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Soil moisture estimation by using particle filter assimilated
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Abstract: In order to exactly obtain the temporal-spatial information of soil moisture (0 ~20 c¢m) in main
growing period of winter wheat in Guanzhong Plain during 2013 to 2015, in this paper, based on the Landsat — 8
remote sensing data, inverted the conditional vegetation temperature index (CVTI), constructed the soil moisture
inverting model combined with the linear correlation between CVTI and measured soil moisture. Using the particle
filter (PF) algorithm was assimilated the soil moisture based on CVTI inversion and simulation of the CERES —
Wheat model, obtained the assimilation of the soil moisture value with daily step length. The precision of the simu-
lated , inverted and assimilated soil moisture values were inspected by the field-measured soil moisture respectively.
The results were indicated that: The linear correlation between CVTI and field-measured soil moisture was notable,
especially at jointing stage and heading-filling stage of wheat, the relativity was achieved extremely significant ( P<
0.01). The linear correlation between the assimilated and measured soil moisture (r=0.96, P<0.001) was large
estimated than the correlation between the simulated and measured soil moisture (r=0.71, P<0.01) and the corre-
lation between inverted and measured soil moisture (r=0.89, P<0.001). The root mean square errors ( RMSEs)

and mean relative errors (MREs) of the assimilated soil moisture was reduced 0.025 mm’ + mm™ and 2.70% re-
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spectively compared with the simulated soil moisture, and was reduced 0.016 mm’

- mm~’ and 4.15% respectively

compared with the inverted soil moisture. These results indicated that the assimilation process was improved estima-

ting accuracy of the soil moisture time series. Therefore, based on the CVTI and PF algorithm, the soil moisture

content in main growing period of wheat in Guanzhong Plain can be accurately estimated.

Keywords: conditional vegetation temperature index; soil moisture; wheat growing period; estimation; crop

growth model ; particle filter; Guanzhong Plain
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242 TR XA BT

536 %

4 ¥ i

A ROK AT Bk 2 T B E W AR K A2 R
NDVI /)y, 3 3 1155 [/l — B 3] NDVI Fl 2 4F NDVI
SERME E] 1) 25 HE BB A2 S B 3K 43R0, SR
NDVI Xf 18 7K 53 8 1 3 A7 — 5 A ¥ I M S g
FAO T FHSEET I, LST b NDVI 58 HL i i
+ KA AR, 7E K 4 BRI, R AR A
FLOCIA LAV 78 1 i B ) 7K A3 455, 5 B008 A0
I8/ 0N, T RE R o ORGSO
LST 4K, 7€ NDVI LST Y K 2 = A TE X 38
TSR b R4 3] CVTI, HAY 5 NDVI A9 7284k
A, W AR RIS Z A9 NDVI AR, 5 LST A9 728
ARG, DAERFFE R, CVTI & —Fh i S2 A 1 1 5
WEIN 5325, Bz B T T 5 I TR A e
A PEAG 4, AR SCKF CVTI R 0~20 em J2 HI3ES K
HEFTERPEAH DG AT, A4 /N R B A H I, CVTI Ml
4 KR ] A A S R B VT E A T
A1 7 55 25 A T ) K o i

CERES — Wheat 1571 (& 4% 1% 21 A5 401 4 456 5K i
(R TRI AR PR AR 8200 SR, e TS AL 45 4 ) AN f o2
P B 22 AR A T R AT 2R 5 0 A
PME ARG AR . 5T Landsat 0308 f2 i 0 HoA 52
Pk A 3 5 K i ) P e i s R B D ASRE AR
W 5K o 1 228 A5 B, R B0Hi [R) A 530k
PR AR 8 B AR 25 6, RES 52 AR
AR ABETRYFN  JBRAE  AR A E A, HRTAR 22
NS R IR B U8 (EnKF) FfLE 2 BAER/R
SyEN SR IR ORI, EnKF Bk i TR 4
A 1 SEAEGE U A TR ZS AR 2 B A% A A, g
AL R G050 R 46, 2R 1, EnKF 52475 1%
REAZ AR A A8 1 IR DA 31 J0r 40 A1 B AR 3, A L TR OK
SR RN LT U8 P A AN Z ALK A A
FR 2 W o AT I 29 o 3 AR s AR etk Ak
BT A RS, ASCHET PF RILR L E
o B SR T 0 SCHHE IE CERES — Wheat 527!
SR 0, 3B LR AR o [RL(E, B o [F
A PAEEER T 0 BAE TN 0 S s (E ARG B, 36
PF Sy [l fb i A5 BE 6% 42 w2 st 8] P 9] - 48 Bk = i)
RS B2

F T Landsat 138 55 15 & 307 /%) R ) F1 = X 5214
(T, M LA AR BT 23 A vy 9 K T AR I K A
5. MODIS — CVTI {75 [ 43 BE 355K (A H B A 48
PP B R 0 B R, G R R 5595 R MODIS
CVTI s , 15 2 23 (8] KB S 30 m H A W40 1

CVTI, B 1M S 38 K o7 8 K 24 Je i oe AR
FH A

5 45 &

FIH Landsat — 8 %4l [ 8 CVTI, 5T CVTI A
FH (] S0 0 ) 114 £ 14 AH OGP 44 g 4 3K 43 o TS
R R W X B 6, it PR Ok [R) Ak R TE 0 A
CERES — Wheat # BB 0,15 84 /NE B H
Wi o RfbME, EZE5e R NNERREHEI
P, CVTT RIS 6 [8) ff 28 A Sk i 3%, o HAE
INZZPRT ST RIAAE - E SR HAH OGP IR BB K
-, 2B CVTI 38 F F AR 8 55 2R T I 38K
SR, BT PFRIESL ST R T 0 AN
CERES — Wheat $ AU 0 19 4 32 B 4N, 78 2 3 6
FIEIE S, A4k 6 FnSci o fa] it 2k AR 56 Mk T4
P10 A 0 [8] A A & LR T8 0 FNSEi @ [8] Y
AR HIFME 6 9 RMSE Fl MRE 23 JIE TH 4 0
FIR 3 0 () RMSE F1 MRE, [l 4k )5 42 5 17 0 14
S RE . A, 52T CVTL F1 PF 2 A5l (% X I, 0
BT REK R A, R T R oK 2 X 38K 43 1
SO PRI, R S ()16 7 2 BE A% v B A D 4% /)
Az AN B I SR 2 K L S S R DX R
VEY) 510 S W P AL 1 O vk AR

S & X #h:

(1] REWH, B, 2=, % TORRERHIE S 18] 1 4 A B X
TR R ETI [ J]. kTR, 2014, 30(16) ; 106
-112.

(2] JHmS, THEEN, T, % P w50 R 1 K 58 iR i
[J]. BRER, 2010, 14(5) ; 959 —973.

[3] B/, PG, Z8ILHY, 4. BLF ] WOG-JE B Ln A g R
SRR+ S KB RO AL [ T]. Jbi% s 5 A AT,
2015, 35(8): 2113 -2118.

(4] WG, SR, FEIETE. B EEOR MEIN T B IX R HOK S WF T
[J]. 8@, 2013, 44(5); 1270 - 1275.

[5] EfE, 7M. BT e G B S AR 2 E Ok 50K
IMERTTER ], B 244, 2016, 27(6) : 1804 — 1810.

[6] Moran M S, Clarke T R, Inoue Y, et al. Estimating crop water
deficit using the relation between surface-air temperature and spec-
tral vegetation index.[ J]. Remote Sensing of Environment, 1994,
49(3); 246 —263.

(7] EMEHT, PMEL TR WA BOR 3R 8 A 1 52 M 00 5 12 1Y
XFEATHT [T, AL RTINS K 2= 4 ( AR B AR) , 2007, 43
(3): 319-323.

[8] Sun W, Wang P X, Zhang S Y, et al. Using the vegetation tem-
perature condition index for time series drought occurrence monito-
ring in the Guanzhong Plain, PR China[ J]. International Journal
of Remote Sensing, 2008, 29(17—18) ; 5133 —5144.



%3 i 5 S« I L U 08 ] A 4% A s 1 8 5010 33K 4 At 243

[9] Patel N R, Parida B R, Venus V, et al. Analysis of agricultural [14] FEZE, 30, #ot, 5. Rlidh T TM6 U5 B3t B N b 3k
drought using vegetation temperature condition index (CVTI) from FEAR BT R BA T D). B PR UEE IR, 2004, 16(3) ; 28 —32.
Terra/MODIS satellite data.[ J]. Environmental Monitoringand As- [15] RiE, B, XIZ458, %%, Landsat 8 K030 i 2 0% o v 53 1k
sessment, 2012, 184(12): 7153 —7163. X[ ], BBIECAH, 2015, 19(3) : 451 —464.

[10] PengJ, Loew A, Zhang S Q, et al. Spatial downscaling of satel- [16] WIfEHE, FrI, T, % AEFAIELS S Landsatd # LS50
lite soil moisture data using a vegetation temperature condition in- Bl RO R IR [ ]]. R, 2015, 19(6) : 964 —976.
dex[ J]. IEEE Transactions on Geoscience and Remote Sensing, [17]  E3CHE, ik, KilkJr. 2T DSSAT AR VG 475 A [R] 7K
2015, 54(1): 558 —566. AEAVE/INZE HEWE R BRI SE ()], TR X AR FST, 2013, 31

[11]  BRES, RS, XU, 46, R4 RIK S I8 B REE R AL 5 ik 2k (4):1-10.
ik HOKRMRAECR )], ARl TR2E4R, 2016, 32(2): 99 (18] %k, EMGHr, XIRH, 5. BLT Dugias sy fe & RR 28
—104. R TR M A/ N B A [T ] Aol TREE4R, 2015, 31

[12] Nagarajan K, Judge J, Graham W D, et al. Particlefilter-hased (1) 187 -195.
assimilation algorithms for improved estimation of root-zone soil [19] f#%, EMSHr, T, & 5T1EY P mR A AR i /N2
moisture under dynamic vegetation conditions[ J]. Advances in FEEATML ], ARk TR, 2016, 32(20) : 179 - 186.
Water Resources, 2011, 34(4) ; 433 —447. [20] BXifgdE, fE3E=, F M. FIH CERES — Wheat 1555143474

[13] Rozenstein O, Qin Z, Derimian Y, et al. Derivation of land sur- JINZ T HE 1 B A AR AL — AT RS A MBIl [T]. T RMIX
face temperature for Landsat — 8 TIRS using a split window algo- VWIS, 2015, 33(4); 125 - 133.
rithm[ J]. Sensors, 2014, 14(4) ; 5768 - 5780.

(L#% 235 W)

[6] fi#r s 30 E FORFRI G 5 SRRV D] dbst P EAS (151 /NI, 5l 4, dhan =5, 55 H R 48 28+ o J5 1 ok K 43

LR B, 2012, IEEMEPEAG [ T]. 4324417 ,2010,30(22) :6242-6248.

(7] AT, Bfis 25 | 45 3 2 ) (8 43 T (9 46 bk 22 Tl 1k [16] FHEE, Kk 2, kE@F, 5 Bl A WA X EF RS ER
R pas B R A G X R OF5T [ J]. B A} 4%, 201,31 (4) . TR S 2 A [ 1] AR S A, 2013,32(6)
408-414. 1504-1510.

[8] # 14T i, SRR, %5 BURE T KBS E H T &b [17] TFHfgEE, 5k 2, 508, 530 50 AR HR A R X & E
FEIXRI[T]. £ 3 ,2013,49(3) :526-531. K 5 A REAE AR BT [ D). BE IR L4, 2012, 34 (12)

(9] M HEE. VUL b DX F 3 K S B 1 X3 R 52 XU 3 A 2347-2355.

[D]. M. F M5 B TR K2 ,2013. (18] Wh/NJe, il 4V, Whahi 35, 55 HM & 38 i R AR KK 43

[10]  TBEHA, W PRES, (SR 25 F GIS Bk FE 4 2 3 B4 b Fi A E RPN [ T]. A A%4,2010,30(22) :6242-6248.

TR BRI [ I FEACRMBHEL K224 ( A SRBHERR) | (197 XUBIER, AR PR, 2R T5 35, S5 H M A T K S M 25 253 oL P F
2014,42(3) :105-110,117. FE[T]. TR X AR SE,2005,23(3) : 112-117.

[11] £ MRS PRI FORFREE B PP IFSE [ D). % . [20] Eu P RELNEETHRKE EWSHEBRT
PHALA A R, 2013. ST D] AL E SRR TR, 2015,

[12] BOEAS ST GIS By FE TR Plhl X B 55 G o3 BoA e AR [21] THPS AR R PG X ROk R IR T A £ AR B
fERa#[ D] 22 L 22 HR2E 2011 FEL D] 2EH HRr R R %, 2012,

[13] E B, FEH0, PEEE HN A AR X SR T 55 FH R [22] & #, ERTF, N B, 55 KPS oAb i L 48 bR 5T
AL S X[ T]. A E VD, 2014 ,34(4) 1 1115-1124. [J] A AL Y IR #4] 2004 ,5(3) ;210-215.

[14]  ZEMRZE, WEm, 95, 55 HOR AR AR RE K O i s 128 1 [23] ®—"%,5K 2 L5, 5500 54a K H o AT A L DX S e e

[J]. = FA4:,2000,19(3) :295-303.

2RI ) ] TR XS, 2012,29(6) :956-964.



