RIS 7R A
L5 R X BRSO A BB TR TR AR (G M SR A R (R 0 TR LI A R A
O A AR AN S PR S RN A e M ) 5 VR R PRAE DX - M AR S A R RS A
(ELRY | 398 I3 468 5 0 - SRR 15t 1) DY 3R A 2 () S O T) I A EL A 4 i) S P ) - S B 3 B 11
SRR T, A b -39 i e 0 AR HC SR B 2 ) S S % 3 s ) S5 S P S50 8 AT S 1 SRR 114
WP A T REAH2EAR T, iy 1 HERA A B DX By S o | SRR A A PR 8 SR 2 G B

1 RT ] PR A/ B8 DX Stk 368 140 SRASE SR A7 0K 1 B ARy ke o, 3 025 ORI P s sl BB MR AR 5507 1%
AT BECRAE S AL 7 B GE T O i, B PR a1 > IR 45 AERIF G MR BB R R A S R G
8 - S T A TR SRR AR Tk R I e B X AT Dy DX ) SR R, 5 Tk A T e e
A 2 [ S SO, /B SRS A A i B B (AN R AR DX L o B, 3 d 3 3607 1 3R ) X Js 1
HEW B AR R 22 R

IR A DA A TP I 1% S B R e IR -, s ] S o - SRR e ) S [ S SRR DDA O, Forti
AR B A R JRUAR 35 FR G I T TP R BOK 43 5 e AR N e S I 2 A R S RO T
Balogh 45" & SUAE T R B PRI o, 1 SRR A A A o) PR, A 130 , X AR AR B TR 80% I R
Filo Chen 5511 76 b U HRIRY REEUA: 25 R BT B 58 rh & B0 E B0 3 25 A 0 DR 7 LU A A 2B A S5 A W DR 7
X SRR 43 i) S S 04 £ FH SR 28 . Maestre 5507 B9 2% B, + S0 3 T LA 58 B PG R 2F o I 4 8
CO,BEMU/INRUBE [ (75 [0 A8 S4B BL . Conant 551 & SLRZ IR SE A AR 3 Fofe T 58 75 FR G+ 3 fkG i fix
TR SRR R S — Ty TR R e B )RR AR 2R ) A B RS e SR R AR AR T
55— THIE A 5 AR R SRS MR P AR YT S B S I Y S A T R ek T
E DX, 3N AR S B R A O L R AR R R SR e, R B, RS
1 CO, Y IRLE SZ BEL, 5 7RI WA HE T sZ R S Bk Ml e RO, 1 M0 B S MG AR I, AR 2R PP
A P 2 B HERAY CO, Bkl 5 SRk f A, /N ROBE VI B N S PR AR X A - S0

http ; //www.ecologica.cn



6248 A E = 36 &

W2 B2 e R 3R, R~ St B VR DTy o DRI MG AT 25 TR P - 000 5 194 22 [ e o P SR R A Al i 1) 25 (1]
ST, VS R s T SRAE SR AR

AR SO Y — T 1 B 5 () 43 A5 R 0 /N RUBE - S8 5k 3 15 25 [H] R A SR K (Spatial sampling strategy for
fine-scale regional soil carbon flux estimation based on the moisture distribution characteristic, SMTC) , BRI %
SRR ) 3 ) DXl P - SN | AR Y R 190 2 ) e T R ) 3 DI TR A D e A e AR
B, AR S R AR R A (8] S Btk o R o 5 RN R 2 [A) B AR DG, 4 I R A
FBAE B RAE B B | 1818 Hammond McCullagh J7 13545 1 X I8k P A9 i D0 SR A B0, Wl 0
ANIFFE DI 25 TR] R AR S

AR AL T S — 7 BARREIR T 3838 25 AR A SRS (0 S B0 3k 5 it TS5
T3 5850 =X SR G R AT 1 20 ST N AT B IRl 20T R PERE

&

1 ETFEESHGHINTERBESSTEFZERE(SMTC)

SMTC AR Hs eI 14 23 (] A R e BIF 5 DX 38300 20 Do A DX, 35 4% 1 DXl Py - S 38 1) 2%
S Z R P R S R A S AR R AL e B 25 18] 55 S, ) Hammond McCullagh 77 B34 1X
SR ) R DR A R A R X I PR SR AR SR

LSRR e R S Y e BT, R A A AR LR S A R B X
SR AT AR, B Ay B AR DX I ) 2 8] S5 S M A TG P ) SR o8 DX Il S5 S P SRR A, 12 JRy 8 DX Bl
ST 1) S PR/ U 32 DX 1 - S RA 0 EA o R — e DR v DX LR D i SRR A
JR PRI, 32 XI5 R SR A 1

ASBIF TN 25 8] 5 VAN ASRAE B0 25 RS ], 418 1 5 T30 8 A 5 ik ) e S8 i SR A SRS, A X ek
8153 Ja A SRR /INE) - DX, MR TOARRAE R RCRAE B AR 16 Se AR BT 5 DX e ) 98 380 2 A
Kgs 2z ) A S 2 () 23 P R P S ) A S R SR il ) 2 [ 5 T T s R O D
DI T XU R ) SR SR iR, B0 RE AR XA SRR 3 2 [ SR B R, T T
PR AN 1 Fros , B SO 28 B A LA EE B3R . (1) LR AR S 00 A 5 (2) 3090 IX 385 (3) W
B F R T SRS

TR
e b

(a) T3 R Stk (b) F X35> (OFCHE

1 TERBETERERBHRERIRE
Fig.1 Flow diagram of soil carbon flux spatial sampling strategy. N stands for number of samples
11 R A As (H] 3 A
I T - S0 P 0 v e o DR S I A SRR AR R, AR SO - SR P RS A T A B D B A M A S ]
o)A B BAT LA BRI, Of B BA BRI S A% R 2

http ; //www.ecologica.cn



19 TERIHE A5 TR B AR A /N RURE M RA 30 22 ) SR A SR 6249

1.2 FXHEmRI 5

AR BRI o3 % 4 G 25 [0 8 1) K SMEREFIE (K-means 1% ) o AL RO EZHH kA
BAEPL ey, o M DEEER », 5HEI RO o, B9V I7 IR B RS IME (2T 7 BE 2 FIFR A D
Z D), BALTRT .

(1) #tate LG E kRIS

(2) J3BC x, ARBIBEE R DA RIE RO o, PR HTCE) ¢, FrirB]p2E

(3) BIE ¢, KB c, B BN R B A L 5

(4) THEAR2E Y ETER ISR I 22 1% A2 (1) #ATHHE,

D=3 [min_ ,d(x.c)"] (1)

o, v, R ERAE AT ¢, S r DRZEHL s min BUw/IMEPREL; d R REBIRE O RIBEE]

(5) KWt . it WS MER I (e ey ... ye,) AR SERRNSy, BNER IS (2) 4,
1.3 SR e s (A R SR

SERAT X, B A — T X A SR AR s B FOR A 5w . 51 Hammond 26 1905 2118 F X 3
PN 30 3 SRR S EGE, B) Hammond McCullagh 772 (A (2) ) o RN A , TR KA, (i =
1,2,3,-,n) TR T DX R R (728 5 R AL OV, DUARRRAE RGN, A0TSR AR

V- [taCVl}2 2
T )

AP, o KR B AR KR D DA EAG DXIE] 5 CV, SR o A1 X 28 5 R 8L

EAGFDXEH 0.9 IF K NV, VRN SRAE s | R A X 1] (9 7T BEME S 90% , ol KR 38 i 7 (405 1 J3E 3
AR N, o BRI DX e AR AR A B 25 1 DR AR A B 2 A

SEIAS T IR SRR AL AR BRAE B AE 25 2 1 07 R 2 4% 1 DX IR SR B3 SR . R
BT X RAE SRR n, 78T KB OO AL E O BCE — D RAE R, UG O I, (]R8 o (a=
360°/ (n~1) ) [l A IUHRSH n—1 54, B GG A5 0 KB n-1 FREBL TR SER By V2/2 KIZ
AETACE LAY n—1 ASRAE AT, SRAE B ADT 4 A AR IR B SR D7 8 R R IR SCREAIE X 3R
RO T B U AR Ry 3 I B PO AN BB RAE KU, AR A LR D7 IO s SRR AR 2
AN SRAE RUHCE T ¥ XS K e B i P , 43 AL TRE B 0 O s V2 /2 KBEAL SR A s Bl oy 1A, R
FERICE T AL O ikl RIS DX SR A R L B 2% DX SeloOXT 7 114 225 (8] 3 B, 5 8 T 5 DX ek
SRR i ) SR A S

2 MBERFE

2.1 WXL

TEICHI TLAS I 2 T WL ARAMROR 27 1 AR R A 285 W DN BB 2 R] S 3 KL b (119°43715"—119°43'21"E,30°15'
24"—30°15'33"N) ME R WFFE X3, 32 XIS A rholE Bty 28 XU, AR 24 /K B3k 1613.9 mm, “F3S
TR 16.4°C 47 H IEGE 1847.3 h, SR 36535 76.5% , Horb A dse ) (b 203+
2.2 TR

R R Y AHDCEE BSA 3 m 2240, DA AR HE I 2 B 5T XS 0 B R S mxS m, SR A6 2
FEWFFE I LL S mx5 m A [RIBE B0 E 64 (8x8) ANSRAEA . FIH 8 158 4 [R] B o, BN A 0 ot o) ) Ay
5 min( FHEGHES 2 min, I 3 min) BEANMEFERTZY 1 b, JEAHE 2[RI A BEoR SRR 3d,
B T 12,00, 8RR 05—t IRAE 10,00 3] 14.00 Z [ 368 12,00 5 I B i) #H o EL
AR B3 Yl E i 1A,

AR SCARIUA & 0—5 em 2 T30 H 0 3l 407 TR AL BES SLHTS- 1 RAE - 4610 B 4l | 1% 8k

http ; //www.ecologica.cn



6250 A E =

36 &

TR 2o SN, P AR A A D Rl B AR AT 2 T S 30 s, B 1 s AREC— N,
30 s PARAE BRI (PS5 (BN SRAE R A T BRI 8 )4 R A58 B Ik 0 P, 80830 1 T P O AR

- U U0 5t S S O A
SR JH M 609 B g 1 96 B A 301X Ll 00GE-
6400 , FHXF R 22 /NTF 5%, A6 A RIS B[R] IR 4 4 B ik i
BRSO B R M S T AR
57 1203 AR UORBERT 1.5 h USR0S i 1 B
HE BRIP4 S 4 i

Soil moisture/(m3/m?)

3 ZBRE5S

45
40
35
30
25

20
80

B NI Ay s
t\([/‘ygr,:;ﬂ//[ RS IR AN
NS R
RN s T
PN~ &
RS
W

80

3.1 SR

ARICLA matlab 2010 R &, 40 B 5818 BE 19 S 4 450
P, FIH Excel 7 RAE SIEA R HELHEE, 5 A S8R5
TEH 45 R S 1 25 [R1EICHE 55 T PR B, 759 3]+ 3R 3 1 =3
1517 i < DS Il B s T s e L S e 1 B A S I W
N S R SRR

20
00 FAEX 8 80m X 80m
Sample region: 80m X 80m

2 TEEBEMZFESHE

Fig.2 Spatial distribution of soil moisture

*1 TEEESHBEENSKITSE
Table 1 Statistical characteristics of soil moisture and carbon flux

IR Soil moisture
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ST ik fi e AR
. Min value/ Max value/ Average value Standard . Coefficient of
Sample number 3 3 3 3 3 3 o Skewness Kurtosis o
(m’/m’) (m’/m’) (m’/m’) deviation variation
64 23.30 43.79 34.73 4.27 -0.23 -0.28 12.31
A HERRE 7 Soil carbon flux
o o We/IME e KAE ¥E b 1 22 . R E Y
RbLSHR ik fie e A
Min value/ Max value/ Average value/ Standard L. Coefficient
Sample number P P P o Skewness Kurtosisi L.
(pmol m™ s ) (pmol m™~s™) (pmol m™ s™) deviation of variation
64 6.28 13.80 10.27 1.48 -0.27 0.53 14.41
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Table 2 Distribution characteristics of soil moisture in sub-regions
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number deviation of variation sample number

1 16 25.00 33.56 26.69 4.88 14.55 7
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