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Abstract: During the growing-season (Jun.— Sep. ) of 2004 and 2005, the throughfall, stemflow and canopy interception
of a natural forest stand of Pinus armandii in Liupan Mountains Nature Reserve of northwestern China were observed. The
rainfall distribution, the spatial variability of throughfall and their influencing factors were systematically analyzed. The
result indicated that the throughfall, stemflow and canopy interception accounts for 84.34% , 0.72% and 14.94% of the
rainfall in open field, respectively. The spatial variability of throughfall within this stand was estimated for different rainfall
events. The coefficient of variance of throughfall decreases with increasing rainfall depth. It was found that the canopy has
a congregation effect on the throughfall in a certain extend, and this effect increases evidently with increasing rainfall depth.
The canopy structure characteristics, such as leaf area index ( LAI) , canopy density, canopy thickness, and the distance of
sampling sites to the stem of sample tree, are very important factors influencing the spatial distribution of throughfall. Of
these factors, the influence of LAI is the highest one. It was concluded that the canopy structure is one of the most

important ecological factors that affect the rainfall redistribution and spatial variability within forest stand.

Key Words: Pinus armandii; canopy interception; stemflow; throughfall; spatial variability; liupan Mountains
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PR EIK IR R RS KCF TR IO R Z — , FMGEE 2K Em s — MERZ , KRR
KRR G T SRR B TR TR, X — A R MO ARE T BRI, U T R AR A A
] 34 46 JRy , 3 T BEHIRAR 7 RE T B BB , R MR SK SCHE M EAR TR Z —, B NI T R Z R F FF
SYECE AT T KRBT (B LA (Pinus armandii) RIAMEIBFFEE D o

FBMKE MR E EARL . Sinun" BRI FIAPBISE 2B, 101 M A RERNFBHE
HARSNEEIK 22 10% ,22 A i3 HEARSDREIK 4> 40% | BRET T 9 ZF B REK i 24 IR T B 1) 88% ~ 102% A%, FFIN
RIS A T 25 5 5 28 i [ K 1O 23 1) A B B B 6 R, A 3 AR R O AT RE R R /K o Lloyd™ %2 31,
29% Wi S K BIEKR T YBTARANE K B . ZEIRHTE" BF5T T IRVL IR IR A2 4 bk 533 MK 1 23 1) 43 A 45
fibo A Ed MG H ST T Bbk B A y% A PR T 5 4 T 19 25 18 3 R 1k S LA A 4 IR
X LEHF ST AR B, PROEE S T e T 2 8] 23 A7 48 R, 1B AE 28 S ML T2 X 28 35 e T 25 () 728 S5 5% el AR A 9 5
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7S DX VAT S VR AT ) R TR, R TR E P At X BB AR PR . A SCRAS AL R B AR LA PR
WFFEXT 5, N FRAR R T P40 B A 52 3o AR S LRI TR, 95T AR LU PA XS g T 9 P40 i L 2 B P T 2 () A e S L
M K2R, ASKEE IR A 3R A AR K SCRE R AR FRAL] , i — 25 BA B AR LLAM AR AR 25 R G K A fR i i AR AR B2 0L
i, AT A K SO R Y 43 A K SCBERL ) & TR A S B SR L BERE BERL , 3 D il 8 A R0 7K R AR FF K IR
AR B T SR AL BB IR YR o
1 #R5HEE
1.1 B S EsL

WHFE s AL TS B B AR PR KA KRl il , A0 7E 38 1 SR A Hh PG 30 T B [T R B 16 X g o, 2 3
TSP TR TR Sk , MR 2060 ~2931m , #3347 B AT AR 4 106°09" ~106°30" L4 35°15" ~35°41' Z [H], J&
TRRIRHEREX T R XA A, BA BRIEW RSN E, £ FHRE S 8C,7 A FH<IR
17.4°C,1 A FHSIR -7.0C ;- 4REK &R 591. 6mm (32 Y5%G) , 2% T 6 ~9 A, F/KFA/NRBAEBIR
FESEHT , EEAA ISR, BRE RN 70% ~80% ,FHH EEARRIKAEMNN F, in1Li# ( Populus davidiana) (LTLHE
(Betula albo-sinensis) | [ #E( Betula platyphylla) 3L %A% ( Quercus liaotungensis) #2111 ¥ ( Pinus armandii) 3¢, \
TR EZRAICTE M HA (Larix principis-rupprechtii ) HIHHA ( Pinus tabulaeformis ) 5 7€ LU A B3 38 43 47 B K B
M, iR (2700m DL 1) 3 DX 4375 2 W ey LU A B o D R LUJRAE + 00 =, IAMNE 73 77 B — 5 TR
W IR 1, HEPIRARE , LB EOI RIS s KA R BRI A AR .

VPR ILAAE A T IR ) FP AR (106°15°27. 9" E, 35°29'33.4" N) , 242 LLIFAM B 4315 AL 77, Ak
T E S ERA KMt SR R 35 (, SR P RS, MR 2220m . BFSTAEH (TR 400m® ) AR AR R
W, WeAE G TEMK (Sorbus discolor) Z& 4% Fi, Mk T AH 4 3 B2 /K ) F ( Cotoneaster mulsiflorus Bge. ) | F| 3% 7k
(Rosa acicularis) G523 ( Spriaea) 5 , A2 FE A LVGFT 1T ( Fargesia nitida) % . PR5EZHBA LR 70% ,
HEE BB 85% AR BE Ry 575 k/hm R4 I8 N 27 4, SF-BIH942 0 20. 2em , SEHAEE A 11, 5m,
SRR N 2. 8m, SR 6. 6m, 48 LI AR AR T JE T X i T ARIE BCR 4. 52, MR M B R A
3. 7em, PEHEARARFHERLR 1,

1.2 ARG
1.2.1  FEFWL

FEWFFERE AN 2 3 b B — AR E =, BIR TS 5 2@ R I — &I, I 5 2km ShE B SRR
WRELE, RAHLREER,

1.2.2 2R3 [T Bt 2 2 500

2004 FEAEKZE(6 ~9 H4y) AL ILAFEHL N, FENLA & 6 D E RN 20em FrUEFT &, WE F BN E .
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Table 1 Characteristics of sample trees in the stand of Pinus armandii

[ Rl e :‘Izi’gﬁ'!lgﬁfé Slzi’QWE -'\IH’Q&‘FE} Elﬁ W E R
DBH class Mean DBH Mean diameter Mean height Mean height under ~ Density of trees Leaf area index
(cm) (cm) of canopy (m) (m) branch (cm) (stems hm %)
6.1~10 8.3 3.7 6.8 3.4 50 4.52 +0.74
10.1 ~14 12.9 4.8 10.4 4.2 25
14.1~18 16.7 5.7 12.0 4.0 125
18.1~22 19.2 6.2 12.3 3.0 150
22.1~26 24.7 7.8 12.8 2.6 100
26.1~30 27.4 8.3 13.2 1.2 125

R2 2005 ££ 6 ~10 AL T R B AR A K Xt Bz 9 _E 75 M A AE

Table 2 Description of canopy in different observational locations of rain gauges under the Pinus armandii stand

MRS BT HEES bR A TR R B
No. of rain gauges Distance of leaving stem(m)  Thickness of canopy(m) Cover Leaf area index
1 1.45 3.2 0.71 5.53
2 1.10 4.2 0.82 5.30
3 0.85 3.8 0.85 4.43
4 0.40 1.8 0.54 4.50
5 2.30 3.7 0.80 5.90
6 1.20 7.9 0.95 6.20
7 1.30 7.2 0.85 6.10
8 1.80 2.0 0.43 4.18
9 1.30 5.2 0.69 3.97
10 2.25 3.9 0.45 3.50
11 3.00 4.0 0.51 4.06
12 1.05 8.8 0.96 6.65
13 1.20 3.5 0.75 4.30
14 2.70 1.8 0.52 3.05

T RS B 2005 47 A spAj | LAL-2000 5&)2 50 H74X (Li-Cor Inc. ) WRE , FFiliid H A IFE 7°08
B E BT T ARE B, SRR TR DI IE R EC(HR 1. 5) B D M T AR RUE, ABF5T RIURE T 1 Ik, A4S RS I Bk
T ARAEBE A R IR A M T AR AR AL o e 2 PR B 0 R R T B 1 b 7 52— 15m A % BE 9 ARAT , il i
Binti USSR _EJ7 AT 77 2B, ZE R R TR B o el J2 AR P B 3 £ B (28 mm) (i BUFS AE B AR HR
TR LJ7RE ARG A B G ITEAER B R B HR, THRE S SR, a7 HU B D e JE AR AT BE o
1.2.3 TR

AR dom g — G, IR 1 ~ 2 BRARTE TR H S8 AR RS , 3L 6 MR T BRAER, T PVC R
R, T T BB EOR 32 TAE b R TR K MR B 25 kg ODRIARI N o WLDUES &) 23531 27 2004 1 2005 4F
H6~9 Hbro

W R BTN

=
9}

S =

v My

2 410" (1)

KA, S AR TRGE (mm) ;N AR TREE, S, hE—RRBERM T RRE (nl) ; M, HEERR
ARBGA SRR TE A (m?) .
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1.2.4 EERB

HEEEEITEAK:

[=P-T-§ (2)

K, 1 e Z & (mm) ;P R RKSPEM (mm) ;7 R 2E@ERER (mm) ,S T2 % (mm) ,
2 GZR55H
2.1 WX FEKRHE

H R E R I ,2004 426 ~9 H 47312005 4 6 ~ 10 A 4y FERT & 43724 497. 6mm H1 581. 2mm, 43
R 2 A R YR T & 1) 108. 2% 1 111. 1% o Ry T BFFE B 7K TR /NG SR AN [ ek T AR 1 PR T 2 0 A LR, i
6 T st ) 1] B R 2 4 B85 88 T 22600 43 M P 3 TR A R B R0 ), 463 T 2004 4 6 ~ 9 H 3y & 2005 4F 6 ~
10 A4 A /K RN B 88 R RN ARFAE , Bl 1 /K TR/ N3, 2004 i1 2005 4 A= 1 25 4 B R AR AE A3 R
AR ARE (B 1a.b.c) o BFFEHAIE KER S AR5 AR R KB KR , PR MR By 2. 6mm/h, 28
S RBCH 140.38% , Fr/NFEEA 0. 3mm/h, B KT R 21. 6mm/h, HH,37. 5% BT /DT Imm/h, 76
2mm/h DL HIRERN ) (5 65% , KF Smm/h BIREFAL G 11.36% . 3REBKWENZ N EHEZRW, JINE, WE
K,BHZHEPF6~7H, NRBENER, V¥R 11. 3mm, ZBF RECN 172.5% , K &/NEREHR 0. 3mm, K
i 160mm ; R FEF & /N 10mm BREL A 63. 64% ,50mm LA BRI 5 3.41% . IFERTIFT BT E , P Bk
MBS 7. 7h, 2R R R BN 123.37% , B8 94X 10min, K2 48.7h (2005 4£6 H30 HE7 A2 H), /W
B35 160mm , & FEE/NT 2h BIFE TR IR B 36.36% ,2 ~20h Z &) & 54.55% ,0 ~20h {5 90.91% ,

g 40 a 30 b 40 c
é‘ 30 20 30
2 20 20
SIAINIRINI NN
§0 I ||_|||_|||_||I_|| 0 I I I I . 0 L I L ||_|| |
i3 Rain indensity (mm/h) M 2% Rain CEISS(m:T:) % 7 J77 B Rain d:ratio::(h)
B1 R e R R AR
Fig. 1 Characteristics of gross rainfall during the research (Jun. — Sep. 2004 and Jun. — Oct. 2005)
2.2 MRS TS ET
2.2.1 HEHHE
i 3 AT L, 2004 4EAE KT (6 ~ 9 A ) HELLAAFK o
BB EN78.6mm, FFERER 15.80% ;2005 FAH K g
F(6~9 Af) BWBREEN 77. onm, 5HEWEEY 5
14.16% ,"FIJEE F N 14.94% , & H BB EHFEY E
%58 A GRERAK, FHH2.0mm7 AH9A &
N B
BrB9AE Y, & F2404 19. 9mm F1 19. Omm ; T B4 4E47 6 &
AMEBEBRER, XAURFESHEWNE KD GRER |
0 40 80 120 160

*,[H8 2004 46 H ﬁa\fLiZlF%_FﬁEEEﬁEXﬂ‘ﬁ/J\ ,HF%_Fﬁ [ Wi & Gross rainfall (mm)
BB %, 5 2005 46 6 1 Gy BT, ELE LA A
1 TR . & 2 ﬂ%éﬁ@%%&lf!‘%ﬁﬁ%ﬂﬁ%% . .
Fig. 2 Interception loss as a function of gross rainfall in growing-
BB TS SRR, IR R R o
ST A, (B A A9 L R ok MU, B 2 HAAB)E
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EERKRFKE . RIELIEER TR, A XA LS ZERE & SHINENEEFRELR UG
B7h
1=0.717P*" 7 =0.8415,p <0.01,n =27 (3)
K, 1 MGEE & (mm) , P AARSER & (mm) (& 2),
2.2.2 BFRR
2004 FEAERKBMTREER 2. Tmm, 5 FEM R 0. 53% ,2005 4E[RIHA K 4. 8mm , #f TRF 2N 0.89% ,
I TRTFERN 0. 72% (K 3) o ARYESLIMEIE 7307 3R B, A< o X AR LA AR T2 2 5 PRSP R T 2 2 1E
MHRRR. UEHER:
Sf=0.009 P -0.045 7> =0.9631,p <0.01,n =27 (4)
K, S A TN R (mm) , P HARSNER & (mm) (& 3)

x3 EKF(6~9 AF) LMK EIEREEFSE
Table 3 Redistribution of rainfall on the Pinus armandii stand in the growing season (Month 6 ~9)

SEHy A#y SR R F & Interception T & Stemflow 2 % F#% T Throughfall
Years Months Rainfall (mm) (mm) (%) (mm) (%) (mm) (%)
2004 6 47.3 14.5 30.66 0.1 0.21 32.7 69.13
7 154.5 17.9 11.59 0.7 0.45 135.9 87.96
8 164.1 29.4 17.92 1.0 0.61 133.7 81.47
9 131.7 16.7 12.68 0.8 0.61 114.2 86.71
6~9 497.6 78.6 15.80 2.7 0.54 416.3 83. 66
2005 6 37.4 5.6 14.97 0.3 0.80 31.5 84.22
7 239.7 21.8 9.09 2.0 0.83 215.9 90. 07
8 137.2 28.5 20.77 1.2 0.87 107.5 78.35
9 129.7 21.2 16.35 1.3 1.00 107.2 82.65
6~9 544.0 77.0 14.15 4.8 0.88 462.2 84.96

XA A RO EEAR OB AR e A R B, W

RIAFAERR AR S, HLH7AR S5 2R $5C it e T B2 PO 8 A T ik
/INE4) o BEFREB/N < 10mm) B #7285 R ECH -
144.2% ,10 ~ 20mm & [ B 5957 3 142. 60% ,20 ~ g E
N~ 3
40mm i 32K 84. 05% , 40mm L b [ W B - 3 L2
69.32% , Ja V-39 109. 69% . 7
METERA
_ ~0.4589 |
CV(%) =385.89P 0 40 80 120 160
r* =0. 3687 , p<0.05, n=25 (5) [ Wi & Gross rainfall (mm)
CV > g 4N AN S (7 ,P >
S OV TR RAC) P I W
FﬁE‘( mm) ( Ig 4) ° Fig.3 Stemflow as a function of gross rainfall in growing-season of
2.2.3 ZFBEREW 2004 and 2005

2004 FAERZE(6 ~9 H4y) R ILAAMK B 2 FERE T2 416. 3mm, [ [EFT B 83. 66% ;2005 4£4KZFy
462.2mm F1 84.96% ,2a SF-YZFBIEM RN 84.34% (£ 3) o MRS FEWBL 20mm , T FERE R R L8 1T 80%
(E5), 32 87. 11% ;Tii/NF 20mm FYREFTRS , ARONGETTE 1.9 ~8. Tmm i {9V EFERT RN 57. 68% ,
MRONERTE 10. 4 ~ 16. 6mm B (- S BERETT RN 76. 08% o [AIHE AR IR 1 5 FEFR AR LU , 42 LA AR )
FBETRRBRN

ZF 35 % I SR AR T 42 A 38 38 e 3, B P BRI , — AR DA XS O R AT AR AR
LA 'S JE il AT EAUBOR B, T X BT 2 (B 5) o

WUE TN -
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TF(%) =EXP(4.49 -1.44/P) r*=0.90(p<0.01) ,n =27 (6)
Kp, TF B ERETH(% ) ,P FERE (mm)
300 - 100 - !
e o O o)
8 20 80 LSy L O oo oo.
Z — 1
Z 200 - § 5 :
RS 2 =
W% S ¥ s \
Eg By
s 3 we TH
o 100 -% 00 = |
2 Q, 0l
g sol-© 800 1
1
0 I I I J 0 L ' ' ' '
0 40 80 120 160 0 40 80 120 160
P& & Gross rainfall (mm) Wi B Gross rainfall (mm)
B4 TR0 B T 28 57 BIS 5 e o B G 224
Fig.4 Variability of stemflow with the gross rainfall Fig.5 Change of throughfall as a percentage of gross rainfall with the

rainfall depth

2.3 ZBMETHZS D B R
2.3.1 FHEETHHZE LR

HR4E 2005 45 14 WL £ 1 2 325 Ko TR B3O 3BT , V- 250 2 325 o T il o3 0 2 P9 5 o 388 o ey e 34, (LA 2 —
FEMIE D). TERETTEBARET, A [R5 5 5] A9 27 375 [ T 2R AR AL B K, 5 TR B 458 vy BT, 2 o7 ek T 23R 72 A i B
/o

TEZ 7 B R A5 161, 2 0 T 2 ) A e LA AR K A8 bt , - B2 P AR AT B AR 2 R T B o AT
G, [ LA A 6] 5378 A T P28 S5 2R 05 P TR AP A A T 006 2R, JEL A S5 L B A T B 4 P T A1, — %
BRI TR 1.9 mm B, AR T 14 DNULIIAL S 5T 555 T R 54. 14% , FRifEE N
23.12% ,HAS S R B 3K 42. 71% s (TR RAE 5 ~ 10mm B, P 5B M Ry 62. 58% , F- 728 7 R ¥k
20.23% ;FEWETE 10 ~20mm B}, SEHZEBET RN 79.59% ,EH72 R R 5N 16.40% ; % & 1E 20 ~40mm
B, P S BRE TR N 86.29% , 3728 7 R Eh 14. 84% ; X4[E W & =40mm B, P38 5 R4k 15.01% ,
1520 ~40mm FIFETTRITAR Y , 76 88. 2mm FIREFT RIS, & WA A5 5 B R T R I8 53 R B A 9. 62% . 2005
SRR ZE N R LI A Y B B A T AR 5 R BT 34 16.62% ,3X L Zhang 61" FEL 5 (12.7% ) , H. Tobon 2511
HISE AR (22.5% ~30.6% ) o 7[RI B 573 R T 1728 5 R BB e T BB R A AL L M

CV(TF) =13.63 +54.03/P r* =0.83,p<0.05,n =14 (7)

K, CV AR A A B TR R R % ), TF HE BT (% ) ,P R E (mm) (K 6),

ST B, A e L £ 0 55 A T 7 T AR AN T 2, (e b A L B O A I SR80, 7280/ R S
BN R B B, {E B TR I 3 B B %, AnZE 10. Smm FETTET , 4 8. 3% WM S L B TR R AT
100% , 55 K ZF BRI AR K 100. 93% , 7E 28. 9mm MEFRNIS , A 46.7% WIS L F BEMEHRE T 100% , HKFE
FETR 21K 113.84% , Sinun Z°) il Gomez 51 B FT 3% & B X A LG , FEAHTIN FE R 76 2 MO R i T
RET REXDL, X GABREE R WAL (BAER/NE R, ICAE R IR RS B 5, 72588 = R TR 5 B B
EAEFEW R, Gomez %18 & BUIX PR ERN LB A 5 B A TREI % , LA I & K E7ER 11
GR AN . IR i R I TS A R E X IR EZ B R 4 T LR H P E8, B R BB BN E K
CARUE- &
2.3.2 HUFEMETZE A RNEE

HNMEBEENNHEARRE , ARIELERMNEZEME R, AU AR A EMFENE GREEERS
B F AT LA R — Bk, BRI M S BT N R F B R R RS WAHE . ATFREE TIA LR S
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BE M ARIE B (LAT) )2 R BE U A B 4 T R 7K F 50 -
LESR SIS E NN

(1) HHEBEEE(LAL)  EEE MRS E RN i
T, E SR M X R B R, — 0 B T I ARER
T RE AP, 224 R B B A T A e - B A B, 9 4
FISGE I MR R M o M AR RoBOR 7 = B 1k

40 ff

30 H

20 —% Ca O
10

BREH
Coefficient of variability (%)

I~ 8]
R AP HORE BB A, TR B T RS B0 S8 5 . | | | |
AR, X1 2005 4F 2 KT 14 A 7 S
T AR BRI E A BT R B, T ARIE BOR, SR R
W, —H BB ERMEX(E T, =0.6282,p < BE6  RIRIULY 5 i 5 e T B T AL A 5
0.05) Fig.6 Variability of throughfall with the rainfall in the 14 observed

(2) BEHE K8 XRW, EEHESFHFERE
WRETREBIA KR, R )R 2B/, F BT
R bt BE O AN T3 K, 2k B R W65 , 5 T R B = o6 B2 A N T s/ 3 AT B8 ph T 1 e )2 i
BN, BE R BESE AN , ORI 7K BRI NG , T 24 35 BE 4R S3 K e , MOE )= FO A B 1 IG5 , T - AR K B e A

FEABRTAS /NI B
100
100 - y=-190.9x* +234.2x + 15.2
2 —
< 90 s =055
= = 90
o 80 - e 80 -
o =]
= £
}‘TE 70 |- g 7
& y=-6.8589x + 112.79 pre) &
B 60 |- 2 =0.6282 B 60
IR R
50 1 J
50 L L | I 0.3 0.5 0.7 0.9 1.1
2.5 35 45 5.5 6.5

jitJ2 3 i Canopy cover
M- FR$E %L Leaf area index

B8 PR EENRGERE G KRR
Fig. 8  Scatterplot of the mean throughfall as a percentage of gross

(GRS k55 ¢ TR SCITE R S P A
Fig.7  Scatterplot of the mean throughfall as a percentage of gross

infall and
rainfall and leaf area index et and canopy cover

(3) WREE AR EREE" ZENA LSRN ER TS TR EZENEE, RS
375 A T S 22 T B MO8 T 22 R 3, — 3 SR AR SR, DR R 0.4972 (p < 0.10, [ 9) 6

(4) BEEMTHRE SRR, 4 LA TR A ZIFHETE , 56 F A R A _E 75 %0 B 59 7 /= )&
JBE M- T ARTE B R P BE S SN [R]  SXRMe T S B T S (B0 A o BeAh , BERTEAE L A 2 BENL i B9, T
8 00 1 PR 257325 ok T T R IR 52 25 RAM AC 2 M), (ELIE %A — IS B K B AREARY , 32938 B 1 90 el o PR R AR B
B, A AR U A5 B S R R R e K o FUR 14 MU P 2 2 g B T R 5 LB B T RR R S R
(18 10) , R 2 Z R AR 5 05 A T BE B Z 18] 49 56 R AT A IR SR UG, B e R b/ M B A 2
FEFEA FHOL A A, TZERE AT 1 ~2 m ZIRIMORERS b, 28R 5 1 BF9T T A2 bk & D28 B e T e
MEHBLTEEEMT 2 ~3m ZEMEE B XEUMT T —FBKER, BEAEEYLHRE , P Eif R b
TREAR T [RIBE S b A2 PR BE 5 B A T AR B S T 2 4 M PR R M B 45 2R, I B o B R T A B
BRTHRE ), (B — e R E B R T S B R T S A AR S
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100 — y=-3.0683x +93.011

*=0.4972
S L 100
NS
£ o 3 90 = o & 9%
o 80 — o = Q
g <o 2 g |
- ° £ 5
| I —~ 70
& 2 °Q) =568x2 - 15.86x +87.69
ﬁ 60 [— o ° % 60 - 2=0.2076
& 50 | | I |
0 | | | | | 0 1 2 3 4
0 2 4 6 8 10 ) A AR T B
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