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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
3

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
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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
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; Urumqi

River Basin
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Fig.2 The spatial distribution map of spruce forest
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Table 1 Data sources and processing methods

i HE2 A Data types

AR B AL FE Data sources and processing

ZARF- IR K i Average annual precipitation

ZAEWEAEFER K Many potential evapotranspiration
FHERE Soil depth

F T R AT RUK Soil available water
+ IR T 7K # Soil saturated hydraulic conductivity

+ M F ST E Land use types

I I F i1 B Basin and sub basin boundary
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Fig.3 The land use map of different situations
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Fig.4 Water conservation in the study area
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Fig.5 Water conservation in forest region
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Table 2 Water conservation of different land use types

J97: Tndexes Mt b b He ks ik

Forest Grassland Bare Others Ice-snow Water
AL Area/km? 90.85 511.81 428.36 0.44 71.66 8.49
KR FE B Total/x10* m? 494.72 1394.43 508.08 0.39 35.47 1.98
NI Per hectare/ (m3/hm?) 544.78 275.29 118.85 88.23 50.68 23.41
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321 mEMARROKIRESE RS

TEAE BIFFE DX K 50 57 25 18] 3 A R BE il b LS AZARARIX i1 5, 3345 BAR XK IR 72 0 A E (81 5)
M & 5 B, AKX 24 -2 K R 32 LR 2.4—118.54 mm 2 [8] ; BFFE XAk B8 36 % 8.17% , K IR 557
BN 4.93x10° m?, (ARG XK IEIA SR L 1Y 20.46% , MO K TR TR IR EE 54.25 mm , 2= A2 K XK U5 77
g2 B AL IR Ve S AR AR
322 mEMRKOKIEESE S5HIE R+ R

FEWFFEIX AR SEE ik | R 0 234, B T /K AR AN R A BR AR 20 A1 4 R | b R R0 B - 43¢
RGE AN ARG 2.2.3 B LGS R RS [ X TS B P A0 K R e 35 i, A A 310 36 3 3R 4

http ; //www.ecologica.cn



11 TR AF RIS AZ RIRMOK IR IR D BEAE B Al —— DL 8 AR ST oA 1] 7

£3 TRBHKEERE

Table 3 Water conservation function at different elevation

RS9 ANTA] DX TRD Rl TR o At S T AR L PRI IR 37 L TRV TR DR R (YNBSS
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
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Table 4 Water conservation function at different slope

BepE gy AT DX TR b T AR o bt 8 T AR KPR S T PR DTHR R (EYNTREE
Slope Class/ (°) Area Percent/% Total/m? Contribution rate/% Per hectare/ (m?/hm?)
I Flat 0.47 277736.18 0.56 652.12

ZY Gentle 5.17 2996916.53 6.06 637.86

#H% Ramp 17.44 9376865.94 18.95 591.93

BEYY Steep 34.98 17467287.91 35.31 549.62

29 Sharp 31.09 14675460.31 29.66 519.52

[Gi3% Perilous 10.85 4677740.18 9.46 474.61
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Table 5 Water conservation function at different aspect

e 532 T DX i) o TR b 8 TR KGR AR KU % TTRR R BT IR b
Aspect Class/(°) Area Percent/% Total/m? Contribution rate/% Per hectare/ (m®/hm?)

FFi3 North 61.26 31264876.10 63.20 567.90

PEIt Northwest 17.26 8407230.59 16.99 536.02

ZRAE Northeast 12.70 6081560.48 12.29 525.95

7R Southeast 2.08 819941.47 1.66 431.57

PE Southwest 5.12 2253018.67 4.55 447.44
FH3% South 1.58 645379.76 1.30 399.94

3R 3 AT AN RV AR 2= A2 RO R T8 5% 2 1) TR 53901 4 £ 0.05% ,5.07% ,20.19% ,32.58% ,31.11% . 10.
80% .0.21% , LAT§4K 2200—2400 m 2b 5T MR K, X 5 2 AZMAEAS [A) 14K DX 18] 43 A T R L AT AR R OG5
B HIK IR SR R U, LUK 2000—2200 m b B3 UK J5 10 55 78 1 Bk, 35 593.47 m®/hm® , k2 2200—
2400 m, 4 573.21 m*/hm’ , ¥4 1600—1800 m 5 2800—3000 m Ab%F /N HiK I R HE 114855 , 230 31N 329.66 .
368.08 m’/hm? , X 5 AN AR 4K KK S AR A A G

H 3 4 ATAL ORISR P 288 RbE BESE 208 B 500 T, 2 A2 MOK IR TR 55 1 1 STk 2 430
0.56% .6.06% .18.95% .35.31% ,29.66% .9.46% ,iX 5 7 A2 MRAEAN [R]85 43 A (9 T AR LU AT AR KOG 2R 5 it B Aor 1
FROK R 5 10, SE 3 (652.12 m*/hm? ) >Z8 3% (637.86 m*/hm? ) >#H (591.93 m®/hm?) >FEWE (549.62 m’/
hm?) >Z 3% (519.52 m*/hm*) >3 (474.61 m’/hm®)  FEEIVEHT , BRI R 8 3h I 78 2% 14
RAEDY DR, R IX A T ALK IR TR % B 7 it 2 0 A 188 K T SR T 35

M 5 A R TR (B v ARAE R RS PR B ) SRR T, 2 AZMROK IR TR 7 B TR R 430k < 63.
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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 1% 5t Scene 5
A4S Mean/mm 21.85 24.10 27.10 20.68 17.95
JKUEFE EiE Total/x 107 m 2.41 2.66 2.99 2.28 1.98
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Fig.6 Relationship between the change rate of spruce forest and
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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 A 75 i 1 M O R

18 FH ArcGIS 23 [0 S8 M IhRE , Gt ARG 5 FARIXOK I FR 5, W 7, H3 7 A1, RN SR IX K IR
PAFEDIRE /NI A 2 1 5 3>1F 5 251850 1>18 50 4> 18 50 55 TEA SRR T ARG I iy P A 5 T (15 5 218
5 3) , MRIXOE K TR SR IR FE N 54.25 mm 4351 FFHF] 59.74 62.63 mm , MR IX K P57 6 = M 4.93%10°m 43
S B FEE] 8.13x10° ,12.28%10°m” , HFAAY [ AR 7 5 M 542.65 m*/hm? 535l I T3] 596.74 .623.16 m’/hm?*; 24
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RS T AR (15 5 4) BRI R (155 5) B, PRI 7K R R IR JE M 54.25 mm R 53] 53.59 mm, /K IR
TR RER T 1.52x10° m®

£7 FTABBHHRAERRE

Table 7 Water conservation of forest region in different scenarios

15%5 Indexes 5% Scene 1 155t Scene 2 4% Scene 3 1#5 5% Scene 4 3% Scene 5
BRI TR L Mean/ mm 54.25 59.74 62.63 53.59 —
JK VI 3% A Total/x 10 m® 4.93 8.13 12.28 3.41 —
M HBTE B Forest area/km? 90.85 136.24 197.06 63.73 —
BENBUK IR 74 Per hectare/ (m®/hm?) 542.65 596.74 623.16 535.10 —

“ =" RIRMHIE R AT K IR IR

PITE 5 1 ZAZ MRS 5 BOK IR SR i el SR T AR S A i, 20 e S TR S5 S 50 1 AR IX
KRR AR 22 5 AR EIE 7 R AR IR
AWR,= 0.5215AF - 0.2852 R*= 0.9995 P <0.05
P AF AR AWR ARIXOK IR R AL . TR A2 T AL, X bR DK IR 57 A
B FE RS, 2R T RN 1% , PRIXAKIER IR 45 0.522%10° m*,
L5 L RTIR | BEFR ZAZ AR AR A AN WG I, ARIDCK U IR D RE A BT 56 | P 32 7K IR 77 TR B K IR 97 B i
L A AR IR SR e 4 S B IR 3, S AR EAT 3 AR IR R e

4 Ttig

(1) AR H TR H G MR ORI IRV 321.94 mm P H/K IR TR R FE N 83.29 mm''7
XA RA — € 22 5%, TTRE 5 AR R J5 b U | Jm 4 38 2 1R 45 X R [l A 56, A Scis H
InVEST # B UEE A2 KIRMOK IR IR DI REHEAT T AL , 2 ARIXOK ISR DI BE S B AL s 1%
PUR AR S R 5 DRI A R KBRS 7 A Rk — e, Besh, T RRpoK IR
FRUIREM S A AR IE T X LR [RUBHEA TS  OURAR 5850 AT BUA PR o3 RUBE 358 1 R £ S0 P 5 SR
TIARMOKIE A FE IR R EEHERS 7 QFEAE ] InVEST RS A2 ey | Ao fige e [m]— - e R iy 3 v (
SRAA AR TR A ROK ) AR 25 (8] o0 A L AFAE R 22 50 (ERE BT B R R B B A LI B R A T 56, A g
AR AR X — AR 7

(2) PRS2 W SRR, AN [7) -t 1] FH TR A8 K 5 57 RE ) W AR AR — B8, ARbR e b S AR 7 o R
50 e 14 DX oK TR % R ik, M SR P e A5 R 5T b T R AL R I XK T 7 R D AR E i K
PRI 7 2 e MG, IX S AT AE R — 2, DR a1 00 ) 3] R - SR A R T3 7K 3 T A T 2 7
[ ()98 325 55 K705 1 B i 38, /K0 B it O, ELAE A< =TT P K i) 4R i A 5 2 DU 37 7K 7 i
A PR S, TR AT R 7K oA i ) AR, 7K 73 O B BE 0 RO 85583

(3) SEFFAE SONBBRAE PNEIRSE Y S BIVIIEAE D148 WTTTAS W AR AR OK TR SR 5 T8 IR 11 06
ES R PR SOESLIYISUR RS e SN 2T iR s R P SN ST E S i 9 2PN
T REARR 5 X G ASSCIFTE A 2R — B, EH 428 WK DR 77 B S5 TR A 56 AR BN A RD , ixX vl BB AN [R] X dek AN [
AR AR PRGN R BT EL

5 g

(1) InVEST #58Y a] #5847 1A 1 58 AR SF I S 1 K DR 7% &, InVEST R AUAS L3 B, WF 5 DX /K 5 e 77
S 241107 m* HA ) (HHRFSY CEET R 8.17% ) = A2 AR IX K JEH % S A 4.93%10° m?*, ik WF 5% XK R T 77
SR 20.46% MR- EK IR TR R 54.25 mm,
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(2) BIZARIX KRR S 12 1) DT RR 3 5 bR R A3 A 4% DI AF DG, oK U5 57 it STk R 7E g 4k BB M) |
1530 5 AZIRZS [ 5 A% SR — 305 5 AZ MR 2 BT K VR0 57 ek B VAR T 2 e 8 U BRI | Bl 3 KT A1
R BRI, /K VR A 75 B ) B

(3) AR X 45 i 28 v UMb 7K VR0 77 R 77 $5c5ik (B8 UK JRUH 37 588 544.78 m’/hm*) | Bl =~ A2 MO 55
RSB, /K IR A TR DI BEAS W o, P-4 K DR A TR TR /K VR 75 e i B o7 T R 75 i 24 S e I 3

(4) Wi FRARTE R I, W78 XK JR IR TR B I n, = AZ AR RSN 1% , BIF5T X 5 25 AZ AR IX K R i 5%
SV AT AN 0.437x10° m* ,0.522%x10° m® . RIL , XPRFSE XA T A T H R E T AR, B0 R AR, il A
A N ARMOK IR R SR A S R S5 D RE
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