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Abstract: The relationships were analyzed between the spatial distribution of soil moisture and the environ-
mental factors in the upstream of the Heihe River watershed in Northwest China. Both in-situ and random
soil samples were collected across the entire study area to determine the soil texture and moisture content in
August 2012. Satellite images, DEM, land cover, and soil databases were used to derive the normalized differ-
ential vegetation index (NDVI), slope, aspect, and vegetation covers, etc. using geographic information systems
(GIS). Geostatistical analysis and rotated principal component analysis (RPCA) were conducted to derive the
relationships between the soil moisture content and related environmental variables. The results showed that
topography was the main factor affecting the spatial variations of soil moisture in the study area, the slope
gradient and aspect were negatively correlated to the soil moisture content and the soil water content was higher
in the north-faced slope than in the south-faced slope in the upstream of the Heihe River watershed.
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Figure 1 The map of the Heihe River Basin
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Table 1 The distribution of soil types in the

study area

TR TR /%
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Figure 2 Sampling sites in the upstream of the Heihe

River watershed
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Table 2 Mean soil moisture content under the different vegetation covers

T w2 H T2 E /em = /m ek e RS OKETIE/ % FEREC B/ %

010 3500~4000 MHFIFEVREE LTI 29.04 16 19.49~90.83

2 ] 3000~3500 AFIFERE L FEYY 27.35 4 12.08~54.48

1050 3500~4000 JEFIFEVREL L R 20.92 16 9.70~88.77

3000~3500 MHFIJEVREE L FEI 19.99 4 13.20~29.59

3000~3500 LT FEAE A Y 31.05 4 21.06~44.22

iy 0~10 2500~3000 SZG L R 26.42 3 14.20~43.79

1050 3000~3500 IEFIFEVREL L R 28.9 5 21.64~31.66

2500~3000 LA F4E |- 2B 19.22 3 13.55~24.67

0~10 2500~3000  HiL7H FEE A T B 17.44 2 6.41~28.48

A 10~50 2500~3000  Hi 7 B4 - Y 14.93 2 12.00~17.86
\ 0~10 3000~3500 HMUFIFEFRE L FEHE 20.85 1 20.85

A iRt s y

10~50 3000~3500 HLIIFEVRAE T R 12.91 1 12.91

T, A KRN 0.08%~87.79% , 0~10 cm *F
PIE A 20.03%, 10~50 em FHIE A 17.52%. 7%
WA, FHES KRR 6.41%~57.68%, 0~10 cm
SEAE{E N 24.21%, 10~50 cm “FHE N 19.59%. 1F
T B, T3S K ST 2.23%~9.35% Z [A], 0~
10 e “EHIME N 5.31%, 10~50 cm “F15{E H 4.82%.
FEIX A PR 2T, 0~10 cm 885 K B R
e L A > R PR S B RS FE L, T 10~50 em 52 3
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Figure 3 Distribution of NDVI for August, 2012 in the
upper reach of the Heihe River watershed
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Table 3 The variance, standard deviation, coe-
flicient of the wvariation of the soil
moisture under the different vegetation
covers

MgER LEHEE/om 2% STD OV
. 0~10 264.34 16.26  0.52
R 10~50 258.10  16.07  0.56

0~10 266.97 16.34 0.82

o 10~50 183.80 13.56 0.77
N - 0~10 9.90 3.15 0.59
WA 10~50 8.45 291 0.60
Bk 0~10 223.16 1494 0.62
10~50 216.69 14.72 0.75
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Table 4 Correlation analysis of the soil moisture
content and the NDV I values

B R NPV
Pearson fH G WEHECM) N
0~10 cm 0.49** 0 109
0~50 cm 0.50** 0 231

sk FTARAE 0.01 AT ORI | LR, N NFEAR S
3.2 TIEHIWARNTESKENFEN

STl AE A 27T 0~50 em - 128 P ATk 28 B 2
Bl 5 fran. S5 SRF I, KRy T3 E E i i 4 AL,
fE0~10 cm 12, By b & &0 N 23.78%~71.28%;
10~50 cm f53 b 5 & Y0 [ N 32.93%~75.12%, F ki
FRYRL B 3 5D, SR AE A 28 8 2 [A] - LA
MR W 2 . NAESE A R AR AR T A 0~
10 cm F10~50 cm = 338 k7 25 & AR 6 X [R] A1 - 4
SR8 S A B HET T (e 5), B F Z A% E
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Figure 4 Relationship between the soil moisture content and N DV I values in the study area
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Figure 5 Soil texture under the different vegetation covers
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Table 5 Distribution of the 0~50 cm mean soil moisture content, and clay content, elevation, aspect,

different vegetation covers and soil types

[N i A e E

T kR #7/m 3 i %j;:' - iij';;;
TR FE R B 3 500~4 000 g4 3.70~26.11 27.11
IO B FE R A 1 3500~4 000 5§ 5.78~7.7 35.93
Ftli A TR SR B 3000~3 500 [Ep4 5.04~26.36 23.67
HL TR A - 3000~3 500 5§54 5.06~8.67 23.95
MO FEVREL T 3000~3 500 5§ 5.69~16.17 34.11
HiL TR A - 3000~3 500 5§ 5.27~19.39 28.16
S MO FEVREL 1 2500~3 000 5§ 6.39~16.09 22.42
A B4 - 2500~3 000 Egd 5.08~17.59 22.82
HiLAY 4 - 3000~3 500 Y 5.68~6.34 20.24
A BEAT - 2500~3 000 5pd 5.53~14.73 17.85
R A AR A 2500~3 000 5§ 2.60~3.65 18.04
A BEAT - 3500~4 000 5§ 7.06~16.44 32.84
R iR A FE VR4S 1 3 500~4 000 5§ 12.48~14.89 2.91
RIS+ 3000~3 500 5§54 5.69~13.35 6.98




344 2 XK F P2/ (8RFFR)

% 50 &

I FRs X 0~10 em F 0~50 em [y LA KRS
Bk & BT RN AT KB, Rk RS T
B AR R R FR AT (£6). XA RE A O BRI
Ll DCHTR ST 2, b AR B 1 R, T LT A
TS T BT L 3 o 98 5 7K B 1) 5 [ 43 A1 FY) 5% i
B, HIGG T 58 L Y .
6 LTEAKEMHHNEEHEXIW

Table 6 Correlation analysis of the soil moisture

content and clay content

B2 At

B AKE _
Pearson fH M4 EEHECM) N
0~10 cm 0.05 0.41 242
0~50 cm 0.08 0.40 129
N ARG

3.3 WEMNETIESKENZIY

Fad 3 Y B AR 157.5~202.5 °© 2 [A], db3E i
Yo FE0~22.5° B2 |, WFET frx, TS KE
Tyt L B n) 2 (A1 B W R A ek, SR
B E TR R R, FEALY, TS KRN 6.36%~
58.32%, “T-HIME N 27.87%, brifEiZE R 22.16, L FH R
oA 1.255 FEFG I, & K& A 6.41%~40.13%, -
IAE R 20.72%, FRIfEZE R 10.64, 48 S R ER 1.94.
gh RN, IR, TS K R A B R K
TS K B, b TS K& S TR, X
5a1 NH 98 45 R — 2. (HIE0~10 cm £ 2 5
AR AR R AT R, TS KRS
e 2 [AAE 5ok RN 3, (B 5 RAE R R 5
Fy XA R B RS K R A 2 I A
.

=7 HESKEMEE HE BEROEXESN

Table 7 Correlation analysis of soil moisture

and slope gradient, slope aspect, eleva-

tion

0~10 cm 5 7k &

Pearson & #FH M

0~50 cm 35 7K &

Pearson i35

TR (ORL) RS (OB
BeEE 0.04 0.69 121 —0.30** 0 275
Wik 0.52%* 0 121 0.49 0 230

Wr —0.11 0.23 121 —0.15* 0.01 275
o FORTEBEIE () H9.0.01 i, H 5 HE A2 235 45
« FRAE B E (D) 9 0.05 I, 5 At 28 15
N A FEA L
e 8 prR, A L A I g T, [ —
b bR e, R KR 2 B R A A
T S B B AT PR R A R M, T A
ALIEAR R E [7] —Ff £ e SE RN S AU UK H,
PRI AHI AL 9 .

*8 MIitEIEESKETLHE

Table 8 Mean value of soil moisture in south
and north slope
e
R bk T jﬁ;‘;;f
M+ 3500~4000 db3 49.31
o AR FERES 1 3500~4000 T 25.11
A Ll MIFERE+ 3000~3500 dbh  32.33
ARG+ 3000~3500 FElk  23.67
A B4 - 3000~3 500 L 0
b HLTR B4 £ 3000~3500 F#i  28.15
HL B4 £ 2500~3000 b 22.37
TR 4T - 2500~3000 M3  18.63

o FERAEE A E (SUM) 3 0.01 5 N A FEA L
3.4 BALBETEZKEMNIERT

Zi bk, EES IR WOE L . NDVI.
ok & B F R, 15 H e F 7 o ik Rk
iff o SR T4 R A% R AR S FE AR R

K3 . B ). NDV I ki & &4 N IRSEA 7
HEATKMO fa: 56, 25 42114 AR5 R F 19 KMO
PIE A 0.54>0.50, AT DASEATIE R 3 554343 1T

H 29\l I, FE Ao 1 # I R 3 a4y 2 L
THZE B TR 7 1 R0 DR A B T 64.07%, HEX Y
AT T NDV I B B S5 R R 1 1Y
64.07%. [RIT, 520 230 _F iy b 35 ok S IR BT A
TR AT R

x99 BB IS REHEMRITAFERHKE
Table 9 Characteristic value, contribution rate

of principal component and cumulative

variance contribution rate

v B BT R
i g DCOTE L g FUTE
FHR% SR /%
1 1.49 37.29 37.29 1.49 37.29 37.29
2 1.07 26.78 64.07 1.07 26.78 64.07
3 0.85 21.12 85.18
4 0.59 14.82 100.00

T A4 FH AR B 2 [A] AR R 2 10 TR, %
fir 5 Fe TR kg 5O AR B R A OC R AL BT
MHRZE, WTLVE M E RS 1 5 E. S, NDVI
M4 B1IA ] 7 0.80, 0.61 Fi1—0.66, E 32 5
Fhokr & B MRS, A E] T 0.83. G E AL
R pk sy 2 MTTEkE, PL4 NI R 7R B4
BT o 8 H B R /N SR o IR TR 56 3 Ok i
SO AN, AR A 3 B > 30 ) > A 6 B > B R
. RIS R, RIS OKEM BT
FEHTE A7
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Table 10 The initial factor loading matrix
A Far1 F a2
NDVI —0.66 0.39
e 0.80 0.18
e ar| 0.61 0.44
ki & e —0.19 0.83

F ) Are GIS ¢ 1 AT b i AN [l £ B R0 A B
R G, WK, TG I b B BT AR
HI RN, 35 B A b A 20 5 2B R AT L g 5 Ok B
FAHBTE R O AE AR 0 7, T 11 .

*11 BAULFTEMERAaERR
Table 11 Soil and vegetation types in the upper

reach of the Heihe River watershed

A

ot

s TEPG/m REBESEAY RHEREL B REA
[= e =

1

2

>3000 7 llECA) MIFIGERES L R 32
RS L B 9
GERF: fE IR A G 1, g
B KB 23 (AR St R B R A7 B I T 1 B RO
0~50 cm 135 K B 537 TR 0.01 B9ACE B2
FUAE 3, H 96 R BRI —0.83, T 5 M4 R0 35 [ 0]
REEHK (K 12). LW ELEM2 P, LA
A5 ORI A O B IE A O, X ERWAEAR
A T 4 A, S K A B 43 A &2 B AS
I A T (R 7 S 38 5 0. FE RO B B, T IR
A PR b i A A R A (A A A ) 4 R
#F12 ARATEFEHAEPO~50cm LESKE
SR ERXES

Table 12 Correlation analysis between 0~50 cm

>3000 HiH

soil moisture and slope under the dif-

ferent soil and vegetation types

B3 0~50 cm = LI E A 0~50 cm

3 AR 3 AR
Pearson @& Pearson @&k
R (ORU) FHME (B
W —0.83** 0 12 0.34*  0.03 40
Wik —0.21 0.50 12 0.33*  0.04 40
¥ —0.05 0.89 12 —0.13 0.43 40
ok FETRAE 0.01 7S CRUMI) k- 58 2 A 2.

4 %k

A KR I A AR o 2 R RS
B % (W), W, L S2 R TEEER M
LR ARIGE I E R ATk, AT T R B
S K SR B AR HUP R 2 TR
KF. GREY], R B, TS AR 2
e L B ) > 8 R > T > 57 B 1 4 SR A i R

b, BIEE K2R Z R HIE H 7 R ZR G5 0, H
YR SR SO S R — O I 7 2 (R A
RKEBIERZHNKE. BEERARE L, &
A K BAFAE B S R S Bk, B S K R
e 2z mAr e, LB KR YRS N E B
TR C. B, T S I & kit 2 (A4 ek
AL,

B B S KBS WA R EEE T2
HOJE R 7. FE #3000 m DL_F b 55 R, &
LR R MO FI FE VR B, TS K B R A7 B
JEE B 2 252 M. TR AE YRR 3000 m DL _F g 1 5 )
T, IR MR JE R £, T3S K 2
2 B ORI FE Y SE 7] 52 1.

ARSCAAE IR E B o347 7 52 0 438 5 ok &
A5 (A A e ) AR, R B S R AN A RUEE TR 2R
B A L S AR E R SRR, R AT AL
SO T 0 5 A BT R, R AR A IS ) TR A
FESEHEIX LT
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