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Modeling canopy rainfall interception of a tropical seasonal rainforest in

Xishuangbanna, Southwest China
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Abstract: Gash analytical model has been widely used for estimating rainfall interception of forest canopy. In order to verify its
applicability, we compared the modeling results of the Gash model with those of field data collected from a tropical seasonal
rainforest of Xishuangbanna in 2003. Field measurements showed that annual rainfall was 1244.4 mm in the rainforest with
throughfall, stemflow, and canopy interception amounted to 867.3, 114.4, and 262.7 mm, respectively. Throughfall correlated
positively with the weekly rainfall. Using the Gash analytic model, the estimated canopy interception was 274.9 mm with canopy
water storage capacity reaching 0.59 mm (0.41 mm for leaves and branches and 0.19 mm for tree trunks). With an average
evaporation rate of 0.12 mm h™' from the saturated canopy and a rainfall intensity of 3.37 mm h™', the amount of rainfall needed
to saturate the canopy was 0.6 mm. Evaporation after rainfall ceasing was the greatest within 5 components in Gash model and it
accounted for 46.2% of total interception, and evaporation from trunks accounted for about 15% so it was another component that
could not be neglected. Relative differences between the Gash modeling results and field measurements were 4.3% with dry
season as 0.1% and rainy season as 6.9% . We conclude that the Gash analytic model can be used for estimating canopy water
interception in the tropical seasonal rainforest. |
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Table 1 Some characteristics of tropical seasonal rainforest in Xishuangbanna

B (em) FHHE" (m) FiHE" (cm) BRPOEE T (#/hm?) M ER R CE S S
DBH Mean height DBH Density of trees LA DIFN

5~10 7.32 6.87 503
10~ 20 11.76 13.90 226
20-30 17.05 2.12 68 5.000.85 0.091 £ 0.047
30 ~ 40 20.49 34.32 41
40 ~ 50 23.79 44.41 18

=50 30.81 71.72 34

w gy o R 2 B T OB 4 A bR AR 25 R 4S8 S BT ST 15 3R 68t Provided by Xishuangbanna Tropical Rain Forest Ecosystem Station, XTBG, CAS

2.1 H4ARM

2.1.1 FEHEKMRAE AESHWHAN HBEES KNERFRERY, BRREE HALEERA —EH
B, HEWRMEEMRRE, RAAH M 2.0mx0.3m V RIS /K R WK EFEREK, B KL KERER
HEHA S, BEREREEKEEREERE T 00—, FABHEHBRE SERELER . BE
HIKB
2.1.2 WTF2BMME RABHNEREES, FERT ABRKBEERKERTRR. SEHRREER,
AT 441,55 | ABRARBREHH T 6 8,5 2 HRMBYL 16cm < d<32em MK T 111,55 3 HRER
10cm < d < 16cm BIME T 4 18,55 4 HEBRE d<10cm W T 4 1. B SRS ANERE BRI R EM
HEAENR TRRE.
2.1.3 HAZERMNWNE BN om BREZABSE LRETEASS WAL (RMET), 5AFRHRX
R A B R B (RM YOUNG, 52203) , 28 S R 1% B ( VAISALA , HMP45C) |, K. 3% ( VECTOR INSTRUMENTS, A100R) .
¥ %8 5F (KIPP&ZONEN, CNR-1) % ,
2.2 WHERKEHHE
BRELYE MKW EEBRE™ U RBRBAITRE, PRI 7 # (8% 36 BRI, E#
(B)3~618, BEANBR—TEMNNEGHF, A 10x20em’/F) FHE (AR <2em) NIHFRESE, HEEH
AW ERARENEANUE,EBRENSRRRK, BFERK 24h, BT R, 25K
5min ., 10min ,20min 30min F B[] (5] jR & #E /T — /DT B KR E4h EE Ih FRE 1 K. FE. HBK 24h 5
MRS EHENT 24h, KEFIHRALEEHRMHERHKE. REMZR,HAFEK Smn SERRAER
BB MEL, AERKEEERKERTH A SEE, Hikr F BKR TR 3h. B&ER R,
FREMRARERKEG, BRRE LS, KRB R YR T B BG4 H PO =R AR A
AFEKEES .

3 ERER
2 F 5% (5 FBOHE S 2003 SER M BIE, EN S~ 10 H, BE B I TZ,
3.1 PFEFEHRIE )

2003 AT RN 1244 4mm, HHP T E (5~ 10 )BT R 926.7mm, 5 74.5%, FTE (11 ~4 ) FET &
317.7mm, 5 25.5% . 5T 12a BFBPREGLAEEE ,2003 4ERERER BN B D BRETARER ATk,
MEMRRL, FEEF SN, EEETEEMA BN, Kb 1 T B7EE 12 §KEH 100mm, 7 11,12
ABRILPFRAERTN(E L), FR(EASEFR D RS, 25 <2.5mm/h KABBER R E, > 8mm/h #
KT B A KB 5 &4 MTTHT B9 4.8%, |

O ER.%¥ WIENABRHEEFHASRBEARKER AL IOBR HER.
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Fig.1 Some characteristics of rainfall : monthly rainfall(a) , distribution of rainfall intensity (b) and distribution of rainfall (¢) and rainy hour(d) in a day
aEWBSEEL D BWREDH, c EHK AT, d WAL
M%mﬁﬁm*ﬁ(@ lcxd),%migﬁﬁiﬁﬁ - ase y=-4.684+0.937x i
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24: 00 BARST B g 0or ° |
3.2 AW % sor 5
hs FA S aa 0r ° 1 ]
B TR T 70 00 R AR P T B o 2003 5 e |
MEEETLAEBEN 867.3mm, R TRHELE N JA MW Weekly rainfall (tam)
114 4nm, R SERETHES BN 69.7% .9.2% . A F H2 KRS SERT 7

EEMESABRTNERNST.4% +18.5% W TRHES A Fig.2 The relation of throughfall to rainfall, for weekly value
RREAEMN11.2%£7.5%. BAAFERKNALBSMAIETARRETEIB(E?2), TRAHNTER :
MEMIEREFEENEEXLE, ¢
3.3 HERY ;
s R AAFEIN T 1)K B4 .

I'=P- (T, +5t) (5)
KA, I AWEBEER, P AMSET, T, hEEREW, S, AR FER.
3.3.1 28 MEFKEAORKEBER KN ETEEWETZ— HESH WA HR B RERER,
AR A T HRERKENRE. BRP—BRAE T RE LSRR HT N E REHE,
TE 2535 W TR 25 18] A8 SRS A P i K %) | T S 000 5 o6 e 0 A T 42 3 A 10 00 e i X 82 ™7 5 T 88 R
HFEEERE B HRMBLORA. BERERTRARE RS AERKEED WMAEE 5 B HOEE3 ,
SHFEKEES S K 0.35~ 0.5 mm, W T HHKEES S, H0.13~0.26mm, BHEBEETEY p ¥EA
AHMBMTRRSR(ELDRTRARY p WSEHEETHNTRER™ , HMSKRMERE 2, KR ‘
FEHBMER,R H=0.5mm/h i B FHREFTRAE,2003 £ 11 A.12 A WP EE =0.5mm/h B FETH H
B, HESG, MAKEHEHERZBERN O 2o/h, R FHEFHBEWNEE. KEEWNEKHIF¥SHRE
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3.3.2 ®MEED ETHENE,BES/E TSR 2003 4 K #H 5 T AROEE B #TEMY, X
F <0.5mm/h KRR EHE T ARZ RGBT, 5 20.5mm/h WERRAKEBTHE, 2FEKEE 8BS
ABEMENE3, KT m=363h,n=2341h, ¢ =220h, <0.5Smm/h KIFEFRE X 57.8mm.

B2 Gash HAUSH
Table 2 Some parameters needed in Gash model
A 4 Month R (mm/h) d(m) zp(m) u(m/s) r, (s/m) E(mm/h) Pz (mm) 8,/p, (mm)
1 A Jan. 3.96 30.9 3.11 0.26 39.22 0.09 0.76 1.09
2 A Feb. 2,21 30.8 3.28 0.33 49.13 0.14 0.53 2.54
3 A Mar. 5.59 30.3 3.00 0.38 30.79 0.18 0.60 2.39
4 A Apr. 4.23 21.3 4,96 0.33 22.36 0.24 0.56 3.50
5 A May 2.79 30.9 2.88 0.37 30.50 0.22 0.43 4.87
6 A Jun. 2.39 28.0 5.59 0.28 18.95 0.20 0.40 2.75
7 A Jl. 3.19 31.0 2.99 0.33 32.63 0.16 0.40 1.57
8 A Aug. 3.98 29.4 5.02 0.22 24.39 0.15 0.50 0.81
9 A Sep. 3.02 29.8 4.02 0.24 32.07 0.14 0.53 0.50
10 A Oct. 2.31 27.8 - 6.50 0.19 20.19 0.15 0.44 1.27
11 A Nov. - 32.4 1.57 0.25 81.96 0.10 — —
12 A Dec. — 31.6 2.17 0.25 60.43 0.11 — —
T % Dry season 4.00 30.55 3.02 0.30 47.32 0.14 0.61 2.38
FiZ Rainy season 2.95 29.48 4.50 0.27 - 26.46 0.17 0.45 1.96
4 Year 3.37 30.02 3.76 0.29 36.89 0.16 0.52 2.13

#3 Gash MBRAMBES
Table 3 The components of the total interception loss accounting to Gash model, based on hourly rainfall

AR E &L 8 4R 4 49 4 A ¥E 4 Component of interception loss F 35 Analytical form B E R Value (mm)
HERMAE m KR Small rainfalls when Pg < Pj (1-p-p)S Py 515

ATEL BN n KFEW AT INIBILE Wetting-up the canopy, when P; > = P (1-p- p,);&l - nS 4.1

R i 44 A AT # FIBK S ) 28 R Evaporation from saturation until rainfall ceases (E/R) E (Pg - PL) 50.8

R T 4% A J5 RO AR TEFE K Evaporation after rainfall ceases nS ” 127.0
BITHR ot o WHTTR THEA, R m s n- o WA FRRA Bvaporaion from tunks 45, + P, 3 Py as

.8 5 % Total interception loss I " 274.9

AHERL, BEELENREREEATRENTEARNRLY, SBEEREN 46.2% ; W TRE SHE
BEK15.1%, EREREF AT ZANARTED. HTHERPUWER(P < PSS, MBEETEER
MEMERAE ;N THERAWERMS  REZAEIAETRERE ASRIERERKEHAESRS
ER M,

333 HMEBEELE HEWUWP.T, 58 H HARSHESIERELEN 262.7mm, S & FRTE
H121.1% . 38R Gash I AN 2003 G MR TR B BT 0L, B3V EERE B &K 274.9mm, 5 &4
MEWEM2.1%  BRERLZNER 2.20m; RER(FRERSHKBHNEHL)E 1.0%, 32003 £510
B R EAEREE RITEHITS (B 3), B/RH Gash BAX WA E(AARRIT)MTRFHER,
4 #Hipgitie , |

HTRMRRE, FHRABERAREFTHEN, MEETEMNHETEEMATRERTEY, —
HHE, R ERNRBAEBEERE, EES TR RE AN EATHAETRE R, A6, LHEHM

) ?rlE—‘F,%.ﬁm)ﬁ%ﬁ#ﬁﬁﬁﬁ%ﬁé’&kﬁﬁwﬁﬁﬁL&#ﬁ%i?&%%ﬁ,%ﬁtkﬂi.
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BESES TR S ERTRNTRRL 250 -
P T WA B A, TR IR B R Ay R
Pz P ARSERRIA IR, Bttt 2 3 SRUAE TR0 AR I
BAOF A . B— 0 i R XA B 0 15 0 L b
REES S HERMY,REN S K—RIEEE, K
BLRWMBL S 3R AENREENHE R e E—y
BB E A KS, B R R X JRBEM Weekly rainfall (mm)
REKE, &R RE RO, R85 WM R
BT, A REMEEYEEERN TFRENS X Fig.3 Cumulative interception loss, for measured and estimated value
fh, S S A A A Lin S0 % .
Eﬁ%*&ﬁﬁﬁ’ﬁﬁﬁﬂf%mﬁ%ﬁﬁ?,ﬁﬂﬁéﬁ% Table 4 Comparison of interception loss between estimated and §
EIPROK B A B AE A A BO MR T I B 40% AT RIHY measured value in two seasons
BEBGRT M, | £ T WE
MR UL 5 300 A0 A BB AR H B (R 4), AT IR, Yoot Dry sossonRuiny seseon

BEHI{E Estimated value (mm) 274.9 71.7 203.1 i

TEHOMEMREED, WEHKA,XTWRREBE T TE R0 Messured value (mm) 2627 716 191.1 ‘

y=-4.684+0.937x
200 R*=0.986

#EEW Net rainfall (mm)
2

WRAMT B EHREARBRAMS MARY  AOEN e o) 2201120

METIASTY B K 3R B R 4, (078 M T AR B8 0 casivs o - 26

B R B, 8 AT, . ,
y=0,869x+1.044 a y

R2=0.842

5d,FEt SOh, KA MM B ELZMRER Sh, XPH
2 B FELEMETI 1K 12h, 78 M 25 10 F 4380 A0 4K el 4,
HESTWENREZER,  EFASBPE FUE
BHETREHEEME. ZVLENEDUES TN
HRHMHRER /DN, TEH0.2%,WEN6.2%,5FH
4.6% (K 4)  FBBELABEMES TREHXE A
HFBEER THEBESTNELFRFH—BH, B
HAT LA R Gash B A DR ARF ETWAA R R T TR ra——

[ d
<

HIQR B R Esimated value (mm)
b= >

L]

0
RIS R LR B Measured value (mm)
HF Cash BB AIABLEN SR, BHERE M4 SHEBERSHLURT R ABBR

HEENEENNEES  BEFE RS E Y R  Figd Relation between measured and estimated interception loss except
FERTEERNSH, HEVRERBEHAKTS, oA for veckly value
HBESBNRBHIESE, R - BEARENSHEERT LW EF. Gash IANAWE » AX(D)FHES
BREPEXR d=0.75h,2,=0.10h,z= h +2, FHRPHRSEEAR 36.5m, FV d.z, M HEAY
A Gash HHMER ,ATLLANERFZTHRPT RLHFEIRENERLR, TUEZHESERNERERD S, &
MRFEANREHEREBESEMBEAFEREXR  BEEMNOLERREE, SEEBRAR S5
{# F Gash B EIRT R FLAEE

Gash BB LA T MVBAHE MR E R E S A FRE, FNBENEL R BB EREBRERELE
REM EXBEEN AR IH T . 5/ Gash B2 AR T 88 8 SE 47 8EUAT LR S B A TR W, A
EHFEANGERMN S RIZRH RO MMNARE , ERFRARP LRI, FFRUERT 2003 6F 12 BE
T T, A RMEEH BT RS, T B F A AL 3R b 2 ZR AR SR B R R i — B R B Gash AV
REAFHANERE XHERT-STERAFTRBYIE.
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