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A rainfall-runoff model associated with forest vegetation in a small watershed
FAN Shi-Xiang' ,CHENG Yin-Cai' ,GAO Yan',LI Xiao-Yan®

1 College of Water Resources & Civil Engineering, Shandong Agricultural University, Tai'an 271018, China

2 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China

Acta Ecologica Sinica 2008 ,28(5) :2372 ~ 2379.

Abstract: In order to evaluate the impacts of forest vegetation on rainfall-runoff in a forest watershed in area of 834 km’,
two quantitative indexes of forest cover, cover ratio and timber volume were adopted ,and they were divided into two grades:
(1) forest cover ratio = 60% and timber volume =5000 (m’/km’) ; (2) forest cover ratio <60% and timber volume <
5000 (m’/km”). Different parameters were selected in the proposed mode in accordance with the two quantitative indexes.
The simulation technique of filled-up runoff generation was applied to the calculation of runoff, and the two-layer simulation
of evapotranspiration was applied to the calculation of soil water storage in watershed. An exponential equationi.e. a=1 -
"’ was proposed to describe the relationship between the water storage capacity and the relative filled-up area in watershed.

The different runoff components were considered in order to calculate the flood hydrograph, therefore, two routing
methods were utilized , namely, the technique of equal time line of flow with regulation of linear reservoir and the simplified
triangle hydrograph were adopted for surface and underground runoff of concentration simulation respectively. Comparing the
simulation results with the observed data indicates that the proposed model not only is high in accuracy, but also reflects the
effects of the two different forest indexes on water conservation and the flood regulation on the whole. The model is practical

and will play important rule in farther study of the forest hydrological function.
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A GARA BB ARG IR, i R A BREKI/KSCRE . FRAMESEIKSCEh MR B
FEFR- M E L, T R R IAE M R R R b, 55 52 3 2 WK BRI, BRI 2 98 B 1R R E 8 1
B FEBATROME AR B AR B IR S — R, — BRI B R AR
RS IRAER ™ SR, A0SR IR B B B R, B 4 BN TR AR R A T 2
W, BEZE SR HAR e iR . JUHRZE /IR, LT B AR AN SRR B P 9 25 1) 2 A B2 53 LA R R il
RSB 2RI KN, A S TR RIR I RS R B R,

N T BRFRMAE GO IR IR RN , 48 1 2 2 R HE K B R M, 1 B[R] A e BR AR 8 E B 4K
i, BATRE TR ARME B ENREE VI ERR: IR E, E SOV BE R R, ERR T
PO ARTED AR 5 0 S AR B LB (VNVER % ) 5 BTR AR AR R &, i SO B AR BRSPS ERE (B RE,
m®/km®) o ARSCAENRIEHE R B WP RARR G SERE b, HE— 2525 R T 2R B R B AR, BN T AR A
FETRAR IR EY , LU0 E BB /R RAME B K SCOTREREAT T 22 89 223K, [RI Ik S R 3 BR AR K 305 A 25 R 25
DRERIRRAEREE
1 iR

BRI T T B IR B S BB (I SO ) b, ARV L0, R 10 42 il B T Oy U 85T
FRICH , ARG 124°56", JL45 42°06" , T3 A2 250m , #HI T ALY 834km” , IR FH594R N 390m, IR 2
o BRIBHAL IR R T RRARX B R R L3 <%, £ IR TR K, Bk B HUME N B
FEY, EREFLH ,FHROK R 776mm , A ZE L RE S N 763mm, A 7. 1C, WA RRILER,
TR, PN AE RSN AR, R LAY £, AP RMWBE R R 56. 7% , L FHIHRAERE
5000m’/km’ 7245 . WARARME % R EREEAENY B, 20 HAE 50,60 4F R, 70,80 FREAME, 90 4
OB BT, WML FOuIR AR L, SRR AL , BRI ZEBHER U T RRR , DIRBO#5E,
FLBREERUD B . IR T KBS A5 F R A P TR A B 5, TR SRR H, B
AR TR, MU LRSS, ERIEA W7 REARFEEH- WA . B, 77 LLE W7 SRR g 2EA
AP DAL e, IRIE B S R R ER B AR, HER B H BIHAT T iz,

2 FRSiCRETE
2.1 FREHER
2.1.1 +EEAKEIHE

TEREKEES T ERMAHTHE, TRRFRERAWERTEER, B TRURRE 2L (W0
& 2 A WSE) i HE— Rt HaE AR, Brloy T R A5 @8 B % A PR oL (1)
HFE <lmm HEEHFR; (2) HWE = 1mm AR R, HRYEPUER T K300 20cm 2K 1M 16 a(1980 ~ 1995
4F ) VLI BB, SRS 37 K 5 AT RIEEATEET, TR B 0. 75, RGBS B S hn 2 & RN A U™, 4ot
WEERNE L, RPH P NHWE,

F1 TARSEHEENE
Table 1 Evapotranspiration potential of the Honghe watershed ( mm/d)

RE &, Weather state 5 H May 6 H June 7 A July 8 H August 9 H September
W5 47X Fine day (P < 1mm) 3.5 3.5 3.0 3.0 2.5
BATI X Rainy day( P=1mm) 2.2 2.2 1.9 1.9 1.7
WK FER R FK &N -
R=P-(WM-W) (1)

AP OAETRE ;R A IRE ; WM DR E K AR W AT MR E K E; L mm 3. WIREKEE
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AR FHRKE B EE RIEERARSE, B EE3 8. i TREREER, RER T
AR, IR T A BB T (AR M, W7 B4 T B P 40RR )

RIBERELZER MR WEK, EKEE—B N 80 ~ 120mm 2 i, E _EHLHBEER T B LEE
KEE<20%, FREKEE=80%, BREAREM FARMHAHHEAR" !, ARE W~0, AT LIRIEHET
RWFTF A AR (1) #EH H WM, RIBZRFEARTLH T KK TRIETOR , 458 R, 5
TERIHE K ARE, R RERRAME RS R B TR (RREKAR = EREAEE
+ TREKER) 4R NE2.

AR TR, EBRAERTE 40 ZEFRT T BV BHR L, (BX MR L —IE Z4EFE B
T, BWBRREUA T 42% ~72% , 2188 30% ; ERE A F 4200 ~ 5800m’/km” , 2E 5 2 1600
m’/km” , HEXIAENE K 32% o BAh, RIBSERNFERAE SHT, BHE SRS ERBRINE. BTR
WA RETRARIR B R R BOVE 2R (R R AR ) , R BRI R R 203 40, FR w4 Rt A KRk, Br LA
AWEPISARHI R EAAEH . HIE, 322 FRRMAE ORI LS4 3E 0 T AP, o 2k
AR 2 BB ROR UL

£2 AARESEEKRERE
Table 2 Capacity of water storage in the Honghe watershed ( mm)

BRI REKEER WM EEEKER WUM TEEAAR WIM

Forest rati diti Total capacity of water Storage capacity of Storage capacity of
orest vegetation conditions storage in watershed upper ol layer lower soil layer

FEME 2R Cover ratio=60% 110 ” %

HEFHE Timber volume =5000m?/km?

FEME 553 Cover ratio <60% 120 ” 100

HEFE Timber volume < 5000m’/km?

TRAHEKE WHEBHEKEA, ZU TR TR
FE Ho<sWU,,, <WUM i}, 1|

WU;+1:WUt+(Pz_Rz) -EM (2)
—F}% %,I WU;+1 >WUM1ﬁ WU;+1 <0 HTJ‘,I}-UJ
WL,,, =WL, +(P,~R,) —-EM x WL,/ WLM (3)

A, WU,.WU,, e BIf RIBESRHE EEEKE; WL WL, bt HIR R EEGIHTEEKE;
P, R, 533K ¢t HHFER BFRWE  EM RHZERBES); WUM R L EMEKER; WIM A TRENEKER Y
Pl mm

HEP, Y WU, =WUM, WL HE#MG  BRZER AMREAP-R;Y WU, <0 i, WL HEZHRIER, B
FHh% ,THRE N EM x WL,/ WLM,

JTHER WA BURZE , BB S B 1 B ABIE, ~ BB MR AR ik, SA1TH
) WU FI36 18, P 4 ARG TOREFR T E , i0A PR B SR FRih 45 88 WU B9%I 3618, an Joke e il R 0, WL
HIFIEIE T WLM/2 AT B IR RS, 4 WU Ml WL RTEKEER, B UEKER WUM &
WLM JaEl o
2.1.2 FREHRE

FELFRBIWR, HIRE KA R- TR RSP R 5.

a=1-¢*% (4)

K, a MM RER, UM K A28, RILRIRE K AR - BCHZLRIE R P HERE , nm,
B (4) AT LA R RE A AR N

Lo EW
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R=P-E-(WM-W)[1 - "] (5)
Lo ERE W
R=P-E-(WM-W) (6)
AH,P.ER4FHI AN BEMME ZBERENRRE, mm; W HFER IR EREKE, mm, &34
WS REB "™ ARG FHSE K BUEN: (1) YEER=60% HERE =5000m’/km’ i}, K =
1.5;(2) YEEHE <60% AEHE <5000m’/km’ B, K =2.0,
2.2 LHHE
2.2.1 JKIERID
TKIERIRI 5350 R W 8R4, BP B = R E R4 B E AR 53T R E S, MEAIL RS RAA
FHTHE L. XHROBURTRE TBERS,E f, BT LU &R B T AR E 2R B2 T X
Sriise. RIBAFIER LBt OB AT AL P RETBRSL BUE R (1) YBHR=60% HE
FHE =5000m*/km’ Bt ,f, =1.75mm/h; (2) BYE % <60% HEHE <5000m’/km’ i} ,f, =1.30mm/h,
2.2.2 LA
LW AR R M A AR DT KSR . BT RSE AR K, HE S R HC T AR A
AT, 7R CER B ES BIREEE R, # 1T RAE B IE GBI E S RN, AT RERR
ﬁn—F[lg'ZOJ .

AT T —(n-r)Ar
U, =T;e Fo(r), (7)

R S S |
énsATE—J‘ar_nsé n>ATE—‘|‘,T—ATO

KA, 0(r), HFRN RSB ZER r N BEH LR, LU b 2RIRE R % 2R b oy 2REeas 5 1R
A i A R 4K R % n O B R BB, n = T/Aes Ar D9 ¥ TR0 BE B 2 e A R B B (h) 5 DT
BR 73 BU £ B BB T O T AR BL il 2 B RS, B SBRI AL et ] o

BT T AR B E AR, T B e BAe e, Bt FRRNIL R ERAR A=A
I Gt AT BIOR AT, FEIDR P R A RAR RS R R 3. RIBA N B E RS Kb
TREH RS FARB N, BT HEOR H AR KSR

=3 gAREHCESH
Table 3 Parameters of concentration in the Honghe watershed

HTH 2 AL ZE (6h) HT 2L 4% (24h,10mm)
ARG Unit hydrograph of surface munoff Hydrograph of groundwater runoff
Forest cover conditions
k (1), o(r);  w(r); UEFE ] (d) R (d) PEHE B (m®/s)
B 55 %8 Cover ratio=60%
E T E Timber volume 30 40% 30% 30% 5 14 F/7x8.64
=5000m°/km?
B 55 %8 Cover ratio <60%
E T E Timber volume 24 40% 60% 0 6 14 F/7 x8. 64
<5000m>/km?
3 RERE

FERBFIA T ZRWESSE LG ke TR KBRS T AR HK 724 1tk
HIRMGT , BT E 45 R R RERS SR HH AR S [ TR AR IR B AR
3.1 RBERE

ARG A R AR AC 9 B BIE o LU R B A8 B & RS 4, ST R D AR R BRI REAT T W IL IR TR
(RIBATIR , TSRS SRR B SRS EMERIITHR 4.5 5 HITHBE.

hitp : //www. ecologica. cn



2376 £ K5 % K 28 %

MFE 4.5 B, B ESENERARREEN, MRERT UK Hb, =R A EBLT, R 1977
FER— RIS 0 — AR 91% LA b, LT MR RO A X B, B B R R R —
JARE 85% LA b o BRZEBRINA 4 WIETH (435105 1977 4 8 A .,1964 487 F 1985 487 F 1985 4£ 8 AH—
W), ERIFE R b TIRGFOREN B H IR HtE T8 Flin 1977 48 8 A 29 ~30 H—KBHK , R E
2% 63.3 mm, B R &N 40. Smm, Beid i BT 100m’/s, 551975 457 [ 3 ~4 HI—RBFEEAKH HEL, K
METHE N 65.5 mm, =& K 16. Smm, T Bt R & 412 137 m’/s, B4R 1977 4£ 8 H 29 ~30 HH— KBt
KU T BEE, 53 4h, b TR R 20 142 80 AF B T —AL/NEUK R, MR RS T — R TR,
FE I # L IE L WAR /D o

F4 FERAEFHERETEESINERLR

Table 4 Comparison between calculative values and observed values for runoff of larger storms over the years

&R ﬁ%ﬁﬁ’lﬁﬂ'ﬂ F%_Fﬁﬁf'flﬁl F%Fﬁi i‘l‘ﬁﬁ S‘Eiﬂ!ﬂ{ﬁ W
Year-Month Foresjt'vegetatmn Rain time Rainfall Calculation Observation Accuracy(% )
conditions (d.h) (' mm) values( mm) values( mm)
1960-08 B E 2R Cover ratio=>60% 2.20 ~4.8 175.0 109.2 109.1 100
1964-07 E & Timber volume 22.00 ~22.21 79.9 53.9 50.0 92
1964-07 =5000m°/km? 29.17 ~30.2 52.2 42.3 43.2 98
1964-08 6.23 ~7.23 102.3 84.1 88.4 95
1971-08 31.17~1.14 117.2 97.4 102.7 95
1975-07 B 5 % Cover ratio <60% 3.14 ~4.11 65.5 17.2 16.5 96
1975-07 E & Timber volume 29.11 ~30.11 108.4 93.4 93.0 99
1975-07 <5000m®/km?* 30.14 ~30.23 47.3 46.6 46.6 100
1977-08 3.00~3.23 63.3 58.4 40.5 56
1985-07 15.23 ~16.11 62.0 4.6 41.0 91
1985-07 25.00 ~25.24 70.6 54.3 49.6 91
1985-08 2.20 ~3.2 73.5 66.4 65.2 98
1985-08 4.11~7.14 116.8 111.1 112.1 99
1985-08 14.20 ~15.8 102.1 83.2 78.3 94
1985-08 18.14 ~19.23 79.6 71.3 72.3 99
£5 FERARKITHESTANELR
Table 5 Comparison between calculative and observed pesk values of larger flood over the years
_/qa_E Concenzrsﬁ? }fmmeters F%mﬁﬂ‘lﬁj ﬂ-ﬁﬂé {E S‘Eiﬂﬂﬂéﬁ *EE
Year-month o), (1) o(7)s Rain time Calculat;mn peak Observa;.mn peak Accuracy
k (%) (%) (%) (d.h) (m?/s) (m’/s) (%)
1960-08 30 40 30 30 2.20~4.8 476 560 85
1960-06 30 40 30 30 8.80~9.2 490 465 93
1964-07 30 40 30 30 29.17 ~30.2 181 120 69
1964-08 30 40 30 30 6.23~7.23 360 355 99
1971-08 15 20 80 0 31.17~1.14 784 925 85
1975-07 24 40 60 0 3.14~4.11 132 137 96
1977-08 24 40 60 0 29.11 ~30.11 190 100 10
1985-07 24 40 60 0 15.23 ~16.11 275 205 66
1985-08 24 40 60 0 2.20~3.2 360 255 79
1985-08 24 40 60 0 4.11~7.14 485 470 97
1985-08 24 40 60 0 14.20 ~15.8 405 380 93
1985-08 24 40 60 0 18.14 ~19.23 416 370 88
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3.2 ZRARAE A e R AR R B BUR R

M 4 T3R5 WIHR L TR T LURECGE AR g B U045 3R 7R K IR L 0 Bk E I 3R 550 20 e
60 SEfRA L 70,80 E B ZRAMEGOIRBLST , LABULAN BB B R 24 91T 308, A 5 T U6 B R 1 A
A ) 3o} Pk TR AR A P R B R o

(1) 7EEFH AP FTE 1960 48 F 2 ~4 HHREFRHE X 175.0 mm, =i &4 109. 2 mm, fj 1985 4 8 H 4
~7 HHFEFR & 116. 8 mm, F=JiE X4 111. 1 mm, BHRFER B AH2 K, (B3R & A AR ; X0 1964 4
7 322 HEREME N 79.9 mm, =& % 53.9 mm, i 1985 4E 8 F 18 ~19 HYKETE N 79. 6 mm, =i &
i 71.3 om, BRRFER BEAMFE, = REBNHEZR R, A S, FWE GRS T REEE, B8 —385
BT HUT R K EFIERRITHRBNRR

Q) FERTHROKSBEE 1964 4£8 A 6 ~7 HEIREFE N 102.3 mm, P ii &y 84. 4 mm, PHIIHE N
360m’/s, i 1985 4E 8 J 14 ~15 H Y& 5 102. 1 mm, = &4 83. 2 mm, Jtig & 4% 405 m’/s , BiR
BRREEAME, 5H WATE ISR EN I T 13% ; X401 1964 4£7 F 29 ~30 HWFEME 4 52.2 mm, =
WEH42.3 mm, PHEF 8N 181 m’/s, T 1985 47 B 15 ~16 AR E % 62.0 mm, =& % 44.6 mm, jt
W BN 275 m*/s, J5 & AT H R BN 9. 8 mm, PR BMHZE AR K, MGEM T 2.3 mm, (B35 & 1
my 52%,

MU EW L TEEE R N, R SR T RIS b1 )5 , B8 200 St X FRAAE R OUA (R B
WK SO A [F 7 X — 25,
4 HFRIWL

(1) B FHEFORH 4T, 588 E X EW = WA SR U RS H0 € Tk, #1187 UUR B
B RO AR B9 ZRAR ISR TR AR AR , B T DAAEAE ZRARH XA S BB 2R O e Y P R AR T 3L )
o [FlEt, 858 LM EEROR, #17 T Z2UAEAIHTE ML, B I, RSB R A B8R &, T HL
BA—E WA ALE R, REa 5 HA . S Bt HH ZRMRAE B P AS [ T X e R A2 00 7= A IR S Ml PE T A D

BT Z 2R R AR BR S, RS H RSB R L, A H— Pl BB R, FIW, EEBR
HEN, TREFABE R RZNEREX SRR EFRITE L, i 2HEER MR RAE DR, 5
AF T SR T R BRI , (R FME R ERER S T W MR TS0 B, i Re
— UM SRS N ER, FIINE L RS RIS SEES BRI XX R, BRAEEMAEAR
R ERXMA 2 2 R R — WA SR, R BRI R RN EIR

(2) #Hif EFMIEEBE R R T UTEEN 0 ~100% , EREHNO0 ~ oo, BTHEZWERN T, LEME
Bee BB/, R R M RFFAGUR, T HEREEENZM, 5522 WA ALE
BN RKE BB VE A S BB TS , R4 FRME e AR B H A . W0RBR T M g R4 LASH, HET
e E F AR — 3, BRA FT LA B SE SR An Rl B0 ST , AR B B e VR T S I B R B R, T 22
R B E MBI SRS MM RO R, BRE BAKG T, HEEmEERATER, #17HR
PR —SMN B EE Y EXEN ., 352, MRERMEEE SRR (Fn, BHERE0 ~100% k),
T AR 2RI T MYR (B R ) , X0, R RRE L RMIE I SIS HZ RN E R X R, Bk
BERMZHEREREMES SR BSEMEE, R, BA XA LR K BIESKIC . F/ M
FE B S MM FORH IR B L PR « ASCRAKNFMWBE R =60% , LB RTE 60% ~72% ZI8], ZRHk
BB TR <60% , LB RTE 42% ~60% Z |8, ZBWE{XTE 20% LI, BEAMHRRRAAR T REPLR,
R AERE R B B B SN N SR AL, — TR B, 5 — FHEEALEN, XEH TRBERAEN
BZRMEIERN, BTER™LRNERRZ , ZHTHREFRAE &, AESEBE 2 ER T HRRNIE
A,%Z4.RS PAFIBRMMIHTESRER T X — &R, EEZHB T HRMBR. B2, XIFARIA AR
TR AL EIAR 2, BN BB X BRI 45 i A 25K SCE BB AR M B8
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(3) FEFMHE G FEM AR E M P, FEARRAERBSEIEA b TR R RAE SR,
BKER WM HBUEAR , B0 T MR T A6 B9 R K B R/, B MR R T ZRMAE BT 30K 7 288
THFEAE AR, I IS E KA B - TR B ZARES L K MBUEAR I, BT =R E K KN, X2
BE AR WEE R T MBS BIER . A0, BB SRS, B E T B REBR, TR
B0tlZ , 5R T M BOE T HIEBE R, Bl T RG89 ILE . ZEWISIC IR 5 T , IR K &
BOILRSEEEEA AR, R KGR Bt R Bl T g 8 1 23], TR SR ELWMPHER T MR
FRAKIR TR HOK B ZhRE
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