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Abstract: Governments use the money-based accounting systems of their national economies to calculate macroeconomic
indicators, such as Gross Domestic Product, Gross National Product, and Per Capita Income. Over the last few years, in
response to the perceived lack of comprehensiveness for such accounting systems, more attention has been placed on the
economic use and evaluation of ecosystems. Methods for calculating the value of ecological services are attracting interest as
an instrument to convert the non-monetary values of the environment into real monetary thinking. The scientific discussion on
methods to estimate these values is still embryonic. In several cases, the values of environmental services seem to be used
arbitrarily for economic-based instruments, such as charging entrance payments to visitors, and establishing a value for
ecosystem services and natural capital. This study summarizes the theoretical basis of environmental accounting based on
ecological thermodynamics and reinterprets socio-economic systems from the perspective of donors. Emergy, the total amount
of solar equivalent energy that is invested by the environment in support of a given process, is suggested as a scientific

measure of the direct and indirect work performed by the biosphere. Within such a “donor-side” perspective, the value of a
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resource relies on the effort that is needed for its production and delivery over a “trial and error” process that ensures
optimization of resource use. Finally, based on the improvements in the recent emergy methods, four development
perspectives are given: 1) the continuous updating of the emergy benchmarks reinforces the foundation of the non-value
accounting of ecosystem service functions; 2) there have been large numbers of emergy analyses of ecological assets and
ecology; 3) the difference between the monetary and non-monetary values of ecological service functions lies in the transfer
of environmental ethics from anthropocentric to ecocentric perspectives; and 4) the ecological perspective suggests that it is
necessary to study the relationship between eco-service function and ecological value. From the thermodynamic perspective,
the study of ecological service functions establishes the possibility of proposing environmental taxes. This study suggests both
monetary and non-monetary accounting approaches could be used to quantitatively account for natural capital without relying

solely on financial tools based on human preferences and fluctuating market dynamics.

Key Words: ecosystem services ; emergy ; non-monetary accounting method ; monetary accounting method ; pricing
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PEATGE— IR O H Y I PR O AN SR I AR 55 I 14 A BE SR % T A A8 R GR35, IR AE AR S R BE IR
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Table 1 Emergy, emdollar and economic value of services of the USFS system. Data adapted from [29]

PO NI & il REH N A w5 (sm) HE
Ecological Services of the USFS system Emergy Value/(10%'sej)  Emdollars/(10° em $ ) Dollar Value/(10° $ )
PHA TGN B A R 55 I BE Services with market value

BT 5 Research 0.2 0.1 HeF 9 0.02 HeF 10
YRR TG B Organized recreation 2535.4 1 334.0 He 1 9.2 Hey 4
K7 b BB 545 Sales, permits and concessions 5.9 3.1 HEF 5 3.1 HEFF 5
JKHLFF & Hydroelectric energy 60.7 32 HeF 3 11.2 HeF 3
KGERAEL: Water supply 101.7 53.6 HeF 2 127.1 HEF 1
TAETE Carbon storage 2.4 1.3 Hey 7 1.4 Her 7
IKIEHBARA Watershed protection 3.8 2 HE¥ 6 19.9 HEy 2
FFA% Wildlife hunting 42.8 22.6 HeFF 4 2.9 HeF 6
i1 Fish harvest 1.7 0.9 HEF 8 1.3 HEy 8
VLB BT A 34 Wildlife watching 0.1 0.1 HEF 10 0.8 HEF 9
FHE MBI TTZ M Total market services per year 1 449.7 176.9
AN T M BRSSPI HE Non-market services

k%3S Clean air 13.2 6.9 —

k7K Clean water 81.1 42.7 —

$4 Pollination N/A — —
FhT-B% Seed dispersal N/A — —
BN-EE Y- Predator control N/A — _
BWIFA T FT Gross primary productivity 2.4 1.3 —
HAIQ = 71 Net primary productivity 1 0.5 —

WP 3R Total respiration 1.4 0.8 —

B2 454 Scientific information 0.3 0.1 —
BHE M AYFAET 8 Total non-market services per year 52.3 0

w AR SAE AT R BT — ) B RE X AE M SR T E (1.9% 10" sej/ $ ) , X MBS S FEREM G20 LA, “N/A” 88 = B S 80
BN A, B A TR AUE ;< — 18 00H % 1%
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(4) AT VARSI T 37 B ) 4 S SR IR 55 ST B2 T A 0, 491 0 8 R 2 400 2 ) Bk A A B i 37 v
I TR B ST 253/ K R T Qe AL i B A5 X R AR A% i 52 1 A% 0 D7 3k T A — &
FNAZSHHE, AR T I 5 PR p IR 55 AR RO RE B B0 B, SRS A 2D 3R — 0 s, R AT SCA I 95 2R 2R 25
RGNS IIRERT AR S R GUIRS5 (9 5% T (BT FRDRE 30 0o 4 i 55 ) R 3 o A — R 9 AR R RE TR S
BETH HERAAT

(5) B EB R GRS M (8 BT DA 2 2 5 R,

(6) BFFE A RO T & bR v, 1 R4 DAl AT LA FZ T R AT A 8 R G IR 55 DI RE PP Al 30 1k 5
L,

FATTLA 2005 41153 56 FE AR ARR G0 A A= 2R 55 DN RE A BIEA T U W (PR I 36 2) , PSS A B, IR 20 2 1l 7 5
Wil A IR A A S RGN S5 DIRERY AL S -5 T M 2 5 R A A T 3 ) A 55 D e (CAnfse i A 55 )
HEZSA (AT 400 85 S A — 2, BR T /R BRI R (X by AR 11 13 e 55 b e e SRl 8 it 52 31
BB o B AR A S E LD BT T ELEY 30—60 5, FOR R 22 5 S 1 AR 2 AT AR IR RR Y
YRR P AT B RRO R AR . B TS I B IR S5 D RERY AL S M E B R T TS, e fe s <, X R]
RE 2 B AN 05 G A U R B 2 i T 84

®2 ZEFRESRSINENEE, ESNELRHHNE (2005 &)

Table 2 Emergy, emdollar, and economic value of services of the National Forest System (2005)

ErRcs A RS Dig HEfE HEEME Hi M E
Note Ecological Services Emergy value/ (10?' sej/a) Emdollars/ (10° Em $/a)  Economic value/ (10° $ /a)

BERT IR % Provisioning services

1 s 0.2 0.1 1.3

2 S 0.4 0.2 0.1

3 TR 0 HT A= B4 0.5 0.3 2.9

4 AR ARE 5.2 2.7 0.2

5 K B R 13.6 7.2 12.4

6 W aIR 60.7 31.9 1.1

7 A REHT R 198.1 104.3 1.7
PR SS Regulating services

8 3 6.6 3.5 0.4

9 Hibzs S 23.7 12.5 3.3

10 H bk 19.9 10.5 1
Y5k S5 Supporting services

11 Mg 16.6 8.7 36.8
SRS Cultural services

12 PR AR IR B 24 12.6 9.2

13 BEAER 4.6 2.4 0.2
SE A B R G NR 55 P AE B Total ecosystem services/year 196.9 70.7
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2 1a) 9 FEREME TN BE AT I ok AR 2 R e 02 HAb i i 2 IR, 2 S UEVs 113384 1y 2
HER XA BEME R AT AT LB B3 20 tH22 70 AEAAHD, e H A T SR SR AR S R ST K B BE ; 25 1E 90
RN, Odum K819 30 ) 5 R BE RN AL TR R AT Ak Dy S5 DR BHBEFL , AT A 1 i 24 A= el ) ik o
{624 9.44x10™ se)/a, BEJ5 HEBE G BEE 3BT I T & 8 sy, B0 1 S [R) 1) b 304 4 P B (B SR v 7E
2000 4F, F FHEE 4F A9 Kcd , Odum 7575 JE T 1 Bkiz 3 i BERE OO K 1996 4R HTHRE 9.44%10% sel/a &
TEF] 15.83x10™ seJ/a o PRI, S 7 ARIIEREE 5 A0S if M A0 ™3 | 7 g (A% B8 v o 2 1 6 R FH 7 g
(EEIESE, P B FIRE (R G R EUEAHOG , RABE AL AT B R AR 257 . BT DLANZRSR ) Odum 2 IE HYRE
FLUELH I8 4275 1 2000 45 LRI Y BE (B 45 32 A (E 3 AR 1 i 3 LA e 46 22500 1.68(15.83x10% se)/a 15 9.44x
10* sel/a I LHLAA) . 54 Campbell 7£ 2000 - ZE BT T WY AB 2 )5 R4 9.26x10% sel/yr VE N BEAE JE
B3 2010 4F , Brown 1 Ulgiati F] FH 132 I 2255 57 Sk Se 7F B9 £ R TF B 45 9 88, MR 1996 4F Odum X fig
{ELAE SCRFTTAE T ARk BRI AT FHAE ) VR AEL; PR NS4 R 1AL, 25 18 1 R U5 T Ml bR 3t A RE O ANl 2 1
(RAERITEHE M52 A5 ) Y o 25 RAS BB A 4R I AR M SEHE L0l 15.20x10% sel/a, SRR B
g —FP R BEEL T AN B E MR —Fh 7 ¥k . BR T (EA 281k A, RE (R AL 1 19 44 FRULAT 25 T b A [R] A v 32,
Brown 4517 RE 0K S 1y 3 A= 4y B A T A5 K BH R SRR L BCUE R 9 B T 6 B Oy 3 AR ) LR (G
( geobiosphere emergy baseline, GEB) , 2016 4, Brown Al Ulgiati "** ; Campbell "' $5 X % 3¢ T f i 1154 i 2%
R PIE 12.1x10% sel/a Fll 11.6x10% se)/a, PIAMEAREG , HAFIER 11.9%10% se)/a, #5775 [T e T L
AN P AT D 12.0x10% sel/a( 3% 3) o XAME AT LABEAT 44 GEB2016, NN ASKAT A BEITHYZE (0], 2
HBEUHTY GEB 577,

R3 BREEEEERRIRITEL RILE[38]
Table 3 Annual Emergy Contributions to Global Processes [ 38]

Odum (2000) 255135 Brown Fl Ulgiati (2010) f45134) Brown I Ulgiati (2016) f45 138
, g Py i Py S KB S K PH AR B
A o TEMEEENCR RE(E (e E N WRAW  FRARGEM
ek e b vl ) b i BRH%R Solar equivalent
Inflow UEVY/ Empower”/ UEVY/ Empower”/ o b
Energy (sel/)) (x10% sel/a) Exergy (sel/D) (x10% sel/a) Exergy SERY/ exergy /
se, se)/a se)/a (seJ/J) (X]OZU seJ/y)
Wl ik R
&mﬁjﬂﬁ.ﬂg 3.93x10%* 1 3.93 3.59x10%* 1 3.6 3.60x10%* 1 3.6
Solar Insolation
HiFA Deep earth heat  6.72x10% 12000 8.06 1.63x10% 20300 33 9.78x10% 5500 (985) 5.4 (0.95)
IS HE Tidal energy  5.20x10" 73700 3.83 1.17x10% 72400 8.3 1.17x10% 26300 (3800) 3.1 (0.44)
JINFN Total 15.83 15.2 12.1 (1.51)

a FELAERIBISE R A2 UEV, {H Brown I Ulgiati[ 38 ] P T A 3E AR TE— SRR PHAE HL R (solar equivalence ratio, SER) ;b 2, e LA ROBFSE
Hy 5 Empower FFRAEFFIRAY AN, {5 Brown A1 Ulgiati (384 i T35 B AT I 12 2t K AR solar equivalent exergy) ;¢ 355 AT trifE,
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T SR 1, BRI A ) ) R RS, R 3 ) s FEE 5 OR B4R S REAS B2 AN [+
B, B DABE(E JE v A9 o B 2 5 i K BHBEAE HE (solar equivalent joules, sel) , 1M AN A& A FHBE (i A9 B4 K FH BE A2 H-
(solar emjoules, sej) ™' . JEI R FHMBANBEMEILME , & IE NS5 LA FR“ baseline” | J&— A LAl 56 S R ; Odum
FEM A5 U B B S ST e R 2 D IR IR A T TR RE(EL 4 AT 14 45 SRR 28 3 1 SR AR DG sl i
WA T DA R BIGHEA T Ulgiati 20452 88 44 R (8 S0 Lo Iy s B2 TP B A L A e o v A 7 22
W5 — P I U BT 7% B SCHR B RE (LR HE (L

TEAASF R BE Rl BRI BR T AN SR AE AN AE 1Y, 23 B i A8 TR BT 5 A SR BEAELF 9 & R BE
S —GE— W SR, I8 2 107 FH RE A 7 12 O R 9 7 1 f SE 25 5 BEA T AR L LU 457 3% )2 Brown , Campbell |
Ulgiati S5 REELIFFE A TE 2016 4F X REELBLMEAE B S8 ST A0 28, X 330 — 41 1) RE (B0 RE vHE AN T 50T 7Y ol 7
TRBE T LB R 2 G 5
32 EARERBEITEA ST A SRS DR S0 RT 0 4 OIS E S8 07 1 2 IR LU ASC ) vl g

Bl N AMBEEL I 58 263 T JLAR SR BB A 5, DR o & 04T 1 R (e ikt St 2l
RO gy Jy a0 AHR R S SRS A A R R A AR [ RUBE I A S & U R GE A5 M T BE 43
B, AR T B X AR S R T R ARG AR TR ARG XY iRk PR E R
JROEEV O™ 45 FERRIE S HAW T AR I lU S S5 455 b, BRIE 0T 5 AR A R A (LCA) 0% AEZS Rl |
HFRAE BRGSO AR B TR TR AL, BEAEL AT BB ST X 38 W S S A BT Y A
RGNS R 5 FEEZIZME I, Odum™ ¥ 5% 36 M A+ R 2 B Z AT T RE(E 0T, 1 5 2 R
(1994) [ PE (1994) SR Z E Z R #H WG ZEIT e 1 & ERE[E 2 Hr, 2002 4, 52 BLIA K% Brown K
A 7 HATE 9 134 A E Z B BEEPFN 458 (2000 AFEE ) |, O IXKBUZ 10 B BEEHT TS B E 1T 5 2 A0 LA, W 42
BRAES RGNS DRE BRI ITPAL SR L TR 7E 23R RUE I S B, ZJ51E 2011 AEXIBHES Brown 24% —
A EHT T 2004 ,2008 47 B TH A4 [E RE(EAZ M . BT 9 B 08 Rl BEB R DR THA A™ iy (HE Y 17 S AT
RERUAE SRR E B 58, JF BT 1 Sl A RE FELAE B A UM, fE 4 R BB P4 T, B0 i S PR B A% 03 i
45 1% ( National Environmental Accounting Database 2.0) Jf- A& 43 7£ W ¥4 http ://www.cep. ees. ufl. edu/nead/HE
FHREMETFEA

WIS RS 8 T A F I RGeS 8 RE(E FIR i WF 8 U] 43 LR LR (3R 4) , 4300y - A SRR B &
g ARG AFIREL TR KIA T R G 5%

x4 BRESWHEAEHHRIE

Table 4 The existing research areas of Emergy analysis

50 System 2H % Composition 45K Structure IJJHE Function 2 Contents
N T K VR A N e p o
[ EG Pk L e WA A A IR O PR

WERAE L AR 2 WIBOR LY R

Ecosystem y
¥ A AEAHE

A IRTEEA 7Y e N

M55 DeE S

ZTERY = o1 e N e oAb T AL WA T YRR &R s R SR AR
R VISR K R R e T T B IR SRR X A
Economic system iy kR FESREE I H

ARAE ] (RIS ' g R NN - IS, 55715 N3 SORE
fasst MR AR e om0 IR AR
Social system E YL [ 0 )5

3.3 ARG DhRe O (AR (A & 1Y 22 57 B AR IRTE T M GE g B4 S DI i B BE AR BEUL I e 5
A2 A TR BN AZE o0 3 SO SR IS BUA BTN i 20U, BRobk i iR A sl & — A 91
T o AEHUCIBTTLAZS I ANTZ BT DA B TR0 DR iR R | it o J22 45, 5 0 ) i 0 Z2 A0 b ARt S
ARAS B [ A5 08 o (B R0 BT BE SR AR 19 A= 25 IR 55 (RE MUK AR 30 B - St on 4P AR W) 2RSS ) o it AMEAE
B IR, AT R R A% A 0 A kRt 25 ™ L A R VR TR BE A B AR S A W& H
tRIMBE R A S X E S, XA B R T A EE IR PR 1 A {4 (environmental
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stewards ) , X P TA & O T

CFPAE PR AR €5 ( stewardship ) JEANKT A2 B BARRIRTRE , MR [FIRE A 1 23R TR Ay Sofh 2B, X Fh A
X AR YFIARR IR . HIR) BHE T A BRI FREE A BE ) , /P X F 22 2 i A BB PE R R
RAEE—E LR B AR T R HAB E MR BE T . (EIXFHRE A RETE A AR AT LU B H SR b —
I FARTE ; ROZHRAB 2, AJEIR] [ SR A B sl TR 9K A M =2 Te) 4 3R AP RIRAE ™

AT RFE R EPE T A . IMRAE RS AT IR T — A%k p P, B2 5T 1S K 2 vl PREE 1Y)
FHERR SRR RE S BT, S M PR . Liu 45" $2 H ATHRLE & SR N TE P &, AT G0N R . < Al R542" 7R
TREIR AN G IR B BT 2y, < R T WG s T AR PRI SR AR B R AR B 32 O W] RSk kR e SCHR I
SR AN 21 ISR A RN, 3 AR e — 1] DU 2 BROF- Y3 2 Ay 5k N R vk . X2 3RATh
2SR R W BT IR AR B R B AT S 2B AR A R G, B 1 A 2L 3R LR AE T4 i A AL
A B TE DS A I AR 2 P14

Stewardship —IA AT WS U H RS PRIE )2 A & X B [RRE 9l FH R AT X R B4 B ) ¢
o MRIRLAAE D LS, NN E M AES R G MSF & . BRI RO AR PO X ROl & i AR R
JE A O SR R B — 043, e T A R 3 S AR Sl 3 U AREE S R A AT R R — R
RIS, B A 25 ZR G845 A G o3 AH AR P B 1Ay BT I 25 A0 D BB 52 2 T2 LR A0 M A 5o i
RIS IR, HEUZ ) — DB SR 7 8 1465 T DUIBRS A ok 7 A 5 R A Zh RE B A, DA T 2 B 57
E/‘Jyjﬁléﬁ“@, X BE R P A K JE R SR N AEAE I, A ESZ W E $ooT I BT ( emergent
property ) , 42 JCIE i B 5T JZ R SR TT AY ZH AR T Y 33X A ) 59 — A e 2 AR 1T A JEPE (nonreducible
property ) ,mﬁﬁ%ﬁé, AR RHIEA BRI - R e 25 5 8] o
3.4 PRI A BT AR SR 55 D RE i BB B 14 £ B 5 1 RBE B <7 1 AT fE

Bimonte 1 Ulgiati ™ 4 HAE7E BT ARG BLE ™ ) B AE 25 30 RF 38 50 14 3 2 4 i o0 MK A 08 . PR B34
R TG R PRAE N W) IR RE TGS EARFE R TE IR o AR TS R FEAT B PR T A 560 HXS
W se B RS2 IR ALY A 25 FR G0 MOk BOTE I SR A 1 A2 2SR 55 (OKAE 3R DG AR XA Z2 R 1Y 3
FREE) R = i (OR#F B JRIKSE) . PRI, Bimonte A1 Ulgiati TR T — AL T Odum AU REAE J5 B 1B
WO B 95 R S R T 07 AR 55 DO REAZ ST A PR B8 BOR AN B 4] R V15 AR 25 ANt 35 1Yk 20, IF A
RO R A AR S RS A TTRR AN A BRGS0 . 9140, S A0S B Y H Y208 — A B HEB L 52 B 1E 42
BRARIE , (EJR UL AR AR 255 R GEIX A — SR A M, %0 Y 2 23 1 ORI A A8 PR B 5
REVERBEIN T AN R H AR A 2B 7 A 0% (R0, T2 AN R TR7 B 108 368 5 BR ) 20 8 ) B0 PSR S B, 3 GE
Odum "' A48 HYAY . “ ISR MR R A0 2 ) U, W AR IR A 25 A0, (LR R A 37 1 BRI R Rt A
L AR SR A T sa 4 I o AEMSCRRBHEE AT I AT LUVE 7 24 R A 0% 2 sl it {HL B A SR %
SR R ST ORI, , PTRE 2R TGRS = o T ATRAT T B BB B % 1% n SR 5 R 3] 5 s e {4 25
I e RN IR A X B ICBOR K T A S A 7 i R (LR IS5 Dihe ) S0 R (0 i B ) BB AR S
A S % R B — W PR R s 2 HE i & . ) 401 Bimonte 1 Ulgiati 7EABATT (9 302 4 i SO 91 RE A 7T 45
2 % e85 ( Environmental Sustainable Index, ESI M) Sfe g~y [ [ FREE Se 8 ME RO BEWOIA 2R . BB AT 54 &k

BAL(ESD) BE% 18 T 20 UL 5 (B TRE(E ™ 1 38 EYR SRl i R (H B0 MR ) |, X5 1 T P8 1A ( Hh BRI 7K

#J1 ELR 37R) . 1M ESIIE/Z EYR #1 ELR (YL, [T EST AERSEBEIC R M2 T A3 e e FH X B
B TCH BRI PTRHE BRI R e O, X A B R R AR 22 5 Bl i A S PR g — A B T
AR SR BB B Bl BUSR S HAERR 2 T R G R RIIRE T, DR R e 47 AR X Ahidi i 26
LT Barnes $i 1 B384 BT A A 45 AH G 1R 1 25 A AT T IR AT 0008 5 80— /N8 R [T 41 i A 4] 4 A G 3 O A8
SN _E5E FHF 24w A iR R0 L R AT LA LA R 3 R 1) XA X A 2SR 45 T
AE M A VAR A AT — M A T IPAR , I DL b Ay Bl St PR 48 B3 5 2) BENC Y B Y A R 51 sl 2 - 2B 8 3R G
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XAURZERF ARSI N R sh P A 2R 09 SCRpi 3, R0 1T AR RS S AR OR3P IR A
3) i TR H AU BR 28 T 22 8 00— SHRACR ol E HECE: , WO g 52 A= 25 % =42 T ik 55 D B
ORI A PR B I B TR R IR AT TH R

4 it

AL T 3 T A2 1 A 25 R GE S5 DI BEAR A (B A SR i) BT S Al) D7 ik HE SR B R vk X
JEL AT LU AR A R GRS DI RE AR M (B A% S D7 6 B PR

1) XA S A (Fri) SR S5 () RSN TR 2 T NS e Ak A0 1) T2 AR 0 A 30 5 B s 2
RUEE PR A A2 TF RGBS SR O TORARAE O A o AR AT FA IR 3 F X IR LG B2 ] ]UEE R B 2R
I TA]C  HRUE ME LA B e SR BT UE R AL, (B2 BB i TR BT 2 A i i S
IR sh s BN S VIR B L (R AR MO B R H N, B T A M E.,

2) REME KRS R GUMA T R G R TE— R BB EAE T RBL S PE]” i A= 25 N, B I
HEZSBETAE M i i BREE RO [ AR B MBS X RIS T A AR RS RS A R AR L2 T RT3l A
s T R ABE TERY

X HLA T Z AN ST RE (BT 14 ) LA SE A2 A B8R IR 55 DIRE Y - A=W R, Sk A1 8 552 P2 X B
A BT EERS A ARG B TEAE T BT DI S Fie T AR AW F AR S R G 55 O RSE T Bk Z OIS BL T
HEBCR XCEAZ S 75, RIS TS it I B9k — e, T RE R RIC SR FA 5T, I — e ALY
B R UL 5T 1 00 MR EE X 2 5 A Y BTHK . IE AN Barnes Pt , BT 2 a2 — BRSO “ i 42
U 3.07 M AHY AR R |, SSBUALEE [ ARG ITA R85 AHDG ™ (08 8 Tl
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