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Land use change and evolution of ecosystem service value in Maduo County of

source region of the Yellow River
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1 Qinghai Province Institute of Meteorological Sciences,Xining 810001, China
2 Key Laboratory of Disaster Prevention and Mitigation of Qinghai Province ,Xining 810001, China

Abstract: Maduo County in the Yellow River source area is a “purified land of the world”. Carrying out quantitative
research on land use change and ecosystem service functions can provide support for ensuring ecological security in the
Yellow River Basin and the whole country. Taking the Maduo County of Source Region of the Yellow River as a research
case, we counts the transfer matrix of land use types and the land use change, and measures the evolution characteristics of
its ecosystem service value (ESV) in Maduo County from 2005 to 2015. The results showed that (1) the land use structure
of Maduo County has changed significantly in past 10 years. The area of high coverage grassland and construction land
increased by 38.30% and 3.85 times, respectively. The area of low-coverage grassland and forests decreased by 44.29% and
86.55% , respectively. (2) The single land use change of forests and low coverage grassland were —8.65% and -4.43%,
respectively. The single land use change of high coverage grassland and medium coverage grassland were 3.83% and 2.83%
respectively during the 10 years. Therefore, the evolution of land use type mainly presents the transfer from forests and low

coverage grassland to high coverage grassland and medium coverage grassland. In the early stage (2005—2010), the
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woodland and low coverage grassland decreased rapidly. In the later stage (2010—2015) , the construction land expanded
rapidly. (3) The ESV in Maduo County was growing from 911.24x10° yuan in 2005 to 938.87x10° yuan in 2015. The
single ESV of hydrology regulation contributed to 53.70%—55.24%. (3) The proportion of water area fluctuated between
8.21% and 8.31% in 10 years. Its ESV contribution accounted for about 50% of the total ecosystem service value. The ESV
contribution of unutilized land and high coverage grassland were 16.85%—17.26% and 13.78%—18.50% , respectively.
The ESV of low coverage grassland decreased by 44.29%.

Key Words: land use change (LUC) ; ecosystem service value (ESV) ; evolution process; Maduo County
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Fig.1 Geographic location of Maduo County
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Table 1 Land use classification system of Maduo County

05 Code A2 Land use type
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Table 3 The equivalent weight factor of ecological service value per unit area in Maduo County

o0 B P iR

A TR T ol B{“%ﬂﬂ LB LB sk Ei&‘}ﬂiﬁz ﬂ%frlJﬁHiﬂﬁ
Feosystem service Forests High Moderate Low Water Construction Unutilized

coverage coverage coverage land land

grassland grassland grassland
HELA RS TA 0.19 0.23 — — 0.80 0.26
Provisioning service JERL A 0.43 0.34 0.29 0.20 0.23 — 0.25
KGR 0.22 0.19 0.16 — 8.29 — 1.30
P RSS FIRERRREN 1.41 1.21 1.03 0.73 0.77 — 0.96
Regulating service WA 4.23 3.19 2.71 1.91 2.29 — 1.80
ERTS 1.28 1.05 0.89 0.63 5.55 — 1.90
IR ST 3.35 2.34 1.99 1.40 102.24 — 12.13
Rk £ 1.72 1.47 1.25 — 0.93 1.17
SRR 55 TR 0.13 0.11 — — 0.07 — 0.09
Support service G EZ A 1.57 1.34 1.14 0.80 2.55 — 3.95
AL PSSt 0.69 0.59 0.50 0.35 1.89 — 2.37

Cultural service

2 ZBR5HSH

2.1 HZH A MR AR L RRAE
2.1.1 HZ 8+ HR S5 ARk

325 BRRIAZ g 2.45 J7 km® , 0 LA AR B b K R B R A AR BAORE
(2 fk 4) 3422 DAL s i L, 52 FARIEEBAR UM DR B B2 ), M 0 b st R 2 8, g i 1 g

20054

20104

0 60 km

0 Hha

I e

N A
IR s BE E

ks

| Rkl

I R

2 2005—2015 £IH L H L ithF ARB K
Fig.2 Classification of land use types in Maduo County from 2005 to 2015
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Table 4 Statistics of land use area in Maduo County from 2005 to 2015

. 2005 2010 2015
- H A 2SR
Land use type T 5l i e f i )
Area/km? Proportion/% Area/km? Proportion/% Area/km? Proportion/%

FRHb Forests 97.30 0.40 16.42 0.07 13.09 0.05
1578 55 B 5UHb High coverage grassland 5899.43 24.04 8125.43 33.11 8159.09 33.25
5 55 FE O Moderate coverage grassland 4961.77 20.22 6409.66 26.12 6366.04 25.94
{IR7E 35 % H b Low coverage grassland 8128.69 33.13 4520.84 18.42 4528.68 18.46
KR Water 2039.42 8.31 2021.46 8.24 2014.15 8.21
% ML Unutilized land 8.65 0.04 11.77 0.05 33.29 0.14
AHIH -3 Construction land 3402.50 13.87 3432.17 13.99 3423.42 13.95
STt Total 24537.75 100 24537.75 100 24537.75 100
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Table 5 Land use change in Maduo County from 2005 to 2015

. B R Eh AR i TR A B
R L A Single land use change Comprehensive land use change

Land use type
2005—2010 2010—2015 2005—2015 2005—2010 2010—2015 2005—2015

M Forests -16.62 -4.06 -8.65
TR G BE B High coverage grassland 7.55 0.08 3.83
7 35 5 5Ol Moderate coverage grassland 5.84 -0.14 2.83
IR 35 FE R Low coverage grassland -8.88 0.03 -4.43 5.28 2.28 2.73
KR Water -0.18 -0.07 -0.12
A A Unutilized land 7.21 36.57 28.49
A HIH £ H1 Construction land 0.17 -0.05 0.06

22 BRGNS MEME
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12015 FERYHEF S 2;2005—2015 43 2 b 31 3 JE FO ESV ok & i HEY — EORRRTESS 4, ESV I S 34
Kt 2005 4K 87.23x10° 56,2015 4EHE K 3] 111.92x10%JT, #4001 T 24.69x 10°JT ; {75 25 i %5l ESV £ 31
WD REH A 2005 4E1 86.38x10° JLid/ D] 2015 41 48.12x10° 70, Jf/> T 44.29%

3 it 54£iR

3.1 g

MR AR AR R AR AR SRR A A HE R A% . ARBIF ST 28 W R LA Dy 3 22 Bl v FEAE 9 R S 1Y S i gy
REBE , 2 224 b F2 A A R PSS AR 2 A AR 2R 0% 7, 2005—2015 4R & B+ s R FHZ5 A8 1k .35, 10 4[]
R G M R P b TR I R R R D | S 30 2 B A b R FH 25 A AL, X
AZS IR T 00 BB A BE A5 BF 9% 6 B 2005—201 34F = VT Az 25 4 47 Fn 1 — 3 T 7% 19 2 it AT % ol 3%

http ; //www.ecologica.cn



517

5 B YR DX 3 22 L o R PR A 25 R GE R 55 0 A

A

2 4

0T L8EET 0z61 8€°0€ S0°S€€E YL 90T ¥6'8S91 L6'89EY vI'6 WY 4
80°6681 T E0ST L8T ¥€°001 62°€08 LT€69 €0°66C 8T°0 T B
€Ls 08°0 06T ST0 60'1 89°1 16°1 - I
T€°09¢ Y2501 so'¢ 1'6L91 96'19 TI°L01 ¥6'C8 10°0 Y ¢
SL'¥99S €€°065 69°€1 19921 ¥6°€9%C 0T9¢1€ 01°96L1 81 T e I )
L9'¥STE L6°LIE 8% 6L°8Y 09°1LL 01°LOLT 09°601¢ L8°T T 5k 5 B o o S10T—S00¢T woj
1€°6012 ¥0°106 [S:3Y 90°6S 08°TTy 0" SIL T1°06LE 91°¢ T 7 SN puB[ JO XLIBW UOT|ISURL],
SE€6 09 80°0 - 00 LTS 0F 6L S6'¢ T S00¢ Aol A3 B (e T T =y S10C—S00T
T (¥ MHHIE YN MR H Y WMHAEEES WeEEEY A
Vi 2 i s T S T
81°L8SS 65865 W8T 99°0tC 61°9YC1 T6'SPST 08°€T61 06'¢ WY 34
€€°L09 €8'¥C8C L9°1 €199 S9°THl 8T'8LI 96°81¢ ¥0°0 M B
069 SS°0 88t 6€°0 SS'1 YL L9T - I
86°LYT oL 8¢'1 8P ELLI €9°6¢ YOvL 15709 - Y«
Se8eTl v bEl wL TTES 8°787€ 0S°SLE 08°999 0L0 T e I )
SS68ST 867991 $9'6 61°€9 ¥°08€ [AN4:% 0T°696 €10 TR 5t B B o S102—010T woy
€1°0681 81°07C 008 TLLS 01°589 01916 67°5€79 €0'¢ Tl B p SN PUB JO XLIJBW UONISURL],
YL S0°0 - 10°0 98°0 920 909 81°6 T 0102 F B A o T F ety ST0T—0T10T
THF B ¥ T 31 YrNe MR REEY) WA R WA EEY T
VA IGE " e RS T
S0'9t621 L8°0061 7801 S¥'98¢ ¥9°0061 9¢°01LY €0°STI¥ L1'TT jS(AUIRVE
0T’ 1L81 0€°1€ST 00°¢ S0°L0T 66°1C8 €8°6L9 90°€9C LT0 T B [
ov'L €8°0 STl 920 80°C ¥6'C 8T'1 - I
1" v0€ €6 6€°1 10°SELT 86°€9 L6'H8 L9°19 80°0 Y ¢
67805 YT LYS €ee 90201 0T°029¢C 00°THEE 0L'TIST 91'C i A SR
LY'T9TE T$°91¢ 8¢'1 01°8¢ 0¢"v0L 0€°6691 0£°202¢ 88°C M BB B 0102—S002
€0°6681 €6'116 171 0S' 1 09°50¢ 08°109 0%"000% 6L°9 W A woIj 9SN PUB] JO XLIEW UOTIISUBL],
S0°€6 S0C 10°0 970 69°C €8¢ 1048 STy T S00¢ <Ll T 3 B [ T T by 010C—S002
ue ue uR[SSRIS puvsseis uR[SSRIS
Bl ﬂ. ~ ﬁ ﬂ H.wd.m\xz 1 ~ mwmhw\woo _u ~ wdwmhcvﬁ
291y pezinnun uoronIsuoy) . 98e19400 MO B— 98e10a00 ySiy Jﬁ_\,_\, ad£y asn puerp
d:oi&m:m}b ,mH . At w_ K
[ 3 (ST e e
I T [ MIHFLE b e S ) s T e i w F T i S FH [
0102

sporL1dd JUIIdPIP ul A)uNo)) onpejA Jo XLIjew J9Jsued) dZueyd Isn pue| 9 dqey,

MO/ AT E T 2 EH My

9 ¥

//www.ecologica.cn

http



518 JAE = 40 %

F7 20052015 FBRZEESRERSNMETK
Table 7 Changes of ecosystem service value in Maduo County from 2005 to 2015
J—— 2005 2010 2015
Ecosystem service ESV/ L 451 ESV/ L 41 ESV/ L. f51)
10850 Proportion/ % 1085C Proportion/% 10850 Proportion/ %
HBEL RS Provisioning service S 6.87 0.75 7.73 0.82 7.73 0.82
JEORL AR 11.35 1.25 12.10 1.29 12.09 1.29
IR BRI L 41.07 4.51 42.00 4.46 41.87 4.46
WSS Regulating service  JATIA4A 40.88 4.49 43.44 4.62 43.41 4.62
e S A 104.14 11.43 110.86 11.78 110.78 11.80
Bk s 59.38 6.52 61.51 6.54 61.40 6.54
IR AT 503.37 55.24 505.65 53.74 504.13 53.70
¥R+ 36.93 4.05 45.68 4.85 45.63 4.86
RS Support service TG 1.96 0.22 2.38 0.25 2.38 0.25
2R 68.59 7.53 71.58 7.61 71.48 7.61
SCAEHSS Cultural service FFFM 36.70 4.03 38.04 4.04 37.97 4.04
A3t Total 911.24 100 940.97 100 938.87 100

F8 2005—2015 FHEERE L FIBLBESTRERESNERTL
Table 8 Ecosystem service values and changes of different land use types in Maduo County from 2005 to 2015
2005 2010 2015

ESV/ 1) Eil55d ESV/ Lt HEF ESV/ 2 a1 HEF
1085 Proportion/%  Sequence 10350 Proportion/%  Sequence 10855 Proportion/%  Sequence

I IR
Land use type

M Forests 2.61 0.29 6 0.44 0.05 6 0.35 0.04 6
5T 2
“.‘Emfi‘?'it 125.59 13.78 3 172.98 18.38 2 173.69 18.50 2
High coverage grassland
2 ﬂ-*"i

BLIE 87.23 9.57 4 112.69 11.98 4 111.92 11.92 4
Moderate coverage grassland

== =
e 86.38 9.48 5 48.04 5.11 5 48.12 5.13 5
Low coverage grassland
K3, Water 452.19 49.62 1 448.21 47.63 1 446.59 47.57 1
A HE Unutilized land 0 0 7 0 0 7 0 0 7
A F L4 Construction land 157.24 17.26 2 158.61 16.86 3 158.21 16.85 3
Bt Total 911.24 100 — 940.97 100 — 938.87 100 —

T VLR AR S R GG, SIS A L EIE, 5 B A AR — 20 Kk BRI IBT (2005—2010
AR b AR AL RR TR B, J5 401 (2010—2015 4F ) A FH 2R AU AR (b 45 R~ 2% , e B A 20 sl AR (R FRAE , R
RBP4 AAFSE AT %0 2001—2009 4F35 &2 B ai B b i FL R B &2 B AL A T8RN, SR 5T
¥ %2 B A- s A 5 e Ak T Ok i 45 RS 45 9

i I SCER RS AT Y 1977—2003 A3 22 B [ 7 55 5 5 1l A 1 AR R K B FR IR AR Gl R AR E . AT
R IR 2005 475 Jy s B (1977—2003 4F ) A L - R S5 F AR AN, FErb oK S8 T AR A [l 9%, 15600 20 4l
70 AEAR LRI 22 HL 8 B AL RAR R S BEASIE A, 2005 4 LUR - 3 ) FH 28 780 v O () 78 26 1 B 2 ) R R T
W B EEAL . 2005—2015 4F3 22 B b 8.65 km® K3 33.29 km”, A5 F MRS 14 0 (H 5 AF5T X 1
FRECBIAE] 19 , 1R FH I 2 58 B AS i, G ol 0 36 1 20k iy o A 25 2R 0 366 J i) 7 T RO 138 2, 5 438 & ik
iy X M AE AR ZUE R ZU R 2% . 10 4E[8] (2005—2015 4F ) ¥ 22 8+ b 1) 20 bty 578 55 3 2 1
T o 7 e P M P S R RS DI I 2 B S AR S T B B R A G A TR, SR B
R WA T W A AR SR R A SR — 8, Ok UL, B2 BE A G X B | s A
RYGE FWRAB ARG, HAEBARRNESS , AR SIREERE K TR 24 b R A A R U8 3 B T
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IR AT RE I MESS , BUE RE S B AN R BRI AT S5 AR T A e R OB TR R M VR A
ARG, SR TR X AR L RS IR, I, AP A A SR SH R AT o B0tk L R FH 25
Fa , A BE AR B R X A S R G Ry AL,

ME R A RE X QI Rk E |, 352 B oAk 7 780 5 I A= 28 B A O G s, 2 3 ) 8 A 8 e e Ak 8 3t
AR ORI A NS IGE, KL, @ ARG R A S R GRS E T il e vl AL 5 A ER RS
M EE R AR YR . AHIFSY SR 2005—2015 4R35 2 HAE R R GRS (B 2 3G 1t 38, ook SOy A
W A 2R EEN SRS IR, § AR RGE RS MEAE 70% UL L, KBWAES RGN E RS, D
i SIS I E Y 50% , BE— A2 B T 35 2 LR Bl e i 35 27 i IX R K IR 3R 1X )| K A 28 R g A
P PETK ISR I DIAE TRk, ARAH M A S R GRS I E TR AR, IR P 22— A0 Y — 5B o AR
FH A M A TR A B AE S R e, KR I HEE IR R AR BT E R E RS EE T IR AN R
Sl G MR A A R GRS 10 4E1R] (2005—2015 4E) BEAN T 48.1x10° 7T, F B A [R5
5 R 2 AR 2 A B T e T R P 2 R RN kAT 2 LR T R e
P RSSO0 A IR B DL AL R, AR AR T R VR A A R e, RS A R SR A
FUIB 0 S5 7K S8 B T8 B A e i) S5 A 25 b R T 2, 5 BEAT Jm R0 2 R) P 0 b 0 25 A 7 1 1 FH M 3 s ST R
Yol s AR S 2T 2 2 30 2 B AL - R 7 KB 2i 2

RS RGNS M B BAAR Y KA Ve — T T, e A 3Tl A2 35 R G IR 45 M AN 2 40 7
ZH— A RPAER I BAs AR 2, T2 IR RS LR TS W R o AR S RS M E R R AT

FRYGE NS5 I AEPEAL 25 SR AN (B2 PR A8 T B SR (%) - b 1) FH A Sy e A ) S J e, D) — T, i) 8 DX F 22 EL R 4R
OB R L X S 2 A E PR A A A SR ELEEAT, A0 A S RGNS IR A AN SR ELRE e - A
SERLALEL B RS AR, AT, 2005 AELOK 2 BAES RGIRS ME R A S R HE
AF 7 A o R R4 b 2 e 2R A [ 0 ) A0 R0, 0 2% 80 9 Do R SR sy o Joit A 1% 1 R SR Oy
SERZU SR > M R AR T AR T i FE B R , RO B RO b B ) 2 5 R AR AR
GAETHZ T M BUN A RSB R IR 2 07, TR H MR A SR S B AL B R R B0 %/ R
P2 AAFEECFIEIMGR”  BERe, RIL, 76“ TUZ T F“ 32 VTR A #3805 R B A Hh Ab B =S, B ff
ORI K REN BT 1A, FR MR L RS R WA R R SR PR R R A R BB S R
T A B RO I R AR RN ECR RSk Re , iRk 2 BT s R R AR AR BE A

PEAR AR FE AT 2005 A = VLI AE S AP g s TRE S Aok 3 £ B+ Mo R P AR 951 T T 4087, Ast
HF AR AR SR ShATL I | A Al i SEHEA TR AT, o T —25 TARM S, R AR 5T 24 T
2005 4ELIRILZ B+ A AR LN AE S R GRS (AL a4, S5 ot , 336 ol B i A% 190 0 320 fi -
FIFH 5 A28 R GRS BT 58 3028 T LA 4 B 48 7R 38 B R AE SRIBRBIL A
32 %

AMFFE I T 1 L2 BLAE B A A A S HAL, 8T T 2005—2015 4R35 2 B+ R AR 54 2
RGNS AR DR G50 W T . (1) BRI 2 FLAY =R - MR FH2EAY | 10 4R35 22 B 4 R 2549 28 1k
T3 v M FH M TR R B, A BN T 38.30% A1 3.85 A%, (A T B M MRHb 43 0 R A T
44.29%F01 86.55% , /K Isk AF ] L3R AR A, (2) 10 4F ] (2005—2015 4F ) bt AR 7 o5 B2 5 4 F) B —
R FH B A5 EE 53 591 - 8.65% —4.43% , e 78 5 B b, | T T R ML Y B — - MR R B A 43 R 3.83%
2.83% , A FHZSFUAR AL F B hy el ARCHE PR 5 R ) s 2 5 R R b b 7 6 R R L RS 5 A T (2005—
2010 4F) FRHl fI%7T 56 BF B s /0 T 530 (2010—2015 48 ) ik 2058 5K S5 30 1 A1) % 5% o i AR
{OZRATIAR RS BE ARG 43.16%, (3)10 FE 2 BAER RGNS ME(ESV) 2K ESV M 2005 41
911.24x10°JCHE K 5] 2010 4F 940.97x10° 0, HI K T 3.26% ,2010—2015 4FE3 £ H ESV WA/, /b T 2.10x
10°7G; 11 AP B TUAE 28 R GRS (B b, K SO 1 S0 B 2 e B3R KRt s 2 2 B
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520 JAE = 40 4

ESV BTk & 19 2B R H 43 , Herh K SCIE T 1) ESV STk S 4E R AE 53.70%—55.24% , (4) 10 4F[a) K 8 i R ke
BITE 8.219%—8.31% Z [ I 5y , (H & ESV BTk Lb il — BARFRTE 50% 25 47,2005 4F 2010 42015 4F /K5 ESV
43R 452.19x 10° J6, 448.21 x 10° T AN 446.59 x 10° JT ; A I FH 4 Hb A0 #5578 55 B 70 b ESV ik = 40 51
16.85%—17.26% 1 13.78%—18.50% , {{ 4 55 £ Fi it ESV 22 MU/ 10 4R80T 44.29%
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