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ZK + MK 4.9% +1.7% . EHFKEBEKFIEEK + BEEAKOI(337.9£18.3) mm, 5§ BFK(FEEK +
B K+ WA 16.4% £1.0%. FHREFEZ K GEHRWEE ALK R ANEFEBEEKS AYRIIKA
2 REN TG, 5 HBARNEA . T35 0:00~10:00 KXok & H % HECE BE W IEMK. 24 68% + 5% MH%
KA AT LAEBIM S 2535 57K ((0.38 £ 0.27) mmed™ ), H.H Z B Z /K& 5955 Z /K E 5 R B B 3E
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FOG THROUGHFALL AT A SEASONAL RAIN FOREST IN XISHUANGBANNA,
SOUTHWEST CHINA

LIU Wen-Jie"'> ZHANG Yi-Ping' LIU Yu-Hong' LI Hong-Mei' and DUAN Wen-Ping'
(1 Xishuangbanna Tropical Botanical Garden the Chinese Academy of Sciences, Mengla> Yunnan 666303, China)
(2 Research Centre for Eco-environmental Sciences the Chinese Academy of Sciencess Beijing 100085, China)

Abstract  Fog throughfall and related microclimatic factors were measured between November 1998 and
February 2003 at a tropical seasonal rain forest in Xishuangbanna, Southwest China. Twelve bottle-funnel col-
lectors were set in a random pattern on the forest floor to determine the daily amount of fog throughfall; and two
funnel collectors connected with polyethylene tubing to a mechanical recording siphon-raingauge were used to
determine fog throughfall intensity and temporal character. Related microclimatic variables including air tem-
perature; relative humidity, wind speed, solar radiation and rainfall were also recorded by a meteorological ob-
servation system mounted on a 72 m meteorological tower in the study site. During the study period; absolute
amounts of mean annual fog throughfall were up to (89.4 + 13.5) mm (mean + SD), contributing 4.9% =+
1.7% of the annual precipitation, with 85.9% + 6.6% of the fog throughfall collected in the foggy season
(November-February) and dry-hot season ( March-April) . The amounts of annual fog throughfall plus fog inter-
ception accounted for 16.4% = 1.0% of total annual precipitation which includes fog throughfall, fog inter-
ception and rainfall. The annual fog throughfall was negatively correlated with annual rainfall, demonstrating
that the dependence on fog as an additional water input was highest in the year when rainfall was lowest but fog
throughfall was high. Monthly variation in fog throughfall was different from rainfall patterns and negative cor-
relation was found between monthly average minimum air temperature and monthly fog throughfall while positive
correlations were found between monthly fog throughfall and monthly average relative humidity, monthly aver-
age wind speed during 0:00 — 10: 00, and monthly sum of fog-days. In fog-drip occurring days, the average
fog throughfall was (0.38 +0.27) mm*d ™' and the amounts of fog throughfall per day and throughfall intensity
were negatively correlated with air temperature and positively correlated with wind speed. The results suggest
that fog, which not only inputs water into the forest but also partly reduces the evapotranspiration of the forest,
plays an important role in the hydrology of the forest; especially in the foggy and dry-hot seasons. Therefore,
neglect of the contribution from horizontal precipitation (fog throughfall plus fog interception) will make calcu-
lations of the water balance inaccurate in the forest. These results also demonstrate the importance of under-
standing the impacts of climate factors, and have important implications for ecologists and hydrologists interest-
ed in fog-inundated ecosystems and the plants that inhabit them.

Key words  Horizontal precipitation, Fog throughfall, Fog interception, Tropical seasonal rain forests
Xishuanghanna
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Z MU R A S R AT, K
(Fogwater, Occult precipitation, and Horizontal precipi-
tation)— ELA A A I — A G B AR 7K SR o7 g
NI, FLA A5 A& 2 5 T (P (Dallard e al. > 1983;
Unsworth & Crossley, 1987; Asbury et al., 1994;
Ishibashi & Terashima, 1995; Monteith & Unsworth,
1990; Ingraham & Matthews, 1988). %5 1) AN #E
45 7K ¥R CIngraham & Matthews, 1988 )+ UL F§ 7% 43
(Weathers & Likens, 199703 N BRHK, [A] It B T
A TSR Ik 59 1 Bl 5 B2 R SC AN EE, 2001a), 18
A T TR 0T v R R, I SR AR T 5
AFEFR I AL Yok 55 PR U I el £ 16 49 i 45 77 i
A H ZAF ] (Ishibashi & Terashima, 1995). H1 T %
KA R BRI K SC AR 27 A0 A (1 S B A 15 10 5% W) 75
A (Weathers & Likens, 1997), PS4 % (¥ 25
Jee R SE LG 1Ly L AT U AR AR A SRR AIE )
+, JU I A s AR AR 43 A HB IX CGordon et al.
1994a) . 45121, I3 111 b B A& ( Lower montane rainfor-
est) ik & W A B 1K) 25 R 1, 10 oy Ly 3 R AR C Upper
montane rainforest) ) 5T 22 My B 40 %5 | FF A1) 55 P O
B T P AR AR B AR Dy B 1 22 55 AR (Tropical
montane cloud forest) (Grubb & Whitemore, 1966). X
SEHHT 1L 22 55 MO E 5735 55 /K AT IA 4 A B K =
(RN ZK + Z57KD 1 2.4% ~ 60. 6% ( Cavelier & Gold-
stein, 1989; Cavelier et al.» 1996, If] 5 7K H1 4 %% 25
TUEE N WK P AR B 111 2 ~ 24 % CAsbury e
al.> 1994; Clark et al.> 1998a; Gordon et al.
1994a; 1994b; Weathers & Likens, 1988), nJ #&{lk4>4F
FENEINCHIZK + 7K 8% ~ 30% (Asbury et al. s
1994)

VU XS A A T AR S £ 7K 70 i SRR S T8 )
PR AT N BB AL S Z= 1 W ARRE R, (i T b L
Jo R SR 25 XA R R A 6 2, FAs AR 52 2
T TR A AR A S R, 1992) . AX
V4 R 2 SR DX AR 1500 ~ 1600 mm, {2
(11 ~2 AR GG ~ 4 AR EH D, AL
AR 13% . SR 3~ 4 T R e e,
R T KSR G AEA X2 A7 44 1 i KU A 3
MIE 0.5 mes™ D ZEFUEZH > 170 DX, ZFA
TEZ ARG % I, Z5 0 B RREE ] Y 25 ZE
TR A 409 LA_ECXSCARAE 19960, JUH R TE
T F AR A X, B S5 SR A . T, S5
P38 AL A S5 D R X A R AP FR A A R A S A 3
—EMAEH o SR, A7 9% V4 BURR 4 b X F 7 TR AR AR

WKSE B 7K R 7 LT 28 1 e X SCAY A (2001h)
X AR DX FACHE 251 MO Gk % 3 55 K IR L & R R
A AR A 55 B0, AR %33 25 /K mTIE 039
mme d 1, H IF AR XS 4 A RO 5 37 25 AR D 2k AT B
FEo ANSCHIH 1999 4F 11 H % 2003 4 2 H i 28
T RPR POULIN 1 bR Tk %5 7 5 7K RV B R 7 (1) 9% R
WM G 28302 25 /KRR AIE B 30 52 1w TR 7, kg #40ay AR bR
W 25 7K B 7K SCRA 25 308 S 7K 4 FI SR 43 AR PR R 1)
RN S

1 AR RIS S VR AL

I R VA AR 25 2R U 5 D9 8% 7 X R Al 4
“H 25 A A7 U A b oty 2 5 M AR 2 3
km®) N (21°56" N> 101°15" E), 4K 750 m, M 55
FYARIL ST X AR 31 22 29 150 mo AN X J #viy Ik
GUURFNAE, —FR A TFEREZEFEAL~2
HONVTHAFG ~4 AN ~ 10 H) 25 (ke
W, 1963) FHI 21.7 C, FEHHHE 0.7 mes!,
FHX P 86% » 4F % T 4 1 700 mm, JH Y2 /Ay
83% ~87% > T 13% ~ 17%

RLIUAE: 3t By A5 1) Ry 2= 1 W AR, R % i J
35 mZids, T ARSI 00 3 2 BRI F N
& W C Pometia tomentosa )~ T H i A= ( Terminalia
myriocarpa ) ; R WA < RS Barringtonia
macrostachya )~ KM EF C Gironniera subaequalis )~ 111
#5 ( Mitrephora maingayi ) 555§ J2 B AP 2 224 3R
( Saprosma ternatum )~ P& W CL 5% C Morinda angustifoli-
a)~ KM &8 Mussaenda sp. )5 BE U S5/ RRAEVE WL
SCHR(Cao & Zhang, 1996).
2 WUk

FERHTZEAT AR T BRI 0.7 m mi kb /KT~ Bl
PFLALE 12 4 F142 0.8 m B ETEHR =1, &0 2K 1
Ak 1000 ml FIBERDI AL 235 %5 K . SEEHIA
503 ml ARHZ KSR AL AR EAE T 1 mm 155
ZKe BEH 9:00 Ze A7 OB JeE TE 25 /K30 9 O 0 3 2
B2 KEC1998 4F 11 AJFAR), H &% /KR 12
AN S AR EK IR 1999 4F 1~ 2 5 KA
SRR T E S K BEE (042 1 em) 3 A BLIE
HAd i BT HEAT B Bl sk, DI MOE 5 2 K R
JERVIN TR) B 2522 Ao SR T AN A B B 00 i, o
MAOS-1 4= H 2l /N TR IR 8 CRLAT 4 J230 I
JEE XU 1) g PG R A % IR R A
T BT CKEFAGAEIITI L) A E ey
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Zo 7T WM S AR I B I S B (B R 72 m),
NS A RZ AL . BT A Z A MK 3 AN T
ARG )Z T IS I CRTRRGeE )2 T k)2 11 et J2 T o
2133 ma20 maS m), )= T LA 0.5 m Ak —
JEURL R A SRR R B S A% AR CRVER B R A 4
SRS, AR 2 1 2T EA 0.5 m S kEsTil
A AT — SR M AR s, B W T KR
EAEES TV 5 PN CRAESE 1 K h~1, 1997
L TGN . %5 H e O KFEREILEE < 1 km

M ZB/DFFEE 15 min (Gordon et al.» 1994b).

ES

3.1 MR %I 55 7K SR B Y R IR AR AR AL

T 2= WA A 2 AR R 05 %5 /KK (89,4 +
13.5) mmCFIIME + e %D, A FE K E (5 E
K+ AN 4.9% +1.7% (3K 1. 4 F WM
(R4E MR 5 55 3 25 7K A B N A2 46 (I 1a) 1T &
20024F [ B WY 5 2 (1948 . 7Tmm) , L % 3% 25 7K f5 /b

3 4

B L TN PR N A 2 2 B /KR A A R AR 20 A1 (1999 ~ 2002 4D
Table 1~ Seasonal variation of fog throughfall and rainfall in the tropical seasonal rain forest (1999 —2002)
EgE| 55 T (S A
Items Foggy season Dry-hot season Rainy season Whole year
%1% % /K Fog throughfall Cmm) 56.2+5.2 20.6+4.0 12.6+2.4 89.4+13.5
FARYE Rainfall (mm) 114.7£34.3 62.2+18.3 1531.3+182.0 1717.8+206.2
7% % K/ (BER R + 5B 557K
Fog throughfall/( Rainfall + Fog throughfall) (%) 32.9+4.2 24.922.7 0.8+0.2 4.9+1.7
FNBAE AP £ bRUEZE, FEAHCN 4 Entries are means + standard deviation (SD)(n =4)
L FiE%E K Fog throughfall
200 9 2500 -~ 1or
—O—F & Rainfall g
E 160 12000 ~ =
- E £4]
Ar{' P(S a — E” b
B = 120 1 1500 = °
% £ £
WE osf 41000 & ¥
S @ 70 F
" W oo
o = %
&40 1 500 R
w
0 1 1 L 0 ﬁ‘k 50 1 )
1999 2000 2001 2002 1200 1700 2200
4 Year W& Rainfall (mm)
P 1 A T AR A A 25 25 K R R iR A () G R (D)
Fig.1 Variation (a) and relationship (h) between annual fog throughfall and rainfall for the tropical seasonal rain forest
25 - - 600 (75.9 mm);2000 FFF Ny 55D (1 405.5 mm), 5 0%
2 =) Fi%E% K Fog throughfall e Ao A L L =
g PG Fou hrouha BRI E(102.9 mm) . AR B 5 KR e
— [ ==& Rainfall J v
= 00 AR CE 1h) o BETT, X i 4Ry 25795 WY Ak
Pt N . . L
57 | w00 € T35 » 25 K7 W 7K 85 A 9 47 3 T i LA o o B8 £
2 = BNV
£ 2} s o
{30 E g s g = 5
5 S 32 WEFBEARMGEN RO
= E H 200 J B &S ) %003 25 /K & AR S 23 IR B
10 .
o (2. WS~ 10 D AN R Z, (5@ %K
4 100 S ==
’ ﬁ R BB R~ 2 DR THFG -4 TDH I
o ErHB.ILA.8A.aILOR R BB KB Z . M TG, W5

1 3 5 7 9 11
A4 Month

Bl 2 Btz AR Py 1 45 BRI 235 55 /K HE (1999 ~ 2002 4F)
Fig.2 Mean rainfall and fog throughfall each month for the tropical seasonal
rain forest from 1999 to 2002

KRN 2T R FIEZKEN 85.9% £6.6%
((76.8 +7.2) mm), MZ AN Y 62.9% +4.8%
((56.2+5.2) mm)(E Do HE1ITEH, ZFNF
5 K] T AR ZET FEKE 32.9% +4.2%, 1Ml
T AR 2= AR D
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oA B R R 22 (Oke, 1978 Unsworth & Crossleys
19870 B, /E T3 (FF M T ), H5iE % K
5 B RARE B YR O SC, 5 T A
. H340:00 ~ 10:00 MG & H B % H &R W &1
IEAHR (3, p <0.001). FYZ= [ FE A7 0 AH G
(p <0.001), fH Y ZH 2= (1 A 0 W B2 b5 5733 25 K
R B O R I B B R T 2R M2
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F#EH /K Fog throughfall (mm)
«©

5 10 15 20 25
#RE Temperature (°C)

18

FiHZIK Fog throughfall (mm)

0.3 0.6 0.9 1.2

R Wind speed (mes™')

3.3 MR HIES KRR H AR

575, 92% + 6% M4 55 KL BRI A B et
K, SR (0.52 £ 0.37) mmed !, T4
Z N R 2 PR AH AR AR /N (3 2D il 42 4 8
WOER 31 %3 S5 /K I s &, M 4 (0.38 +
0.27) mmed~'e HFEZ/KEMHEMRAHZHE
AR (p <0.001)5 21 1H 0:00 ~ 10:00 I3 X
HEEMIEAHRKE 4, p <0.001). %% %5 Kt
J5£ 55 2 I B DRI ) A R A T ]k R O
(K5, p <0.001), BIACHEERAS . KO8R, H %% 2%

15 F

12 F

FEFZ K Fog throughfall (mm)

75 80 85 90 95

18 r

&S /K Fog throughfall (mm)

15 20 25 30

ZHH¥ Fog days (d)

K3 AgiEz/KeEsS SRR AN EE MW H 0:00 ~ 10:00 RiE () & A% HE(DI LR

Fig.3  Relationships between monthly fog throughfall and monthly average minimum air temperature (a), monthly average relative humidity (h),
monthly average wind speed during 0:00 ~ 10:00 (¢) and> monthly sum of fog-days (d)
K2 R ZE AR ZEN Y H 5 S KB AT R B 25K K 25 H 3£ (1999 ~ 2002 46D
Table 2 Seasonal average fog throughfall per day in fog-drip occurring days and average percentage of fog-drip occurring days of
total fog-days in the tropical seasonal rain forest (1999 — 2002)

i H %% T = oty
Ttems Foggy season Dry-hot season Rainy season Whole year
%% % /K Fog throughfall (mm*d~") 0.52+0.37 0.41+0.38 0.22+0.15 0.38+0.27

FD (%) 926 82+4 365 68+5

FD AR Z KIS H 5 Z5 % H K EE 2 FD represents average percentage of fog-drip occurring days of total fog days < P £ 4~V 341 +

PRz, FEAKN 4 Entries are means + standard deviation (SD) (n =4)
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Fig.4 Relationships between diurnal fog throughfall and minimum air temperature (a) and, average wind speed during 0:00 ~ 10:00 (b)
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Fig.5 Relationships between fog throughfall intensity and air temperature (a) and, wind speed (b)
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FWEMRIEMK. 29 68% + 5% A % K1)
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Table 3 Annual fog throughfall and rainfall at some tropical forest sites in the world

B + 7B 55K
Rainfall + Fog throughfall (mm)

TS K/ BEW + FiE %K)
Fog throughfall /( Rainfall + Fog throughfall) (% )

b A FiEZ K
Location Fog throughfall (mm)

El Zunmbador, Venezuela® 72

Xishuangbanna, China” 89

Pico Del Oestes Puerto Rico’ 325
Cordillcra Central, Panama® 448
Cerro Copeys Venezuela® 458

Monteverde, Costa Rica® 886
Cordillcra Central, Panama® 1130
Santa Ana, Venezuela® 522
Serrania de Macuiras Colombia® 796
Cordillcra Central, Panama’ 2 295

1983 3.5
1 807 4.9
4530 7.2
5 696 8

4 461 9.7
3191 28
3630 31

1 630 32
1 649 48
3790 60

a: Cavelier & Goldstein (1989)  b: This study

c: Baynton (1989) d: Cavelier et al.»(1996)

e: Clark et al.,» (1998h)

F a4 PAFE AT ZE AT FK R &S R R KR B3R (1999 ~ 2002 4E)

Table 4  Seasonal average horizontal precipitation and its ratio to total precipitationin the tropical seasonal rain forest (1999 — 2002

i 5% A W o
Items Foggy season Dry-hot season Rainy season Whole year

i %5 /K Fog interception (mm) 104.8+7.9 46.6+5.5 98.9+8.4 250.3+16.6

e &= S enti |

LRI %5 K + 535 3K Fog interception + Fog 161.09.7 67.2+6.2 111.5:9.5 337.9+18.3

throughfall Cmm)

(BB Z5 K + 538 %K) /B B K i (Fog in-

terception + Fog throughfall )/Total precipitation 58.4+4.6 51.9+3.0 6.8+0.5 16.4+1.0

(%)

SRR = BB K + FEZ K + MK Total precipitation = Fog interception + Fog throughfall + Rainfall

4 4 Entries are means * standard deviation (SD)(n =4)

KRR AR Y —FF, A B K (55 K0 R B
WA IX 3 AR P AEE X iy 2=
AR AR L B 55 7K B A 90 Xl SCAS 55, 20010) K B,
TR R B 55 1) R AL, MR )2 T AR R
%7K 0.97 mmed~'. WAREAZ H IR 2 5 0%
25 7KOLL 0.97 mm AL 257K 5 F 5, 200 55 7K (1)
B O ) 4 48], I A R I Z5 7K B 313
I, (AT 2 B bR 3R T ) 23 43, WA AR
LA 257K (250.3 + 16.6) mm(3K 4, (@ fEK
(=FFEZK+ BEZK+ WEIN 12.1% +
0.8% » WLEDFRIR A 42 KB K R (337.9 + 18.3)
mm( B PEKIT 16.4% = 1.0%), I A2F B KK
HAIA 2 055.7 mmo H:H,(250.3 +16.6) mm [F#K
JELAR P 25 K TOBE 423 H 21 7 MOE 28 R B, 1K K 2%
AR K Rt 503 P T S22 D 4 S5 0 B RR R IR S o ERLIf
FRAR P 7K P B K (R IE AR AN B Z R et A B 1) 358
%Ko Ty, ARX R R 2 0 R
B Y ORI SCAN 55, 1997, X R A K i, HoA 2 vk
TCBEIAL T 212 W& 2K T LN M5 K. R,
AT AT RFFLLE] 11:00 A4 IR ZE, fK
AR R T H BRI DR A S 9D T R AR 0 28 R
. DR, 25 2 25 7K 3 BUR 7K 73 N A N\ 7 5

RN ER A~ 39ME « brrE e, FEACHL

PR R I R b T A X2 R AN AL 5 B0 A XA
RA A R GE A B AR KR 4 FE G 5E 2 B 0T 2.
AR, BE 2D R ANIE ST N 1% 5 AE s AR Y 1
L) Ar] A P AR 22 2D 388 93 55 7K, 55 A0 %5 7K A
TS AR ZE R O 5V TS BE R 20 IS, DA R %K
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