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Temporal and spatial variation of land use and their influence on ecosystem

service function values in the Yanghe Watershed, China
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Abstract: The Yanghe Watershed is located in a typical farming pastoral zone of North China. It is an important water-
source conservation site and an ecological protection barrier for Beijing. Furthermore, the 2022 Winter Olympic Games will
be heldyin.Zhangjiakou City, which is a key region of the Yanghe Watershed. A study of land use changes and their
ecosystem service-function values of the watershed can provide important theories for effective decision-making regarding
water resource protection and environmental quality improvement in fields of the areas where the games will be held. ArcGIS
was used to analyze remote sensing data of land-use changes that occurred within the Yanghe Watershed from 1990 to 2013,
and ecosystem service-function values of the lands were estimated. The results showed that forest and unused lands within
the watershed increased, whereas grassland and aquatic areas decreased during the study period. Based on absolute values of

the changing rate of a single land-use type, apart from forestland, the other land-use types were more greatly affected by
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human or natural changes in 2000—2013 than in 1990—2000. Land transfers mainly occurred in Xihe, Yanggao,
Tianzhen, Xuanhua, and Huailia Counties, and the land change degree and distribution increased in recent years. The
annual value of total ecosystem service functions of the lands increased during 1990—2000 and decreased during 2000—
2013 ; however, overall it decreased from 1990 to 2013. Service function values of grassland, aquatic areas, and farmland
decreased, whereas that of forest and unused land increased during 1990—2013. Percentages of values of raw material
production, climate regulation, air conditioning, biodiversity conservation, and esthetic landscape increased owing to
increases of forestland within the watershed during the study period. Forest-, grass-, and farmlands were not only the main
contributors but also sensitive factors to ecosystem service function values of the lands within the Yanghe Watershed from

1990 to 2013.

Key Words: farming pastoral zone; water source site; ecosystem service function; value estimation; land use change
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Fig.1 Map of the Yanghe Watershed, China
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Table 1 Coefficients for evaluation of ecosystem service-function values w1thin the Yanghe Watershed

— R % Yike RS YIEE B b i LX) K, I FH
First level service function Second level service function Farm land Forest land Grass land Water area Unused land
BEZ IR 55 Supply service Y=/ (EHIG km™ a™!) 349.329 115.276 150.209 185.142 6.985
SR RVE S/ (T km™2 a™!) 136.239 1041.003 125.762 122.269 13.97
WFT A% Regulating service SRS/ (EIC km™2 a™!) 251.516 1509.102 523.994 178.157 20.963
AP/ (EIE km™ a™h) 338.852 1421.773 544.957 719.622 45.41
KSR/ (EH I km™2 a™!) 268.986 1428.758 530.979 6556.915 24.455
R/ (T km™2 a™!) 485.569 600.845 461.113 5187.546 90.829
T HIE RS /
Y HEARSS Support services f{b kjﬁ?ﬁ 513.517 1404.303 782.495 143.224 59.388
(HJC km™@a™)
ER/EZH 1/
%? iﬁﬁ‘?ﬂ 356.314 1575.475 653.248 1198.198 139.732
(AJGkm™a™)
AL e 2 e/
SCABNR S5 Cultural Service ﬁi ? %: O 59.388 726.607 303.919 1551.019 83.836
(HJCkm™~a™l')
41t Total 2759.71 9823.142 4076.677 < 15842.093 485.569
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Table 2 Area of different land use and its percentage to the total area of all lands with the Yanghe Watershed during 1990—2013
WHE T i s

Bl MRHb it K3k AR A . .

Urban, industrial

Ay Farm land Forest land Grass land Water area Unused land L.
N and mining land

ear

[y A4 [iy;2% HA R/ HA [y Har T/ B [y A4
km? bt/ % km? te/ % km? He/ % km? t/ % km? H./% km? e/ %
1990 7018 43.97 2716 17.02 5448 34.13 257.7 1.614 76.37 0.478 443.8 2.781
2000 7026 43.89 2743 17.14 5443 34 256.9 1.605 76.25 0.476 463.4 2.895
2013 6939 43.52 2721 17.07 5427 34.04 254.9 1.598 78.86 0.495 524.9 3.292
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Table 3 Area of different land use in different county or city of the Yanghe Watershed during 1990—2013

ST/ km®

Al Ay s/ km? A km? R/ km? KB km? AR /km? o
County/City Year Farm land Forest land Grass land Water area Unused land Urban, industrial and
mining land
SALE 1990—2000 0 -0.001 0.002 0 0 0
2000—2013 -0.822 -1.096 -0.772 0.018 0 2.673
1990—2013 -0.822 -1.097 -0.77 0.018 0 2.673
W 1990—2000 -1.686 -1.177 0.197 -0.385 0 3.051
20002013 -8.653 0.397 -0.147 0.776 -0.004 7.629
1990—2013 -10.339 -0.779 0.051 0.39 -0.004 10.679
MR 1990—2000 0.012 0 0 -0.012 0 0
2000—2013 -12.321 -0.821 -14.32 2.582 -0.002 11.673
1990—2013 -12.309 -0.821 -14.32 2.57 -0.002 11.673
i H 1990—2000 0.696 -0.696 -0.601 0 0 0.602
2000—2013 -0.486 0.048 0.077 0.036 0 0.327
1990—2013 0.21 -0.648 -0.524 0.036 0 0.929
R 1990—2000 17.961 -18.557 0 0 0 0.607
2000—2013 -22.464 15.465 0.167 0.011 -0.353 6.844
1990—2013 -4.503 -3.091 0.167 0.011 -0.353 7.452
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Bl i B A B KBd AR e O I
County/ City Year Farm land Forest land Grass land Water area Unused land n;ining land
k== 1990—2000 -4.184 2.36 0 -0.219 0 2.043
2000—2013 -4.283 -0.427 -3.597 0.711 0 7.596
1990—2013 -8.467 1.933 -3.597 0.492 0 9.639
MR 1990—2000 1.251 1.001 -1.984 -0.15 -0.114 0.001
2000—2013 -5.984 -0.371 7.607 -6.218 3.418 1.548
1990—2013 -4.734 0.631 5.623 -6.369 3.304 1.548
"R 1990—2000 -3.137 0.001 -0.241 0 0 3.377
2000—2013 -2.748 -2.746 -2.499 0.173 -0.001 7.82
1990—2013 -5.885 -2.746 -2.74 0.173 -0.001 11.196
FH e B 1990—2000 3.977 -4.484 -1.134 0 0 1.639
2000—2013 -21.975 16.112 -0.023 -0.062 -0.292 6.253
1990—2013 -17.998 11.629 -1.157 -0.062 =0.292 7.893
[ =3 1990—2000 0.685 -0.002 -0.683 0 0 0
2000—2013 0.012 -0.008 0.01 0 -0.001 0.002
1990—2013 0.696 -0.009 -0.673 0 -0.001 0.002
fied=hi] 1990—2000 -7.982 -0.002 -0.206 0 0 8.19
2000—2013 -5.873 -0.032 -1.792 =0.043 -0.158 7.898
1990—2013 -13.855 -0.035 -1.998 ~0.043 -0.158 16.088
HHEE 1990—2000 0.214 48.699 -0:306 0 0 0.092
2000—2013 -1.152 -48.703 -0.039 0.003 0 1.181
1990—2013 -0.939 -0.004 -0.345 0.003 0 1.273

R4 19902013 FEARIE A — T i AR BONEE
Table 4 Changing rate of a single land—use area within the Yanghe Watershed during 1990—2013
W T FH %

I (4F) Bt/ % it/ % B3/ % KIS % ARA L % : ) R %
Urban, industrial and
Year Farm land Forest dand Grass land Waters Unused land . Total area
mining land
1990—2000 0.011 0.100 -0.009 -0.030 -0.015 0.442 0.031
2000—2013 -0.095 -0.062 -0.022 -0.060 0.263 1.020 -0.030
1990—2013 -0.049 0.008 -0.016 -0.047 0.142 0.794 -0.004

T 05 FOR T BV AL A T7 ) AT, 28 XHE/ R S RE R Htg 2 £k

3.3 AU

IANL990 4 - 7 70T e YoM it Fr) SR i 0 S TR AT I A A A Bk b ) SRR P B S e N 3R (R 5) L
HH PR ARk 3t 285 IR 55 T R A (28 A %o 3 ] 3 3 A 25 R 45 B B EL A TSR N i /NSO 5 5 e 0 R v 45
B IR NG BN (3 5) , U RH S A (B 2RSS A X DX ek P A SR 45 A (B 5 L 4 /NSO T e LR 0N
K SSSRAS 1] FH M 4 BB 48 O AR AR (36 5) |, BB 3 B (B R 508 Ak %o DX I P A 25 IR 45 B (0 A 1
SEMA, 1990—2013 AF Vs 25 28 - i M BUBBE PR B/ N T 1(3R 5) , UhIA I 8 R G IR 55 (B AR T 5
K FH A 8 72 25l = B | AR SCR FH I A 8 R B0 G AT B 18 00, THAR0 00 IR 55 (B2 T A5 1Y
3.4 PRI A R AR S RS E AR 1L

1990—2000 AF- 3 r Yt duk, - A FHAF B2 B A= 25 Mk 55 M (3% fin 2557.6 J30T, K T 0.353%,2000—2013
AEIE/D 5504.1 J5 G, WD T 0.758% (32 6) BT ARHB AR I FH ML, 1990—2013 45 770 i 38 Al J 12K 4 b
R A= A IR S5 M 20
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£S5 1990—2013 FiEFEMRIE & TR B ESRESNENSREES(C,)

Table 5 Sensitivity index of ecosystem service-function values of various land uses within the Yanghe Watershed during 1990—2013

o fy B Hhie i ik AR
Year Farm land Forest land Grass land Water area Unused land
1990 0.268 0.369 0.307 0.056 0.001
2000 0.267 0.371 0.305 0.056 0.001
2013 0.266 0.371 0.307 0.056 0.001

R 6 1990—2013 FiFimimE LA A &SRS N E ESV RET K
Table 6 Ecosystem service value of land use and its change within the Yanghe Watershed during 1990—2013

W) ME Wit it it K5k AH G
Year Value Farm land Forest land Grass land Waters Unused land Total
1990 /77t 193685.6 266830.8 222086.6 40818.5 370.8 723792.3
2000 Mt/ Ji ot 193901 269497 221884.6 40697.1 370.3 726350
2013 M/ Tt 191507 267318.3 221259.7 40378 382.9 720845.9
1990—2000 Br{EE b/ Tt 215.4 2666.3 -202 -121.5 -0.6 2557.6

B/ % 0.111 0.999 -0.091 -0.298 -14.9 0.353
2000—2013  #H{EZEfL/TIoC -2394 -2178.8 -624.9 -319.1 12.7 -5504.1

B/ % -1.235 -0.808 -0.282 =0.784 341.9 -0.758
1990—2013 Br{EE M/ it -2178.6 487.5 -826.9 -440.6 12.1 -2946.4

Lb B/ % -1.125 0.183 -0.37.2 -1.079 326.5 -0.407

UIREE TN YN

1990—2013 AF VI i AN [ B 17 b i AR S IR S5 AR K 7 o AR S IR G5 M fe K2 524 L 82 Hak
EXMERFE AR . 1990—2013 A 2Rk 55 M LR 1 SCE R4 B A PH ey B Y 2 Se s/ S 1 R v AR
b T A B DR BRI LA 2 . BH s B 1990—2013 4E 194 SRS a3 n 7 587.2 Ji g, Hfth .Y
PRV o R B Mok B B b BRI SRR T R A, FE A T R K s s e

£7 19902013 F B F AR EETESRSNE ESV REER (J70)
Table 7 Ecosystem service value and its changes in different county or city of the Yanghe Watershed during 1990—2013

PIERCE) s en wRE\ BXR REE TAR OMR EB WER  RR KENH WER
1990 125711.2 ©67858.3 34619.1 74668.8 69972.7 44958.2 95892.6 93597.6 39352.6 6605.8 13666.4 56889.1
2000 125711.1 67643.2. 34617.6 74595 68645.6  45039.9 95920.2 93501.3 38975.7 6596.7 13437.4 61666.3
2013 125552.2  67560.3 © 34022.2 74595.1 69551.6 44845.8 95060.2 93081.1 39939.8 6596.7 13191.6 56849.3
1990—2000 -0.1 -215.1 -1.5 -73.7 -1327.2 81.6 27.6 -96.3 -376.9 -9.1 -228.9 4777.2
2000—2013 —158.9 -82.9 -595.4 0.1 906 -194.1 -860 -420.2 964.1 0 -245.9 -4817

1990—2013 =159 -208 -596.9 -73.6 —-421.2 -112.5 -832.3 -516.5 587.2 -9.1 -474.8 -39.8

PYE

3.5 PR ST RE IR S I E I AR Ak

UT 20 AEFET A T e (E ¥k 0 | 9 /b ik 2946.4 T 0/ a, Hod R YA B (B I/ T 589.0 J1
JT/AF VR 5 K, YR R e B B U VR il Dk I8 S DR AP S BEAN (B /K IR 5% Sh e AN (B AN A= 4
SRR EL (35 8) , RIS/ N B 5 AT 6 2 oAl 1t X 45 101 A 25 D RE A (B3 0 A 28 AL R A AR TR (HL 55 Py
S M X AR ARARL ™, A RES AR ST X B4 B R AR S A R A5G 56, 1990—2013 AF 1 Ia] 3 4uk A9 DU 26 — 4 A=
DRSS Re I IR 55 D aE A SRR IR S5 D BB AT S (B A 372547.1—375379.9 J7 JG AT 222950.3—244607.7 J1
IC, 43 0 A - HUAE IR S5 LAY 519% 0 30% L) |, 1990—2013 AEFET B 9 Ff — I RENR 55, - 15T
WS R I RE SR, R AT B A W ZREME AR KRR SR SR SRR R AR B AR
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Table 8 Value of an ecosystem service function and its percentage to the total value within the Yanghe Watershed during 1990—2013

. 1990 2000 2013 1990—2000 2000—2013  1990—2013
— Y55 Tine Second level e e e MEZER  WEE MEZA
First level service function " Value/ Value/ Value/ Change of ~ Change of Change of
Wi Vi Vi value/% value/% value/ %

P25 IR 55 ey 36313.8 36363.5 36008.3 49.7 -355.2 -305.5
Supply service JEA A 7 45015.9 45301.9 44931.4 286 -370.5 -84.4
P IRSF SRS 87665.5 88067.4 87431.1 401.9 -636.3 -234.4
Regulating service ST 93978.7 94358.5 93652.4 379.8 -706.1 -326.4

VISR 103527.9 103860.1 103097 332.2 -763.1 -430.9

JEAL B 88955.6 89093.9 88366.6 138.3 ~727.3 -589
SRR S eIV R A A 117228.7 117610 116731.8 381.3 -878:2 -496.9
Support services YRR 106583.9 106997.7 106218.5 41347 =779.2 -365.4
SCAEHR S5 Cultural Service  $RfESE2AF 44522.3 44697.1 44408.8 174.8 -288.3 -113.5
At Total 723792.3 726350 720845.9 2557.6 7 -5504.1 =2946.4

3.6 VRPN [R] 4 AR A RS U B AR AL ) TR R

1990—2000 4F-F1 2000—2013 4= LA [7] b AR 25 R 95 0 (2 10 1 DT Rk 25 B K ) A2 AR kb AR |, 4353 R
83.171%F143.295% , 1990—2013 4FHF b (55.215% ) HFRHD (12.355% ) FI1 51 (20.957% ) (A A TTdk R oK,
=H A 88% (£ 9) . 1990—2000 F1 2000—2013 AEF54> Bif 3kt AR 14 53 ik R A8 1L 43 1 36.576%
F143.768% , Uit H] 1990—2013 AFHf s AR kb 3 0] it A 25 55 M (B A8 4k 3= 2 D mk AL R A BURR IR 7

F9 1990—2013 FiFARIB AR LB ERRENETHHTIKE Sk
Table 9 Contribution of ecosystem service value of different land use within the Yanghe Watershed during 1990—2013

WFFEI (4E) Wit/ % et/ % L/ % KB % RF I HL % Eit/%

Year Farm land Forestand Grass land Water area Unused land Total

1990—2000 6.719 83.171 6.301 3.790 0.019 100

2000—2013 43.295 39.403 11.301 5.771 0.230 100

1990—2013 55.215 12.355 20.957 11.167 0.307 100
4 %t

(1)1990—2013 4= #EInr s 1) 32 L 4 b R IS RO AR kb ARl | =2 53 s i ALY 93% L I
TE 12 S B A R e e AR A Sl %) T R 2D, S H R Rl /D 5 R, R A AR A T % TR, 3%
BECTOA PRt R P A A 5 DS b = AR rh T RH R B T A BRI R A X EL T AR B
R R, 20002013 45 0] 9 dek HoAth BA— = b 1) FH 2SR AR 16 10 158 755 1990—2000 4

(2)1990—2013 43Rl sl 4 Hb 4% B T2 22 R A TR PR Hb B Hb | 5 b RIS BRI M2 8] S 3P s i
PR L A B RN EL AN SCEL b = B ) R M RO MG R | R = B R A | PR b o [ L R b
BERS s TR A F1TH A AL EL RN Sk B (0 Bk b 32 L5 1) BT T b, 2000—2013 47 i 35k A= b 1o AR AR b i 32
A3 BB R T 1990—2000 4T, 8 BH 3T 41 2k 81 2l % it du A 1 T FRAR A6 1) 5 i AR 2 TR

(3)1990—2013 43 IaT Jai duf, - b A1 H A AF S Az 25 55 O (B0 /), A0k el AR 7K S8 ) 2 285 R 55 441 {1 22 ik
g AR AN A b A2 A5 R 55 M (B S a3 . MR A= 25 55 (B3 i =248 b TR B 7 2 BLR
MLAVEROh = B N A AR TR, AR b R b X 3 o ek A S A S5 A (B AR A ORIV, S
ST AU A
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(4)1990—2013 4E I 45 30 A A5 AR 55 THREM (E 5 1990—2000 £EHE AT, 2000—2013 AF4i/)N , AR /N
P, PRI — PR R S5 DIREAN (B FH R B /IMER YR 4755 Il 55 T E > SRR 95 D g > 45 ik 55 DI RE > SOk il
55 UI6e ; Z A NRSS VIR BRI « -80S AR5 T RE > A W) Z2 R CRAP > 7K IR IR 77 > A5 I8 1 >S4
5> R AL RS IR R AR PR S RS AR S B A2 7
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