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Radiation Effects and Service Function of Aquatic Ecosystem

—Taking Luoyang City, Henan Province as an Example

Xu Jinpeng', Xu Yingjun®, Meng Yu®, Shi Jifeng®, Guan Xinjian®
(1.Nanyang Bureau of Hydrology and Water Resources, Nanyang , Henan 473000, China ;
2.School of Water Conservancy and Transportation, Zhengzhou University , Zhengzhou, Henan 450001, China)

Abstract: [ Objective ] The value change and radiation effect of the regional aquatic ecosystem service function
were analyzed in order to provide a scientific basis for sustainable development of regional water resources
and ecological compensation of a river basin. [ Methods ] ArcGIS software was used to extract land use data
for Luoyang City, Henan Province from 2000 to 2020 in order to obtain the area of water type. The emergy
method was used to quantify and analyze the changes of aquatic ecosystem service functions, and the
functional radiation was analyzed by the break point model. [ Results] From 2000 to 2020 (in five-year time
steps), the total emergy values of aquatic ecosystem services at Luoyang City were 8.01 X 10" sej, 1.29 X
10% sej, 1.27 X 10%* sej, 1.29 X 10%* sej, and 1.31 X 10** sej, respectively, with a general increasing trend.
Among these emergy values, the focus of service composition had shifted from supply function to cultural
function. In this system, biodiversity protection, aquatic product production, water resource supply, water
resource regulation, and leisure and entertainment functions were dominant. Leisure and entertainment
functions have become core functions. In addition, the main transfer areas of the aquatic ecosystem service
function in Luoyang City were Songxian County and Luoning County, with total outward transfer values of

3.10X 10 sej and 3.21 X 10* sej, respectively. The main transfer areas were Luanchuan County, Yiyang
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County, Yichuan County, and Ruyang County. [ Conclusion| Greater attention will need to be given to

ecological protection of water, increasing support and guidance for regional tourism, and reasonably carrying

out ecological compensation in areas similar to Luoyang City to promote the coordinated development of the

economy, society, and ecology in various regions.

Keywords: aquatic ecosystem; service function; emergy analysis; break point; radiation effect; Luoyang City of

Henan Province
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Table 2 Service function emergy of water ecosystem data series at Luoyang City during 2000—2020
s Ji e A 4 RE{E / sej
¢ 2000 4F 2005 4F 2010 4F 2015 4F 2019 4F 2000 4F 2005 4F 2010 4F 2015 4F 2020 4F
AvgiE HFEK/0°m® 500 5.22 7.64 7.87 6.81 . ) ﬁ
o ‘ L19X10% 1.34X10%" 1.28X10% 1.21X10°" 1.16X10%
s e wFk/100m® 7.3 838 6.82 6.0 6.23
N Zn
KPR A= /101 ] 2.19 3.99 8.07 11.2 8.60 0.44X10%" 0.80X10%" 1.61X10% 2.23X10%" 1.72X10*
KT kH/10°kW-h  1.02  2.81 3.56 3,78 5.40 2.30X10%" 5.92X10% 3.98X10%" 1.27X10* 0.98X 10"
-~ KB IRIRE /107 m? 106  1.20  1.26 1.9 L00  1.66X10*' 1.97X10*" 1.52X10%" 1.32X10* 1.11X10*
YA T
ST /107 ] 434 5.28 559  4.45 4,38 0.18X10%" 0.23X10%" 0.29X10% 0.24X10%" 0.23X10%
- AW LRI /R 153 153 153 153 153 L75X10% 1.75X10%" 1.75X10% 1.75X10%" 1.75X10*
FRBEE/(gem 2+d ") 3 3 3 3 3 1.23X10" 1.56X10' 1.67X10" 1.77X10" 1.86X10"
i PRI 5 /10° I8 6.25 1.29 3.71 9.59  16.20 0.47X10%" 0.92X10%" 2.29X10%" 4.84X10%" 6.15X 10
BHEm 5/ 0 24 30 102 126 108 0.81X10'7 1.02X 10" 3.46X10 4.27X10"7 3.66X 10"
it 8.01X10%" 1.29X10% 1.27X10% 1.29X10% 1.31X10%
COkBERS EEAKARS N
1.0X10%T .msmFﬁiﬁ - AR &t 1.0X10 O kRERS
7.5X10™[ e T ... -EﬁgggA "
2L ®- T &1
7 5.0X10 s R . 7 )
& = 2.5%10%t TS
99 2.5X107 | pe 7 peceeeeaes S .
&R &R 1.0X107'f
= =
imeW g
7.5X10°1 T 2.5%X107}
5.0X10"f
1020
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
£ £
22 22
o io] T W% R LOXI0%r  —yprima &
X100 I A R B A 5 o Shii
5 6.0X107¢ —— HRE A T 25x107F e XHEFAT .-
i 4.0%10" ) & oxi107} o]
& = T
g 2.0X10"F . . . . = 25X1NZ;FT
3 =4
N X
1 8)(1019:5 2.5)(1017'
il
1019

3.2

2000 2005 2010 2015 2020

F 0

2000 2005 2010 2015 2020
G

Bl 2 &FAWKAELESRL(2000—2020 F£ R T )BEET K
Fig.2 Emergy change of water ecosystem data series at Luoyang City during 2000—2020
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Table 3 Geometric distance of counties at Luoyang City
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Table 5 Transfer radius of climate control, carbon sequestration and oxygen release function km
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Fig.5 Radiation analysis on climate control, carbon

sequestration and oxygen release function

4 W
4.1 FREZIHEEMER BT 547

BRI, 20002020 4 8] 3% BH T K 4 4B & &R
Bt Ik 5 2y e A 18 /9 1828 B 0 481 (2000—2005 4F) i 3
L FHEJE W] (2005—2020 A7) AR fb s T 2% R H
2SR GG R AR WAL L BT 7= A 1 A 25 R 55 Th B
Bk . X5 kAN B BT 45 SR AR A B IX I
AR GRS Y RE (5 Rl A B 1E) 7 B0 0 & R A B
TR R 534, BRI R S5 s i) A Ak
K F 7K T & Ty 58 AR IR 458 AR T B Tk O ol o€
2 WK A TR A8 A v LY b K B IR 1 T R R S
JBT A AT RASR Y, X 5o R R —EL
AEES—HEXSMASYEEERNE, — i,
K 1 % BT RE 1 2 VR T v G S 60 BE IR 9 7 oK%
B I AT S 2L 2000 4F LUK K 1 & B @ A K
KL ) — 0 L A5 35 T PR T 2000 4F DL OR ik i
Fll i AR &R R N 15 R ) RE B (6 AS BT 3 o, i
2019 4 J5 32 B 7 2 15 10 5 AR DR 4% AR T g 22 B B
il 5 AP Bt 5 v 2 195 B 4 BEL o 10 7 R0 AS DB 4 L 2R
BRGR S e MEL S AWKE .

IKRGE R Nt o 0 i 55 %50 25 = R 1 iy L
KAEBHABERMAET LRGN OKEREERN
N AR AT 22 11 7= i B9 VR AHL A i ety A 2R T K
BT RFI R AR, ANFEDXFAES
F 50 R 55 D Re A (504 5% ) R 22 2 A TRy R -

R R SRS R GRS O 2 2 RS,
I BE T & R b SR 25 B K A 285 B B i)t B A
M AR RG M R 4E . T55b KSR S 1
BEE O TF H AR 45 D) 68 1) SCAG 2 RE A 7%« R IR 4% 2Rk E AR
KA BRI E ., TR, KA A S R SR S5 AR
YRR K™ AR 7 K BRI 2 K B R =
FIVR TR 068 55 T B J T S C Az o PRI B 76 S5 2 /K B R 45
P rp T B ALK A K BK AR A S R K
FETH RS 5 5 5 B 5 0 O DX I Ul 1) A% RN A
J7 AR HE DI 28 U 5 A A R K R 5 AR R K &R
SR AR L, sk AR SR e ok A S
Wi,
42 KEEDTRGREZVET HEHNFLE

HEBRGEMRGS AR HE N S E B RGEMF D
fE B (8 25 1) 2 15 15 Ol 2 AH LAY . A= IR 55 ) e g
BRI DX 358 ) A/ S T A v LB A 2 R) R RS Y
K, b b XA S R G R 55 DI Re M (B R i A B
UL o BE AR RS B sk b, X A R iR RSO R — 3L
BT KA A A R G IR 55 DI RE Y A3 TR B RS 4y B 45 A
SAMEFR AL T — Mo i B B T AR RGN 552
FE Y6 1 DX A 2 IR S5 M (6 A 84y R O 3% IX A AR
BRI A& EMaERS O KENRE T & &R
HA DX R 28 4 it ol A A 25 B B8 AT R S R R Y fiE
J1 . MNAE S LS T 2% 09 2R UF L AR 2 i 1 X RIAT
VE R A AR R ORALRT LIS B B X388 J& il ok
{EL . 38 ] LU 02 AR 20 2 J2 44 9% 3R 15 A S #b
P4 L ARSI 2 BAE L AR AR N B R A
PR AR 5 S A0 R S R A . 2 B T R
Wy R AP a8 (A SRS IEEMENELE) R T
Ui A 2 7 bl DX b Qi A A e b DX R AT AN L IR
TR W I b AT A S AME AR A TR S oK AR AR
BRG] R R e AR LR B
43 MBEEX

ASCEINT T KA R RGN REE S i KA AR
BRGRS VIteae(a M E & Bk &R, LHKAA
SSRGS Y S ST RE Y A& 40 2 W LA RE
HNERPA NS —k, SEEMETF=kTr
B LG A SCR T B BEAE 40 AT IR e — 8 B B bl fe T
Z5 2F 7 TR A B ) 3 O A A ) L s D TN



5 43

TR G2 IR AR A R GRS DI RE S R S R0 177

e ST RT3 W R A 3 R G IR 5 U RE B9 IF
i HE W E R0 o 53 A A S T i 2R A X
DX 3l 25 2R G0 R 55 D RE b AT 25 ) 3 5 20 4 i s 1)
UL e LR & A 9L 387K 9 T 4 XS P 4% A7 B IX 22 (1]
F4 R 1A B R A 2R B o 1 1 4R R S

5 &

(1) BATH 2000—2020 4F 7K 4 4 IR 45 e fl
R0 8.01 X 107! sej» 1.29 X 107 sej, 1.27 X 10% sej
1.29X10% sej Fl 1.31 X 107 sej, B {4 | 52 4 K a3,
T K= S AR TR R AR B2 DF R T Re 1S K B
K G UE AL 25 Ty e g T B L K J7 & LT AR 2005 4F Gk
SN WEAE 5 T B B S 7K AR 25 1 IR 55 4 ok o o0 OF e i 4
T e 1) ST e IR B o IR R 6 A © Bk 7K AR 25 ) A 0
UIGe. 7K & G0 1E 76y N\ 28 4 At B ok B £ 1y 7 i N

(2) 2020 AFEE BHT KB AE S RGE M5 Yy Be =2
B MK Ry us BRI T B, m AR R i A i R
3.10X10% sejfll 3.21 X 10% sej, 3= B2 ik A Hb X S 25 1|
B CEMEE R R BB 23 [a] AR B e A
Wi 5 225 TR0 B 5 %) e T 3 O 1) R A

(3) AtsE R HBRIE kKA LB RGN
% I6e . E— 2 TR L Rgag sl DX sk AR AR R B AR
0 DA B 0 Dy R % A8 A ], by 7K 88 R A5 B Ok 43t
Ml o TR] B 3 Ak DT 2R A R ) 45 AT B IX R O ) B
%) s (L 040 %o L Ty e 6 S A0 1 6 AT 4 BT 5 BB A SRy i R
IR BE IR R 1 S A A M AR R 2 S, (H SR X T
IKAE AR 2 R G IR 55 T RE 1 oAb 3 AN 6% 4 1, DB 24 A A
RUSR 2 8 B TR A Je 25 8] S M ] L, 5 2 0T 5% 1 22
E— T

[ & % x # ]

(1] Bz IR . EROR 45 K AR S IR 55 DRk 20 B H
]2 A (B PP A ()] AR 252312, 2004, 24 (10) : 2091-2099.

(2] 6. Ph B, b ¥ B L 55 % = 7K B 2008—2019 4 K A=
SRS Py REVEAN [T 10K - AR 438 4 . 2021, 41 (4) : 276~
283,291.

[3] Daily G. Nature’s Services: Societal Dependence on Natural
Ecosystems [ M]. Washington D C: Island Press, 1997.

[4] Millennium Ecosystem Assessment. Ecosystem and Human
Well-being: Synthesis [M]. Washing D C: Island Press,
2005,

[5] Ak, E¥%, BT, % 7k Bk A S RE MR
S5 AT ], A AR BEIRAE 4, 2020, 35(6) : 1326-1337.

(6] XIEJ, DR, &bk, %5 4 B R GEIR 5 26 O (E 174l

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

IHELRARLTL PR« B 53R5T,2005,15(1) :91-95.
Meng Yu, Zhang Hao, Jiang, Pengkun, et al. Quantita-
tive assessment of safety, society and economy, sustain-
ability benefits from the combined use of reservoirs [J].
Journal of Cleaner Production, 2021,324:129242.
FEIATC b A B30 KA I B AR X B AR R
Gt Al H 22 5 O (R AV Al [0 ). 7P R ER BT B2, 1999, 19(3)
247-252.
S, E RN E ALl AE SR K AE S RS
S5k 25 5 3 10 BE 43 BT LT ] M B2 4L 2017, 72(6)
974-985.
Odum H T. Self-organization, transformity, and infor-
mation [J]. Science, 1988,242(4882):1132-1139.
EAF L BRLL AL P L M X B R 7 4 S 2800 7S () 2%
WEELT ] K AR FFIIF ST . 2022,29(6) : 161-166.
Brown M T, Ulgiati S. Energy quality, emergy. and
transformity: H T Odum’s contributions to quantif-
ying and understanding systems [ J]. Ecological Model-
ling, 2004,178(1/2):201-213.
BN e oK T K B0 RE B R B ik [T A AR BRI
%47 .2016,31(11):1958-1968.
B AR 26 DXCIUK BT IR AR A8 22 U M (B 00 RE(ELOT 52 (D], 1 By
IR B R 2% . 2009.
SR AR L Wk AR . I 4 i 3t DX T — T A S R g IR 5
RE(E 2 AL AT 5 [T /K L RE R % . 2015.33(8) : 37-41.
e WK 45 A N A= 25 R 55 Ty e {45 [ B 1T
A I 0 3 0 B L) . A 11 v B 2011, 31 (4)
1008-1014.
PRl 27 BBV FE A SR A SRS 6
B GRS RO AT T [T ]. BB B2 5B R, 2017, 40(5)
179-186.
TR PR VA A A S R GRS N AR S
5 NZEE F MRS - LR M T A [T ] 30 5 TR
AR ,2022,12(6) :2124-2131.
HAH Wt RE R AR L R 5
A RGNS M (B2 18] A AR OGS R e BT [T ] AR A 4l
2019,39(7):2366-2377.
Wang Hong. Zhou Shunli. Li Xiaobing, et al. The in-
fluence of climate change and human activities on eco-
system service value [ J]. Ecological Engineering,
2016,87:224-239.
Zhao Yue, Wu Fengping. Li Fang. et al. Ecological
compensation standard of trans-boundary river basin
based on ecological spillover value: a case study for the
Lancang-Mekong River basin [J]. International Journal
of Environmental Research and Public Health, 2021,18
(3):1251.



