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BE ERCMAKRBRE BARMELERRRY SHESAARRBRBT T ELE S FHUN 5
LW, HREW:a SHAKNMEERREDEMEK < RE < BHELH < 5 < KRR
8, 8N 2.3%, 6.97%, 13.30%. 17.90%. 22.16%; ZHEHFTRLD HHEAK < BRHERZHK < #
BUAG < B < BHE, 450 046, 0.57, 0.63. 0.65. 1.68, W RBFATLAKLLS R HEH A
AP ARLEHRTFER, MARAKESESRAERRG SRENBERRAKYEHEN
F.BEER, RANEE > 25 > T3, BIMKEEENSVELURESHHR. b SHER
GEGREANBERHESHARAFEE RBWRBETXR, 7 555 5 MR 5 R 3k
SN, SHEBRBEEEMLIAMBKIIRE BEERBESEKEBENXELRK. c SHE
GREFRORMEKRD SHEK > BE > SRABIHK > KEBESL > B8, 2 5H159.
13.28. 8.1, 6.71. 5.21 mm; HZHARFAX =R MBI RE LN 10—-30 min, I 5 BARH G o 8 &
¥, HEEAS, HREMAAYBRERNEARNUE. XPitie TERKREEMRERLEAX
RS — B, §ETEAEERRK ERHED EHBAEREESE ENEER Y.

@A ATHESRLE MEBR

RESES  Q94s.1

SURFACE RUNOFF IN FIVE ECOSYSTEMS OF
HESHAN SUBTROPICAL HILLY LAND

Shen Weijun Zhou Guoyi Peng Shaolin  Yu Zuoyue Lin Yongbiao Zeng Youte
(South China Institute of Botany, Academia Sinica, Guangzhou 510650)

Abstract The effects of five different ecosystems on surface runoff were studied through
“watershed experiments” during 1993 to 1997 in Heshan Hilly Land Experiment Station.
The results showed that the surface runoff coefficients of five ecosystems, viz. Acacia
mangium forest, orchard, leguminous mixed forest, grassland, and forest-orchard-nursery
system, were 2.3%, 6.97%, 13.30%, 17.90% and 22.16%, respectively, while the
variation rate difference of runoff modulus were in the order of 4. mangium forest < leguminous

mixed forest <forest-orchard-nursery system < grassland <orchard, being 0.46, 0.57, 0.63, 0.65
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and 1.68, respectively. The results showed that A. mangium forest and leguminous mixed
forest have better hydrological function on water conservation and adjustment than the

others. Surface runoff coefficients were different among the seasons, showing that wet
season >annual >dry season, but the seasonal change in variation rate difference of runoff
modulus was in the order of dry season>annual > wet season. Between surface runoff (R) and
precipitation (P), there was a regressive relation equation, R=aP?+bP+c, and surface
runoff had no significant relationship with the rainfall intensity, and the surface runoff was
often provided by some heavy rains. The rainfall causing surface runoff in A. mangium
forest, orchard, leguminous mixed forest, forest-orchard-nursery system and grassland were
15.9, 13.28. 8.1, 6.71 and 5.21 mm, respectively. The runoff occurence and the flood peak
was delayed by the five ecosystems for 10 to 30 minutes, and the maximum appeared in 4.
mangium forest. Some flows in hydrological function of orchard and forest-orchard-nursery
system are discussed.

Key words Man-made forest ecosystem; Surface runoff
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BEREHA RN,

FER R L ER G TRIRET 1983 4, EHEXRAREE EATHETZHA
TITHERKRESESREL. B 1993 FEXHX LR LM EFACEIRHERT T RE. KR
LI, A EEX WA RA DA R G RERAE R KA SR, ABREMK
e RN, BEARALESREMHEMBAESR ARSI LU BKE.

1 ERX BRI

RS T REPI, KL 112°547, Jus22°41. R WBEBEHRTE S K
K., Fis b gzskidi, DURBEE FEHEEREGAMMAE, BT ARERKKHEMAEN
Bl ERMEWRA KLHRE™E, HREBBRBLS BT I ALSER (Pinus
massoniana) AkAh, HKEABA N ERAE RS, b H R (R PEATHD) .

R0 U BT AE B B A B KU B MRS AR.  AETRIE 21.7C, BRBRIR 37.5C, &
WEBIEE 0C; KFHES 4350.5 MJ mha’; ¥ >10C HHBUR 7597.2C, FHBETEN
1800 mm, EHEMTEE, FERHI0H-RFE3H, BBH4-9H;, FHEEEN
1638.8 mm.
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EA LMY (S SHERMRERBHRBEKX, HAF4NMEKX), AH3 m’. BEHE
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Table 1 Parameters of different watersheds

E--3/974 ER(m) FAK(m) FERE(m) FHR (m) 4KEK(m) pERK  BREZ FHHE

Watersheds Area  Circle length Stream length Average width Water-dividing Circledike Shape factor Slope
line length rate

Wi 355311 770.71 131.25 270.71 500.0 0.751 0.748 28°
Grassland ]
SRHR AT 39862.5 926.38 295.0 135.13 791.25 0.583 1.118 29°
Leguminous
mixed forest
HRBERE 30228.0 912.85 3300 91.6 821.25 0.456 1333 25°
Forest-orchard-
fish ecosystem
HRBERSR 34462.5 846.56 305.5 112.81 733.75 0.604 1.115 27°
Forest-orchard-

nursery ecosystem

HBPB O MBTHRERODRERETEBOEN T DR R ED. oA, 5
EMHEETERNFRRFEENAXEY. AEEKEAHEERETUE S (F2), HREE
AREAKRREBR G (D LHHEAMRE) WHERKRGHER. HEYEE, BRTHEASE
ARHRERZHECRGE N SRHERANT. B, EREEE, RAMAUNZESBLE, #
HFRREOESBRRLGN TR, BEESRENEEREERD, EXRBREE RS,

£2 AREAEAMHEHERR
Table 2 Vegetation status in different watersheds

-9, 974 i LR FABEE WARHEE HFEEZE Him WHEEEE

Watersheds Forest Dominant species Tree layer Shrub layer Herb layer Forest  Litter layer
age (a) coverage coverage coverage height  thickness
(%) (%) (%) (m) (cm)
Bk 3 ( Dicranopteris 80 96 ‘ 2-3
Grassland dichotoma) ., #&i
(Rhodomyrtus tomentosa)

SHIRIEH Leguminous 14 D 548 (Acacia mangium). 65 60 70 7.0 3-4
mixed forest Kot B (A auriculaeformis
O HEA 14 L HHERB (A mangium) 90 40 20 15 5-7
A mangium forest
RHE Orchard 4 W (Dimocarpus longan) 30 R 94 2.5 1-2
HRE RS Forest- 14 XoHEERA4 auriculaeformis)‘ 80 30 20 15 5-17
orchard-nursery system BEME (A confusa). BB '

(Dimocarpus longan)
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2 BroTk

RACMEKRRRE” BEARSDKMATHHAREAR, BESRGLREENEKEK
HHRLAR, EERSKRH BRI MAALRE, ANMEEN EKRKBRER AR
Hp, fEZ RAMERRRAE—H D, ELNRER QDK HORERE. R RE R
150 m LB RIS RIS, UWEASHOK. WRETA N 90% FEHER T

Q=1343H* Q=3 = (@ +Qul
Aofr Qq Ak IR A b F— KB RO (m® ), WA I KK BE (m) . Q 13—
K () SRR G AR Qo) A1 Qogy K0 20 AT 75 28K 676 (EL, A0 Hy) 9 30 &
(m 5) ¢ HHUGPARE L2 (5) . i=1,2,3, -, n, SRFRE—RRLEAL 2,3, = n
AT IR R B BRI G RSN R (mm)
fERRIK i, T8, SRR AR R S0 WL 0 0 2 VAN F AL
A, LB LI R 3 R LR S AR A P B 47

3 BRI

3.1 MRFBIMFLESTF

5Pk KX ARBEES AR (F3). BHREBRGAENS, HAIHRAHEED
INFEY . IR R, M%m.ﬁﬂﬁi% o5 MR, RESHMERRRZ a5
3% 1.238:1, 0.732:1. 0.130:1. 0.389:1, XFHID 5H B, REMEFHERM 3 HRKEE K
B BOBERRME N KERR, MADSHBARIESL, HURERAKLELELST
87.5%, HWHYEEMTRRLH, SPWMOT 61.1% M 25.7%. MEHAKRX AL RO AT LA
B (F2), DEMENTARME. AoEE. MTARENEEESRTREMZRER
¥, BT M AR U E A R S R SN, KU AR, AMRSHRDLAY A BRI, R
Rk FERHERM, EEREERAMEUTEEE NERTHE, EEXEFABEIEM,
WA R AN IBERRARNTFERBESM; MEERLRN, HLEWHDHHEATH,
WTHNERE, AARERRANREMRL, HAEEEHAFHYEE, SESRASEB
120, AWMEBALLE, —HRATFRIFHHMAMER, FEHEEASREB T KRR, X
SGEHAKD, MEBRNTRAERE, i, HEOARLKREEMHRERAMRERE
MBWALK. LR REmN EEZFHA.

ﬁﬁ&$%%ﬁmﬁ%7%%ﬁ%Wﬁ%mgrﬁﬁﬁ%ﬁﬁmz&%ﬁﬁ%rﬁwmgm
WA HE; ERENETHTKENREESIR. SHREALRERERZNINMUFAE
EAREA < SRR < ARRBRS < B < £E. XRUREES HERARWTKE
MR A BB TEY, OEMEARE, mRBRREYEEEKEETKENENRZ LT
BHEGEGENM, mE2H, DHMEK SREXHIKRBERANFTABMEAREE. 1
HETEEENRTEY, RARENEICRE SERR BN, RAERKEATKEORD
FARRl, ATHIEE R BARERS KR EEEAR, BEARE/N (14 ) ATHILET
KEMEENFEEPE.
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Table 3 Characteristic value of surface runoff in the five watersheds

FAK iR BRER BB BRI BERMAK SR TRE

Watersheds Season Total surface Surface runoff Surface runoff Surface runoff Variation  Variation rate

runoff (m?) (mm) modulus (L s'km?) coefficient (%)

L83 4E Annual 10852.7 305.443 6.9678 17.90 0.9135-1.5602  0.6467
Grassland FFDry 100539 28.2962 1.5344 10.63 0.7430—2.8361  2.0931
MZFE Wet  9847.36 227.148 12.595 18.96 0.8453—1.6597 0.8144
HRHBEZH 4F Annual  9154.27 229.646 9.0240 13.30 0.4481—-1.0155  0.5674
Leguminous FZ%Dry 585.643 14.6916 1.3283 5.62 0.2122—-1.2363 1.0241
mixed forest {EZFEWet  8568.63 214.955 16.970 14.52 0.4665—0.9982  0.5317
5Bk 4EAnnual  262.85 39.386 1.4394 2.32 0.6902—1.1525  0.4623
A mangium FZDry 16.033 2.4025 0.3026 115 0.2045—-1.9590  1.7545
forest EEWet 246.81 36.984 2.6161 2.51 0.7074—1.1420  0.4345
RE HAnnual  463.89 124.96 3.9627 697 0.4991-2.1742  1.6751
Orchard FZDry 38.018 10.242 0.6585 3.56 0.1543—-2.3356  2.1813
B FEWet 425.87 114.73 7.3770 7.54 0.4652—2.1598  1.6946
HEERS FAnnual 13126.2 380.884 12.078 22.16 0.5920—1.2224  0.6304
Forestorchard- FZ%Dry  1381.72 40.0935 2.5780 13.57 0.1785—1.5639  1.3854
nursery system JBZEWet 11744.5 340.791 21.913 23.59 0.6406—1.2631  0.6225

* 3 1993 4 — 1997 SEF B

FHEHI10H-B4E3H, BFH4-9 8. Data are mean values from 1993—1997; dry

season is from October to March of next year, wet season is from April to September.
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Fig. 1 Monthly variation of surface runoff coefficient in five systems
- = = - ¥ Grassland; -------- GRHEXZHM Leguminous mixed
forest; HEEEH Forest-orchard-nursery system; — -- —I 5 ]

B# A mangium forest; — —RE Orchard.
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KL EE.
32 WRERBSREMBIEMXE

FEAREHERMNERREZ—, CHEZWHEAREREBEHORD. S SHELEMRER
BES5MKBZ A EFEEERY, SEEE_RBYLRBEAXR. DERBIKRL N

(B2), HERAGERFAMAMUBEPEXRE, FAEE——=%2H., FREHEEFTRRILEZ4, &F
K, HBEENREXRTE, THEHEN %, THEFTEREG—GRKRRAREH IR
NE. FRAREHRERABSHKBZRFELSEMN RBYLREIAXERY, BREREEMRE
KEMMTT M, EARSEEME, HM—BHREKELTRAKNBRRRRBERT /NEK
BFR. BYSRERK -RRERXAERKPENS ., >40 mm/ KK FEK A & 4F 3 5 REK
W 10%, EXEREKF&ENBRERD HERMERIE 0%, HEBEREREEERH
TR B R BT 1Y .

R RGN KBRESHERRE, UEMBRXARERG (B 3), ZHEZHEMEXR
MoHREHE, BEAHASMEXXER, HERZNEGHMRKHREWE S MK ER KX
EEM. XREHEXBERBRBHRDNREFRBEEER b A RRIREN, T 5HK
BEMXRAK; EHAPERILEIRE, RERTEZEAE R R LR,

R4 SHARLEMEK-REERR

Table 4 Regressive model between rainfall and surface runoff for the five ecosystems

RE EPEp¥ BAH MHXFER FH F s A8
Ecosystem R=aP’+bP+c Sample no. r F value F threshod
B Grassland R =0.0085P*+0.0822P +0.7558 66 0.914 233.132 Fyg(1,64)=7.002
S RHR A M Leguminous mixed forest R =0.0017P*+0.09P—0.2676 300 0.891 1114.108 Fy0,(1,298)=6.721 -
5884 A mangium forest R=2x10"P?+0.0292P—0.0454 204 0.831 456.695 Fy0(1,202)=6.761
R & Orchard R =0.0009P>+0.0245P +0.1508 275 0.848 682.643 Fy0,(1,273)=6.742
# IR R % Forest-orchard-nursery system R =0.0053P*+0.0635P+0.0426 217 0914 1096.624 Fy;(1,215)=6.748
30 20
— L]
S 25} R=0.0017P* + 0.09P- 0.2§76 16 t
g @
2 R = 0.891 S 5 :
o _ 20 } ct: \a .
2§ a5z}
hall =4 o, .
u:; = 15 F K % .
-
a 3 i
% g 81 .
£ 10 1 ® 5 .
k3] 2 R +t .
® 5 | 4 Poee’, * . ¢
® * o
: f R
0 20 40 60 80 100 0 20 40 60 80

R 7k 3% Bf Rainfall intensity (mm h™)
B3 FARIAMERRSMAKGRE CABUIN

Fig. 3 The relationship between surface runoff and
rainfall intensity in leguminous mixed forest

F&/K® Precipitation (mm)

2 GHBIHBRTRARSMKEMXRE
Fig.2 The relationship between surface runoff and
rainfail in leguminous mixed forest
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3.3 MRERERSLESN

WERERMERLREEKE TENTFEEYT, HEEA, BHAH. BKEME. WM
#Eu R R RERKAE S, HEEEARRISERERGRRMERWE RS EN=RENE .
F#E, IR SRR RERN P RAE. BEEERRABOHBRRR ., WIKESEIENERT.

EEFRARIHE FARAAIKRESFEAHTHTRERANESR, HUBRNLGTE
AFERSEHLRBTRAAGEKEINERS. 4FEPHMAMEREN, SHRAANTHREKES
AHFE, DEHEN > RE > TRHRERH > #E > Fi, 45005 159 mm. 13.28 mm. 8.1 mm,
6.71 mm, 5.21 mm, WREFREMATHERRAETE, MBRWBEK. ATHBRRRET. RALKE
X, MFREKERY, HERERVCRET 2.7 mm; B4, FEERBEAEBVEATES. A
THIER 4 FAESREAEMERUANER O LESRR, SHHERERTRERS, X
55 5HBMHRERE. K THEBENEESHUMEX,

MRERESERARE, $iESETASENEHELCE BRITHRE, FALH™E
WRER, MBEBE—EHEEIRIE; FR R ER) I — 8 A et A, 33X e ] a] B
MKEWITE—EBRELRBREAFZAGHRMHMBTER. —BOokU, PRMBtEN IS
ETRERAMERRERE, WENaRK, RARENERPEHRPEIBEER, REFFK
THEMBEN., ARMEAR, BHER BEMIBERAGEEER, XHENREIEE
AR, WMERFEZFELIK 210 mm FEW-F=HE BAHMCET/AHS RN, SH5HEEK &
FHEACHR, MRE RS, R EUR B4 A TF 56 B 7R 3 JF 46 7= I 1% B 6] ] [ - 34 43 530 0 2989, 24.35,
21.28, 26.23, 24.6 min, P& S BE0E L BLAY ) A] fR & R 4820 1 O 23, 15.58, 10, 11,
13 min, X0 5FEMWIRAE. AN &EMEKRIRETMEX. BREE/D, RiERRIES, %#
KEBEER, BRELD, W=RAMEENE GRS, SEHRBERNETRE, FERHE
BAMERBEILERFAEN. TEERMGGENEEHRIAZERTES. D 5HBASRM
REHENEAERTHEERS, BREVZRAEE BREKMAT KE LA LB,

PEK-MREFIESHT BEMAEEENELER, SHEAZNTRIBY HRERE
ML, XERBAKIBMNTRESZHFEAIERNER. 1996 F 4 H 19 HH—5HWA
B, HEEKFEMSRENFREESFINE S A 4.

£S5 SHERG LRRE-FROSEE

Table 5 Characteristic value of rainfall and flow after a heavy rain for five ecosystems

MERFG M (min)  BER (mm) MEWEE (mm min') 30 min HAFR(mm min?) 60 min HAMIE(mm min™)

Rainfall duration Precipitation Rainfall density Maximum rainfall density Maximum rainfall density
within 30 min within 60 min
259 80.2 0.31 0.81 0.79
# 5 Ecosystem
=¥ Flow L33 G RHEZH Leg. I 5 Bk RE MR E B Forest-
Grassland mixed forest Mangiun forest Orchard orch. -nurs. sys.
F= % Fift Flow duration (min) 260 290 270 235 240
HFxE WM& Surface runoff (mm) 334 2.80 1.52 4.69 3.32

#hFE B A B Surface runoff coeff. (%) 4.16 3.50 1.89 5.85 4.14
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A 4 FE SEH, MANEKEET, FRARAETFFRAAERNES, HIABELRH
REBSERANA LR, BTG RMNERE, 47K 3.0 mm /530 mn, KEHELF
1 7 e A L B3 20 30 min, SRERMSAMBIAKKZ, B EA BTSRRI RN R
EMESRARTISEHR ARG, SHKY, SABIASDSHEKSEHAREK. SR%
e it L S R T R e A 2, s B O
10—30 min, MEEZ T, HbESBER
WA, B, HEXBMAT
A,

HE4ETEY, FRARGBRER
RREEOAHE, ERMARSRAER
TR /NG B — YOI S, 3 B
RTRAKE, RERAHE -4, Bl
R T R T A B EARHR M
BSEBA, B KESRAMNREERK
Z, DG HBAKE, TR
T8, EHRKETAFERENLEERRNK
YB3 5) . MBI R 0

10 +

20

30 1

K& & Precipitation (mm

40 L
2 ~

# & Flow (m® min™)
(=3
o

4 s paA 0 50 100 150 200 250 300
Wi K4 8 Time (min)

4 SAVERAKNMEN - MRBRIL AL
4A
ﬁ%ﬁi%%ﬁm%ﬁ%ﬂ1xm%§%7kﬁ Fig. 4 The rainfallsurface flow hydrograph of five ecosystems

BHEBRSHHNETEREm, MEEK A ¥y Grassland; ----- GHEZM Leguminous mixed
Blffit, R BV ELR B, O R e owhard
AN AN E L RRASIEE AR e e
Gevh Rk . Bk REREMBMEREAN. EEARBRBEHAAD, PR B0 R RE
BABEFRBTESAAGKCEORE. M4 HARMATHESRLSSEH KX
F, EEBAS. BHKE. BAWHR. BEERMGEL, DHEERMERBEARENE
RFEN. EAESHEANFEYRERRAR. FRERMLENESHASATER £E
MR R AR, FFIA TR B RS B R R TR, RPN R AEE BokS, W
KB EHFENASE, RTHEH, AESRANGEBTAEE, XEEREREKRD, AN
REWBUKR—ERATRENAFASE, BEALTRERSE, —BRKFHIFE—FH
BE, XBAEYAFEBERR, FHEYEALRTENMRABZRRLIBONINEEZRR
% MNE2WUES, REFARSEAATHEDEEEYRTFHEATIARE, BREH
BUMBERTHE, ERIKSABLED T —EWER, FRERERAKEIRLS, AnT
RBEEERXEMRSHEYE, EBRAREEYKE. WEFRMBEOERSR. BHit
EEd S EAMERGRRAGE, DUREX PR R GRA R ESMABTHE.
BAESEANRE T ERAEEMHTEYE —& KBHKE EF R L EFR R
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#, MHBKENEEESREERENHE. SHHBREE SN EYESFREEN—F
BRI EENMHRERNM, EAMAOTUEE, HASEEEKS, BOBRRZ RN
J&. Bt EERR LR R MK SO AE, XX TEMARMIFRNE R AR, HitsE
ALEREGESRANREL, EHEHEDSMEARAER. Bk, EHH ERAKE
BIAAK LRFEREEE LB TFRIHA.
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