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Abstract; The evaluation of ecosystem service functions is a hot issue across the world as it is related to human well-being.
Water conservation function has become one of the most important service functions and plays a key role in ensuring regional
ecological security and sustainable development. Based on the InVEST model, this study quantitatively evaluated the water
conservation function of Heilongjiang Province from 2000 to 2020. We analyzed the dominant influencing factors of the
spatial differentiation characteristics of water conservation function changes in the past two decades through geographical
detector, and combined geographically weighted regression to capture the spatial variation of the driving factors. The results
showed that: (1) the average water conservation amount of the province increased from 13.81 mm/m’ to 20.29 mm/m” from

2000 to 2020, and the total water conservation amount increased by 46.92%. (2) Climate change was the main driver of
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water conservation change, while land use change was an indirect driver. The interaction between climate and land use had
remarkably greater impacts on the spatial variability of water conservation changes than any single factor. (3) The
correlation and intensity of the drivers and water conservation change had obviously spatial differentiation characteristics.
The change of water conservation was positively correlated with precipitation and forest and grass coverage in the whole
province. The change of water conservation was negatively correlated with the coverage of the cultivated land and urban-rural
industrial-mining land in the Xinganling Mountains and the Three Rivers Plain. This study can provide a scientific basis for

management departments to make ecological protection decisions and optimize ecosystem management.

Key Words: water conservation function; InVEST model; driving factors; geographical detector; geographically

weighted regression

RGNS IRE T NFARAL , At o F F AR TR A SR B0 L , 52 3 A2 48 B MIF S 2 8 i O
IKURFR e — I 2B AR S R G T 55, 48 AR S RGN oK AR ey | RS 18D /K I {8 A 19
FARTR, IR 38 I AT K B2 2K o U AR I SRR AN s STk AR KK IR IR D RE 2 31 T 2%
FATAR SR TR E AL FFJRK IR 35 2 e ST A RS AR I BK Bl T3 4347, B T BURR 4 B2
P, X OB X IR 52 4 LUK PR AL S B M W R R R R R

Xt A K IR SR AR ST FE AT 118, A A IXIURUE L, R B e 45 B A i DPAVG 2 ) Sy O
R Iz AR LR B — BRI P R M R L 2SR AR M A AT | A R A T 4
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JRE MO e DA 435 14 X KR A 1 ) PR AN Kl DR R s i) 2 SRR T RO, SR
2T B 26 DR 2 X K IR SRS A 5 W) R R A LA TR R 1, Al e ] A SOk B B 7 st
R — TR | RE EL IR ALK S P R RS HAR IS WA 7 1, © AN b 52 BRI 15 SE 5811 T 6 10
B, AW KA SHAE R BT C R T LAk 8l R R K R it i R A B
[t S5 S R GRS AR A o 20 T EINASL 9] U3 ( Geographically weighted regression, GWR) {2k —
ol R FS [T U 43 H7 751 , R St 0 7 B 3 PR 28 00 X3 2 5, SR ] T IR AR S R BT R S5 i s e D 3 20 2
Hu PRI 45 A1 GWR LR 73 A3k 2l K 2207 I E B A, B A SEAT R 9257 255 T AR A 23 DX oK 8036 57 2
AEZZ AL A SR Bl PR 2R BT T, dfe /U DAl 14 225 ] Y A B %0 7K TR 37 D RE RS 221 BIK gl TR 38 A9 245 Wl o7 % 5 1]
25,

PRI TTAR W B RN e 28 i [ A AR IDXRT = St A D ] 5 T 5 A M A ™ M, 2 3 e
AR IR TR XRUZR L KRG FE R B R K AR S 2 4 [ e AR L et g s Kk R A H
TR ) InVEST AR /K CHEE /K 1 S 3, 38 o i AR (280 3R L R A 45 2
BT AT I 28 RUBE AR, o B30 7K S b R P A SRR AR, T 52 R s ) 54l & A mT #E Ak, RETE
ArcGIS T #EAT i EURIZS 0] 43 BT, PRG35 3P A7k A0 R - b 1) 8 A6 D37 7K s R K U5 TR 5% I 55 ) g 742
gt 71210280 RS SE T InVEST SR /K BEHR, 78 X 3URURE | F i M e VA8 K TR0 35 20 R 14 7 B TP
o 23 B2 34T, e BRI SR A T K IR IR D RE AR A S VA TN T P 235 5 b BRI ] U1 A58 280 5 7K T
FRAEA B PR 2R 2 18] f) i B (8] 5 2R, b i oA K A SR A0 A 3R 3l DR 28 1) 2 [ 20 e e, R 4 B 1) il 58
AT X A A S PR AP DR SR I A 25 R A PR SR 46 5

1 HREHER

MRV N T EAILES, 121°11'—135°05'E,43°26'—53°33'N, #i# R E 54t dbEs A m e, &
At PEEERA, PEACES R AR b —PE R & 0] A R 2% 2208 1 b | AR 8 P8 b —2< B 2E 18] B9 /N 24 22 08 L M, 25 R i
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IV VU ERAR BT S SR T R KRR KU, R AR T E RIS W, BT S U
R A RIERE R TP, SRR RN 250—700 mm,, 1 H 4 FH)RR-32—17°C,7 AR TR
i 16—23°C , Mol AR B T B AR Bt R R SR, T2 ZEM A 262 I Ry BT LD A2
ZLAN FURE (LA SETBRRUK ISR A AR/ N 622l 3R AW A5 N oE ik L A5 L, 4
BEPAERIY X R LB E K A XR R LIRHY) X RS TP X R

2 FHik

2.1 HdERE

ATt UM I — AR B (NDVT) | 38 B0y i BRAS R ( DEM) A1 Js8 i 5725 S A K
P AT KV SR D REVTAG A AL IR Sl 70 B, B B DRI PR TR L2 1,

=1 BEKRIE
Table 1 Data source
Kl 4 Eal g FACTEET B B A R
Data name Data format Data description Data source
v ST B A5 .
BRI Ty Bt ‘wmﬁfﬂﬂ‘ S A5 20002010 F1 2020 4 HE BR BEd
+ A H S ( 100m) KIS -T-Ja R (LAR @ FR A SN2 5 U U 5 T TR R 2 15
Land use " WS T RARIEM 6 Al o C0 o esdeen)
DL 25 A — Gk 570 F 15 (hitp : //www.resde.cn)
ARk 434% 2000,2010 F1 2020 4F, & F b3k R 58
[ MR ( 1km) AEREKE/mm Bbo Bl 46 2 %5 F & (hup//www.
nnual precipitation
geodata.cn/)
£3 % 2000, 2010 F1 2020 4E, NTSG
WTEZR R N . (Numerical Terradynamic Simulation Group )
Potential evapotranspiration b (500m) HHEAR R /mm MODIS16 7€ & & 7= ( http://files. ntsg.
umt.edu/data/NTSG_Products )
AR A4 2000,2010 il 2020 4F , FE R Bk R 5
e M ( Tkm) SRR/ C Bho MU 36 S IR %5 F A Chitpe//www.
Annual mean temperature
geodata.cn/)
NDVI i (250m) e 4% 20002010 1 2020 %, MODI3Q1 T2
B
e ~ .
b LR R Bk kg D F T OB R CHWSD, - hp.//
Soil M (1km) A LR & K o webarchive. iiasa. ac. at/Research/LUC/
ot P AR External-World-soil-database )
DEM i (30m) R i P2 Iﬂl*ﬂliﬁi( http ://www.gscloud.cn)
925 b >
LA PSS iR S UESS HydroSHEDS (http://hydrosheds.org/)

Watershed boundary

NDVI; JH— Ak 9550 Normalized differential vegetation index ; DEM ; ${°F 5 B2 %] Digital Elevation Model

B DL _E B — R BOE A AR R ZS B0 FERBEE N 250m, F UL IR AT SR Je 1148 K% %
U 1L DX PR I B T BAT AT U REBUR R I DX AR 3A T

2.2 FEKEAE

ABIEFER I InVEST BB /K ALk 38 V48 7K IR0 77 T RE 2 (8] o Al S AR, B — P e T
PRSP A 12 , AR B TC 14 e K DR 2 S PR AR UK S K A R kR Y G s 3 I R
KA AVE YR K EADE 2

PrREgHL,

PR R A AR

AET,.
Y,=11- Ll x P,
; P, ,
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AET, 1 +o,.R,

= 2
P, 1 (2)

) 1 + a)xij + —

R,
, AWC, ;
w, = p (3)

K X ET,,

i (4)
AWC, = min(soil_depth, root_depth) x PAWC (5)
PAWC = 54.509 - 0.132 x sand% — 0.003 X (sand%) > — 0.055 x silt% — 0.006 x (silt%) > — 0.738 x
clay% + 0.007 x (clay%) > — 2.688 x OM% + 0.501 x (OM%) * (6)

b Y N5 R LA PSS BUMIAR 50T o 177 7K 5 ABT, S 55 j 3t R 28 AR BT « 1Y) B 4F S Br 28
Bl P OIS B0 « AARRR/K i 5 R A JC I 49 Budyko THEFEH; 0, K A AR MR — LM AR LS 8L
AWC, M BATT & RURH TR HIK i 5 Z 28 Zhang ZR80, 225 W8 K W3R j Fh -3t A SR BU RO R B 28 AR
B ET, 2R AEZRHY; soil _depth J& T 3ETREE ; root_depth /EAR RIREE ; PAWC A Y vl F /K & ; sand % . silt% .
clay% 1 OM% 3530 0 -3 5 b O w0 b 35 i DBy kL 25 5 REPARE 5 B R R AT L 6

PR TR Ay A 0 455 < 3K o (AR cdhe ) VB T 2 T M A il ) | - SRR (HPAR i ) AL mT M P K
(WIS B ) | LR ORI cdie ) At ik ( O B die ) i R A A 728 O R R 72 280, A i A\ Bl 2
AGE PO R ZR, ELRS Bodha 2= 1) 7 B — 2, A nl ) T B AR A0 - S8 oot ) o 35 e B 35 o RS
RS A A A PL BT SRR M U AR ORI R ) 2 R B B A O SCRR A InVEST 3 B T 0 4K
FF27 7 SRR BRI TLAR 7 K A BT 45 B 7K B TR 4 bt 27K B U5 e FRF DG SCHkaf o 9.433
2.3 KIS

FH InVEST AU K 5 2 I, 25 JEAS 1] - 1 ) FH 288 B b R A% 3t U o 28 B0 R ), 4455 MU e 46 B0 +
A SR RO IR R PR AR T .

249 0.9 x TI Ks
WR = mln[l, Vj X mln(l, 3 j X mln(l , 300j xY (7)
D,

soil_depth x P (8)
A, WR D9 7 I BUK IR IR 8 (mm) 5 V ORI R LG TT OB AR5, TR 49 K O TR R KR (em/d)
Y K E (mm) o D, K XS R soil_depth Sy HIEREE (mm) P, A H 5 R EE

AWFFETE TV UZ 073 Hr /K P S f A8 A 9K gl PR 3R R 23 W, LABIF 5 400 18] 5 Sk O oA 7% it 2 Ak
(EAE g PR AE i, 140 2020 4F 7K 506 77 1 Il 25 2000 4F 7K 8 77 1y 2000—2020 4F 1 (K A2 4, ArcGIS
10.3F4“ %3 [8] 4347 ( Spatial Analyst Tools)” —“ X 38 53 #T ( Zonal ) 7 = LA A& B /8 43 X 45 11 ( Zonal Statistics as
Table ) ” Xf LA_FPPAR A3 (14 4248 /K U500 75 B A5 ata it — 20 A B R IR0 It Sl K LR 5 2 A i P 2491
24 IKFIHRERF

AWFFEN A R AR R A PR = AN J5 R £ 5K IR SR RS AU G A AR H 5 =
16 D AR IR S R 2R (3K 2) o BEZKRIZE BB 3R el 7 /K a3 o 52 ) 28 IR [ 422 52 i 7 7K 2 K 7K U5 TR
I DIRE ; MWL RENS I 5% M R AR T , NDVI | B 3 77 35 R MR o5 8 T S WA BOoIR O s BiF b 7 s AR Ak &
T 5 N T R e ARG SRR K 2000—2020 A )45 9R B A R A ARG EAE Ry AR R AT
KR TR B AL AL SRS 73, ] AreGIS 10.3 XIS I3 ( Zonal ) TH-([R] 2.3 35) 57t 4% A 7248 F 17 1
fH, T HOBRRIN SR B BB A i T BN 8 SRR [ AR A, DI B O [ AR
FIFI ArcGIS HhIN'E HY A SR ]2 (Natural Break ) #E47H 4328 2075 AR A A0 04 [T A7 Jm PR E A7 3R 2 vl LA
VDAL N T 2% WA )y 25 R —Fh R I SRR [ AR i s A k7

TI =1g
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®2 KEBRFINRETLHZIMETF

Table 2 Influence factors on the water conservation function change

¥ Factors 1% Code AT Unit
AEFF/K R Annual precipitation x mm
FSLFRZEHA Annual actual evapotranspiration %, mm
A3 Annual mean temperature X3 C
NDVI v T4
FB 36 % Grassland coverage Xs T
Mt 75 % Woodland coverage X T
HFHL BT 35 % Cultivated land coverage x5 T
W & TH I 35 % Urban—rural and industrial -mining land coverage xg TN

JI A S DR 5 5 S T A Ta] B9 2%

2.5 MWD SR

A5 4 FH 3 BRERI 45 ( Geographical detector ) I LA U1 by 25 1] 73 S B TT oK 23 B /K U 18 5 1 A2 AR Y
TR A ER A b PRI 2 A v 9% PR R0 R S EARIN 2% . PR RN ] T A A A AR A
S R R 5 A8 AR IR S )2 AR R I~ 8 728 5 Y IC B 000 2 75 23 G 2 Xof PRI 28 s 1) e B 7 0t fi
BERBA RS 2 R SR S i LA g (B RN S o DR AR R AN WA Y AR R ACH
H Excel g il B9 #HELEE I #5504 (http . //www. geodetector.cn/ ) SR IG BT, ¢ GitmERIEXAT .
i Nh o}

No?

g RORBALIE I F A2 B (3R 2) X AR i (KB SR 2 i) iUfRRERE ) BBUETE 0—1 Z I8l ;h=1, 2,
3,0, LREABRESEEITE N, o 535000 b 2 IREARRORTT 225N F o 53 02 SRR AS B (F I 8
BH)FITE,
2.6 HbFEMAL )

ABIFFERI T GWR AHL AR AN [ 5K 5l PR 2R % 7K Y50 7 A8 AL 52 i i 25 (8] 93 A . GWR 72 Jay i RUBE |
ST 78 R RTR A e 22 [ A Tl 96 2R, A 80k B T 78 fab s ) 2 S R 3 e 220 L AN IR Bl R 3% A e 03 R U
B Y K YRR R e AR A X SR Bl PR 3R s TR 7 o 8 e 1 R R 3R 358 o 1) AR ) RS 45 i . R LA
FIECAHIC, 2T ArcGIS 10.3 #“ 25 [0 45 i1 ( Spatial Statistics Tools ) ™ —“ 25 [A] 5& £ # AR T H.4E ( Modeling
Spatial Relationships) ™, 2% F “ M B AL 2] )5 ( Geographically Weighted Regression)” T E.i#E47 430 ¥, [ H L H1
AIFRIBAANT

q=1-

y, =By (u;, v,) + ﬁﬁj(ui, v)x; +&,1ie€{l, 2, n} (10)
Ao,y 25 i/l\?‘iﬁfiﬂjilﬁ@@5%(*%7@3’%%%/}5%%) s (wg o) AR L AT 23 AL E 5 n 2 T IR BR
Bt s By (u, ,v,) AU ; p R IK N R B ;o 50§ DT UIBIES j 4> A2 (R 2) 38,(u, ,v,) FRHT i DT
TR NSRS R Y [ R e SRR 22T
BAIZH B « RS i BORK IR SR B 2, AR BO R 2 1 8 D IREN A F iy A8 fh i (1% 4L
ALY RZIZEAI R [ R R A SEE PR ALC (J/ME BHEN) 7

3 £R

3.1 bR AR R
PRI TAR MR DI Bk ik 3 RO IREE KSRk S T, 3 Ak, B VAR b i
FHIE TN 19447.25 km® MR TE LG 0 4780.20 km? , B 1 AR /D 5971.14 km? , /K38 i AU 539.77 km® 3k &
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TH AN T 4604.25 km® | HF FHA FH b AL 500820 19210.12 km® A1 3110.67 km*( % 3)

F3 ERiIH 2000,2010 02020 F£R[E LiF AR ERF S
Table 3 Land use area and proportion of Heilongjiang Province in 2000, 2010, and 2020

2000 2010 2020
T A/ km? hi H/ % T AL/ km? i H/ % T AL km? hi /%
Area Proportion Area Proportion Area Proportion
B Cultivated land 161040.63 34.36 162621.38 34.70 180487.88 38.51
Mt Woodland 218820.62 46.69 218154.20 46.55 223600.81 47.71
Fiih Grassland 36889.26 7.87 37135.68 7.92 30918.13 6.60
KIF, Waters 14088.70 3.01 14026.16 2.99 13548.94 2.89
-
Uﬁri n_f;al and industrial mining land 8646.94 1.85 8745.22 1.87 13251.19 2.83
A% Marsh 25158.93 5.37 23854.28 5.09 5948.81 1.27
HAb M Other land 3976.92 0.85 4085.08 0.87 866.25 0.18

3.2 JKIEBAFEYIREM 23 254k

TR VTAR 7K U500 5% 2 e 1 by B AR e PR LSRR AL A /N2 L b | e 3R A 5K AT 55 I A
V-0 DL B AR 58 38 LU K, HAJR AR AR ) =1 i, PO ARAA IO Jt (R T2 X)) Sl (B 1) . 2 SR
KR 5 S PSR S TS Ak B 3 2000 4E 4 13.81 mm/m?, 2010 4E 4 13.03 mm/m?*,2020 4E 34 3] 20.29
mm/m’ . A KIE I FE R 2000 4E 4 6.44x10° m® ;2010 4E K 6.07x10° m® , #H 1L 2000 438 /0 T 5.68% ;2020
4EIRF) 9.46x10° m® AL 2010 4E4255 T 55.76% (£ 4) ,

x4 EHTE 2000,2010 F1 2020 E£ARRE L F AEB KR RFE

Table 4 Water conservation amount of different land use types in Heilongjiang Province in 2000, 2010, and 2020

2000 2010 2020

b A JES 5y B TR X S A AR E JES5s AR (E
Land use type Sum/ Average/ Sum/ Average/ Sum/ Average/

(x10° m*) (mm/m?) (x10° m*) (mm/m?) (x10° m*) (mm/m?)
B Cultivated land 1321.08 8.23 1234.59 7.62 2357.45 13.11
FHL Woodland 3751.21 17.22 3537.37 16.29 5724.76 25.73
Bl Grassland 1221.65 33.28 1171.82 31.70 1102.68 35.83
JK3K Waters 0.00 0.00 0.00 0.00 0.00 0.00
R
Urban-rural and industrial- 110.87 12.86 99.43 11.40 260.12 19.69
mining land
R7% Marsh 29.78 1.19 26.57 1.12 10.17 175
FiAt i Other land 3.90 0.98 3.27 0.80 4.02 4.66
4244 Whole province 6438.48 13.81 6073.06 13.03 9459.20 20.29

AR 1Ok A ,2000—2010 48] FBJE VTA8 R4 XSk VR 77 25 R AR LR B 55, A /N 2422 08 R R AL 5 47
BN RRIX AKX IR T T A2 AR T 2t B B K IR SR B o (AR < -5 mm/m?® IR
2010—2020 4 (8] FCHB 43 77 14 7K U5 5% D) BE 52 B R 34, R R /N4 22 08 R 0 . — V- T PG 3 0 g 4 LA B
TS AR A X K R IR R B B (AR =5 mm/m? ] | 0 ST R AR AL AP T AR % 2
U A Y T ST L A5 S DX K Y5 e 7 i B S0/ G A ] K A 7R AR A R AR AR S AR
—,

B T K IR 7 R, 45 - iR SR 1Y S 805 R B 0 i AR Ak 34, 2020 4 BA4 T R K
PR FE R G 2000 4EH2TF 0.57 mm/m?(VEEE) — 8.51 mm/m>(AKkHE) o 2000 4 LA , B i F1VE 3 114 7K 5T 35 2
SEANWTIERA TR AR 3K 2 T b R Al b Fr K U 7 A S S S B B AR b g AR K R
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734 TR A5 T Mo A5 (0] ) B2 A BB e VA8 7K IR R 5% 2 RE AL AL i BIK Sl D 32 23 2717

20004% K 20104F
KU FE L/ mm IR 3 HE / mm
m 31098

0

1 EH5TE 2000.2010 F1 2020 £k iEEFEE S E 57

Fig.1 Spatial distribution of water conservation amount in Heilongjiang Province in 2000, 2010, and 2020

IR R MR K R % B ) B, FLURJE AR M AN S SRS AR ISR IR £ T VA A At L K ek A1
(%£4),
3.3 KRR SR A BK S 3 b

HFRERI g 45 S 2R B, 8 AR Bl Rl - X SRR YTAR /K IR 7R D RE R AR AL HLAT I8 35 5 (P <0.05) , AN[F]
O Bl R %o 7K R R AR A R R RE AR 25 S L BR/K RIZR IR ¢ (AR R (3R 5) , SR BN TR P K R ik
A A A SEARIE ) 2 2 O 55RO K R A 3% B AR Ah 1 R M K MR B 50 B 7 5 R
TGRSR AR K TR 2 T8 A 55 %

UK 5y R 28 22 [ 14 38 BLAE FH G 7K U5 308 55 A8 A A 52 i R o A ) B — PR R s, L 2 B2 SRR e b i (3%
5) o AR BREK FIZE L (R R G X 7K 50 5 e A8 A i s e e Ry S 3 LU K S B L 55 R R
K S MH A 55 0SS HAE T, 2880 oADK 30 PR 2R 22 1) ) 3¢ BAE FH AR I 2 5 e K R o 5 1 ) AR A, D LR 78
SR S AR R AR 7 T RS HAR (£ 5) .
3.4 KRR S B Sl PR 2R e 1 ) 2 () 25 S

H AL ] AR S B B AR ST e B 1 8 UK SN R nT LI R /K 5 77 1 A8 A 1Y) 86.13% (% R* =
0.8613) , ZKVEIAF i AR B R 3R 22 ] A9 b P25 (1] OC R AR AE 25 [H) S Pk o 3 41k, SRR VLA 7K U6 55 1
AL SRR IEAR DG, 5 SEBRZE R ARG, I HAE RS /NS AU AN = VL7 R AR b b DX AH DG R 5508
FCE2) o KRR SR 5 R 5 AR 56 R IEAH DG I HAE /N 2420 | = VTP R AR IR VA8 B i LU b A
KARFE R . BRI S T8 F M AT 55 58 5 K 50 5 o 728 Ak 22 1] 1Y) 56 R AEAN [A] X 3 3% 9 R AN [R] 7 1F £ AH 56
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KR HPHER DG /NG G AN = VT J5UZR B AL A b X SR DGR B 2. (1 2)

£5 WIHERINKEEFEZMHBANFHEEGHEL(q B) (WSFFZFE 2000—2020 (5] #2E L i)
Table 5 Individual and combined effects (¢ values) of the driving factors on water conservation changes ( Driving factors represent the value of

change from2000 to 2020)

X Xy X3 Xy Xs Yo X7 Xg
%, 0.6317
%, 0.7916 1 0.5053
X 0.6784 1 0.6208 T 1 0.1128
x4 0.6783 1 0.5835 1 0.2458 T 1 0.0787
x5 0.77551 1 0.6374 1 0.316571 1 0.25511 1 0.1329
g 0.7465 1 1 0.6587 1 1 0.2025 1 1 0.2041 1 1 027191 1 0.0328
%y 0.6844 1T 1 0.5830 T 1 0.1909 T 1 0.2020 T 1 0.21957 1 0.1624 1 1 0.0348
xg 0.6691 T 1 0.5305 1 1 0.1529 1 1 0.13771 1 0.1948 T 1 0.12341 1 0.1066 T 1 0.0181

Fo 1 FORPIA AR EAH IR, T T RORMA AR AR R MR R ETUR ¢ St e, — w3 LR 2

4 PHe

InVEST 7= 7K SR X6 [ /K ST 5 SURK B /K A8 Ak 55 K DR 5% AR b R A A BB A OGO AR 5%
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