R RS TV11 w2 2. i
UDC: 626 ARG -

CREBE Y

i+ = it X

wmn: | ARG E SRR X
TIE KNI E R AL

A # 5 g 2. 0212112
RS SRS SR R % 12
L B+ Ll KRR

e CERAS H . 2015 % 4 e EEH . 2015 % 6 A




MG 1 A B

A NFE P 232 B A AL SORA NAE 4R T N BEAT RIBE 7T ARG (0T 7Tk
R BR 7 OCPRRIN ARREA SO 2 AR AN, R SR ANV HA N C 2 Rk R B S i T
FORRA, A EIRE ZMITEREE s ARHECE HUR 1 27 B i {58 A (A4
53— A AR 0 R 8 AR FE B (S AR AT D ik 21 AR SO AR 1 IR 1 A IR 1

) =
‘lﬁj’ /E\ o

L SAR# s¥E®. 4 A H

AR SCRRAUASE FH 352 A A

AEERR A B4 TR ZHIBTERE A RRE . AR SCHIE . FFAL
ZMATEREE AT UK A 18 S A B Bl 7 N A g N B E AT I R, IR
B, 28 BN el 55 2 T BURAE S Vg DAL B D AT AE 1] o [R) 2 A ) B XA SR T mbL
IR AR ST R B AN
CORSE B 22 67 Ve SCHE A i i AR 3 800 1)

AR AR E R4 FIMZEA -

27 H I F H H 27 H £ A H



7l VAR 'S

BRI I BEBRAELA (X 3K 73 B 22 57 R
(71

Spatial and temporal heterogeneity research of soil moisture of
patches vegetation in desert oasis ecotone

fE & % 4 VA 5
FRL Bl IR SCEE T K B
=2 5 0212112

8 5 #: 1
5 & H s 2015 £ 4 H

XM %o k¥

Lanzhou Jiaotong University



SPNAGE R A A

m =

PR R T S N s A AL R A R AR T R X, R AR RS =R,
TERFIR RO ER AT B AV SRR I, X AR D BT A S, BRE
BOR, K BEIE ™ B A HOE T P X i B B PR RHIE, g2zt X &5 S KR
(LRI — o TN B RIRERE RPEYCR At o AR, B SR 7K R s
Bt ARV KT SR H 2 38 0 LR NSRS SRR, o Py R U R A . 3%,
BERZTHMG, EEABZLERMN, RE IR E, N SEE LD R RAR G
% . WIEHES REMIX PSS ERATENE, Bioie T RIBK RIS Z R S 2
ABET . BFKI M R B A OIS, S 5K EMMEEE . SER
BAERG TR, 2R REMAES RGP AT RS E . JUH X 5 i X T
T LK R T2 X ORGP — A2 E B IR, e AR S5IKE .
Gy Ak JR UA S AR R, R AT DL e B A AR IX 3 RV R

TR BT R, R, B, MRS, A SRIESIE AR A
RO eI, AR TR BN A R S R B . AR AR =M=
ANAN R RUFE 0T R VAT A i e S R P Ik Y o DR AR g [X 387K B I 2 S o P EAT I 9 o 28
—, (EFERUE L GHATA 340mX300m F£77,  40mX40m &R , Sa%ih
SRS T v, X BUREETT 10em. 20cm. 40cm. 60cm. 80cm = HIE K KA
Sl FRPE . RUE. AR R BT T B B2, R ARE
b AR BIWIE KA AT, M Hydrus-1D BB 1208 5 A I Fh R B i A
N, B AR AR AL & 2 KA AR 8] 7 51 L ) Zh A ARG AT B, R TT
RURE fAL & J2 338K o) Bt I TR) B AR AR, I FH B 470 Sl ) - 438 /K o HHs iE AT 36, R
Ft Hydrus-1D A7 06 1% BE AR 47 [X 7R i 338 /K 20 7E B ] AR 40 b O REHLRR , SRASAH
LR R 224, g fn) DXCIEORU B HE T N F BE Bkl 2R =, AEIXIORUEE b, R A
MODIS ##, SR F #0771 % s PEHRAE 3 X 3R 2 IR A KR, IRAIX I,
REERZ KRR 2 ERAR FRRAE, FF S ) 38 5 /K E R E g7 30k . B 7T 45
R

(D @ ARG8T, BT BREE LIRS N, o P A U A X
K EIE R IEEE IR B 5 R K S S BN R E TR R,
JeH R L)Z 20em LIEEIKER A T R K, £F] T 159.62%.

(2) EIH G M 8T, FEJT 5 2 33K A w2 B) R R B
Z 5.5 J2 3K 553 (8] 48 T (KA FEAE 45.5m ~ 119.4m i [ 2 18] 484k ; 10cm. 20cm. 40cm



SR ARt RS 3K i 25 e R 7

TR UK & R BRSO TR AU, 15 60cm AT 80cm = 3Ky
TRNREERISHEACHBROREN . 5 2 130K & BN HE REENT 25%, £
12 e 1 oy Y o B 7 R R Az DX AR 75 = 387K o 102 T8 S Jo A ey BT AT 3R 5 2 2 St ) A9
Boh, EEREMNRINE; FVEEBON, AR SR AAR R, A5
BROPR I A 16 SR s o R A1 12 S AU (X K 7 2 T e B P ) R LR 3R

(3) fESRIFETy ] HARE b, 5 )= EHUK & =14 /2 a B AL Moran's & 44y
NIEAE, WS R EHOK R E IR R, I HEA S RERRAME; +£/Z 60cm
TR BA RO sm R 2 (e S T L [ SR IR B e R O &

(4) IDW Al Kriging R {E 57545 225 1 )2 23 18] b - 58K 0 35 B r 7 45
FSIEARR, (2 IDW FFEVE S T2 230K AR S I T AR R, Eid
FEE PP SR AR AR TR T 5, Kriging SRS FEEL IDW SRS B v, 1 1
T

(5) R R RE L, Hid Hydrus-1D A iZPEHAE A X PIAD 3R mSEALN, W
A SUAIRE AR AN R 2 K & BRI () s SR REAT AL, A5 RERN, ToiRERRI
AR AEAT R X B i Ak, AEAUL S B AN R = 30K 5 B sl AR 35 5 S IME 1Y
B FARFEAR L, HKARB RPEIAT 052, ¥HRiR%E (RMSE) Ak %% (RE)
I HIE R NIVE R Y, Hydrus-1D A5 e B0 (AU BEBRAR 1 [X 398K 7 it I ] 14
BN

(6) EXIHRE L, FIA] MODIS %ffe, K AV E iR B4 X R = 1358
KO RIHAT S, AR AR S IR KE R AR AL b, XL E. FR A
e PRBSCRR AR, O LA R O 3 KR PO AR MR e, R SR R K 5 58
T 8K 7> 2 T R ZE RN, VB SR R RIS KR RN Oy T R iR X 3R A5 K
¥ B I T P 27 (18 880K 23 BORMR B — R R al 47 1007 i

W FE 4 IR e TER N BN IZ 30 X3 337K (023 18] 2 AT IR UM [ AR A R, Dy
X SAE A1 R IR Z T BT 6 S5 AT FU SR (BB A DAz X I AE S EBE R
AP 2N AR B 2 4 DL S BEOR FDK SRR I T i 5 O BB A A (RIS Dy iz it 2R (X 3
ARAG R FE AR 8] Fr 41 ) 38K 70 BORME Bt RO AT 751

Xgin: TREMTES,; MRER; TS ; HEFRRYE

WA N AERR

71]:7



YA N I v VA79d

Abstract

The desert oasis ecotone in the middle reaches of Heihe river is located in the northwest
arid area of inland China, In the backdrop of the global climate change, and under the control
of special geographical position and climate environment, this research area the precipitation
is scarce and distributed uneven with the season change, but evaporation is larger, so serious
shortage of water resources is the most obvious environmental characteristics in arid regions.
And it is one of major bottleneck restricting economic and social development in the region.
natural vegetation show patch shape distribution pattern in this desert oasis ecotone. In recent
years, along with the Heihe water diversion project implementation, industrial and
agricultural water demand increased and destruction of human activities, this area appeared
vegetation degradation, withered, even death phenomenon.And ecological environment
gradually deteriorating, surface soil wind erosion is serious, surrounding the sandstorm
frequency increasing. The fragility and instability of this ecological system, determines the
status of soil moisture is an important ecological factor in this desert oasis ecotone. Soil
moisture is the bond and central link between the earth and the atmosphere, participate in the
water cycle, energy and momentum exchange land surface process, also is an indispensable
and key parameter of the climate system and the ecological system. Especially in arid desert
area, the soil moisture is a crucial indicator of soil condition, Affects the growth and recovery
of vegetation, distribution pattern and evolution process, at the same time can reflect and
explain the degree of soil wind erosion in a region.

Soil moisture influenced by numerous factors, have a high degree spatial and temporal
heterogeneity. The factors include the underlying surface types, climate, soil texture,
topography, human activities and so on. This study used three methods from three different
dimensions study the spatial and temporal heterogeneity of soil moisture in the middle
reaches of Heihe desert oasis ecotone vegetation patches. First, in the quadrat scales(The area
is 340m * 300m ,40m * 40m spacing pattern), combined with statistics and statistical methods,
quantitative analysis the soil moisture spatial heterogeneity level, scale, composition,
variation function and correlation of typical samples 10 cm, 20 cm, 40 cm, 60 cm, 80 cm soil.
Second, in the single point scale, under certain initial and boundary conditions, using
Hydrus-1D model to simulate the dynamic changes in the time series of soil moisture content
in the transition zone of the typical samples (bare soil sample and vegetation sample). Explore
the each layer variation characteristics of soil moisture content with time of typical point, and
tests it by the measured soil moisture data. Explore the simulation results of Hydrus-1D
model. And obtain the corresponding model parameters, Which lay the foundation for the
popularization and application of the regional scale. Third, in the regional scale, using the
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MODIS data and the method of thermal inertia estimate surface soil water content of patches
vegetation. Explore the regional scale surface soil moisture variation characteristics in time
and space. And tests it by the measured soil moisture data. The study results are as follows:

(1) Through the descriptive statistical analysis, with the increase of soil depth, average
soil moisture content of the patches vegetation in desert oasis ecotone shows the tendency of
increase gradually. Variation of the five layers soil water content are the strong variability,
especially the 20cm soil moisture content, the coefficient of variation is the largest, which
reached 159.62%.

(2) Through the geostatistical analysis, the spatial heterogeneity of 5 layers soil moisture
content has obvious difference. The change range of 5 layers soil moisture of spatial
variability between 45.5m ~ 119.4m. The best fitting theoretical model of 10cm, 20cm, and
40cm soil moisture content was exponential model, However, the best fitting theoretical
model of 60cm, 80cm soil moisture content was spherical model. The coefficient of nugget of
5 layers soil moisture content are less than 25%, show that the spatial heterogeneity of 5
layers soil moisture of the patches vegetation in desert oasis in smaller proportion by random
factors, mainly caused by structural factors, Quadrat area is small, the climate and site
conditions are basically the same, patchy distribution pattern of vegetation is the main driving
factors of the typical spatial heterogeneity of soil moisture.

(3) In the vertical gradient of typical quadrat, The Moran's coefficients of global spatial
autocorrelation of 5 layers soil moisture content were positive, Shows each layer of soil
moisture has positive spatial correlation, and has the characteristics of spatial agglomeration;
Soil 60 cm soil moisture has relatively stronger spatial agglomeration and its characteristics of
spatial agglomeration is more obvious than other soils.

(4)The each lay soil moisture content spatial prediction results are basically the same
trend of the interpolation method of IDW and Kriging. But the IDW interpolation method is
affected by the soil moisture extreme appeared "bull's-eye” phenomenon. By comparing the
evaluation index and the interpolation prediction map, Kriging interpolation accuracy much
higher than IDW interpolation accuracy, and interpolation map is smooth.

(5) In the single point scale, Through the Hydrus-1D model simulated different soil
layers soil moisture content dynamic change with time of two typical sample points under the
two types of underlying surface. The results show that, whether in the bare single point or in a
single point of vegetation area, the change trend of stimulated different layers soil moisture
content are basically the same with the measured values. The correlation coefficient R2 are
greater 0.52. The root mean square error (RMSE) and relative error (RE) are controlled in a
small range. So the Hydrus-1D model can better simulate soil moisture dynamic change with
the time of the patches vegetation in desert oasis ecotone.
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(6) In the regional scale, using the MODIS data and the thermal inertia method estimated
surface soil water content of patches vegetation. Based on the establishment of thermal inertia
and the soil moisture relation model. Compared linear, exponential and power function model,
found that the exponential function has a high correlation of soil moisture estimation. And the
error between estimated values of surface soil moisture and measured values is lower. The
application of the thermal inertia to estimate surface soil moisture, providing an effective and
feasible method for the arid desert area to obtain a wide range and long time series soil
moisture data.

The research results can be more in-depth understanding spatial distribution and time
variation characteristics of the typical regional soil moisture. And lay the foundation for the
study of distribution pattern of vegetation and soil wind erosion control of typical region. And
also provide a theoretical basis for the regional vegetation restoration, maintenance of
environmental security and the rational use of water resources. At the same time, the research
results also provide an effective and feasible method for the typical region to obtain a wide
range and long time series soil moisture data.

Key Words: desert oasis ecotone; patches vegetation; soil moisture; spatial and temporal
heterogeneity
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Figure 1.1 Technology Roadmap
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Figure 2.1 Location of study area
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Figure 2.2 The sample area and sample layout diagram
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Figure 3.1 Schematic diagram of variation function
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0 , h=0
3,h 1,1
h)=<Cy,+C(z*—-=*—) , 0<h=a 3-2
7(h)=1C+CE* 25" ) (3-2)
C,+C , h>a

X Co NBe W H, a WA C#itm; C+Co NEkG1{H.

ST (Gaussian model) —f AR A :
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y(h)—{ i (3-9)
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JEIR B RE AT IO, 45 T AL S5 [ PR S04 s BOREAGR, 7T DA LU v PO JSE X A A [X 3k
THME, A2 RIS HE R AR AR 3K PR B 52 .
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N TASIABRE R AEAHIE TT AP R 28 SCRAIE TR XA B 45 R BEAT PP . 52 SIRIE
FRHEE, ERBUER —Z, &R R RS K E R RN, A A A R e
REATE, ST R PR R B SE PR IME S A THE < iR 2. DA IDW $iE 574
RAR PR i SCME 5 A5 B A M PR IR 2 (ME) MR IR % (RMSED o &
FIF U A2 UCIK P b R DA 14 o1 {0 R R P v IR S (B R IR TR A
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A Mi R E T LA K E, Al SRR LA KR, n WX IS K E
[F] )2 REE SR, it 72 (8X9) o XA IV PR UEN: ME B4 8 ik in &
E SR ; RMSE 8/ NER U3 (B R = o

3.3 AEIETIEKR DT BT F4FIETT

3.3.1 ARIETIEKDHITEIA MG 4F4E
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SR A AR B 8] S SR AT U RTR AT At . DAL, RIS iR e Se it Tk, A SPSS
19.0 B, MW R DT XA 72 DR R GETHAN R 38 2 3K I IME . SRR
/MBS bREZE L AR RBEEM ARG IE . A5 R UK 3.1 Fos

R 31 %R LHOKS & BIGHUR TS E
Table 3.1 The descriptive statistical characteristics of soil moisture content in different layers

RAME O BRKE BWE RfEE BRAHN KSR

BRI 0 e (%) Cv(%)  (Asymp.ff) Hlkse
10cm 72 0.42 12.04 1.1485 1.4385 125.2565 0.226 Box-Cox
20cm 72 0.76 19.33  2.0232 3.2295 159.6220 0.177 Box-Cox
40cm 72 1.06 22.98 3.5239 5.4683 155.1785 0.053 Box-Cox
60cm 72 0.89 22.62  3.9913 5.3991 135.2729 0.122 Box-Cox
80cm 72 0.57 21.99 4.7993 5.5807 116.2816 0.079 Box-Cox

Gt REW (3.0, AELELEKSSEZSE, 10cm. 20cm. 40cm.
60cm. 80cm )= LHEIK 3 & & KRBT E 7 ) 2. 0.42% ~ 12.04%. 0.76% ~
19.33%. 1.06% ~ 22.98%. 0.89% ~ 22.62%. 0.57% ~ 21.99%; A+ )2 3K & E )
PMARIAR R, B TIRIR BRI N, 3K o 2 S UURETE s, Hdr, 10cm
+ 2 E K I SME RN, N 1.1485%; 80cm 12 AR MSER K, &
4.7993%; L5 ZEL C, v LU B L35 K 0 B B AR AL SRR R, R IX 34k T 438K o A &
B IR S, A8 S AMUE K, R S KR A K I 23 18] B B, R R
LIS KR KA, S bR, RS R A M C E N TR R (A8 AR
FEHEAT 035, ARYE O 4518, 257 RE<10%J8 T 5922 1%, 100%<25 57 2 %r<<100%
J& T AR Tk, AR R B =100%)8 T-omAr B0 %2 b g K B AR S R
=100%, F£W 52 LHIK>E 2N AR TR M. UHZL)Z 20cm HIEE/KE
A S RO, 1A% T 159.62%. JEF AR, 10cm ~ 20cm 48 Z 2 AR R 1 3
TR AR A R, R R A R4 A G 3K S B AR R RO

iz G0 vh 22 T X AL AR B, ESR BT 9T B AR 2 3 IR M RS BT L T IR 254y
A, AR AN R RSB IT IR/ A0, AT Re e ML R8, 2 3 308 e ek 2 )
WEhK, MM W s SR T S A A 2R, A 0F 5e R Sk Kolomogorov -
Semirnov(fi /R BL B - WK oK) A6 AR IR 1 RIS K BT IES 0 AR
R, WEER N 0.05, Hiwiess R P {E/NT 0.05, MIFEARE, HEHdk 29T
oA . HIESKERBIES KSKKE, WAKEESH M, B&ENLEKY &
JRAEEAR 8 Box-Cox ), 4R UK 1 PR, & = 3K & &1 P (45T 0.05,
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Y 4 5 1 I EOK BRGS0 AT, Bel e FRa VR, W DAHEAT J5 221 7 [H]
SRR AT M AR S B B SRR A TR R O AR 5S40 #
3.3.2 FEIB LB 8 F R MESFIED

B4 REFCEHENEERNSH, ko BRSBTS . Hhe R
<25%, AR & LIRS G AR 910 25 IR E AH DR 25%~5000 1t B A% 2 3K 4 BH
f73 B F A DG 50%~75%0) A8 & 8K 7 A Fh A8 22 0 FAH G i RE>T5% 0 AL & 2%
M EAERES, 2R FEHBEILFE R, XFEARRME SR8 & [ AH /b A 25 () i e
flidi. —M N, BREE CErERED AEERERARN 2 WENAAEREL, &
PR 0 P A% S5 R K1) A 0 I 5 ¥ D ot R SR 1) g ) — 22 3 3o e e [T ) 43 A B %
FRERTY LA, WoE RECGBR R AT . TR ZEB/INEIT I RTER %A T, ISR E .
S TRESEOR/D, et 7 AR L Z R T 57K &8 5 bR 2 B A FE IR LA A
BRAARZHL, 55R N 3.2 Fis.

R 32 AL A KBRS R B R PR S B A RS
Table 3.2 The best theoretical models and their parameters of soil moisture in different soil layer

R mpmm  DeE BAE  BeRE ER RERH K

Co Co+C Co/Co+C(%) A R’ RSS
10cm TRAL 0.0010 0.1282 0.1 45.5 0936  3.508E-04
20cm R 0.0080 0.0745 10.7 89.4 0.804  2.380E-05
40cm TRAL 0.0002 0.0346 0.6 64.5 0925  7.356E-07
60cm BRAR 0.0107 0.0465 23.0 119.4 0988  2.080E-06
80cm BRAR 0.0068 0.1036 6.6 85.2 0838  8.267E-05

GITEREMH (R3.2) « ZdEFHRIUEY X 10em. 20cm. 40cm. 60cm. 80cm
+ 2 K S S B R A 1) R R AT W R 22 5, {ER 43 ) B B AR AR R B A AR 3
ITET A . 10em. 20cm. 40cm 2 38K 404 i () i B P R TR 1) g e ks
AL, 1 60cm A1 80cm 2 3K G B UABROIRAR R Y S A IR I SRR, RSl A
R ke BB RPHOR, 4172 0.988 A1 0.838, Bk AH L i HAMA AL I =4/, 1t
7 398 () FRAS F0\ A AR TR AR AR 7 1) S i3 5 J2 = 38K 0 B 1) 25 A A8 SRR . AR 2 3K
FEEEEMSEWRITR, gt d R U, ANE L E BRGS0 R R,
FERH SN, e E A LYEEE 0.0002 ~ 0.0107, Hi/NFIER G FRIA /N RE
ARSI AR AR, 20em f1 60cm 12 T HOK S SRR EH 5K E
ERER R, 29008 10.7%F1 23%, HALS Z#HE /DN (0.6% ~6.6%) , HEHM 5 Z
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IR IR RN T 25%, 1t B AZ I SR I I i DR A [X - 387K 73 F 2 ) S
Ji I AL DS 3R 51 2 TR AR S B o (KT BEAR /s BB Z5 M 3 510, il e a3
b4 5t 25 K] o K 4 25 1) S R P A R A 00 s Y, PSR P B A A X
FETT VG R BN HITE AR P30, S5 S A AISL S PR B AR [R], R REAELAR IO BREHOIR 23 A1
NV e N R R e ot ) L1 B2 AR R LI S-S I P il e b S I BZ O R
AE SR X AR B o AT i Sy, 57 DR S 337K 70 St Joa A g e 72 7 2 ) i
AR BTN L

K 3.2 w2 il i s A [V 704 S 2 2R R LU e, AkH e AR OO . PR
ZERINERGE” W, FEREH RS . EEMEMARRERN, AR - E R L
S K R AL 5 R B e B S S AR AL
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Figure 3.2 The best theoretical model graph of soil moisture in different soil layer

3.3.3 1K T EFRMERERN

25 ) e o P RS B BRI, 78 S BRSO R R (A) R IR = [A) S o 1 R B 2
o AR EBOK & B A R B RPEANR], 368 B & Rt IR 2= P 5| /B2 14 2 [R) A
FTHEFE RN AR . 52 3K Fr a2 B B AR, Ui 5] &2 15K
4323 18] B AR SSTE B I KN R B Z 5310, 52 23S /K E AR FEE45.5m ~ 119.4m 2 [i] 4%
b, Hodr - E10em 5 E /K &1 25 18] | AHOSTu i /N 245.5m, 1 /Z60em LIS /KE K
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23 0] [ A O (AR Y FE B K2 119.4 . HHE3-2 8 [A] 2 33 /K 20 & B 4% 1) A8 S ) AR R 4
B, RN T X 52138, HIES/KERMAESNERR B K/ MK IR ZE60cm >
20cm>80cm>40cm>10cm. +3E/K 5 Fr & 1R AR 5 bR FUB T B 47 s Ab 2 A% ey i AR
KRB, B RAEEPEh=ALL S, X330 & 1 2 8] EAH SGPE 2%, 8tk mT DL I
&2 KA B R R SR S AR S B s TR o e R R s A AR, T BUA LG
W TR RE SR AL B ARYE , AT it — 2B PR 38K 73 2 [l 4% Jay 5 A A AR SRR ) 5%
F B E LAl o

3.3.4 TiEKPZTEIBHEXTHT

FIH GeoDa #A4i+ & KFE 5 + )2 10cm. 20cm. 40cm. 60cm. 80cm /K& &
R4 )5 23 (B L AHOC Moran's | 520, 1FRE R Z ik (p<0.05) . ME 3.3
ALV H, &ZEL8Ka4)m Moran's | REIYNIEE, HH® )= LK HA A
BN, I HEA T MERRE, B 3K 0 8m L X 5 358K 454 a1 3 XA 4R
B, LUK BARAIH X 5 K BAR M HL X AR 4082 . 7EEEBRE I, 10cm. 20cm
40cm . 60cm. 80cm + 2 1K 4> 14 )R Moran's | £%04> %) y: 0.1287.0.1451. 0.1252,
0.3602 F10.2763, UiBHLERE AFEM 40em 5K, 8K 12 E AR DN, +
Bk B4 )R Moran's | #857E 60cm LJZ &K, KB 60cm L2 LK B AR 5HE
ZUR R A AR SR H L AR RFHE R B L E NI &,
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Figure 3.3 The Moran's | coefficient map of soil moisture in different soil layer
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T B T ARAZBE HUE A XA ] 2 K A 1) A (A 0 A AR REAE, AR
K 3.3 LG U A [F] 587K 73 2 2 078 S ok 800 B ERIR U A B A R S 4L
N Arcgis 9.3 B4 H i 7 LA (Kriging) Al SRR S AL EE 1 (IDW) 2241 7 10cm.
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Figure 3.4 Distribution pattern of patches vegetation in quadrats
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el ARt RSN [X 3K 7 2 5t R 7

RTINS R 7S, PRI 5 VA3 2 AR 38K 005 B T 45 Fo L A A
A, IDW fifE ik T 52 LK RAE UM L 1 “AFIR” BLR . LR BHOK & &
W T A B K &, ML S, )2 EHOK S8R 1 Kriging #fi{E BT
o F—2MFEMAT, 5 ZEBKPEERASEZRNIMALENESR, FAEVEKNZ
454, (HHW 5 AR EEFOKD & ERBARKACIRILN 5, TS KEAFA T
iy PO ALAR IR S T AR KRB ARALTT b, 3 EERT AR S X SR RAE A ) o A R
RBSEIECR, E 3.4 Rl R M Y, BT FHCR O itk f/, HAEZS R ER
A RN ZE RN, AR R RACE A 2 BB s BB RCR, FEAOHN LR X
I, RS A A ISR, AR 38K 7 & B

[F ISR FH A2 S AR PP 73 3205 R AN R v I 2 Tal i 40 ARG PEEAT LA,
PN FEARE FE iR E (ME) M TTIRIRZE (RMSED |, PN T7 12 1) 223 ()4 (B A B e it
g5 RNk 3.3 PR

33 FREEHOK D & EIIRERE SR

Table 3.3 The interpolation precision statistics of soil moisture content in different Layers

Kriging#difii IDWH{H
+E ME RMSE ME RMSE
10cm 0.0011 0.3845 0.0055 0.3598
20cm 0.0020 0.2191 0.0046 0.2994
40cm 0.0003 0.1306 0.0026 0.1752
60cm 0.0023 0.1513 0.0049 0.1753
80cm 0.0058 0.2041 0.0080 0.2077

FEIRZE (ME) BAHE BT 0 Fe iR, 7 IRIRE (RMSE) BUNMEERS &
B, AR SE, LR 5 R EHOKA MBI AIEM AR, Kriging R {E 575 5171
RZEERMETE I 0, ¥ HRZE WA IDW VE/DN, FrLL, Kriging f{E 2% G 5 AE HE 1
TRIAN R J2 38K o3 & B 23 [A) 3 AR AR, BAGE EBCFE, AR IDW LI
) AR PR . iz R PSR A X RS g A VAR T R o3 A SRR A A
A R A R T i

3.4 KEING

KRGt F A G AR A S 7%, ok SA ] Ay 3 B g N e VR A D A 4 [X AR
INKEETT 72 ANFESS 0~ 80cm VRE 5 )2 (10cm. 20cm. 40cm. 60cm. 80cm) 3%k 4
SRR SR EHTHR, BN RNT:
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(D fEFEEFIM b, FEE LIREEREN, H35K0 & &5 E S I0EHHE nr &
%, b, 10em 2 BRI HBE RN, 08 1.1485%; 80cm £ )7 b IR
BIERK, & 4.7993%:;

(2) FARMSE IR ELY, 5 ZHEKSEERZ R E T mZ R, KN 5
JE K S 'R REIYKT 100%, JLHZT)E 20cm HEE/KEND R KRR
K, EFT 159.62%. JFRIAATRER, 20cm A4 L3 E RN R B N AR S
M2, MR RPN 510 33 8K & 'R 5 R K.

(3) U GETH24 178 57 pR A 45 SRR B, 1Z0 P A BELE #7 [X 10cm. 20cm. 40cm.
60cm. 80cm )= T3R5 & B A E = SRR A B2 2% 5%, 10cm. 20cm. 40cm -+
2 85K & B RIS S B A O Fa B0 R 1 60cm A1 80cm /= KA
BRI S B A BRR AR

(4 Gt FMEMSEERY, 5 2 LK MIE RN T 25%, WHHIZR
T SN I VP oy TR R A X 3K Oy B s TR S B e B A G IR &R (SR &) 51,
FH T e B R BT X AR DT VO B AN, AU S A AN M 25 AR B A [R] AR BB TUIR 73
ARG AL X BN 2 MR X 3K o 2 8] e B e E R 2, oo, 338K o3 () 1]
S T PR AR S A A DX R AR FR) 40 AT, 5 XA AR 387K S Jo A ER) X Ao 172 07 e 4
Vi N R AL ) AL [, 5 = LS K E AR FRAE 45.5m ~ 119.4m 2 [A] 224k

(5) FEEEME L, )2 10cm. 20cm. 40cm. 60cm. 80cm 3K & & K4 R
78] F{AHIR Moran's RENIEE, &SR LK HA A A, FHAH
IAEERFHE; )2 60cm 38K 7 BA B mmE i 7 [A] 42 5 P HLH 73 R) 48 TR AR A
BLEE AU,

(6) WMHEE T VAT B & )= K o & B 45 SO EE A F, 1IDW $6{E
T2 R HAE R I T “A4RIR” I MBI S, Kriging fd ey Tionl
BT RS EE R W 5 AN Z T E 33K 0 & BRI /ARG, T3 B K EfE R
FIPEHER PO 7 AR BH R v TR ER . AR ARAbTT A b, KA ERE DT AR A o A
72 5 32 BT e 52 DX S D YA A IR 3 AT SR IR RE R o R 23 AT 4 22 HL o B ) X, B
THEWEZEBEERR, K EERIK.

TR 45 R LIPS R B PR A (X 357K 40 1 23 1] 3 A IR A BR, [FI
BoK A H5AER RG L R B0E B, EMZESS A S RS X EE R E, ©-
5 R AZ R KT BIT V6 52 HHEAH O< B AR B o
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4  Hydrus—1D 1R B X} B B AE 5 13 7K 43 BY B [B) B 7S AR

4.1 Hydrus—1D =B/ 4B KN F

4.1.1 Hydrus—1D &4}

Hydrus #5784 2 t 32 [E [F 5% 75+ 2= H 0 (US Salinity Laboratory)7E SWMS 557 1)
Ll AR (1 — 2 R E s A T AR, AR FLA B K )
el ISR HE BB R, B A TH 4%, HYDRUS-1D #AY iy T HA {8
AT T (8 38 AU 2% )32 L R O i RS T SE e s s, EE N E Ak
BB T Z MM EAe, HRH U7 EARILE HYDRUS #2445t 1 A I ANLAS
BFH, IO S8, R ATIR R, BRAE TR B SR, RN IR
LT IR Z AT S FIE S TR A S HEFI AT, % IR Z AR ok TR K
TE, ik, BERRAE T 2R R SR issh B8, MAWK. RAED. &
B S IR A R AR, KB S E R AT R BRI VG B, BC
R, RAPK LR EAE Feddes #87. van Genuchten #7145, ZEHUR AT itk
P A A Pemnan-Montheith A . Hargreaves A% 5 HHIL#H HYDRUS
FRAE TR WS OL T A B E, LIRS 7T A BG5BT DLIE A AT

HYDRUS A —4Ef1 =4 AL, HAN I HI LR 2 o AWTFEZ i LAk ] Hydrus-1D
R T AE P A B BYRE KU 438K 23 B I ) 1) B A BB, B e BRI AT S5 2% A F0 2
5 2 R CRREAR) RSCPEFIIGIE 2 4EBE R SEBL, FR, Hydrus B8 7E 120 i i
PR B X (0038 VR RCR W, R e B RV IR IR I 1, A Re e 21 —4Efn =4t
T o DA X 45 387K ) [B] B e it — Fh LU A A F B, RIS ATE 2 4E E
THT PRI FH R HE T SR AR S AR

4.1.2 Hydrus #2847 T 357Kk 3 FHIR B

+IIK I3 & SPAC RGO MR R ALy, LK B2 IR LKy
B I TR AT [ AN, AEANE) TR RAY . ANF SR T A A 38 i 55 2 Fh o
PRI A R R IRt B, R A K SO AN 3K 43 1 B A 2 A AT B -0 U
5E XK IS AL, HLBE NSRS AN 18] 7 210 1) 33K 7 Bt 3R it — Mo R ik . 45
AR TRIEXM S, 1K SRR, eSS MU AR 1 A AT 73 AR
Ol REMNBIR R R LRI R PR gt — € ik . AH] Hydrus A543 7K 73 g i
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AR IR BT T — B LA S 15 L. Bridget R.Scanlon[2002]3A A%} £ 2 S N
0~300cm, Hydrus £+ 357K 73 Zh 2 P bk 4 i ®, Bufon 2541 ] HYDRUS 4Ll
T T A £ 3K NS IR A AR, BRI g B, R
FLEF B A Hydrus-1D A58, SRl AisloAs 5] 0 B CREMHD , IRABAR H L P IR D
()RR 2 B AR REAT R, 5 RE BSE BT 1 0 bR, SR Ab 28 78 )t 6
LRt E, R FIH HYDRUS-2D R vK 7K H 18] 7K 5538 5% FUEEIEAT R 40, 5 A IE 0N,
S DLIE IR T A AR 3 0, SFH Hydrus-1d B8 & 7 i 3k X = Fh 2 SR (2
K BRAEANA/INGE) AR K 43 10

A5 R Hydrus-1D BCEE X BT Hh it e B S ik I8 s BE AR 4 X, PN LU A o
Ab R DX B sSORIA AR [X B ) AN () 0 2R B - 438K o3 s o ) ) AR R AR A T
HRAEL, e P S P A o AR R A ) 5 SR AT 30 AIE,  H TSR0 A AR PR, X3 R B 2
] TS KB A SR 2, L, AW A 2 XIS A T S8 i 00 — R AL i
TR 2 B B — 4 IR ROR AR S R AHE B S 4E R = 4T b, B
i NTHT b 48 7~ 12 3 [X 45l - 438 7K 23 (1 AR AR AR A, B B A ) A AR s 2% DX 3
() 73 A ket Jy LA S 338K 43 5 ML ) R RE ELOG R

4.2 {RAEIFIH

4.2.1 KD EBHIE
AR FEH, Hydrus-1D AT 38K 8B LR Richards e, H 52

IR -
o0(ht) o oh ] ]
= _hiKm{&+Q}s (4-1)

A 0 N EIARIE KA, em¥om®; h N EIEIET A, om; t AEFE, hs oz v HIE
I, DAL NIR AL 10N OAIE, om; K(h) NARBEAISKE, cm/h; S iR RIR K5,
4.2.2 TIBIKSFHEMZGERSH
IK I3 AR i 22 2 AR AN I A EAK e B AR A ST, Van Genuchten #5271
FEARMIARN X BEIR I MR AR A 58K B R, HILA RS, AWk Van
Genuchten A& HHIKMFFE I ZE S 2, BARTTIERAE A :
a+—l5157; h<0
o(n)={ [1+|an"] (4-2)
0 h>0

S
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1/2 1/m 2
K(M{Kﬁellase)} . h<0 @3
K, . h>0

0-6
Se=—_r 4-4
e ) (4-4)

1
mzl—ﬁ,n>1 (4-5)

b S AMXTA A AKR: 0 AEBEKE, cm¥em® 0. f 0 AMHIATRASGKE
AR emem® @, n Al m 5% VG-M BESHL o m=1-ln: Ks A
Sk, emh: YLK A, BT 050,

4.2.3 RAEMKIER

AHIF TN A R XA i 33K 2 HOASEAUL, 69 Feddes R RWKIEAL, FLHRAKKJT
FERER AT -
S(z.t)=a(hz)B(z)T, (4-6)
h
— <h<0
h h
() = lh h,<h<h 4-7)
—h, h,<h<h,
hz_hs
0 h<h,

X ah, 2) FRAKRT AR BT B (2 YMIRABK RS (mm-1), S(z .Y
FORFHIBAR RIBOKGESE . Tp MV EEZRIEIE S (mm/d)
AWt HYDRUS-1D i FH 7K 73 B i A 2 A0 AR AR BWEUK o X TR o it A, i+ 5
2~
Ta= [s(h.h,,x)dx =T, [ 8(h,h,,x)b(x)dx (4-8)

4.3 IRENSHRE

4.3.1 REEMSHIHAE

PR ERIE £ [RHIF AT X 43 AR DX ORI A X 79 > i AU A i 33K o0 & &
eI BT 1A B R K o s BE I 1) AR A AR, M R KRR BRI ZR A% 43 751
o
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+IESH: AE Hydrus-1D EREF B UAE RS, MARRK L ERHMEE, A5
X, AU R R DY ) R 120em, N, XA BB A ) 3% 7E 0~10em,
10cm~20cm. 20~40cm. 40~80cm. 80~120cm Kbl sz ik % /2 L IR M MR R AR H, F
PL, ¥ ZMHER 0 NIX 5 2, SRJEFI A Neuro Theta SN 5 JZ 33 (1) 338 7K 43 REAE #h
LR AR S HOAT T
T AL B LXK L2 LK RAE - 2R K B AR S
Table 4.1 The basic parameters of the soil water characteristic curve of each soil layer of bare soil area

+ 2 Or 0s a n Ks
cm*/cm? cm/cm? l/cm cm/h
0~10cm 0.0186 0.4347 0.0852 1.163 1341.95
10~20cm 0.0255 0.4018 0.1033 1.164 1369.39
20~40cm 0.0269 0.4250 0.0821 1.187 1077.17
40~80cm 0.0246 0.4322 0.0526 1.213 1379.88
80~120cm 0.0589 0.4189 0.1096 1.171 553.29

4.2 X & R K I RFIE B 2R H)FE A S 4

Table 4.2 The basic parameters of the soil water characteristic curve of each soil layer of vegetation area

+ = Or 0s a n Ks
cm*/cm? cm*/cm? l/cm cm/h
0~10cm 0.0187 0.4327 0.0852 1.163 1341.95
10~20cm 0.0256 0.4218 0.1033 1.164 1369.39
20~40cm 0.0268 0.4450 0.0821 1.187 1277.17
40~80cm 0.0245 0.4627 0.0526 1.213 1279.88
80~120cm 0.0584 0.4285 0.1096 1.171 1553.29

1A Z40: B RIS [A) 2 2014 4F 5 H 1 H% 2014 429 H 30 H, &3t 153 K,
FIT DASE B ()45 S, PR ge 6 1A 0 457 /2 Days, WIRAI AN 0, IR IA] & 153, WIHAHT
KB N 0.01, f/NIFEEK MR 0.01, R AREKIEE N 1, SRJ5E NI
(AR A AR FT 4, FF iR B AR TR 57 153, BPERIR bid 52 B i
(AR, BT 153 2.

SR SHN: R ISR 3 RUR T [ A2 25 2R SR 5 D0 285 I 43 P Bt TV
S 5l (0 N RN B AZ S S e, EEAROK. AR, RURSE, R BINE
TEZEHUR BRI 5

WS BB T AN I R G, RE, B R B RN I ] )
BT E
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FRAGE AR AERIBEE : HYDRUS-1D 2 K HEAE R A # AR L Richards J5RE Y,
£ Water Flow- Iteration Criteria 7] LAXTIEARIKEL. S/KEIEBAAMIAREE . e J1KSKIEAR,
FE BOOPRKIRRIRE Fi/ NP KRERIRE DRI KIE] . SR 5K
We IR FREAT B . X S H R E B SR AR, BRAEREN T, — &
AT DS P BRIME o SRR 2 R R AU SR 0, 75 R B KA I B ARG T 4
ZHOHAT IR, (HRERZ LML FRMERE . AR SRR BRI E.

TR IR PR L RS : Hydrus-1D #2445 T 2R LA R . XU A A . R
MR AN BT S AR A, O A Y S BOR ARV S R, AN AR R LA T
B 1) Van Genuch-Mualem #8284, 78 A W 5 (15100 T A4

4.3.2 HBYAFHRE
OB BRI -T2 70 61 ANAEEEETY AL, R R EE DY 2em CAnfED .

K41 LET R E R K 4.2 3R >
Figure 4.1 Soil node location map Figure 4.2  Soil properties division map

AU IR I (R TE E 2: 2014 4E 5 H 1 H A 2014 42 9 A 30 H, WHa]Bf7 LUK
15, Rt 153 K. WILGHE A RS E Y 1d, E/NSE A RSN 0.01d, & OKEEE KA
5d, HIAJEACTT a0 T EFTs
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Time Information e S
Time Units Time Discretization
€ Seconds Initial Time 1 ok |
" Minmtes Final Time 153 Cancel
" Hours =
& Days Initial Time Step (0.001 Previous ...
" Years Minimum Time Step |1=-00% Hext ...
Maximum Time Step |5 Help

Time-¥ariable Boundary Conditions
[¥ Time—¥ariable Boundary Conditions

153 Fumber of Time—Warisble Boundary Records [(e. g,
[” Daily Wariations of Transpiration During Day Generated by HYDR
[” Simmsoidal Variations of Frecipitation Generated by HYDEUS

Meteorological Data
[” Meteorological Data

7’)')’)3‘

Kl 4.3 I HEEASE

Figure 4.3 Time iteration parameters

4.3.3 RN REHEE

R T Z PGB BEH G B R, Bk ikk, KpiEE. HE
KAAT AFRAHRK AT DAk, BARKAEE, AHFFCIX K Ll ks
PRI R RS FIRE, FIASRA RISk K EE . BRI OK, AR
. BEHTFEHK. BHHE. AKCFHEKIEE, AT XA -, H R K3
RAE 4.5 KA, B e R 17K AT .

4.3. 4 RAIGIFIE

NIAEAS RSS2, R 5 iR 22 (RMSE) « MIXHRZ (RE) FlvE 2% (R?)
GUit e bR BILGE RFAT AT PR, SRR 1 A B S KB S5 WIih 4
PERD FAAFHERITE . 5% (RMSE) s SR 5 A JU0 MR 1) 4 %6 1 22 1T 2 R
B, eE RSB (R WSzl SAERME RS R SRR, MXHE2E  (RE) R
SCIE SR B B 2 A AR 2 . Hod RMSE . RE T R? (i AR T

RMSE = 1Zn:(lvli ~A)
i (4-9)
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n

S,

RE = |1- 12— [x100%

A

i=1

S (M -A)
R2 —1_ iz

> (M, M)’

i=1

Forbe MR A 73 S BRAUCRI S ) 80K E, MOMEEIME RIT1 . Hdr, RESM [

fEN, At R, AR .

4. 4 {REMRILE R 3t R AEELE
4.4.1 1855 R A K B BERT I8 T AL HAE

25 7

T o

e NN N e

05 : . .
2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28

. N
: AN AN AN
e e

1> ——M20cm
1 ——M20
0.5 T T T T T

2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28
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*
27 —4—{100cm
=100
15
1
0.5 + T .
2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28
35 7
*
3
L 4
L A /.\\._‘ $
25 - ¥
2 1 —4—Zifll120cm
120
15 1
1
05 - T T
2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28

Bl 4.4 B 5 SO R] 2 R 3K A MBS S B

Figure 4.4 Soil moisture simulated and measured values of different layers in bare ground a single point

FERHOARE s AL, O J2 8K A3 B ASEHOE 5 STIME O ], SR BN R TR L
J2 3K 4y BRI (B AR A0 R HOE 5 ST E S AR AR Al e #5 3k AR — 3. 10cm. 20cm,
40cm. 60cm + E L) I K B A B LEAEOR, )2 80em. 100cm. 120cm 3%
KA A ARG LU )P A AR S SEBRIE DA AT &, BT 37 2 1) - 438K 43 i 52
MR, FREK, LKA BN (U RS NP R AR (R 4.3
GitadR) , AFEEMMRAEE R &2 LIRS /K E RRAME 5 SR A 1R 2
RE 7E 0.24%~1.01% [A] 384k, RMSE 7E 0.037~0.072 Z [A]484k,, R? Kbl 4h FLei i S A HL
£ 0.6 PAFo 40cm ZL3K & B REISURBHARE 2, e R/, BTiiRE
(RMSE) FIAfixfiR%Z (RE) BHALZEK, HEZFEHFTRER, ZXEBERETTREX, %
DX A A 0 a2 A AR SRR KRR S, R I B R TR L X, TEIE CRAUIEAE 5 [
FELBEAR 22000 ) A JE RIS s e, RSHDLIE R Hh BT A P P B T 20 R A0 2 ] 2 5t 20 e ¥ 2
TE—EFEE FRgma S BRI 45 . (HEARSRE, 7R B s A AR AT DAL AT A il o
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ANFZE LEFOK ARG, HARZEVERBUN, w] DU B SREBR A 1 X AR b 387K 73 £ I 1]
E B SRR

R A3 BRI BT K DL SRR B it

Table4.3 The precision statistics of soil moisture content simulation in different Layers

+2 R® RESM RE
10cm 0.77 0.042 0.24%
20cm 0.72 0.037 0.63%
40cm 0.64 0.072 1.01%
60cm 0.66 0.047 0.65%
80cm 0.75 0.062 0.88%
100cm 0.71 0.065 0.89%
120cm 0.78 0.059 0.77%

4.3.2 HEXE S ZETIES/KEMHENIE T LAFIT

25 7

*

ol
R . V\,\]\J \l\K :ﬁj

05 +

2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28
3
L J
NN
2 & f Wi A\ o,
. 4 d e~ M
L J
1> ——M20cm
1 ——M20
0.5 T T T T T
2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28
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25 % Y
27 —4—{100cm
=100
15
1 i
0.5 + T T
2014/5/1 2014/5/31 2014/6/30 2014/7/30 2014/8/29 2014/9/28
35 1
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P 4.5 FEA X B A ) J2 33 K DU 5 S DA

Figure 4.5 Soil moisture simulated and measured values of different layers in bare ground a single point

FERERE XAE R AL, B % = 133K 4 & 2 5 LB AH XS 1% 22 RE £E 0.27%~0.91%
2 [fA21k, RMSE £ 0.007~0.105 2 [A] 45 {k., He i 5% R® FEAHRLE 0.52 UL k. R4 Hydrus
*%ifﬁffﬁ%ﬁzl:ﬂzﬁ PSR RIBKARAY o ASADLRS R A R PR AR A R R P
RE IR R T 5 XA A, AR AR K WK BE TPl R — 2 BB MR 225 [RII 7R
Mlﬁﬂﬂﬁ)ﬂiﬁﬁ BT ] A2 KRN 2% 18] B R A G 1) 2 A — e R B S M A R BEADL ) 25 R
A, SAEREAFRE LR LK 55 B R ARME 5 SC M e R EE A — 3
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F 4.4 FEHE X R IR AR S SR FE
Table 4.4 Vegetation soil moisture simulation precision of the single point statistics

+ =2 R’ RESM RE

10cm 0.71 0.066 0.27%
20cm 0.66 0.030 0.69%
40cm 0.52 0.007 0.87%
60cm 0.55 0.059 0.75%
80cm 0.63 0.061 0.81%
100cm 0.61 0.072 0.83%
120cm 0.64 0.105 0.91%

4.5 KRB

AR AL FEALPE YA X TR B AT T, B AR A, At X 5 g A
AR X R, B Hydrus-1D 5880, M AR i A AN [R] 1 2 387K 43 B B B e 1] (1) A2
Te I, RIS TR A 2014 45 1 HZE 2014 £ 9 H 30 H, it 153 K. FFAIRE AL
S 35 K B R B AT IR UE . SRR

(1) Toif 2 RHRE 25 T 38K o3 PRS0 A 2 A R A DX R 33K B, A%
J2 3K 3 WA 5 SEIME S B, RIS [RIR B 2 338K 7 s B T 1] 22 1 [
B 5 S AR AR Al A AR — B

(2) 10cm. 20cm. 40cm. 60cm - E AL H H 38K BB sh LR R, T2
80cm. 100cm. 120cm 37K AR AR NS LLER B A, (HR 5 SERR B LA &, oK
X R 2 ) K A R A R, B REK, el LK S . HRIEIE LR
EAVEN RIS, A EE AR 2 R

(3) T L Z AV TEbR, AR XA R AL R B Hith B s s =, )
RESE T XAE AR FR 58 KRR EE J7,  ATAME AR R 2

RS o 98K 738 B S EUR R FE R o R i — P g, (REE B BOK A S B
B AN S IAE FE AW A, AT LA B R b 5 A A4 XA ] J2 398 7K 43 5 58 o T 1Y) 7
1k, FrLh Hydrus fB4E— @ #2 5 EnT DU TR0l B B 4t X L 38K 7 3 it 72
WFICEE R, A X IR RAT TG B e ) () 3K o SRR Bt — R 077, Nim —gisi =
AL 0 S S HET SR AL SRR
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5 BIREARRRELIEKS

g

ARAFACIT 8] PP 51 R RS Bl ) 4K 7 BERR KL, AR A MBS R AT
REEAl . X TRRPUER X, BEESIKEREWHASRANEERNER, HAHEMK
PR FE o DRI, PR L 7R b S DX 3 RO 1 3R - 438 7K 4 23 [R] 23 A (5 B 2 — Ml
DI EEAR ORI 0] o ) FH 28 BT B E R Bk &, A OG5 B I I B A AT DASE {3t
KA R 2 6] Sk B8 dE, AR Fe IR (I ml P i . ASHIT 52 e FH ) B BV
FERRIANAE A At X S s E3 S /K A SR 5, Bl 23k, Bttt . &
T RS A X R = B K B
5.1 RIREFFE

PPt B RAEY) PO A R B ) FE B, IR 0T 5 A A S e B S #e KT RE T
SYRM L. B USRS RN, AR R IOK I ROK,
ARG KENHIEREEZ AL .. —BCR LB EKES HIEREE IR KR R
[O71, - R 5 SN

P=\/4pC (5-1)
A POAHIEARE Om?KTs™) ; AN EEMMES RS UmtstKD ; p N HIE
B (kgm?) ;¢ NEIBHHE Jkgt KD .

2 BGRL OHREZR EBR A, A B A SN S HOA e AR BEEAR SR . S
B S FH FR SR Price 985 4 BT H2 Y (1048 W AVt B il A s g it g 081080, 0
X

ATI =(1- A)/AT-B 52

A, ATE URMAE, A R BAR R MER) , B JyKINES
RIERE; AT N RIEE HEBZE.
K PHAR SRR S B T A 2G5

B =sin&sin ¢(1—tan 20tan 2¢)+cos & cos parccos(—tan & tan ¢) (5-3)

A B ARSI REG 0 N o RN WZER, BHTAVX
T X I/ BT DA A XA K B B i, R Bt o 2 3T AT AL i 40 R [ ]

ATI = (1 A)/AT (5-4)
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AL IR T 5 /K 7 R ) 58 R @SR I Y, | T 3K /) 5 3R #
WE AR R NE S, Bl Be SR R I H &8 A ATHE
IR, WHMAEANXALZN. i, FRESEEM . ARUMEE S 1%
K7 ZlEﬂH’J?X%ff%ﬁulﬁ&L =g — BN B, FERR T IR, AT

W =ax ATl +b (5-5)
W =a+ATI® (5-6)
W =a+blog(ATI)

A, WALES/KE: a. b AR S

(5-7)

5.2 BREAVIRIZER AL

5.2.1 EEHIERIERF
TG BV Bl K B AT (R BRI B IE A 2, G I B R O T B T
%%E’.%ﬁﬁﬁﬁkmﬁﬁﬁﬁﬁﬁﬁ FEABFFE T, ZRIFEEE HA — & WA
BB Mg — AR RO AR BB RS . HAT, M
T AR E R BREE 2 E A TM. MODIS. AVHRR. SPOTS5 %, H:f1 TM =[]
Sy R AN = 30m, (HHIE IR0 16 K/K; SPOTS HAGH = IR 2543 %, (H2&
HAFH B R AVHRR B BONBGARI RS, Hag 23 [m 7 #8%;  MODIS i
BAB SRR o #ee  Fai g s, e r i Wik, A 7tit$E MODIS
YA R AT B I YR o [X 3 - 358 K AT S i

5.2.2 MODIS ¥ #EHIFK BR K FAb 18

AT H R AB E KX MODIS1B #i#&, f MOD021KM. MODO02HKM.
MODO02QKM. MODO03 &4 /=it . HAH MODO021KM &3 Bt #1285°8 1km, &
1-36 P Bt; MODO2HKM 53 Bt 7 #4428 500m, 5 1-7 J B MOD02QKM 53
BUypRE 509 250m, A 1. 2 IANEE. AR LA RAR) 2014 4 5 H 2

H BB FI M 5t MODIS IS, SR #IB & 77 R B Ak BOR I I b IR RS, T
MODIS S0 8 DNV AN B 52 1000 K,  Fif LAASHE 7T 1% £ 1000 K43 HE R 117
i, Bl MODO021KM. AHRFFTIESE 2014 4 5 A 2 H B4 LA 3 F 4P 5 2 R SE b 47
BRE, RATges REEERE B A R BES R RAIER . mH XA B NG G 4:
TERSRIG AT o AE % AT BT R B K E A TINE .

-42-



SPNAGE R A A
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AWEFE R ENVI 4.8 32 B ACFR & 2E % MODIS 1B $0#5 347 kb3, )& MODIS #i#5
FE i DA IS B A AEAR AR EE, (HEGIEAFAE— € BT A . 75 52 b5 g 72
I T B RAR AT KSR IE . PR BB M s g IR LRI IERIREAR
BT T ER T A,

A5 H B S BRI A X 2R 2 K o BRI AE IS TR T AT 0, Rk, FEALER
[ AR 215 I BB SR RS IE, HAKRIEY M ENVI B DhREACEE . e 25 B
WAL N AE T NASA #2450 Modistools #fFiRE4T 4, JUTRZIEME ] albers #5¢,
Krasovsky fHERRALAR R

ST, TR IEEE RN, Y MODIS %4 4 1km 4» #F R4, i
BTt 5 X B o5 45 0/ o D 1 BB g )30 A ] REUAS AT 9 R FH I 3647 IBUIX 300 0 18 B R4
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Figure5.1 The boundary of the Linze Administrative Region and sampling area
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5.3 THAKBERMRY
5.3.1 EMKREERRE

R HRERABE—BR N R &SRS SRR RN ZE. FREHE, =ik
CRP FH 38 B i R R ) 2 5sebrtiRiIE Z A L Z BN, rT DR H =R ZE

AR 200 E H M2, Axlin R

AT :TLST_d _TLST_n (5-8)

A, AT AR HERZE, Tist o M Tist o 7000 HEEFR MR, HTHE
ZHWRAE 31 W B LLAR S R AR R e, DR R A 31 W IR P R RE . A
W/

AT :T31d _T31n (5_9)

A, T31d A1 T31n 4378 MODIS HE 5/ It 31 W Bt il - ASHF 7848 modistools
R = oS R D= 11 i i = (I 2P

Kl 5.2 iz
Figure 5.2 Brightness temperature difference

5.3.2 [EMERBE

S B2 SR IR 5 SR A B R L, RS 2% Al T e R 25
Fh A VAR S 0 B o T KA 0.25-1 5y (ISP BRI T B PR 98 8 B 0 R 2
SRR B e B S B 1, R S B R TR T BT R S, et liang
{7 PR B4 LR SRS P 1)
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A=0.160c, +0.291cz, +0.243cz, +0.116, +0.112¢, +0.081cz, —0.0015
A, o0 5 n B O, AR5 A b sk S SR A5 RN

5.3.3 REMREXAIGE

MG R MR A ATI=(L-AVAT, T3 3550 W B B K] .

K] 5.3 K A
Figure 5.3 The surface albedo

K 5.4 RIUAE

Figure 5.4 Apparent thermal inertia
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5.3.4 BUMREBSTIREKEXRRITE

ASHEFCR BB 0 W08 1km, SPRIEREF SRS e ROt A
BEKERE . EEICHNRE TR (LB 5.1, FERMBRITH BIeREe f 35K
EHIEIAT T FETE BT EE 5 R R B W& 5.1,

# 5.1 201445 H 2 HX AR TR R 5 S0l 138 B /K s R
Table 5.1 Comparison table of measured soil moisture content and apparent thermal inertia In May 2, 2014

B 5 THEGKEW RN AT
1 1.04 0.0017
2 1.06 0.0024
3 1.17 0.0029
4 112 0.0026

BT RUAT RS LIRS KEZE AT L, Bl s ks EAERK
Frillo AW FTI NS SR IAAG B 50k B (1) 3RS K B A BEAT — Ju R MERR AL $RE
B SRR BT R T, ] SPSS19.0 R/ IRVEIA EATTZ A R 5 FE
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118 .
116 * = 371459291
R*=0754
114 / e - 4
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1.02
1

o 0.001 0.002 0.003 0.004

- 46 -



SPNAGE R A A

118
. V= 057363455
116 - R?=0.809
114 ‘/"
112 /
11
Lo / + E5lL
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Figure 5.5 The regression equation of of apparent thermal inertia and corresponding soil moisture content

*® 5.2 BIEE/KEHSRIAB RN AG 4R

Table 5.2 The regression results of thermal inertia and surface soil moisture content.
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Figure 5.4 The estimation results of surface soil moisture In May 2, 2014
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Figure 5.5 The estimation results of surface soil moisture In May 9, 2014
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Figure 5.6 The estimation results of surface soil moisture In June 1, 2014
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Figure 5.7 The estimation results of surface soil moisture In July 2, 2014
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Figure 5.8The estimation results of surface soil moisture In August 8, 2014
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Figure 5.9 The estimation results of surface soil moisture In September 30, 2014

T AT EE A [] B S B0 B A A DX A B S i IS K &, R LA I 48 B B AE AN [ st
A B AR B X 3R S K EIE —E IR, RIERE 23 N: 66.25%. 67.29%.
58.27%- 56.64%. 69.24%. M SiEFEEE R LAE H, {8 B B0 A S i 338K A 7RI TR) |

-50-



SPNAGE R A A

HA @M Ratt. RUESEIBRZEAE T, o) DU AR R e i X 5 K &
BEAT I

Hep 7 2 HM8 H 8 HARXEAR, T Huibfik Sl 138 5 /K 8l H 26 A it
BAEBMIE X . 7 H . 8 AT IS EKRZT, M A KA e S BV BRI & £
BRI R EREAR. JRRTREDN 7 Ay 8 HZ XIS oK, i RIS R A — 2 I AEIR
P, ARG R SR R AR . SAOKREE, ISR L 8 B O B 4 X H 3K
FFREAT RS ARSI () — PP AT 20T BLo

5.5 RE/NE
AT TR MODIS i R F AiB B 73R S I8 1 S S e IR0y BB A (X 3R 2

BEIKE .
(D Bttt fad. B, K BLTE e Hon L3 5K & s A o<
PERL R o

(2) R IZ XA R Y] 38 5K B i, R PEHAE AR X, A Rl Fh 2 s
PR BRSNS R E o AERE I 78 AL IS T mT DU I FABE B 1 X 3 K 73 i3k 4T
IR Ta] o

B2, MODIS $ffa £ 45K 73 Wil Jy T i) S BAT BRI 77 AR BRAR AL T 5%
5 AT PRI YR8 B 2K S B 25 B I e S o Iy 3K 23 A A3 o AR, T
BXARAA . KSR ARSI O A O E L, IFNRERAX
SRR T AR SR — € S W

-51-



el ARt RSN [X 3K 7 2 5t R 7

6 HILREE

6.1 Z&5ip

N SEE -4 K o BORHET I S A — LY E AR T, AR TR =R TR = AN A
JRUBE T BT Hp i e SR Tk I e e TR B A (X 3K o P S R R AT IR AL . 5
—, EFF7RE L (HAY 300m X 340m ££77,  40mX40m [HIEERFE) , Z5A it
FHE G V257 7 VERZ I P iy B e X - 38K o B 2 ) S S PR AT I 9 s 38—, FEBR N
B b, BA Hydrus-1D AR BYGHZ Gy BRURE s kb (RR A s R R 50D T BB
FE 1% 2 L IBK A AE I [R] 7 51 b (AR A EEATASAEL, S A Sl i) 438 7K 73 i AT 56
iE, BRIT Hydrus-1D BT 120 iy BEHCAE A X IR AR s 238 =, FEXIBREE
b R E R 5 R 2 A R B S K&, R A S ) S K E R
ITHE. BEFLEE IR T

(L B MR EG bT, ERE T B TR B 03N, 120 U A B B X
KOS EIE S PLZETE A . B 5 R REKSS BN RS T mAs 2k,
JEHR L JE 20cm LI EKE AL R R B, 53] T 159.62%.

(2) BT H G 7 T, 5 R K & RS A R B .
5 & T3R5y AR FEAE 45.5m ~ 119.4m Gl 2 [A]484k, 10cm. 20cm. 40cm + )= 37K 51
BB EIIS LA B TR B i 60cm AT 80cm + )2 H 3K 4 A B A B HEHE
WG AL AR . 5 2 338K 7 B34 RN T 25%, i BT 4k i it i
7 PEHRE A [X 387K 40 1 2 18] S5 o 1 pH BEATLERL 35 5 1 738 S LAl Ay, B AHOGIR 3R

(R ZD 5, FETEEEN, SERZAFISI AR A, R BEHOIR 2 A
R A 72 BX B 12 SR X3 L 3K O3 e o PR E R R

(3) fEFEEME -, +E 10cm. 20cm. 40cm. 60cm. 80cm 3K/ & & K4
A FH AR Moran's | REYNIEE, U&= L8OK 3 BA 2 EEA G, IFHR
AL R )2 60cm LIk 4 BA RN 2 () 52 v B 2 (A £R JRARFIE AR
HELEERNHE,

(4) IDW F1 Kriging PEFHaE{E 77245 21 % 2 LK 0 & = 1 T o R 5k A
FIE, A IDW H{EEH T2 LKA R m HIL T “FIR” LR MRS ATE
WS HANEE KT E, Kriging fH {85 5 IDW HEER E &, 6 BB E .

(5) 8T Hydrus-1D AU BEHAEBE X PR T R EEA T, AN AR fiib +
Bk oy Er R (R BB WEAT R, S5 R, TOIRTEG B A 2 R A A B X R
AL, B A EZ LK & B E A LA R AR A I A — B, AR

-52-



SPNAGE R A A

FHRP1E 0.52~0.78 (MG A1, #4J57HR %% RMSE RIMIXHE % RE ##HI7ER M T
FEIA, Hydrus-1D #E7 ERCT IR U2 B A X 337K 73 Bl I 18] (R 3h A A AL AR

(6) FEXINE L, FIH] MODIS %iffe, K AV BT A X HZ IR 4 X R )= 1158
IR S AT S, AN VB R S A KR O AR R AR b, XPLER PR FRHL
T DR, A AR R eR ot 35 KR S AR MR sy S TR 358K 73 B S )
TR PRI IR ZE RN

W EERIEIHT R BRI T 5 DX i e P T P i - 397K 7 I 25 AR S AL R AT TR
%, AERAEIZRL I SR B BRAE 4 (X SR DA SRS, AW SR 17 X I 4K
oy RS, BT SIS K O 1) o A A R S AR I AE S RGO R BUE Al . 5
4t Hydrus BN ] 3 B PAER RS, JERAT RIXHISEIZ RN, AHETT
FIH Hydrus-1D HBEB4AS 3 1 12 B R b 438K 73 BB IR 8] R 2R AR, SR A B (1 S
SR I DR HE AN B Bt [FIRE, VBRI N, oo T 3R
TRV 8] ) 3K 7 BRI 17— Rl 2751k

6.2 FIER O]

1. EBHOK A8 3 B R 7 B RE AR/ RS b, 2 VE BN, R g R AE
(e e o/ 0 B2 e R

2. MR HREEFOKPIEMNSEL, BT AFERE], BRI SL 58 = I
E, AMRIECLNE KRB IEHER ), SRR A Rt P iR,

3. AWFFUHI TR MR A, R BE AR AL A s i /b B g e v B S K BT
KA E M

4. ZR|EMEAFRGIL), AR TITERE AN, 5 BT SRR IR S T R e 2L
PR, AT Wb BEAE AR BRI U A7 RSB A X ] M 00 L

6.3 RE

PRESRAE Y X FRAE 5 XTI AFE R DX, HAZ XA LU AR €, 72 U B
5 H A BB REAE K 91 B 48 75 12 R X3 38 K 40 I 3 A8 S R R, £ 33K 4 1) 23 )
AT AL AN I 5] A2 A FUEERIE 7E A JR A, 0E— 28 B0 T 3K I A ey SR I AR S
RGRF: W PRRWRM N SH, SRR, JFHCRR R ERVEHE 2 —4kei =
AET b, R R i SE B 0 HOVE L PRAUE SO IE B A (A &, JySEail I
TR 73 BRI 22 A i o S o P ) 3 e o

-53-



el ARt RSN [X 3K 7 2 5t R 7

B

=R FC A AR R R B, (80 AR A R R, SRR . X =R IAMNAE
FIR EAT VI IS AEET, AT AN AN AR SRS T ARG 21 1 AROR B, Aok 1R
%, WK TRZ.

B, EASCREN IR T 2RI E AR, R EAIBRER AT S5 RE, AR
LI BTN, RIATEEE T, RRESFHREACHEE . AZBIRR
EREAT, EEONIRCLE A AR B0 M 57 . B RN G R I) F R FIIZ T AL 2
ISR, O B HBRISKE, U N S50 . AR AR, SKOHE !

FLR, R OSBRI ST SR e . MBS SNSRI S L, R I A (1
B RH, (ERATZ AR . T IRE T NZ AN 2R, H Tk AR A L
BOPE R RN, RS i BCR A LA BN I8 4, 98 51 RESRE BRI K5
SRR R . NRSCIILER, FFANSEIR it T, PIR/aIRCIEES . BUie &, i
REWIZ AN AR SE, B — O iEi i RS AR ST Ol IR R AR
SRS, A REMA B 5 AL S TAF . A, AFMRIEE, B RMAL,
REBRAES, WHENEAESER. B2, EENEESEN, WEEPMRK T1RZ .

BT Z M AT, SR MK H 7B, REZ2] T XWERERSIUE, &
AT AT TG 2 R 2 H AR SN A H 1, ARAT AR AL BB 35 Bl & haH, K
FKEIRRT , AEWSCER 2 T s A PR AL BB OR

SR T =T AR R R B A A, R E U RATT, AR A S
WEEZR, R, HIENREHE, Ay KK SIS . [,
R I R = B AE R, B AR AR T S = 2, (BRSCGERREA LU A, AR 3R
PRGN, KRBT MRS, BRATFOREE, KEX2MERTS, @
FIURATR AR FIs MR ORISR . RS =FE5R O, £ —E T2
12, BERFAECREBIRR LA A, BORES

ST e L A 2 AR U T I 25 W P P Bl T At Tt SR I A R R B BORE, IR O dRAT
BF A6 i R B el A, AEARTE AR ) _EARME TAR KA (o R AE w6 30 W) 38
BRI LT, AT SO B, AT S5 BE e R A

e Jr R I A, AEAE IS AN 2 ) B RERBR A B 5 3R, ARl
S5, AibEehE O RE AT, BOVE R, Ll VA RE, 472650
Izh 77

-54 -



el e VA7

WU AE AR BR E R, w78 BRI TG PR A2 T RIEIE 0T, i SRR UK A B2 AT
H 85 A1 b B HUR R B R N AR, A IRATT I — A AR, DUE R
SOGE BT .

-55-



el ARt RSB X 3K 7y 25 3 B AT

[1]

[2]
[3]

[4]

[5]

[6]

[7]
[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]
[16]
[17]
[18]

[19]

2 Z XX Mk

BRIV 7, 25, Y0 Jo 4, 5 P8 b T 52 DX A0 A8 A X 7K SCoK 8 0 82 i B 9 a3k g [9]. 1 2 27 4%, 2014,
69(9):1295-1304.

WRIE 7 75, 2 %%, 55 1 A6 5 XK B3 ) Rt 7 S 25 [3]. - IX B 2, 2012,35(1):1-9.
TR, S 5 B XK B A B AR S 1 B 7V 0] K B i, 2004,15(6):689-
694.

iR 0 0 T A RS, B S R e i T Y D P AR 5 ) S B AL [ 9] £ A5 52 41k, 2014,2(15):
4272-4279.

XS, 2 AL T D E R K SO AR ] S Sk I Pt NDVIL RS20 [J]. Hh [ B2 s BR R 27,
2014,44:1561-1571.

B3 BRSO, T B R DX R HORARL A 2 (R = S FL iy b RIOSE I 58 4 e [9]. A 4 5741, 2011,
31(24):7609-7616.

W) R XGRINK 7 AR P AT ks R S T R R T [M]. 22 M HR AR R Rk, 2012
XS AL AT 0 AR K SO AR AR e S SV NDVIL B2 [3]. H B RL 27 R R 7,
2014, 44(7):1561-1571.

I B, PR R S5 ) 5T B A AR T B KO M 255 BADL R G2 (HIMS) B T3t e [J].
HiBE 2447, 2014,69(5):579-587.

Ali, GA., Roy, A,G., Legendre, p.Spatial relationships between soil moisture patterns and topographic
variables at multiple scales in a humid temperate forested catchment[J].Water Resources Research,
2010,46,wl10526, doi: 10.1029/2009WR008804.

Brocca, L., Morbidelli, R., Melone, F, Moramarco, T. Soil moisture spatial variability inexperimental
areas of central Italy[J].Journal of Hydrology,2007,333:356-373.

E4har, B —an, 55 W AEAS A R T 7 551 s X R H 38 57 03 28 [A) A8 7t 70 M [9]. F S IX BT 9T,
2014,31(2): 209- 215.

X B, e 35, 56 A LA Ll X AR AR B Lk % 75 0 2 1) S Jo 1 [J].2014,25(9): 2460-2468.
Douaik A,Vanmeirvenne M etal.Space-time mapping of soil salinity using probabilistic Bayesian
maximum entropy [J]. Stoch Environ Res Risk Assess,2004,18: 219-227.

Webster R, Burgess T M.Optimal interpolation and isarithmic mapping of soil properties 111 Changing
drift and univesal kriging[J].J SoilSc.i,1980, 31: 505-524.

McBratneyAB,Webster R. Spatial dependence and classification of the soil along a transect in
northeast Scotland [J] .Geoderma,1981, 26: 63-82.

Greenholtz D E, JinYehTC, NashM S B, eta.lGeostatistical analysis of soil hydrologic properties in a
field plot [J].JContam Hydrol,1988, 3: 227-250.

Rieu M, SpositoG.Soil Fractal fragmentation, soil porosity and soil water properties[J]. Application
Soil Sci.,1991,55:1231-1238.

Tsegaye T, HillRL.Intensive tillage effects on spatial variability of soil physical properties [J].
SoilScience,1998,163(2): 143-154.

-56 -



SPNAGE R A A

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

Brain A Needelman. envirmental management of soil phosphorus[J]. SoilSc.i Soc. Am., 2001,65:
1516-1522.

MR HEAR K SEAR KA HOKTR, B 2= i T H i AR [X A 33 36 73 A #h ot 1 2 18] 7 A1 4% S [9].
+ 338384, 2013,44(6):1314-1320.

IR, AR TS K A SR T G v 2 1 AG IS ] R i R A R 4y 23 ] 3 AT [J]. Hb BERL 2, 2011,
31(8):1001-1006.

Wy it g R S 3 5y IR I AR DB R 5 A S SR S R AR 10 1) S 5[] v D
2010,30(2):319-325.

K B R RIS AL ER AN A5 i TR 2T 35 X ) ROBE T 38 5 0 AN K 23 19 228 1) A8 S F 7T [9]. 3 41,
2011,42(1):7-12.

B 5 B A L s R PR 4 b 3 R < S A TR AR S B YRR [J]. 9% I 4, 2013,
44(4):1483-1490.

TR, B KSR R e S X AN [] 3 R FH SR Y 3R S22 3K 2 1) A e ) RS BRRE [3]. 2
FHAEZ52441,2013,24(5):1199-1208.

Li J W, Richter Daniel de B, Mendoza A etal..Effects of land-use history on soil spatial heterogeneity
of macro-and trace elements in the Southern Piedmont USA[J]. Geoderma, 2010,156:60-73.
TR, 5 KIS A5 I B AR N i e 3K 23 1) 23 [R) 23 SRk 7 [9]. o [l 952,201, 5, 1149-1155.
WREIAR 542, B 7 . I B 2 P 48 7K 3 23 1) 2 A e AAE B BR 540 B R 23 #r [3]. 7 X B U 5 3445,
2013,11: 99-105.

Entin J K, Robock A, Vinnikov K Y, et al. Temporal and spatial scales of observed soil moisture
variations in the extratropics. Journal of Geophysical Research, 2000, 105:865-877.

Brocca L, Tullo T, Melone F. Catchment scale soil moisture spatial-temporal variability. Journal of
Hydrology, 2012, 422:63-75.

Coppola A, Comegna G, Dragonetti, etal. Average moisture saturation effects on temporal stability of
soil water spatial distribution at field scale. Soil and Tillage Research, 2011, 114: 155-161.

Brooca L, Tullo T, Melone R, etal. Spatial-temporal variability of soil moisture and its estimation
across scales[J]. Water Resources Research, 2010, 46, W02516. doi: 10. 1029/2009WR008016.
Henninger D L, Petersen G W, Engman E T. Surface soil moisture within a Watershed-variations
factors in fluencing and relationships to surface runoff [J].soil Science Society of America Journal,
1976, 40(5): 773-776.

T LM, T A R, 2, A AR A PR A A P - S U A 43 K 43 ) S ol P O] AR A 2,
2013,33(19):6287-6294.

255 R T Ut I, 5 5 1 e i XA () b R ) 28 70 358K I R R AE [ AR S S5 R A BRI
2£11,2013,29(4):478-482.

T 25 0, A B 22 0 G, B v A X IR RE 338K 43 [ A% 7 4 [3].2012,23(3):310-316.

ST T, X B rE AR TG, A R T BT T B H A SR SR 3K 20 R R B [0]. Ll AR, 2011,
29(6):649-653.

PR R R, B [ ), 55 S e e I s X 3 i AN () b it ) FH 077 20T 338 7K 23 (R I 25 A8 SRR AR
[J]. 4 455441,2014,34(18):5311-5319.

-57-



el ARt RSN [X 3K 7 2 5t R 7

[40]

[41]

[42]
[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]

[60]

[61]
[62]

K SR KWK, A7 B R, 5 A0 3% L 1B Ak vy FE 55 ) 387K 43 25 [B) AR SRR AE 49 BT [9]. 0K )1 5 12,2014,
36(1):88-94.

b, R YRR, ] 40,55 SR BBH BEARUSHDLTH 5 3R] b 3 A HH A3 1) = 57K 73 B 7T [9].0K
JI¥% +,2011,33(6):1294-1301.

AR, U IR, R, 55,2006 T VIC 7K ST AUARALL 45 SR 43 #T[3]. /U 5, 2008,34(3): 69- 77.
eI 5K A 2 AL BB R 0 70 M 3K 2y Bl A 43 B S MR R T bR BB UL [ K R A g
J#,2013,24(1):62-72.

TR R TR S MR B K A R SWUR 785 78 35 5y J5 R0 A 4 [3] Mol B2, 2012,

48(5):8-14.
BT 5, 2 WO, A 22 BT SHAW B 1) 5 4 iy JiR 1 52 XA 387K 73 3 A8 4541, [3].2007,
23(11):1-7.

Khalil A, Singh D K, Singh A K, et al . Modeling of nitrogen leaching from experimental onion field
under drip fertigation[J]. Agricultural Water Management, 2007, 89(2):15-28.

Schwen A, Bodner G, Loiskand W. Time-variable soil hydraulic properties in near-surface soil water
simulations for different tillage methods. Agriculture Water Manage, 2011, 99:42-50.

J.AVrugt, J.W. Hopmans, J. Simanek. Calibration of a Two-Dimensional Root Water Uptake Model
[J]. American Society of Agronomy, 1999, V65 (4):1027-1037.

775 1 PNSE, R BT F, 55 HYDRUS-1D A5 6] 25 8 [X AN (] 8 it 175 3¢ T 280 3% 1T 4% 1 B 41 [3].2008,
28(5):853-858.
2t B AR SRAT TN AN [X K B B A A AU [J] A IR BT R 7 24, 2004, 23(6):1232-1234.
DO ARF] X TR E, % HYDRUS-1D /2D 7F 387K 43 N5 i FE 540 1 2 A [3].2011, 39(36):
22390-22393.
L3RRI, B ), 55, Hydrus-1D 5 7E FH (] 7K 478 2R RAE 20 A v 10 I FH B St [3]. 4R Ml A% 2
#,2011,27(3):6-12.
R AEE A SR A R T Hydrus-1D BRI K 22 X 5 I EE NSNS B U [3]. T P IX R
ikﬁﬁ?i 2014, 32(2):191-195.

B GRAT B SO S A PR M AR R I B K R 9] B PR R JRK, 2012, 25(1):44-49.
H I R, B BRI e A 5 K 4 S B[] 3 BEURL 2% 39F J2,2003,22(50):108-111.
ke A2 0 XA NG 1| 20— o e 110 3K i e ek ST AR L [J] M R} 23 g, 2013, 32(1):78-86.
TR, TN, A TR Eii%kéj\%%wzi@&iﬁﬁ*ﬁ%é?ﬁﬁ[J] TR X H13,2011,34(4): 671-678.
X AT M f= 1Y A e 55 R TR AL 43 48 5 /K R SR S v S A [R] 2K 358K 43 08 3 A 9] X
ﬁ%%%iﬁ,2009,23(8).139-144.
W30, IKES FEA I A5 AR o [X a3 /K 73 SO 9T —— DA 5t T 9 [3]. B - B K, 2014,
26(2):27-32.
B 150K, X1 oo 3, IR AR B L TR 38 A I T 5 K A Wi 9T 434 ). M ER Rl A 3t B ,2012,27(11):
1192-1203.
AV, ) R AT VR TR I 358 3R 2 /K 43 vh I 9 [9]. 18 824k, 1997,1(1):24-31.
Watson K, Pohn HA. Thermal inertia mapping from satellites discrimination of geologic units in

-58-



SPNAGE R A A

[63]
[64]
[65]
[66]
[67]

[68]
[69]
[70]
[71]
[72]

[73]

[74]
[75]

[76]
[77]
[78]
[79]

[80]
[81]

[82]

[83]

[84]

Oman [J]. J.Res.Geol.Surv., 1974,2(2):147-151.

Kahle AB. A simple thermal model of the Earth's surface for geologic mapping by remote sensing
[J].JGeophysRes, 1977, 82:1673-1680.

John C. Price. On the Analysis of Thermal Infrared Imagery.The Limited Utility of Apparent Thermal
Inertia. Remote Sensing of Environment, 1985, 18:59-73.

John C. Price. Thermal Inertia Mapping: A New View of the Earth. J. of Geophysical
Res.,1977,82(18):131-139.

John C. Price. The Potential of Remotely Sensed Thermal Infrared Data to Infer SurfaceSoil Moisture
and Evaporation. Water Re-sources Research,1980,16(4):787-795.

Carlson TN, Gillise RR, Schmugge TJ, An Interpretation of methodologies for indirect measurement
of soil water content [J].Agricultural and Forest Meteorology,1995,77(3): 191-205.

JEE AR — T ARE B V- D R ) 2 4R R [ 9] 3 PR 9T, 1987,6(2):21-31.

TRAZ A AL AME BAEAEY AL 7 AR 20 #T [9]. £ A 7 (A %H),1985,3:215-219.

G KAA, 22 B, A K 7 5 T RS T ST BE R Sk % (0] BRR A7 3t fie,2003,18(4):576
-581.

Pt ] R 2845 55 A FH 28 BROOUZ S Y 7 LA R 0 TR 0 o 4 82 0] 388 2824, 1997, 1(3):
220-224.

gL, AL, B KT, A R S N 5 K 4 1) A TR 4y S i A 9]+ v i, 2011,33(5):
1149-1155.

BUBSLL, 27 2R, 7K 5010, 56 10 & 75 HE b ) 38R K/ 73 T 4 02 1) A2 e e A [0]. AR5k,
2006,26(9):2827-2833.

Ky, 2 ROH BTk B 55 2 TR e T ) B eV AR 2 ROBE AR PR i B 4 T 7 A1 A2 11 [3].2014,
25(9):2493-2500.

TR (R 2 o R S5 TV AR AR R 33 AU e ) A e R A S L i R 3R 0], 3 4k,
2014,51(4):906-913.

ek, BRI T it e S5 R P T D IR R G R XD K A A AR R [J] X AT, 2000,
26(4): 519-525.

X A M2 v = MRS [M]. b 5B R, 2012,

gk IEAR, VR 5 I RPN 2R 2 TS5 B REAE I 52 e [3]. R IX BE YR 5 855, 2012, 26(12):86-89.
R4, 2 A ) 55 0 S ) R 32 1 R S T A AR AE 7 [ e B P E F []. o Vb, 2000,
29(4): 628-635.

TR, 2R 2 A0 38, S M G T 22 U7 VA g 2 R Y B [9]. #Avs 1 3L 2005, 25(4): 307-311.

T BE B e Ak M G U S HAE AR A A A AT i R S 2 [].2009,4(25):
12353-12356.

LR, AL, PR AR AL OB R SR A R A 1A J A SR A A 0] H R R A A Ak
2009,29(6):1339-1344

BB o 7 W KB, 55 2R T Kriging 48 B (1) B3] 43 /K 5 it R 7K BEI5 AR A [0]. - 5+ X Hi 2, 2009,
32(2) :196-203.

U, DT 5 R, 55 0 3R 7 8] 3 ATARHE 77 AR RO EURIE 7 —— DU Bt X LI rh ) S B e R
I [3]. 3 2T 2%,2008,15(5):103-109.

Au|

-59-



el ARt RSN [X 3K 7 2 5t R 7

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]
[97]

[98]

[99]

[100]

[101]

[102]

[103]

M.Herbst,B.Diekkruger. Modelling the spatial variability of soil moisture in miero-scale catchment
and comparison with field data using geostatisties.Physies and Chemistry of the Earth, 2003(8):
239-245.

X B AR AN R BR A 3 B B XA [ A 38 K 4 119 40 e MR AR AR [9]. K EfR Fr il 4, 2014,
34(6):83-88.

B L1, XA A, i R R AT U R R KU B 9 0 ) AR SRR AE 23 BT [9]. - X ML B, 2008,
31(3):379-388.

SRR, T NN % B A S DXk 4 R Ak T S A A S o 2 9] X R U S PR,
2015,29(2):144-150.

TR BRI, 7 5 s B p 3 T % 2 S /K L A AN 3K 38 1 72 [A) A8 S AR Ak [3]. 2 FH A=
24,2014 25(6)'1585-1591

T IR X WA, A% B Ak, S5 AR 3% 1B A iy FE B ) 358K 4 S 1) AR SRR AIE 43 AT [3]. 9K )1 R 1, 2014,

36(1):88-94.

2 i, A B A R A A o A O 3 R ) A ) AR S B SR IE ol B VRN [3] 8 AR RS AR
2011, 22(4):950-956.

RIFITE, 5206, B B A5 W R A8 B AR OR3P IX 5 2 33K 20 R 2 1) S o 1 [9]. 2 FH AR 25 24,

2009,32(1):98-104.

Schlesinger WH, Reynolds J F, Cunningham G L,et al. Biological feedbacks in global desertification
[J]. Sciences, 1990, 247:1043-1048.

i ZE, X ST e VB 2 W XN AR AR AR = 33 7K 73 4 ) e Joid 2 1) i B T 78 [90. 0K )1 %k 1=, 2004,
26(2):207-211.

KW R 2.2 T Cokriging 0 3% 5 < Ja 4% W) 42 7 0 7o —— DL B 1L i 9 ) [0]. A B AR 9P Bl o,
2012,39(2):34-37.

PR EG 1, 7 e, 5 K Shig R AL FU ik R [9].0K ) 1174 1-,2008,30(3):527-534.

Ir e, RO, T AR A SRS R b XA (] R B 07 3K 58K 43 Bl A8 AR A REAE [J]. 4 R R 2

2013,33(9):1104-1110.

Bridget R. Scanlon, Marty Christman, Robert C. Reedy, et al. Intercode comparisons for simulating
water balance of surficial sediments in semiarid regions[J].Water Resources Researche, 2002, V38:
1323-1339.

Bufon VB, Lascano RJ, Bednarz C, Booker JD, Gitz DC. Soil water content on drip irrigated cotton:
comparison of measured and simulated values obtained with the Hydrus-2D model.Irrigation Sci, 2011,
30:259-273.

S EAL, MRS A% [RIAZ W VAT I A AN [F) T 4 I 358 K 20 3h A BT 7T [3]. 3 3RO A 3t g, 2012,

27(7):778-787.

AL, i, 7Kg, 55, HYDRUS-2D B8 HEUK K RERLTS 5T /K ERIT R RORLIMJ]. SRR, 2011,
33(2):377-382.

NS, AR BR DT, 59, 45 5 T Hydrus-1d B8 4% FH SPAC Z2 487K 703l B Al 55— LAl PG 45 18 9k T 2
T 4% 3% 9451 [3]. Hh A 92,2011,30(4):622-634.

AR B A i T HY DRUS R AN R E /KA 2T K ERIS UM 3] KR 224K, 2013,

-60 -



SPNAGE R A A

[104]

[105]

[106]
[107]

[108]

[109]
[110]

[111]
[112]

[113]

[114]

44(7):826-834.

Mk, 05— 2= IR R I T 4 b 38 /K 7 AR AAE ot 2 A T 2 2 5 5 0]+ 5 X B 5 A 35
2013,27(8):115-119.

5 DAL, 5 I G, A8 W 22, 4 FRRT v e 2 N AN [R5 35K 43 N2 5 123 A [0 4R Mk TR 27 4R,
2014,30(2):124-131.

ZRYIMg, S K 75 55T EOS/IMODIS )75 #5251 5 I B A [3]. 550V B} 2%, 2008, 25(11):20-23.
TR, B LS A H MODIS Hidfs s I K TR 387K 7 5 R AR SRS B 7L [3]. e el ol R, 2008,
20(11):4784-4787.

Price J C. on the analysis of thermal infrared imagery: the limited utility of apparent thermal inertia
[J].Remote sensing of environment,1985,18:59-73. Meteorology, 1995, 77(3): 191-205.

SRR, B, 5 O W I F ) SN R [9]. 338 IR R 58,2008, 22 (1): 111-116.

TE A E, RS R T MODIS #idfs S BT b X 3K 7 (AT 7T [0 38 IO 5 N T, 2011,
26(4):413-419.

FE XG55 26T ENVI ) MODIS #E TR 7 VA[J]. 1o BE 4% 8] {5 ., 2008,7(4): 98-100.
BTN, ER AR B SCIN, 55 25T MODIS B} 48 1 39 /K 75 38 1 B F A 72 [3]. Hh B RO UK,
2011,32(1):161-164.

o ee, FAE 5% H 40,55 T MODIS B i) R ) it 4 - 39 At B S s T 9 [3]. 08 IR 5 B A,
2012,27(02): 197-207.

FeF AR, B G, 5 T E B R H N R SRS I 2 2R [I] AL TR 5% 4k, 2013,29(1):
136-133.

-61-



el ARt RSN [X 3K 7 2 5t R 7

B3R A MIRAIZE BFR

-62-



SPNAGE R A A

BUEF A HAIE] AU 5T AR

[1] BESLAR, ) 5%, B85, 55 T 78 7 TR X A A (X 35 J2 3R A% K 3L T2 4E 35
AR R AIE [J]. 5 X 9E,2014. (55 11))

[2] Hu Guanglu, Fan Lijuan, Zhang Zhongrong. Study on influential factors of crop
water productivity in irrigable land of arid area oasis.GIWRM2012.

[318A) 55, BESL AR, F A<, 55 e BE- S Yo Y2 iy BRE DA 43 8 = - 43 UKL 1) 2 1) S Jo 1
[3]. 22 P 28 18 R 2 2k (H SR B2 R),2013,32(6):159-164.

[4]1E 57405, 5. CMORPH 12 38 B f /K 7 b #E H 7l 48 B0s& PR 2D 4, OK
SCAEBD

[S]4# 3748, 5 55 T Cokriging F 3 B S e i 7 AR AR Vb
TREFITTCAESO

2 [ A2 57 i K £

gl

-63-



	封面 
	声明 
	中文摘要 
	英文摘要 
	目录 
	1 绪 论 
	1.1 研究背景及意义 
	1.2 国内外的研究进展 
	1.3 本研究的主要研究内容及技术路线 

	2 研究区概况及数据来源 
	2.1 研究区概况 
	2.2 数据的来源或采集 

	3 荒漠绿洲过渡带斑块植被区土壤水分的空间异质性 
	3.1 空间异质性简介 
	3.2 空间异质性的分析方法 
	3.3 不同层土壤水分的空间变异特征分析 
	3.4 本章小结 

	4 Hydrus-1D模型对典型样点土壤水分的时间动态模拟 
	4.1 Hydrus-1D模型介绍及应用 
	4.2 模型原理 
	4.3 模型的参数率定 
	4.4 模型模拟结果分析及精度验证 
	4.5 本章小结 

	5 热惯量法反演表层土壤水分 
	5.1 热惯量方法 
	5.2 数据的选择及预处理 
	5.3 土壤含水量模型的建立 
	5.4 热惯量反演土壤含水量验证 
	5.5 本章小结 

	6 结论及展望 
	6.1 结论 
	6.2 存在的问题 
	6.3 展望 

	致谢 
	参考文献 
	攻读学位期间的研究成果 



