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Evolution of ecosystem services and its driving factors in the upper reaches of the

Fenhe River watershed, China
SU Changhong”* , WANG Yalu

Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: Rapid, ongoing social and economic development and the increase in human selectiveness about their activities
are challenging the provision of ecosystem services. This study investigated the upper reach of the Fenhe River watershed.
Five ecosystem services ( sediment retention, water yield, Net Primary Productivity [ NPP ] production, carbon
sequestration and oxygen production [ CSOP ]) were analyzed along with grain production in 2000 and 2008. ArcGIS,
CASA, and InVEST software were used to analyze remote sensing images, climatic and soil data, statistical data, and
thematic maps. The human activity intensity analysis was based on population, residential site, and road network. An SPSS
embedded canonical correlation analysis ( CCA) was used to identify the physical and anthropogenic driving factors
underlying the variations in ecosystem services. The results showed that between 2000 and 2008, sediment retention
decreased by 43.30 t/ha over 87.5% of the total area. The only exception was northern Ningwu County. Water yield
increased by 4.74 t/ha over 89.6% of the total area, and NPP production increased by 0.86 t/ha over 93.7% of the total
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area. The only exceptions were small patches along the edges. The CSOP values had a pattern similar to the NPP values.
They increased by 2.18 t/ha, but decreased in patches dotted along the edge areas. Grain production decreased by 15.65
kg/ha over 65% of the total area. Human activity intensity ( HAI) increased slightly from 0.19 in 2000 to 0.21 in 2008 and
there was a low-north-high-south spatial pattern. HAI variations were positively correlated to variations in sediment retention
and water yield (r=0.637"", r=0.656"", respectively). The CCA analysis showed that the main factor driving sediment
retention is slope, whereas the main factors driving water yield are precipitation and temperature. The CCA for the difference
between 2000 and 2008 showed that the physical factors of sun hours, relative humidity, and precipitation affected sediment

retention and water yield, and that temperature and slope jointly affected the NPP and CSOP.

Key Words: upper reach of the Fenhe River watershed; ecosystem services; human activity intensity; driving forces
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Table 1 C values of various landuse types of the Upper Reach of the Fenhe Watershed

4 o FHZE AL Type of landuse C {4 C values + A HIZEH Type of landuse C {4 C values
Ml Forest land 0.09 {35 F L Lower coverage grassland 0.32
Bk Sparse forestland 0.15 S B 5/ #E58 F b Residential and built-up land 0.2
TEAMH Shrub forestland 0.22 JKAE Water body 0
5 16 H b Higher coverage grassland 0.12 #HFH Farmland 0.47
o 3 R Medium coverage grassland 0.18
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Table 2 Influence of residential sites of different levels

JiE BRSO 2000 4 2008 4% JiE B S 2000 4E 2008 4E
Levels of residential sites Year of 2000 Year of 2008 Levels of residential sites Year of 2000 Year of 2008
RFLEPIX X 18502 20000 HE: B 16094 20000
B 13877 15000 B 10836 15000
E7 9251 10000 E7 9060 10000
F 4626 5000 k¥ 4530 5000
T RapkIX. X 18417 20000 L] B 18736 20000
8 13813 15000 i 14638 15000
7 9208 10000 E7 8271 10000
I 4604 5000 k¥ 4136 5000
THE B 15677 20000 Zp B B 14587 20000
it 14984 15000 H 12561 15000
7 7467 10000 Z 7294 10000
I 3734 5000 k¥ 3647 5000
R R B 19940 20000 BRIt B 19990 20000
kit 14955 15000 i 14992 15000
2 9970 10000 Z 9995 10000
I 4985 5000 k¥ 4995 5000
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Table 3 Influences of road of different levels

TH PG T8 B TH PR T R
Levels of road Influences of road Levels of road Influences of road
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Fig.2 Vector map of residential site, road network, and administration division of the Upper Reach of the FenheWatershed
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Fig.3 Spatial temporal variation of ecosystem services of the Upper Reach of the Fenhe Watershed during 2000—2008
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Fig.4 Human activity intensity ( HAI) of the Upper Reach of the Fenhe Watershed in 2000 and 2008
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5%, 77 K B 5 U S BBE A, =38 52 R — 8 AU DG &R BLPE 2 (B A1k b, =38 R I — 8 I IE ARG IR 2R
FERINPP 5 B RAANRE . ARG RE SIRVPEE A KR 2B R R R G R S5 YA
)45 2% (0 PR AR AE | S B 2T T DX (AR B X RIS TR IX ) 5 37 bR 4 duf S BURR AL A0 S B ARAIE | B R VD A e
IR, NPP Az 7= R R SR N ; vhy 3C T 5 B L R e VR S R A e R R R B NPP A P [ AR
SRR A A A T ) R B DU A S R GRS H R I U AR R (T 7)

4 #Zit5itie
41 %5

2000—2008 4F[H], Y VPRI RS540 T 43.300/hm? , BRI 77 2 B4 DX A, o5 s 87.5% 1 X35,
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2000—2008 FiAEE{E
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Fig.6 Canonical loadings of the ecosystem services and the driving factors in the Upper Reaches of Fenhe River
X1, B Rainfall; X2, #XH2F Relative humidity; X3, H FERF 4L Sun hour; X4 , I J# Temperature ; X5, 3% J& Slope ; X6, % [f] Aspect; X7, i I
Road network ; X8, J& [& 5, Residential site; X9, A 1% ¥ Population density; Y1, J8 ¥ ##3 Sediment retention; Y2, 7# /Kt Water yield; Y3, 441 4%

HE 7% Net primary productivity ; Y4 , 8 Ff 4 Carbon sequestration and oxygen production ; Y4, ¥4 7 Grain production
p ry p. )

F 4 2000—2008 FEEFRGERSZEHERME

Table 4 Correlation of the difference of ecosystem services between 2000 and 2008

NI Bl B PV HFF PR R 55 HARIH AT I e T A WEE™
HAI SRET wY NPP CSOP Grain
NZTE A HAL 1 0.637** 0.656** 0.031 0.031 0.210
e VP #AF SRET 0.637** 1 0.790 ** -0.080 -0.080 0.156
TRk RS WY 0.656 " 0.790 ** 1 -0.065 -0.065 0.232
I = NPP 0.031 -0.080 -0.065 1 1 -0.289**
[ i B 45, CSOP 0.031 -0.080 -0.065 1 1 -0.289**
A AT Grain 0.210 0.156 0.232 -0.289 " -0.289 ** 1

HAT, A2 7% )58 & Human activity intensity ; SRET, I8 V> ##F Sediment retention; WY, = 7K 72 Water yield; NPP, i+ 4] % 4= 7% Net primary
productivity ; CSOP , [E B B4 Carbon sequestration and oxygen production; ** ;7£ 0.01 /K- (KU - & 3 41 56
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Fig.7 Tradeoff/synergies of ecosystem services of different counties/districts in the Upper Reach Fenhe River Watershed

TR AR 25980/ Wl 3 I B R AR N K 5 [RIH P /K AR S5 380 T 4. 740/ hm® | B V4 B R b X AT B0 /40, o
T, 89.6% A X k= K AR 45 H4 I ; NPP A P2 R 4538 i T 0.86t/hm* | {U it dekis 24 %8 2L [X 3k NPP A= 7= i 55 /N
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FASNEAI MR PRV 5P K IR 45 e 25 1] | B — 2 B Eh A C R, X T RE S & AT LB (B 5
KGR ) FRESA —E R RIS M=K IR 45 LR 2 2] H A - KRR G, LR AB
FRRBIK G R R, AR R GRS (BT K O R B & A2 IR AE , bRttt 7 2 A2 B 45 R 55 D3 [
S BN HAB X IR PR VDA IR 55 5 NPP AE 72 R 45 B o] e o 4 2 0t A 1) 56 2R

N Bl B 2 (A0 Jm 5 T AL R B 22— W A C el b ) s KUK T 155 5 2000—2008 4 8], AT 3y
FH 0.18 3 22 0.21 s 34 lR B2 fe e 1) DX I TG 77 o i AR S AL, T 00 i i il B 28 00T LA T AR X RN AR B
PEIX TR S B A TR . ARG T 2R B, TR sl B 5 IR D B R /K 8 R IEAH G, R TR
FHA MR TR AR S R S AR SR TR S0 , A RIS st T4 28, XHI VR AN = /K A B i 52

HAYRA 553 Hr 3R W Hb I AE S e e V0 R A 55 Hhobe o U PR AR 38 0 R0 B2 o) 7 /K i 55 ik 3 | B34 H 5
AEBRIR]AS AL B ARUAR DG/ BT R T, H BRI E X RE | B3 9 25 Sk (Rl 2K 5l 1 Je V0 e e 55 F0 7= K Ik 55, T i J3E A
HJEXT NPP A 7= K [ e R R IR 45 A EE 225
42 VHE

HERRGIRSAERERZR AR S5 A AL 42, X A T IR S AL o A SE B X Sl A S R iRl 2
EHL VMR M OC R A S A DT RS R R BN AT AR A IR (b ERARRAE | MR Mg S+
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He) CEVRSEME (SIEMIBUEYIIX R) RS RR O s P ZEHCR AU CE YA IR S ) R AR
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T 330 1) G B X R R SO E REAT 5 S AT B2, ) — D5 T b B 1 SRR S 0 A D IA A K Sh BIL | o
i 1 1 T 5

VENIRHE R N R, NG shil ik A 58 AR A5 R G AR W) HUER AL 2B R R i AR 25 R G R ki
ARG ST . i LB A ST BRI R I, B DX XA, SR AR 28 R G 55 B I R 3
2 BRPERIE I NN SR AL RS AR PR A 187 50 L A AR A AN BE 2 LR I A5 Sl ) A IR, T 9 0T 1)
P U H R ANZ LR ARG TCIE AR, X NS0 Bl 221 1 A R P 1 1 2

A2 RS R GUR S5 14 RUBEAR 1 B 50 DR 3R 25 8] BT A A — Bl 25 AR A R GE IR 55 WS LA oo A ok TAIRZ
WRIXE, WP, B BT R RN, AR A5 R GEAR 55 SR Bl D 3 AR T 3RO g4k 2 2 B I 30 R
AR 20 5 il ROBEARSE M — 5 1T T R 55 A 28 R e AR 55 AR B RUBERRAEAT 56, 53 — D 1T, A P g 55 RUBE 437 v
MRLEEAT DC . BREH PR F AR R BRI 2 T AR R TT | T SCIR R 2 45 AT BURIT, 28 ) 0T
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