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Abstract: The upper reach of Jinghe Basin is one of the main water-head areas and key afforestation areas in the Loess
Plateau of China. A relatively large scaled evaluation of the forest hydrological impacts in this region is important for guiding

the rational ecological afforestation, ensuring the regional water supply safety and sustainable development. In order to
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possibly remove the disturbances from topography, soil and climate, the upper reach of Jinghe Basin was divided into the
stony mountain area and the loess area, and several scenarios were set up in each area. The distributed and eco-hydrological
watershed model of SWIM was calibrated and validated by using the meteorological and hydrological data measured in
1997—1999 and 2000—2003 respectively, and then was used to simulate the impacts of varying forest cover and its spatial
distribution on the annual evapotranspiration, water yield, groundwater recharge, deep soil percolation, and the peak daily
runoff. The simulated results in the stony mountain area showed that increasing forest cover will increase the basin
evapotranspiration and reduce the water yield. For example, when compared the current forest/ vegetation scenario (13.8%
of the whole basin) with the scenario of changing all forests into grassland (0% of the whole basin), the basin annual
evapotanspiration is changed from 445.4 mm to 427.7 mm (a decrease of 17.4 mm and 4% ), the annual water yield is
changed from 42.4 mm to 53.5 mm ( an increase of 11.1 mm and 26.3% ) , the annual groundwater recharge is changed from
61.6 mm to 76.9 mm (an increase of 15.3 mm and 24.8% ) , the deep soil percolation is changed from 72.9 mm to 88.3 mm
(an increase of 17.7 mm and 24.3%). In average, an increase of forest cover of 10% will lead to an increase of basin
annual evapotranspiration of 12.8 mm, a reduction of annual water yield of 8.0 mm, and a reduction of annual groundwater
recharge of 11.1 mm in the stony mountain area. In the relatively dryer loess region with deep soil, the forest cover increase
will also increase the basin evapotranspiration and decrease the water yield, but in an obviously smaller variation range
compared with the stony mountain area where the annual precipitation is higher and the soil layer is thinner. In average, the
basin annual evapotranspiration is increased by 9.0 mm, the annul water yield is decreased by 4.5 mm, and the annual
groundwater recharge is reduced by 8.8 mm, when the basin forest cover is increased by 10%. In addition, the hydrological
impacts caused by afforestation on more gentle slopes are stronger than those caused by afforestation on steeper slopes. When
comparing the monthly distribution pattern of forest hydrological impacts, there is also a clear difference between the stony
mountain area and the loess area. For example, the significant increase of evapotranspiration is found in the period from May
to July, and the decrease of deep soil percolation is found in the period from May to October in the stony mountain area;
while in the loess area it is in the periods of May-October and July-October respectively. In addition, the impact of varying
forest cover on the peak daily runoff is not significant in the stony mountain area, probably because of the high infiltration
ability of the soil with high stone fragment content; but significant ( decrease) in the loess area, probably mainly because of

the obviously increased rainwater infiltration into soil after afforestation and then the reduced surface runoff generation.

Key Words: vegetation restoration; forest cover; hydrological impacts; evapotranspiration; runoff; Liupan Mountains in

Ningxia; Jinghe Basin
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Table 1 Scenarios before and after forest restored in the stony mountain area of the upper reach of Jinghe

i H AR ETAEYE IR AL Vegetation cover/ %
[ 5% Scenario - —
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A AP S I FA A AR 5 Hp
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Table 2 Scenarios before and after forest restored in loess area of the up reach of Jinghe
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Fig.1 Comparison between the observed and simulated runoff by SWIM at Jingchuan station from 1997 to 2003
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Table 3 Comparison of hydrological changes between scenarios and current situation in the stony mountain area

§5 5 Scenario AEZE AR UL KA i T AR ERZ BTN
AET/mm GWRCH/mm WYLD/mm PERC/mm

JE

(3% ot i) w54 61.6 424 72.9

1% 5% 2 Scenario2 442.1(-0.7%) 64.3(+4.4%) 44.8(+5.6%) 75.6(+3.7%)

155 3 Scenario3 427.7(-4.0%) 76.9(+24.8%) 53.5(+26.3%) 88.3(+21.1%)

%45+ 4 Scenario4 441.2(-1.0%) 62.0(+0.7%) 45.8(+8.0%) 73.1(+0.3%)

155 5 Scenarios 439.0(-1.4%) 64.9(+5.3%) 47.0(+10.9%) 76.1(+4.3%)

AET is actual evapotranspiration; GWRCH is groundwater recharge; WYLD is water yield; PERC is deep percolation

A L XY TR AR (13.8% ) A HBAE A HEARMR (1F 5 4) B S8 ST 07 AN G048 Sy 55 b s IR A i 24
WAEZEE AU 1% (4.2 mm) |, Ji sl il A9 AR 7= S 38 00 8% (3.4 mm) , AFE LT ZKAMZA 30 0. 7% (0. 4
mm) 3 1F 5 5 K SCREMA IR 5t 4 B OREE HARZE TR I8 /D 1.4% (6.4 mm) 477 Ji i3S 0 10. 9% (4.6 mm) ,
DLJAE T K AMA N 5.3% (3.3 mm) , 33X FER PR Sl Ae b v A AR Ry w5 1A T K SCad AR AR R
5,

P w18 SR A, FRIE AR S R A e 48, AN S i 28 TR 7 A o M T AR i A 2R A
1k, AR AR Z B It & A B, WBISS A, MR Ry B (1 5 3) AR TR 2 5 e i 3 3
21.1% , TR ARBRAS JpREARBRIS (155 4) G 0. 3%,

(]IS, Xof K SCat AR A W 35 A0 1 5% 3 (AR S st ) AR AT 1 B0 LU, R BRI 728 D R b I | 2%
B EE LA E 2 5—8 H (K 2) , HU R K%k %0 -

gk Ak T A7 A YR Ry £ o f TR

B (K 3)  EB R (B 4) FEEAEE  § 5| + 20

S—10 H (PRI B TR B2 R B £ Y|

BEIERRAE K0 7 1 03, A R IR ok 9 )1 5 20 |

By, DBUUNTRE A MoK AR ek R 2 | e
N TR M AR B L e L B R0 |

FHOWT MG IRRB N TEMPRAERGE 0 1 2 2 4 s 6 T8 9 0
KRS 53 553 AR T O U T Wk o o
XA BB T e (Fe 4) sy I EERRR O SERARE(EE D 2ETH
%KMV}E%:’ gﬂﬁﬁ{% 7K7HVX¢ ILH M H ?é {Jltb ﬂl% @ E’:J %ﬁ ﬂl"ﬂ # Zi Fig.2 Comparison of month evapotranspiration between current
E%‘ , /ﬂ\: q: 77'5( M(y: j:] ﬁ Hh, ( Ar% ﬁ 3 ) /fi ﬁ_ﬂf ,ﬁﬁ: {)ﬁ []j% {E i j]l] vegetation cover and the sinario of no forests in the stony

4.8% , ﬁﬂ(ﬁ(/ﬁﬂg{%jﬁ)ﬁ(( g = 4) {142 375 W6 A 184 A mountain area

http ; //www.ecologica.cn



1074 JAE = 35 %

1.5% , 33X Ut W AR PR by e 1 i M A A B A T 1T, (L DS e 380 3 14y R 80 R el 8] =4 4 FH B S 35 4k, A
AT B S T AR (A AN (FLR R 32 22170 (MR ARV P A T A 00 ) Sy i B A S
FEA

14 35 -
E ol ——am g 30| R
3 —o— i3 Eos [ et
mﬂ 5 10 +§1E m g 20 + +%ﬁ
$5 =2
EE 8t ‘1%\{'—8 15 +
= 3 K 5 L
£s T w2
'-%J-g 4l 5 5 ¢
3 A 0F
(% 2+ ‘\—m -5 L L L L L L L L L L L J
oL VoV o 1 2 3 4 5 6 7 8 9 10 11 12
o 1 2 3 4 5 6 7 8 9 10 11 12 H #i Month

H {5 Month
E4 TARLUREHKERESE (IR SEHFZHRER(ERI)BARE
BRELRE

Fig.4 Comparison of month deep percolation between current

B3 tAELUREHEE(BUR) STRHER(ER3)MABT
K28 LB
Fig.3  Comparison of month groundwater recharge between

vegetation cover and the scenario of no forests in the stony

current vegetation cover and the scenario of no forests in the stony .
mountain area

mountain area

F4 TEURFMEFEREIHOBERBIENZIT
Table 4  The influence of forest restoration on outlet peak daily runoff in stony mountain area

PRI L PR 52 53 5t 4 55

Flood peak situation Current situation Scenario 2 Scenario 3 Scenario 4 Scenario 5
HEADL AU * Simulated peak value/(m?/s) 149.9 150.2 157.1 151.3 151.4
254k B Variation of peak value/(m>/s) 0.0 0.3 7.2 1.5 1.5
ASAL I E 3 e Variable percentage/% 0.0 0.21 4.84 0.97 1.01
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Table 5 Comparison of hydrological changes between scenarios and current situation in loess area

55 Scenario AFZEHE/mm AEHL T KA/ mm LI 1 ARAR T/ mm AEIRZ BT/ mm
i AET GWRCH WYLD PERC
PR Current situation 445.4 61.6 42.4 72.9

%%t 6 Scenario6
&35t 7 Scenario?
&5t 8 Scenario8

155 9 Scenario9

15t 10 Scenariol0

477.2(+7.1%)
427.9(-3.9%)
446.6(+0.3%)
458.6(+3.0%)
458.8(+3.0%)

30.1(-51.1%)
78.5(+27.4%)
60.0(-2.5%)
48.5(-21.2%)
48.3(-21.6%)

27.0(-36.2%)
51.3(+21.0%)
42.6(+0.4%)
37.1(-12.4%)
32.7(-22.9%)

37.0(-49.3%)
90. 2( +23.8%)
69.9(-4.1%)
57.3(-21.4%)
58.3(-20.0%)
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Fig.5 The influence of forestation on outlet peak discharge in loess area
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Fig.7  Comparison of month groundwater recharge between Fig.8 Comparison of month deep percolation between forestation
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