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Fig. 1  Distribution of sampling sites in the study site (10 m in contour interval)
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4.8 mm(6 A8 H)F158.9mm(8 18 H ~8 H 22
H) o 2010 4EA4: K 2 H B W R 2 % 28 1k 2 (ET,)
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Table 1  Precipitation and reference evapotranspiration (ET, )

over the growing season in 2010

H % Month [% ™ Precipitation ( mm) ET,(mm)
4 1 April 21.3 112.3
5 A May 29.7 166. 7
6 H June 12.9 204.2
7 H July 27.1 178. 1
8 H August 136.7 123. 4
9 F September 46.3 102. 4
10 A October 18.6 90. 6
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1 22 3K AR RRAE il 26, SR 05 A 1 3K 3 FRAE it 42
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25 cm 130 ~35 em IR E W E AR FEIME, —B
M, - YR 2510 B 52 A7 A 5 BURL 4 5 e, T b
T 2 2 R BE RN = b A1) FH 26 B X BR A% B 5 e kL
B ] IR TR VS 0T S R S ol = 3 11 B -
2 1R S A P 20 R . B b — 4 R

SR (4 Pl ) R 200 O HL 3 AR 5 A 0
AR HME, I N 6 A RE B AR T,

B HE S MY 2 BRI W IE VI (tane) 3 1]
A3 AE (cosB) FI s TR AR 19 5L T 3 8 DEM (5 m 5
JiE ) 5
1.3 SHE

% JH Kolmogorov-Smirnov 75 ¥ 3 Wy + 32 £ 4k 7k
Gy AR IE A, R P o K 36 7 R G B Bl S v T
HEA UK B9 25 5 535 P, SR ] Pearson Al 3¢ 2 B it
e A BOK SHIEH THXECE,

TE A3 BT B A5 KR X A ok 5w a8
213 ARE S A ROK BE 5 1 5 R O A, 23 A
R S A 4 22 T T AT A0

(1) B 5E VR 52 22 (hRUERR ) S BEAR 3 1
(b o 2, SR FH b o 5% 2 e ik R B AR B R R E
AR, e W AE A 19 (80 A R il s P kT 2
REAR g 52 4 <7 AR I AR R 25 (S,,) W KR

S
&—/M (1)
P s REARFRUERE  m AR,

SEBR L, b A RO R — A 2 ] R R 7 R A
2 R A A ROK A — R B2 ) A
PEUY RRMER S (D) A T2 R, BRI o
T — REE ) e — )2 A ROK, B e N B
N(ASCH 213) PREHLAHIRE AR N M(1<M <N/
2,M S0 MREAS B R REAS H A R — U
SEASF) K = N/M D ST AEASE K /NG H&
FAo RIGH P K AREARLE W {H, 3
PRAEZ (S) , B hRuEiR . LI AR TS 1000 K L
WA AES B ML AR 1) B2

(2) AR 22 - DUAE AS i 2 4 X0 B SR {8
SREA Y ME 2 2 0 4 % F R A SR 25 . BB
BN YL AR RN M(I<M <N, M N
O BIREA S T L0, AR5 T SRl 5 R
AR 2 2 00 4 X (R, 24 R 25 1 O HE FR 2 g B
FLasE "™ . U ERFREESR 1000 KL
R B ML B A B4 R i

2 4 R

2.1 #RGSH

T Y AN A W )RR V' A
W LA RBOKGEHE IR 2 iR 7E L5 A
R KA (LR WFRI(ED) J7 1, AN R 2745 A 1 2 3

http : //pedologica. issas. ac. cn



60 +

il 52 %

RN IWIE > Fk > 3, H e IR T R I ) 22
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ANEH (PR U S ORU B A v R v SR B P
52 1 P W R RN A A, 0 G 0B AR A3 A R B
Wi o XF A% 70 A7 A 36 25 SR 2% B Ik TR 9 T AS [R) Z
AR )2 A ROK I FF A B 0 A (bR 3 2 %
10 em &) |1 3 380 R 1 84 i IE SRS IR £
Hp HRZZF AR BOES A0, 2 AT
A IESWAFE A I BOER /A0, L L5470 4 1
B OK 23 18] A8 S AE 5L 00 e e R
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Table 2 Statistics of available soil moisture in different seasons and depths at watershed, hillslope and gully scales

. + 2 Bt S (/Y i /Y538 ) Statistic parameters ( watershed/hillslope/gully) R
:ﬁn Depth  Hff{ Mean B2 SD 5 5 R A i e fi e E&E Signifi
(em) (%) (%) cv Kurtosis (% ) Skewness (% )  Normality ~ cance

10 5.19/4.82/6.70 2.47/1.85/3.80 0.48/0.38/0.57 3.77/-0.61/0.40 1.26/-0.11/0.90 LN/N/N * %

Kz 20 6.99/6.70/8.18 2.51/1.94/3.91 0.36/0.29/0.48 2.79/-0.43/-0.01 1.22/0.21/0. 88 LN/N/N #*

Spring 40 7.72/7.30/9.43 2.93/2.16/4.62 0.38/0.30/0.49  2.85/0.33/ -0.63 1.28/0.14/0.73 LN/N/N ® %

60 8.40/7.97/10.12  2.99/2.16/4.78 0.36/0.27/0.47  2.72/0.53/ -0.45 1.26/0.59/0. 46 LN/N/N sk

10 1.66/1.27/3.24 2.07/1.59/2.89 1.24/1.25/0.89  1.44/0.60/ -0.98 1.40/1.26/0.49  NN/NN/N #

CES 20 3.10/2.67/4.86 2.49/2.14/3.02 0.80/0.80/0.62  0.58/0.28/ -0.30 0.90/0. 82/0. 36 NN/N/N e

Summer 40 4.28/3.6/7.02 2.86/2.06/3.91 0.67/0.57/0.56  2.95/0.18/ -0.30 1.39/0.44/0.73 NN/N/N *

60 5.35/4.70/7.99 2.96/1.97/4.51 0.55/0.42/0.56 5.62/0.72/0. 39 1.82/0.29/0.99 NN/N/N * %

10 6.06/5.77/7.23 1.91/1.46/2. 88 0.32/0.25/0. 40 4.94/1.15/1. 82 1.14/ -0.33/0.80 LN/N/N %

k2 20 8.38/8.19/9.17 1.87/1.51/2.79 0.22/0.18/0.30  2.22/-0.19/0. 14 1.10/0.35/0. 89 N/N/N *

Fall 40 9.97/9.68/11.15  2.45/2.21/3.00 0.25/0.23/0.27  3.27/5.85/ -0.57 0.76/0.69/0. 44 LN/N/N * %

60 10.57/10.34/11.52  2.12/1.81/2.92 0.20/0. 18/0. 25 1.21/0.57/ -0.28 0.80/0.43/0.55 N/N/N #*

W ESMEA N R IER i, LN Fom 4 O 04, NN 7R RS IR I 25 43 A 10 A8 IR DX B0IE 28 00 A o b 35 1 4G 36 % 52 o Bk 1o
IR , o« FIORAE p <0.05 K E B2, « = FKIRLE p<0.01 K B3 Notes:In the normality test, N stands for normality, LN for log

normality, NN for neither normality nor log normality. The significance test is designed for means of soil available moisture in hillslope and gully, and a

single asterisk ( # ) denotes significance in difference at p <0. 05 level, and double asterisks ( # * ) at p <0.01 level
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7 1.5 25 10 g
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= e S 0.9l —{fiiWatershed | %1 sl @ .
.8 4-7{4‘JLGUH A - . = P'S @ | |
z 5 ---- Y EiHillslope % P\ 0. PR £ .
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Mean soil moisture content(%) Mean soil moisture content(%) Mean soil moisture content(%) Mean soil moisture content(%)
K2 +HHPFHAEREKESEEHERSHENCR
Fig. 2 Relationship between mean soil available moisture and spatial variability parameters
x3 WMESHEUAHRIHTER
Table 3  Fitting parameters and fitting statistics
- R A # WESH P 1 22 5 R
& Number of Fitting parameters Standard deviation Coefficient of variation
Location
samples A B R? » MBE RMSE R? P MBE  RMSE
Wi Watershed 12 1.733 -0.224 0. 128 0.122 0. 001 0. 004 0. 945 <0.001 0. 006 0. 064
Y Hillslope 12 1.712 -0.277 0.022 0.537 0. 002 0. 005 0.947 <0.001 0.013 0. 067
53l Gully 12 1. 266 -0.124 0.193 0. 109 0. 000 0. 007 0.782 <0.001 0. 000 0.075

1E :MBE ; SEY R 2% ; RMSE . ¥ 7 HRi% 2% Note: MBE: mean bias error; RMSE ; root mean square error

2.3 M EBEI RN Y

6 BT R A1 B R S B 5 4 0 B, R
FRVAR 67 e 152 BB o 5% 5 o 2% 1 6L 5 1t B
Rtk BB 01 = A R 52 45 AT, X
A AR I A AT A B R I A
e 5B 25K 0 28 AL R 3 N 3 R, 4R
I R T 2 5 AT T 15 R BRI T A 7
LRV - AT SOK A7 76 25 T AR 56 b, 5 B A8 b 38
S (1/ /M) | 5T , B A X 7 o 15
BT SRR . T B 2 5 R 5 R A )
T P A LA, LA 10 om £ J2 91, 4 BE 48

IS4
2

T ASHEINE] 2 A1, A X B o 1R K 100% [ fiK 2)
T T1% 5 2R B0 ) 4 A B R AR o 2R IR
BT 50% 5 G AE R I E) 23 A eE AR R T
20% o BRI, 2Z 5 Bl A R A5 AR AR S0 T, A X A v
DRI BE 23 2%, 5 AU AR HE R FE AR F) 10%
WG 71 ASHE R o K 2 T 24 A A 0 e A ) —
E TR RIS, R 39 0 Bl AL A R0k 3 ARG il e S 1
PEAIFE T+ 20 A R AN [ 2= 045 F = BF 5 4 2 X
FE o BT 2R BT, AR A A 2 1 0 B A 2 TR R
ARPCRFAE , 22 B 18 (A7 200 7Kl R AN 6 R 1 U2
A KR A R, SR N R TR R
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Fig. 3 Relative standard error as a function of the number of sampling sites ( error bars represent standard deviation)
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Fig. 4  Absolute bias errors as a function of the number of sampling observations ( error bars represent standard deviation )
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2.4 tEFHAkZESHEMEETFHLR
T Y AN T A RE R [F AR
HEAT 30K 5 # )Y B F Pearson AH3C R AN 4 iR,
SV R, R B A O RO R, RIIZRE £
A OK 5 MR PR A G OC &R R ik, 1 I 1 A 5 .
2 L) PR RT BRSPS BE U VA JE N RE SR Y
BR, B BAR e YR S b R R, MR B
W ) 2 S /0N, T LA 4 B R AR Ak 5|k Y -
HROKZE 5 M i IR B R R MR TR 25 S
R, R 5 HOE AR OGO R BB U1, A [ e
1 5, IS R - A 80K 5 3 B 2 I 25 TE A
KRF, RIPE BE B R A RS Kl sy, FERE
PRI Sy V) TR 38 R A S A 0 K B BT v
{3 T ) R A ROK 5 BB AR OGO R B
AN AN TR RUEE B ) 5 R ROK Y o TE A O
K FR Horb i ORI 3 T R 5 1) AH G 6 R B R
T o X 32 RO B A RO A [ B
VIR B M 500 (B Ta) |, DRl 3 ) 51 5E Y + 4

JK i T I T 4 AN 7R R Y 5 R R OE A
5, RV R iy e A O K R ORI AT U A T
RS Z A AE B A R, ML
FWIA TR R 52 W)+ S AT ROK 23 (6] 23 A 19 32 5 Ml
EWFA—2
THEAROK 5 HIP N T A E R 2B/
FAPERRAE . PN AR TR 2 A ROK
5 FEAR S R KOV AR T F E B A ) A Ak
AW o ST RO b v AR S A O K A R
KRR T MIRK 2 S T AT o 396 9, () A 39 2 A1 334 1)
A . 5 2. 185 A ROKKE T R4
TESS & o A AT, 3 A BOK RN e v A 5 A
RIRA TSN A AT % 5 K i AR I g A X
AT ROK A3 ] 23 A B R W B, SR RMOK B
B oo R F18 522 W DR 5583, T 38 T R R A S . 1 TE
FUE A #8515 A 80K A OO & 0 W]
B A, A LIRS, B Z A R N
PR LR R ARG R Bch e, 1T 2 AP 2 R ) W

AROK A AL 5 Gy A BB, — e, RINE S A8 A R o
BRAMKKR, X FEEH TIHE L EARS
F4 TEHHOKGHFETFH Pearson X R
Table 4 The Pearson correlation coefficients of available soil moisture and terrain attributes
WiIH Watershed W ifi Hillslope Wil Gully
9 T2
Season  Depth (em) e B In) [ e I 1n) [ e ¥ 1w i
Slope Aspect Elevation Slope Aspect Elevation Slope Aspect Elevation
10 0.184"" 0.358"" -0.158" 0. 059 0.472"" 0.133 -0.093 0.328"" 0.26
7 20 0.156 " 0.3217" -0.017 0.049 0.390 "~ 0.327"" -0.037 0.329"" 0.324"
Spring 40 0.161" 0.262°" -0.087 0. 025 0.331"" 0.301"" -0.087 0.298 0.245
60 0.1477 0.256"" -0.106 0. 004 0.331"" 0.228"" -0.1 0.277 0.287
10 0.190 " 0.237"" -0.296"" -0.055 0.304"" -0.065 -0.084 0.28 0.265
EES 20 0.152"" 0.281°" -0.226"" -0.103 0.353"" 0.048 -0.081 0.258 0.320 "
Summmer 40 0.234"" 0.243%" -0.305"" -0.122 0.333"" 0.101 -0.059 0.321" 0.319"
60 0.205"" 0.252** -0.265"" -0.139 0.345"" 0. 106 -0.073 0.343" 0.394""
10 0.149 " 0.278"" -0.202""° 0 0.356"" 0.084 -0.135 0.289 0. 108
& 20 0.12 0.280 " -0.049 0. 022 0.326"" 0.230"" -0.066 0.293 0.197
Fall 40 0.167" 0.136" -0.014 0.071  0.098 0.304" -0.059 0.358" 0.369"
60 0.140" 0.147" 0.015 0. 057 0.078 0.319"" -0.084 0.443 " 0.448 "
B Slope 1. 000 1. 000 1. 000
B 1] Aspect -0.141" 1. 000 -0.087 1. 000 -0.275 1. 000
2 Elevation -0.505"" 0.147" 1. 000 -0.151" 0.148" 1. 000 -0.435""  0.259 1. 000

T e TP B N R I U, B Inl B AR GEAE . ¢ RORAE p <0.05 K B o« LIRAE p <0.01 K 83 Notes: The slope here
is expressed as the tangent value of slope, and the aspect is expressed as the cosine value of aspect. The single asterisk ( * ) denotes the significance at

p <0.05 level, and double asterisks ( * * ) denotes the significance at p <0. 01 level
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SPATIAL VARIABILITY OF AVAILABLE SOIL MOISTURE AND ITS SEASONALITY
IN A SMALL WATERSHED IN THE HILLY REGION OF THE LOESS PLATEAU

Abstract

Gao Xiaodong'®  Wu Pute'?

Zhang Baoqing'

Huang Jun' Zhao Xining' '

(1 Institute of Soil and Water Conservation, Northwest A&F University, Yangling ,Shaanxi 712100, China)

(2 Institute of Soil and Water Conservation, Chinese Academy of Sciences & Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Based on the available soil moisture (ASM) data collected from the 213 sampling sites over a small typi-

cal watershed in the hilly region of the Loess Plateau, spatial variability of soil available moisture at the scale of water-

shed, hillslope and gully and its seasonality ( spring, summer and fall) was analyzed separately. Results show that the

ASM, no matter at what scale, displays relatively strong spatial variability and ASM in gullies is higher in mean and spa-

tial variability ( Standard Deviation and Variation coefficient) than in hillslopes. The ASM also showed higher normality at

gully and hillslope scales than at watershed scale. Spatial variability at all the three scales varies with the mean of ASM,

and variation coefficient descends exponentially with the increasing mean. ASMs at the watershed and slope scales are

closely and positively related to slope aspect, with correlation coefficient being higher than that its correlation with slope

and elevation. However, the correlation coefficients of ASM with size of a gully and various landform factors are all low.

The spatial variability of available soil moisture exhibits apparent seasonality. The ASM in fall, among the three seasons,

is the highest in mean, but the lowest in variability. However, the ASM in summer is just the other way around. At the

watershed scale, the ASM in summer is much higher than that in spring and fall in correlation coefficient with elevation,
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whereas it is in a reverse pattern at the slope scale. Besides, the uncertainty of the sampling of ASM and the estimation er-
rors display a nonlinear descending trend with the increasing number of samples. However, when the number of sampling
sites exceeds 20, the effect of increasing the number of samples becomes very limited. The findings presented here are ex-
pected to improve the understanding of seasonality of ASM spatial distribution of gully catchment in the Loess Plateau and
could help design optimal sampling strategy of soil moisture.

Key words The Loess Plateau; Small watershed; Soil moisture; Spatial variability; Seasonality

(BEEHE . ZHL)
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