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Abstract: [ Objective ] To quantitatively evaluate the effects of afforestation on the water yield of watersheds on the
Loess Plateau, and to provide references for integrated forestry development and forest management. [ Method ] The
long-term and multiple-scaled study results about the effects of forest on water yield carried out on the Loess Plat-
eau, Jinghe Watershed and Liupan Mountains region were comprehensively analyzed. [ Result] At the regional
scale of the Loess Plateau, the mean annual runoff (16 mm) from forestland was reduced by 59% compared with
that from non-forestland (39 mm). At the typical watershed scale (the upper stream of Jinghe watershed) , the
mean annual water yield from forestland (76 mm) was reduced by 51% compared with that from natural grassland,

in which the relative reduction in the semi humid mountain area of this watershed was 58% (88.8 mm). At the
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typical small watershed scale (the semi humid Xiangshuihe watershed ), the mean annual water yield under fully
forested scenario was reduced by 59% compared with that of non forested scenario. The water yield reduction caused
by forest area increase in heavier arid regions and drier years can be greater than this average range, and even ex-
ceed 100% . For example, the annual water yield often appeared as zero (negative values) for the forestland in the
loess watersheds with annual precipitation below 450 mm, and in the semi-arid loess areas of the Jinghe watershed,
and for the slope plot of forest stand at the semi-arid Diediegou small watershed. This means that these forests must
uptake more soil water and upslope run-in to survive. A low intensity thinning cannot lead to a significant reduction
of water consumption by forest evapotranspiration. [ Conclusion ] Within the several spatial scales ( small water-
shed, watershed, and region) studied on the Loess Plateau, the mean annual water yield reduction by afforestation
will be 50% —60% or more, and this reduction amplitude will increase with rising drought degree as high as to
100% , or even to a negative value of water yield because of the consumption of other water resources besides pre-
cipitation. It seems that a rational selection of proper vegetation types and forest cover within the carrying capacity of

water resources is the basic approach to guarantee a safe regional water supply and to realize an integrated forest-wa-

ter management.

Keywords: Loess Plateau; spatial scale; forest; watershed; water yield
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Fig. 1 Relation between annual precipitation and runoff

in Jinghe Basin in different decades
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Table 1 Contribution from precipitation and human activities to annual runoff reduction in Jinghe Basin

. AERARIR IR AR [ NI Bl
KRS Mean annual runoff and change/mm Precipitation Mankind activities
AR Mean annual - - -
Pesiod precipiation TN SEMfRNEE AARE L, WWE iR R iR
Basic period  Measued Natural HpW Eff Rati Eff Rati
/mm asic perio easue atura ect atio ect atio
. v v Total effect
runoff runoff runoff /mm /% /mm /%
1980 4FHij Before 1980s 519.8 41.2
20 tth#2 80 4L 1980s 501.3 41.2 36.6 37.5 -4.6 -3.7 80.9 -0.9 19.1
20 tth42 90 4% 1990s 474.5 41.2 29.9 33.5 -11.3 -7.7 67.8 -3.6 32.2
2000 4EJ5 After 2000 539.3 41.2 20.6 45.8 -20.6 4.6 -22.3 -25.3 122.3
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Fig.2  Decreasing annual runoff ratio with annual precipitation and forest coverage in loess basin
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Table 2 Fitted mean annual evapotranspiration ( ET) and ET-ratio to mean annul precipitation (P) for forestland

(a;) and non-forestland (a, ) in loess basins

AR HIE 4 . MRHbIE AR
e e peyy AEMRHBARZEHL g MIBERR AR IR e
GERRK R AR MM ECR  FRHAE R R o S MR
. K Annaul ET of Annual runoff Annual runoff
Annal ET ratio of ET ratio of Annual ET ) Increased ET o A . Increased
o non-forestland 2 of forestland  of non-forestland .
precipitation forestland  non-forestland  of foresland by forestland ET-ratio
P-a, P (1-a) P (1-a,) .
P/mm a, a, P+ a/mm P (ap-a,) by forestland
’ /mm ’ /mm /mm
/mm Ay = Ay
463 447 424 23 16 39
0.966 0.917 0.98 0.049
(317 ~639) (306 ~617) (291 ~586) (16 ~31) (11 ~22) (26 ~53)
394 419 356 63 -25 38
1.064 0.903 0.91 0.161
(317 ~448) (337 ~477) (286 ~405) (51 ~172) -(20~29) (31 ~44)
522 502 483 19 20 39
0.962 0.925 0.96 0.037
(455 ~639) (438 ~618) (421 ~591) (17 ~24) (17 ~24) (34 ~48)
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Table 3 Distribution of SWIM simulated water yield and its components in Jinghe upstream in 1997—2003

W4/ m Rk kR BB e BRSTE/ mm Runoff components
[X 18} Regions Eivation Mean annual Water Leaching Runoff HI R R
precipitation/mm  yield/mm exchange/mm /mm Surface runoff Interflow
. 1 026 ~1 350 515.4 78.9 54.9 24.1 19.3 4.7
# 1 [X Loess area
1 350 ~1 750 513.5 72.5 59.8 12.7 8.4 4.3
1 750 ~2 250 590.0 158.9 85.3 73.6 11.8 61.7
+ £ 1L [X. Stony mountainous area
2250 ~2922 640.8 163.8 26.9 137.0 2.6 134.4
43 Total watershed 547.2 106.6 64.0 42.6 10.7 31.9
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Table 4 Water balance components of typical forests/shrubs simulated by SWIM in Jinghe in 1997—2003 mm
- IR N
Foy NIt il [k it ﬁ: bR ET components ) Runoff components 2z Eéjﬁ/ PRIk
X4k . ZEHL P P o2 T — HIIA AR
. Forest/vegetation Annual + Rk MR BB HFRRT N . Water
Region . Actual IR Runoff Hedhi Leaching/ .
types precipitation Soil TR Canopy Surface yield
ET . Transpitation | : Interflow exchange
evaporation inteception runoff
HEM\ Shrubs 513.9 503.0 254.4 188.4 60. 1 0.2 0.1 0.0 -8.6 -8.4
R g i
Loess area Ve " 514.4  507.2 197.4 196.4 113.4 0.0 0.0 0.0 -13.8 -13.8
Black locust or poplar
MR FR Oak 580.2  519.4 192.8 240.5 86. 1 51.3 0.6 50.7 11.3 62.7
HER AR Birch 599.0  512.2  160.3 258.0 94.0 83.9 1.3 82.5 4.6 88.4
;:ELUIX 1tk Poplar 593.0 511.4 182.3 217.4 111.7 83.1 0.8 82.3 -0.3 82.9
tony .
AL RS SHFS A
mountainous fl e A 598.6  479.1 138.5 228.9 111.7 104.1 2.0 102.0 15.5 119.5
area Pine or spruce
AL %M FAK Larch 595.5 506.9 177.5 212.7 116.8 85.8 1.5 84.3 4.9 90.7
113 Shrubs 592.7 429.2  190.1 173.4 65.6 77.3 5.3 72.0 79.2 156.5
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Table 5 wate balance components of croplands simulated by SWIM in Jinghe upstream in 1997—2003 mm
- Ay o o
it Al [ 7k flzﬂ: ET components . Runoff components 3 Eéf‘ﬁ/ Pk
DI Vegetation Annual ol +HgE kR TR TR W s Water
Region . Actual FE e ATHE Runoff oI Hei Leaching/ .
type precipitation oil o Canopy Surface yield
ET . Transpitation I Interflow exchange
evaporation interception runoff
=
A 512.5 455.2  238.2 185.1 32.0 4.6 4.5 0.1 52.6 57.2
Dryland wheat
B 122 517.4  447.3  242.2 175.0 30.1 6.2 6.2 0.1 63.9 70.1
wEX Terrace wheat
Loess area |
oo e SIS 514.1 470.1 231.8 201.6 36.7 3.5 3.2 0.3 40.5 44.0
Valley wheat
E*sz 514.8 466.0 193.0 231.9 41.1 4.7 4.6 0.1 44.1 48.8
Corn farmland
ALK
L2
Stony mount- 585.4  425.8 263.6 142.5 19.7 96.9 15.1 81.8 62.7 159.6

. Mountain wheat
ainous area
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Table 6 Components of wate balance of typical grassland and other land use types simulated by SWIM in Jinghe
upstream in 1997—2003 mm
B RHO LGS s
§ R [k & Eratie ET components . Runof components (KE%\_ I/ TRk
DX Vegetation Annual Annual L HizE % SRR S i W FEARW s Water
Region . . K =T Runoff oL Erp Leaching/ .
type precipitation precip- Soil I Canopy Surface yield
- . Transpitation ) Interflow exchange
1tation - evaporation interception runoff
i+ X SRECHD
HER AL 513.9  420.4 301.4 105.4 13.5 6.7 4.4 2.3 86.8 93.5
Loess area Natural grassland
NI B
+AHILKX Planted grassland 562.0  503.9 255.8 209.7 38.5 0.0 0.0 0.0 58.1 58.1
Stony mount- L1 A
. b
ainous area i 591.2  377.7 312.7 48.5 16.5 33.6 5.1 28.5 179.9 213.5
Natural grassland
ALk 7K1, Waterbodies 550.3  985.8 550.3 550.3 - - -435.5
Total
o JE R 527.1  120.3 406.8 1593 247.5 406.8
watershed Settlement area

SRR R A I X E AR B (213.5 mm)
BERFEANX AT (58,1 mm) fl#E -+ X H
SREH(93.5 mm) , R (MERERSHE PR Z
A & A I XN TR A, JLT-h 05 8 X H
SRELHLDN 6.7 mm, DI RAE N 325 A IHIX B A
TR, N 33.6 mm, HLUEF R A T, KZBT
O LD B AR FEH A R (179.9 mm) |, F A7 XA
T HH(58. 1 mm) FI#E X H AR F L (86. 8 mm) 73
gl 121.8.93. 1 mm, BHRAE, Lit A LKA
S X, AR R E B IR OB, AR
7K IIRE

IR BN R X It K B P R R TE . K
Y AR 2R R R i R (985, 8 mm) 5 Hy THIFIANE K,
T BT R /K 4 (550. 3 mm ), {H 28 K f g il v
PR R R, S R T R AL, K B R,
ik 406.8 mm, H A HFE = 159. 3 mm, L2 11
ML 247, 5 mm,

3.5 FAREEHEBRKEFEHILR

TEANIX 38 A DR A Ll DX, 38 AN 33 0] 3
RN 1997—2003 4 1) 2% b 2 4 K - o i
BRI T

R7T R LEHAREREESIHE 19972003 F£XEFEHH)ETHEMNLLE
Table 7 Comparasion of component of water balance of different vegetation cover in Jinghe upstream in 1997—2003
mm

AEFK AP ) 1 A H H SR b N L2, LN FrAM

Water budget components Farmland Natural grassland Planted grassland Shrubs Forests

[%/Kf Annual precipitation 528.8 552.5 562.0 543.6 576.6
SEPRZERL Actual ET 452.9 399.0 503.9 464.8 500.5
+ 325 K& Soil evapotion 233.7 307. 1 255.8 222.3 174.8
Fi#z%5 B Plant transpiration 187.2 76.9 209.7 179.6 220.1
52 # B8 Canopy interception 31.9 15.0 38.4 62.9 105.6
27 Runoff 23.2 20. 1 0.0 56.0 82.9
1R A2 Surface runoff 6.7 4.7 0.0 2.2 0.5
R Interflow 16.5 15.4 0.0 53.7 82.5

WIZ BN/ INRASH: Leaching / exchange 52.8 133.4 58.1 22.8 -6.8
7K Water yield 75.9 153.5 58.1 78.8 76.1

SRR ZR O (mm) Jy AT HEH(503.9) >y
ABK (500.5) > HEM(464.8) > [H(452.9) > H

SR H(399.0) . NZEHI & A, L3R (mm) Ky
H AR 5 (307.1) > A T Hi#h (255.8) > K H
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(233.7) >TEM(222.3) > FeARM(174.8) ; 5528k
B (mm) IR ABR(105.6) >FE(62.9) > N TH
Hi(38.4) >AH (31.9) > HARFLHL(15.0) M #E 7%
J# (mm) AR ARPR(220. 1) > KT HLHE(209.7) >4
H(187.2) > (179.6) > HIRHHL(76.9) .

AR AR (mm) bR (82.9) > A (56.0)
>ACH (23.2) > HAR b (20. 1) > N T 5 H
(0.0), Hrp, HErh i (mm) I ARAR(82.5) > FEM
(53.7) >4cH (16.5) > HARE M (15.4) > N THE
H1(0) , #HFRARYL (mm) AR H (6.7) > H SR
(4.7) >HEM(2.2) > FF AR (0.5) > N L FHH
(0.0) ., A H AR, 3222 B 1L M 27 g
T, T B X R R L 0

W2 B /AN R A oK 7 (mm) S 7 9K B b
(133.4) > N TFHH (58. 1) > fH (52.8) > {f A
(22.8) > e Rk ( -6.8), HEMNHIRZE SN, FH
PR A L DXCE AR J2 8 T K 5 1 DX A 5
WIZB IR A, 75 AR 1 K s B30 AR R
EHN A KT

AESKE (mm) Jy H AR FHE (153.5) > M
(78.8) > FFAM(76.1) > H (75.9) > A T By
(58.1),

4 Sl F RN AR AT AR
= K0 % o

75 38 1L AT /NI R A AR AR T R R Ak
(BTG R 58% ) i AT —SedE IR M 753 = A2
S5 N ThR. 35T 1996—2007 4E 1S G 88l (734
Bk i 640 mm) , F| ] SWIM 5B AS LT A% B
KA B (0% ~ 99. 7% ) R B FEXH4E =K
AEZIR, IF DL/ 4 O AR M 5 0 (87. 8% SRy HE
i 12, 1% JEIN) AR P2 KA R SR EA TR 2

5T 3R FERR AL 75 i P 5 46 A 1L A BRHE AR 1Y
IR (e R i TiG AR A B (LAT) 435128y 5.5.2. 4 F0I
3.9) J5, oK AR AR /N, 24/ Ui B AR
23. 8% nyAedb s A RS AL A MER AR S, AR 15 77K
LTI B4k A28 I R Bl AR 10% 1Y
P AR T B P FAGE N 2. 7 mm, MY ARG
HAAARAFE PRI 5. 2% o 3 BT A B8 i /N 38
EZERE T R HOK ARG 5 A AR
g LAT R/, SEBR b, 78 LAL K E 2 ~ 3 B, 4R 751K
S H KA T 5 SR, AR S AL AR AL i o B0
WRAF =K i o FE RS AN /NI IR 55 AR AR, 4F P IR
SERREAR T 158 mm , BJVEH A SR bR BB 2 RGO
KR BE ISR AR 10% (1) FRAMCE- B8 A 4 7= 7K TR
15.8 mm, X6 K F2F T 2 X &S /D2
FEARIEL(S ~ 10 mm) , & P 75 K AR R OK & L & &
W 199 mm, BART AR K /0 e bl AR AR 55
RPIE TR MEIG K o AR K ARk (372 ~ 966
mm) , /NS 4B T AR S B 4E P K b 1 K B
ARK (93 ~ 213 mm ) , Xof W 4F 77 9k 9 2 %y 38% ~
86% 12 4E {3418 K 59% , BVAE 77 i b JC #E MR B
i BRI S 41%

5 BAFRAAYW N KRG KETH
FEAE

FE B0 X PR A 7 A0 I AR 15 B A i L

NAE ORI B, T A A A AR 5 A
i (AR B AR LAT A5 46 55) /K SCVE . 2002 4F
FEFT 08T P AR At 9 AR LAk 70
HRTRE D\ 5% B 3d 1o ] AR A 2 5003 333 .3 333 fk -
hm 2f& % 1 667 .2 500 2 500 #k « hm 2, [A] {R58 B 43
B 33% 25% 25% , Z JE R (5—10 H B
7K 404.4 mm) KRG 817,

5.1

£8 ABWBTPAHIFZTRRFEI M EEXERKZ(5—10 B, fE7Kk 404.4 mm) ZHHI T

Table 8 Stand density effect on growing season ET in Zhaogianhu Forestry Farm of Liupan Mountains mm

St £ W RZEEL  MORZEMS  WMREBENE  ModBdE  AREEEE DIEEK
THBR R Density/ Total Tree Understo Forest canopy Humus layer Soil
Vegetation plots en%lty_z o .PP . . ry . . Py . 'y .

(#k + hm ) ET transpiration transpiration interception interception evaporation
HE L TR B it BEEEHL Control 2 500 449.1 192.7 80.5 68.3 51.2 56.3
Larch plantation [8] kA b Thinned 1 667 413.1 145.1 92.7 46.6 68.0 60.6
LBk Xf A Control 3333 399.7 241.2 72.2 44.7 - 41.7
Mountain beach plantation []{¥4#¢# Thinned 2 500 391.3 202.2 77.3 39.5 - 72.4
VR IHE PN XF BB b Control 3333 362.8 194.7 69.0 46.7 - 52.5
Sea-buckthorn shrubs Ja] %KL H Thinned 2500 439.6 255.9 73.5 44.7 - 65.4
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FEHE A5 B RIS B L DR I R X 7 K B 2R 23

[EIE5 -l =g = 7 A o VA NN 7 N 87 DN £
S ZERUEA AN - 8% . —2% F1 +21% o &L
MRFNLLAEAR R 25 11 A i s /b, {EL sk 2> B A7) Gt
TR T DA B 16 I (R AR5 A AR 2 19 1 K 5 V0 i A
ZE I T AN AL, S S 25380, T i AL 1) AR 9
TVBARKFIZERS . BT RS 3 A AR 5 45
5, T LLRR D B A e bR, PRt 4B A5 ik 2 it J3E X6
5 AR AT T 1R A58 B, 6 Ll Bk BRI v J B A
U 2 AT B e B2, JU VD LT REAR Pk &2
il 121 N P S G 5 e NI 928 O o N A 4
RS TC— 1 b b Tt 5, 3 o w28 AU ) T S 2R R
i P PR ) 5 #R A i g n

LG MO ZE AR 2 FE 1) A R A %
TG, MR 2R B % B g AT /N, (A 2 A
[F] L A5 b 2 P T o, 3 75 2R FH L AAB B RFAIE (i T
FRERE0) HEATHE AR 5 LUK, A [RIAR 4 25 2 1 1) £ e iz
&5 P A R R MNTRAR DT AR RIS
() 9eE SR 52 fie 77 FE 3 5, R () A oa 20 25 % i A A
555 PR, 5 L2 ) Aok gl 20 28 G m 7 oK 1
YERZE A Z R A albtin A G BEH? A
[FAE R A 220 2 K7 IR IE T AR 22 )™ 48 X L S8 5%
FELSASE s H 2D AT LUE & , 76T F oK b R &
FHl R A R A A S R, R T 2
FEIK

ZAEMIIR R ], MR ZE B2 e 2 LAT B4
ey, B LAT R3S T K, ik 32 HIE SR 544
PRy R , Z8 8085 4 43 3 S RGE LAT A7 5% ¢
FRo MBS WM, Bk HZEB (v, L -
d ™) BRI LAT () B9 380 38 K (y = 0. 024 2 +
0.418 7x —=0.016 1x* ,R* =0.56) , )2 IR [RIm} =7
MTEBFA BRI TP AR, o iR
AT KRR B 5 LAL e f1, B LA 5 LAL B
PR S MR 28l I8 & | S
WAL RL, R B KN, H SRR Z8 # it
(mm - d™") RHFHITEAR M KRN (1.09) > £k
TR + BEARZJEM(0.96) > KARHEM (0. 88) >
AL TE M FALER (0. 69) , FRIL A HEA 2 LAT (13
KN R MR R (Y =3.2441-1.759 6 - In
(X),R*=0.64),
5.2 HAAEFRRBEMNERSERHETKE

I T K VA ) 22 AR N 25 SRR B, AN T
WE RLAT A AT A, B b T B SR AR A, MR AR AN O
~ 50 em RZHEPFLISIRAG, R 2004 426 J] 30 H

—1% 100 mm D | 49 R 2 R B AR 25 7 2006 4 F
2007 AEAA TR AN [FIAF B M 1Y) b R AR A o R K o
A E R I AR EBAE 0. 5% 224, HE ik B LA 5]
0.5% o S /N XN T8 37 A3t 7K i B A HS 37
FROE R B P2 ok B, RT3 T &2 /N A ]
R 328 % (mm - min ") HCE(E Ol RAK
FHL(5.3) > PRETHEN(S. 1) > TPIRHEN(4.3) >
b P bR (3. 8) , 34378 8 T W] R A IR B e T
SREE TR R AT A M AR AR R P
R UL, 78 75 8% Ll A A Ll DX 20 B AR 4 7K 53
S B 7 KR e B, TR AR I AN TR 2 R R 2
W 5 77 7K RE 7 A AR 1 IS 100 22 03] 2 AR IR AE TR )2 B e
b T R BN —E TR R K AR
Rk = ZEEE + REE KR L + A,
Horp, 3 KA RN IR e m 38K 4038,
BB FRAR U/ 5 P4 I A0 955 M A 0 I b IR
JRBIRAE AL 5y, WA 5 AP 12 MK 53 38
KA RS By, IR 2R & AR T R IZ 8 T sl ] )
it B RRR IS 2] T K A ) AN SRk
T3 iy kb 7

9 KW T BB/ NI [FIAE B 2 AL A Z5
Moy 5K & H . 7E 2004 454K (6—9
A B 378 mm, 2= BH3H F 1 o BH 35 b 1) 2 T
A5k 204.2 F1237.8 mm, EMNEI R 374 . 1mm, 2%
Ik AL RS TGS BF 38 A b 9 iR AR B 25
A3k 415.6 F1384.3 mm. 2 Pk B 4 1 BH B £
H B 7K 43 ) ok 161.5 120, 0 mm 378 K T V0 i
JA(24.1 mm) FIBES AL AR (3.9 mm) , G2
ALy AR AR K B R A ( - 57.9 mm) P

TE 2010—2012 4FA: K 22, B 5 YA 1 FH 3% AT FH 3%
) 2 B B A 1 K i s 0T v i e R 3K
YA IEA T, (H BHYE AR I K 2 fH . AR
K (7K i) BB GE i, 2010 4E 43 ] 2
163.6.132.7 mm,2011 4F> 85.9 3.0 mm;2012 4F
B3k 247.6 287.7 mm, 2012 4FFEEES HET 2 4EAR
2,0 ~ 100 cm + 27K 53N R T/ 2 47, R B
U, B IR ST ARRE R4, 33X F] AR 5 X AR
Bk sl T BOH B AR KA G

B VR AR TR A MR 1, 2010 AR AR K ZE
AP RO R R ZE 5 (214.6 mm ,47.71% ) ,
HUJEART 78 (166. 4 mm,37. 00% ) FK e 4 FF
(86.8 mm,19.30% ) ;0 ~ 100 em + JZ K4 A54k K
20.3 mm (4. 51% ) , Ui W+ HEAK o3G5 77K 524
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-38.3 mm, 2011 44 K- i ST o e
15 2010 4FA 5, (HIEA AR A K, Hp AR T 26
HL(257.3 mm) J2 M5 oK Ho ] (59. 14% ) B 2 72
Tt ATRE T 24 A bReE i TR0 BR AR B AR A R AR A
MR R ZE TR A BOR L ARG BIAR

2011 4F 7K 43 T4 #E B 2010 4E M, 7= K ik -
109.3 mm, 2012 44K ZREK IR 5 7T, 18 526
mm , R AR A K 73 B B T — 77K (51,2

mm)

x99 EBEAAFARNEREMERSHKEFE
Table 9 Water budget during growing season for different vegetation plots at Diediegou mm
MOEESF BIAZES AT B 0~ 100 cm 3 P
Ffy A Bz K iR eyl Canopy Tree ZEEL lL‘Total FKAEL Water
Year  Period  Rainfall Vegetation types interce-  transpi-  Forest 0~ 100 cm soil )
. . yield
ption ration  floor ET layer water change
2004 6—9 H 378.0 P - - - 237.8 20. 1 120.0
Sunny grasslans
Rane - - - 2042 12.4 161.5
Half-sunny grassland
T IRHE DA
Sea-buckthorn shrabs 66.0 138.8  169.3 374.1 -20.2 24.1
sV I \
bEsH] ﬁ+jt% FHHE 24.4 184.0 175.9 384.3 -10.2 3.9
Larch plantation on steep shaddy slope
ér ALy 3N \
ﬁﬁﬁﬂﬂhé“ﬁ% A 35.8 202.7 177.1 415.6 20.2 -57.9
Larch plantation at gentle slope foot
2010 05 = 19— 449.8 P - - - 251.3 65.9 132.7
10 -30 Sunny grassland
Rane - - - 230 63.3 163.6
Half-sunny grassland
A I PN
DI i fﬁ\ﬂ‘ 86.8 214.6  166.4 467.8 20.3 -38.3
Shaddy larch plantation
05 -25— FH 48 0
2011 429. - - - 13. 112. .
0 10 -26 9-0 Sunny grassland 313.0 ? 3.0
2 FH I B
- - - 299. 43.2 .
Half-sunny grassland 99.9 3 85.9
ALy I \
PAsA AL HQ/A)M‘ 76.4 108.3  257.3 442.0 96.2 -109.3
Shaddy larch plantation
2012 05. 10— 526.0 i - - - 355.1 -116.75 287.7
10.25 Sunny grassland
- BH I
- - - 384.6 -106.2 247.6
Half-sunny grassland
18V 35 n \
DI AEIL AR AR 71.9 180.4  339.8 592.1 -117.3 51.2

Shaddy larch plantation

MZAEBFTORT 15 X0 B 3 2 AL v A
PRI A K 2 BITE 22 B4 Ol oo [ 30 e i A, T oK
SITHFETY , — B A5 R 7K S0 8 A K 43 iy A 4 4+
HEAF AR AR A ] B A AR . AR ALV M FAAR
RIDEEN S/ A NP 7 e o 7 O = O L
ARSI T A RSB R AR
PR, AT RE S b 30 b O i A s RR = 5K
$&Tto

TEF R XA A 7K T /N e, 2011 4R 2R K 2B
KA 772.5 mm (£ 10) , AL FE PRI KK 53
iy S AR ZZ 1 (204, 5 mm,26. 5% ) , H R JE MG
BAE(201. 4 mm,26. 1% ) FIAK T 2EH(153. 1 mm,
19.8% ) ;0 ~ 100 em + 2 /K444 &K 71. 7 mm
(9.3% ) , i L3k o3 & f 3 P i 141.7
mm , (5 [FA K R 18.3% o M1l A S i 4
IR A ZE 1 T v 2, ARR ZE RS AR L B AR AR AR I



514

FEHE A5 B RIS B L DR I R X 7 K B 2R

25

fH0 ~ 100 em + 21 £ HEK /T FH IR, 25 7K &2
543 T (1) A A R 7K B A0 R 118 mm, 248
BETEKBES]

FEPE 3 v, ) R 2w A ) 9 6 R 1 B (B e
3T AN [T B R, D 5 A R b 19 28 Tl 7K
25, BB 3 AIE H AR 78I 1 2R X
TRARMAAREF= A 2R, XA R T2 T 21X 8%

1, 7R RIX, AR R AR A - Y, 5™
KIS s FEARUINTR ARG AR I 1 S A b
AR s TR AR e J K T AR L, Lz HimT
H A AR AR UL, JU AR AR AR B A i
RN ORI XE DUES 2K BOR . B ok, &
P e AR BRI S B 7K RUAR B R A R Ay —
FEAK A

R 10 FAGANRIE LI AL LM 2011 FERFHKETE
Table 10 Water budget during growing season in 2011 for forest plots at Xiangshuihe mm
- I B Period Bkt MOEBEE  RORZEM  WNZEEL SZEHL 0~ 100 em +3E&S/KAR L A
Plot (H—H) qu. fi Canopy Tree Forest Total Soil water change in Water
© ( Month—Day ) am interception transpiration  floor ET ET 0 ~ 100 cm soil layer yield
AEJLFE M HAMK Larch plantation 05 —24—10 -20 772.5 201.4 204.5 153.1 559.0 71.7 141.7
AL LIFAFK Armandi pine forest 05 —24—10 -20 772.5 267.2 238.2 151.9 657.3 -3.0 118.0

TR X Semiarid region A ¥R X Semihumid region
1.2 r
Lo f 0.93 0.95
o 0.85
~
2 0.8} 0.72
g 0.62
2 0.6
¥
8 04r
4
0.2
0 0 1 1 1 1 1 1 J
(=]
= = a g ) 5 ® o H o 2 % o 2
g55 Szf g8z =2d.f w.f BEE 5 f  £iy
%Q\_‘ﬁ ® 3 :&%E @ggu Egg H 3 a2 -52‘5 o9
BE=s g & AZ2@ 332 8§ ¥ <= £ # 8 Sgg
* 28 = A = 2 273 = =2- = ¥
3 & = &£ [=% <
HitKA Vegetation types
B3 ALl T 5K R A M DA [RIAR A 28 BB b f) A K 2R 2R AR /K B 1) B

Fig.3 Variation of the ratio of evapotranspiration ( ET) to precipitation (P) (ET/P) in growing season on different vegetation

type plots in the semiarid and semihumid areas of Liupan Mountains

6 #ib

B THE B A S R R Y R 7S A 1 XOMRE
Hiu NI R IURN Xk A A R RUBE L 24T R 1 2k
M= IRAZ T ST 25 5 , RIS S A W0,
IR e At R WA S I s TS ) | PO AN AP
E a5 WA R - NS DG - S o =19 [ A 831
K463 mm) [ F , FRHLAE 423 (16 mm) SRR
(39 mm) 1 41% , BRI/ T 59% (23 mm) , 5 T4
BROF- A0 (529% ) ™), ELAFE A U 0/ H5k Bl O Do 4
KR 1 /A T BRI 22 BIAR K, A AR K BT
450 mm i, ARHUAS(EME DL F= A 48 T, 38 T 4K 58 TH AR

BAMKIR CRIP= 3 sk A Tl o 7R T3 1 i
T (AE YRR 547 mm) A ST KR RIN A
(76 mm) {UK F SR FHL (154 mm) [ 49% , B A%
T 51% HAE T SR8 ORI 1 A7 1 X 22 51
AR, Hor 38 £ X (AE %K & 514 mm) TR R BRAR
FEKE A (FAE) 10 H 2R R 93,5 mm; + 4711
X (AEXRE7K i 593 mm ) Tr AR MT-244F 7 I & 88. 8
mm , ({8 B SR F L (213.5 mm) (1 42% , BRREAIR T
58% o V- B K] 2N i 38 (A 2 K R 640
mm) , 5¢ 47 55 ARAR G 1 224572 7 3k TG AR R
TN HATE S 40. 7%  BIREAR T 59% o 162 T 51
B B YA/ INTAL ST L TR A e B A M PR3 AR
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