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Simulations and analysis on the effects of forest on the hydrological processes in

the upper reaches of Yangtze River
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Abstract; By applying of forest watershed hydrological model (FCHM) , this paper simulated the forest hydrological effects
in Pingtong and Liujia watersheds of the upper reaches of Yangtze River. With the increase of forest cover ( FR), the
canopy interception and soil infiltration capacity were improved; as a result, the surface runoff (R,) decreased and rapid
flow converted into slow flow, and the time period needed for runoff accumulation delayed, so that the flood peak was
alleviated. For example, with forest cover, the flooding control criteria for Pingtong watershed decreases to 3380m’/s from
4520m’/s ( without forest cover). indicating the existence of forest can enhance the flooding control capacity of the
watershed. The different characteristics of the two watersheds, the major runoff components in Pingtong watershed are
shallow runoff (R,) and deep runoff (R,), but are dominated by interflow (R;) in Liujia watershed. All of these
components increase with the increasing FR. The different runoff components brought different moisture conditions, as the
result, the evapo-transpiration show different trends with the increase of FR. In Pingtong watershed, with the increase of
FR, the evapo-transpiration decreased from 373.3 mm to 289.3 mm but runoff went up, resulting in a positive effect of
23.7% . In Liujia watershed, higher FR resulted in the increase of the evapo-transpiration and the decrease of runoff,

resulting in a negative effect of —8.6%.
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HIBF S XA T R 5 A S B, AU AR S 18 B B2 D7 B AT 20, AR A BB M 45 R . Rt
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F/INTRR, 2 HAY ) PO )1 | AR L Fe B X, b8 DA B BRI LU R 32, VB3R = B 485—627m, 1 )2 fR B8, B4 22
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massoniana) KA/ ( Cupressus funebris) JHAK ( Querus acutissima ) SiAREY FIR AR 1 51 W 1R 3K s N AR EZN1E
K (Alnus cremastogyne) -FAARIBSH , SRAEMRBR A MEFIAR JRHUAL (Pinus elliortii) ZER T
1.2 3@ SR i S A HE L
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W EFA AN D, HMER . BRI, FE AP SRR ML ARER" . APRPERBEE
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Table 1 Test cycle of model parameters and data source

) AK3CH
K o MR SEORE s WA ke g TRME
District Year rate Cycle Station Location Longitude Latitude proportional
name
S 33 T I e 1973 38.0 1972 BT Fr RIS 104°29' 32°12' 0.24
Pingtonghe 1973 [F] % F Bk S 104°26' 32°12' 0.24
Catchment 1974 HwyE F EYES 104°30' 32°18' 0.20
1988 33.8 1985 ALl FEREGHHS 104°36' 32°06' 0.12
1986 Bk F Bk 104°42' 32°08’' 0.13
1987 HE JNEHES 104°40’ 31°57’ 0.07
iﬁfﬁgjﬁchmm 1977 5.1 igzs IR HHTXR S 105°01’ 31027’ 0.5
1988 13.0 iggg IR 2 BH T B 104, 57’ 30°33’ 0.5
3 BRESW
3.1 BESYPEE
FE AR E SRR 2.
*2 FEAREBRESH
Table 2 Model parameters for pingtonghe catchment

BH FR/%

Parameters 0 10 20 30 40 50 60 70 80 90 100
FTWM 13 18 23 30 35 40 45 49 50 51 51
FFWM 64 78 93 106 118 130 139 146 149 150 150
FDK 0.110 0.115 0.125 0.139 0. 158 0.183 0.204 0.220 0.232 0.238 0.240
FA 36.7 31.0 27.0 24.0 21.6 19.5 18.0 16.5 15.0 14.0 13.5
FB 3.00 2.65 2.38 2.14 1.92 1.73 1.55 1. 40 1.25 1.12 1.00
STWM 34 40 46 52 57 61 65 68 70 70 70
SFWM 70 93 114 136 155 172 185 195 200 200 200
SDK 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05
SA 55.0 49.5 45.6 43.0 41.0 39.3 38.0 37.0 36.5 35.8 35.2
SB 4.5 4.3 4.12 3.99 3.83 3.7 3.6 3.5 3.4 3.3 3.2
PTWM 43 48 55 60 64 69 72 74 75 75 75
PFWM 151 175 196 212 225 232 233 234 234 234 234
PDK 0. 002 0. 002 0. 002 0. 002 0. 002 0.003 0.003 0.003 0. 003 0. 003 0. 003
PA 59.0 52.7 49.0 46.6 4.7 43.2 4.1 41.5 41.0 40.6 40.5
PB 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0
K./K,, 1.00 0.98 0.91 0.78 0.67 0.61 0.575 0.565 0.565 0.565 0.565

FR: Forest Cover Rate; FTWM : Capacity of Surface Tension Water; FFWM . Capacity of Surface Free Water; FDK : Surface Daily Runoff Coefficient;

FA FB: Surface Infiltration Coefficient; STWM ; Capacity of Shallow Tension Water; SFWM ; Capacity of Shallow Free Water; SDK; Shallow Daily Runoff

Coefficient ; SA . SB : Shallow Infiltration Coefficient; PTWM: Capacity of Deep Tension Water; PFWM : Capacity of Deep Free Water; PDK: Deep Daily

Runoff Coefficient; PA.PB: Deep Infiltration Coefficient; K, /K, : Evapotranspiration capacity Coefficient.

http ://www. ecologica. cn



3050 B B ¥ R 30 &

3.2 BERIT

3 PR R AR
F3 NRAFHRESH
Table 3 Model parameters for Liujiahe catchment

BH FR/%

Parameters 0 10 20 30 40 50 60 70 80 90 100
FTWM 35.0 36.5 37.7 38.2 38.7 39.2 39.7 39.9 40.0 40.0 40.0
FFWM 70 79 85 89 93 97 99 100 100 100 100
FDK 0. 40 0. 405 0.41 0.42 0.43 0.44 0. 45 0.45 0.45 0.45 0.45
FA 60 50 43 38 33 30 27 24 22 21 20
FB 4.5 4.1 3.7 3.3 3.0 2.8 2.6 2.4 2.2 2.1 2.0
STWM 30.0 33.0 35.0 36.4 37.4 38.3 38.9 39.4 39.7 39.9 40.0
SFWM 40 44 47 49 50 50 50 50 50 50 50
SDK 0.03 0.031 0.032 0.033 0.034 0.035 0.036 0.037 0.038 0.039 0.04
SA 80 77 75 73 72 71 71 70 70 70 70
SB 7.0 6.7 6.4 6.1 5.8 5.6 5.4 5.2 5.1 5.0 5.0
PTWM 30.0 31.2 32.0 32.7 33.4 34.0 34.4 34.7 34.9 35.0 35.0
PFWM 20 20 21 22 23 24 25 25 25 25 25
PDK 0. 001 0.0011 0.0012 0.0013 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019 0. 002
PA 90 89 87 86 84 83 82 81 80 80 80
PB 7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05 7.00
K./K,, 1.000 0.967 0.944 0.933 0.921 0.913 0.904 0.899 0.89%4 0.880 0.88

3.2.1 HERBE

FRAON B K V19 VR B 1 22 R B MR X K R B T A, MOREAER B ARk SRR R 28 B AR
TROHFE. BAUSERBR , FE W AR b P 2O R B B 204. 9mm, Hor 1969 SRR AR B B iR K
264.5mm, 1999 4 Hy /) 142. Tmm ; X1 52 0] 5 388 25 b b S X9 4K 5 48 B8 & o0 248. 8mm, Hoop 1975 F &k
308. 5mm, 1999 4=y #z /) 189. 9mm, gy AT LAFE H XU SR SRR AR T X MR R B R T @ i AR bR o K
TR BRI K/NER T SRR AR SR R Z A0, 15 R ZR R BB B B YIR R, E A
B R K BETEMRE 2R T T B #E . RTE R K AR R R DL T, 2580 RE D e, MM A e &
WA
3.2.2 PiEEEHCKR

RRINGER B, V-8 ] PR AR RO BE 7O 292. 4mm , AFZE UK BBy 289. 3mm , HAR FrAR bz K
K ES19 400. 2 mm , S ZEHUR KB 373. 3mm; X GG AR AT BE S D 641. 3mm , SFZEHURZ BE N
584. Imm, JEFRARHZE TR RE S N 694. 5 mm  AEZRHUA By 530. 9mm,  p_E RT3 ] P ARAR 2 UK E
JIHEE AR S SR AN T , SRR B REZ 080/ 5 T X R SR DA o ZE BUR RE D R MR 28 K
KR, TSR BB B R/ U Fssl i BE R AR AR SR AR R
3.2.3 RmEAB

FE FCHM H 3 b AR O 2 57 7, 3R 2 5 902 8] O 5 T A O R J2= 3 T, ¥ U2 5 TR (8] /9 57 T U AOR )=
S, TRIREHER A CS ST o K AR 5T A9V T 23 B R B 20 X R 3 K ad R AR 2 D S T K 4 K
BE” o A5 2 MG R LB SR AF A —HE 7K 5 RO A — 4 5 A MR b5 Ok b [/ 42 55 T B 7K 4
RO HRWA—FE (5 4) o

@ AR R TP B K LR XU G TR T 55 BB K R R KA B RES £, S REAS £ HE
BR AB B BRI ; AR S A AR EU, BRI A B R B K SR, ANB BRI
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W T2, FRpfil SRR AR T TAB BT I, IR JZ 51 A B BE 11 2R A B0, 3R B AR bRk
HFABYEREITIA R MTRE EEEPIERENEIZ o XIZTFIRG V-l i ik L, R 5 A B RE TR K
Hia#% , X SHERLNERMNEER L NRERMA X, ETREFREYABRINEEERTHE,
X R D Y AT R A B R T RIR AT B XK MR B G EREFERZMRIZSR
AT , R oK B 122 Tk A 19 2 BOK A SR B 5 T F-@ ) I K A B e RE B B A 2, HIBTRIZ , B
N FEETCROK” , F R B AL

x4 FEHEHNBRNBLEER
Table 4 Average infiltration capacity of catchment

K2 BRABR REABR
BIAER et ., BKAB  ABIK PR A
S e /mm H iR 5 . . I fo/ (mm/h)

i i B Tension /mm Daily runoff Z% Max 2K (mm/h)M Stabl

Catchment Interface Coverage Free water Y R infiltration Involution m . ax . ?

water . Coefficient infiltration infiltration
. capacity parameters parameters

capacity rate rate
S I A FZ  FRMHL Forest 51 150 0.24 13.5 1.0 70.8 3.37
Pingtonghe JEZR AR HL Non-Forest 13 64 0.11 36.7 3.0 141.5 2.0
Catchment B2  FFAHL Forest 70 200 0.05 35.2 3.2 7.8 0.13
JEFR AR HL Non-Forest 34 70 0.04 55.0 4.5 6.0 0.08

WIE  FrAkHbL Forest 75 234 0.003 40.5 4.0 0.71 0.009

JEFR AR HL Non-Forest 43 151 0.002 59.0 5.0 0.44 0.005
X2 sk FKIZ  FrARHL Forest 50 100 0.45 20.0 2.0 51.7 2.46
Liujiahe JEFR AR HL Non-Forest 35 70 0.40 60.0 4.5 89.9 1.47
Catchment B2  FFAHL Forest 40 50 0.04 70.0 5.0 6.0 0.13
JEFR AR HL Non-Forest 30 40 0.03 80.0 7.0 4.1 0.05

WIE  FrAkHbL Forest 35 25 0.002 80.0 7.0 0.17 0.002

JEFR AR HL Non-Forest 30 20 0.001 90.0 7.5 0.08 0.0008

3.2.4  FRAXIRG AL B 23

LR ARMNE LG , B THE AR R AR RN YIS shSF e, e T HIRMAR S
K PERE , S 8™ P -5 S I AR , SEOBEAK YR 2 R EE 1, e AR -5 R K S a3 5 A AR Ak, (AR DR D
A MEH N, R , TR . PRI ARARRT B A B 1 8 A 3 LA S X A2 WA o0 B 4,
ARMOKSCE AR AR E Z A AL

R SE SR 2 W, ARVl T s, BEE FR B9340, {b3RAR RAFT 5 BAR W) LU i 17. 7% s s>
HaE T, 9P F R 20. 2% Z88/NE] 11.7% , TR 2R R SEZERT R, W%, 5 R 5 R,
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Fig.2 Annual average of runoff components change with forest cover rate
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TERETH BT & LB R AN R K, HAAGIX (6153 5y 44. 8% —50. 6% F1 17.3% —37. 1% ; TEXI Z FiIK
HRARHL RFT i BRI LLBIFER FR B3 e 15. 0% i/ 2 6. 0% , i i R, B b B AR LBl K, B
BEE FR 3 I0A Pris > (BRI B, HARL X 8] 2 71. 1% —73. 4% , i R, 5 R, &5 SR A EL A
K, B FR 3 i Zetg s in , AR X 8] 20 54 12.4% —16.9% F1 1.5% —3.9% .
3.2.5 HMERR

FHRRALIZE SR IE] 3 AT, ZERE K B AR I I LU T , Y18 ] PR AR S A TR BE B AR AR 35 R FR
BT AN, FF AR R AL ) 594. Omm 3 HNEN T ARAKHL 777. 4mm , PR M2 SR AR S 280RE BIE RO , H
BEAER 23.7% ;s XU ZE PSS-S IR M BEE FR RS>, frAE AR R ) 272. 2mm J >3 T
250. 9mm , BV A2 S A0 B SN , BN AEN — 8. 6% o -3 0] J 388 T 1 Ll e 23 X, B G 7E e K B A o B
I ERE BB, TR A IR AR R S By 179. 3mm, JEFRAR LA S 8 78. 8mm, f M A HIFEE
FR (93810, %S K i A B B Z 3 X KA R TR AR S X, B BRI RS . MR
BE A FFEE R AR T, R TSR 22 LUG , BRARS 1R B B R 3-S5 455V R R IRCR o
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Fig.3 Annual average of runoff change with forest cover rate

3.2.6 FHMGBK

S ATE LA IR BN 32 R F A R A e R BOK R B b, BEBCF@ ) 81 4R 7 A 13 H AIXIZK I 83 47
H 30 H B BRI RRAE N SR HE K, SRl R LL 4R, AR BIAR R FRORRRER T Mk &3 22,
Bl 4 Fimmo

FH & 4 TR, P RR AR R 2 98t e ) /T , BEE AR 55 FR B3, 1IRA BB B,
HFARWBEZ I/, S TG P R REZ S, PR s DRt S s/, 18 A A, ST AR e 1] , 8t
WEFFLARISS o BEE FRBGHN, PSR R B3R T B Bt & b F o ASP-3@ 0 3 1, 3R #RAK
A B A K BETHARUE (3040m’ /s ) JLRTFE g FRARHBIE BL T B 4F — 18 K Bt (3380 m'/s) o 7T
AL, A TR AE AR 5 LUG , 7EC A Bt TAR AR b, i B 8t R 415 ABORIR 5 5 I Z R P TR AE
BV BBt AR AP, LB A ot 2 ply T ARAK B AP 7E T 45 AR, B ok 2> T8 2 By it TR i 1
.
4 Ttig

BRMIK ST R4S, BRAOK S BT TE AR AL, T ARAMOK S 7 MR R B AR AR S A2 i L & R
MGPK Z E SRR , B FRARRISUK SO R R R 2, R RAMGEEE AL AR R
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Fig.4 Design flood process of different frequency
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Table 5 Eigenvalue of rainfall and runoff in comparison catchment

Wk P[] PRABLTE R/ % ERENE/mm PR (m?/t) [ B
Catchment Time Forest cover rate Rainfall Average runfall Runfall coefficient
U1l Upper Minjiang River 20 fit47 40 4L 35 813 484 0.822
20 42 50 4R 30 800 467 0.817
20 fit42 70 AL 18.8 785 432 0.780
S 9 3 38R 20 42 60 4R — 1005 306 0.797
Pingtonghe catchment 1973 38 987 281 0.752
1988 33.8 963 271 0.743
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