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Temporal and spatial variation characteristics of annual water yield and its
influencing factors in Hangzhou based on InVEST model
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Abstract: [Objective] Natural factors and land use changes are important driving factors of ecosystem services
change. The analysis of temporal and spatial variation characteristics in annual water yield and its main driving
factors have practical significance for maintaining or improving urban soil and water conservation. [Method ] This
study took Hangzhou as the research object, adopted methods of landscape pattern analysis, spatial gradient
analysis, and correlation analysis with the support of the InVEST model, ArcGIS, Fragstats, SPSS and other
tools, identified the characteristics of land use and meteorological factors of Hangzhou, evaluated and analyzed
the temporal and spatial variation of annual water yield and its correlation with meteorological factors and
landscape pattern indices. [Result] The annual water yield in Hangzhou showed a first decline and then an

upward trend from 2000 to 2015. The water yield is spatially high in the northeast and low in the southwest, and
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increased first and then decreased with distance from the city center, reaching the maximum at 10 km.
Construction land had the largest water yield. The most dramatic change in land use in Hangzhou from 2000 to
2015 was the conversion between cultivated land and construction land. On the whole, the landscape showed a
stronger trend of fragmentation and heterogeneity, reaching a peak at 10—20 km from the city center. The annual
precipitation in Hangzhou decreased first and then increased. The annual average temperatures fluctuating
increased and the annual actual evapotranspiration fluctuated. The annual precipitation does not change
significantly within 50 km of the city center. The annual average temperature decreased significantly as it
moved away from the urban center, while the annual actual evapotranspiration first decreased and then
increased. The correlation between water yield and meteorological factors was greater than that of landscape
patterns indices. Water yield had the strongest positive correlation with precipitation in meteorological factors.
[Conclusion] The change of meteorological factors was the main factor causing annual water yield change in
Hangzhou, but the impact of landscape pattern was still worthy of attention. The 10 km distance from the city
center was the turning point of annual water yield. [Ch, 4 fig. 7 tab. 34 ref.]
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2005 4/, N 9.81x10° m®, . 2000 4F F R T 23.24%, 2015 4Fik ) KAE (24.48x10° m’); 15 a F-1
R R 6.10%, FEAMHAS BB OCFHEKR A, F/ME N 582.42 mm (2005 4F), HAMEH K 1 457.24 mm
(2015 4F), 4 a FHXTIRZE K 5.90%, 2000—2015 4E P-4 K3 K 6.17%.

AT E 3 A SRR, 2000—2015 4F [H] 4525 0+ M ks BRLOTAR Pk St 3 52 58 T RS BT a3
(F 1)o FBHME T HAD LR FERL, FRME N 1796.25 mm (2015 4F), KA P2 KB T Hfts o A1)
FHZEHY, e/ ME A 214.30 mm (2005 4F). 2000—2015 4E[A], 452780 + AR 7= 7K 36K R R B/ IME IR
KR (181.72%) . & F| ] £ Hi (95.98%). R (90.10%). HF b (86.97%). %15 F i (79.42%). #
(77.78%).

R 1 2000—2015 FEHMTEHIF=/KE

Table 1 Water yield of Hangzhou during 2000-2015
AFpry AR/(x10° m?) FHE/mm PR /mm  Mb/mm Bl /mm KA /mm A H/mMm A £ Hi/mm

2000 12.78 756.75 856.53 741.30 880.33 388.63 1001.17 816.48
2005 9.81 582.42 700.64 556.62 686.54 214.30 875.89 692.31
2010 19.35 1147.68 1264.09 1115.64 1279.94 789.69 1430.85 1254.00
2015 24.48 1457.24 1601.45 1409.23 1565.03 1094.85 1796.25 1600.17
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MZS B X EoRE, 2000—2015 HU N i 4E /=K R IR0 S . PER A A d A (B 1), SifEX 3
BMAAEARIGER A EIRIX, HEREREY K, WHE R 2K E R 1042.68~1 254.85 mm; H:
X BT (E PR G2 ML e B ) AR, A 933.57~1 009.06 mm (& 2).

77K i /mm 77K /mm 7K & /mm 777K/ mm

[ [313.58,454.32) [1[144.94,281.99) [1[752.26, 828.31) [ 1[1041.42,1239.45)
[0 [454.32,732.75) [0 [281.99, 553.16) [0 [828.31, 1 177.93) [0 [1239.45, 1 447.23)
I [732.75, 812.30) I [553.16, 631.88) I [1 177.93, 1 260.35) I (1 447.23, 1 564.10)
B [812.30,931.62) I (631.88, 783.51) B [1260.35,1351.31) B (1 564.10, 1 710.20)
B [931.62, 1093.78] I [783.51, 888.48] I [1351.31,1482.06] I (1 710.20, 1 869.27]

B 1 AL 20002015 4 7 K2 5 A & H
Figure 1  Spatial distribution of water yield in Hangzhou in 2000—2015
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Figure 2 Changes of water yield of counties and districts in Hangzhou

2015 4F, 122 031 °C. AFYJSZFRZE S B/ ME A5 (B4 5] H BLZE 2005 FT 2010 4F 5 5 2000 4EA{ L,

2005 4ESEBRZE BRI/ 9.21 mm (1.64%), 2010 4E34/1 2.31 mm (0.41%). 24543 1 Al . ks s

KRB W
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Table 2 Water yield along gradient in Hangzhou during 2000—2015

i RIEBERE T 5977 7K i /mm

5 10 15 20 25 30 35 40 45 50 km

2000 774.12 787.18 775.87 772.57 769.36 780.96 770.26 757.03 749.18 725.81
2005 704.70 722.54 706.81 680.91 667.67 663.95 644.82 618.20 596.43 567.25
2010 126033 128299 126825  1241.94 122099  1211.72 118636 116096 115373  1144.39
2015 1663.70 170539  1681.58  1639.73 161260 159534 156524 152858  1509.99 149125

x3 HMTH 2000—2015 F£ & it F B TE IERE
Table 3 Statistics of conversion rates of landscape types in Hangzhou from 2000 to 2015
20154
+ b R

Hit/ % /% FHl/% kA% /% % KRIHEH% A%

Hhith 15.84 0.98 0.04 0.33 3.24 0.00 20.44

Ml 1.04 66.40 0.28 0.16 0.51 0.01 68.40

Hi 0.04 0.22 1.98 0.01 0.03 0.01 229

20004 Kk 0.57 0.14 0.02 4.71 0.15 0.00 5.60
A I 0.20 0.04 0.01 0.02 2.98 0.00 3.25

ARF T L3t 0.00 0.00 0.00 0.00 0.00 0.02 0.02

At 17.69 67.79 233 5.24 6.92 0.04 100.00

VLT X A S AR A AT & A 7B ALY - i R TS B O B 3
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Table 4 Statistics of landscape pattern indices in Hangzhou from 2000 to 2015

s SO RFE 5L
PD LPI ED LSI CONTAG SHDI
2000 0.48 35.52 20.20 68.08 69.31 0.95
2005 0.43 35.04 20.98 70.59 68.41 0.97
2010 0.46 34.50 21.50 72.27 68.04 0.98
2015 0.46 34.29 21.27 71.77 67.54 1.00
B E B 2 L (61713 mm). MBI £ B R OR o 80 15
B AR OS0 km B, AEREOKRER R | 1)
B IEEHA, GRS R, e S [ ENER N (e
SERUNERC, BN 10km i (51 4). % 4 K 109 =
L5465 20002015 AEF K RG2S MM E AUBRIE S “pos g
P KR S e R B 20 [ o5
AL =, LA A [ & %’& .
234 FERELHAEZAT. FUKLAIBHGM X 5 10 15 20 25 30 35 40 45 50
PegAr R 7T AIAN: 20002015 4F, BT A= 5 T H 0 PR B ke
K SR RHOCHERR, HEREON 0959, 55 e CONTAG o SHDI P

i AR IEARSC (P<<0.01), 5SEBragiiiit ik i o b S
" . o B3 AL T ERAE B F5 R A T ALAL B
%‘ﬁ*ﬁﬂé (P<0'01)O Eﬁiﬂ*ﬁ%*ﬁﬁﬁﬁ, ﬁifﬂ:ﬂ( Figure 3 C;:nges of la:dscape pattel:n indices along gradient in
ELZJA PD *H?é‘ﬁﬁ%ﬁ, $H§é§§&i‘7 0.153, Ej ED. Hangzhou
LSI. SHDI 24k i 3 IEAHSC (P<<0.01), 5 LPI &R
FEHAHK (P<0.05), 5 CONTAG S) 723 HAHE (P<<0.01).

&S5 20002015 FRMBTHSKREF

Table 5 Statistics of climate factors in Hangzhou from 2000 to 2015

R FROKEYmm AEWRIR/C AFERREE/mm AEGy AERKE/mMm AEHRRC AESIBRZEEE /mm

2000 1319.79 17.25 563.04 2010 1713.03 17.26 565.35
2005 1136.25 17.38 553.83 2015 2016.77 17.56 559.54

£6 2000—2015 EMMHTRERHSEEF

Table 6 Statistics of climate factors of counties and districts in Hangzhou from 2000 to 2015

FRX ERKEmMm FERRE/C R /mm FEX FRKEmm FEERIEC FSERREEE/mm
3R 1 543.10 17.39 43237 R 154475 17.37 477.82
TFHRX 1543.95 17.38 289.10 W HX 1542.52 17.36 533.47
LTIX 1543.29 17.37 455.50 I X 1 545.74 17.34 564.34
HEBFX 1 544.40 17.38 359.98 A i £ 1545.84 17.35 560.42
PUHX 1543.24 17.39 488.31 X7 gas 1550.70 17.38 617.13
TETLIX 154226 17.39 446.74 fEgi 1548.63 17.37 583.63
LI 1540.14 17.35 497.46

3 3tib

InVEST K75 /fk S 5 700 JE A O+ e /K N S PR3 B R A B K 2 TS, g
KRR RN TR ESAE, i ARERE, ZAHNEEE/ N, WABFTEIT AN S0
55 TR K R e ARBESE R I 2000—2015 AEHTHM 7 4E 77 K ik 5 K i A 6 b A
SR, SRS SRR BB SR AR K R A — S RORIeE T SRR R
FHEFERI LN T . LA IR R LA 0, HICREN . ARk i 54 50 25
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K R S R R RS, AT B 2 BKiE —o— St —e— AR
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M F . ok o fr iR Ak B /b F5E Kk ik Figure 4 Changes of climate factors along gradient in Hangzhou

J7AT (TS0 PHi . PHEIBH . ERIEVE), KR NSRS/ T I o R 2SR, (B i T oK 78 HH B
SR, I AR AR P2 K AR /D o X T BE RS XA A R G0 T R AR B T T ok s PO
ARHTE MG . ARG TR A LR AR, s ISV E O K A . DRI T S B A X
Gy iE BRI T SR AR R, SO RN AL R S P S R, PRI PR AR A 7 K AR N T R A
IR L ARSI G A I TR R R A Ak T A B B, X TT RE AR K S TE 2000—2015 ARERIHE
BTN B S, R T 3 T AR 52 e R AP0 o R 55 s ZE e vt B] B B ry 425 1]

x£7 MMNTEFKESKKEF.=WNEFIELH Spearman 18X D

Table 7 Spearman correlation coefficients among water yield, climate factors and landscape pattern indices

85 AHIAE B EiEtan AHIEE 2
Pre 0.959%* 0.000 ED 0.148%* 0.002
Tem 0.325%* 0.000 LSI 0.129%* 0.006
AET ~0.110%* 0.000 CONTAG ~0.132%% 0.002
PD 0.153%* 0.103 SHDI 0.139%* 0.001
LPI ~0.109* 0.016

UL % FRIRTE0.O LKA B AHICORUR), *FRRTE0.057KF | REH CUR)

P 3 3 DX A Ak RT R s S WA SR A R B 3T o 10~20 km AR B AL RR B O, SR
2000—2015 4 [A] e X 3UE A STE S % U . SOOI i 7™ 5 Y X, BE B 3k Tl ol 10 km A A 5457
TR KRR, RUIORAE KRR E LA P s, RKEEFAERXISN AR, RIS
Je B A8 AR B BT 43 BO I T P K IR 55, P IR T A AT AT ] R R R e AR B R s T R e Y & SR R
AN PR S B IR T AL ERE A FEAR R R RS T O, ] s G PR AR AR I R B AR S R SR
75 DIREMI AL

H T InVEST AR = KB gl iz i, S ERALOSEP S At A58 FI H Penman-Monteith
NROTEAEZER R BA eyl e (BN K BT A RO 8 o . At T 2000, 2005, 2010 Fi
2015 4ES2BR = K IR EEME 20 0 0.63 . 0.54., 1.13 F1 1.43 m, AHFFELE RN FLIAER P : 4 MEG AT
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