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Abstract: To quantitatively investigate the water conservation function of the natural spruce forest at the watershed scale in
the central Tianshan Mountains, the Urumqi River Basin was chosen as a study area. The InVEST model was used to
investigate the capacity for water conservation of the spruce forest and other land use types, as well as quantitatively analyze
water conservation changes of the spruce forest under the conditions of different distribution areas and terrain factors. The
results showed that: (1) The InVEST model could adequately assess water conservation at the watershed scale. The InVEST
model simulation showed that the total water conservation of the spruce forest in the Urumqi River Basin was 4.93 x 10°m’,
which accounted for 20.46% of the total water conservation in the study area (2.41 x 10’ m’). In addition, the average

water conservation depth of forest area was 54.25 mm. (2) The contribution rate of water conservation in the slope, aspect,

and elevation was consistent with the spatial distribution pattern of the spruce forest. At first, per hectare water conservation
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increased with altitude and then decreased, and it decreased with an increase in slope. The water conservation ability in the
shade slope was greatest. (3) The spruce forest showed the greatest capacity, which reached 544.78 m’/hm’. The total
average depth and unit area of water conservation exhibited an increasing trend with increasing spruce forest coverage. (4)
The contribution rate of water conservation in the spruce forest was closely related to forest area. Total water conservation in
study area and spruce area increased to 0.437 x 10° m® and 0.522 x 10° m’ with a 1% increase of spruce forest area,
respectively. Therefore, the forest plays a vital role in maintaining sustainable and stable water conservation and ecological

service functions, which necessitate effective measures to strengthen the protection and management of spruce forests:

Key Words; water conservation function; InVEST model; the spruce forest; the Central Tianshan Mountains ;  Uramqi

River Basin
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Table 1 Data sources and processing methods

a2 Data types

EHE AR B AL HE Data sources and processing

ZAET- YK B Average annual precipitation

ZAEWEAEZEHK Many potential evapotranspiration
FHEREE Soil depth

F T FIHATROK Soil available water
IR T 7K # Soil saturated hydraulic conductivity

A PSR Land use types

LI K F 21 A Basin and sub basin boundary
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Fig.3 The land use map of different situations
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Fig.5 Water conservation in forest region
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Table 2 Water conservation of different land use types

J57: Tndexes Mt b b He e Kk
Forest Grassland Others Ice-snow Water
AL Area/km? 90.85 511.81 428.36 0.44 71.66 8.49
JK R 37 S Total/x10% m® 494.72 1394.43 508.08 0.39 35.47 1.98
N7 Per Jhectare/ (m3/hm? ) 544.78 275.29 118.85 88.23 50.68 23.41
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321 =ERXKEEIR R

TER RE W78 X K IR 77 25 () 40 A B Sl L DL s AWK IX i 3t #8545 2R XK IR = A R (R S)
M & 5 B, S AKX 24 2K R FR T BE AR 2.4—118.54 mm 22 [8] ; HFFY XML 78 25 % 8.17% , /K IR i 35
BEEN 4.93x10° m® | HHFSE XK PR 5E MY 20.46% , FRHBSE 257K TR IR IR E 54.25 mm, = AKX K 57

DIfe R B AL m R A P AR AR

322 mEMRKKEERFESHIERTFER
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Table 3 Water conservation function at different elevation

RS ANTR] X [t T R o b e TR L K VE S TR VTR TR A (EYNTRE B
Elevation class/m Forest area percent/ % Total/m? Contribution rate/% Per hectare/(m>/hm?)
1600—1800 0.08 24042.77 0.05 329.66
1800—2000 5.06 2506160.51 5.07 529.03
2000—2200 18.21 9985964.41 20.19 593.47
2200—2400 30.71 16120276.93 32.58 573.21
2400—2600 32.74 15388529.08 31.11 518.89
2600—2800 12.86 5343448.58 10.80 479.12
2800—3000 0.34 103584.79 0.21 368.08

£4 FRBEKERRE

Table 4 Water conservation function at different slope

WepE s AT DX TR b TR o b i T AR KRR TK VR FR DR (YNBSS
Slope class/(°) Area percent/ % Total/m® Contribution rate/ % Per hectare/ (m®/hm?)
P3¢ Flat 0.47 277736.18 0.56 652.12

29 Gentle 5.17 2996916.53 6.06 637.86

#HE Ramp 17.44 9376865.94 18.95 591.93

By Steep 34.98 17467287/91 35.31 549.62

Z 3 Sharp 31.09 14675460.31 29.66 519.52

3% Perilous 10.85 4677740.18 9.46 474.61

£S5 TREEKEEFE

Table 5 Water conservation function at different aspect

AR S ANTR] X )bt T R b i AR L KPR S KPR TR A (YNBSS
Aspect class/(°) Area percent/ % Total/m? Contribution rate/% Per hectare/(m?®/hm?)
B3 North 61.26 31264876.10 63.20 567.90

Pt Northwest 17:26 8407230.59 16.99 536.02

Z3Jt Northeast 12.70 6081560.48 12.29 525.95

4<H§ Southeast 2.08 819941.47 1.66 431.57

PiFg Southwest 5.12 2253018.67 4.55 447.44

FH3# South 1.58 645379.76 1.30 399.94

2% 3 AT, AN TR TR 4R 2 A2 ROK T 0 55 2t 1Y) BT K 23 53 591 24+ 0.05% . 5.07% ,20.19% ,32.58% ,31.11%
10.80% ,0.21% , DLifE4K 2200—2400 m 2L DTRRZE A K, X 5 A MRAEAS [F AR X 8] 20 A ) AR LA TR KOG R
SRR LUK U5 A 5 2 R U, LAV 2000—2200 m Ab 523 B 7K R T8 35 RE ) ik, 35 593.47 m’/hm®, R &
2200—2400 m, >} 573.21 m*/hm’ ,¥F4E 1600—1800 m 5 2800—3000 m Ab %/ il /K 5 16 5% RE F1 3855 , 43901 A
329.66.368.08 m’/hm? , X 5 AN [l HE 4K KK S AR A A K

HH 3 4 RTHL ORI BE P38 28 R BESE 238 B3 508 T, = RS MOK IR TR 55 £ 1 STk 2 430
0.56% .6.06% .18.95% .35.31% .29.66% .9.46% , iX 5 25 K2 MRAEAS [R) 39 85 43 A 19 T B LU A AR R 5 28 5t B A7 T
FROK B F5 5 R U, S35 (652.12 m®/hm? ) 2285 (637.86 m*/hm?) >AH (591.93 m®/hm?) >BEYE (549.62 m*/
hm?) >237(519.52 m’/hm?) >E 3% (474.61 m’/hm?) FEFE VEHS , SR ) R i s JF 76 P22 i oy
AR DRI R IX AL T B YR TR % BE 7 i 5 3 P 8 R I 2R T 55

H & 5 80 R R (B3, padb  ARdb AR mE  PE R L BRI S5 0F T, m A PROK IR TR 57 B 5T R R 4 )
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63.20% .16.99% ,12.29% ,1.66% 4.55% ,1.30% ,iX 5 = A2 MRAEA A3 n] 43 A AR LE A AR KOG &R, g% i B
e | RO AR OLEEAT, K B3 22, BRI K G, BH3E Z8 HOR 3 B, 26— Beid ) S5, BH 3 4 398 55 /K &4 [
PEE/NG TR, BH I AR % AR /N T S 5 ol B T AR K TR TR 5 R R D A AT BRI, LK R T8 5 RE
o, BAYE AN UK R TR ik 567.90 m®/hm? , FAYE A 399.94 m?/hm? | P A9 A FRAK 045, + 2R K, ZRbknT
ARG e FLBR R s/ B IR A, R R RS, B RUK A I BE R BB 5, Rt
PR TETFRUK 5 R B R B ALK
3.3 ARl ZMRIE R E S 5 N K ISR R 5 BT
3.3.1 R XKIREFREA L

FRAE 2.2.4 W BRI 5, 3 M Ge it 451 50 T /K IR F% B i JOF /KRR IR IR 15 31 3% 6,
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Table 6 Water conservation of different scenarios

FE841 Indexes & 5% Scene 1 1% 5t Scene 2 % 5% Scene 3 &5 Scene 4 ¥ 5 Scene 5
43S Mean/mm 21.85 24.10 27.10 20.68 17.95
JK I 37 B Total/x 107 m? 2.41 2.66 2.99 2.28 1.98

H126 6 1, AR SR IR R BT A 1 5 3> 18 5t 2> 15 5t IS St 4> 15 5V b5 s B 35 R 101 K
(0—197.06 km?) , HF5E X SF-A4 K R T R 1 17.95 mm HEHM%] 27.10 mm , K PG FE 5l 1.98x107 m* B
3] 2.99x10" m’ . FEE IR X o A2 35 8308 K, HoK IR DI RERE R

DI | A ARBL S o6 3R ROK IR IR FF o 56 SR R S i ik, e A ARG S 510 5 1 5T
XK PR IR S A b 22 57 53K 6 B R R

AWR = 0.0437AF - 0.0505 . R*= 0.9951  P<0.01
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Fig.6 Relationship between the change rate of spruce forest and

7 ZERELRSHREKFEEFRXRE

L. Fig.7 Relationship between the change rate of spruce forest and
water conservation in the study area

water conservation in forest area

3.3.2 AR BAR b B KU 5 i 1 M O R

18 i ArcGIS 28 [0 S8 Hr IhBE , Gt ARG 5 FARIXOK I FR &, W 7, Hi3 7 A1, RN SoARIX K IR
PAFEDIRE /NI A 2 1 B¢ 3>1F 56 2> 1850 1>18 50 4> 18 50 55 TEA SRR T B3GR 5 F (15 5 218
5 3) , MRIXOE K TR SR IR FE M 54.25 mm 4351 FFHF] 59.74 62.63 mm , AR X K P57 B M 4.93%10°m 43
S B FEE] 8.13x10° ,12.28x10°m” , HFAA [ AR 7 5 M 542.65 m*/hm? 535l I T+ 5] 596.74 .623.16 m’/hm?*; 24
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RS T AR (155 4) BT R (155 5) B, PRI 7K R R IR JE M 54.25 mm R 53] 53.59 mm, /K IR
TR T 1.52x10° m®

£7 FTABBHHRAERRE

Table 7 Water conservation of forest region in different scenarios

15%5 Indexes 54+ Scene 1 155t Scene 2 4% Scene 3 1#5 5% Scene 4 3% Scene 5
SRR TR L Mean/ mm 54.25 59.74 62.63 53.59 —
JK VI 3% A B Total/x10° m® 4.93 8.13 12.28 3.41 —
M HBTE B Forest area/km? 90.85 136.24 197.06 63.73 —
BEONUK IR 74 Per hectare/ (m®/hm?) 542.65 596.74 623.16 535.10 —

—FRMHBIE R A TR IR I SR

PITE 5 1 ZAZ MRS i 5 BOK IR SR 1 Bl SR TR S i i, 20 B S TR St S 5 1 AR IX
KRR AR 22 5 AR EIE T S AR IR
AWR,= 0.5215AF - 0.2852 R*= 0.9995 P <0.05
P AF AR A AWR ARIXOK IR R AL . TR A2 MG VAL, X bRk DK I 57 A
E MR, R A S22 N 1% , ARIXK IR TR R B3 0.522x10° m”,
L5 LRTIR , BEFR ZAZ KT AR A AN WG i, ARDCK U 57 D RE AN T 5i P02 7K URUBA 77 TR B K IR 97 B 4
L B AR R SR 4 S B IR 3, S ASREAT B3 K IR IR RE

4 Ttig

(1) AR H TR - H G MR ROK TR IR ) 321.94 mm P H7K IR TR R L N 83.29 mm''7
XGRS I RA —E 22 5%, TTRE S AR R JR s U | Jm 4 38 2 1R 45 X R [l A 56, A Scis H
InVEST # B UUEE 5 A2 R IRMOK IR F7 BB AT 1 Al , 2 ARIXOK ISR DI BE S B AL i 1%
U AR S R 5 DM A R A RO A 7 ARk — B 0E5E . Besh, T RRpoK IR
FRUIREM S A, AR IE T X0 LR [T BT E  OURAR 5870 AT BUA PR o3 RUBE 358 T R 8 SO0 AP 5 SR
TIARMOKIE IR FE IR REEHERS . OFEAE ] InVEST RS A2 oy | Ao fige e [m] — - e R 1y 1 v (
SREA A AR TR A ROK ) TEZS 8] o0 A AT AE R 22 50 (ERE BT B R R B B A LI B R A T 5, A g
AR ATRAN X — R 7

(2) PRS2 W FERUR , XA [7) -t 1] FH TR A8 K 5 57 RE ) W R AR — B8, ARbR e b S AR 7 o R
50 e 14 DX oK TR R HE iR M SR ) e A5 R 5T b T R AL R I XK T 7 R D AR R i ek
PRI 7 e fiC, I AT A R — 2, DR a1 00 T PR - SR A= R T3 7K S T A T 2 7
[ ()92 3125 57K D T B M 1 38, /K0 B i 2%, HLAE A< =TT K S i) B 4R i A 52 2 DU 37 7K 7 )
A P 2 TR A R 7K A i ) AR, 7K 73 B B BE T A 558

(3) FEFFAE OIBBRAE INEIRSE Y S BITIIEAE D14 WTTAS W AR AR OK TR SR 5 B R 1 06
ES R PR SOESLIYI QU RS D & SN 2T iR s R P SN ST E S i 9 21PN
T REARR 5 X G A SCIFTE 4 2R — 2, EH 428 WK DR 77 - S5 TR A 56 AR AN A RD , i vl RS AN [R] X duk AN [
AR R AT BRG] BT EL

5 Zhig

(1) InVEST #58Y a] #5841 1A 1 58 A SF NS 0 K DR 75 &, InVEST A AUAS L3 B, F 5 DX /K 5 ek 77
S 241107 m* H A (SHEFSY CEETFY 8.17% ) = AZ AR IX K JE R % S i A 4.93%10° m?* , ik F 5% X 7K R T 77
SR 20.46% MR- YK IR TR L R 54.25 mm,
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(2) AR KIS % 4 14 TR 555 AR AR R A1 i DI AR G | K U 97 2 SRR A TR 4 88 38 i) I
(9504 55 A2 IRAS () o AR SRy — B0 5 AS R ER 23 BIUK ISR 7 2t RETEF SR s o R AR | B3 B 1 T AR
AR B, /K IR0 S BE T8

(3) BIFFEIX 4% 32 v LR b 7K P50 55 RE 7 dRcit (23 BUK PRI 77 B 544.78 m®/hm?) |, B Z A2 B 3
FREYANBAE AN, K IR IR DI REAN WG 0, - K IR IR TR B KRR 7 Sl i S B7 T FRR S i 1) S M e

(4) BEE AR RGN, W SE XK PR IR SN, A2 AR AR N 19 , WIS IX 5 AL AR XOK IR 57
BTN 0.437%10° m* 0.522x10° m* . PRI WP BFSE X BEAT A 1R AP AR, B A0 AR AR Wl A7
RO AR MK IR TR AR 25 R 55 DI RE

£ 3L Hf ( References)

1 okaESR, B, RE, ZAKME. AMO KGR AT AR ASAAR, 2003, 14(1) ¢ 113-116.

] ki, S, e, HE. U AR AR S R G RK IR SR D AE. AEASAEH, 2008, 28(11) ; 5619-5624.

1 RFF, HRAE, X, TGRSR R GUKIRR R D RE TRl . M HRRL £, 2012, 31(3) 4/330-336:

1SR, 2R, BURE, EBEY. RRUKKOR R BRMAEBOK RS REITA. 2820, 2011, 31(17) 3 5009-5016.

[5] %o, 2805, S5E, AW, W) & T EARSIRRERT IR ARAOK IR SR IRE. LA52R, 2011,31(112) : 3285-3295.

] LR, Hisk, ke, ARE LA S A MRS AE A AT, HBEAEAR, 2010065(1); 113-121.

1 A, B, RS, G, R HEEE IR AE S R GRS AN RO . A 4 2013, 33(3) : 711-717.

] BR, &R, C-3, RFET, X, InVEST HRIDIRHER. A8 %0, 2015, 31(10) : 126-131, 179-179.

] Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron D, Chan K-M, Daily G'C, Goldstein J, Kareiva P M, Lonsdorf E, Naidoo R,
Ricketts T H, Shaw M. Modeling multiple ecosystem services, biodiversity conservation, commodity production, and tradeoffs at landscape scales.
Frontiers in Ecology and the Environment, 2009, 7(1) . 4-11.

[10] Fisher B, Turner R K, Burgess N D, Swetnam R D, Green J, Green R'E, Kajembe G, Kulindwa K, Lewis S L, Marchant R, Marshall A R,
Madoffe S, Munishi P K T, Morse—Jones S, Mwakalila S, Paavola J, Naidoo R, Ricketts T, Rouget M, Willcock S, White S, Balmford A.
Measuring, modeling and mapping ecosystem servicesn the Eastern Arc Mountains of Tanzania. Progress in Physical Geography, 2011, 35(5):
595-611.

[11] Shaw M R, Pendleton L, Cameron D R, Morris B, Bachelet D, Klausmeyer K, Mackenzie J, Conklin D R, Bratman G N, Lenihan J, Haunreiter
E, Daly C, Roehrdanz P R. The impact of climate change on California’s ecosystem services. Climatic Change, 2011, 109 ( Supplement 1) .
465-484.

[12] Goldstein J H, Caldarone G, Duarte T'K, Ennaanay D, Hannahs N, Mendoza G, Polasky S, Wolny S, Daily G C. Integrating ecosystem—service
tradeoffs into land—use decisions. Proceedings of the National Academy of Sciences of the United States of America, 2012, 109(19) ; 7565-7570.

[13]  JAME, A0pibe, PRade, sKaRM], B2, WEE. 2T InVEST BRI db at il X 2 ER Al /K L RF50F5E, 2010, 17(6): 9-13,
19-19.

[14] LT XUHE, 2, WAk, 3 F InVEST BLR Y - iR S (b 2k B2 09 3 0 LB VY 4 B B AR AR X . TR XY

2015,32(3): 622-629.

[15] ek, #RIR,) EETE, 200, (E#. BV T KRR I AeSs MAS R, B4k, 2013, 33(3): 789-797.

[16] “A#EJAN, BHE, HZW. ET InVEST BRI AL 5T 1L X FRMOK IR IR D BE PR, Mok B 2012, 48(10): 1-5

[17]  EZMH, XBE, &ifif . 5T In-VEST B PO R IR S R GOK IR TR I 55 TIREWTIE. K LARFHETR, 2014, 34(5) : 213-217.
(18] Z=EHHMA, 27, mbe, 408, R ERI H RO XA K A5 K23 [\ 40T, FamMol K2g2¢4, 2014, 34(1) .

[19] Bk, ski. SE ARSI RBUKEHEE R RS, KL, 2006, 26(2) : 78-80, 96-96.

[20] kA, AP RILSEARFFMIE 150K FEAK I 2 &0, k)17 +, 2000, 22(3) ; 243-249.

[21] SRETA:, FEZRN, X8I, RS E AT UL X SBRHE . kIR, 1994, 16(4) : 333-341.

[22] F£I4H. 5T GIS Al RS B3 s 542 A R 7E T 2 X A I —— DL S G ARSI B[ D] B8RS, Hiid ke, 2004, 42-43.
(23] SHER4EE/R AR KARIT. AR, SEARSE . Brmphe DAL A, 1993 6-28.

[24] GHR4EE /R FIRKAIT, H3EAr s, Hrs 13, Jbat: Blasdiit, 1996 75-116.

[25] Feinstein A R, Cicchetti D V. High agreement but low Kappa: 1. the problems of two paradoxes. Journal of Clinical Epidemiology, 1990, 43(6) :

http ; //www.ecologica.cn



114 TR AF RIS AZ R IRMOK IR IR D BEAE B Al —— DL 8 R ST oA 1] 3743

[26]

[27]
[28]

[29]
[30]
[31]
[32]
[33]

[34]

543-549.

KGR, AEBEC WIOR], 22, P R R (L S AR R Ak s O S B I G &R B AR S 244, 2011, 22(11) .
2799-2806.

iV, TRRES. BTEEARAR. BB ARG, B AR, 1989 46-507.

XS0, M, SRR, BRI - FTJRE, ST, B, FRRER. RIS R IL S AZ T R B RS A . R R
AR, 2008, 19(7) ; 1407-1413.

XIS, HRAZE, NI, Mfrd. LIRS AE S RGOKRIRIRRE AR AR, 2013, 22(3) : 451-457.

Sk, SREIRA, ErObk, FEET, AR O RS LA KRR SR BE AR AL, AR BARALETSY, 2014, 35(3) ; 345-348.

FAf R ARG VE YRR O R B SRR L. K L4, 2000, 14(4) . 108-113.

AR, EIRE. &P SRR U Y H 2SR AL o EK - ORAFRRY 2003, 1(1) @ 95-98.

2GR, EOT, B, EEEL RINBEARIME KR B MR+ A BRI, TR B S, 2011, 25(5) .
197-203.

INEHE, LR, AL, RFER. ZMBERMRAESRGUKIERFFIREIIAG. JLai R, ARBER 2015, S1(5) : 888-896.

http ; //www.ecologica.cn



