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Abstract; It is important to create a win-win situation on both economic development and ecological protection. For better
ecological management and protection in the future, it is essential to identify the trade-offs and synergies of multiple
ecosystem services ( ESs) at differently spatial scales. The relationships of ESs varied over time and spatial scales, it is
important to study the spatio-temporal dynamics of relationships to realize the trends of ESs change and determine
appropriate scale to manage. However, the spatio-temporal dynamics of ESs relationships in the Chinese large basin remain
a challenge, as information on adaptable unit to ESs management is often insufficient. Therefore, the purpose of this

research is to identify relationships of ESs on sub-watershed and county scales. Six key ESs in Nansihu Basin were selected
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to simulate and evaluate by InVEST ( Integrated Valuation of Ecosystem Services and Tradeoffs) model since the reform and
opening-up (1980—2018) , which included water yield (WY ) , water purification ( WP) , sediment delivery ratio (SDR) ,
carbon storage ( CS) , habitat quality (HQ) , and crop pollination ( CP). In this paper, the spatial distributions of six ESs
were analyzed and the hotspots of each ES were identified by hot spot analysis in ArcGIS 10.2. Moreover, the spatial and
temporal dynamics of relationships among six ESs were analyzed through correlation and principal component analyses via
the correlation and principal component analyses. And further analyses were performed on different scales to the relations.
The results displayed as follow:; (1) in the Nansi Lake Basin, the WY was increasing from 1980 to 2018, while WP, SDR,
CS, HQ and CP were decreasing during this periods. (2) The land use types in eastern basin were mainly forest and
grassland, which possessed high levels of CS, HQ and CP. The areas with construction land suggested high levels of WY
and SDR. (3) There was a significant trade-off relationship between WY and WP, as well as strongly synergetic
relationships between WP and HQ, CS, CP occurred in the basin. (4) There was a great difference in relationships
between sub-watershed and county scale. Trade-offs mainly occurred between the provisioning service (such as WY) vs the
regulating services (such as WP and SDR) and provisioning service ( such as WY') vs the supporting service (such as HQ)
on sub-watershed scale. While on the county scale, there was a synergetic relationship between the provisioning service and
regulating services vs supporting services ( such as WY, WP, CS, HQ, CP). Our research provided an assessment
framework to spatio-temporal dynamics of ESs relationships, which suggested that sub-watershed unit was suitable for
ecological management. Based on the results of different spatial scales, this research provided scientific support for managers
to formulate corresponding strategies at appropriate spatial scale and promote eco-economic coordinated development in the

Nansihu Lake Basin.

Key Words:; ecosystem services; Integrated Valuation of Ecosystem Services and Tradeoffs; trade-offs and synergies;

Nansihu Lake Basin
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Table 1 Correlation among ecosystem services of Nansihu Lake basin in 1980—2018

K it N) K P F(RE RS ; KR Ty
ARSI P K w%‘%( ) KB (P) j}%ﬁ’z% B H RE:TEE )
. : K Water Water Sediment Carbon Habitat Crop
Ecosystem service Water yield . . . . . L
’ purification (N) purification(P)  delivery ratio storage quality pollination
FEK i 1980 4F o o s o
Water yield 1980 1 -0.436 -0.521 0.087 -0.189 -0.290 0.092
J7KE 2000 4R :
1 -0.477 ** -0.553 ** 0.086 -0.163 " -0.302 " 0.064
Water yield 2000 0.477 0.553 0.163 0.302
77K 2018 4F .
1 -0.518** -0.597 ** .102** -0.176 ** -0.369 ** -0.001
Water yield 2018 0.518 0.597 0.102 0.176 0.369
IKBTEHE(N) 1980 4F : v
0.436** 1 008 ** 1147 380 ** 636+ 178 **
Water purification (N) 1980 0.436 0.908 0.114 0.389 0.636 0.178
KL (N) 2000 4F .
Water purification (N) 2000 0.477 0.929 0.152 0.364 0.601 0.223
KL (N) 2018 4F . .
-0.518 ** 1 .932 % 0.072 269 " 63577 165"
Water purification (N) 2018 0518 0932 0269 0635 0.165
KB (P) 1980 4F .
~0.521 ** 908 ** 1 101 ** 185 ** 515 %" ~0.057
Water purification (P) 1980 0321 0908 0.101 0.185 0515
KB (P) 2000 4F . o o y .
_ o o 1 o 188 ** 404 ** 0l
Water purification (P) 2000 0.553 0.929 0.137 0.188 0.494 0.015
KB (P) 2018 4F :
-0.597 " .932 %" 1 0.061 0.082 523 ** -0.022
Water purification (P) 2018 0.597 0.932 0.523
(RS 1980 4F :
.087 11477 .101 % 1 . .047 .01
Sediment delivery ratio 1980 0.08 0114 0.101 0.008 0 0.010
AR 2000 4F - .
Sediment delivery ratio 2000 0.086 0.152 0.137 1 0.008 0.048 0.027
THEGREE 2018 4F
.102 7 0.072 0.061 1 -0.01 0.046 -0.015
Sediment delivery ratio 2018 0.102 ’
it 1980 . .
it * -0.189 ** 0.389 " 0.185*" 0.008 1 0.307 ** 0.843 "~
Carbon storage 1980
it 2000
il F -0.163 " 0.364 " 0.188 ** 0.008 1 0.336 " 0.838 "~
Carbon storage 2000
it 2018 . .
Bt ¥ -0.176 ** 0.269 ** 0.082 -0.019 1 0.135** 0.849 **
Carbon storage 2018
BEf 1980
ttﬁ e . * -0.290 ** 0.636 " 0.515*" 0.047 0.307 ** 1 0.115**
Habitat quality 1980
35 2000 4F .
LSRR F -0.302 " 0.601 ** 0.494 ** 0.048 0.336 " 1 0.206 **

Habitat quality 2000
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. ’ K Water Water Sediment Carbon Habitat Crop
Ecosystem service Water yield . . . . . L
’ purification (N) purification(P)  delivery ratio storage quality pollination
A i 2018 4F : : :
-0.369 ** .635 " .523 % 0.046 1357 1 0.042
Habitat quality 2018 0369 0635 0.523 0.135
%M 1980 .
e . ﬁ‘: 0.092 0.178 ** -0.057 0.010 0.843 ** 0.115*" 1
Crop pollination 1980
B2 2000 4F
0.064 .223 " 0.015 0.027 .838 ** 206 %" 1
Crop pollination 2000 0.223 0838 0206
ZH 2018
& * -0.001 0.165 " -0.022 -0.015 0.849 ** 0.042 1

Crop pollination 2018
L fE 0.01 ZKFCRU) b B

IR T AR5 A it R0 AR B o o 22 ) A 7 3 A I AR 5%, e PR e A 5 A 1 o 2 i) A 56 2R B v
k3 0.636, EAEGRNPIFEICR o BAFAE A A BE BT DAt RS 2 (B A7 S 35 Y E A G, ELBIR A7 it A4
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3) . 1980 4, FEF s R BRI 050 b7 B 0Tk R 1Y 85.948% (FRIEMR KT 1), 55— F il i suwk 3
62.767% ,ARFIK AL S RRATAE BB 7K 2 AR 56 2R, 58— o i B stk R 23.181% R T
KPR (N B i) FIAEBE BT it 22 Rl A B RIAE . 2000 45, 55— 32 B3 7 B DT RR R (1 56.965% , AR K BT it
b IO AEBETR 577 K B A = R AR A T, 5 — R oA ER T R AE At 5 B4 A 55 =2 [ 1 i )
KF, B TR 25.5% , 2018 4F  Si—F W BTtk F Y 58.767% AR FR T K BsH b A s
WAEAE Ry KB Z A AT C R 5 00 o5 R TR 1 24.483% , AR T A7 T RIS 20 il
55 2[R 23 R AL AE FH

AT, 1980—2018 41, 25 A2 25 R e M 55 [ AU 5 Wb 1] 2550, AS W A8 A, ELEL R DR 156, 76 T I ORI,
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Table 2 Principal component analysis of ecosystem services at sub-watershed scale

. 1980 2000 2018 ) 1980 2018
BRGNS - - -~ - - ——— EERERS AR v v =
Ecosystem service Wor L MUY2 N1 WSR2 WU L WU2 Bundled Eosystem service WL W2 1T 1

Factor I~ Factor 2 Factor 1 ~ Factor 2 Factor 1 ~ Factor 2 Factor 1 Factor 2 Factor 1
oK LN . .
~ kEE, -0.752*  0.001 -0.746" -0.484 -0.699* -0.428 f " &% . -0.396  0.871" -0.689 "
Water yield Provisioning service
KB (N . . . _ Rt
K %%( ) 0.654* 0741 0.841* 0515 0.804*  0.541 ﬂnﬂf}% . 0.923 " -0.112 0.916 "
Water purification (N) Regulating services
JK p
kﬁﬁ‘%ﬂﬁ( : . 0.972*  0.167 0969  0.195 0.969*  0.210
Water purification (P)
TIERE \ \
,%%ﬁ%ﬁ‘ . . 0.629 " -0.531 0.798* -0.117  0.464  -0.705"
Sediment delivery ratio
Bk -0.886 "  0.422 -0.639"  0.746" -0.819*  0.504
Carbon storage
B B . . . ) &l
ﬁ.“ o . 0.734*  0.615" 0.660°  0.063 0765  0.322 ke &% . 0.674 0.666 0.638 *
Habitat quality Supporting service
SN
oo 0859° 045 -0.5  0821° -0755°  0.588"
Crop pollination
Bi%/%
fﬂ@%—h =% . 62.767  23.181  56.965 25.500  58.767 24.583 49.027 40.512 57.376
Variance explained/%
PRI 4 =0.588 _E At =
®3 BEREESRERSERS S
Table 3 Principal component analysis of ecosystem services at county scale
1980 2000 2018 1980 2018
ARSI ‘ _ :  EERERER :
Ecosystem service oY1 BOY2 BOY3 BN BOr2 BUOr1 MR MRS Bundled eosystem service JG3 1 15 1
Factor 1 Factor 2 Factor 3 Factor I Factor 2 Factor 1 Factor 2 Factor 3 Factor I Factor 1~ Factor 1
K . . o5 .
a J(E. 0.605" -0.336 0.649" -0.543 0.607* 0.183 0.771* 0.402 ¢ ”.HE% . 0.774 " 0.477
Water yield Provisioning service
KB N _ IR MR
K )\4%1}6'(. ) . 0.924*  0.238 -0.249 0.974 =0.033 0.930 *-0.316  -0.085 A H[K,% . 0.872" 0.866 "
Water purification (N) Regulating services
IKBTAAE (P . .
K %%( ) . 0.678"  0.654=0.117 0.889 =0.344 0.725-0.617"  0.109
Water purification (P)
e ==y
i%{}ﬁf . . 0.176 0.487 0816  0.562 -0.522 0.124  0.109 0.909 *
Sediment delivery ratio
T 0.825" -0.486 -0.076 0.594"0.746*  0.820" 0.471  -0.202
Carbon storage
AR +
= fjﬁi . 0.828"  0.308 -0.209 0.709 * 0.319 0.856 *-0.164 0.173 ihﬂ&% . 0.859 " 0.910 "
Habitat quality Supporting service
8 . 0479 -0.835" 0.019 0.410 0710 0.484 0.704* -0.348
Crop pollination
3 %%
ﬁ,’*%ﬁ?& . 47240  26.614 17.321  48.182 27.460  43.963 26.172  17.123 69.910 60.211
Variance explained/%
P F#ifif =0.588 |- fiybi =

TEARMFTIX, 72K & S K B A IR 55 12 30 35 T AH ¢, 57142 Raudsepp-Hearne ZEUS O BIF g A SR ], e
Hh oK e 5 7K ST R AR B B i L B TR BTG iR | B 8 5 e 1A ) ot T RS BRI 39 0, 7 /K 2l g
PR UK RUBS: ZE AW I, 17 R 25 ) il 8 SR A R el AR FH b T 7 DX 7K T
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