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Abstract; Evaluating the rainfall interception capacity of vegetation canopies is an important component of water cycling in
ecological systems. We employed a model of atmospheric rainfall interception by vegetation canopies with observed
precipitation data from weather stations and MODIS leaf area index ( LAI) data to quantitatively estimate the rainfall
interception capacity of the vegetation canopy at a small-medium basin scale in the Guangdong province from 2004 to 2012
and reveal its spatial and temporal variation. The results showed that; (1) the annual mean rainfall interception rate of the
canopy (RIRC) in Guangdong Province declined continuously during 2004—2012 but increased slightly in 2016. The
spatial variability of RICR has diminished progressively as time goes on. (2) The RICR in Guangdong Province presented
distinctive spatial patterns and was higher in the east and west mountain areas but lower in the central mountain and coastal
areas. This spatial pattern was closely related to the spatial pattern of LAI, which mainly presented a ring pattern that
increased from the Pearl River Delta to the periphery, but was not very related to the spatial pattern of rainfall, which
showed a gradual decreasing trend from south to north. (3) The forest coverage rate had a certain impact on the canopy

interception capacity, especially the areas of broad-leaved forest in the basins.

Key Words: rainfall interception; canopy; temporal and spatial pattern; LAI; remote sensing; basin

A 5622 2 7 P 2 A R e R P A e 2 T AR BT oA DG 72 v 81 b T 190 2R T, R TR 0B 1 14 B
W AEANRIREE R0 25 5 1k Hb I A [ RN 2 R0 400, RIS IR 38 7= R AR K R A T A X
BRI 4 T2 A T A B RE 7 X R I — A DX Sl o A K TR S B 0 D B T R i SR e TR B T B AR

] PN A 1) 2 38 KA A e 2 R R AR B A T R o, SR I 98 K 2 3 TP A1 s S B 3 22 IR, 4t
THAMATAS [R) B R 3 B AS [ AR b =2 18] AS [P G 22 T sl 2 A [ X3 2 [ e J 2 4 B R R iy 22 57, 0F
HET AT B 2 B0 G AR AR (LR P R A XL TG 17 A e M A AR A 4 AR, X T R A e 2 ) AR S A R AR
LRI TR R G AE ), ASRESMEIRES , AN S0 Bl R EFE AR, A& DA 2 R I A S o
Pz 83 2 R W0, EEARRE I i P ARE e 2R | T AT e R R R AR RS —
S ML TR ) HEE 2 S 25 0 40 T ASS 25 T TR IR, B0 Horton R E1ES) Rutter B2 Liu BEHILY) Gash i A7 4
RYLEBT Aston BRI ALP.J.DE ROO BRY7 %5 {0l T S BUR £ | 45 KRR B AR 9k 76t J2 [ T 76 B3 i
TR T KA IRME, Aston ' FIT A.P.J.DE ROO" &2 i #E KR B 2 1, B TR 40, A bkt
AT FR R FIOR B o AP el J2 5 T A B DGR DR 2 G A A 28 S AR 1) 8, 1) P £ R 21 9 A0 Bt ) s
R A A OR A B T AR AR Btz N R RN RT | (AR 25 1 IR A2 B (5 B e 5 M bk el R e
TR B AR A BB R B AR A e 2 A T B T O B i g Bl T

IR HAL T 2B 2 I 2T SRR S )T AR K L Y G
30 4F, AR AR RS RAS R AR T BRI AR A, AR AR REIR BR = A M X 2 T AR B R TR IR TR
AR T R A ROl b, R 1 TR SR MR B8, ALl T AR RS — JEE AR/, 20 28 90 AR AR LISk, 44 5
TR AR PR IR R S s AR TR bR b T R 3% 2 T T (R AR 2 B R SR MO IR s 2, N TR AS W7 34 22 1) )
1 TERRMREE AR AT R R, AR T T AR AR e 2 A T 76 B8 S LA 2 AR AL R A, A B
Tt T ) AR A S OK SCREA HLBE 45 7R A2 25 R G X /K SO R A 35 78 L IA T8 ZR AR K 37 2k i 28 A
H 148 SO BOR ALK

AR ALP.J.DE ROO %517 AR 4 6 22 46 T AR P A TR, 254 ot T A 00 i %6 ° 65080 T MOITDS
T FRFE L (LAT) 18 BB | G BB RN 20 BT 1 2004—2016 4F () 43 48 Vi 4 R0 8 A7 0k e J2 4 T 6 B E 7 ) e
ZSAHREAE , SRTRIBESE LA (AR EE L gl AR ) FRAREETE (SR N S B FR AR ) Ml
(FF = WARTY B ILERARY RN TAR B AT %) | AR X (FEARRIE [ AR

http ; //www.ecologica.cn



2254 JAE = 40 %

P IR E G E R R X A8 S B R AN IR, AR 5 LA B AR R Y AT, T e A
3 A A SRR ISR LA S [R5 T A A SR S ) SE R AR S AR G, LR A WS RUEE  HF T 45 2R
SR PSR SR AN E

1 XE#HR

JRAEIREME R, S RV S VTP Mo A B BT R A AL G
SRR AR FEE NSRS SRR T MR R, DUk 3=, (k2 A /N N
O3 A EANAA IBRTE = AR B wp BUF I, Wi A 22, 46 RN T AR 3000 km?® DL 0] A BR VL R VL S8
VLBV ARVL PEYE ACVEAE JERL T 7 R (1) o AR BRI ZRE | A AR DR 1 b B [r) B 20 A7 A7 3 B4
R SRR AR O ZE R AORIEH ZE AR, TR I SR I S I R AT R G 2T TR )
hi 48 T T AR 37.96% 24.8% 5.15% , | RAAIR A 425 Iz A CH I &, AR IR K £
KEFRABEE S,

>z

24°N

i
— I RADRE
-— BRI R
MR %
I HREBRBKR

110° 114° 117°E

21°

E1 IREREE
Fig.1 Watersheds in Guangdong Province

2 HIEERE

2.1 Bl S b

(1) BERIECE

KB ARAE 87 NFEME M T ARG LI 3 S Y 2004 4F 1 H—2016 4F 12 H H R O, B R 0.1
mm, FH ArcGIS S FE B AR , B0l s A5 A0 H R R 8Os (542 A% 500 m x 500 m Z3FER 1) H RN
SRS B, PR A A T A BRI E H SRR R R B AR R R R R A

(2) M ARAEEC(LATD) & A s

I TS 2 ( Leaf Area Index, LAT) S 45 80 i 3 1 AL 7 Al 4 n i AU A7) pl 300 00 328 BB
PEREAG, HARTRVEICHE IR i A AS B R P el R L e AR UE , SCH SR F R 1 B 25 [R) 04 5 MODIS i b
HEF= i —MODI3A1 (16 KA RIS HE N 500 m AREBEIE B0 ) . MODIS {X#%5 NOAA T3 58 fili s Ho A
TR 1) 2 PR RIS E . NOAA [T oRE2E 2 T MODIS W E KR, 2) B[] 2 B s AR
MODIS T2 — KAl 5% 4 W (NOAA TR — K8 2 k) X4 Fh 58 &tk AR LRI SR 9¢ 55 A B a8 1) 52 B

http ; //www.ecologica.cn



748 FINVELL 25T AR 2004—2016 FEHIHY 6L 2 R IO 18 B AR 0L A I 25 A8 AL R RAIE 2255

WEMEETT . 3) LIl HEAR AR =, MODIS TLEA 36 MIBL(NOAA THRAT 5 9B ) |, i3k i 22 3 3 WL 44 i
TN LR A % 2 G 0 LI e T AT b RS AL I RE T . A SCRIAT ENVI 4% i 4 MODIS-LAT i #E47
PHEEIFET ARBUT ) R TG A LAT B8, SR I5 ] ArcGIS B 1F 5 edl #EAT I A 247 , JREU 4048 2004—

2016 P-4 H A4 LAT IS B8 (20 BE%0 500 m) o S PRIES AT 0 HERfR M, AR SO $E & T 1) MODIS-
LAL 85 (A3iE 0 0,1,2) 475087 .
(3) /N 4

FETF TR 30 m HERAVECT = R DEM ( Digital Elevation Model ) , Fll FH ArcGIS fJ/K 43438 T 5. ¥
T SRR DA K IS B TR I A AR K T RRAE 50 km® DL A AR X 7 AP Y 3 SR K
RS U5 RN e QS I IS UE% sl N [ A A e 3R e 2 AT R A A e - R R I
ST | 1367 A/
22 Jrik

(1) T UR e R 50 AT el J 2 o T B i

SR A.P.J.DE ROO 457! 4 2 1) A 5682 A T 46K P AR | 5 Il T R 501 o R 53 s e 2 e T G
i, BARHE AT .

P

SL':Smax x [1 _C_ﬁ] (1)
n = 0.040 x LAI (2)
S, =0.935 + 0.498 x LAI - 0.00575 x LAI® (3)

R, S, WK R I (mm) | P, WERET MR (mm) |, S, BRI bR R
R A E ) (B PR A0k mm) | o WRCIE R, LAL g BUE R, AR BLE RS P, = O, S, =
0,4 P, — oofff, S, = IAEME (S,.) .

(2) HE YR e 5 B0 4 e T 2 o 7 P

Rl 8 2 1 A P R 2 A T R ko A T P 77 23 1, AR (4)

S,
a=—"x 100 (4)

Pen
S Ay H R R B (% ), LI I

(3) J1 49/ A 22 T AR i/ 335

1 T U R 2 TR /563 PSR, TRV o B4 2
PR B /3 [ L R — A% A T o I 0 P AL I = e T A/ 3 SR 2R AT IR 1, A 4
Yoy LB R 2 L 0 2.

(4) RGBT ERE (SLOPE ) 23 M) AR 48 R B et J2 ik T G B 3R A A8 T 34

Ay WA 5 SRR e ] SRR | A SO — T2 A 1 I RS 155 2004—2016 45 13 4F [ (925 {5, B
16116015 (SLOPE ) , 343 71 S B 0 2 R A S M e ), A8

n

n X iszi - iniAi
SLOPE = —— == (5)
n X ;xf - (;xi)z

Ao, n SRR, T 135 «, 25 AR (2004 AR —AF) 5 A, AR | AEX N A WO 2 B I AR B R

(5) FELk i J2 o W A B S ) o0 b v

SR BT IS e )™ 2 4 AR et 2 A6 R4 B B 7 140 23 B 0 A REAE ARl 2004 4F 1 SR 1HAT B et J 2 oo R 48 P 2, LA
60 mm 190 mm 53 IVE A BIE K ) AR 48 AEDY e 2 P 26 R0 A i 0 X0 0 v B DX P B X RMIG R R X 3
AN, IR 1 PR,

http ; //www.ecologica.cn



2256 JAE = 40 4

F1 ERTERTBEEZRNS R

Table 1 Categorization of atmospheric rainfall interception induced by vegetation canopy
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Fig.2 Spatial patterns of annual mean rainfall in Guangdong Province from 2004 to 2016

http ; //www.ecologica.cn



74 PINVELL 450 ZR4E 2004—2016 47 HETE J2 IR TR A8 BRSO B I 28 8 AL RPAIE 2257

PO Jil g, v T TR P e b 550 (A9 A TR ) | D e e e 3 ol H e R AR O A DAL, R AR X 4 2 1Y
DI — B Ak T MR A g~ 4 v A T A 320 v e e AR B 4 b (N PR )

A 20084 | % _
P L7 {x. A adiih ¥
:j;. AL i

& &

wlhaad ,.;A}

p r
2

20042 B S

IRV
R

B,

[ 1]

HABHB 0 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2700

E3 2004—2016 EEXFBEFHEREZT B HE

Fig.3 Spatial variations of annual mean rainfall in seven major basins from 2004 to 2016
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Fig.5 Spatial patterns of annual mean LAI in Guangdong Province from 2004 to 2016
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Fig.6 Spatial variations of annual mean LAI in seven major basins from 2004 to 2016

81 AT R s | AR R A 1 A Y A R - R TR L i A7 A R R 178 - A 1 R I 18 A AR A
AR TRE A S AR TR A N ESRCI e

TR BA X A R A A AR SRV = AT T T M 2 B Il P Dt | B G G it X B e 90 ¥ | P R 3]
11 1 1| A 8 AR A 1 A R O 1 A2 A R 0 At R 1 311822 R A 78 A A I 1 R e AR 1 /78 A
5 SO I8 5 N A B A - /78 A 2 R A2 A 8 W5 ot (R A A 8 A o 18 A I B8 8 AR R
iR ARTE WA R T e

M 2 TTLIE H,2004—2016 4F 114 3 A0 8 RE X AR S-S o el 2 P iR R e R AR K, &
2016 4, H Tk BA IX A AR 2 e ol e 2 e T A P 1 ED R 90 mm A BRI, 35 %) 131.83 mm, [A]ARHER A B IX )4
R 2 P4 T A BE 5 60 mm B9 BREL, 15 2 70.26 mm, ] UL AR SR Fif 25 AT [ TR A4 189K R Bl 7 o o
FIFETY, = ZA 0 AR DX (R X B B X)) B e B

£2 2004—2016 EREERX G FHERBEMRBEENEREL/ mm

Table 2 Mean atmospheric rainfall interception induced by vegetation canopy in different subregion

e 1 PR IX I R X TARA B X
Year High interception area Moderate interception area Low interception area
2004 94.51 71.22 45.48

2008 90.88 72.92 52.68

2012 101.22 82.66 59.61

2016 131.83 107.23 70.26
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Fig.8 Variation of monthly mean rainfall interception rate of canopy ( RIRC) in Guangdong Province from 2004 to 2016
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Fig.9 Spatial patterns of annual mean RIRC in Guangdong Province from 2004 to 2016
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Fig.11 Spatial variations of annual mean RIRC in seven major basins from 2004 to 2016
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Table 3 Areas and percentages of forestes in basin-pairs at four climate zones
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Fig.12 Basin-pairs of four climate zone in Guangdong Province
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Fig.14 The relationship between forest percentage and RICR in four climate zones

SRFEA — Al LA SCHE T T A AU 2 SR mT 5

(M T2 5 RGBT ST 5 0572 3 Bl T 7% 00 " WM O WRER O SRR
BV 55— RS OO R e T %

ABFIAE RSP A 2 A5 RT3 g

RRMERT I, SOk A e ] | /
WA R RR G, RS 3 | 7
AR OB 1T LAL TP AR, 5 B o | ?
I B2 1 6 2 52 90 A R 3 1 il 758 am. ﬂm-IA
U AT S LB SO TR R A 75 B s e

BE—E ik, A A5 Climate zone

(2) K M T RS U DB T R 48 W e 2 P& TR E 15 MEASES 3 AR ZRKER & RAER LA
éﬁ Eéj ﬁlé jj gg I‘ETJ *ﬁ }% E/‘J 3‘5 E’F % 5 EE *E %}}iﬁ ):f. Ig%l—_ﬁ/@z Eéj Fig.15 The percentages of three forest types in four climate zones
IR B e J2= ek TR B R A3 5T e T AR
I T AR JOR S DX S B0 J2= e T 4R P 2 R AR TR 3R T B I 23 R 5 28 A R [R] e 46 W IX N 3
FELAEE 2= I R AR B B AR AR 28 R Sl AR SCAOBIF S A B, ) 2R 48 M Bt J= o v 4B P T S B L X R P 7Y
g, L DA R T VA M XAV P Sk 5 2 1] 22 S SRy 5k ol 2 A Jm S A i BT sl LA 2 B B ph 2R = 1) b
P 32 1 ) R J2= 2 [ A Jm R L 8 AR G T35y g 1] 02 9 298 il ) 28 T 2 [0 A8 J R E AR DS PR AN G, 32 Pl
AR KR, ELLASRBERE R AR 4212 5 5 3R B H AR A R B 7 DT 5 B0 B 5 2 e o G
B RE ) E O T B AR 20 TR 2 R i 22 D R 29

(3) BEFTIE R AR AR DR 2 5 AR BE 0 I () 28 A SRR AR A B 2 PR 2004—2012 4FT7 K
A PR = A TR B SRR ARP- (BRI, 2016 AFHE I el J2= 9 1 180 B SR AT L, O ELBE 3 o 1) B9 4%
DRI 2 T PO B e 22 o R B R 2 S OGN - IO oy TR A 22 LA (O IR AR [ W 1 389 0, 472 LA
023 ) S R PEAE RS O (BT 5) | TTAT K e R k) 22 ) 5 B i/ (181 2) o 78 LAT AR 2 3 T 4R P 4 A

http ; //www.ecologica.cn



748 FINVELL 25T AR 2004—2016 FEHIHY 6L 2 R IO 18 B AR 0L A I 25 A8 AL R RAIE 2265

B (2T 1) TR N X A e 2 A N B SR 8y (83X 4) RS RIFE IR, 47 X B A9 23 1) ) 5 o o
Y 768 2 A T R B 23R 235 A s %) B i e i — 2B 0K T 489 LA 19472 [0 S SR oA A e 22 4 T 6 A 328 [l g
SRS — AL A0 /N, B 5 ORGP R )2 WA T 76 B 23R 1) 28 1] 28 S LA R 40 e 2 A T 78 B SR AR 4 25 L/ N (1Y)
I [ AZ AL AFAIE

(4) REPEBRIR ) R 48 R 0 el J22 A T 80 B 1) SE 2 DUkl ek A3 BT DU AR 4 ST () S bR 2 R 19 1
L BOAE 5 6 2 A T R B 2 R B AL e 2 R I R R B 7 4 MRy R G B M 25 5% I s N AR 55
TET AR L 8] ) 5 A 5 2 o B B ) AR e S AR DG OC R mT L 7% A i e 2 o A P e ) 32 b e
F14) B M 37 37 A 55 S5 A A A S M) 1T S0 3 A 6] b o R AR TR R ) BB T 2R A R e 2 R T A B R e
AR AEHT , (FE 3K — 2578 i T B AR T 22 (B 43 BT ok S 3

BT LI L2518 TERE I B AW N A S 50R , S b — 54 A el 2 A T 4 B BB T, BURF IV I EE
AE PR R TG A LAT b B Rt — SR xR BUE S R G R S, SR, AR S AR
JEIKT, SR A A AR 22 T 4K, st T B2 A OG0 1) 81 b ) ‘0 e o WA R IBOR Oy 58, 1 An el 42 55 % e
IKF55 w8 A BR = L IX. 28355 2% TRk - i () 5 SR A A, I B il LA A el + 45 6 + 157 1 b kg T2 AR 119 o b R 249
A X T A T R A R G L X DU SN SiE BR AR A T, R ZRARAY 1 SRR TR HEZR AR A B, B
BCAC R LAT 7 5 i 3 LU 5] X6 LT A0 7K 378 2 Ay 71 ) e X 07 354 il LA 0 A+ o] o+ g 28 B
Mok FARE S R G A,

£ % 3Lk ( References) :
[ 1] 3, WAers, MM, T2, SRAAES RGN KGR S M0, (4, 2004, 22(4) ; 483-491.
(2] TR, BRI L. A 52 AR X b 2K 40 R R H P 52 e 1 BB L. SRk, 2013, 33(2) : 119-129.
[ 3] itk AR LSS 1 s AR A BFSE[ D], 220 220Kk, 2010.
[4] ke, Bk, WOO%, EIR], EIRH, o348 A8 LTI = A2 X BEK 09 43 O 24z, 2007, 25(6) : 678-683.
[ 5] #emZs, BHBA, EEM, R, T8, S M ZAUE )28 RE. N A2, 2010, 21(10) « 2487-2493.
[6] FExFE. AELRHMABAARE K SO0 KSR ERRI D], b5t P EMol AT, 2015,
]

FEAz, RESC, BIE, T, Fn €, RUIE, kI, PR TN RS I R T AR K SCAE ISR WL AR BE A4, 2008, 25
(1):37-41.
] Horton R E. Rainfall Interception. Monthly Weather Review, 1919, 47(9) : 603-623.
1 EENE, TR, REN, B MOEHE B MO AL S BN ER RIS . JERTARL B2 R, 1998, 20(6) : 25-30.
[10] 954, J7RAE BARAESROLSIAS AT R BT Mok BHETT %, 2014, 28(1) : 1-6.
1 REA TR WA IR R S R, 2016, (3): 65-67.
1 Rutter A J, Kershaw K A, Robins P C, Morton, A J. A predictive model of rainfall interception in forests, 1. Derivation of the model from
observations in a plantation of Corsican pine. Agricultural Meteorology, 1971-1972, 9. 367-384.
[13] Liu S G. A new model for the prediction of rainfall interception in forest canopies. Ecological Modelling, 1997, 99(2/3) : 151-159.
[14] Gash J H C, Morton A J. An application of the Rutter model to the estimation of the interception loss from Thetford Forest. Journal of Hydrology,
1978, 38(1/2) : 49-58.
[15] Gash J H C. An analytical model of rainfall interception by forests. Quarterly Journal of the Royal Meteorological Society, 1979, 105(443) . 43-55.
[16] Aston A R. Rainfall interception by eight small trees. Journal of Hydrology, 1979, 42(3/4) . 383-396.
[17] Roo Ad, Wesseling C.G. Jetten V G, Ritsema Coen. LISEM: A physically-based hydrological and soil erosion model incorporated in a GIS.
Application of geographic information systems in hydrology and water resources management, 1996, 235. 395-403.
(18]  BRSelE. I 7RAE L AR LW ENLUE[ D], TN hEREBERTF A B (7 MER =BT , 2015.
[19]  XUnatd. )" HRE N TARBHRBUR AT S 0F4r. Mol A R, 2017, 42(5) : 58-63, 72-72.
[20] AR3CHe, #AMER, IRAEHRE, 250100, FIBNE, W05, ST B ERARAE V8 R WO )2 0 B2 R R I R i e 2 i VE . BRI 22441, 2010, 30
(1): 15-23.
[21] A3, BEaE, SOk, sk BB IEN Gash M HTABTA XTI YT 1 70 w3 1L )L i Ll AR RO P8 B, ZE 25 23R, 2010, 30
(5): 1125-1132.

http ; //www.ecologica.cn



2266

S % 40

[22]
[23]
[24]
[25]
[26]
[27]
[28]

Iufl, FISCHE, B, XBMSE, TR, WSO, W2 RS AR TMMOGE B RHIE. A= 25240, 2016, 36(13) : 4131-4140.

Uy

|

HEHE, W, KA, SRR, G BATMAMOE I BR AR ERIATTE. RO B HARBLAAR, 2009, 33(2) : 31-34.
KR
K,

JEAE B U AT MR R B ARBTSE [ D] B AT B AUl R, 2007.
WEIRIR - WD LHEAR. FEARRIGE B AR X 5 223 _EBE AR MR RO IR TR DI RE. /K PR3543, 2017, 31(3) : 147-153.

FIZE, 00, 58, mEl, BN, TR JFRILE RS AR K AMOE 2SR K R FFEHR, 2016, 36(2) : 216-221.

AT .
68(11) .
WBIR,
TEH,
USUEER
[ Sy

B—i,

IR BT IR B ik (B8 ) . b Bl R, 2013 381-385.

Mg, rhERE, RIS, RUCKS, BT A, EROR. BT REAT Y EOE 0 i IR S Bk HE R AE S MLEE. M B4R, 2013,
1513-1526.

JRERAE ) BE/NEE, fT{d, PREAE. 2R SRS R L. Pl I, 2008, 28(4) : 302-305, 330-330.

VEFER, MT5E, BT, 52 5 B N TR T o & KR SRR Mol BHEBF5 , 2017, 30(4) : 679-684.
TR, XU, EFFE. TARE MRS, AR, 2015, 31(4) : 106-111.

TR 22 MR XGRoMR R AR (W AR R S BT s B, 2016, (14): 17-18.

XHgE. 3% E 3 B AL S RGO SR A B T, Ml RS, 1995, 31(4) « 289-298.

WAL, VRN, SKaT . KRR SR SR SO . RITAS R 0 fl A 25 R GRS S5 . AR 48244), 2015, 35(15) : 5191-5196.

HR. FIREE 7 LK IR SRR AR SO REDEEL D] Jbst: Juatflk Rz, 2009.

Wi .

T AR KM B A R ST, R KA S R KIETE, 2008, (12) @ 23-23, 29-29.

N, ESE, X H%, AR BT, NEAZ. IR 2R E E R B Mo, AR, 2009, 29(2) ; 669-675.

BT,
L,

EGERT, SRBU, FOKOR, MRS TORAEMR 2 B 70 AR IE SO I R K K R AR EreAi, 2012, 26(4) ; 208-211, 215-215.
BRI TR H SRR BRI, ARl . AR, 2010, 28(1) : 157-160.

http ; //www.ecologica.cn



