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Application of three drought indexes in soil moisture inversion using remote

sensing in marsh wetlands of arid area

GE Shaoqging, ZHANG Jian" , SUN Wen, WANG Liping, GENG Yajun, FAN Shuangping
College of Geography and Environmental Science , Northwest Normal University , Lanzhou 730070, China

Abstract: Wetland hydrological conditions play a key role in the structure and function of the wetland ecosystem. In this
study, we use three drought monitoring methods, Temperature Vegetation Dryness Index ( TVDI) , Perpendicular Drought
Index (PDI), and Normalized PDI ( NPDI) as well as soil moisture observation data in the field to study marsh wetlands of
an arid area in the middle and lower reaches of the Shule River using a remote sensing technology based on the Landsat8
Operational Land Imager ( OLI). We obtained the following results in this study: 1) TVDI, PDI, and NPDI were
significantly negatively correlated with soil moisture in different soil layers ( P< 0.01), the goodness of fit among the three
drought indexes was in the following order of magnitude NPDI > TVDI > PDI with soil moisture in different soil layers, and
the fitting results using the NPDI index were the best with topsoil moisture; 2) there were numerous significant differences
in soil moisture among different soil layers of the same marsh type (P < 0.05), and an increasing trend in the soil moisture
of different marsh types was observed with increasing soil depth; 3) the soil moisture was significantly different between
different marsh types of the same soil layer (P < 0.05), and the comparison of soil moisture in the different soil layers
showed the following decreasing order of magnitude: marsh meadow > herbaceous marsh > seasonal saline marsh > inland

salt marsh.
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ESWHE : HE ARRFIEETH (41461012) HIlTA AR # L4 H (1208RIZA114)
W B H#1:2017-06- 14; P 4% H Rl B 3 :2017- 10-27
* MIRVEH Corresponding author.E-mail ; jianzhang@ nwnu.edu.cn

http ; //www.ecologica.cn



2 S % 38 &

MR R S5 ARSI = KRARESRGEZ —, EMUBAFEENEWEZHEN, I8
FERR SRR A S M RN FEH R K B RIS TS e BB R AR X ek A A A 45 O LA AR
TR X MR L A3 T A U, — BRI AR M R ) 1R 3 S kA H DAY R | KRR
VAR FEYE R, K SCARAF AW AS Ak, AN AR Y2 1) 43 A T AR A | 1 ELX R Mo A 0 v
PIE5H) i T BB RG RS DIReR & JoE YEER , B OK SCA 2R & B AL AR A 8 R 4R
FLR W2 M 3 K A3 Y B0 2 W G b A PR O A R L,

B2 11 3K o W D 7 v e B A T R () B AP S RAE RN — R B 2 2% 1) 5 S A PR AR, AN FERT 3% 7,
T ELE LA KB 2 AN Bl 25 1) S il R RUBE ) 3K (5 5L A AR R S BR M . i T A 8 R B AT Pk | S 3
AR VTS0, B 7 Se 8, B e B I 4 587K 45 2Bk B MR A, B 21 22 LDk K&
TR B T S W e R A e S R R R AT K A W I AE 20 22 60 AFEAR,
Ghulam %" % B3] NIR-Red FFAE2S [0 1 AR 85 7 26 15 8., B2 10 T REAS S b s e 5729 sl A5 A8 A iy el ok e 1 T
ELHRB(MPDI) ; England 251 %R 52 BT 078 75 1 0% A0 1 26 SR BV O o2 e 39K 0. B N A 3K
33 BRI T T A A G, (EL R ARG, Wk 5 A AT 438 T MODIS sK 48Uk B9 9% B, A1 F MODIS 268 75
S-L U BT OGRS RRAE S 0], $E T I LT A R R R B (SIMT) 5 B R AR SE BT T NIR-SWIR HRAE 25 7]
R B A SRR PR TS B TR 2 I K i A 1 R W S R - e 41 A LR K R R SPST, ik
X STy ik AR AR AR — PR L Rl iz X T SRR O (E R TE 1 B I iz X 3 380K A o A iR L, IF
HARUESEAE T 5 X - 38K o3 038 FH

M AR FL AL 06 3, S B0 S e 55 AR S R G H a4l B ERIOh e A B EAL
AR AR /N H R AR T A R R A (AR5 X IR M i AR TN 25 2 B ™) Ay BE B G 4 S e
T DX 3K o O BRAR , ARBF ST LA Landat8 OLI 3 JESZ A4 0 S A, , #1700 - 52 DX i §0p9m] 1 Ui 0 o S BT
GG R 1z N IR E AL T SRR 8 (TVDD) MR J T 24880 (PD) LLLGE F T AN [RIAE 9% 7 S5 1% 0
B —Ab T 2 W5 20 (NPDI) 3 12245 %k, 518 4RSI 0—40 em 452 H UK EAEASS & -5 3 Fh

B 5 DX R 3K o3 B i v ARG BE |, LA T 52 X = 388K 0 S B A 5, DL A T 5 X
= HETK A3 W AT AR A AR R AR SRR R R S

1 HREHFR

G AT A AT T A T PG R R P S TR G A R = K P B AT B P R T SR b, TR T M A i
L fok PG B3 i A6l i LU RN E R A L 22 B VD SRR AR 2 RS 1l P AL, 3 3 R SR SRR AU 2 Y e AL o AT
PUE B, I AN 4.13 T3 km?®, BT R B SR S p bR R RMIR, A RSk, iR 1100—2010
g R ) 7 R A, T8 U IR 25 R 2K R B I R A B Y IXR T IR KR T R
X7 T RATT L, AERE K R 37.63 mm 4EZE LB, 3000 mm L b 4E H R 3033—3246 h s i T e
OR TN AN R T TR AR b Ty AR B R BA #0235 | RIS BRI 1 it FA
+ AFELE KL BER A RS R DR, (K1)

2 BIERBESHRAE

2.1 BRI

AT R FH A 38 BRI S DO 3 2016 4F 8 H Y Landsat8OLI 3 J& R AR , 5 1% % VR T 1 28 2% 8] 008 =
(http ://www.gscloud.cn/search ) | LB 1751543051 A 135,32.,136,32 137,32 F1 138,32, Landsat 12 J&H
[ A RALAS Jy (NASA) & SF, FH LA AR Bk 35K 3% TR S AR 9 — F 18 S8 15, ORI Bl b, 58 Y50 RNBR 458 8 32
VEA ST BRn Hfe R TR | Landsat U & BOGIEE B 80w 1925 [ 20 HE A0 = 9P p L DL S i%
S R GITTRIA IR 25 BR AR AL T F 5 MR R GORE, WFSE X R 0 BRI T R IX 2 X B2 4 s

http ; //www.ecologica.cn



5 3] RO A SR PR TR DT N K 3 SRS 4 10 3

99°E

43°N

>»z

42°

41°

40°

39°

I > 2 U 1
— Wi A RHEA © WH 0 110 220 km

38°

E1 #RRREE
Fig.1 Illustration of the study area

Hts Chttp ; //westde.westgis.ac.cn)

Pt 5K o SEMEAE R IR T 2016 4F 8 A 73 SR SUE T T B LUK E 1T TR PR 3 E 1) 53
Hby A R /N T e PR SRS AR 1) 25 1] 43 B 38— B0, 7 30 mx30 m B IE J7 T8 P A% i — > R GE gl AE Jr
5 IUREYREE S 10,20 em 140 em B MEHRAE 3 ANEE . HHEK I R R TIE
22 W5
2.2.1 EEMHEYE T 25 Temperature Vegetation Dryness Index, TVDI)

b 3R TR 5 R SO Fi R b 2 R AE 1 T A S AL, Price™ | Sandholt W' A5 AR b 2 W B2 FAR Bl 48
B, P TR AT RER(TVDL) | H3Rik U

Ts — T smin

VDl = ——— (1)

T smax — T smin
o Ts IR, Ts, HFRAEZS [ T30, Ts, =a,+ b,x NDVI, F/Rm3E— NDVI X A b2 i RIRE; Ts,,,
SHSEZS MR, T, =a,+ byx NDVI 5 NDVI X7 FOHL 5 /INELRE 5 a, b, vay by 20 B T S AN 31
LMEE TR R A, Hrh b RIR EE R A Landsat8 KSR IE 1 S T i

222 FHTRIEE(Perpendicular Drought Index, PDI)

R 2 M KA IE R Landsat ETM + 38 BOZ AR A5 3 W BORISS 4 U B R % 8008, #ar T
NIR-Red JGREFFAE 25 (8], M EEHLS 8], 3545 NIR-Red 4% 3E 23 (] b i 382k, & PUHE 2% 38K /3 7E NIR -
Red #1023 7] B 43 A5 FUAHE, I 42 10 T — AN JE T NIR-Red Y6 23 [0 £R1F (048 B K 4045 %k, B2 B T 548 %
(PDI) , HZik 0

1
PDI =

1 2(Rred +m XRnir) (2)
+m

PR, HELBBOLIE UM 2 R, T LU AN BOGTE ST 3 m o NIR-Red LIS 2RI,

http ; //www.ecologica.cn



4 A E = 38 &

223 H—fb T2 W48 %% ( Normalized Perpendicular Drought Index, NPDI)
OV R AF Y PR X K AU 2T AN P 4T NI B, I HL 5 R ) - BRI A SRR AE R Y S A
ST T I AR T2 BNE— 4 T B IR B (NPDD) | HZR k=

NPDI =

(R m xRy (3)
+m

o, R R4 ad KAREIE 50 I 2T AN LT SR B 2548, R, N 2 KA IE A S I 2T A MRZT G RS R i il
m N R -R, HEMA LR,
2.2.4  FEEUATHN

T AR HOT R RS AR B — 38 URAIERE ™, X T n AREAR B BHR AL, BB n—1 B IEAT 28
PERLG B HAA S8 SR BT T B — AR ARG I B A TR 50, 28 CBAIE L HEAT n WK, B AR B4 A
ARHEBIEAT— R IG , 38 SUBGIE (1) 235 SR A 1% S e — AR IR X A TR A 75 B R T g, HL B —28 L6
ERBE R BB s P i i, HTFEIE RS ST EAT g RE(R?) CEYMXTIRZE (MRE, %) FH 2
(MBE) HXI ¥ MR 122 (RRMSE, % ) FIEZ A X iR 2 (CRE, %) . AT,

[i(xl_j() (Ti_T)]z

R2: n n (4)
Z(Xi—jf)zx Z(Ti_T)z
i=1 i=1
2 X -7
MRE =~ x 100% (5)
2T
i=1
MBE = Y, (X, - T,)/n (6)
i=1

RRMSE = (7)
T
Y (X, -T)°
CRE =~ x 100% (8)
S (1, -T)
i=1

o n ARG, T AR5 | ABEME RS ; X | T 2350 A UL E R S P 318
2.2.5 Flnabre

HIGETT SIHTHE Excel 2010 FAFHHERT ; FIH ENVL 5.1 #4012 I8 QA T TR 3R, K 0 B8 {8 5% T oAy 5
PRGBS A0 R ARSE AR IR 6s 48 BT RARLIE s FIHT ArcGIS 10.0 A4 BUS) SIEI0 5000 1 Y
FELUE ; 7E SPSS 19.0 k4R H Kolmogorov-Smirnov 32:#E475% 22 ) 1E ASPERE K, P>0.05 Ud B VT DL 2 E S
4347 5 OriginPro 9.0 2K {4EHEAT I &

3 ZBREHS

31 HHOK AR B R 5 A
311 3 AP TR R A [F) TR 4t 3K o3 1) S
3 3 s e 59 B S LI L SR 40 NS i) 37K 2370 1 Landsat8OLIL S A AH X I A& JL i) TVDI, PDI

http ; //www.ecologica.cn



51 A R T SR RO T ST N K 32 B P A 5

AW

1 NPDI S8 25 AT A (B 2) s RER IR EE £HOK bR fEfbs% 22 64T T IES A A (B 3)

W 2 firs 3 F T B4R B A [ TR~ B2 10 1l - 438 b 13 Bt 3 - 380K 40 i 3G i 2 30 B A 5T IX
TVDI,PDI NPDI3 T 545 8034 5 +- 5 507K 43 52 2 A OC (P<0.01) , MANA] )27, TVDI PDI 1 NPDI3
P RI8509 5 R)Z 0—10 em B E 3K HUA SR I ds, H NPDILF5 500 16 380 i 5 10—20 em IR Z,
20—40 em A FREF R, MAFETRIEHE 75 0—10 cm )2+ 5, NPDI 5 + 3K /3 B93-S SR A,
TVDI X, PDI HA% ; 76 10—20 cm AL, NPDI 5 + 58K /3 03L& A2 8 B, TVDI W2, PDI 5 ; 76 20—
40 cm REEAL 3 BT 248505 1K/ LA ROERAKSR i NPDI fe i . PDI IR Z, TVDI Ak,

WE 3 Fi7s,0—10,10—20 cm M1 20—40 em VRIE + 3K bR ISR 22 1 L2 IE A A, Bk 2zt
T K-S IEAMRR(P>0.05)

0—10cm 10—20cm 20—40cm
- 1O ¢ 40 y=-0.0071x+0.6713 10 y=-0.008x+0.6882 1.0 »=-0.0081x + 0.7164
=2 n= R*=0.52 - R*=0.43 . R*=0.36
%5 0.8 f 0.8 [ 0.8 |
= aé . P<0.01 P<0.01 . P<0.01
E}H_' °SE 06 06 )
L wn
M - »n
EEE 04t 04 |
RS
E £ 02 02 | "
~ o
H
0 R 0 R 0 R
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 10 20 30 40 50 60 70
» . . -
g 10 y=-0.0045x +0.5445 10 y=-0.0061x+05987 10 y=-0.005x +0.5556
S o8l R*= 031 s | R*=0.30 o0s | R2=0.25
= 0. . .
§%o P<0.01 . P<0.01 R P<0.01
2 0.6 [ 0.6 F _ae® "
5 ) .
=
g 04t 04 =
B 5 b o
E 02! 02 [ > 02 |
]
j5)
=¥ 0 L L L L L L ) 0 L L L L L L ) 0 L L L L L L )
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 10 20 30 40 50 60 70
. 08 0.8 0.8
= =-0.0089x + 0.6436
2 y=-0.0067x + 0.5699 =-0.0082x + 0.6028 Y o1
iég 5 06 e R2=10.76 0.6 R2=0.75 0.6 f et P <001
& a3 P<001 [ P<001 BN '
o &% 04 | 04 | 04 |
=3 2
S
1 gv 02 02 | 02 |
3
Z 0 n n n n n n ) O n n n n n n ) O n n n n n n )
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 10 20 30 40 50 60 70

R ey g

Measured soil moisture/%

2 TVDLPDINPDI 5RELELFEXNMASZEHX R
Fig.2 Relationship between TVDI, PDI, NPDI and soil moisture content in different soil layers
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Fig.3 Normal distribution fitting of standardized residuals of soil moisture at different depths
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Table 1 Evaluation results of soil moisture fitting and cross-validation at different soil depths of TVDI

RN RZE  MXIEOSRIRE R RE

Soil denth/ R-S d M bi Mean relative Relative root mean Compound relative p
DOL > “m - re: ean bias error
pRve quare an bias emo error/ % square error/ % error/ %
0—10 1 0.52 0.04 14.73 16.71 14.42 0.93
I 0.50 0.08 19.11 19.32 18.89 0.97
10—20 I 0.43 -0.12 21.05 20.91 13.52 0.93
I 0.42 0.14 19.81 20.08 19.53 0.96
20—40 1 0.36 0.15 22.92 23.91 16.23 0.93
I 0.34 0.03 23.31 22.03 18.01 0.94
*2 PDI AREIRELEASUERZXWIETFMNHER
Table 2 Evaluation results of soil moisture fitting and cross-validation at different soil depths of PDI
T RIREE e RAEL 22 PR X IRERZE EAHRNRE K-S IEA LR 5
Soil depth/cm R? MBE MRE/ % RRMSE/ % CRE/% P
0—10 1 0.31 -0.11 22.20 25.42 21.79 0.36
I 0.30 0.17 27.01 25.03 22.13 0.51
10—20 1 0.30 0.04 24.46 28.48 26.97 0.36
I 0.30 -0.19 30.27 21.47 32.94 0.51
20—40 1 0.25 0.02 21.84 28.12 29.35 0.36
I 0.28 -0.17 34.16 32.10 38.24 0.38
%3 NPDI AERELTEAMMERZTXNBIEEMLER
Table 3 Evaluation results of soil moisture fitting and cross-validation at different soil depths of NPDI
TRERE e R R - H s 2% AR R 2E MR AR AR K-S IEAPER 5
Soil depth/cm R2 MBE MRE/% RRMSE/ % CRE/% P
0—10 1 0.76 0.00 12.04 11.78 12.89 0.34
I 0.74 0.00 15.65 14.31 15.01 0.36
10—20 1 0.75 0.09 17.38 17.92 12.59 0.34
I 0.72 0.04 17.55 19.05 13.82 0.35
20—40 1 0.71 -0.03 15.63 18.35 12.49 0.34
I 0.70 0.01 14.09 19.53 14.16 0.33

L AUEER; I 3 SURARSS 2R
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Table 5 Distribution of soil moisture with depth under different wetland types in Shule River middle and lower reaches
B ZE R Wetland types

TREALEE A R TR B W STERES B ER T
+ 2R Marsh meadow Herbaceous marsh Seasonal saline marsh Inland salt marsh

Soil depth/cm +HEIK S FrifEiz +HEIK FrifEiz +HEIK FrifEiz +HEIK S PrifEiR
Soil Standard Soil Standard Soil Standard Soil Standard

moisture/ % error moisture/ % error moisture/ % error moisture/ % error

0—10 35.20 0.46 20.17 1.25 17.45 4.25 12.36 0.58

10—20 32.81 0.38 20.35 1.04 18.09 3.52 13.87 0.48

20—40 35.66 0.36 24.04 0.97 21.94 3.28 18.01 0.45

4.2 AR T

ANTRIE SR 1 8K A B B AR RPN B TR AN S S e BTl TR K AN 4
T HRR T VK Tz AR KRS R 7K T 7T R i b DX R K B2 2K kK A SR AT,
H Azl Kt KRR Sp e TR A8 T R A2 M), 1 T i 3 3Rk B R i 0a , 26 i s2ma T, & Ll vk 35 il
IKBAHT AR T o R AKAGELT, TR, BF 75 DX VA R0 i ) A TR AN 25 2k [ T3 K B e TR 107 1) I,
R 2 VR B ARG NI R R R, X 5 e AR Y AR | T oag Y AR X R X M 9K 43 3 AR TARRAE 1Y
W45 A0 — 3,

AR J2 i 4K A3 (0 7K 3 A R« TR AL ) > R T P> 2R R K TR > I B 4R TVE . TRERR
Hiu TR B 37 i A A /K S R R B S 2 D RS DU R R A T R S AR T X — 43 R
5T 2 (4 R A3 b A — B

FEARWFFE Y AN B8 T 48l 7 o5 1 308 P X - 3K A3 BB R, 8 TR X, I R K A7 A 2 ) L
(25 55, ISt 2 X112 DI 3 RRR B0 = A 52 e, R TSR AR S ) R 2 A BRI, X 2016 4F —4F 1) £ 8 iF
TR S NSO E , B ERE SR 36 2 X, H— LT 2 W58 20 (NPDI) (32 H B AR IS T By 1
DS (A8 Z X% 38 B BIE , ASBF 58 X NPDI F8 50 I E 25 5 B — @ Rk 2= . Rk 9T 5 50
FEULSERN I 2 2 28R, 5 28 S HOK - R LS &, 22085 A 3 R RUE 1) 58K o 58l | it
AT SR AR BE ST, A7 AN [N A 2 A0 1 I K 43 I ) 9 B BT, AR R AN [ 1 Hb S A 1 38K 43
AR AL S BRI 2R Ry T 5 DX 1 A S DR S PR Y AT R SR AR I T B 12 iRl KA

5 #ig

(1) R £JZH, TVDI PDI F1 NPDI ¥5 + 3520 7K 43 5 8 2 62 A & (P<0.01) , B TVDI,PDI NPDI {§
Ny, ORI ; B NPDI #8505 3R 2 - HOK 0 MilA SCR A s AR L2, 3 A R85 S L3k 4l
PR /NE S NPDISTVDISPDI,

(2) BT H D4 X [ 20 R ] 2 0 R MK S 3525 5 (P<0.05) | FLRIFINE K A 1y +-
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RO A SR PR TR DT N K 3 SRS 4 10 9

SR o3 S I O I S TR R A 08 5 T A
(3) BT R e X [R] — R A R T A - K 7y 25 57 B35 (P<0.05) . HANF )= £k
BRI 7K 23 A IS Oy < TR PR AR ) > ROASTR P > 2 PR JRUK TR P> I REER T
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