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service and supporting service. The regulating service value is one of the key constituents of marine ecosystem service
values. There are corresponding evaluation indexes and methods for marine regulating service value in the current national
standard ‘ Technical directives for marine ecological capital assessment’ ( GB/T 28058—2011) , but it is not consistent with
the evaluation system of terrestrial ecosystem. In order to better integrate the evaluation system of terrestrial ecosystem and
bring the evaluation of marine ecosystem service values into the national economic accounting system, the evaluation
indicators and methods of marine regulating service value were first improved in this paper, the application verification was
carried out by taking Wenzhou coastal waters as an example, and the results were compared with those of the national
standard method. Three indicators including carbon sequestrating, climate regulating and waste disposal are selected to
evaluate the regulating service value provided by marine ecosystem in Wenzhou city from 2013 to 2017. The replacement-
market-price method and the replacement-cost method are used to value these indicators. The spatial distribution map of the
regulating service value in Wenzhou coastal waters are also preliminarily revealed. The results show that adopting the
improved evaluation indicators and methods, the regulating service value in Wenzhou coastal waters is 63.59—86.25 billion
yuan, in which the value of waste disposal service makes a major contribution about 56.53%—76.64% of the total
regulating service and the climate regulating service is lower in value with about 23.33%—43.45%.of the total regulating
service. The values of these two services account for more than 99.9% of the total regulating service value. According to the
space range of 8649 km’ in Wenzhou coastal waters , the average distribution density of regulating service value from 2013 to
2017 is valued as high as (73.52—99.72) ten thousand yuan/km’. Additionally, the regulating service value provided by
marine ecosystem in Wenzhou city is equivalent to 7.34%—11.88% of Wenzhou's marine gross products, and about
1.26%—2.00% of Wenzhou's gross domestic product (GDP) in the same year, and the contribution to the added value of
secondary industry is 17%—27%. It is shown that the marine regulating service value has played an important supporting
role in the economic development of Wenzhou city. The spatial distribution of the regulating service value in Wenzhou
coastal waters shows an obvious decreasing trend from inshore to offshore. The use of new evaluation indicators and methods
can greatly increase the marine regulating service value (about 6—9 times), compared with that of the old evaluation
system, thus the total marine ecosystem service values in Wenzhou city are greatly increased. The evaluation of the
regulating service value provided by ecosystem in Wenzhou coastal waters from 2013 to 2017 can reflect the good state of
marine ecological environment in Wenzhou city in recent years, and show that marine ecosystem has brought great benefits
to human beings. It can also provide a certain decision-making basis for the construction of marine ecological civilization and

the management of marine administrative departments at the present stage.

Key Words: marine ecosystem; regulating service value; evaluation method; application; Wenzhou city
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Fig.1 Spatial scope of assessment of regulating service value in Wenzhou coastal waters
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Table 1 The production price index of Wenzhou City from 2013 to 2017

A} Year 2013 2014 2015 2016 2017
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Table 2 The physical quantity of carbon dioxide sequestration in Wenzhou coastal waters from 2013 to 2017
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AEAy % . Contribution of i . Contribution Carbon dioxide Contribution of Total carbon
Carbon dioxid Carbon dioxid,
Year arbon cioxide phytoplankton to arbon dioxide of algae to total sequestration shellfish to total dioxide

sequestration from sequestration

total carbon dioxide carbon dioxide from shellfish/t carbon dioxide sequestration /t
phytoplankton /t . from macroalgae/t . .
sequestration /% sequestration /% sequestration/ %
2013 4105.16 14.62 7783.25 27.72 16191.50 57.28 28079.90
2014 4158.98 14.67 7457.58 26.30 16741.08 58.69 28357.63
2015 2203.03 8.63 7465.07 29.23 15868.45 61.81 25536.55
2016 3966.14 13.91 8239.00 28.91 16297.71 56.88 28502.84
2017 3043.75 8.46 14083.53 39.13 18861.88 52.25 35989.16
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Table 3 The value quantity of carbon dioxide sequestration in Wenzhou coastal waters from 2013 to 2017
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P [tk 1434 o SR S s [E1 B8 ) A {1 [T BB A 1 (L 6 TE (1
. Carbon dioxide Average market trading Value quantity of carbon Revised value of carbon
ear sequestration /'t price of carbon dioxide dioxide sequestration/J7 JG dioxide sequestration /Jj JG
emission rights/ ( JG/t)
2013 28079.90 140.40 135.73
2014 28357.63 141.79 138.46
2015 25536.55 50 127.68 127.88
2016 28502.84 142.51 145.65
2017 35989.16 179.95 179.95
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BT TEANRIT . BT 0, 2013—2017 45 [a] , 5 P RS A5 3 55 IR 45 A0 00 o 0, A i RO AF 03 02 2013 4F
12014 4E  Y7E 16x10° kWh 247 ; HIK S 2015 4EH1 2017 4, 2976 (13—14) x10° kWh; 17 2016 4F A%, (UK
9.06x10° kWh,
322 M fHETHE

S AGEET (L TA T T IR T B A T FH PR 2 1 L 2R A A Sl R T G P R & A Y R O B L Y
P, TN SAB R IR 55 (B R VPAG 25 SR AME IE(E UL 3R 4, FR UL RT %0, 2013—2017 4[], 8 M 1 3 <4
PE1T IR S5 0 p (i [ S B U0 0 8 Ak 34 R AR 03 /2 2013 4F R 2014 4F ik 81 (26—27 ) {2t e AT, ik
J& 2015 AEA1 2017 4F 397E 22 /270 b s M i R IR AY AR 02 2016 4F Uk 14 {2oe e . BIEJR IR
A V8 R S5 p 1 o, SR AME IE A 22 5IAR /1

®4 2013—2017 EERMBHESBEATRSHMRENNES

Table 4 The physical quantity and value quantity of climate regulating service in Wenzhou coastal waters from 2013 to 2017

" S A AP M E A AP RHE IR

4 : RN o . .

v Physical quantity of climate Value quantity of climate Revised value of climate
ear — _

regulating service (x10°)/kWh regulating service /47T regulating service /47T

2013 16.7 27.63 27.46

2014 16.0 26.45 26.86

2015 14.2 23.58 23.46

2016 9.06 14.99 14.37

2017 13.3 22.07 22.07

33 Esab
331 YlmaEirih

TPV S 7 A B ) o e A T A K R IR AR T T K R R 3 4 R AR (BRI ks
TIRVEEYT) HEWE 075 Yo i o TR TR SR A2 40 1 Tl PR K R i IR 16 1 K R i v ) coD AT U8
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P, oK FCHL A ARG UR S BB GE T AR 28 ) 77 AR D A1 IR TV v IR A ) ) RN TT 3 % B A i
HEEE TS Qe ) 202 COD,

2013—2017 AF IR NI BUE sE P AL BR R ) T s PPAR 25 R DLER 5. W LU $1,2013—2017 4 (8], J7 45 5 JH i
IR FE AL B A ) e AR R S LU 2R 20 5 AL« Ze A, SRR A B AR T TS UK B TR, o5 T 90% 5 HEIE
T RARAL S 10% A2 A7, T 2 B0 0 A5 Ye ) B o Fedm/

F5 20132017 F£RMBFHEFULERSHYEE
Table 5 The physical quantity of waste disposal service in Wenzhou coastal waters from 2013 to 2017

A2 A VLS YU o4 EL
HES Tl Bk s i ¥ 1 7 75k ERTRARIT U B8R

Total amount of pollutants

TR PIAL R ) S

AEAY Year Total amount of Total amount of urban terine the sea f . Physical quantity of
industrial wastewater/ J7 t domestic sewage/ JT t entering . © sea Trom maim waste disposal service/JJ t
rivers/ JJ t
2013 7432.96 43495.10 59.81 50987.87
2014 6020.14 43626.17 116.98 49763.29
2015 6277.54 44234.54 91.70 50603.78
2016 5012.15 46150.65 93.30 51256.11
2017 5316.75 46507.69 95.91 51920.35

3.3.2 MEEIHN

HRAE CHT. E AR GE RS IR GE AR5 ) R N 1T Tl A AT Ak B R Tl B 7K 3 BB AT 32 1 7 AR Y 8
a7 AT B DA SR T T R A A B ) AT RS 5 AR R T T PR SR B A SR N T SR B YE K A
IR T S K R B A (S T AT IH A ) B8, IO 248, T H 3545 20 D7 A T M i 3k A 338 ¥ K Ak 3L B
PEAS, W% 6, WTLIEF,2013—2017 4E[8], I AR T Tl B 7Kk A B3 ) B4 AR 22 31 FL A /N BEAR 764 Je/t
e 5 M T 3B AR 15 V5 K A A B BUAS L AR ANAS K298 (1.54—1.64) J0/t, H& RET5 LB i AR i
B2 SR HGE ", COD £ LI 4300 J0/t, I, A SCIR N T 35 B A G5 44 COD AbFiAY
ASEL 4300 JC/t,

F 6 2013—2017 FiR N T Toll B 7Kk AL IR AN 4 4 i 75 7K A0 B MY B i AR

Table 6 The unit costs of industrial wastewater and urban domestic sewage treatment in Wenzhou coastal waters from 2013 to 2017

Ay Tl AR A BR A B RA/ (TE/1) IR A T T 7K A S S A/ (ST t)
Year Unit cost of industrial wastewater treatment Unit cost of urban domestic sewage treatment
2013 4.16 1.64

2014 4.08 1.61

2015 4.41 1.57

2016 4.01 1.54

2017 4.18 1.57

T V35 R 75 A B A (R VA 25 SR A IR L3R 7, PR mT DU 3, WV 3% 5 40 A B %) A 1 2
FAE K, B 2013 4EZ50 36 AZTCLAAN , Bt AR AR ¥ 7E 50 A28 b DIAETE M k% sy A PR (b o A 3
2% EENR ARG YY) COD AbBR A M 50 BTk o5 32 S 07, LR Ok 1 34 A 3 T K A B AG M E B Y T
ik 17 Tl R K A B A SRR AR X A, 16 1E i 18 SR PN VA 3 A4 2 5 A A B (o, DR R IR 22 AR
3.4 PETTIRSS M EIEAS
341 s R

2013—2017 45 i} 1 35l 0] 1 IR 55 A0 1 B LA AR L2 8 Hh T 2T, 2013—2017 AF 3 N 6 35 08 5 ik 55t
{EA ARG A (63.59—86.25) 447, HoAZ 1 AE AR Ak 35 Bl o (62.22—85.25) {4 7G, JE A Fl & 1F i 22 HIAR /1N
2013—2017 4F A 5 M et 3sl 8 35 AR 5518, AR 37 4 Ak BB AL ) 400 (R 2 (56.53%—76.64% ) , Hik &< 1
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RS PR A (23.339%—43.45%) , —F A F T RS M (B 1Y 99.9% LA I, T [ R 48 ) ¢ (i s A1, 1Y
ANE]0.1% , 0TI ek T3 15 R 55 () ik S 220k B R e A SRS R T SR AR IR 55 th 3 8 i
T 3 45 T M e ST A 23 1] 9 R 8649 km® H14A, 2013—2017 4F HE 45 IR 55 4 (8 F- 341 20 A5 % B g (73.52—
99.72) J1J6/km*,

RT 2013—2017 FRMNBHEFYLERSHNEE

Table 7 The value quantity of waste disposal service in Wenzhou coastal waters from 2013 to 2017

- 55 K Ab B 5 15 KA B
TAEKAS TR Tk mikey  ro R RO
g EOE7 e B B B A EBEANIER Yyt ) -
A . . . . . . Unit cost of Value quantity of
Physical quantity Unit cost of Value quantity of ~ Physical quantity of . .
Year . . . . . . ; urban domestic urban domestic
of industrial industrial wastewater  industrial wastewater urban domestic cewaze treatment / o
wastewater/ J7 t treatment /( JG/t) treatment/ J7 JG sewage/ JT bewdgcz ﬁl;e;t ;n en lrcat:::i}ﬁ
2013 7432.96 4.16 30933.31 43495.10 1.64 71331.97
2014 6020.14 4.08 24588.33 43626.17 1.61 70238.13
2015 6277.54 4.41 27656.58 44234.54 1.57 69448.23
2016 5012.15 4.01 20095.40 46150.65 1.54 71072.01
2017 5316.75 4.18 22224.02 46507.69 1.57 73017.07
B AN N L] F A TS Y . .
. % bR .
COD &t . cop mmigiis T PRIy i 1
" COD I FHLAY BT B A : f ik o :
A Total amount of i X Value quantity of . HIEIEE
. Unit cost of COD . Total value quantity of ] .
Year pollutants COD entering — pollutants COD entering . . Revised value of waste
) . treatment/ ( JG/t) ) o waste disposal service/ . . _
the sea from main the sea from main rivers 5t disposal service/ Ji 7T
rivers/ /7 t /T TC L
2013 59.81 4300 257183 359448.28 347498.71
2014 116.98 4300 503014 597840.46 583803.76
2015 91.70 4300 394310 491414.81 492181.42
2016 93.30 4300 401190 492357.40 503189.26
2017 95.91 4300 412413 507654.09 507654.09
&8 2013—2017 FERMNBHES RGBT RSN EREAER
Table 8 The value and its composition of regulating service in Wenzhou coastal waters from 2013 to 2017
RS 45 A0 fi WLy BIHEFRNE SIS 5
_— Value of regulating service Yt . Value of each index UM Ho
2 B Average distribution AR BIEME Proportion of the
Year M = ; Index Wi = .
. Revised density of value/ . Revised value of each index
Value/ ITC value/ J1 JG (Ji 78/ km?) Value/ JiTC value/ J1 JG to the total value/%
2013 635888.68 622234.44 73.52 G173 140.40 135.73 0.02
A 276300 274600 43.45
JEF 4t B 359448.28 347498.71 56.53
2014 862482.25 852542.22 99.72 [ B 141.79 138.46 0.02
SIS 264500 268600 30.67
EF b 597840.46 583803.76 69.32
2015 727342.49 726909.30 84.10 i 127.68 127.88 0.02
ST 235800 234600 32.42
EF b 491414.81 492181.42 67.56
2016 642399.91 647034.91 74.27 [ e 142.51 145.65 0.02
G 149900 143700 23.33
EFab 492357.40 503189.26 76.64
2017 716828.62 716828.62 82.88 Bl 179.95 179.95 0.03
A 220700 220700 30.79
EF YA 495948.67 495948.67 69.19
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2013—2017 4F 15N EE 30 15 IR 55 ¢ (8 & B E 1

7S L YL 2, T L, S PSR 1 B 501 (1 2 0 S 100, o O
THIE B SN b T 0 S, A 4 4 5 o
2013 4FEH1 2016 45, 7€ 60 ACTCLA T 5 B H 5 o B 4 4 B T 7168 71.68
Ky 2014 4F, 2% 85 ALoC kA < T
342 MR £ of
BT ArcGIS 9.0 Helf JEMIGBBIPM SR 28 0
R 100 mx 100 m 950K, M HILL 2013—2017 4 & 5 40
SEMMVERR R 15 % 55 3 S ARG M, TS g S s
] A A BRI B 2 A, % o)
VB AR T HAS 40 A BLEE, DLPE 3. DU e D AE o}
P S 15 6 454 (107 ) 5341 2 22 0 b DA e
) ST G 38, 50 (410 B AR T 70 T2 X A by Year
A Sk [T

S T . 2 2013—2017 SFRMBEET RSN EREEEENTL
343 *Fﬁ%ﬁlaﬁ/ﬁlﬁah}ll@ jwﬁﬁﬂﬁ%’ﬁl\ﬁﬁ/ﬂttﬁ Fig.2 The change of regulating service value and its revised

%}Eﬁ Z]Rj(%ﬁ 737{?1:»%'] EI )ﬁ: EF' H 737{?13%%” ﬂz{ﬁ 2013— value in Wenzhou coastal waters from 2013 to 2017
2017 AR A 25 R GRS A, T T Ee s, UL
9, GRERW] R AH 5 AR 2000 Dy AR N 15 IR 55 (B R R IH A PR BN E R (6—9) A

£9 FAFIBAEITM 2013—2017 EEMNBEHESEZATRSNE

Table 9 Using new and old methods to evaluate the regulating service value in Wenzhou coastal waters from 2013 to 2017

A SCH A ik FE| % R TH A 7 12 BT
AEA New evaluation method 0ld evaluation method IH 5 =M
Year IhfE Wit/ e L SE N e Wit/ - K IG5 bR Value of new method/
x5 o e i T %9 o i frff/ 76 value of old method
AT
2013 JATIRS  635888.68  [HlfE 140.40 YIRS 102324.72  (%HF 59.44 6.21
[# ¢ )
ST 276300 — _
JEFTIME I 359448.28 JEFEIME . 102265.28
SAEIT
2014 TRS  862482.25  [HlEE 141.79 WS 94884.54 (% FT 58.08 9.09
[# ik )
AT 264500 — _
JEFEYIAE L 597840.46 I B 94826.46
S AP
2015 WEARSS 72734249 [EGk 127.68 WATRS  97153.15 (%ERF 48.34 7.49
BT
ST 235800 _ _
RS 491414.81 JRSEYALEE 9710481
S AV
2016  WETIRS  642399.91  [EGk 142.51 WATRS  91228.44 (%ERF 61.03 7.04
[ 15 )
ST 149900 _ _
RS 492357.40 R 91167.41
S AP
2017 WEAIRSS  716828.62 &Gk 179.95 WS 95326.73 (%ERF 85.64 7.52
BT
ST 220700 _ _
JREFEAL L 495948.67 RFYAH 95241.09

http ; //www.ecologica.cn



4275

AN T A 4]

S5 PR S AR G IR S5 O (LAl 77k S H

ke

13 4

LT0T 03 €107 WO SIINEM [E)SE0d NOYZUIA\ UI IN[EA IAIIS Sunensal jo uonnqrysip [eneds ayy, €51

L& EISZLHE S M B S BN B FLI0T-€T0T €]

uy 0 0

‘ u (uny/34,01 %)/ : (2unt/3£,01 %)/
2122 B ‘ 12122
HL10T - i : #9107 ¥ ..t . #510C

L
e i
g

dufiiAm I

ooy LTS

(/36,01 )/
A B S
HY10C < i #7102

http ; //www.ecologica.cn



4276 JAE = 40 %

3.5 RNV S IR S5 (B RN T 28 5% % Jre Y Tk

T P VR S8 R 5 A AR ST A 7 S R b DX A 7 S(E R BTk UL 2% 10, AT LA Y, 2013—2017 4F:[H]
TN TR A 25 R GE R A A R YT AR S5 A (ELAH 224 TR AR IR M T Ve A 7™ BB 7.34%—11.88% , AH 4 F [R]4F- 1
A= BE Y 1.26%—2.00% ., H LRI T RE 1 JCHE 01 IR 55 B S HE4 (8.42—13.63) JTIfilg ik
PR, S (49.89—79.41) TTAY ML IX A 72 A

R 10 2013—2017 FBEM 1738 F T RS MET #E X &£ 7= BEMEF £ 7 S ER T
Table 10 The contribution of marine regulating service value to regional gross domestic product and marine gross domestic product in Wenzhou

city from 2013 to 2017

VA5 IR 55 A8 o i
— o . . A BB L VA9 R 55 i 5 GDP
RS WA B E MK A (CDP) i 55 i
A5 . . . . . . Proportion of regulating — HL5i
Regulating service Regional marine gross  Regional gross domestic . . . .
Year 2. . — — service value to marine  Proportion of regulating
value/4ZJC domestic product/4Z7T product/4Z.7G . .
gross domestic service value to GDP/%
product/ %
2013 63.59 667.21 4024.50 9.53 1.58
2014 86.25 726.27 4303.05 11.88 2.00
2015 72.73 790.47 4618.08 9.20 1.57
2016 64.24 875.38 5101.56 7.34 1.26
2017 71.68 957.50 5411.59 7.49 1.32

PRI AS R GRS U 5 L X = (HAF R DR AR M BT —E RO R IR R AOC R R B T RS R G
55 (X DX I B JR ) e MR AR I . I AT D T T Ve 7 30 4 e 55 A0 -5 Ml X585 57 I 3 A E {2 S
N M DX 1 IR 55 A A AR ARA ™, SRS S RT3 1 M 55 A9 Xl X 7= L F) i ik 2, 10 L
DX LR P HG RO PR 35 I 55 I (EL RO A RE BE | L3R 11, SR il ol 2, 2013—2017 A7 i M1 T 9 8 79 IR 55
IR L XSRS P VS A R STRRE R 17%—27% , AR AT, i 39835 AR 55 (ED0 i H T 26
I IME R STRE LL 2014 A0 B Z AT BV, Z R T B R SO T Al ek T R 55 ) A R R
J15esg IR b X AT RES 2014 4R LUR BUR IR IR 15 4R B, il 5% TUHET S R4 G

F 11 2013—2017 EiRM T = E X G F AT RSN ERRTTE

Table 11 The dependence of added value of secondary industry on marine regulating service value in Wenzhou city from 2013 to 2017

PRSI E S

— g5 — el J
i Riﬁaﬁiﬁﬁvﬁie Addfi 7a}:jknfasjiifdary /éﬁ i j]l] sy H:{E
Year — . — Proportion of regulating service value
value/fZ7E industry/ L7 to added value of secondary industry/%
2013 63.59 268.58 23.68
2014 86.25 323.13 26.69
2015 72.73 345.74 21.04
2016 64.24 353.54 18.17
2017 71.68 410.73 17.45
4 itig

WG CA BT RUER , U619 IR 55 A A R Gt E B A SRS 2R 8 A (B T IR (e, 719 R 55 19
MER IO T BB, A R GRS MBI 70% LA 1 FE 20T 909% 7 Rl 1 8 A AR 58 36 14 915 IR
S EPEA IR XA S R G, AT bR b A Y RS A FE AR AL O s B S R A S R G
19 IR 55 RE R FE AR AT D BRI E ARG —

AR SO FE A o R R 55 B HR B MR AT TR R 5E 35, 2 0 DAL T s 51 JRE IO BRAIE , A
T 2013—2017 4F 5 AF-a]t M IR A 25 RGTER AL AR 19 I 55 (6L, O 5 AR OT ik PEAS O S5 SR AT LU X, AT LA
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Bt SRR ST S PR T IR S5 AR AR AVTAG s, BB R 82 v VAT IR 55 A A A O TH 7 Sk DA 0 (1Y
6—9 %) , NI M V3826 5 R G MR 55 B (AR B R IR R T, 1EE A, PRI AR R G RSP0 H
AN T BTz, 2 T HFMMIBRESRGEA L EE, FRGHEAES RGNS MENZE , 525
FLAH R A ITAG HE AR TR R S 1, TR, B2 Hh ARG b2 B 50 38 W VR AR S R G IR 55 (B AZ 7 i, LAAR
BT 2 T JRE B P A 25 R G R A5 T RE A (B, T LA BB P A SRR SRR, A B A&
DAt S R RUCRINEE NE

FRIETPAGZE R, 2013—2017 AF- 3 M V33800 45 R 55 (28 A6 35 [ R (63.59—86.25) 27T, (B 53 A7 %5 i A%
FEIE R (73.52—99.72) J7 t/km’*, HE RAE, 2009 4F i V1.4 3 I VA 55 IR 45 O (S 24 (A 103.82 Ji L/
lem® 0 TR Vs A IR 45 M (R4 A 2 B AR b S VT A A A TR — S ST L, 158 BH A SO0 VA s 3 1 iR
SAMER AR AL T6 BYE

AR B ,2013—2017 SRR T A 1 ST FEA A R G 19 IR 55 (B S #E 35 (8.42—13.63) JT I Hit X ¥
A7 A, SCHEE (49.89—79.41) JC Y ML IX A 7 V(B T M T TRV 3 759 TR 45 A0 (B0 6T L 585 — 7 M 15 %) BT ik
BER 17%—27% , W TR AR S5 M0 (80 BTk 35 2k A IR 79 A 3R A6 A1 S (L A (8L, T 8 1 I 57
YA BEIR 55 1548 T Kt I 7K 5 7K RIS Y g A BRIV e A A I 49 il 55 U148 T R R = TR IR
A N T 3G TR BT 25 PR AR FE HL AR AR | A > 3 1o A 4 0 1) X5 i AR R A 7= el R AR = HE AR [
B, AR (R R AT e T Aill ) AR L T 28 o M 3 I i, DRIt T M T Vg v A S R e 0 W R S5
B, XN T 2805 & SR AT 35 B SR

AR T N TV A S R G VT AR S (L ) TP, 52 B 3 30 AP A i M T T A S A A T R AR
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