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Estimation of evaporation rate from soil surface using stable isotopic compeosition of
throughfall and stream water in a tropical seasonal rain forest in Xishuangbanna,
China

LIU Wen-Jie', LI Peng-Ju'"*, LI Hong-Mei' , DUAN Wen-Ping' (1. Xishuangbanna Tropical Botanical Garden, CAS, Menglun, Yunnan
666303, China;2. Graduate School of the Chinese Academy of Sciences, CAS, Beijing 100039, China) . Acta Ecologica Sinica ,2006,26(5) :1303 ~ 1311.
Abstract: Xishuangbanna is located at the northern edge of the distribution of tropical forest in Southeast Asia, and it has a very
high frequency of radiation fog, especially during the dry season ( November-April) . Radiation fog events in this site are generally
associated with low wind speeds and region-wide air mass stagnation resulting from strong nighttime radiative cooling. Rainwater,
throughfall, intercepted fog water (fog drip) by forest canopy, stream water were collected during January 2002 and December
2003 for stable isotopic analysis at a tropical seasonal rain forest site in Xishuangbanna, Southwest China. The object of the study
is to estimate the evaporation rate from the forest floor. Bottle-funnel collectors were used to determine daily amount of intercepted
fog water during fog-only events in the rain forest. Rainfall was recorded by using a collector consisting of a stainless steel funnel
mounted on the top of a meteorological tower. Throughfall was measured using V-shape trough and stream flow using V-notch weir
with a water-level recorder. Rainwater, throughfall, fog drip and stream water samples for stable isotopic analysis were collected
monthly interval. Meanwhile, rainwater sample for stable isotopic analysis was also collected at each rain event when rainfall

exceeded 10 mm at the weather station. The stable hydrogen (8D) and oxygen isotope composition (8'¥0) of rainwater,
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throughfall, fog drip, stream water was determined by an isotope ratio mass spectrometer. The stream water during non-storm
runoff period is considered to reflect the effect of evaporation from the forest floor. The evaporation rates from the forest floor were
estimated using isotope composition values in stream water and total throughfall using the Rayleigh distillation equation under
equilibrium conditions. The results indicated that annual weighted means of 3D and 3™ 0 in fog drip was consistently more
enriched than those of rainwater and stream water, and was thought to contain water that has been evaporated and recycled
terrestrial meteoric water. Weighted means of 3D and 8™ 0 in stream water during non-storm runoff period were 5.69%o and
0.39%c more enriched than those of total throughfall {rain throughfall + fog drip) in 2002, while in 2003 they were 5.05%0 and
0.28%o, respectively. Evapotranspiration in humid year 2002 and dry year 2003, computed from water balance, were 1186 mm
and 987 mm, respectively, which were quite lower than values reported in some humid tropical forests. Consequently, the
evaporation rate from the forest floor was 5.1% of the evapotranspiration in 2002, and 3.1% in 2003. The lower evaporation rate
is thought to be mainly result from the influence of high frequency of heavy radiation fog on the rain forest from the night to moming
during the dry season ( November-April) . Our results also demonstrate the importance of the impacts of climate factors, and have
important implications for ecologists and hydrologists interested in fog-inundated ecosystems and the plants which inhabit them.

Key words: rainfall ; throughfall; stream water; soil evaporation; stable isotopes; tropical seasonal rain forest

FE PR & BY (Evapotranspiration) H AR BB F MK Y EE L METHEXRSHAR" Y., W FHREW
FAME AT EERERRAME /N, AMEEFAIRFEEN Y, AR, EFRBAKIER 2
FaEE, PR RRATZBY, AR BHENET AR TESTHHEHEATE . AW EXHEKRT 2
HZRWHRPRMBLD , ZBMEE HETFEENBREHXESE CRATHRBR L REOE LR,
RANEEBMMENEREN, T HELSSELHOLANTF 5% ~20% 20 BRRAXZB N ®
SEEBAERE T RAR AAKBNANIHEELABR T ENEER, A TR ENHESERLREZTES
iR E R = A FEERKEXE, R RE 308 5 FEa E 38 LA E B i, R A RER 5 iR
HMAETAEN T ERENRBRERE ",

BEHRMEKIIHERNBFIFRKSWE LGS S BER TRIAHRGFE" >, i, Bames
SRETRHX T REEZLRWNE  CBRLTHATHKNE EREHEFRME LA D M3"0) - WHEE X
LEIRE RN Allison ZHAR T TR LMAERTED LK 5D MO T MEES AR ER L HEERY
"™ o Tsuijimura Z A AR KEFEFKMERT KN BRERRMLEEN, HENFEHAFTALRER
o EREMMEH N 5% . BR, Touijimra 44T BN NARERREELH &M, — R EMAWBE
HRNVEREE - RERYIAEN, R IEANBREHRMNENNZELM T IKREGEANER, EHRE
RET 8B 1 MR EETERE . Kubota NN  BHRBHAIRBEE KN EHRMRLENTE
%EE?‘ﬁiﬁﬂ(EA%}iﬁﬁﬂ*B{JIﬁ]ﬁ[?ﬁﬁﬁ'iﬁ(lsotopic evaporation fractionation \fE PR 8L, A, @ i+ B
AR ZF 35 K BB K B ZE K (Baseflow ) IR RAE R R AT LA E AR LI ZE R E, 4 CBIR A Kubota
HMANFE TR T TRARE S HRAN IR E LR, WP FAOK S EFTRMEE BT E RSN EAD
REHEE,

1 EMEARERBESE

WE I 65 R AE o A S RGBT 5T N 45 70 SRR 4% 34 5 25 35 T PR A0 00 00 0t (B A PR AR T AR Y 3 km® ) Y
(21°56'N,101°15'E) , 0 FE Al 1L th st o SR A T IL TR AV 28 P9, 14K 24 750 m, RN FE LT MW S5 W
MG IMX AR EL 150 mo —FTA 1 m B/NEARUE B E AR S OKREFERW), BKEBET
HWEEH, WA ENREETANRBEESE S n £G , TABRKEERIS A3 E . LERRM AERR
( Pometia tomentosa ) . T S_M 1= ( Terminalia myriocarpa) ; ¥ /2 % WHE = 8 E 2 ( Barringtonia macrostachya ) \ Kt
H B8 ( Gironniera subaequalis ) 111 % ( Mitrephora maingayi )% ; T EWFh £ EH B K ( Saprosma ternatum ) JJ i 1
8, ( Morinda angustifolia) \JE M4 76 ( Mussaenda sp. )% , BE ¥ 45 H B 4E 1 0 U™
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FXBRMFILEZABERNUR, —FHPETE(EBEEZ(N~BF 206) TREQG~-4 AH)AFS
(5~10 )z, EHSIE 21.7°C, EHRE 0.7 w/s, £ HXBIF 86% , AEFETH B 1700 mm 4 47 (1999
~2004 ), HKPWHEL 83% ~87%, TE L 13% ~17%. HEEZ(11~BE 2 AB)HFREG~4 8
BIHERD , ARLEEN 13%. AHR3I~-4 A, KBAZLEEE, MYFTKER MM, EAKEHER
B, BFEXERALZMBR . ZFZX, BENTASZARHZHA, ENEFENELSESNTRENEY
40% UL AHRERFRHEZRR  BEFBLFRREA, YABEHEREAEREE  LEEKRTE
MERASHERMMBR I LHAKS, NXAENERAEETHEARERHEEKOTREH 245
FREZBKETA89.4 mm, P T 5 86%,

2 IRAFESEIRMEBENEHR
2.1 BRI,

TERTZETRAKTERE 0.7 m HAMAL 200MH5LE 6 M0.3x2.0m” K VEBMKEKEESHAK,
TARMBEANEZFEKE., RN, 25084 M8 VEEIHNSA4 N BHRBKESETK, HFRE
FEWKNBEERMESKHE, SH.0EANETENAKR, BARE I KYASEENAATEE
HRNMNE ST AKE, EBROOTm BAKFHINEBEANOROSmWEARRY , ERI B AOLEE
1000ml /MO ZERHEAREREHE B K. BREA 503ml RBKLEDNBMEHN EEF 1 om MHATESE
EK. BHNEREFHELHUEEKE, BAKE I RYBBKATHEERRMLE KR (CREN
B 7E 8:00 A A BB ER , MR ABKIEARMEEBEEEREE"),

KK R WSR2 R P2 99 FPR PO IR 00 k3% (72 m) TOUHB ¥ T B2 12 AR B MO R /K 15 38 BUAK T 28l 1 ik A7 W 4B
BAREIRLEBWAK, Rt , EEEZHA Skm KSR 25 REHEKBAT 10 mm WA HH
FIAKKEE, RENFERTERKAERMKEER, LRV ERERBEZER"

Z= T PR 00 4 3 P R UK X i K 3 AL 9 IR OK BSR A VO BY M 35 38 (V-notch weir) W52 , L HIZK 7 i
HTERABRBEAIRE . AT ERKEEERMLEMKERR G H K O, REAT A 368 72 788 HE K
BAEAK,BRH 1K,

WEREEK TR FEMKFEAKER 100m PRBEFERLRE, ERERNKGEERTE (82
HERIL R H 3R 3D F18 "OM M E . 7ERAE(20024E 1 B ~2003 48 12 A ,{H 2002 4£ 8.9 A1 2003 £ 7~9 A
BAWERFZAK)MRAAE,FLRET 20 MHEREFK .22 MHRETRHEFAK 92 MR IEFK 19 MHREE
EWK .24 NMRERKKEE,

FRA KBRS VAR E T R AL R E M0 8 B 7 B B2 B 22 M 43 Be il % o O s BR 4k 2 3B R Fi A8 2t Rz
RS % {X (Finnigan MAT-252, B H) i# 17, . AR EHR MU EHRMER UM F V-SMOW ( Vienna
Standard Mean Ocean Water) i T 43 % (%) 25 13" , L 8D I8 "0 BN F &£ 7 .

3D = [(D/H) e/ (D/H)ysyow — 1] x 1000%0 (1)
850 = [("*0/'°0) pnpe/ (O °O)y.syow - 1] x 1000%0 (2)
A, D/HAEAGOWRALE E; "0/ 0N EE MR E LA ; T4 sample f V-SMOW 43 51| & 7R 2 M 4R
FE ;0D F18 P ORI EAEBE 43 F R +2%0 T +0.2%o0,
2.2 THERERMMER

BT 8Kk B REFEEKM L BKNE S, MEEYBH KRB EPRE ZEKNBEE®ERMGES
BER 2 FUABEEKMEK(ERTWRARBE)WEEHRMCELINREG FEEKM L ER AN
MARRTE, Bt EMEBLEETRETEKNE KR ESRMEEHNHTHE"Y ., FRLENE RS
BN RIE RS T 65 F 218 (Rayleigh distillation) i1 B, EEERS FTHAKZRE IR B, ZRK
PR ERBKERERLE FRAKEWH FEHEXEREREHN KRR

8 -8, = 1000(1/a - 1) xIn f (3)
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AP, REKRKEWHLH(%);0 Mo, AFRBAKBHNRBEKBENFRMEE (%);a BFHEWEYK
(%) FERBMBKR LR LR (R)MAKKFAMRLE(R)WLMBE(R/ R). M3 0MEF, e TELFR
HE

Ina = 1000 x 1.137/T* - 0.4156/ T - 2.0667/1000 (4)
X, T AFHRBA(K),

R 6, Mo RHREFZEKMEK(ERTERYEWREHEFRAMERE.f TG RITEH, X8 fFa
NHRTHKBUEBEMBEK _ENSRSFEKEVLH, B, FRLBNEER(E)SFEKE(TFN
LBl ER,(%)BPRI i FRBH -

ER, = EJ/TF =1 - f (5)

TRERR(ER)BEEULBEHNERE(E) SRR ERERHB(EDMWHKAIZR. BHREERYER ETH
UTHARRKBEEAKTE Y.

ET = P-R (6)

X, P HEEKE; R HEKXRHE., EHEF P.R.TF.5, M o A HEMNE, A+ BMELEE ER(%) T
HTFRHTHEBS:

ER = EJET = (1 - f) x TF/(P - R) (7)

LA E B Rayleigh BB AR Q)REFHERET M EKXWERIBEEELE KX EE KL WAF LR
STABEFRG BREZBTIEFRTARTMRIA LHRA, T2 EKR A>T BN,

3 g8
3.1 K FEWRK BESKNEKERBENZTTHEL

2002 ~ 2003 A BEFE FB MK HKEHE B KB KRHBAAME 1,7 F H,2002 EEFE (1914
mm) B B £ F 2003 4FHIFEFI R (1253 mm), H 2002 FREM F EELPAEMNE 5~ 8 ABR (L 70%), T 2003 £/
FEHWMAKIAEIS,HS5~-8 AWRBERNNSE 53%. 5% 4 (1959 ~ 2002 4F ) F 3 f% T & (1487 mm) H I,
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Fig.1 Variation of monthly rainfall (P), rain throughfall (7F), fog drip (‘ FD) and stream runoff in the tropical forest site in Xishuangbanna, SW China
during 2002 ~ 2003
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2002 EFR /K B B 1% £ ,2003 £ K XA B WA, AL
H,FAEWK.BKEREEWNEEMEMT /MR (E
D NEREEHNER, FETKHERKERYE
£, 2002 FHREFRKFBEEN 79.2%,5 2003 £ K
18(77.3% )41 24,18 2002 F K AR 2R B & (399 mm) &)
HELT 2003 WA ER(284 mm), B 1EXKHA,HiE
HEKESARMEEMR S ERE, WEG~10
AMERARWEZ BEEKERS;EFZ(01~BF2
ABMTHREG~4 A EAREED,BEEKE
BE, RAENEAEL,EHELH 2002 F, HAER
BEEKE LD MEFREDK 2003 F LR EEAkES
(£ 1o
3.2 WAK.FEWK.BEEK.BEBKHI®0M oD
L

7E 08 W F W 4FE B 8], T K B9 0D S PO LR #
K, HF,3PO0MEUN T - 16.6%05 +2.7%0 218 ,8D
BT T - 120%5 + 23.7% 2 8 (B 2), BEX
SEKKFER OD MO "OEB I M AKX KK KL
(Local meteoric water line, IMWL) I 2 xR, H A
BH:D=7.965"0+8.67 (R2=0.97;n=92),5
IAEA/WMO R IER T 60 /K FESH I8 M X KK
KR (SD=7.928"0+9.20) L& ™

B3 2MAKMAMBCES "0 D X RERE
EWK MHEREEEKEKHSIOF D X R A
B, AL AEREBEKNEEHRMNEEYAE
WET(XETF)I)WKWHEME, X9, F/KK D &
A TF - 30%05 +27%c2Z 18] ,8 " O AT - 6.2%0
5 +1.9%2 18] ;WK 8D BN T - 94%0 5 ~ 45%o
208, 8 ORI BN T - 13.2%5 - 6.8% 2 8] . FK
BXF RS L 2840 T3l X KR KL LMWL LI
b FARARE T IEMEX, W R K X R s W) K &R
ST IMWLA B, FEMKMEKN AT
IMWLE AT, RIBTAEE, 5/ KRN EKEHE
b, FEMKYFAMNEREABRE(REDEMEKX), H
DB TF - 19%c 5 - 52% 2 18,8 "0 Z AL+ F
-9.9%05 - 6.0%2Z (8] ; TE KM RN EEXEET
FEMAKWRIMEME, LD EANT - 70% 5
- 34%2Z [6],8 "OMI AN T - 9.3%05 - 4.6%Z ],

1 BENNARFETAHRARAR.FEAX KT RER KR
7k & 7 M &Y 4 5 B (2002 ~ 2003 &)

Table 1  Distribution of rainfall, throughfall, fog drip and stream
runoff in the tropical forest site in Xishuangbanna, SW China during
2002 ~ 2003

F R FEWK WEFK BH
Rainfall Throughfall Fog drip Runoff
Year
(mm) (mm) (mm) (mm)
2002 1914 1515 75 728
2003 1253 969 96 266
40 -
° 20 - v,
28 0L W25 LMWL
g :
28 _al
"2 _sol
e
ES -8 3D =7.968%0 + 8.67
mg -100 | R2=0.97
Z ~120 - ok
_140 1 1 1 1 1 L | I 1 i 1 J
-18-16 -14-12-10-8 -6 -4 -2 0 2 4 6
A EALFE 5°0(%)
Oxygen isotope ratio

B2 FAIEARFEEEWARKEAS 5D f 50X % (2002 ~
2003) LMWL Xl & #3 X KKK &

Fig.2 3D versus & '®0 relationship of rainwater samples collected at the
tropical forest site in Xishuangbanna, SW China during 2002-2003 . The local
meteoric water regression line (LMWL) drawn through these data is also

shown

90

o
(=1

)
—
o

H FHLESD (%)
Hydrogen isotope ratio

-60
-110
-160 1 1 1 1 1 i I L1 | 1 i J
-20-18-16-14-12-10-8 -6 -4 -2 0 2 4 6
FLRHLHS50 (%)

Oxygen isotope ratio

B3 HEEWRAREXFKSA M8 *oft oD REEEK.
BAKFMFEFAKNS O D XFBHE

Fig.3 Stable isotopic compositions of rain (monthly weighted means), fog
drip, stream water and rain throughfall samples collected at the tropical forest

site shown along with the LMWL

F2HNHAK BFEK(FEMK + HWEEK) FENK FEBKMEKAS "0 oD F A ELH, B
i, BZFEBEKKS "0F 5D ﬁ%iﬁﬁﬁmﬁ%ﬁ?ﬁ%$7k;%‘%i+m$ﬂnm¥i@{ﬁo AEF Y, 5HKEKS 0
SD Hi Lk ,2002 FE B HFEBAEKES B0 D 43 FIR EH 0.63%0 1 4.79%0,2003 E B FFE /KM AL 4> HRE 0.82%0 F


http://www.cqvip.com

£ 000 http://www.cqvip.com|

1308 & B % R 26 %

5.83%0, TS5 HFEKME,2002 FEAKKS®OM 6D X4+ HIIRE 0.39%0F1 5.69%0,2003 4E 18 M 4 5 % &

0.28%0H1 5.05%0. SEBH/KML, REBEE KBS OMDMEML ,BHTEREZT KRR (2002 5

2003 FE5H G SFBKE 4% 8%), Bk, B FEBKNRIMEEMNENESFERKBHERNEZE T
%2 ENEARSELTERATKBTEA.ZEHARETEARIA RS B0 3D #4F MILTE S

Table 2 Annual weighted mean 8 'O and 3D of rainfall, total throughfall, rain throughfall, fog drip and stream water in the tropical forest site in
Xishuangbanna, SW China

FE4 mE miK BHEHEK FEMK WEZK &’k
Year Item Rain Total throughfall Rain throughfall Fog drip Stream water
2002 380 (%) ~8.55 -7.92 ~8.08 ~2.75 -17.53

3D (%0) ~170.10 -65.31 -67.64 -17.19 -59.62
2003 380 (%) ~8.16 -17.34 -17.45 -2.94 -17.06

3D (%0) ~68.35 -62.52 -64.73 -18.22 ~57.47

* BEBKNFHEMKFBEEZKOEMNTFH Annual weighted mean § '*0 and 3D of total throughfall is calculated from rain throughfall and fog drip

3.3 BRI EHEK

EMAR I MR 2 WBEBITEHRABE LR
A HAIBEZSKERENRKIHAN—ITS,
it ,MeKE P=FETE + HEZK, BFEK TF =
FEWMK + HEBK. A, $EAHARBETNF, F
¥WSE TH21.7C(294.8K), HAXIHEW « HL
1.01, XERHKKPHEEKRMRERKKRMCES
10%0'™ o BRI (3)F(S) ~ (DRI EH F(HBAZ
BMEK_ENSBSEFEKEN LA . ER (F
HREBENERBSEFEKENLG) . ET(FHFAE
ARHE)M ER(TEELRE)NEX I iR, AIFEH,
2002 =1 2003 EH fF{EH 5T B R 96.2% 1 97.2% , &

%3 BRBEAKXG)H(S) ~(7)+ M f.ER, .ET ¥ ER {i
Table 3 Values of f, ER,, ET and ER calculated from Egs. 3, 5, 6
and 7

F4 Year  f(%) ER (%) ET (mm) ER (%)
2002 96.2 3.8 1186 5.1
2003 97.2 2.8 987 3.1

* fRATBAKMBEK__EARBELSTFEKBRO LY ER %
AHEALHBHERBESETEKBORP ETERRRBEREB
B ER TR LWERE

f is the ratio of the sum of soil water and stream water amount to the total
throughfall amount, ER, the ratio of evaporation from forest floor to the total
throughfall amount, ET the evapotranspiration from forest ecosystem, and ER

the evaporation rate from forest floor to the evapotranspiration

BIEXPERSTHNE 3.8% M 2.8% 0 SFFEKHATHRMIBE T ENE K (6) KB K 2002 4 1 2003 F
BB AR B RS B0 1186 mm A1 987 mm, BT B LR RE EREXY  EXFENEAS R LT
SHES1% M3 1%KRART LHENEL. SHETER M 2003 F£HLE, ER, ERTEREH 2002 £8
1% , TR B ZERZBE ET £ 199 mm, HHLH 2002 £+ WA LK ER L 2003 & 2%,
4 itit
4.1 FK.FEWK. HEFKMEKHBREHFRMLE

EKEWKEAE A BRI EER A ZES “0M sD(E 3), X FEH 574 MK (R MEK)BKK
KRB REFTETHTERAR, R SR ERE HIMEKHRKREBERT 2 b TR EB LB =L
MERLKHEER, XFREZSILELEXBERGBEX, FHit, BN TFZE( ~BE 4 AREFHBRER
TH XTZHEH ERHL. ETEINSEX BEORRAET , B FREDEEZNBIEHER, BHEIL
SRR MBI, T M 23:00 ~24:00 FHLEFKH 11:00 ~12:00 . XEH,EEE KB KKK E T LS4 X
HHEZHER EEBFEIFKR. XBEKRSKRIPEEHKKERE  ERABHERERT , KRRKPHK
KRGBEHEBRKRE . SENHEL B TERESARERSRENMEERHIT(RTREAERSMKEBERIH
AP B, BERKNEREERAMEREEE, ZEKEEFUEKBKS oM D H™ ™, K, mE 3w
B, B TFEKNRESHRMEMESF FHEXKSKEL IMWL L3, B i, KSR MOBRE (HBHKEN d-excess;
SERMWABET LMWL BERE, X5, BKPRKEBIRARBRELRE™ ., TEG~10 AH), AKX
ZREHNEFMAMEBRES WO TEEZEXNES, B T B KKK B, 78 518 K 5 8 A 0k ok 7 H
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(Rain-out effect) T Y4B k& it , FiKFHIS 0 oD EXBERE, EMNEZHANE , B TRERHF
RBIEENENERIE,URFERTERPKRESEHRENERMELLE, B, FKHH D 3”0
PR B B FRAPREME ™,

EHRRTEEKRN, WEFKNREERMUERENIBRBE : (ORERERKWERIEM; Q) FAE
MEBRER; OHMEUTAREE AARGCEEA>IHOESERAD>, BTFHYERBUKS IEPRE
FKBRBEERMCESMBER" " Hit, FE KM KB E A E 2 512 hAE 8K & ER TS, mEK
BERAKWRGEXEELHRNHERE R RN T AYRMCETL ™, B3P, FEMAMBREK
i [0 2 X R B T LMWL R LT, 35 KB 3 7K & 4 (Evaporation line)™ 434 , 53X F 8, 1 T WK 7E#k
WEWERBEMEH RHELINBEEERNFER/KWRMNEEHABRE, MEFEW/KERNLEBET
BPXELHEEEAL BWM, BKCRBLBOVEMUREEALRE, BE, B THRAFHENERET IR
WRA, K TRAMEEE, B, tEERANECERREEEARTHSBEKNELEARAWEE
(BAKMFEBWAKESAXHE, UBKBIRE), R2URP, 5SFEWAKMEE, BKKI*0OM D RER
Z, Z—FE,TERATEHLFEAFREELMKREEE  MOTE B % 8T 1R /NE— &, 5 R
WL BETHRLBEAATEY, BEMERELBKPEESAXENE K FAEERENRERRMEEHE™,
XARARERMCREOHES KENBF RN -, BRBNME T 55 E/KH R AR E, B 0HEx
BATEKMBFESEKZBMBIMNEEZEMN(ER2), R, 5 HREE L5 MEAREF (ART 2h 4 M 8w
FOME, MEEKRTEOWMEYFTENKSENE B HERBRRBOEFERERAETEMN LSEHHEE
73R
4.2 FHHERLBHEE

Bruijnzeel % 1B 891t R I/ R AR 2R EBN T 1310 ~ 1500 mm"™ , Kumagai % 75 I 3 75 7 $o4
FAKI 2 B B 28 R B 1545 mm™ | Leopoldo %57 7. T i U 52 B9 5 26 & B0 1493 mm'™ , T A B 55 oF 2002 4E 0
2003 4F FRHRZE R B 312N 1186 mm F1 987 mm, P BIBIEK 2002 FHE/PNTFU LHELXBE. SHEHE
TR XA, AR AP RRAEK S REBHREEG T ARWREILEHTAEE, BT LS
REBEFAWBRELE  REFERZATENTENRERD , BAEIURARE LR (EYRE 0.5 m/s) .
ZEX(FEFHH>170d), EENBEHEETSIL IS AREEI,IFFRFELIKA 11:00 ~ 12:00 7 FEEH
BOERNSRERE S TEENBIRN 40%U LY, BA KENEHERUR KBS E T B B 5™ 48
XfHUUE 55 T BRAR B 2R K (FE RS IR B RN B] , hn 2 e XUMBS K IR B e, B G, S BT P AR 48 b X BV T AR
IR BBR . 75— 77, o X P AR R 28 R 8, 1T th 2 B T AR 7E R 7K IR 2> 1 78 UK 4 #tb (X 77
EREN R,

Y5 2002 £E 70 2003 FFHFEMRWRLHE, FIHR KNS FEKNBEHERMEEZETEN L ERER
GRS 1% 3.1%, WEHERAKE-GERFHZFEM T EHRBERFRANER L BEFEST
R IEERR(8% ~10%)" B FEH HAIE (8% ~ 16% )" FAE R B 13 A T ARBE (15%
~26%)"7" . BRBAERAEET EXTEIRARE ZH TR L IER R FEIT TV E, B Kubota % B E
B THRAMKKENKE, A+ BEZAB K THRER RN FERA, SBAETURARE TR K LIEEE
EWEERZFER, EERRFVHFAAZERENRENHBETEX LKL MBEHERRANHE
PERG HIRERFARKRERKHES T HTERWKHBHNEEN S AR, B FHAENEKOEEE
A, ZENERBNE KO HERIER,

EBEF, HEHRMABEL B BEZELEE KRB ZL, NF Kubota %' 1 Leopoldo %1 #5 i B BR#E,
e LVEE g it (8] R A Xk AROK B P et , DB KB ERTABEM AT, Leopoldo 5 Xt W T b P AT I AR Y
B ERY, T ME KB HETHHERKEN 1.9%, FHit, BEG) X HERRE, ATHE L RELE
(ER = E/ET)RAITH, A BHRITE LEAEB R R, HERE LR T I (Stemflow) X FE AR KFHA
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1310 5 & % # 26 %

WAG)RPHEEKNZBEN TR ARERRNITFRAIBMEET LHRER, K- FENHRAFEY
TR R ERMTRRERN 5%, WR(DXMFEKPEMA 5% K E R, N itH 8 2002 £/
2003 E T BMEREBAINHNS. 4% M 3.2%, SREENTRAOLERILFREES,
5 it

33 5 BT T SRR A #AH F5T FIMRPY 2a(2002 ~ 2003 48 ) IEFT B F B K AR R E K RAKER
Wik B HEa E o R AL S " OFN 8D 3 B, #4H T AR 7E T /K 1R £ 89 2002 4E FIFT /K 4R 20 B9 2003 4 B9 728 & B4 5
71186 mm 1 987 mm, A B K FHAHEBERFTARNZLBE; ZANEEHRMREABRETWAK,
FHBAFTRSRKBEBRFNRRKE:; B THEARENART L ENRLER, FERKNEKNEALEE
XABRETFTHASHHENME, RERRKANFEKOFEMCREE,IHPERETHRARBIBHTENE
A BELEREN, XFHENERAERBIAINAES1%M3. 1%k ARTLEHERER, SHIARN,FAL
REMNEHERESH TAINURSH X AFHAREBN I REREZKENEER T,

References:

[ 1] Kubota T, Tsuboyama Y. Estimation of evaporation rate from the forest floor using oxygen-18 and deuterium compositions of throughfall and stream water
during a non-storm runoff period. Journal of Forest Research, 2004, 9: 51 ~ 59.

[2] Tsujimura M, Tanaks T. Evaluation of evaporation rate from forested soil surface using stable isotopic composition of soil water in a headwater basin.
Hydrological Processes, 1998, 12: 2093 ~ 2103.

[ 3] Bruijnzeel L A. Hydrology of tropical montane cloud forest: a reassessment. Land Use and Water Resources Research, 2001, 1: 1 ~ 18,

[ 4] Leopoldo P R, Franken W K, Vi lla Nova N A. Real evapotranspiration and transpiration through a tropical rain forest in central Amazonia as estimated by
the water balance method. Forest Ecology and Management, 1995, 73: 185~ 195.

[ 5] Hattori S. The seasonal variation of evaporation from forest floor in a hinoki stand. Joumal of Japanese Forest Society, 1983, 65: 9~ 16.

[6] MoXG, LiuSX, LinZ H, et ¢l. Simulating temporal and spatial variation of evapotranspiration over the Lushi basin. Journal of Hydrology, 2004, 285:
125 ~ 142.

[7] TangD Y, Yang L F, Cheng W X. Large weighing lysimeter for measuring evapotranspiration. In: Xie X Q, Zuo D K, Tang D Y. Field
evapotranspiration. Beijing: Meteorological Press, 1991. 67 ~ 74.

[8] LiuCM, Hong J L, Jin H. Calculation of field evapotranspiartion. In: Xie X Q, Zuo D K, Tang D Y. Field evapotranspiration. Beijing: Meteorological
Press, 1991. 134 ~ 142.

[ 9] Wilson KB, Hanson P J, Mulholland P J, et al. A comparison of methods for determing forest evapotranspiration and its components: sap-flow, soil water
budget, eddy covariance and catchment water balance. Agricultural and Forest Meteorology, 2001, 106: 153 ~ 168.

[10] Hattori S. The components of forest evapotranspiration. In: Tsukamoto Y. Forest hydrology. Tokyo: Bun-eido, 1992. 78 ~ 96.

[11] Tajchman S J. The radiation and energy balances of coniferous and deciduous forests. Journal of Applied Ecology, 1972, 9: 357 ~ 375.

[12] Hoefs J. Stable isotope geochemistry. Third edition. Berlin: Springer-Verlag, 1987. 241.

[13] Bames C J, Allison G B. The distribution of deuterium and oxgen-18 in dry soils 1. Theory. Journal of Hydrology, 1983, 60: 141 ~ 156.

[14] Allison G B, Bames C J, Hughes M W. The distribution of deuterium and oxgen-18 in dry soils 2. Experimental. Journal of Hydrology, 1983, 64: 377
~397.

[15] Cao M, Zhang J H, Feng Z L, et al. Tree species composition of a seasonal rain forest in Xishuangbanna, Southwest China. Tropical Ecology, 1996, 37:
183 ~ 192,

[16] Zhang K Y. An analysis on the characteristics and forming factors of climates in the south part of Yunnan. Acta Meteorologica Sinica, 1963, 33: 210 ~
230.

[17] Liu W J, Zhang Y P, Liu Y H, et al. Comparison of fog interception at a tropical seasonal rain forest and a rubber plantation in Xishuangbanna, Southwest
China. Acta Ecologica Sinica, 2003, 23: 2379 ~ 2386.

[18] Dawson T E. Fog in the California redwood forest: ecosystem inputs and use by plants. Oecologia, 1998, 117: 478 ~ 485.

[19] Coplen T B. Reporting of stable hydrogen, carbon and oxygen isotopic abundances. Pure and Applied Chemistry, 1994, 46: 273 ~ 276.

[20] Lin G H, Sternberg L S L. Comparative study of water uptake and photosynthetic gas exchange between scrub and fringe red mangroves, Rhiophora mangle
L. Oecologia, 1992, 90: 399 ~403.

[21] Ingraham N L, Matthews R A. A stable isotopic study of fog: the Point Reyes Peninsula, California, U.S.A. Chemical Geology (Isotope Geoscience


http://www.cqvip.com

£ 000 http://www.cqvip.com|

53 XXA  FAEIRBAFEHRART L& R w8 E 1R R 54 1311

Section) , 1990, 80: 281 ~ 290.

[22] Martinelli L A, Victoria R L, Sternberg LS L, et al . Using stable isotopes to determine sources of evaporated water to the atmosphere in the Amazon basin.
Journal of Hydrology, 1996, 183: 191 ~ 204.

[23] Majoube M. Fractionation of oxygen-18 and deuterium in water vapor. Journal of Chemical Physics, 1971, 197: 1423 ~ 1436.

[24] Aragués-Araguas L, Froehlich K, Rozanski K. Stable isotope composition of precipitation over southeast Asia. Journal of Geophysical Research, 1998,
103: 28721 ~ 28742.

[25] Zhang X P, Liu J M, Tian L D, et al. Variations of 3 ¥ O in precipitation along vapor transport paths over Asia. Acta Geographica Sinica, 2004, 59: 699
~708.

[26] Yao TD. Abrupt climatic changes on the Tibetan Plateau during the Last Ice Age. Science in China (D), 1999, 42: 358 ~ 368.

[27] Tian L D. A 4-year’s study of stable isotope in precipitation on the Tibetan Plateau. Cryosphere, 1997, 3: 32 ~ 36.

[28] Zheng S H, Hou F G, Ni B L. Study on the isotopic composition of precipitation in China. Chinese Science Bulletin, 1994, 23: 33 ~41.

[29) Liu WJ, Meng F R, Zhang YP, et al. Water input from fog drip in the tropical seasonal rain forest of Xishuangbanna, Southwest China. Journal of
Tropical Ecology, 2004, 20: 517 ~ 524.

[30] Aravena R, Suzuki O, Pollastri A. Coastal fog and its relation to groundwater in the IV region of northern Chile. Chemical Geology, 1989, 79: 83 ~91.

[31] Gonfiantini R, Longinelli A. Oxygen isotopic compositions of fog and rains from North Atlantic. Experientia, 1961, 18: 222 ~ 223.

[32] Scholl M A, Gingerich S B, Tribble G W. The influence of microclimates and fog on stable isotope signatures used in interpretation of regional hydrology:
East Maui, Hawaii. Journal of Hydrology, 2002, 264: 170 ~ 184.

[33] Liu W], Zhang Y P, Li HM, et al. Fog drip and its relation to groundwater in the tropical seasonal rain forest of Xishuangbanna, Southwest China: a
preliminary study. Water Research, 2005, 39: 787 ~ 794.

[34] Kumagai T, Saitoh T M, Sato Y, et al. Annual water balance and seasonality of evapotranspiration in a Bornean tropical rainforest. Agricultural and Forest
Meteorology, 2005, 128: 81 ~92.

[35] Zhu H. Research of community ecology on Shorea chinensis forest in Xishuangbanna. Acta Botanica Yunnanica, 1992, 15: 34 ~ 46.

[36] Shuttleworth W J. Evaporation from Amazonian rainforest. Proceedings of the Royal Society of London, Series B, 1988, 233: 321 ~ 346.

[37] Lane PNJ, Morris J, Zhang N N, et a/. Water balance of tropical eucalypt plantations in south-eastern China. Agricultural and Forest Meteorology , 2004,
124 253 ~ 267.

[38] Zhang Y P, Wang X, Wang Y J, et al. Comparison research on hydrological effect of the canopy of the tropical seasonal rainforest and rubber forest in
Xishuangbanna, Yunnan. Acta Ecologica Sinica, 2003, 23: 2653 ~ 2665.

BENM:

7] BEEREE.BIEBAEF. FRLADNKERZRBRN. W HEH, AKE,BER, £4. REXER. L7 . SRHEH, 1991. 67~ 74.
8] XNEY, MRS REZASEITE. .00 AKHE, BER, 4. REXR. LFE KAKLHKE, 1991. 134~ 142,

16] KB HESERERREREFHWEI. SRFMR, 1963, 33; 210~ 230.

17] XXR,F—F . NEH,F. DHEFTHAOATREAKRTEE B KK HLBRHR. £ 5258 ,2003, 23: 2379 ~ 2386.

25] EHV,NSEZECEYE,F. THMEKS OB FRANEEBENEML. HBEER, 2004, 59: 699 ~ 708.

28] MME,BERR.AER. RERSEBKOEEESHERMRMR. B¥#EM,1983, 23: 801 ~ 806.

35] RE. EXMABXMABEELSHR. ZHHEYHIR,1992, 15: 34~ 46.

38] K—F,.ER.EERN,F. OWRNEXAE TS REARMAKT K SRR R, A8 %1%,2003, 23: 2653 ~ 2665.


http://www.cqvip.com

