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Spatiotemporal Variation and Influencing Factors of

Water Yield in Drinking Water Sources

—A Case Study at Yunlong Reservoir Basin

Liu Anyou', Zou Jin', Liu Lei*, Zhou Qibin', Li Yang', Rong Yi', He Xiao'
(1.Faculty of Electric Power Engineering s Kunming University of
Science and Technology . Kunming » Yunnan 650500, China; 2.Qujing Branch of

Yunnan Provincial Hydrological and Water Resources Bureau , Qujing » Yunnan 655000, China)

Abstract; [ Objective] The spatial and temporal distribution of water yield at Yunlong Reservoir basin (one of
the sources of drinking water in Kunming) from 2001 to 2020 was studied in order to provide a scientific basis
for the sustainable development of a water yield service function, and for constructing an ecological compensation
mechanism and ecological protection policies. [ Methods] We used the InVEST model and the ArcGIS spatial
geographic analysis tool to determine the spatial and temporal changes of water yield. The factors influencing
these changes were compared and analyzed by multi-scenario analysis and the difference comparison method.
[Results] @ The water yield of Yunlong Reservoir basin showed seasonal distribution characteristics, mostly
concentrated in summer. From 2001 to 2020, the water yield of Yunlong Reservoir basin initially decreased
and then increased. The average water yield per unit area in the three study phases were 495 mm, 278 mm,

and 364 mm, respectively. @ Water production gradually increased spatially from southwest to northeast,
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with high values located in the northeast and low values in the middle. @ The contribution rates of land use

change, precipitation, and potential evapotranspiration to water yield change at Yunlong Reservoir basin

from 2001 to 2020 were 1.93% ., 85.66% , and 12.41% , respectively. [ Conclusion] Climate was the dominant

factor affecting water yield changes at Yunlong Reservoir basin, and changes in land use type had the

smallest impact on water yield. The annual water yield of forest land was the highest among the land use

types. In the future, efforts should be made at Yunlong Reservoir basin to reduce the waste heat released to

the atmosphere by human production activities and life, to strengthen the construction and protection of

water conservation forests, and to reduce the negative impacts of human activities on climate which are the

results of changing the underlying surface properties.

Keywords: water source; water production; land use; Yunlong Reservoir; InVEST model; influencing factors
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Table 1 Verification of InVEST model simulation

results at Yunlong Reservoir basin
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Fig.1 Monthly distribution of water yield volume at

10 11 12

Yunlong Reservoir basin
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Table 2 Water yield of different land use types at Yunlong Reservoir basin
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Fig.2 Spatial pattern of annual precipitation, annual potential evapotranspiration and

water yield in different periods at Yunlong Reservoir basin
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Fig.3 Spatial pattern of annual water yield change at Yunlong Reservoir basin during different periods
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Fig.4 Spatial pattern of water yields under different land use scenarios at Yunlong Reservoir basin
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Table 3 Changes of land use types (L;,L,,L;) in different periods at Yunlong Reservoir basin
T A 2001 A (Ly) 2010 4 (Ly) 2020 4E(Ly) 20012010 4F  2010—2020 4 20012020 4F
%k M H/km? &Y Hikm? W& Y% N/km? Wil/%  BWAER/km®  BAER/kn®  ZEEF km®
E*/\/ E/ E*/\ / E*/\ /
B 186.95 25.25 184.90 24.98 180.11 24.33 —2.05 —4.79 —6.84
b 432.39 58.41 429.32 57.99 429.33 57.99 —3.08 0.01 —3.06
A 99.64 13.46 104.73 14.15 104.27 14.09 5.10 —0.46 4.64
K 1 20.68 2.79 20.59 2.78 20.69 2.79 —0.10 0.10 0
UERLEE 0.63 0.08 0.76 0.10 5.89 0.80 0.13 5.13 5.26
x4 ZEKERSE 20001—2020 F L P HEBEBER
Table 4 Land use type transfer matrix at Yunlong Reservoir basin during 2001—2020
2001 4F i L
| B e O K 8 W5 i it/
EA/km® HE Y WR/km® HE/Y O ER/km® HE EE/km® WE/Y WR/km® HE Y km?
ot 154.89 20.92 16.22 2.19 8.17 1.10 0.72 0.10 0.11 0.01 180.11
*E'é G 11.40 1.54  386.69 52.24 30.50 4.12 0.74 0.10 0 0.00 429.33
= OHE 14.91 2.01 28.81 3.89 59.72 8.07 0.82 0.11 0.01 0.00 104.27
§ K 1 0.70 0.09 0.59 0.08 0.99 0.13 18.41 2.49 0 0.00 20.69
YW 5.06 0.68 0.07 0.01 0.24 0.03 0 0.00 0.51 0.07 5.89
MOt 186.95 25.25  432.39 58.41 99.64 13.46 20.68 2.79 0.63 0.08 740.29
22500 _’ — 20014 1100 140
20000 | A [ 20104 g 1000
i I 20204F r -
17500 e B f m]%ﬂ 35 “5
> 15000 + L =
2 12500 g R
= - ¥ 30 &
@ 10000 | : § 800 ;ﬁ
*L 7500 ' iﬂ_ 700 | 15 i
5000 - . N
2500 | 600 T
" : : : 20
0 i . o ==
2001 201 202
B M B kB WMZF 0014 0105 020%
— . X = BEle6 ZRKERBABEEWMERE=(R,R,,R)T
S REKEFMRELBHAED (L L L) E KR e A TRERRARRL )
FEIKEE

Fig.5 Annual water yield of different land use types
(L;,L,,L;) at Yunlong Reservoir
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5 RN AR B — B0t B A R R A 5 i i 3
s B IE ARG Hoh oK B AR B B R O 2001 4R 3.69 X
108 m® , f Al h 2010 4E 2.14 X 10° m®,
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Fig.6 Changes in water yield under different annual rainfall

scenarios(R, ,R, ,R;) at Yunlong Reservoir basin

M 2 AT 51,2010 5 2020 4R 7E 28 00k 8 K3
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BT —30,3 WA B ZE WU 1 5 4R B S PR 28 Uk
EEEBOR S AN 7 FR . AT R K PR RS R s
BB TRz Kk B 5 PR 28 Uk i BE A 1B T 18, R i
PR ASAY  FE 43 5K 876 1 546 mm,{H 3 W TR &
(A 22 ) T BOSE B 1 T K B & AR R AR Ak 2001,
2010 F1 2020 4EREFI & 43 54 1 034,800 F1 900 mm,
P, P, f1 P, &5 LL 2001 4F B & i A InVEST
AL KK 7 b Py L P, FI P, 5 R PR KRR 5 5
Frig & T 2001,2010 F1 2020 4E 7= /K & 3.69X10° m®,
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Fig.7 Changes of water yield under potential

evapotranspiration scenarios (P, ,P,,P3) in

different years at Yunlong Reservoir basin

25 ARBEFTEUXF=KETEHE S

FEARTR G S8 T s Je 7K e i 3 7K B 28
6 Jmy IR R AR B R AR, AR T — 8, (X
B2/ 0 [ O P - O A= 1 B3 A s R 8
WAy, MR 5 AT, b ORI AR AR SR 3 g
1% 5 2001 4 (L) AH FE 2010 4F (L,) . 2020 4E (L) ™
TR AR BB 4.58 X 10° m® 1 1.46X10° m®,

20012020 4F 1A (1] 3= 22 1)+ M 2 70 A8 6 S B b bk b
TR A0 R & P i T B o, 7 K R N R g L I
T B DR B b R A A R B 75 T AR
Fox A FEBOR R T 2 b A L 22 A B
LR B T A ) ZE TR B KR T B 2 R #
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T,2010 4F (R, Hl 2020 48 (R, B2 5L 1 5t 2001
AE (R 77 K R B 43 52> 1055 X 108 m?,
9.06 X10° m’ ; AFVETE ZE AR Ab A 5 T, 5 B R 5t
2001 4F-(P DA EE 2010 4 (P,) 2020 4 (Py) f= /K &
PRFAS BI 20 9.48 X 10° m® Ml 9.34 X 10° m®, i it
DL 25 R R, B b 2 e K R I B R R K
W% . B 6 v LA 2001—2010 4F + 4
FIH L e Tt AR U A 28 TR i 728 b X 77 K 6 A Ak BT
MRIE W, Wi . W, 232514 0.28%,93.98%.5.74%;
2001-—2020 4EAHER 2001—2010 45 i [a] B5 J 44 K, 5
[ A 58 X P g 48 = e 7K e e 7K TR R 3P X R i
I IR AL A, 51 b ) S R A K A AL 5 ()
B AR S 5 WA 47 08 AE 2R UK G E R R bk
b RIS FH b G 0 s T K b 3R R Y BT
HZ= R A 2001 4F IR Z IR & 2%, Hrb 2009—
2012 418 527 52 T 6] 1 3 A 505 i b R AR A
ARV AEZR UK i A8 AR X BIF 5 X7 K AR AR 1Y) BT R R
W, Wy BEH0. 43508 1.93% F1 12,41 % . {H [ i 2 78
ARIH 5 S0 & STEREE Wi i 85.66 %0,
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Table 5

Volume and change of water yield under different

situations at Yunlong Reservoir basin

moH FEO(E R FEKEA10" m? 5 2001 4FMH LA fb /10" m?
I B 2001 4E(L, .R,.P,) 36 887.43 0
T 2010 4F (L) 36 933.25 45.82
e 2020 4F (Ly) 37 033.12 145.69
— 2010 4E(R,) 21 376.58 —15510.86
IR 2020 4E (R ) 27 828.54 —9058.89
T 2010 4E(P,) 35 939.55 —947.89
f e 2020 4E(P) 35 953.03 —934.40
k6 ZRKERBABEAFEANFZKETUWREGRE “ LA
3 i

Table 6 Contribution of different factors to change of

water yield in Yunlong Reservoirr basin %
HTRR L 20012010 4F 20012020 4F
W, 0.28 1.93
Wk 5.74 12.41
Wp 93.98 85.66
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JR 55 T e Aof 25 A Ry AT PEAR 434 K A 55 43 B vk R 22
1B L EEAR S G TR ATRSE 5 77 7K 48 A6 AH DG 52 i [A]
T2 G R A0 25 SR 55 kA Al B AR N —
FEE SR A 25 B A R A58 A o] KR
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