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the aim to achieve integrated management of forests and water resources and regional sustainable development in semi-arid
regions. In this study, the lumped eco-hydrological BROOK90 model was used to simulate the responses of hydrological
processes to varying canopy LAl of a Larix principis-rupprechtii plantation in the small semi-arid watershed of Diediegou, in
the northern region of the Liupan Mountains in Ningxia, under various conditions of annual precipitation (wet, normal, and
dry years). Annual evapotranspiration, annual canopy interception, and annual forest transpiration were all significantly
positively correlated with the canopy LAI of the plantation (R*> 0.99, P<0.01), while both annual soil evaporation and
annual runoff were significantly negatively correlated with canopy LAI ( R*> 0.99, P<0.01). All hydrological processes that
we studied varied with canopy LAl as exponential functions regardless of the annual precipitation in the year of study. The
response of each variable to canopy LAl was associated with a threshold canopy LAI. When the canopy LAI was below this
threshold, the change in each variable with respect to LAI was rapid; however, when the canopy LAI was above the
threshold, the change in each variable was measurably slow, and gradually stabilized. Additionally, the thresholds for
canopy LAl differed with differences in annual precipitation. In general, the thresholds of canopy LAl for the variables
studied were higher in wet years than in dry years, especially for canopy interception and soil evaporation. For example, the
threshold of canopy LAl for annual evapotranspiration was 1.6, 1.5, and 1.3 in wet, normal, and dry years, respectively;
the threshold of canopy LAI for canopy interception in dry years (4.3) was significantly lower than that in wet (6.2) and
normal years (6.4), and the threshold of canopy LAI for soil evaporation was distinctly higher in wet years (4.3) than in
dry (3.1) and normal years (3.0). Moreover, the rates of change of each variable with increasing LAI were higher in wet
years than in normal and dry years, indicating that change in each variable was more dependent on canopy LAI in wetter
years, but more limited by insufficient precipitation and soil water in drier years. Meanwhile, our results indicated that the
effects of the decrease in evapotranspiration and increase in water yield in a given forest stand caused by a reduction in
canopy LAI (such as by thinning of the leaf canopy) are less than expected, because the decrease in the rate of annual
evapotranspiration was smaller than the rate of decrease of canopy LAI. For example, when canopy LAl reduced from 4.2 to
2.0 (a relative reduction of 52.4%) in a normal year with an annual precipitation of 418.5 mm, the annual
evapotranspiration decreased from 357.2 mm to 333.9 mm (an absolute reduction of 23.3 mm and a relative reduction of

6.5% ) . The results of this study can provide guidance to scientific forest management in semi-arid regions.

Key Words: semi-arid regions; Larix principis-rupprechtii plantation; evapotranspiration; runoff; leaf area index;

threshold ; BROOK90
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JA H AR 5K SRR g — A AR ) B REAR T S B S AL A AR L RS AR ik A
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FRY AT T R B EPPML XS LU H SR OR3P DOMR D b A% 3 12 1 2= 50 sh A8 AT TR0, & BAF M 3R AR It
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54'12"—35°58'33" N) , J@ T Z I G DX ST, 3%/ MR BRI AR 25.4 km?®, 4K 1975—2615 m, HALRIR
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PR RURIRS B UK RUIR B SR IEN R

25 (VB R TFH5 2 S0 e B A 35 ) 3 B, R GPS T e I3,

RGEE RGBSR B G H RS | e R S IR | BRI H
KRG AT H B, A — o A REER , FEARIL T A RSN B T /N [ Bl R 420k (LI1- 1401, 3E[E LI-COR
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e R MR T 25 S0P BRI, (KPa) 3 T M2 R, (C)

BERIBLALL BT FH I 1993—2002 4 (1 AR BRI T R % R, EEAHE H KSR (M)/m?®) | H M
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FEROBE . B IR AL 7 A A TARALE 2005 4E 19 5—10 1] A9 LAT FIAE Bk e B4 Hodr LA i
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R - AE 2005 AEAEILTE A N TR R T 6 A 1R R AR, 2 R I ( L P YA
PIAS) R TIE00E + R IR A B ALEE | B LR AR B8 L K & | ERRK R 1
HEGKCR  HHEAB R AR RAEIRR . T AKE M R F O R & AR O, B HRRLE 2 AR, —
YD 1) - 338 T AR 2 AE TS B IR JUAE IR AL, & T8 0R i BRI 2 T kS 2% ( R AE B R G e i 5
D7y (Mol FFRHE R, 1994) o 3K R 2R B DAL CR22G, HAS H 37 T LRS54t ) 300

IR SR - 3R RS /KR IE F TRIME 450K 135 3 /K B ( TRIME-T3 , #8 [6) 52 . 76 FF 3 N 48 5%
3R 1 m KR 1 2 m KAIEE, T 2005 F1 2006 4F 5—10 H 48 1 KE S50 200 E 45 FEHb Y 35 &
KB, ME L B RS 10em (B — D FoKE . I SRR AT (105C) W, 17
FEHBLNTE 9 ANFE A5, F 2005 F1 2006 4 5—10 J, 187k 2 H A B EIRE A 10 X, BRR =AEE , MT
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2.1.2  BIBUAE R I

SHCRE AR TE RS N TAREE AR 48 4 X% 22 78 0.0002—0.086 cm’/em’ Z [A], 44 4 X 15 25 4
0.020 em’/cm’ , FHIMIXFRZE N 9.1% , BRI S B0 5 g 45 T AT hf . e I6 0T 18], 3% RE B 48U A% 266 X R 22 7F 0.
0003—0.059 em®/cm® Z[H], F-I 41122 0.020 em’/em® , FYIAHXT IR 2E 8.6% . M2, %A IR LR AR U,
A TR ARl 7 B b 09 A 25K S AR FNSRGIAR 73 2546 28 4k (18 7K SCR2 ), B4R BROOKOO A5 7Y 1) 24 5 il
K i R DAL BT 7
2.2 [EEHE

G AR A N T ARZE O ™ i e K LAT AR AR i 1, 5 DLRTZE 7S 8511 S S /N sl e d b vk
A A K SRR ZE S, Rl AT B BRI . S/ NS AR 3 P N TR LA B S50 B KA
298 4.2, M FIZXBARA A H 52 RIS T2 B 8K 5 e i BUEE 52 M0, SO AR /Iy LAT (R MRb oK G
At TEREH  GRRFRAR op R S5 1 MUY | 3 K IR IR K A S S BUEANAE , L LAL i 4.2 VB0 X R
FEHE |G FE 8 S MAXLATL 4.2 7B fg 56 1.2 3, BARBHE AR T .

F1 BHERIIR

Table 1  List of modeling scenarios

A 5t RFEAMNEF

code scenarios specific scenarios represented
%5 1 Scenario 1 Lt RN R M T AR £ LAT 2 3.0 JEnt RS 4 N 3.0

1% 5% 2 Scenario 2 Lt T FA B R T AR B LA Y 2.0 JE T AR A A K 2.0
%5t 3 Scenario 3 Heb T FS R M T AR L LAT Y 1.0 JE T AR A K 1.0

Xif A% 5 The control scenario AUy AN B R T T RSS2 LAL 2 4.2 RS IR R T AR 4L

FH 1993—2002 4E3E 10 4F (A K F= S0 G800  ARARE K0 J5 19 BROOK9O AR A i ARHDUAS [ 1 5t
Az ARG T A N MR S A H A 1993—2002 4F A ZE BIOFT 7 3k, [A]IRE , AL T LAL 7E 1—4.2 2Z [8] & 5]
0.1 BHZAEIL 35 P N TR E B FEHBAE 1993—2002 4F FZE K HAT B A=
2.3 HdEaba

BARGEH 47 Microsoft Excel 2010 1 SPSS 19.0 #4, i FHEA K 2% 5 2237 (one-way ANOVA) /1%
AN[FIRE AR AR 18 SR ™= i i\ 28 L I 520, JF2R ] Tukey HSD 22 88 3 B S b iff 2 7™ Ui o\ 28 I TE 4%
TS A 22 5 EPE (0=0.05) , FIFH Microsoft Excel 2010 F1 SigmaPlot 11.0 #FsE1 7 &

R AR K A T AR AL I A N TR 280K SO R Y 52 ) ASAIF S8R HE AF 5T X N 22 4F 1 B i K
(432 mm) KHAERER R RIFREZE (87.2 mm) RAELLAR (33 70 S LT B AR
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P, > P + 0.330, F/K4E
P -0.330 < P, < P+ 0.330, F/KAE (6)

P, < P - 0.330, i/K4E
Ko, PO AR K (mm) 5 P oA Z AR K & (mm) ;o W ZAERKEIFRIEZ (mm) .
X 45 K S RRAR B LAT B{E 152 1 Lagergren er al."™) i B {E 11328 3K, 0 HL 8 20RS Itk 3l )5

Wr
LAI( | x - LAI| | LAl - «x |
R = ( ((x—LAI) +1)+(LAI—x) +1j><0.5 (7)
:(x(x_LAI+1)+LAI_x+1]x05 (8)
LAI\ (x - LAI) (LAI - x) ’
A, R K S R AR T AR XA« /K SCGE R AR T Y LAL [, A3 (12) @ H T 5 LAL 2IEAXCR P
IR AR R 7 it(13) T 5 LAL 2 AR K S R &
3 #HREHH

3.1 AR[EIFEAKFERN 255 S A& s N TARZE 7 i g

R K AR 43 45 5 . 1994 (1996 4F 2 =F7KAR AR [ K £ 4 485.2 mm ;19951998 ,2000 F1 2001 44 -
JKAE  HAE [ K2l 418.5 mm ;1993 1997 1999 Fi1 2002 4 Mk KAE  HAE Y[ K 2 M 365.3 mm,

1 2B . RN R R K AR R 25 (F R AR AL TE P N TMRAE 25 B 28 1 119 25 S 0K (L7 45 R K A AR HL AR
YRR SRR BN 5 3<a 2< L < I 5, ELrp I 5 3 M0 B 28 R B B IR T e s 5 (P<O.
05) . FEAREKAERLT , 55X BTG SoAf L, &1 SeAedb v s N TR EZE B0 1/ N R 35 /N F 1 LAT A 980/)N
e, BN ARV AKAR IE R 1.2.3 MR ZE BRSNS 2.2% .6.5% T 20.8% K T LAT i3/ % 28.
6% 52.4% F1 76.2%

450

a
400 - a a a
I I . .
= 7 a
» £ 3501 a
B2
®g 300 b b b
2
& 250 F
200
S I ) T R owt o o) R o} o &
FR4E FARAE MR AR
A FIFEKAER TR R

Different scenarios under different annual precipitations

51 FBRAFRLELEHRAIRARBES THEMERE
Fig.1 Annual evapotranspiration of Larix principis-rupprechtii plantation of various scenarios under different annual precipitations

ANTR)/INE TR SR 9 2 5 (2 (P<0.05)

TEAN TR P AR Y A e I F N TTPRATE 1877 I ) 2 A 5 A 149 A8 BB A S, B8 ) R 3 <M 5t 1<
S o< 3(E2)  HAW SR 3 AR i B8 M T H BT 5 (P<0.05) . 7ER MRS, SXF IR RAR L, 2
JEf 5 1A 2 A4 R A NN T LAT BY8/NR TR 3 BYARRY = IR T LAT 98N, 78
FREKAFTLR | 20 5 B ARS8 7 A 3G N3N A EOKAR 15 5 1.2 3 AR S A R 5 8.2% |
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25.6% 129.9% ; 7 /KAE 15 1.2.3 BRGNS 50°8 9% 29.8% 130.3% ; FEA K AE 1 5 1.2 .3 =i
BSR4 51K 8.5% 28.1% H1 107.8%

250

200 ‘}

150 a

100 b

=3 Runoff/mm
' -
——
—f—

50

=
X B O ﬂ" <
o
o
-
s [ e
-

o [ ) 4 — [ [oe) — o~ [5¢)
BB K| K O ® KK OB I
g 2 = | E E E $= 0 g= i@
FakAE PR ik 4R

R R AE L R

Different scenarios under different annual precipitations

B2 BEAFRELEHMAIRFRER THESFRE

Fig.2 Annual runoff of Larix principis-rupprechtii plantation of various scenarios under different annual precipitations

B REAKAERLT  ARAUTE A TR LAT 8K, AR Y Z8 B R AR 1 7= i i/ (H A1 50 T B4R Y 28
HHEREIAS LAL 2 Gl A b, 2R BOE R, 418 5o i 28 B 198/ N335 /N F L LAL (997N 5 5 X
PR UL, T 1 A2 AR IRECIL LAT Bl /N3N T 5 3 R INR A K, X R T R AIGE 2 LAL
DM 2R BB K B VE A PRI,

3.2 LAT XHEJCIEM T8 N TARZE R o i A5

AEJLTEI TR N TRAE Y 56 )20 2 K i 5 LAT P R A IR K R (R7>0.99,P<0.01) 3K
BB BT — D ERAE (AN [RIRE K AR U] 1) OC R i e w7 22 5% (161 3 AT 4) o ARt ps A oAk
52 A B A R K AR R R/ INHEIR A - S KA > F2 KA S K AR (B 3) 3% AT RE A PR A P K A B A /K 5 5 /N
FFIKAER, HREKIH A F 5], e 28058 f bl LAT (978 Th e 3 7 45 [ K A B B R th R BN K 4> 3
IKAESAR KA . AR 2 pREICR AT FLAE SE /K AR S /KA ARG KA 18 B R AE 430 h 62.87 mm | 74.93 mm 37.63
mm X5 LAL iy 4.2 BHMEA 2 65.9% 75.0%F0 22.7% , FIAZ(12) HEA5H A EFFOKAE R e w2 1
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