5538 B 13 W) S &~ £ Eild Vol.38,No.13
2018 4F 7 A ACTA ECOLOGICA SINICA Jul.,2018

DOI: 10.5846/stxb201707041204

FERAL WA AR, BUAR A7 I K R 5 T B S PP AL B s B 22 S A 254 3R, 2018,38(13)

Wang Y C, Zhao J, Fu J] W, Wei W.Quantitative assessment of water conservation function and spatial pattern in Shiyang River basin .Acta Ecologica
Sinica,2018,38(13) . -

AFEARBKBEEFNEEETGHERTEHER

TR R ET AR R

PHIL IR 2 M B 5 R B 2B, 220 730000

FE OKIERFRI RIS RGN BB MRS TREZ — M Rese BRI G R . R InVEST £E8Y 5@ it 40 Ak, o it
PPl T A 2T ™ K e KK PRI SR T RE , 78 LR T Xt /K R T 7% ) BB T B R T 40 K i AR RS RLR BRI 5%, 2 A K
B ROK ISR IIRE N 25 5, 4520 (1) InVEST B ) Zhang ZRE0N 2.1 I HF5E X 77 K B AEUS0 SR fedd W 5T X 2015 4F
BEEH PR R R  60.90 mm, P2 7K A 24.71x 10 m? 5 BT 347K R 37 58 23.97 mm , KRR B R 1.35%10%m? B
TCI KGR BE 5 AT K IR TR 77 2 2 ) 437 240 52 LS R v JUAIR A R 3 s B 5 XA [R) b A8 R T K R T 7 B T AP b 55t o b 1Y
IKUETRFR BRI R, (2) WFFE X P K 5 5 T R — i B 0 31 DX g B TG FR ) 53.94%% , 0 2 A0 8 3 i 2 0 3 oy R Tr ALY
22.40% , (3) HRHEAS AR I SO ZE S B 5T DM b T AR Je KB B Te /K IR 5 £ B K U o 55 8 i 3 fo ey Bl b, | R
M TR RR A HG A, 7K B BT b , ERRH T AR B I, 77K B e b s B T/ DO BEVE B T RIS XS BB BHA AR IR R
SRR KIS ; InVEST A8 5 77 K a5 7 23] il s IR i

Quantitative assessment of water conservation function and spatial pattern in

Shiyang River basin
WANG Yuchun , ZHAO Jun™ ,FU Jiewen, WEI Wei

College of Geography and Environment Science ,Northwest Normal University , Lanzhou 730000, China

Abstract: Water conservation function is one of the most important ecosystem service functions of river basin ecosystems,
and it is also the key factor for sustainable development.We used the InVEST model to quantitatively evaluate the water yield
and conservation function of the Shiyang River Basin using parameter localization, and graded the importance of water
conservation function. Furthermore, we analyzed the differences in the water yield and water conservation function by
simulating different farmland conversion scenarios. We obtained the following results: (1) When the Zhang value was 2.1 in
the InVEST model, the simulation results of the water yield in the study area were the best. The average water production
depth in the study area was 60.90 mm, and the total water yield was 24.71x10°m’.The average water conservation of the
unit was 23.97 mm, and the total water conservation was 1.35%10°m’ in 2015. The unit water depth and average spatial
distribution of the water conservation unit showed a north —south high—low trend. The unit and total water conservation
capacities were the highest for the forest and the grassland ,respectively.(2) The water conservation function of the generally
important area which refers to poor water conservation function had a proportion of 53.49% , whereas the very important
region accounted for 22.40% of the total area.(3)The scenario simulation results of the different returning farmland models
revealed that when the forest area was the largest, the water conservation capacity and the total water conservation amount

were the highest. Furthermore, increasing the forest land and grassland area decreased the water yield, and when the forest
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area was the largest, the water yield was the lowest. Based on the minimum ambiguity method, a model of returning

farmland to forest and grassland was developed.

Key Words: water conservation; InVEST model; water yield; Shiyang River Basin; returning farmland to forest

and grassland
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Fig.1 Location ofShiyang River Basin and meteorological station distribution
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Tablel Data and preprocessing

EHEZETY Data type K VR K THiALEE Source and preprocessing

+ A /B B 2R Land use / cover type data o B2 BRI SR RS PO (http -/ www.resde.en)

TR (A 5345 ) Soil data (type, composition,, etc) HRA AR R S A M

GBI (oK AR R PR 345 o SR BHE R LS AR S5 M (http 2 // ede. cma. gov.cn)

Meteorological data ( precipitation, temperature, solar radiation, etc.) S (E 1)

HIE i ( DEM,90m 43 HE%) W1 3E [E USGS Ml (http : // earthexplorer. usgs. gov/ ) T 2k, & J5 X 554
Terrain data (DEM, 90m resolution ) AT ER B RN S A

TS T T i SWAT A XS FAL S (9 DEM Hd #5477 U 4ol 5 B, 8 52 43 7K
Basin and sub basin boundary LOMBEIK LR | SRR 2 A3 B T I B A 30 5

PP Runoff data HATE K BEIR A (2005—2015 4F)

2.2 THFE T
2.2.1 JFEIKEE

InVEST 777K AR e 35 T 7K P S | 4 A A A /I il 2 SIE PR % s K B, a0 T A5 1 2 A%
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T 8 7R 23 A R BE 25 PS80, FEBUE TS FEIAE 1—10 22 08), % T 5 M o 320 22 XX 38 Zhang 2R 5004
/i ol
MERT RS R, AT .
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b RAR VL R B TR IR R SR i TR AT
WR = min(1,249/V) x min(1,0.9 x D/3) x min(1,K_,/300) x ¥ (5)
A, WR A ZFEKIE SR (mm) ;D AHOBE S, TN K, 8 IR SR (em/d) sV RTRHE R
Y K,

D=1 ( Watershed pixel count ) (6)
%8\ Soil depth X Percent slope

T, Watershed pixel count ( 57K XA £, T 44 ; Soil depth A T3 (mm) ; Percent slope 4 H 43 L
W,
223 WASELA AL B

BRI SE(F] 2) A M AL PR R G (3R 2) PR

3 HBREHS

3.1 KRN RS

B InVEST A8 72K A (1), T A SR il M L0t 8 4T3k i 7= K TR BE ™ /K i B (Bl 4a)
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mm 22T 126.51 mm  KIFHM 123.58 mm 4350 121.42 mm AR 109.08 mm P 105.03 mm .
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Fig.2 Spatial parameters of water conservation model
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Table 2 Parameters and localization processing

P #2580 Parameters R Hi AL Ab 3 Localization processing
— 2005—2015 4-47 23ISR i 3 60 A~ 5 0l a5 A FEK 5k, I ANUSPLIN 5 80 37 17 25
P*mi o AR 1, 75 B WK Jik s T AR 50 | FH A8 U E R R M EA TR BEARSIE 1572 Bt 10.6 /0

Tk s H 17207

2005—2015 447 2 B A J8 3% 60 A G20 550 H 5 18 e AR -39 500R T 38 R
SERPFHXTREE | H RIS SR ITZ 5 S 805 IF (19 Penman-Monteith 232033202820 8% )5 F38 1
ANUSPLIN FETRUHEAT 28 (B E AL BE (55 11 1 3 9.4 /N T o den 172030
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T A R 2 K i BT R A RO, A A S 4R . AT R K R R K AR A R
Available water content of plants [P =2 A R I[Py /A wa - N
Zhang R SRR KRR RS BRI L, 5 24 735 (2005—2015 4F ) AR &, 40t
Zhang value ARG MRS R BT H AR AN TO) 5 Zhang RO 2.1 (181 3)
e KR SVRIE | 4R AT A RS9
A Pk R

LR T D ST M SRR B AR 5 SO H € 4 A 000 (7 7k

aturated hydraulic conductivity of soil
NN
WERH RITBUR S AN

elocity coefficient
o

TF GIS Z )4y Hris AR 4% DEM Hif5

Percentage slope

KA 99.94 mm P4 KA 92.16 mm, A7 T EBFIILEB
B A 2T 3 3 T i DX TR AR, AL LA R
SRR FE i 175,63 mm, 4 ST 4 (E AR 31,76
mm , FIC L BRZE R A 176 mm, b4 i 37 45 52
B 31 mm; 55T X R R AR LE , o S b3 R K o i
AN R AR SO K B AR N
3.2 JKIRTRFE )RR SR BT
3.2.1  JKURTRFEDIRESS [A14E =) 2 A

BT K AL R AR S A 5 (5) THE A 2B
FEXK IR TR, 5 BFFE X BT 4K 5 o5 1 B3 SETSERESRNERNES
23.97 mm, FEPKIFH IR LN 1.35x10°m’, & 4b Fig.3 The difference between annual natural runoff and
ALAT BF9E BRI - B KRR SR i 25 [ 0 A A8 )R S5 BAJC simulated runoff
PRI R BE 23 (8] 3 A A SR AR — B0, W 2 B R = AR Y
R

TR 5 v (L DX B v 7 A 2P0 3 S8 R 0 U X3, 2 DX K K, TR R AR AR A A %
1o, T B KA A - R AL B XU BE , H -8 N8 K RE AR Y K R AR R BT, K TR 5 D REBA
WFFE X L0 8 2% Uit L oe 7K R T8 5 ik Fh v BIIR 23 531) o 22 AR9AT 62,11 mm , B =E0] 56.11 mm , K35 54.52
mm 23] 50.74 mm VR 48.90 mm | PUETAT 48.71 mm P4 KT 42.59 mm AR 41.79 mm, KR SR A
5 R B A A R TR 2.22%107 m® P 1.87x 107 m® L K3 1.69x10"m® . 45 K9] 1.64% 10" m® 75 A7
1.61x10"m” Z2ARM 1.23x10"m’  #EF9 0.89x10"m’ , 43530 0.84%10"m”, A1 ZFI] 48 U7 8 25 F It bk I
WFEIIREMZZ AN K, 5T L, /K TR F T e 4,
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B4 HRARBTLFKREE(a) RETKIREFEE (D)

Fig.4 Unit water production depth (a) and unit water conservation (b)
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Table 3 Water conservation capacity of different types

eSSl kS Hi b pi¢: A R
Type Forest land Grassland Cultivated land Waters  Construction land Unused land
—
fer A 362683 1529796 1012122 25226 77707 2639574
Pixel number
— 3 [ \'\< =N
HICKIRRTER . 90.38 4a.m 27.36 3.95 4.15 4.02
Unit water conservation capacity/ mm
TR IR AR B
kIR R 3.28 6.38 2.77 0.001 0.03 1.06

Total water conservation/ ( X10"m?)

2 9 7K TR 37 6 1 o JHG BT K SRR R B R R B, TR XA [ 2 BT K JR 35 AR VA < A > B
> > FESE > A > K, b B S LR E B, RE RS ) W ke 3 - SRR, K IR 5 R ) R
HE T A M KRR R IR RE T AR, KR 3 A B AU - > R b > B 3> A T 3 > 5 T
> 7K AR, B B K U R e AR | ELT o8 T AR K, BRI K DR 5 A R K 5 R SR AR A P 1 B T K Y5
Fe bk 5K, A P HBAR 25 A, (5Ll TR o5 T RRAR A, DRI /K 388 352 ik 378 DR T /K s A 2 4, T DL K
TR BRI S & R R AR TR AR R
3.3 KU IR D AE T B S 1] 4

X XA 58 75 T i T A T G A BRI M AR K B TR BRI T S i A BT DX Sk
TR 37 S i SR (0 068 7 LR 35 T B A T 7R B 2 1] A0 G T T4

FIF InVEST KR GTRIFSE DX /K I 55 D e HEAT 2 VA , PR 0 I % A B A P 4 R — A A5 Th R 414k &l
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TR 2015 4F /K USRI RE R ZEREAT 5 o2, KRR R 31 2PN RE RS AR E B AL A0S 114k, IR0 Y
HE X RN

ARG A TR D RE Y LSO 5 D EHENEE (K 4) 2 p AN E R R PR R R —
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Table 4 Importance classification of water conservation function and percentage of area

KPR FE R/ (mPhm™2a™" ) Water conservation capacity 55—192 41.5—55 30—41.5 23.5—30 0—23.5
G Significance level M E S FEEE AR WEE —
TH A 43 L Percentage area/% 10.41 11.99 11.89 11.77 53.94

SR K 5 ORI 4 T WS XK IR R D BE T A G R A S By g 1) 2R I 3 D B A
Gy AT R FL— i B DI T o T AR K, N 53.94% A 43 A AE TR RUZR A6 I A S R i X
S, AR R R B B R B LR T R IS s X AR R M g R T X o A 0 3 D 10.419% il
11.99% , T 253 A T V4 1 B ) A1 100 L G DX, 60 45 7 i B A0 SR A0 EL 5 7K U5 57 D RE B Tl | v 4 T 3 XU
Jit ki FEA91 A 11.77% H1 11.89% , 25343 T 5 DX i Al vb L it 19 5k B2 bty | f 4% 7k B B vl - Y e B4 0
0 0 DX R T R - A L e DX LA R TR B R B A B X

HIF5E DK IR0 7 2 73 2% -5 7K U IR 77 D) RE 25 )
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8, I HAE DY 7 55 R vy, A ) Bl K IR T 5 G
AEIX, RYE ISR, AR B A X
SRR SRS R B H DX, FEAR ok i e AR AR K .
VERIT & RIS EOR i
3.4 FETOKIE SR DI BE IR A MR BB
IR B MGA TR A S SO i SR AT FRSE K
JE R 2R AR R ST i TR B A A .
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IFFE AN R AR B A A X A L A 2550 X DX 3l 7K 05 0 50 100km
FRIREr HE AR A M, A SR InVEST 45554 53 51 101° 102° 103° 104°E
B[] - b R HAS A ISR T K IR SR B 0 22 5%, i 2 Ej“ﬁﬁ e 240
T/ BRI B TS 0 A B A IR BRA MRIA RIS KEEFNEAT ) AR [30—42)
i i fir:mm R [42—55)
341 B - [0—24) W HRIEE [55—192)
AWFRRE T 3 PRI 5.
F 5 1L BI5EIX 2015 AEBURSC A B0 (1 5) + - Es ﬁﬁ?ﬁl&kﬁﬁiﬁ%{bﬁﬁ%%ﬂﬁﬂﬁé& |
B 2 SEHEE BN B BEAE I 74 5 B M0 ::ijio I:p:::r;c:r::anal classification of water conservation
M) ;

5 3 BRI R S CREIRSE DX N T A B 2k o i)

TEVA L 3 Bl St BE b A0 - A AT B2, B R 2 5 BUR AR — 2

N TAEG—HRUET X 3 Pl 5K IR SR 17X F 20, SR K R IR 77 D) E T 2 23 ] o 1 114 73 2 07
% AT 9 AR INIEL 6 B
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Fig.6 Water conservation under different returning farmland model
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Table 5 Water yield and water conservation in different scenarios

&5 Category 55 1 Scenel 5% 2 Scene2 5% 3 Scene3
BT K 4R Unit water yield/mm 60.90 58.49 59.37
HIE/K IR Rt Unit water conservation capacity/mm 23.97 34.17 26.88
7K Y 35 A Total water conservation/ (x10%m?) 1.35 1.93 1.52

ANFMESE T B BT KU O A 5 115 351850 2, nTRUE H B MR e st i B g 3 o, 7 7K i
A T ELIB B 57 K i /b o PO BB OO LK 0 SR R ZE IOR R T RE AR AR W)
PET BRI 7 B, HORBFE AR 57 KR e (i, AN RS 5 A SACK IR IR f K IR IR S A 2
S 2> 3> R 1, fEIRFHEARTE ST, FOTK IR IR B NS 34.17 mm , AR M T ARER K, 7K IR
I 1.93x10°m s FEIR BHA FAE ST, SAOT/K IR IR 4N E) 26.88 mm, L F i AR A A, 7K I
F IR 1.52x10°m* . 5 SO [0 2E B TT/K IR R TR D RE Y Z0 B 46 2 < st > 5 i S HE AR &
3.4.2 BHREAKIE R

Bl st 1.2 3 MEREfT 2 W& E, 7T RULEL 7R 5T XA REBBE 7 2O K IR0 IR 02 A A1 ), A
L6 X IR B Ao UK PR S i A S THAR O, BB W T IR B B A K PRI IR i s R O BRI R <
FLBBHLARIX” 5 1A 88 DGR B AR5 IR B w06 K R0 3R 1 A 5 TR 22 AN K, 25 1B B 1B B ik AR )
AT TR AFA A sk L X A * 3 BB Bl B X7 5 b A L8 XOC IR IR AF b AR i SRR BF g e 5 L
A H ) 7K PR TR AR X 0 R IR 2E 0] | HIORE I 26 DX - PR B B X

AT IBBRAAR” BBRA R R BB 3 Bl L AR S AS o RO Y, K IR A R o 2 S B
A B ARME I A B T G LI 28 TR DAL, ASBIF 5 a0 e /IR B8 kR T SR SR T e B, AT A2 3
KRB IEAAT, AT 2 S5 1 BEATHIR 03 FE S5 R FP i 30 /AR FFRFIE 5 1 ISR 2 1 st 3 %
53 R 1 ARSI TSRS SR AR D W FL T T 2 O S 38 R A s A B S ) o A R ek L v
D, SRR 6 TR,
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Table 6 Statistical table of difference of water conservation

KM Category 155 2 555 1 KPR35 9 2% ff/ mmDifference water conservation between Scene 2 and Scene 1
FREEBEHL(A) Reserved farmland 4.6,15.5.20.3.22.6,13.4 15.7 3.8 ,16.5,18.2,11.3,10.4 ,13.2 16.8

B HFA R (B) Returning farmland to grassland  23.8.29.4 34.6 .32.2.36.7 .42.3 44.6 45.5 38.4

BHEM(C) Returning farmland to forests 45.5 38.6 .40.4 55.7 .88.3.96.1.85.7.99.6

RGO, PR RS AR ST Y I {E A i

RS HE B I 140 G , 185 349 0K 1 i, 9 2 Lo —
BRRYHEGE BB PR, TR B 2 i 1 ok £
LERTRA 2L R HA PO T IE & B BHE £
M BB R X 3 MBS T BT 2
TRIRARTTIT RS — R R R s — b 5
ERFESE L L, 0

ORI, o, Al o, HIE TR R, Forb 1) € (14.0,36.4) 1, . ﬂi{giﬁ Univjri?ofdiscours? °

€ (36.4,66.3) (14.0 36.4 .66.3 435 J2: 3 FhZE I 5 2
55 1 KRR SR 22 E M 2E) , Bk, 3 AMEOBIEE Y
BRI B TR B e/ IMERT , 280, o, BUE S A

BRI X = (o, ,%,, 0,25} =13.8,4.6,-+-,99.6} , TR “PREMH” “BPLR” “BPFILA” X 3 HH
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Fig.7 Triangular membership function of cultivated land pixels
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