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Assessment and Analysis of Water Conservation Function in
the Ailao Mountain Ecosystem

Zhou Bogqi ', Duan Hexiang?, Li Lu', Liu Yanfeng ', Li Linxia ', Ou Guanglong '

(1. College of Forestry, Southwest Forestry University, Kunming Yunnan 650233, China; 2. Yunnan Research Academy of Eco-environmental
Sciences, Kunming Yunnan 650233, China)

Abstract: This study focuses on the Ailao Mountain region and aims to scientifically assess and evaluate the
changes in the water conservation function of the regional ecosystem in 2000, 2010, and 2020 using the water bal-
ance method, and to provide an evaluation of its significance. We found that water conservation capacity was sig-
nificant spatial different, the specific manifestation is highest in the southeast region, higher in the middle region,
and northwest region was the lowest. Total water conservation fell by 30% between 2000 and 2020. The decrease
of precipitation is the main factor affecting the decrease of water conservation in Ailao Mountain region. Under
the background of climate warming and drying, water conservation function in Ailao Mountain region may de-
cline further. Forest is the main contributor to water conservation in the Ailao Mountain region, with its water
conservation capacity accounting for the highest proportion among various ecosystems, approximately two-thirds
of the total water conservation in the study area. The grade of water conservation of Ailao mountain's ecosystem

was dominated by general grade and medium grade in 2000 to 2020. The area of medium grade decreased signi-
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ficantly, and the general grade area increased significantly. Understanding the spatiotemporal variability of region-

al water conservation function provides a scientific basis for assessing the ecological environment and optimizing

ecosystem management decisions in the region.

Key words: Ailao Mountain; ecological system; water conservation; water balance; importance evaluation
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Fig. 1 Trend chart of precipitation and actual evapotran-
spiration from 1990 to 2020
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Table 1  Average runoff coefficient for each ecosystem type

HBRGAR SRR A%
Hih 9.57
hs ) 4.52
Eith 9.37
A 4.22
PN 0
HAl 0

223 LA R ALK E

R FH = b R 2 R B L 451 R 3 285 B oK B
A XA AR AAE O, ShASEE T LU i 1 sz ke
A A S ) 7R R — X — B B AR A 1) 3 % R i
/= v (1

S,-§, 1

R= x;xlOO% (3)

1

K RS X N S M S AR A 55 s B2 N | 22 b
WERE s SO I R S oo A
SR TRIFRETBK .
224 KR IEBRSMALAE FAER

K Y & RO FAE G A S R GK
TSR RS a2, AT .

V=) (FxA) 4

K. VERRKIERFERS WM ES®E (JT);
iFTN L HURI AL nkn B S RGN
F R 55 iR+ Mo 2 A0 B o7 T AR A 25 R GE i
S (JC/hm*); AFRNE R MR 2R
A (hm? ).
225 B @mRAESRAERESNE

ST B G AR B A S R Gk AR S RS Bk
FXT RN TR TERE 77, 3 i b 22 D 4 A HH 4
AR E T ENE M EE NS H iR,



552

JEIT AT A AR L X A 25 R G K IR 77 DI RE T4l 2047 89

B AR S RGBS S 8N T E X
1 hm?* 42 [E 377 5 i A& HARAE AR 5
M 200 M (8 o AR 4 15 = b 2 1 445 Y 2010
FEAREAES RE RS M EY 2R 700 EE
3406.5 JG/hm?, 2 08 SCRkE R 20572 BT L
MHES, B1E 2000 45 2020 4E AR HEA S RS
MRS mHFa v R, BRASUT
CPI, - CPIL

CPL x 100% (5

ESV,=ESV.x|1+

K ESVON HAR M M AES RGNS M H
(JG/hm?); ESV_ R 2010 4F A8 R Gk 55 (B
(Jt/hm®); CPLRy H AR A0 (4 i BRH S8 0 46 48
#; CPLZy 2010 4R J% RIH S ks 48 4L

2020 FE I PRIEAE S RGER S5 M (A 2 = R T4
e a4y 98 321597, 340322 Jo/hm?, 454
r ] il b 2R 2 2R G 7 T AR AR A8 I 55 M 1B Y o
F A A S B T AU IR IR TR S M AN 2.

®2 BUERKEEFRRSNME

Table 2 Water conservation services value per unit area JT/hm>
] Hhith b, i HEA M KR Fifl
20004F- 868.31 15243.70 3151.65 10773.50 328800.77 96.48
20104 919.76 16 146.81 3338.37 11411.78 348280.56 2.89
20204F 918.87 16131.26 3335.16 11400.79 347945.21 102.10
2.2.6 KR EHI AL E TR b ( FZ M) AEARE R EF

AR FE AT TR 45 R A B, H RTK IR 3R
D RETE 2R A G300 o3 Z2 AR T 0 A T BRK I
TR PTG . ARSI (ERAESR
PLLL— SR LR E R AR TR (17 ))
KA 5 SCHR L &5 A K IR TR SR D) RE R AN 45 R,
B 42 1l XK R 3R D RE R 2y O 5 A A )
( % 3 ) [24726]O

x3 ETRMAERKEBRFHDRIRE

Table 3 Grading standard of water conservation services pre

unit area
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Fig. 2 Trend chart of land use types in Ailao Mountains
from 2000 to 2020
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Table 4 Changes of land use type in Ailao Mountains from 2000 to 2020
- 20004F 20104 20204F 2000—20104F 2010—20204F 2000—20204F
R MAV/km® (/% WREVKmM® /% ERVkm® (/% AEfbE/AmT SIESE% ARRE/km® BIESEY%  ASER/km® S/ %
Bt 5083  26.32 6258 3240 5763  29.84 1175 2.31 —495 -0.79 680 1.34
PN 12154  62.93 11260  58.30 11747  60.82 -894 -0.74 487 0.43 —407 -0.33
Fih 1273 6.59 1098 5.68 1032 5.34 -175 -1.37 —66 0.60 —241 —-1.89
HEAM 733 379 622 322 601 3.11 -111 -1.51 -21 -0.34 -132 -1.80
PIEN 53 0.27 51 0.26 86 0.45 -2 -0.38 35 6.86 33 6.23
HoAtb 19 0.10 26 0.13 86 0.45 7 3.68 60 23.08 67 35.26
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Fig.3 Temporal and spatial characteristics of water conservation, precipitation, and evapotranspiration in 2000, 2010, and
2020
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R5 RELRXE 20002020 ERETRFEKBERFEETH
Table 5 Changes in water conservation of ecosystem in Ailao Mountains from 2000 to 2020
KPR FE /A m’ TR/ % Ak /Alm’ AAEEE %
A b 2000— 2010— 2000— 2000—  2010—  2000—
- 20004E  20104E 20204 20004  20104F  20204F 000 010
20104F 20204 20204F 20104 20204F 20204
B 13.90 17.41 11.04 21.62 28.76 24.52 3.51 —6.36 -2.85 2527  -36.56  -20.53
b 43.04 37.03 29.24 66.96 61.17 64.94 -6.01 —778  -1379  -1397  -21.02 -32.05
B 453 3.56 2.50 7.04 5.88 5.54 -0.97 -1.06 203 2136  -29.89 -44.86
HEA H 247 2.19 1.60 3.84 3.62 3.56 -0.28 -0.59 -086 -11.16  -26.85 -35.01
PN 0.26 0.24 0.33 0.40 0.39 0.73 -0.02 0.09 0.07 -8.53 38.98 27.13
HAh 0.09 0.11 0.32 0.14 0.18 0.71 0.02 0.21 0.23 21.35 19537  258.43
/N 64.27 60.53 45.03 100.00  100.00  100.00 374 —1550  —19.24 583 2560  —29.94

3.3 KRR TR RS E R R B E IS

W9 R P, 2000 4F . 2010 4E . 2020 4EAF5E X
B 7K IR TR 7 R 55 (B3 ) R 219.039 . 216.098 .
235.015 4276, WFFEIX ALK T 15.976 17T,
AR R 7.294%, AR FEBICTRE, B LR
#o(Fe6), HARMT: 1) 2000—2010 4F[H] K 5
IR S M EIL T 2.941 /278, FEIEN 1.343%,
BENC SIS SE S A ONTTR AN 20 R E R 3 e~y O £
MRS RER S ME S ERKE, BEWREEK
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W 5 gk MR 117.613%, Fh4 2k 3.459 12
JGo 2) 2010—2020 4F 1] 7K Y5 38 57 AR 55 S 4 444 in
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= M FH 25 7R 1 AKOUR TR SR IR 55 ¢ (B 2 B R 1
MR 3) &2 4 MR R X R A L X s K R
1 % IR 55 19 5T Bk 238 HE 7 A bR i >TK A>T R Hb >
FE > 1> 4) R 9T DX ] PN ) 4% 2 4 s )
FHZK R 188 7 B 55 A 1728 A R B HE T SRy AR A > L At >
FE > ST A >R, HoroR R BB S Ak
Hi A K TR R IR S5 I (S R AE 1 B, BiHb, B
A S HAh S A ) sh s, 5) MR Jm Mk Rk
AR oF L M K IR R R BE AR B W, et
SRR, R R AR b )RR T B S B R
Y K DR R 5 IR 55 A — ELAE T T R s, 0 Sl ik
> 0.57 . TCHN 1.045 127G 5 MRkl ) A b AT FH e
BB, B H KU TE RS (B A 28 T
Fkass, BT 4.222 4276,

F6 RELRIE 20002020 FESRGEKFEFRSNEEL
Table 6 Changes of ecosystem water conservation service value in Ailao Mountains from 2000 to 2020
KRR S5 AL TT DUHREE/% At/ ot AL %
IR 20000 20104 20204F  20004F 20104 2020 000~ 2010 200072000 2010° - 2000
20104F  20204F  20204F 20104 20204F  20204F
Hhith 4414 5.756 5.295 2.015 2.664 2.253 1.342  -0.461 0.881 30.403 -8.009 19.959
b 185.272 181.813  189.494 84.584 84.135 80.631 -3.459 7.681 4.222 —1.867 4.225 2.279
i b 4.012 3.666 3.442 1.832 1.696 1.464 -0.346 —0.224 —0.570 -8.624  —6.11 —14.207
AR 7.897 7.098 6.852 3.605 3.285 2916 -0.799 —0.246 —1.045 —10.118 -3.466 —13.233
KR 17.426 17.762 29.923 7.956 8.219 12.732 0.336  12.161  12.497 1.928 68.466 71.715
HoAth 0.018 0.003 0.009 0.008 0.001 0.004 -0.015 0.006  —0.009 —83.333  200.000 -50.000
/N 219.039  216.098  235.015 100.000  100.000  100.000 —2.941 18917 15.976 —1.343 8.754 7.294
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Fig. 4 Water conservation importance of 2000, 2010 and 2020
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the Ailao Mountains from 2000 to 2020

4 HIREIR

AR P RZ R U EFEINEE A RAED
XM PEAG S, SR DR X N RS RS .
- HEHE A AN ARSI A S . A ST
Yy W (E KRB R 3 A HEA T R A L [
R A RY X WA S R GRS M E A PEASET,
F G AR AR D 2 1y e R R R B 5
FRBUE T AR IR SFE AT EACMER, |
it B A P8 PEAS T 3 242 1 S I I R A K R T R
RURE -

IR B /m?

/r&if

HIF 5% R FH A o P 8 0 3 242 L A R X
A 25 RGO IR D REUEA T8 VP4, 7EUE3E
Btk | JR A0 7K U5 A 7% LR DT AN BE 05 B N B
R IR R IIRE M ZS R 22 57 . 45 R KM, R
Ly X 35 P A ) AP b R AR b R 0, (A T
e, HAbh2e (EZONEF M) 1w
LSRR, HE—FAF EItEs. whss X[
W, BRI AESRGKERIERE ) 2T
ReEfash, BFSR XIE R, o0 B =5 a2
B, AT BEAAAE 18 B AGOR N 21 3 52 i 20 1 A
E%ﬂ% FETIASPRT, Bk ESZER

S 22 (A A BRI 2 2R X ek S R K IR 77
mmm£%ﬁlou?§m%Mm&ﬁﬁu&¥
PO IX, 2 1 XK U5 8 7 T RE Y 32 2
ﬁ%t ERRG AR DKW BRE

, ANRTEEEH R, (AN
ﬂmﬁﬁﬁﬁm AT LR FH 48 i i 7 T AR
ERIIRTTY Kk . e ARAES RE LW E T A,
WS RGE MRS Rer iR, PR IXEN, &
ARG KR TR IR 55 (LB AR BE

ARV I 77 B A R 2 PR 1 S AR K U T
FEOIRE I HERITAL, TR R e bE, Kok
IR A T B R AMESY . /K Ak AR A 3
W ERAEW SEEM Tk, R B Rz .
A GEAER Tk, R 3 ARG Y 25 iR 4L
A0 T S AR 00, R 1 A9 T R G R Y
BRI, IS — WA EE; Rtz
Hh, PR H SR IAEE AR AR R = A S T M R AT
PE, N2 AR R B A T R e T
R, XA XA R — A AR R G AR T R
— A M R R B A A BOME TR BT B Y iR
25, PR aneT FH B 5 2 HCR R RS i 15 21 b R A5
Uit 7 B AR H i 7K A 1 R K TR 7R g
A RS FE M 2 —

B g A BT AN, X R I KSR A S R G



%5244 JEIT AT A AR L X A 25 R G K IR 77 DI RE T4l 2047 93

KPR TR AR 55 PEO i R OT SRR A . BIEXEIX
WA SR G A K Z e s L, AU S TR IR
KRR SS SEOR . &5F . AKESFEZ L E
[ AT AL A, FEZZ R 1 AT 3R s R,
E R PUN F ARSI RIS R, WA
PR B DX ] 5 e I BE AT 0 A S8

(& % X W]

(1] e, SRR, skFEH, 45, ZET 07 m AU (B Y
HF ARG RSS M BT ekt (1], A2 P8R
4%, 2015, 30(8): 1243—1254.

2] e, SRR, KB, 45 P EASRERS NN
{8 [J]. BIRBLF, 2015, 37(9): 1740—1746.

(3] R&dm, UM, XU0F. ARG RS B EAG: Dottt
RS JRER (7). A5 ARE, 2021, 40(1): 233244,

(4]  REE N A, S ETEZREFEHLXAS
RGNS AUE U R 6 R ARk [J]. A %4]), 2020,
40(16): 5465—5477.

(5]  WAMES, SRER, N, 5. PEEMN SRS 3%
VAT MRS B MAETEAR [3]. il Resa 4l (#h2ss
R/ ) L 2021, 20(3): 58—64.

6]  XUAE, BXAEBH. 62 AR IR IR A S D e S IX Kl 43
5T [J]. K R ARFRE R, 2008, 28(2): 180-183.

(7] XUHE, JRSCHE, S, 25 3T SOFM #i 4 M 45 it 5L it
S XK IR SR DI AR 4 X [J]. EERL2EAEST, 2015,
28(3): 369-376.

81  FLAWF, FR4E, BKHE =, T AES RS M S MM
Ly KRR P 8 A AR S B & LA BE W U S
W) [7). 4252740, 2019, 39(23): 8903—8910.

0]  ZEEF, M1, e, & P EAS RGUKIRETR S
FRAE K H N &[] A&, 2017, 37(7):
2455-2462.

[10]  ZRZ. ET “Wiih” BISp/KIERFEME s B0k
WFFE: LISk O ) [D]. dbat: i EHL R R (db
), 2020.

(1] Al JKIL, 5k—F, 55 A I E G oK IR
SRR X ILAER X P T2 A ER [3]. A%
R, 2012, 32(6): 1692—1702.

[12]  SRIEEE, XSO, SV . T 82 L0 H SR I i AR LA
R A A 4 1 Ak 2 1 B R AR [J]. 2R A AR, 2022,
42(15): 6265—6273.

[13] AU, RZER, 22T, 45, 2 B 22 LRk 7 R
MR RS> A AFAE [J]. P A 2F3E 4z, 2022, 38(8):
88—95.

(141 BpALAE. 22 0 A 5 R ) I PROR o Ak 1
i R RAE S A DI RER ST (D). PE WA YN o

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Bl Bet ot AR BE (PERURAA A AEYIFE ) | 2007.
DO, B, MG, 5. AR 25 R G MR 55 AU 5 1 IR A
N B S AR ST RE AR RRAE [7]. Hb 3 2R,
2022, 77(5): 1275-1288.

L0k, FRARRFRAKIR I M EAZTLBEST [J]. K L0
2472, 2003, 17(2): 34-36, 40.

M 2E, BRIHE =, AT, . ZIMAE R R GRS DIfe
RICA B AT M AE TP IR LA g I IR $A
FRA R [7]. N FHAE A4, 2000, 11(4): 481-484.
BEREEL, PME, 5, 2. MR S R YUK TR TR fiE
IitEJrEmsT it RS R (1], TR XRS5,
2018, 32(1): 121-127.

TFHE, BE =, T, 5. AR RGKMEA RS2
() ST ke [J]. 7K R ARRE2EHR, 2022, 36(3): 1-8.
X203, XSO, ESCE, 5. ST TR AR AL 1)
o EDR £ i MY TR A A R IE IR A BT [J]. 3
243, 2016, 71(3): 355-369.

Tk#g, WAL, B E, 4 T AESRERS M EM AR
AL X A 1 F A% R AE S IEA [, B AR TR
247, 2022, 37(7): 1799-1814.

W, TR, &5 E, & —ERTLRANMNAES
RGNS AT [3]. ASRBERZ=IR, 2008, 23(5):
911-919.

BFSE, 250K, BB, 25 ST B E A iR Y
BRGNS MAEAZE Tk [J]. 4224k, 2018,
47(10): 1396-1405.

Wb Ek, SREE, 2R, S B A AR R GK IR
FETIRE VAl 40 BT [J]. /K b PR HF 24 4R, 2020, 34(4):
217-223.

AR, 250, M, 45, LT InVEST A F pedb 5
+ AR IR D R RT 23 AR 4L [J]. H BT, 2016,
35(4): 664—676.

sk S, W, R, S SETFOK IR RS IR AN
o EAE S RGUKIRIR IR RS VI [7]. A 8244,
2022, 42(22): 9250-9260.

FEEFT. REIE R R AR X A SRR
S EPEG [D]. BW: =R A, 2021.

R, BAUR, 1775, 5. 2R AL S bR
T SR SR BE T (9] MOl B, 1997, 22(6):
9-11.

(FTiERE & )



https://doi.org/10.11849/zrzyxb.2015.08.001
https://doi.org/10.11849/zrzyxb.2015.08.001
https://doi.org/10.11849/zrzyxb.2015.08.001
https://doi.org/10.13931/j.cnki.bjfuss.2021073
https://doi.org/10.13931/j.cnki.bjfuss.2021073
https://doi.org/10.13931/j.cnki.bjfuss.2021073
https://doi.org/10.13931/j.cnki.bjfuss.2021073
https://doi.org/10.13961/j.cnki.stbctb.2008.02.018
https://doi.org/10.13961/j.cnki.stbctb.2008.02.018
https://doi.org/10.11924/j.issn.1000&#8722;6850.casb2021&#8722;0354
https://doi.org/10.11924/j.issn.1000&#8722;6850.casb2021&#8722;0354
https://doi.org/10.11821/dlxb202205016
https://doi.org/10.11821/dlxb202205016
https://doi.org/10.3321/j.issn:1009&#8722;2242.2003.02.010
https://doi.org/10.3321/j.issn:1009&#8722;2242.2003.02.010
https://doi.org/10.3321/j.issn:1009&#8722;2242.2003.02.010
https://doi.org/10.3321/j.issn:1001&#8722;9332.2000.04.001
https://doi.org/10.3321/j.issn:1001&#8722;9332.2000.04.001
https://doi.org/10.13448/j.cnki.jalre.2018.019
https://doi.org/10.13448/j.cnki.jalre.2018.019
https://doi.org/10.11821/dlxb201603001
https://doi.org/10.11821/dlxb201603001
https://doi.org/10.11821/dlxb201603001
https://doi.org/10.3321/j.issn:1000&#8722;3037.2008.05.019
https://doi.org/10.3321/j.issn:1000&#8722;3037.2008.05.019
https://doi.org/10.11947/j.AGCS.2018.20180212
https://doi.org/10.11947/j.AGCS.2018.20180212
https://doi.org/10.13870/j.cnki.stbcxb.2020.04.032
https://doi.org/10.13870/j.cnki.stbcxb.2020.04.032

	1 研究区概况
	2 材料与方法
	2.1 数据来源及处理
	2.1.1 土地覆被数据
	2.1.2 降雨量数据
	2.1.3 蒸散发数据集

	2.2 研究方法
	2.2.1 水量平衡方程
	2.2.2 地表径流量
	2.2.3 土地利用变化幅度
	2.2.4 水源涵养服务价值估算模型
	2.2.5 单位面积生态系统服务价值
	2.2.6 水源涵养功能重要性评价


	3 结果与分析
	3.1 土地利用动态变化分析
	3.2 生态系统水源涵养服务的时空变化特征及分析
	3.3 水源涵养服务价值的时间演变特征
	3.4 水源涵养服务功能重要性评价结果与分析

	4 结论与讨论
	参考文献

