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Abstract ; Soil moisture is widely recognized as an important variable in studies related to ecology, meteorology, hydrology,
agriculture and climate change. From a hydrological viewpoint, soil moisture content controls the partitioning of rainfall into
runoff and infiltration, thereby affecting the runoff response in catchment areas. In recent decades, the role of soil moisture
in a number of hydrological processes has been extensively studied on slope or catchment areas and has received increasing

attention from the hydrological community. However, soil moisture is one of the most difficult variables to estimate because
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of factors such as vegetation, soil and topography. Accurate estimation of spatial and temporal variation in soil moisture is
therefore required to improve both the predictive capabilities of runoff models as well as to validate representations of
hydrological processes. Datasets of observed in situ moisture measurements are crucial. Unfortunately, measured soil
moisture time series are not widely available and therefore simulated soil moisture series are used. We apply and test a
simple parametric water balance model to simulating soil moisture conditions in different forest types ( natural secondary
forest, evergreen needleleaf and deciduous/coniferous plantation forest) in semiarid regions of southwestern Beijing, China.
Model calibration and validation were performed using a dataset comprising averaged soil moisture content measured at
depths of 0 - 75 cm in the growing seasons of 2006, 2007, and 2010. The models performed reasonably well in simulating
the patterns and magnitudes of daily average soil moisture content in the upper 75 cm soil layer in all three forest types.
Using different parameters in the model did not significantly alter the results and the model structure exhibited a relatively
small amount of uncertainty. Sensitivity analysis revealed that four parameters ( Wmax (the maximum water capacity of the
soil layer), m (a parameter linked to the non-linearity of the infiltration process), Ks (the field-saturated hydraulic
conductivity) , A (the pore size distribution index linked to the structure of soil layers) ) played important roles in rainfall
infiltration, deep percolation and evaporative processes. In addition, differences in soil moisture flux among forest types
suggested that both annual evapotranspiration in deciduous/coniferous forest plantations and infiltration in deciduous broad-
leaved forest were greater than those in other forestlands; in addition, deep percolation in all three forestlands was low. We
demonstrate that a simple, robust, parametric model is capable of simulating the temporal dynamics of soil moisture content
in different forest types. The study of soil moisture in forest plantations in semiarid regions helps researchers clearly
recognize the fundamental role of the soil-atmosphere-vegetation continuum. In addition, it provides a theoretical basis for
selecting forest plantation species. It also aids the selection and design of studies that analyze the ecohydrological effects of
plantations in semiarid regions. Moreover, due to its simple structure and good performance the proposed model may be
incorporated in continuous-time rainfall runoff models. Similar thorough investigations should also be conducted in other

basins.

Key Words: Soil moisture model; Evapotranspiration; Water balance; Forest soil moisture; Semiarid area
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Fig.1 (a) Location of study area, (b) topography of study site, and (c) Pinus plantation observation field showing locations of surface

runoff monitoring plots and soil moisture probe, and the layout of monitoring devices in other forest types was simailar to this field
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Table 1 Summary of experimental forest plot characteristics

SR B iﬁﬁt%ﬂﬁﬁk;% %"ﬂ‘iﬁﬂﬂﬁ'ﬁéﬁﬁ BT

Environmental variables . .P.lanted Lanf Waljm-temperate mixed Planted Pinus tabulaeformis
principis-rupprechtii Mayr deciduous broadleaved

HJE: Topography

Y5 BE Slope/ (°) 39 36 29

Y1) Aspect [T g4 REE

Y7 Slope position h R T

FHERFE® Soil characteristics

bk 2—0.05 mm Sand/% 38(£9.1)° 32(+9.9) 46.9(+6.0)

HrRL 0.05—0.002 mm Silt 41.7(+7.5) 45.2(+8.2) 37.3(+6.0)

Kk <0.002 mm Clay/% 20.2(%5.3) 23(+4.7) 15.8(+2.6)

A+ 32 Textual class s F i Fige

ZXH# Bulk density/ (mg/m®) 0.86(+0.15) 0.91(+0.13) 1.15(+0.13)
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FLBRBE Porosity/ % 53.82( +4.13)
HiH Vegetation

M 38 Understory layers cover/% 80
ABHIJ Canopy density 0.3
J#i#% Diameter at breast height (DBH)/cm 10.6(£1.6)
SEXIRE Mean tree height/m 13(£1.3)
M %P IA7 B Litter steok/ (g/m?) 760( £487)
WP FEE “Tree density/hm™2 3294

56.33(+2.92) 47.18(3.85)
70 80
0.5 0.4
7.8(+0.9) 10.9(+1.1)
9.6(£1.7) 16(+2.1)
1190( +805) 1116( £900)
2333 1333
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Fig.2 The root zone as a lumped hydrological system
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Table 2 Model performance statistics in different forest type

FRMIEH Forest type RMSE R? d

R IRAT 5 1 R AR warm-temperate mixed deciduous broadleaved 20.61 0.72 0.76
AEJLkA N TAHK planted Larix principis-rupprechtii Mayr 29.57 0.71 0.83
WFA N TAHK planted Pinus tabulaeformis 22.06 0.73 0.78
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Fig.3 Observed and simulated soil moisture under different forest type
a) AR IR 75 M RE K warm-temperate mixed deciduous broadleaved ,b) i AN T 424075 H-#4 planted Larix principis—rupprechtii Mayr, ¢ ) A7 #2

M planted Pinus tabulaeformis
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Table 3 Optimized parameters of the model

e bt AR IR L35 7K/ mm
FRARIEAY W m Ks A The initial soil water content in growing season
Forest type (mm) (mm/h)

2006 2007 2010
I IV o TR S R A AR
Warm-temperate mixed 420 7.28 14.66 0.78 72 95 175
deciduous broadleaved
A PN AT R
pACITINA TR i} 405 6.29 11.63 0.31 67 87 145
Planted Larix principis-rupprechtii Mayr
N AT
R A TR 378 6.82 9.92 0.6 45 69 87

Planted Pinus tabulaeformis
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SRR AR FE B S L AARBUR " LG, 3K 55 WRUEA S5 X B - g JE e T 5 1l X bR, + S8 7K 4397 2R

SRR SE e —8

FRRZRIEAE FH 2R B 5 ) K PG PR B Y =22 1 B A R 28 R 25 1 2 TR A BB IE A
WIZB TN, WA S K5 A S 5T KGR, 12 B EGE 28 R 28 B AE S BR m R RZ %, T
RN TN RZ KA 3 4 T AR TR 2 AR N TR E B A e i 2, = R AR RIS AR
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Fig.4 Sensitivity analysis of the model parameters, the left part based on the objective function d, the right based on the objective

function R?

I3 Pl 7R S B — B SRR | = A TE R S B S UL

JEB W 5 A R TR R R FE AR, U5 B AR R AR IR 19 2.7%—5.7% ., T 2 B2 T AT
WFFE 8 LS TR EE N 75 om , HAT BEL AR T L3RR TR )2 B I IR L |, B b Bk B MR 2% K 2 S 1 1= 1956
SCURTE | ANBRUEAA 5 MBI B, JiE R st AR 2 R 28 W A FHZ TR BE 4351 200 em Al 180 em ™) {HAK SR AT
PAMASEIINGS 2R ry B 52 XN T R A bR = SR - A 117 0 .

T4 BHPERE I MARNKKERNKSESE

Table 4 Simulated water balance component for three forest type

R AR MR 1/ /mm AB i/ mm SEPRAER/mm HIZB IR/ mm
Simulation period ~ Forest type Rainfal Infiltration Actual evaporation Deep percolation
2006 I i 0 T e YR A U A A 506 233 255 29
AU AN 231 276 34
AN AR 197 297 24
2007 I R 2 P o YR A2 AR AR 437 212 210 12
U AV N W 197 260 15
TS A CAR 184 312 13
2010 I R 7 I e R S R AR AR 500 269 184 14
AL AN N AR 263 200 21
AN AR 248 218 16
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