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Abstract: Analyzing quantitatively the effect of vegetation canopy on rainfall partitioning is an important part for better
understanding the hydrological cycle in terrestrial ecosystems, which is particularly useful for hydrologic budget estimation,
hydrological models” establishment and afforestation projects’ implement in drylands. However, it is difficult to measure and
calculate its rainfall partitioning process of the natural vegetation in the drylands due to its sparse distribution and special
morphological structure, and very few field measurements have conducted specially for the natural desert dwarf shrub

species, which distributed widely in the oasis-desert ectone of northwestern China. Here we present results of the
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partitioning of rainfall into throughfall ( TF), stemflow (SF) and interception loss (IL) by a shrub species Nitraria
sphaerocarpa, a naturally dominant species of Linze oasis-desert ecotone in the middle part of the Hexi Corridor, based on
the observation data during the growing season for 3 years. Consequently, the effective rainfall that actually enters the soil
and its spatial distribution characteristics beneath the N. sphaerocarpa canopy are quantified. We also analyze the
influencing factors for rainfall partitioning by N. sphaerocarpa canopy. The results show that: (1) on average, the measured
throughfall , stemflow and derived interception loss by N. sphaerocarpa during growing season account for 87.89%, 1.61%
and 10.50% of gross rainfall amount, respectively. The average funneling ratio for N. sphaerocarpa is (129.66 £93.01) and
its canopy storage capacity is 0.42 mm. N. sphaerocarpa’s throughfall is produced from rainfall events with total amount more
than 0.2 mm, while its stemflow does not occur following rainfall events less than 1.5 mm. (2) Rainfall amount is the key
meteorological factor affecting the rainfall partitioning characteristics. There are significant correlations between rainfall
amount and throughfall, stemflow and interception loss ( P<0.001). Other meteorological variables like canopy surface
temperature, atmospheric temperature, atmospheric humidity and vapor pressure can also affect rainfall redistribution
process. (3) Compared with other sparse vegetation in drylands, the N. sphaerocarpa has higher throughfall percentage and
funneling ratio, but lower interception loss percentage. Special canopy morphology of N. sphaerocarpa may play an important
role in its pattern of rainfall partitioning. Pearson correlation analysis shows that throughfall has significantly negative
correlation with plant area index ( PAI) and shrub height ( P<0.001), and stemflow has positive correlation with stem
orientation ( P <0.01). Other canopy morphology like bark roughness, leaf shape and canopy form, which lack of
quantitative description, are also vital for rainfall partitioning patterns. The results might improve better understanding of
shrubs’ role on the local hydrological processes in oasis-desert ecotone, and provide a reasonable method for estimating

interception loss by sparse vegetation in drylands.

Key Words: interception loss; throughfall; stemflow; effective rainfall; sparse vegetation
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Table 1 The basic information of Nitraria sphaerocarpa’s morphological structures
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Species projected . . index/ . . )
N height/cm thickness/cm ) o diameter/ cm orientation/ ( °)
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WL Nitraria sphaerocarpa 22.37 48.45 £9.00 43.91 £9.51 1.87 £0.36 0.48 £0.089 68.55 +18.48
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Fig.1 The device for collecting rainfall redistribution in field, with details of homemade stemflow collectors and throughfall gauges
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Fig.2 Characteristics of rainfall amount, rainfall intensity and rainfall duration distribution during the experiment
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Table 2 Correlation analysis of stemflow with canopy morphological characteristics for single Nitraria sphaerocarpa

s PAI A PR ek )2 JEE L TEEBR
Stem Plant area index/ Stem Shrub Canopy Canopy projected
orientation/ ( °) (m?/m?) diameter/cm height/cm thickness/cm area/m>
BT 2EhiE Stemflow/mL 0.78*" -0.034 -0.18 0.29 0.14 -0.20

# FIRTE 0.05 5 (W), HHRVER 5 + = FIRTE 0.01 L5 (R , tHRE R

T IR AR AR A R AE 3.38—306.35 Z [k 3l , T BIE 24 (129.66 £93.01) , FR B 575 HiAH LY, 760 760 5
PABR T 28 3 6 W 7K B I S B SRR, AT 129.66 15 BT E BIMRBR X, i [ 3047 vl 00, SRR R S
o T o283 8 T 7 o 2 [ EL A i 3 () DG (P <0.001 ), 43 3] 2 LA 00 X BRORn 2 R BROC R (P<
0.001) (& 6) . 4FEFH <6 mm, IR <0.8 mm/h I 82 7 28 [ 9 B | TR 59 1940 185 o s G ke 5 o T s 488
PRI ST IS AT -5 A R DA e 2 15K RE AR K BE A ¢
2.4 LR B O I N AR AE RN e R R A S R

Rl 7K B SV AT A A Bt 0 ) e 7 A Sl 2 A R AR R 9.54 mm, 2 i BLRE TN 119 10.50% , M HLIR B
W, MR E 2 8 B 2 12 LI FITE 0.01—1.53 mm , SFHMEZI 4 (0.42 4£0.39) mm, HZ#L
BB P U R R 1 B 8] ( FRTPR e 2 A BA 0 %) A T 1.319%—26.93% , 3L R (14.21 £7.52) %,
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Fig.6 The correlation between stemflow, stemflow percentage, funneling ratio and rainfall regimes
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Table 3 Correlation analysis of interception loss with canopy morphological characteristics for single Nitraria sphaerocarpa

{4 PAI Sz B IR
Stem Plant area Stem Shrub Canopy
orientation/ ( °) index/ (m?/m?) diameter/cm height/cm thickness/cm
S JEA P 8 2 i Interception loss/mm 0.11 0.31 -0.44 0.51 0.50

# FRTE 0.05 5 (R ), HHRVER T 5 + = FIRTE 0.01 25 (RUR) , HHRE R
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Fig.7 The correlation between canopy interception loss, canopy interception loss percentage and rainfall regimes
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Table 4 Correlation analysis of rainfall partitioning with meteorological factors

24 X RSk ) ; ; ; -
R PR FREMRE  THRCRE  THRRE  THKRE
568 )2 W T P A O 3R Mean wind Mean net ] ]
. - . Canopy surface ~ Mean atmospheric  Mean atmospheric Mean vapor
Rainfall partitioning speed/ radiation/ . o
) temperature/ “C temperature/ “C humidity/ % pressure/hPa
(m/s) (w/m?%)
25355 M/ Throughfall/mm -0.25 -0.12 -0.25 -0.26 0.41 0.010
FE%
0.017 -0.34 -0.64"" -0.61"" 0.21 -0.49"
Throughfall percentage/% 0.64 061 0.49
BT ZET A Stemflow/mm -0.21 -0.18 -0.19 -0.21 0.45* 0.10
R ‘
.0051 -0.1 -0.074 -0.11 45" 2
Stemflow percentage/ % 0-005 0-18 0.0 0 0.43 0.23
1S B 2 B
]@Eﬁm O -0.060 0.15 0.19 0.16 0.27 0.38
Interception loss/mm
AL B e
TR HLR 5 ~0.019 0.35 0.62% 0.60°* ~0.26 0.45°

Interception loss percentage/%

* FIRTE 0.05 FH(WUR) MR 5 + + FIRTE 0.01 B (BUR) A E 3
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Fig.8 Variation of throughfall, stemflow, interception loss and rainfall intensity during the experiment
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