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Abstract: Rainfall was partitioned into three parts through the vegetable canopy: Throughfall, stemflow and
interception. This process played a determining role in water balance for forest stands and in regulating
processes of this mountainous region. In the present study, an experiment was carried out in the Pailugou
watershed in the Qilian mountains, in the arid region of northwest China. In a 72-year-old Picea crassi folia
forest stand, throughfall, stemflow and canopy interception of 34 rain events were observed from May 1 to
September 31, 2015. Further more, the related meteorological factors, including air temperature (1), air
relative humidity (R,) and precipitation (P) were simultaneously monitored by an automatic meteorological
station in the outside forest. Then, we analyzed the characteristics of rainfall canopy partitioning and their
influence factors. The results showed that: (1) During the total observation period, the total throughfall,
stemflow and interception of Picea crassifolia forest were 275. 9, 1. 8, 90. 0 mm, and accounted for
75.04%, 0.48% and 24. 48% of the total atmospheric precipitation, respectively. Meanwhile, their ratios
varied significantly under different rainfall grades. (2) The three parts of rainfall canopy partitioning were
significantly correlated with rainfall, rainfall duration, maximum rainfall intensity in 10 minutes and relative
air humidity. With the increase of rainfall and rainfall duration, throughfall and stemflow would constantly
increase and their ratios would become more and more stable. (3)The critical rainfall amounts for the occur-
rence of throughfall and stemflow were 0. 8 mm and 9. 6 mm respectively. Therefore, we concluded that
meteorological factors were the important factors of rainfall canopy partitioning.
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B =42 (Picea crassi folia) fE= 483 1L X ) 32 %
AEREFP L LAY 10,79 5 hm®, i K IR A 3R KR T
BUR 24, 7400 G TR ARSI BEY 75. 72065, % X 1k
TR TR KA K B AR Hp K 4 BT PR .
HHl X TH BRI GEW2RC A2,
H R A (] X35 A ] i T AR 4 55 A [R) AR B 32 ) K
N TR) R TR 2 0 bR e AR R 28 S R L X
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1.1 HREHHER

BAFE DXASE T 4R 3% 11 41k 8% 7/ Tk (38°33158. 7N,
100°17'18. 0"E, M4k JE FHl 2 600~3 800 m) , J& T Hf
S AR 0.5 CLAERE/K & 435. 5 mm, HAE
HAE 59 H L AERZE K E 1 0517 mm, 4 H BRI £
1.892.6 h, AFEBAHXHEE 60 %,

TEMFIR 2 700 m b, FZEZELUF I = 82 (Picea
crassi folia) Bk Ry 32 04 FE WL PE &F AR, 52 5 Ok 43 R
TEBASE 2 B3, BH 3 LLRD b oy 3, AR T —
R/ A 20 m X 20 m [ W = K2 bREE . U 4R
2 762 m, Y [m 30°, 7 T YA R AR P R
275 MY B 1 725 BR/hm®  BRIE 72 a, S A
0. 68, F- ¥ 5 (10. 12, 7) m, FHHg4% (14. 145, 5)
em, R (5. 642, 6) m, -2 I (3. 6£3.3)
m, MR Z B W 4 8 W (Dasiphora frutico-
sa ) FEE & /NBE (Berberis diaphana ) %, 2 JE1E 3%
A AR R A B S B (Koeleria crisrata) V&%
96 8 (Pedicularis spp.) . B 5 (Oxytropis kan-
suensis) % TR EAE 3500 FE A0 s B EE R R 9. 2
cm, 53 BEAE 300 A Ay . IR IR X 3R RO RS+, OF
YR 0.7 m,

1.2 MRAE
1.2.1 #kSMBE@m Al TEAEHLIG I AR Sh 25 07 1
A 1A AR 20 em A ARERT 5 7, F T W 4R Ak A
R &, [FE L EREH S A SRR WA E T —
A B F R 10 3 A KRR FE S 00 B R A R R D
Fisk 00 B2 T R

1.2.2 F&E@®ME  FEREH PR AL % 6
AT (100 em X 20 em X 20 em) , JH T4 25 B 1 .
FRUR BTN 25 T J » B 00 2 7 TR AR v ) £ K oL SR 58
R ) A 7K S 3 e 8 A, AR R R TR (mm)
1.2.3 T ZERaE RN HE s 27T
ROrAT LR 4 cm S — AR KL S TE 1~3 BRAEA I
FER 2R R B 10 BRAEA . FF IR &0 B RHE
FEAGAE L SR 5 FET - S 3 38 e 4 L i1 5 A A 1 2
50~140 cm &b, JfFF H S AR 10 L 9 %R
FHT WA 2500

BT 2R R E AN,
L Co XM,

5= 24 %1000

Khon W TREE a=7);C. HEH i W T %
TR (mD s M, R Ry @ IR AREREG A, A b
AL (100 m*),

1.2.4 ARG E  ARHEK 5T M 72, 15 2] Ak

LA A

@y

[=P—(T+S) (2)

AP MANER R (mm) ;T N EBHE (mm); S
BT 2R A (mm)
1.2.5 AZBE-FAN A IR b B
CR3000 H #1423k (£ Campbell 23 &) A2 77) %
SR T AT WL O 5 bR AT = RIRE TCO) w5,
MM R, (%) FIREE W, (m/s) %, 5 10 min H 3
o 1R,
1.3 #HiELE

FIH Excel 2007 Fi1 SPSS 19. 0 Xf %48 #1745 i
Sy AT AE A
2 gR50M
2.1 FEWHE

IS (2015 4F 5—9 F)ALMAE 34 SRE W, &
R T2 367, 7 mm., IR B RN & 1Y i R fE D 48, 1 mmy,
fe/MEN 0.9 mm, —F M 22 53. 4 fi5. MR &2 43 il ok
&5, BWE<5,5~10,10~15,15~20,20~30, >30
mm 6 T I 55 Y BT 3K 4 R 16,6,5,1,3,3
%, B Rk 42.3,42.6,61.7,16. 8,77, 5,
126. 8 mm, 43 9l (5 A WK 11, 50%, 11, 58 %,
16.80% ,4.57%,21.07%,34.48% ., Mk, BF5E X &
<15 mm BFEMFF R E MR T 27 5,5 8
METN R B 79. 4% 5 =15 mm R 3 1k & A 0 % 5%
AN B TR Y 20, 6 Y6 L (HL A TR B RN B Y
60. 120, XoF b B TR H2 5 M 458 K

AT TR B8R B R B YR A TR S 1) B R ROl 3. 29
mm/h, /N A 0. 60 mm/h, —F 2= 5. 48 f%,
MR EE<<1,1~2,2~3,>3 mm/h [ %R 5
R 10,16,6,2 3 BT FE R & 450 30. 2,245. 0,
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55.0,35.0 mm, L, HF5EIX FEZ <3 mm/h #)
FEm A E
2.2 BEZEMIEREBESE

TR 18], 34 ST () B 20 T B T 25 A
MERREE 58 275. 9 mm. 1. 8 mm A1 90. 0 mm. 4351
R R Y 75. 04%, 0. 48% FI 24. 48%, Hirh, 5
BT 0. 21~42. 40 mm,F-3#{E R (8. 11E£11. 34)

mm, (4 [ R Y LA 12, 1326 ~90. 8076, F-
fH R (53.86+24. 70) Yo s W T2 WA T 0~0. 42
mm S HE H7 (0. 05+0. 11) mm., (5 [7] ] F& 8 12 14 kb
Bl F 0. 009 ~0.88% . FHI{EH N (0. 1740. 30) %55
MIE R A A TF 0.69~5. 75 mm, FHI{E K (2. 65+

1.22) mm, (&5 [7] ] B 5 & 09 kA F 8. 42% ~
87.87% , - (H H (45.96+24. 91) U (F 1),

X1 BEEZUHEERTEIBEAREEZRT
e i 5 ZEB N BT 253 SR ]
M & /mm L/ % Y 5 /mm L%/ % M & /mm L%/ %
/M ME 0.21 12.13 0. 00 0. 00 0. 69 8. 42
KME 42. 40 90. 80 0.42 0.88 5.75 87. 87
SEH(E 8.11 53. 86 0.05 0.17 2. 65 45. 96
FR o2 11. 34 24.70 0.11 0. 30 1.22 24. 91
e 1.40 0.46 2. 20 1.76 0.46 0.54

ANFIFREGET T 96 2 A2 MO a6 R P20 FE 9 EE 4919
AR (R 2) o BEAE T B A0 1S R 20 75 T A 25
DA AN W 4 R 25 5 TR SRR 25 370 R S 0 R A
e, AR AR D) o B R . b AR R R 3 R
ZHY=<5 mm BT EEGE T B AR (32, 200) T 20

(0. 002 mm) FIZE 75 2R (0. 000 %) HB I F /1N (H 3% 58 &+
(28. 7 mm) FI#E B R (67. 8%0) 2 e K5 70 P FR HE e K
=30 mm AT &, 2838 N i (113, 0 mm) 28 35 Fl
(89, 1%) T 2L 5 (1. 056 mm) FIZE I % (0. 833%)

PR (A AR B /AL 10,090

®2 FRANELZRWNESELHEEBSE

R T f: / 43551 B W25 Mo K B
i & 2% /mm
mm ik Y & /mm %/ % N & /mm &/ % N i /mm HR /Y

P<5 42.3 16 13.6 32.2 0.002 0. 000 28.7 67.8
5<P<10 42. 6 6 27.1 63.6 0.002 0. 000 15.5 36.4
10<<P<15 61.7 5 46.0 74.5 0.127 0. 206 15.6 25.3
15<<P<20 16. 8 1 12.1 72.0 0.091 0.641 4.6 27.4
20<<P<30 77.5 3 64.1 82.7 0.497 0.637 12.9 16.6
P>30 126. 8 3 113.0 89.1 1. 056 0. 833 12.7 10.0

2.3 SREFERES RN

XSG A T M T P 0 T 4% 2 B R R AT A G
PESP AT (R 3) 0 ZEE T A (5 A T 25070 i () FIA
FA A 5 T A R TR R R AR I () R O R
(A 45 - 249 B T 58 B2 f 10 min fe KRR ) (25 A X
T3 2 £ AE AR G . 5 s =l R U 2 B AORE G L T
R ARG 2 SR B A G R IEAR G S HERR R
SARIC . Hr [ T e R T D I X6 e T R0 TG A%
2 R B R R A R L B R R OB

W RORITAEIEA T E SR T 3TN YE WO i =S A
B AN S 2 i DR e 5 g 3 A N 1) B A )
25 S R R S BDA R R B

R Tk — 4 M I TR R AE X R P40 B 45 4
BRI FE 0 AR A DG 5 B4 (B KN (GRBLH R
5 > [T B B >>10 min B KRR 38 > S 24 [ 7 58 B
= [ W [B] B B[R] BE B TORE W & R FT DD B AT 10
min iAKW X 3 ~HEK,

x3 EEERTBIESSZKEFH Pearson HHx R
WA TP i Wk 19 1) FEyRE 10 min %% % 255 M
WEWIR BEWIDIRS . ; } " . IR
B FR i B [ T pNGE i pORITALS
15 W 0.998" 0.937"" 0.241 0.292 0.441" " —0.114 0.479" " —0.421°
o T % 0.772"~ 0.719" " 0.084 0.487**  0.566" " —0.193 0.461"" —0.216
W25 E 0.9647 " 0.916" " 0.224 0. 207 0.311 —0.098 0.469" " —0.480"
WHZER/%E 0.916" " 0.870" 0.148 0. 200 0.296 —0.067 0.470" —0.401" "
B 0.777%" 0.778"" 0. 249 0.273 0.517" " 0.032 0.373" —0. 287
WEE  —0.77777 —0.7247° —0.085 —0.486*" —0.565"" 0.192 —0.463"~ 0.219
T % A= 23 RN ZAAE 0. 01 A 0. 05 /K b2 57 2 .
2.3.1 MBIAEBASROY 0 FHALTE  EEEOI R B B KT 0.8 mm Bk I 8

W B 2500 = 5 R 2 (A E 5 2R P O A G (]
1A 1B, P<<0. 01) 5 fy [l 03 5 #2 v 41, 7= A= 28 185 R AT
B 25 50 4 I AR RN 40 38 1.9 mm Ml 7. 7 mm, i

FEA RN AT 9.6 mm B =AM 2R,
BIEEA 2N, RSN ) 55 R BOE &
(F 1C, P<C0. 01) , B 4 [ WY 1 <15 mm B} . 3 8 i 2
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Jil BTV 22 0 B I R e 3G R OZ T T RRE

HHoEFBWNR M 2E2RR RSN E
Al B X R R B e & (K 1DLE.F. P<<0. 0D, BIpE &
REE TR B O 48 K, 20385 T SR AR T 25 1 SR L A P i i K

Joi A8 B T AR B R R S DR e e 22 18 e s Y

A
A §=0.01x-0.07
R=0.95 P<<0.01
A L 1 J

20 40 60

F% ¥ &/ mm
E

§=0.341n(x)-0.50
R=0.73 P<0.01
A

A

20 40
F% W &/ mm

R TR E
0.88% Ml 11%~27%

FEM B >15 mm B, ZE B R M T ERB . HE R

AT 72% ~91%.,0. 52% ~

10

BHE/mm

BENESEERTBIREANERNXER

0 0.5
A
40 g 0.4
20T tﬁ 0.2
& 7=0.91x-1.78
10 R=0.99 P<0.01 E o1
0 1 1 | 0
0 20 40 60
F& T 2/ mm
100 - 1.5
80 A Lo
X °\\° :
5 60 B 0.9
8 40 7=20.781n(x)+15.97 E‘H_ ,
AR R=0.82 P<0.01 i
20 _
N
0 1 1 ,
0 20 40 60
P &/mm
B 1
2.3.2 %@pmurst @B o B %

50

40 - A
g
ol
g
%20 o
¥R T=0.0254x-1.6072

10 R*=0.88 P<0.01

0 1 1 1 ]

0 400 800 1200 1600 2000
M § J7 B/ min
100
A

80
®
# 60
=4
W 40 T=21.84In(x)-65.97
R R*=0.71 P<0.01

20

A
0 1 1 1 1 J
0 400 800 1200 1600 2000
%’ B7 B/ min

B FEENR MW TERE . HEEE5HW
3 e 22 1) 2 5 B R BOG & (| 2DLELF, P<<0. 01)
R 2 375 T 250 AR T 25 A0 26 I AR T 2 A 1 R T 3G K, 2
75 T R AE ML T 7 I >>400 min i TR E N T 69%
~90 % o A4 T 25 3L 2 AE [ TR T I =650 min B T
ELNT 0.52%~0.90% , T #% B4 2 b [ 1 & A 14 K

0.5

W T Z R E/ mm
SO N
o (3% w o

[=

WFERE/ %

0
0

RPN
B T 2L W R S BT T I 22 TR 2 S 2 E A e
(& 2A,B,P<C0.01), #5885 5 M Iy i 22 8] 52 %) 85 o6

5=0.0003x-0.0496
AA  R=0.80 P<0.01

400 800 1200 1600 2000

F% §S 53 B/ min

§=0.32ln(x)-1.57

2.
=0. <0.
AAA R’=0.66 P<<0.01

400

800 1200 1600 2000
F% 79 55 B/ min

1=0.99In(x)+0.84
R*=0.76 P<0.01

0 20 40 60
F% 5 #/mm

F

I=-21.001n(x)+84.27
R*=0.83 P<0.01

0 20 40 60

% T &/ mm

e & (R 2C, P<<0. 01) , B 24 BT 7 B <7400 min A,
B et I % T g s %) 6 o TG 384 00 224 B FR D3 BF > 400 min
FsF o 6 B e 38 N B AR 2R I kA TR .

10
C
8 -
§ I=1.06911In(x)-3.2177
S 6 R'=0.69 P<(0.01 A
i
B 4
=
2
0 J
0 400 800 1200 1600 2000
F% R 3 i/ min
100
A F
80
2
@_ 60 1=-22.10In(x)+167.20
%m R*=0.71 P<0.01
ﬁ 40 -A%
20 |
A A
0 ]
0 400 800 1200 1600 2000

2 BEIRSEERTBESRAREENXR

2.3.3

T 98/ » 24 K% TR D7 BF =400 min B F e . #80H
AT 9% ~35%,

M 9 5% JE xT B /4 B 6 % oh
FEW A5 10 min i KR 58 2 (8] 52 48 50 R 5o R (]
3A,P<C0.05),4 10 min & K3 <6 mm/h B, %
HEHEREE N T 0. 2~22 mm, 2 J5 Fi & /81

F% R 53 B/ min
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%30 &

R, ZF i AR AR BRI R, A T 1. 4~42. 4 mm,
ZFEHEWF S 10 min fip KW 58 2 (0] 52 0 540k $oe R
(3D, P<C0.05) , 235 Fi SR B 10 min f5z K RN 58 1) 3
KM K, 10 min i K5 >6 mm/h B, 28 % [
T HRE . 10 min f5 KR 58 X R 2590 5 (RO 5%

M/ 3 B B LA (K 3BLE) . MOE i 5
10 min fz K 58 22 [A] 52 %00 B0k B & (18] 3CL, F L P<<
0.05) » BIVE 3 F9 B 1% 18 K, 46 B 52 S PR R 4%
18 8 A i A B AR ST DR N R AR 8L 2 10
min i KHI58E >3 mm/h B, PIEERZE T E TRE .

50 0.5 r 10 -
40 A A 0.4 | B A 8+ ¢
g g A 1=0.931n(x)+1.44
£ 7=0.83¢" = g R'=0.38 P<<0.05
o 30 1 R=0.37 P<0.05 A 1403 A S 6 A
[ ﬁ A pa PN A
) 02 B4 5, A -
o g A = " N A
01F  aa 2R L4
0 L AAA— 1A 1 A Al 0 1 1 1 1 )
0 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
10 min#x K Y 38/ (mm « h™) 10 min#x K Y 38/ (mm « h™) 10 min& KX ¥ 3%/ (mm * h')
100 1.5 100
D a A E A F
A,
R - a2 e 127 80 A, 24 A I=1935ImG)-TLLS
i AA A A < N AA R=0.40 P<0.05
5 60 F ¥ o0 A A <60
= A A ﬁ A A J;t A
W40 /A A 0.6 | A A 40 F
£ A AA A T=19.22In(x)+107.54 g A = A A A A
20 (& 2 R*=0.40 P<0.05 03 F 20F Adua N
Ap A A
0 1 1 1 1 ] 0 A LA L 1 Al 0 1 1 1 1 J
0 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
10 min&t K ¥ 3%/ (mm + h™) 10 min%: KT #%/(mm * h™) 10 minEt KX F¥ 3/ (mm + h™)
B3 10mingAWMEBSBEERTESERAREENXR
3 B S50 MR 6L A1 25 59 1 LS F 250007
T 40 e AL 2 (o i 2 g TPINORRE PO B A R A X . KBRS
S AEL =Y 5= k2 B =05 e g EL o P4 3y
TERR S 7E AR A S B G5 K SCAE R K T b B MEFEEZARI) B T2/ E N 1.8 mm, & B

W B A/, T 2015 4F 5—9 H Iy
S AP UL B S TR A ST BT T AR % LU HEER V8 /N T S i
2 K2 ML R T 4 B AR AIE S e i LR . &5 SRR, Y
GERTiE AT 0. 8 mm B T 2 1B P T 5 IR
WX 5 kA R AR (R AT 4l SR AR — . T HL L
BHEE RO BZEEW RN 275, 9 mm, & SR
Y 75,0406 5 WA T 12, 1300 ~90. 8006 4 3%
55 HH XRS50 A AR 2 L B KB O B o A
MRAY 25 8 TR (75, 8%0) B AR — 3., HAH T o5 4
I 9T B AR (Quercus liaotungensis) (80. 14 %) Fll
AENHS (Pinus armandii) (83, 67 %) S5 W il 1) 28 % ™
B ARG EN R BN, X2l T
W RE AR PR BE ORI AK SR A A AE TR R 4y B oF i T
R A AR % (1 725 % /hm®) & T
ILARBEAR 600 #R/hm®) A A MR (575 #&/hm?) ,
ARWF IR &I, ARG H R BER 0 4T S B
HART 9.6 mm W, FH il 2 AR 2K 0, HR
BT R IFEW AL H 5.6 mm B H BTG
TRRA R R RS | =2 A SR W B . A B
T I AR R 13, 6 mm, 5% 22 R R BLE I
AL R A T 2R 0 I PR & 6.5 mm, DL E 4%
WEHAMREERMEERE K. XEH T AR XI5

A 0. 480, SR T 25 R 2R A (0. 17420, 30) Y0 A F
0.00%~0.88% . H7N#L I ML AR AR (1. 9220
AN (Pinus tabulaeformis) (1. 36 %), f& Jb % M- #3
(Larix principis-rupprechtii ) (0. 63%) F14E 1 ¥
(0. 53 %0) F B ol (1 BHF 5 485 SR AR L L & = A2 I BT 25
AR BEN ., X T HE SRR R AR,
FEGE TR 2R R IE Bl T E R 0 TR K A R ROR
BRI OB IE A MO 1A R K BB T 1 BE T A0
W BT 1 A2 T 2R R B E R RN,

GEAtor s B, 95 1 = A2 AR SR B 90, 8
mm, di B PR A 24, 48%, B R AT 8. 4200 ~
87.87% . AN K BLIRAT B MO i 4 A A+
2020 ~4020", R AF H Y K B AU AS TR A A £
bR S 4 B A T 14, 5% ~50. 0% . 4 i e 250
KI5 1 o AZ AR B R R A T 22, 6040 ~
34.5%0 X ELEE IR A U AT ST 25 AT & . (AAH
H 8N AT AR (17, 94%6) RS (15. 69 %) L4k
JeduE S (17,17 %) FH4E LA (15, 80 %0) 45 B A i)
R H 2R R BEE . X2l TR
RS RY ] bR o34 B2 AR A B8 M ORE 2 45 K A 22 S i
11723 52 Wi A BR 5 T HLL RO X B A<<15 mm [
R TR 1o L R IR Y 79, 4 %0 R E I o
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K2 ML 2 RE W6 fie KT BE Y & HE AR BE RE T B TR B K 45
5 B AR T A

B W 2R AR R B 34 32 [ S R AE AR
FRAE TR PR TR i 18 e L XU T T 45 2 i DR R
R AHIESY R I o AR T CR) T
ZE I RO R B o 55 A TN 2 L O T i oA R 5 52 sf
(] L B2 T e B L 25 ASORR OO i B A R R A G B RO E
AT 38 52 60K OG , T 8 P 3R s A0 B R XU & O
X, 5HERELHRRRAMC, X524 H N5
gl U ROR B0, i HL A & PR R RN R RN B
Ief TR P-4 T 45 20 B2 3R A AR S P 8 3 L R B R T Ui
S GFENESHWEZ B 2L LR, X 5FL2%
HHEFEEE R —2C " B A Lt R B RER AN TR
XU A AS [R] (78 Ak 28 7R 1) 2 38 T 2 4 K 19 i Bt AN
[Fi) 5 5 375 TR 2 FIARS 1 25 0 238 357 It o W9 2 1) 38 K 22 Sl P
TR K5 7 1% 3 K i AR ER R S S PR N I 2 12 U
AN EFE G TRGE X 5 HRGE & 5T 85 R
FEAR B, R T iR T AR TR P T 2 B R (1 Ay T
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