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SURFACE RUNOFF IN FIVE ECOSYSTEMS OF
HESHAN SUBTROPICAL HILLY LAND

Shen Weijun Zhou Guoyi Peng Shaoclin  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 A. 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 4. 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 A
mangium forest. Some flows in hydrological function of orchard and forest-orchard-nursery
system are discussed.
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Table 1 Parameters of different watersheds

kX EHA(mY) Ak(m) E#HK(m) FHE (m) HAk&k(m) DEE EBREH CPFHEE

Watersheds Area Circle length Stream length Average width Waterdividing Circledike Shape factor Slope
line length rate

87 35531.1 770.71 131.25 270.71 500.0 0.751 0.748 28 °
Grassland )
FRHE K 39862.5 926.38 295.0 135.13 791.25 0.583 1.118 29°
Leguminous
mixed forest
MR TR A 30228.0 912.85 330.0 91.6 821.25 0.456 1.333 25°
Forest-orchard-

fish ecosystem

HRERSK 34462.5 846.56 305.5 112.81 733.75 0.604 1.115 27°
Forest-orchard-

nursery ecosystem

AL U/ VR T o 2R AR AT A T B A T I T Rk e RLRE . AR UK. AR
B EN B SRFEENKCERL., AEEKRAMERETLE R (F2), HRE
REMMREBRE (S HMERMER) WHBEKIBER. MEYEER, HERTHEAEE
ARBERZECRANK SRHEANTF. B, EREEE, RAEMUNEES B,
HEREEOESHRAKW SR, FRSREMERFEERD, ERREANEE.
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Table 2 Vegetation status in different watersheds

FAREK M R HF RABREE BARREE FAESBE HKom MEREREE

Watersheds Forest Dominant species Tree layer Shrub layer Herb layer Forest  Litter layer
age (@) coverage coverage coverage height thickness
(%) (%) (%) {m) (cm)
.23 =3t ( Dicranopteris 80 96 2-3
Grassland dichotoma) . &I
(Rhodomyrtus tomentosa)

THBRZM Leguminous 14 B 5B (Acacia mangium), 65 60 70 7.0 3-4
mixed forest KB (A auriculaeformis
I 5 A7 A 14 S 5H#RB (A mangium) 90 40 20 15 5-17
A mangium forest
R Orchard 4 R (Dimocarpus longan) 30 o 94 2.5 1-2
P E A% Forest- 14 KMHE (4 auriculaeformis) 80 30 20 15 5-7
orchard-nursery system HEME (A confusa). TR

(Dimocarpus longan)
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RADMMEKKBERG A BAGKMALREHMLEAR, UESRALRE EDIEKK
LR, #EARSKTHE S MAALRE, ANgEA KKl REHR AR
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AHIARTE SRR B, R R R B R R (mm)
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M, TEATF ST o AR A 5 Ao 0 0 S ML) e 75 2 L3017 4.
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3.1 MRBRIFMES

SFEKRILERRIBEERSAER(E3) . BHRRERFKIN, HR3IHMESEFFEMHED
ANFEYE, PABE xR, MORE. SRHEIOR. DA RE S bR W R Bz s
H1.238:1, 0.732:1, 0.130:1, 0.389:1, XFHID GAEM, REMZTEHRIA 3 MARLRE K
B RO ERRMAE S RS, MAED SHEARENEH, HbRBRAPLFER AT
87.5%, HWHERMIRHBIHM, BT 61.1% 1 25.7%. MEHEKEHNKD KA
EH(F2), DEHBARIRAZEEE. KOEE. KTHBEETZEEHRTREMERER
R, FEHELRRSEEARG R T RGN, KCHREIR, MARSROLE M R, R
RKF SRR, EREAREMNEUTEEE, MR THE, SHEFEABRIEM,
MR EHERRER/NTERESH; REBRAN, W EWID HHE ALK,
WTEHAERE, FMRBRSENEEML, REENKHFBBYEE, SBEICREZSEHMN
120, AWBESLUR, —HRATRENAAMEE, HAEE LGB T KRR, X
SPIEHAK T, HEBRGFREAAGE, FHit, HEAMKERKEEMHRERABERRE
MiEmARFOR, LR RER EEIRE.

RMAREA/NR BT ZREKB AT KRR WREY, TRERRREKEN
FIASRE NS ARENERPIKBEMRLE AR, SHAEAMRBRERENINIF NS
MM < SRERH < MREEAESK < B < 2E. XRVBREES, HERGHETKE
MRS HE MR TF RS, O EABKED, dthiBAgEEERBAYKENEIRZT
BEBENRE, mE2H, SEMAEK SRHBESHMKEERANTTARZEMEAZ TR, A
e REESAT RS, NHREROEPRESSERRENEER, RAERKHIKEWED
FhMe, MTTHEEHBRER S KE FWEEER, WEARED (14 2) AR
KEMRESIRIERE T,
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Table 3 Characteristic value of surface runoff in the five watersheds

KK e BRAR BB CESITR K RRER B paE S 3
Watersheds Season Total surface Surface runoff Surface runoff Surface runoff Variation  Variation rate
runoff (m?) (mm) modulus (L s'km?) coefficient (%)
874 fF Annual 10852.7 305.443 6.9678 17.90 0.9135—-1.5602  0.6467
Grassland FZ Dry  1005.39 28.2962 1.5344 10.63 0.7430—-2.8361  2.0931
W Wet  9847.36 227.148 12.595 18.96 0.8453—1.6597 0.8144
SRHERHK 4 Annual  9154.27 229.646 9.0240 13.30 0.4481—1.0155  0.5674
Leguminous FZDry 585.643 14.6916 1.3283 5.62 0.2122~-1.2363 1.0241
mixed forest BFEWet  8568.63 214.955 16.970 14.52 0.4665-0.9982  0.5317
B 54 B AR FAnnual  262.85 39.386 1.4394 2.32 0.6902—1.1525  0.4623
A. mangium FZFDry 16.033 2.4025 0.3026 1.15 0.2045—1.9590  1.7545
forest HEWet 246.81 36.984 2.6161 2.51 0.7074—1.1420  0.4345
el fFAnnual  463.89 124.96 3.9627 6.97 0.4991—-2.1742  1.6751
Orchard +ZDry 38.018 10.242 0.6585 3.56 0.1543—-2.3356  2.1813
W ZFEWet 425.87 114.73 7.3770 7.54 0.4652—2.1598  1.6946
HRE ARG fAnnual 131262 380.884 12.078 22.16 0.5920—1.2224  0.6304
Forest-orchard- TZDry  1381.72 40.0935 2.5780 13.57 0.1785—1.5639  1.3854
nursery system {BZEWet 11744.5 340.791 21913 23.59 0.6406—1.2631  0.6225

* 1993 F—-1997 ST HH; TEANI0B-BE3 A, BFHR4-9 5. Data are mean values from 1993—-1997; dry

season is from October to March of next year, wet season is from April to September.

SHASRENMERRALSE. BRE. RRBEEMERALFNFEAEN T BF £
R, BUNEE > 2F > TF., HHXEATIKEESEFEETEREKKSNWENDERTE
F;, RRBREREZRANTE > 24 > 8F, IR ARKETFHTKENRIRT
BF, thafEsTHRENED, BRI/ (1Y
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B, SFRABERRFZHHAARR . osl
Myush, ZEHUE, WMHEMAEEE 5
BT 100~ BE3A, mtwmn & § 05
MR, BEER. MRERGL §§ o2
RERFPESABULHTHESR ¥ § o015
%, 8 HIMER RFEHER, U 3.,
PHEAH SRR AR A & R AN A
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B4 A B IAH TR, 4-9 AL e T
AT, BEWEMNER, 98 H A Month
BB, FREME 5B B1SER A MERRREMN A 5L
EFREEIT KBRS R, WHEHE Fig. 1 Monthly variation of surface runoff coefficient in five systems
£ M AT B AN 5 B A AL T ~ = = - By Grassland; -------- GRHERZHM Leguminous mixed

forest; MBI EHK Forestorchard-nursery system; — -- —I 54

’@Jﬁiﬂ”—?)}, %FET?\%ZK%M:@H‘J B A mangium forest; — — R Orchard.
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KRR WERNEZEREZ—, CHEEWERRERBHRD. 3 5SHALHELZR
BERKEZ BB REIRA LY, HEEERKBYLRERXR., UEABRZSHKRE NG
(E2), HERZOAAMYUEEXRE, REK——LH, FRKWEEATRIEKL, &F
K, HBREMEEXREE, RN 9%, THARFBREMG—GERKRRREHBER
RE. ARARFHELERESHEKRZAFRENZRKBYREIEAX R RN, HEEREME
RERMTEM, EARRSEEME, W—HRKEAERTRANBERRRBEXT /IEK
EHEN. EMERARK-BREUXRERPNS N, 240 mm/ K REK 2 & FH B REK
WHI 10%, (BXEEREK T AR RARI 5 SR RBMNIE 50%, HREEREREEZERSE
IR BEK BTk s 19

SR A SRR FKIRE S RBRE, USRHRZERRAE NG (E3), —FHZRAMKA
MATREHAL, FAUUERMXXER, HERANESGR KRBT RS KR BE R M X
RAEM. VA XHRERE N R PAIIRE TR EZR b K BRRER, 15 MK
BRI RAAK; EMAP WAL, 7507 0T ik 2 LU i 0 B,

F4 SHAZHHEK-FREERR

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

A& B3 77 12 BA%H MXEH FA F s FE
Ecosystem R=aP’+bP+c Sample no. r F value F threshod
¥Y Grassland R =0.0085P>+0.0822P +0.7558 66 0.914 233.132 Fy(1,64)=7.002
GAHEA M Leguminous mixed forest R =0.0017P*+0.09P—0.2676 300 0.891 1114.108 Fg,(1,298)=6.721
B 5 EM A mangium forest R=2x10"P?+0.0292P—0.0454 204 0.831 456.695 Fg0(1,202)=6.761
RE Orchard R =0.0009P>+0.0245P +0.1508 275 0.848 682.643 Fy,(1,273)=6.742
IR & 7 4 Forestorchard-nursery system R =0.0053P*+0.0635P+0.0426 217 0.914 1096.624 F,(1,215)=6.748
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Fig.2 The relationship between surface runoff and Fig. 3 The relationship between surface runoff and

rainfall in leguminous mixed forest rainfall intensity in leguminous mixed forest
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WEERWEREREMAK S FTRMF BT, MERH, BEsn. MKEIE #
R R RHKEE ). DR E AR RIS R E RS RE RS T REN 2,
FRE, IRAlEE AR R R S P RURRE . AR B R R AR/ DR, AR B hEEIRTS.

EEFRNSMAEE ARAAIKRESREHTEHTHRERAMZS, HLUBRWABHTE
EFRSEHRBTREASGEKEANBES. 4ENNUNEREN, SHERENTREKES
AHHE, SEHEA > RE > GRHEAH > &l > 3, 450129 15.9 mm. 13.28 mm, 8.1 mm,
6.71 mm, 5.21 mm, WREFIREMAHIETRATE, MWEBELR, AN RN. RRT/KE
K, WFEREkERELD, BEERAAROAET 2.7 mm; B, TESRBEKEUTATESZ., A
THEY 4 MAESRS R BERRRITERATRI LB L, SEHERERTHERS, X
543 5HEAMNE LT, K THEE M ZESFIMEX.

WMRERFESETMNAME, #IESHERSENEHELE BREAGRRE, FALHT4
WREE, MEE—EFHIEEIRE, [FRE R EE I /% — @ R B a], X e i R] [a] %
MREGTE-ERE LRBASEAGMNERWADTER. —BOkE, FRMEtED <
BT REm PR St ], WG R, RURFEIEREMPENENGEIRE, RHAAHK
TR RN, RRMEKK, BEHER BN IERAFAEES, XHEPRIBHE
FiRRE., WMERFLFELK 210 mm FER-~RE AL Z TR RYE, SHEMEEK B
FHEZSH, MERE R, SR T FF 46 B T 3 I 45 7= i 19 B 18] (R B9 7 39 43 51 24 29.89., 24.35,
21.28. 26.23. 24.6 min, [ R G5 HEg B I AY I E] A IR 45 R 484 O 23, 15.58, 10, 11,
13 min, Xt05FMERE, AW AMMEKRIREIME. MEWERE/DN, MR RES, %
KEBEKR, BRAELD, N=RmMmptig R mE. 2 HRE RN, BRI
AR LERFLSE. TEFRMBEMHENENIEERTESZ. S H5MHEKRTRMN
B ENEERTHERS, BRRWZRAFES BRI KE LR,

k- REBIEMN HERAICKENEER, SHEAWNTRIBE VRGNS
Wik, XEBKSHEMTRAEEHEFEAERMNSR. L1996 F 4 H 19 HB—FKER N
B, HEEKFFEM&RRR T RLELHIWE S ME 4.

x5 SHELLRRT-FHRISEHRE

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

[ 7 57 i (min) Mt (mm) MWIEF (mm min") 30 min BAHR(mm min?) 60 min BA TR (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
%% Ecosystem
=il Flow L% FRHE A Leg. A E A FH R R 4 Forest-
Grassland mixed forest Mangiun forest Orchard orch. -nurs. sys.
=% Pk Flow duration (min) 260 290 270 235 240
HFAER A Surface runoff (mm) 3.34 2.80 1.52 4.69 3.32

R F A B Surface runoff coeff. (%) 4.16 3.50 1.89 5.85 4.14




280 Rty WA H SR ®1%

ME 43 STTR, MENMEKEET, FREEETFAEEROHES, HIBERR
BB B HA LS. SWIFEP R R, AZEMT 3.0 mm /5 30 min, AKEEEKTT
G 7 U B A EE BESE 200 30 min, REMERHRRARKZ, D 5H BTG RE &6 SR
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FEBOK LK, PARERENBEBEREANY, FHHMBERREBHID, FREBHRFRE
RARBE ERBTREARSKIIERERS., N4MAFRHATIHARESREE S EH 3Tk
B, EEBKS WWKE. BKWH. WEFRAREL, BHHEANERBEAREYE
TR, EARERENESHBRMAL FHF-RA PG G R TEY, RHE
R TR, TR MM G B R TR, RREXEANRAEE B KL, HT
KEEFERMAZE, REFEHE, RRAERAMEERTRCE, XEEREMHEAOD, BB
REWRLR—BERATREVAAMER, BALTHERS, —HBREKFHRHIED—ER
B, XIWOoEELEFEBRER, FHEEBRTENREERLERS B IMEZTR
F, OANR2AUEL, REFABRZEMMRTHEYEZEEORTREATIRRSE, SREWH
BYBHER T HHE, EHMKIABLERT —-EWER, FHRERAREHRD, EHT
HEEBERRXEMRZHEYZ, FENREATKE, BE=RMBEEERSE. BHik
3 o i LR B A AR RS TR, DA RIE R BIRR G0R0 BAE S A B IR A 35

BAESRARIKE TERHEBEMAEEYE—E XBAKE £ Lo H A FIRE K
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%, MHEKEWEEESACENEOME. DEMHBERL A SN EYERZFEE D —F
RS ERH R, B AHRBATUFL, HASESE EKD, B R 2T
J&. Bt E AR L R MK SO e, X TN RMIERT R FA R, REE
ALEAHRESESREANKEL, EHWEDSMEAESHEK. FHik, EHRE. TR KE
BFERMAKLREROESE LG TRISAA.
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