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(1) Method to evaluate the economic benefits (monetary and non-monetary benefits)

BFHFE (&8RE - FSB|OFIR) OFMFEOHE

<BEHEEROBREMME L FIRESOREDRISTFEORS >

We have tried to analyze the innovation based on the diversity of genetic resources and
the role of economic policies (ex.yogurt, anti-cholesterol medicine, rice). Innovation would
accelarate a demand of new goods and cost reduction. Our empirical analysis indicate that
1)the economic effects of innovation should depend on goverment's economic policies , 2) those
effects should be expanded largely through interindustry transactions, 3) the improvement of
rice varieties not only increases demand but also productivity improvement greatly, and

environmental value by maintaining paddy fields is large.
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<BREROZRFMEOTFMFE : BRLATCESS EREMERREES >

This study aims to evaluate economic value of genetic resources in Japan in particular in
the area of pharmaceutical development, being based on the formulas provided by Simpson et
al. (1996; SSR) and Rausser and Small (2000). The study adds to the SSR formula some
factors reflecting PIC in Nagoya protocol and tries to evaluate the parameters in the formula.
To derive the economic value, several times of interviews were conducted to the researchers
working for developing pharmaceutical products. In addition, we also conducted the survey to
collect information regarding the use and monetary aspects of genetic resources in Japanese
pharmaceutical industry. Based on the information gained by these studies and the existing

publications, we derive the value as some 24.06 million yen.
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(2) Forecasting study on effects over utilization of genetic resources by introduction of PIC

systems.

PICREAR L2 EBBREFEFACKRETEEDO FTHURE

<BEBEBEEOFBIZET > EESHT >

This study investigated a relative importance of policy alternatives for promoting the use
of genetic resources. Our results of best-worst scaling show that firms prefer public financial
support for R&D and information provision related to acquisition and use of genetic resources.
This study also investigated how genetic resource uses affect firm’s economic and
environmental performance. We compare firms using and not using genetic resources using
the propensity score matching. Our results find significant differences in an economic
indicator (ordinary profit per employee) and five environmental indicators (environmental

auditing, carbon offset, biodiversity conservation, green purchase, and eco fund).
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(3) Evaluation of benefits and costs caused by introduction of PIC.

HATOPICEZEAICL AR - BT COEM

<PIC ¥ A D {E 2 0 74l >

It is useful to evaluate and compare the costs and benefits of introducing the Prior
Informed Consent (PIC) to examine whether to introduce the PIC from the view point of
economics. In order to do it, we conducted a questionnaire survey to evaluate the benefits of
introducing the PIC based on the preferences of citizens who receive the benefits. Conjoint
analysis was used to estimate the willingness to pay for the expansion of the area where a
healthy ecosystem is maintained and the increase of the probability of commercializing
products made from genetic resources. The results showed that as these increase, willingness
to pay also increases, however the degree of increase diminishes. If the expansion of the area
where a healthy ecosystem is maintained and the increase of the probability of
commercializing products made from genetic resources actually occurs due to the

introduction of the PIC system, the introduction of the PIC system would benefit the citizens.
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In addition, we investigated relative importance of various ecosystem functions
(ecosystem services) for general public using best-worst scaling. The result indicated that
"function to supply genetic resources used for drug development and breed improvement" is
evaluated as important as "function to supply food such as fish and mushrooms and to supply

raw materials such as paper and wood".
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In order to progress the research project regarding genetic resources, the lack of existing
domestic ABS cases and data is a challenge. This study, focusing on Tsushima city (Nagasaki
prefecture) as a model area, examines and evaluates the feasibility and effects of several set
hypothetical local ABS systems from the multiple viewpoint of local government, residents,
and providers and users of genetic resources. If ABS concept is effectively practiced, such as
utilizing ABS to the local brand building, it indicates the possibility of formulating a virtuous

cycle of conservation and utilization of genetic resources.



(4) Impact of the economic value of genetic resources use on biodiversity conservation

BEEIRF A OBREFMS EDSREREICE X 5 ZBONM

<EBEBEERFAAOFBRS OV TOERHSHN : XAFBERS PR T LOEYERERECE
ADWRE>

The argument over benefits sharing (BS) in the context of the CBD centers on a bilateral
BS between user and provider countries. A multilateral BS, however, has also attracted an
attention after it was included in the Nagoya protocol in 2010. Multilateral BS is already
implemented in International Treaty on Plant Genetic Resources for Food and Agriculture.
This study examines a new benefit-sharing system named “cooperative benefits sharing
system” based on the characteristics that the multilateral system, which is developed from
the study implemented last year, in that some assumptions are relaxed. Under some
assumptions, it is shown that the optimal preservation area of ecosystem increases in each

provider.
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This study investigated the importance of resilience in light of the conservation of
genetic resources. Genetic resources are unique in the sense that we do not know what part of
an ecosystem becomes critical as a source of genetic resources and when. It makes difficult to
target a particular component, function or process of an ecosystem. It is therefore the
ecosystem as a whole system that we need to maintain. Resilience approach has been proved
to be effective as a management approach to maintain an ecosystem that keeps biodiversity
as a source of genetic resources. This study estimated the economic values of resilience that
comprise two components: maintenance of ecosystems which ensure the provisioning of
genetic resources, and marginal increases in benefits obtained from genetic resources. We
applied contingent valuation method to estimate the willingness to pay (WTP) for resilience.
Along with the economic valuation, we assessed resilience using two different measures:
relative importance among other ecosystem services and human values (or motivations)
behind valuing resilience. Coral reefs in Okinawa were chosen as a study site since coral
reefs are considered to be a hotspot for marine genetic resources and face anthropocentric
stresses. They are also vital management target for the Ministry of the Environment
Government of Japan. The WTP for resilience raised by demarcating a marine protected area
in coral reef ecosystems was estimated at 634JPY (median) and 2,998JPY (mean) for
respondents living in Okinawa, and 480JPY (median) and 3,082JPY (mean) for respondents
living outside. This indicates that the preservation of marine genetic resources due to higher
resilience was valued by both residents. The assessment of human values behind resilience
revealed that value of resilience is associated with “For family and neighbors,” “For human
beings; For nature,” “Behaving respectfully,” “Minimizing environmental impact,” “Respect
for local customs and traditions.” In relation to other coral reef ecosystem services, the
assessment revealed that “Resilient ecosystems conserving genetic resources” is highly

valued along with “Affluent fishing grounds,” and “Natural breakwaters.”
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K HDe, BUFICE 2500 (h27 A, BiERTAEL, RERTEMN) LEZTOMRE (7o
EA) IZOWTHFEIN TS, M7 RICHEESINLTWAREMITb ED EEME THRETRE D
D, NFABEICLI THREENIHIZHERT S22 L, BBEERFSEMIZOWVWTIIFEHEKROA
BERDAERBDOONR N L, BREBEROADRIE T Aa -7V FOMEIIEL, B %
AEICHL EF TR, A7V ERRITOEAHNICEONRN —BILKT 5 2 &R 6 )

Lot
LLEDORERNG, MAMERZFAA L CHEBINZH#EEI -7V NI, FEZABEICHE KRS
B, HEEOFm S W, BUFIZ L DS ERIEH X, MAomEICH T 2R0MELED, &

HWEHRSELHMRDB DD ZENHLENIT -T2,

(3] BUSKPEZEITI51T 215 EWFI H O R 5 Al i

RURPER IC BT 2B EERAIL, EHRRAEOERCBOTRERNLEALTH > 7208, 1928
FOX= ) ORI, MAEMZIEH LZEELHEEO FHITHE L H D,
ZORTHLEBMARERLARTHL AZF L (SRR (A aF ) LaEmuHE oz
7Y LA(TATIANT eI 7)) F fiG~OA X7 FTEFETELEHAME VR D,
EEMIEBERICBIT D AZF L OERIZHON T, EM(2016)7 FICELL s n T
N, 1989 FED AN F b 1991 4ED VRN A D EfiLIE, KIBICEERILRK LN, AL F
OREIE, FB1HRRAZ T (A "mF o UKRAR) UBEIC, (LFEERTHZ L THREEX LV
HELLFE2HRZAZF L (m—a—Ry)  E3IMRRZF L (VR =17 E) BIEK,
BRI L L CRRBEINZZEN, BEILRKOIX > Tz (KHEQ016) ., K TIE AL F
VOEROHERER D Z LT, MAEMFIHOREAME & OMIE A TERK T D 72 8 0 BUR o B E %
WZHDOWNWTELEIT,
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F 4114 TIEEBMEREZ 7O LZRBREN TS, —2HIX 80 FRICEF - 7=
7477 — FRIET 8 FRD L D% Fibrate fl, 90 FLFICNF S N7 4+ 7T — FRFEE
Fibrate # & L7z, RO FEICIXEOEEEZ R T SHEIECTH 2 BHMME (KK RKIFEE2RT F
TORM., BWIEEMBIMERH L) |« R GEORDEKMEDON471270 5 £ TORRM, £
EE RN T A) . LDLIEF= (LDL2 LV 2750 — A {HOKTFHE, KX WIEEENRK)
DOEBERREN TN D,

QoHIFAXZFUE LN (A "aF . UKRANR) &9 Stachinl & Z D% %3 Genl M
L SN TWD, AZF IR OIE L g LT, FEMITE b o0, BEFFMAE, =L
AT = VR TFHREMEEICRE N LD, BHNRHETHTZZ N bn b,

3OHEFAZFUE 2 (m—a— 1 NA a— L7 ) % 7T Stachin2 & % D% I Gen2
MEHENTND, FotHRRAZF L, HIHARRZF U 2LEARTIETHELEDLD
THBBINELS 2D, 2L AT — A FERLH ELTWD,

ASBIFAZFUE I (VN e, 7 LA h—)) %77 Stachind BiEfi S TV 528,
FEIHARIZESITERMARELS, aL AT e — LK TFTRbM ET 5L, WENRELTNWS Z L
NoNb,

# 4.1.1-4 EHEMERDHMRRZMK L ZhEE

Fibrate|EZA" Fibrate® |Stachini Genl Stachin2 Gen2 Stachin3
F A 8a4R 81TSRF—LI/SUFIL (894/3AF> 03T 5/3RAF980—a—)L 117 kJL/NR4H031)/30
81YRHYL  99aLNAY [91UHRINR 99t /LA 059LAR—IL
850L /L 05JET 1)L 99/\/a—JL
852 LRA— 05547 00JEr—JL
91 RHFh—)L
S wEY =154 =154
FIREFR (h) 12.0 1.6 2.8 1.8 1.8 1.4
B HEAh) 19.0 13.0 2.2 2.7 8.3 8.3 15.5
LDLIE T ZE(%) 15.0 19.8 295 26.0 32.0 32.0 46.0

(EADEM(2016)%H &R
GE)EHF|2 DORIDOMIE X INEF
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X 4.1.1-5 wIEMEXDE LH#RE

- s e L TSR - sl — R [ L= [

1LY

.

- =4 -t b . Ll =] ok -
Bl R L - T e —

- = - - ——

C Sl e =

(EEDERR = (R EOER L PHRAE] & FR

FEIEMIER DB L > TIGEEDNZN TN ED L HICHB LIZ00 2K 4.1.1-5 17 &1 T
Wh, H1HMRAZFOBGIIENE TO 400 EHIZEOHGHEEZ 2100 EE TRILK L
B AN CTH T E N DOMNDEN 1998 EDFH 2 R A X F U DOBBFIZL > TH 1 A%
FoNHLHE 2R AT F o ~DHRZRNEZ > TV D, & 51T 2003 4 L 2005 FE D 3 18 =
AFUDOBBZIZI>TE IR F o~ REZRBAET TS,

BREBICLIOIRBEIFIHRRAZTFUOLE 2RI TF U RELS RNV L DN D,

HEROT., B RMAEMAEDOE 1 HARRZFUOBRE THENAILRLEN, Z0H%D
IEFEARIC L THEBENTLFE2, E3IRFZFUOBBICL - T, HHHBEIZES SR LEET
TVWHHRTHD,

HLLE 2R T BEIHRRALZFUOWHERRBRD N0 D, 29 L0 R
FIIERIZE Z B2 hoThH A, ZOARAZTF U ORI, MAEMBEREIRIC L 2 HM 55 O %)
EREFICRENVWZE, ZOBROIEZEERICLEDIDELENERLBFEEIRN L L, I
BrEEDOIH 2 MO AR L CEBRPERN TSR E XA 2R L TNnHEEZD
"5,

ZHOLEERIERBEEOHB L HET 5012, LOSHT & AEEIC BLP &5 L OH#EE 24T
ST FERNE 4.1.1-5 1RSI TV,
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£ 4.1.1-5 BIEMERBZTERELKO#HERR(1989~2014 )

ETILI ETIL2 ETIL3
log({fi#%) 1411 24 log (A ) 0.640 45
log(ZE (i ) 0499 33| 0505  3.3|log(REESD 2139 99
log( IR 8 £ 50 2016 82| 2097 86|losUREESH 2| -0578 -8.6
log(IREEH)2| -0462 -49| -0592 -7.7|%H%FE -2.457 -93
HRE -0540 -0.7| -2.152 ~-7.7|Fib% -0.854 -4.1
Fib% -2.384 -33| -0.767 -3.3|*\BFv 0505 1.9
Staf -1.968 -19| 0.338 20[VFn2z -0.317 -1.0
Sta2 -2123 -26| -0.256 -1.0|F—3—i -1.251 -45
Sta3 -2.887 -32| -0.887 -1.2[|UEr—I 0152 1.6
R2 0.568 0.555 HLRR—IL -0.567 -1.9
Root MSE 0.829 0.839 EF—7 -1.398 -47
akyA -0.032 -0.1

R2 0.669

Root MSE 0.732

B)HET N OEMOEAEIRBEOHEE, AW ZETH D

BTV TIEHMEOREN T 7 R EHmSEMtFL2WH-I RO T, £V 2 &ET /L3 T
ERVWTCREREZLO T, BMAEIXT T A, BREE~ATATHERERI LG, EliERKE W
HAADFHEINTND Z &, BEBITERELLEXTHHAIN W ERDND N, Hx DY)
OHRITE 7= Lo RERREOND o7,

[4] = 2 MBEHRITIST 5 EWLERMERE B ORE il £

AADORMBEEIT. ZHRLBELZHTELE TG ZHET L2200 BIREROZEME
WHBEER D, BRICEBT2mEERIEZ, ave ) 2dhh e LoRKRSEHEZ ER T 2MHMICH
ST, EFEOREBOROET (BECHIE OB I & B KIS T 2 /B & BUR) L 25X -
MTAKOFLEIER OB 13, KV IENE L EEMER EAFEORERRD SN TND,

[4]-1 a2 A DEERER & ZEERD
AADRERBIL., BEEREZEMLEGH THY . EFRLE L THEEREMTH DN, BIIE.
EEMEOER., EHEHHBRLORNEBNEBEERRLELOF T, KEREKIZERL TWD,

a R A EEME DR

K 4.1.1-6 12 RENTWD K HIZ1960~2012 4 O EHIAFENE(10a & 72V KU 1% 400kg/10a >
5 540kg/10a ~ & FFEITHIM L TW D, [FI IS 7 M) REfH] A3 180 WEfE] 2> & 26 I¢fH] £ C 1/6 1272
STWDLZEDDLHEMEREEITABLTNWDZ LIC/hd, TOERE LTk, [NHERKSC HAED
W, KEEHIEZHINLD,
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(hr/10a) (kg/10a)
200 goo 10

IR 540kg/10a a
080 e ;
a -_
1160
= 140 -
: »
12| iy
& &
“1&7 1 ﬁl
B 8
M 80 - ;
60 . g
ﬁﬂﬁm “ 3
40 - ‘ 28hr 30 Ei
. Jioa - 100 20 X
H HHMHHHHH -, <
o ¥
o U E HE L E 0 | il AMEEEEEE N TUHH | g ;
3;5 3{?’ 39 41:I 43 41‘5 47 49 '51 53 5? 57 5;9 %115?1‘2? 4 ? 8 '10 12 14 15 18 20 f22 24
17 sE8 0§ ! pEELY & % O
PEopat o phandodbg f LI e
i ﬁﬁ? 2 R LS U g 34
o B Z ] [ N £ R E ﬁ
ﬁa B E 2 * ik ; N
¥ i g cg i G
X 4.1.1-6 = X DORELGERLEEEEDOE(L

(HAT) 2 PR K PE A4S Rk

aADAEEMEEFNEEET 72012, FAO T —#715 10a 720 MIXOHER % bk L 7=,
Bl 4.1.1-TICEREM R a ALEREZT (f 8, X¥FRZ2 74008, O (BE, X )
Ly ZA), M (AR, 7AVH, A=A FZ7U7) 1T T, 10 FBZIIKNOHERN RS
TW5b, BARDKIUIGEAMEICH S TEWHBEIC AL, AEMEN EA L TV HMOE 4 IZH
TERLTEY, 7AV A, A=A M7V T7EF T, FEIV KL o TWNDH T b
an
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OABURD FEE LR (kg/10a) FAOT—74

900

800 Australia UsA

700

600 Japan

500
ietNam
400 Philippine

Thailand

300 pakistan

India
200

100
65 75 85 95 05 15 65 75 85 95 05 15 65 75 85 95 05 15

X 4.1.1-7 = A BN EELB
(HiFT) FAO stat

HARTIEZ, 2o, BEEQAERLZICE22D 0T RKINAERL TV DA E L ThlfEd
BENRRERBRTHL EEZEZDBND,

AARDa X BEHEESEREDET

HARICKIT 2 MHEEBITHAT LY BERXBRG 2P0 L L TERIZTHONATEY (1956 FD 2~
AVl OFBENREIN TS, X 4.1.1-8 121F 1929 4 LU 12 B 6k S 7o K fi dh il
BOHRPRINTWBENR, B 10 BT < BB E I, 2014 F1213 500 fMmfEIT < BEE I
TW5,

B OE B L CRALDN T WD O, EEEMER L CWHBEHAE LT, HAD
AR B ORENMOEERERERLIZENFZTONDTEA D,

TUTHEOMBERBIL, FofEdMmE b 1961 £ IRS BRI ESNDI A VT 4 Ik
NR—2OBEEELERFEOBRENF LT, SOLICEFLEEELELEZEBMICEANL TE T,
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50 500

40 400
TS i3 (AT e— T R (S S

30 300
20 200
10 I I II 100
I I—I'I 1 1
o 0
— w = =t =] [} w =] =t =] o~ w = =t o0 [ [f=] =] =t [=a] [a2]
Q (23] = =t = (%] ¥y (Y=} w (=] [~ M~ [==] [==] [==] (=] (=31 8 —
— o

X 4.1.1-8 BARIZBITS a2 X RERXRGEOHRE
(D) AR E ST — 2 R —

—J, BRTIE, 2ve VN IREFSINDIIIHIICKPOLZ I LD L AEKOR I ZEMA L2 0E
DIEEENOHENDIZ NG MEKBEORB L2 NV E2RXR—R L LIEMENEZ L Ro T,
BELHEMAEVIE DY ROMEEZEALEZZ LD, KINAEIEICHRTERHE LTS
EEZILND,

90.0 - 0.200
Ao EAUFR2
20.0 - - 0.180
70.0 \ 0.160
JeFA)F 0.140
60.0 - -
0.120
50.0
0.100
40.0
0.080
30.0 - S—
B ==8F 0.060
20.0 0.040
—

10.0 == 0.020
0.0 0.000
[ T VR ¥ T = o Y s T e L = T = o Y s T o I e TR o Y e T o O s TR o Y o TR o R o ¥
E = M~ P~ I~ 00 0 0 o o0 h T h T 8 =

=i o~

4.1.1-9 EATEES =7 (%) LETE HDI O#HB
(PN RMOKES TEBFR X0 1Rk

X 4.1.1-9 120F 1970 LI O KGO ZELME (AR, ¥ =% av e b V) OEMHEE
VT DHBENTRIN TS,
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1970 FRFE T, BAOKHE TIEIHFEA RREMEZ DN TEBY . KOV =T 2 HHDTWizH
AIETH 200 fRETH o7z, 1979 4FE2a e B U BNENIZ/R D &, 1980 FER LT e Y
TR, ave AV EKRLEave ) RAEBIEZ B IR, TRoEMA 5
LIEIFESEN AT Y R—ZDFENKIEENL TS,

EfP RO MEEREL N N—7 ¢+ ¥ — V% (HDI) TEtET 5 &, 70 FLFE, LA LT
BV, 06705 0.16~0.18 & 3ERELR-TWNDLZEND, HAD 3 A DNFELEEMEIZ KX L
BWAHOLTNDEZLRERTE D,

2 AR D ZARME R N O BB

CZOEDICHEDOHEIENY B SN AEMIT, A RITRS T, xRS CHRERIZA T
TWOHBRTHD, 29 Lo B —biX, B¥ SEEXEONEMEN LA T L0 BRIEE
KWRKRELEMLEEZ LN THA S, LrL, ZEEORRII 2 0OMELZELT SE 5,

BILICEBEROZHEMETERREELZATDRR CTHLLINHTE, EE, kxmfEZ2 0 T65b
BT, L0AEERELS, EVBVLWLWERBIEDHMELN T,

B2 ICBEEIDZERNEDO KANIREEBCEP O A7 EOREEICK L TROMEFE 2 N
HIZCSHELIRNB DD, OBALZENL, 1I9HICTBZ o727 ANV T U FOLLBWHLAETH
A KNP DBASTERFEEDO D, TA LT RTHRBEEIN T2 @I ELEN 2P L T, 100
FANLOFEENELT-E bR T3,

THOLEZENLEH T, HERERIE & L ICAEMSEEOM T2 BEELRREMBEL £ 2T
WhHDTE,

[4]-2 = ABEKROEBL A RERER

AARD = ABRIT 2018 FFEEZEX, KREREBEHRMZ T2 TWD, ZOBREE =2 A D MTE
BRI L CTEEBRTIEARY, BARCBIZ2ZNETOaABKOHE L a2 A BB IZONT
BHLTH LD,

BRAT~1967 £ ®EM & o A BEORKN

BERTIZ T A W= X A0 h & SEEBI STV A, Bk T 1942 4512 AR BEHI B (A R 3
BN b &SR E R oTo, B, BEORILMZRT, IERSCRERBREZEANICLD X E
FEMNHE R L., 1967 FITIF Kk B A= 100% % 2=k L7,

ZOREITa ARBICHRT D720, @mAEEELENEBAICER I TEY ., 4.1.1-8 2
RENTWD X 91IT, BE < DM BRI kT 7=,

1968~1980 FF =2 A {1V LXK DR
BEORKLEFHWAEEFERMICL Y KARRFNEEL, RESFHDRTALLZZD, 1970 FE»
SAFERBEQSO)NHBEINT, BREICE> THEHEWHBE CTAEELZaAZ2BEVEROLN TV
W, EOMEEERT LB RhoTEVWZ D,
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1981~2008 &£ AREHEEIL - RBEC L 2B

1981 FOREEMIEREIC XL > Tl A Bk & B BB K AT ENREAINTZZ L Ta A
D7 7 v MMER A 1995 FF O REFILEFE L - fRIEHIE, 2004 FORBIEREICLD, #
FFEFI N ED Sz, TOREHIZIZ BHRO B W a2 AR E Wl TR END L9127 -72D T,
4119 rEand L oicae Uzl b Ui iflofs: N SIcEmL 7,

2009~2018 &= FEEHX - FEAX~DEME L BKBELL

2009 EHSAH B4 & SR K ICE B AA L. 2013 451213 BR KRR 3@ 15 1 i (TPP) Il A &2
WaimE LT 2018 FRKBEILZRE LIz, a AOMEHRF N 2RO LMLENHTE, I
WXL T, TR, MERAKkmIToOSNERFEORERED S TW5S,

[4]-3 =2 ATHITB T 5 BEEIRIE A O K5 Al & 5F 46

(PE3kE) RKREHROLEREOREDR

HARIZBT2MEEERa eV Z2F0L0E LERAKRENRNTHLIZ LIX, T E THREBLTX
e, ZTORWEROMFERBOREEZREFICFH ML X 2,

CORWEBEMLEZGEGEX, Yo7 b /) X—va by, HEREOFEEMNE L
Fer7 bSE, BT 2 VWEREAZEST, Ll 2 205G, HEFIIPI LN
R SFEICH T H544A%2/FH0, @EHICHLHEOEWITIHILZINTWD Z &6 EZR{bH
(differenciated product) TH 2 & E 2 b5,

ZHINEM OGE T, M 4.1.1-10 2 X 5 IZ/ROMOFERME D &3 R 258 d o 7 2B %
Du3BET5LBX05, 2 A MG THARBEILZ. LY SV pn CamETHFEIND LT DH L
M BEGIC LD MEEZIROBR S &7 5,

OB KD HBEERFOHE KT, MiE TV IT LA Ap=pa—p EWERE ¢ D Apags
EXPVEEFE LM L OEPaqn)/(2] e nDOFIE L THEFFT D2 N TED (e ol IH TS
DA A& ST .

MRS IME | e n]=0.5 & T2 & RENX(pot Aplan KV FIHATRER T — X DO R GICHEGI T 5 2
ENTE D,
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P,
e
p
d, q
B 4.1.1-10 HEBERBIZLILIEEDHR
AN ERERROREZDR

2018 A 4 A O W BURNFEIE S C, 2N LRk B K TR S5 @I & 5L fE o B
B NHEARSBREINE EEZOND,
#4.1.1-621F, ARz A0 REGKEOEBRANBEIHINL TS,

# 4.1.1-6 HA@plaAEELHEZXBOEBM

R& HBEEY BT 4% miEN R EEM
1983 2012 2025 (kg/10a)

REM 800 600 761 BEZSE ILE—(—> Bk (EFIO—X

SEHFE 200 300 BEE. (EEDER  HEEho. HAHOY. PEEDS LU, €3 R 530—700

MIEHM 20 30 E#E HF AKOUE HZINE, #BEH 530758

B4R 0 20 110 &% oY% EIATY LU BA S 4823000

(HFMEKA (2018) I REDHSHIRIRIZDONT

ZORNLLDND LD ITEFEMTRCEFB A THNEMELZREEL T, a A LEa R M2
HIJ L T, MikBEF NG T 222 BELTVD

FORBKREROMHEERE T ECKFOIAHEFTEN/EKRT D LB 05 INLTHK,
Bk X ICHEME L TR SN2 a X DOENEROERTIT, a X &fio TELN LR
=AMk EZ T2 To, a2MAEXOM - —E20a X METE2HE, To=
A MET OB R RTREFREIHE S ILS RN D,

K411-Tx2R5 &, a ATRERE (AR, B, 8k L%, +— e 2% (BRI, H5in.
) CRIHESRTEY, PHME L TOa X TIHIEBAICTMALERSWI ER DD,
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#4.1.1-7 a2 ADOIRK L E@ALE

KDERFESE AN IRFEL
EE A (EEEEY%) EE BA  (EE3E%)
piro¥-ic} 1869766 145 0.0 #a%8 2201822 50113 2.3
FEF 1879496 145 0.0 B¥ & 369523 28684 78
=N 16910 0 - EfE 33504 3975 119
BE 1905 0 - fAF 12143 12143 100.0
BEH—EX 5543 0 - e 104 25 240
0k 5116 0 - EEEL I 49102 0
TE -39108 0 - &8 50333 0 -
B 49 0 - BB 318750 1372 0.4
ZFDHY—ER 9905 0 -
N 1326 973 734
RitEHE 1399205 619 0.0
RtV HE 3624 6 0.2
"= 2383 2316 972
a0 4066 -

(AT a1 2011 FERERR I KYIER

A 2AOEFEN EFIZa X AROMEK T2 ¢, a2 2F AT EE - x¥EDa
AMERTIED, 2WE,R, SKELAZBEBLTEEXOARXA NEKRTIED,

MK T OEALRFITN 4.1.1-11 DX HIICKFRTEHILENTE S, :r%fﬂﬂ%z’ﬁPzn% Pa
WIRTT22LT, REED g0 @uil¥lINT 5720, HEEZRENK 4.1.1-11 OREHS
5,

q a,

K 4.1.1-11 BREXFHIZL2HEEERFOHE K
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(3) HMMES %@ U7 BcE IRE £ HE R A O R 5 FEil

[1] BEBIRF A O EER R A oMb

AR IR b O ELEZ FHE R O Jg & 53 Bt 247 2 7201, K 4.1.1-12 123§ & 5 B =& I AT
PESEH B 2 MR L 72,

X 4.1.1-12 BEERLOFTEXERR

1 n RE | SFE | @A | BREE
1 X11 X1n F1 ET M1 X1
n Xn1 Xnn Fn En Mn Xn
BREZE| R Rn Rf Er
EREEA | Rmi Rmn Rm
5 & Vi1 Vin
BN Vki Vkn
i T1 Tn
EREE| Xxi Xn

ZDK 4.1.1-12 TIE, BEERENENRT D Z LT, a2 BEEEIROIFEDN RO I5H 2 Al HE
2752 T, MABGEREZIBT S Z LIk > CEHEEHEMHE & OFZ DM EIT> 72
BEOJRE RO SR ARE L 72 D,

FE¥  OEFEREY Xi, #ERMAEL Rj, F#EPHEMEAREZ Xij &35 &

Bty 72 37 2 — & L L CEEEIFA L rj=Rj/Xj, j=1,...,n, # A% aij=Xij/Xj, i,j=1,..,n

MN—EIE LT 5 LEEETORKBEFRF MR

R(T-A)1f

L. A BAREATI ay. o REEENY V£, R EEEFERE v o %4175

Lo THHTES, ZNEYBEEEROERE - B OEEHMNGERRHEGRES ERE G
#rj*1X RA-A)1=3i riby; (7272 L by 1L ATHI4% %) CTHIERTGE L 22 0 . FTEMMBNCE R E IR
PSR (EO X B HEANEEERZBE#ZEBBICZHLTCWL200) 2R T D2 L0
T&E 5%,
£ 4.1.1-8121% 2011 4 108 #EAPEEHBI R O BB IR MR EL ) & R A B EIHRE AR
ﬁm%ﬂﬁw/omﬁimiﬁﬁ¥ﬁfénfwé

ORIV, B1LICRAEEEERMMREITERE - HEOBBERMAZXB LTI
BB IR MIR I L D 50~80% R R & A fHIZ/e > T\ D I & 5 2 1T EHEEARE MM %R
BXZEE e CORAEBREFRMMREII LY REREIZR-TWELZ Enb0 5,

CORENOEEEEEEMELEFAL IV TYH ., MEMNICEEEIEE AR LT
HZ LD, SHLICERRMEEE ORI SENEE SNZHE, YKEESESEMNH I
TWAHEMEIT T2 <, MEBENCEERERAZFAMH T HEENM - —E 2D litsN LR/ L, 20
KEHL RKELS BN TEINDG,
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# 4.1.1-8 BEEFRMELFIAEE (0.6%LLED AL, BEALIZ%)

B E R R EE HREEEREMIFRE
R - B E AR 38.07 BRI - A E B 52.75
BE 2458|FE 46.73
BE¥ 24.48 | B ¥ 5 37.60
R# - KRBT 15.32(KR#$4 - K& G 21.41
M 11.53|# % 13.93
LS 10.59 |3 LB &, 12.37
MIEEZE 9438k EBEHY—E X 11.16
£ 45} 432 |$HFER % 10.94
G 3.84|;m% 7.91
BREY—EX 3.83 |8k 7.91
=1XZ 3.64|18A% 6.65
=RicE 2 2827 LE - EEF - REIEHL 5 4.76
BEEH—EX 255y —EX 4.38
A TR 2.18|7=1FZ 4.08
ZTDithD B ET FE B & 1.50 |#ik#f T 5 5 3.37
HHLE-FEE-BIE S 1.40|=RE - EHE 5 2.79
HERE - =EHE 0.78| Z Db &lE T S5 2.64
ZF DD EAY—E X 0.66|/N)L - #f - #R K - iD TR 2.26
I EE 0.61 |t =&RME- tE=1E1E 1.89
e 1.69
RAR - Z D fth oD i 44 BE 54 &, 1.61
EEE 1.56
EIEHAMS 1.16
ZF DD FEANY—E X 1.10
It R (EEREKRLS 088
B= 2 & 0.88
FRINT & 0.85
B BB E H - S8 0.68
IR —E X 0.67
FhithD EEIE 0.63
i e=od 520 0.61
PR LS 0.56
"R 0.51

GE) #7E5AlN 2011 FEZFEERFROO0SEPD I KL YUHEET

Lol i, ANLHBREOFIAIZLY v aBoRARRBEEINS 2 EBIREM D HILFES
%meﬁﬁiM® THTHLEATWALZ ERTREINS,

F 4.1.1-9 ITITRABEMEMRED 1995~2013 FFORRIIHER N RIS TWN DN, EDFEE
THEEEFRAMABRAIZE D> LT AHARATENRD, 202 LD EMHICITENRCRELT
DAL ZE U CEESZMFAIHEIZBD LTS Z R bb, KETIX, BEEI (4
W) FIRIC X 2 HENEF N EEEFEFA LML TW D FFIR, E%%%H%ﬂ@%W%L
THERINDLZ LT D,
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® 4119 REBERRFELREOES
1995 2000 2005 2010 2013

O1EMKEZE 19.4% 19.3% 17.6% 192% 19.1%
0283 1.1% 09% 09% 08% 0.7%
03B ¥l 31.6% 26.7% 26.1% 242% 26.0%
O4Hi A 26% 23% 23% 29% 2.6%
05/%)L 7 #& 12% 08% 0.8% 08% 0.9%
061E2¢ 1.2% 09% 09% 09%  0.9%
07EH-AiRE M 02% 0.1% 01% 0.1% 0.1%
O8ZEX-THHEM 06% 05% 04% 04% 0.4%

—RERE 05% 04% 03% 03% 0.3%
10&E& M 05% 04% 03% 04% 0.3%
11— 06% 05% 04% 04% 0.4%
12 S 07% 05% 05% 05% 0.5%
1384015 FAAE A 08% 06% 05% 05% 0.5%
14555 HEH, 0.6% 04% 04% 04% 0.4%
15ZDMDEETERH 51% 3.6% 3.0% 29% 2.9%
1632:% 09% 07% 07% 06% 0.6%
17ER-HR-KE 06% 04% 04% 03% 0.3%
18155 - /N5E 04% 04% 05% 07% 1.0%
19/ RIR 08% 05% 05% 05% 0.5%
20 E 02% 0.1% 01% 0.1% 0.1%
21158 04% 03% 04% 03% 0.3%
221EHIBIE 07% 06% 07% 0.7% 0.6%
23 —EX 28% 21%  21% 21%  2.0%
2B Y —EX 09% 07% 06% 06% 0.6%

5 RETRBEIEEF Y —ER 1.2% 1.0% 10% 09% 1.0%
GE) NEIRFTSNAE EERAR (B F) I KYHEET

2] BEERIZXAA /) R—YaryORBEEERDRE

AFETIX, BEERZFA LA/ R—a v 0FEFflE LTI =V b, @SIEMERE, 220
FHERY B, 2L TCa =7 b EEIBMERTIE, BEERAIEH L-FpEanflEIh
el O RERTBEILRDEN AL EBERINT, FaATHE, ROBWEHRO ML
BRCIEITREIRDEN, SOICHBMEERL THINDAEEEERO ML R CIXEEM,R L3R
MWELDLZ ERHEREEINT,

INHDA ) RN—Ta v id, YHEEICELELT, REMBSIAZEL T 7 e RFEEEITHE
KT HZENTEIND,

THEILKRIDRED DDA 7 X—v a3 ik, OEEEBE ST O A TIEAX=T-A)1Af L VK
HHI, FFICHEEHMMOEEEENRIIZ b LV~ 7 e RFEDIRLELTEROLND,

EPEVER BBV RN B DA 7 RN— 3 iE, SO REEBEE ST O TIEAp=T-A)1TAv LY
KOG, FITREMM OMBEBE LI RITE b LV ~7 mi@FdRe LTROOEND,
#4.1.1-10 12X, =2 A, =7 b, GIEMERTELLLEBBRERAMHAA 2 X—va U3 KIE
T~ 7 nRER R A 2011 4F 0 190 HMPPEEERE R 2 AW TRl L 2/ R RS TV D,
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# 4.1.1'10 BEBEMNBAA I R— a L OREBEEERDE

BIzER EXE FERRHDE Z RBlEzhE

28 3 MiEscE 7 &3
A FFE. PR 2.350 1.176 2072 1.037
A—J Ik BERHER 2470 1.236 1.275 0.638
=SAEMAFRE BEFRESL 2.073 1.038 1.328 0.665
Tty 1.825 1.000 1.998 1.000

(A ##5E 2011 FEEERR 1190MMARIVEE

FENBHTHEULETEIRA /) _N—2a T BEAIREZET DL 2.1~2.5 [FICHRPILKR L,
FORERFBERLERDREZFOZ N DD, GBI LT 308, EEFEHE 1 & LR K
THhDHE, FHLYHEORRENENZ D,

WIZ, BB CEURAEE LS A ) RN—va U id, AR EZBET DL 1.3~2 FIC8EMN
JERL, KO REREEMEEFDRZHELOZENDMND, SEISH Lz 3 0% Tk, Frlca A1
BUFLEENE LAOEREIRNPRKRENT LRI N,

(4) ARV —EX2ZR L BCERMME DA

BEEREMAA ) X—v 3 VORFMEZGHTD72DICERETXEE 5 —20mmald, RBE
XT8N TH D

TAEPFEIZRBT DA /) X—va UBREILRTIX. BARO 3 A EPEFREAD LT, /K HmE
DT THAIN, b LEEILKRZRD CCEEER LA/ X—ya UBNA LD KB ERMIX
MEFEDH D WM T 2 e D & 5,

CZOKHEPMERFIND ZENREICH L TREMBELZ L S2EVWIEX FHIZ, EEBREEMS
KM D £ 7 % (The Economics of Ecosystems and Biodiversity, TEEB)] T 2006 EIZf#2 /R S iz,

CITIEFR4LIII DX ICAERRY —E2AORFEMEL MG — 2 @Yy —v 2 AR
P —v R, Y — BRI EREIITRIFMAME AR~ 72 FEL2 @ CCHERE L. 3 &2 3K
HTND, RPITIE 10a H72 V) OMEOHEFHE AL S LTV D8, FRER N KBTI - 72 HEFH
ETHEY R LDERDITHI LN TERNoT,

AFETIX, 2 AMFEERORBMEAGZT 5 72D, ZOREMEZFFT 572912, KH
BT 2 R KR 2O R FE MM % HE L7-FF (Kunimitsu (2006) 5000 [/10a/4F) % F 4
LR, TRERI1II PO LDLND LI ICREMED T —EHLAFMTE TRV LITHE
LDVEDNDH D,
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#4.1.1-11 ARV —Y20OBEME (FMH/10a/8E)

HERY—EX JKH BE iEIR T8 HZH
3 182.7 660-770 1240 294
#Hic—EX 185
B
[R#4 5
BnER(BEXRR)
EEMA
JK(BRF. R 4-6.6
REH—EX 603
SRR 0.193  58-250
KEFFE 111.5 59
KEFE 0.273 343
TiEMEE 18.0
AR —EX 445
A EREBIREDIEG 163
BInERZEEOHME
XY —EX 9.1
SBHORE 52.8 95
LoxT—a0 -85 9.6-90
ElZ2EnE5
(B REAT B ORFMEST MRS 1EH
H AR RE(2001) HBRIBEE - ARIAEFICANDHDELRUHKRO L EA#EEDSEMIZ DL

F 411121 KREEEKBORBFMMENEHINTCWND, aAOFE (FR/MAXK - MEXK, N
THX., fAkk, Zof) TELIC H29EDHK E HITHEDO B LA RIN T W5,

# 4.1.1-12 = XA REER OKREME

H294F (FF4K) H37 (A EMSRELFIA)
EEE £E=E By £F EHEE £EE By B IREMEE
Bha Ft kg/10a_ 10{EH Bha Ft kg/10a _ 10BH  10{EMH

FEAX 137 7306 530 226 139 7520 540 802 70
S 4 198 530 6 4 198 540 21 2
T A% 5 284 546 0 10 600 580 64 5
SR K 9 483 511 0 14 1100 759 117 7
ZDith 5 43 512 0 1 110 759 12 1
it 160 8314 232 169 9528 1017 85

L ZOMIEKMAEER. M RRE
2HITDAEEMRE L RBERBE PLRE KRIFILIZKYFEYE RH16000M/60kgh 59600 /60kg MET
3 KA DFEEME (XEY5(2003)#E 515000 /10a/FE(HEK

H29 £ DFRTIT, THETORKREMR ML RIZ L - T 2260 [EHORFMELELCTND
2, H3THE TITMLAK, fEkIiCB W CAEEM,ER EMEAEB I N BN LEST D Z LT,
IO RERKFNAEINDIZENTHEIND, SOIIEMNEBEIMRFIND Z ENDAEL DR
E DM G WS 25 Z L IXTE R0,
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3) K

AT, BREICB T 2EEEHEFH ORI & 2 OB %2 QIENICFEMT 572010, i
KO ENDIZ N hoTm200RAEB I o7,

FLICBEERDOZRMEZRM Lo A A EEEMIC L > TER I SN DHEEZ &R ET VIC
%owfﬂﬁ%%:@oko@mﬁﬁﬁﬁiwif_ﬁ%%®%%(fmﬁ&F4/N—yay)
ké%ﬁﬁi(ﬁnkx%/N~Vay)@%<®$%%$&ﬁbf“éﬁ\%%%ﬁﬁ%ﬁ@
EfroRBEIHEN, SHICMET L7255, KfRTlE, BES (RZ2TF2) | ABE (-7
F) . FACOWTHIT 2T o, BEERMHOBRFMEITIEFICRENI & &2 OhE%
PERT 27D ICEORIEE (FrdFhil B o Zk 7M. b7 A S o S REES B, MK BOR 72 &)
MEETHDH I EBRINT,

B2 I BEERMMOEERNHZE T T, MENRFIARRZEET 2 7-DICEXHBERZ
AWTEEBERMAOREITZB /o7, TOME, BEERAA CIX, BEESHRZT TR
MBI REEZETDNE T, TEILRDRIL 2.1~2.5 510, B EF 2RI 1.3~2 £k
KTDZ ERERINT,

B3I ARADMFELRDOSH TIE, BRRLBEBOFEILRDR L EBEMK - IMLHKICKT 24
FEYEI LD~ 7 i RFEMREZRFT 27200 TR KBEFIHICL2ERBRT —EXOMMEIZ OV
THLEETHVLERD D Z LB REINT,

EWBEEPITIARTIEH L0, EBROMJEMEZHMD TWD, L LHEREBEEOZ(LICLDE
JROKEE & EMEREIEDRE/NMIE > RERWICHDEVZ D, 5B ZOERERAKSIFEHALT
WD T DI B ERIEH OMfE 2 S ICF Ml LATFIC OB L, ThEFE L L ERREDO M
MANED Z2aR72 L TER B2,

<Z MR >

EREY - EARE(2015) [H D LICES S AA W A = R ] ik KEZHH

KiGoL(2015) [T a X7k« 4 ) RX—v a2 v ORFESI] HRKFHRS

VF¥—RWH I N—=(2002) [N A=/ I—] ¥A1F¥EL

R 5 %5 (2016) [ AR~ A AR OFFHEELOFREZED ~] Bk BP

HARZAM 2% (2001) THIERERBE - AR AL IZ b D B ¥R QR O £ 8 722 #E5E O §F M 12
DWTEEH) )

Berry S, J Levinson and A Pakes(1995) “Automobile Prices in Market Equilibrium”
Econometrica 63(4):841-90.

Kunimitsu Y(2006) "Pricing for irrigation water on Japanese paddy-fields: applicability
of stochastic choice model," ed. K. Aravossis, et. al., Environmental Economics and

Investment Assessment, WIT press, pp.285-293
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QBIERIR OB MMEOFMATIE : Bin L WEICE S HEiE
BERBRY KREDHDH
CEAREIX, 29 FEORREED T SERORREE L) 2 TRET 5, )

1) B

AWFZETlE. Simpson et al. (1996: SSR) & Rausser and Small (2000)7: & 23ikam L C & 7=,
HEERZEELBEBICHHAT LV BEDO T CEI L-REFEMEXEZH T, BADOEBE
FEORBFMEELHEET D22 L ThHDH, LF T, fHEICHWZFFMXN, B LOEoXIcEHT 2
NRIA =B HWETLHIEBEICOWTHH L, 0%, EEOFMMEZEHT 5,
ARBFFEIZEB T 5 H27T FE B L O H28 £ E DR Tk, REEOHREIZHMIT TO T E1T -
T&, BRIz, BEERMEOEEFEOBBB L OERLERNIEE ~DA X B a—
ET = METHD, H29 FET, LT, 2) (1) BIW (2) TIhbzazEld, £l
O REAICRFERMMEZENT 2,

2) Kim

(1) SSR D& =% 17 M E Al

SSR O DA ELTZDIX, ROWRWTHDL, £3. nfloEEZEZL T4 77V =7
ET5, 2OF7A4A77 ) —0fEZ#EHAL T, HBOIEEXEMICOVWTOWERBEZITH>, ZDOTA4 T
FJYV—THBICHWONLIZNZENOFEOEEMERIZIF—T, p& T2, I TLLEEL
NHWMAZRET D, — ., —D2OHET A NT 501, 2 A M EAET DL, ZHBEARN
EThD,

IO, B RERLFEIMGEL CRAET D, BEELIHTERHE~D=—XDH %A T
KT, TORBEOLDIC, MLIATTIV—2HWT, Yo I Na2BFETANT LI EE2/MET
5, IHIZ, RERtOH ORI s~OFTFENEB L2 L DI AZRg, sDTDDH T Lid
TANEREZLTRT, £/, TOEENMRDHEE L T D, MHALDTZDIT, Ry =R e =,
A=A HIfEREZpT—ELT D,

LEDEEDOL ET, 477 ) —Bnhrbn+ LA 5 Z ORI, T,

1%—;@ -1 -p)

ERD ARMIETIX PICEOEANT B REEL GO T HEEEER L7z SSR XoEEZ AW T,
FEAM A 8 7,

p)
vy = ;('pRy —(c+)A—-p)"

(Y

Z T,

N BELAUIHIEREEA~AD=—X

p: 1 OO Y T h b g EAL R D e R
R: fiZh4 % Z 212 X 2 IR MU A

¢ 1 OO TN ARG - kT 5 E A
RGeS
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n 7477V — (HN) OF A ki8R 85 & TR
y: PAEE DR b D FE
QG 1oV I LEERET 5 EH

UTF, Z0b6DRITA=ZIZOWNWTHERREIY ZOKELZFFEL TV,

(2) NI A—FZDEH

[1] 2
AARDFRICONTOLEPFAAEIZ LY, 1967~2016 £ T, BARDHKHyTH Y M+ 5L 1,945

DFBFENRBO LN T WD, FFEL, TiED k912389 LD, ZOEEN—AIZLT, L&H

ET D, 1967~2016 FIZIMIBEE I SN2 HIED 5 & LLT OES HIETH RS & & Lo

KO A FERALITHEZ LT,

<HLEHE>
W —oDpsrid 1 e LTHEEHT S
=D bELNTHEET, EDNTHEHDLLT 1R& LTHEHT D
=y NRRLZBICHONBENTGE, —FBEEICNEINZFEICIEIT TS

80
70
60

50

30

20

10

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

X 4.1.2-1 HAROHEMEEK
H gt SR Al THTE SRR T — & 2016 AR 12 & 0 1ERk
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# 4.1.2-1 BAROFERMEK

DA | R R () DA | RN R () IR | R RHRE AR ()
1967 3 1985 65 2003 17
1968 28 1986 49 2004 24
1969 17 1987 51 2005 29
1970 54 1988 56 2006 28
1971 4 1989 39 2007 35
1972 66 1990 41 2008 46
1973 0 1991 46 2009 34
1974 42 1992 47 2010 49
1975 48 1993 54 2011 49
1976 19 1994 57 2012 37
1977 22 1995 33 2013 47
1978 36 1996 28 2014 58
1979 45 1997 21 2015 52
1980 68 1998 25 2016 23
1981 75 1999 51 & 1,945
1982 14 2000 49 Sy 38.9
1983 24 2001 37

1984 66 2002 37

o K Bl D S AL A T — & 2016 R 12 KD FERR

2lrBLTn
riZOWTIXSSR CHEH LD EF U 0.1 TREFMOMEOEH 21T 5, [AEIZ n X 250,000 %
AR

[38] p

p DRT A —FHRENL, B LN OT 7 — 6475, (AEZIEII. IfMHERFT. (1)
®ET U NHEE TARICBT2BEEFROMEOT »7r— b (7+v—ii#) ] Q2.2M])

BREE THORIZEERERL L, 1 DOEELEZRAET L7200 —K A7 Y —=1 7 Tif
THH T (bEYW) Bix. TIRMED /N 300 #H6 ERMEOKEK 30 FHE THRD OIERN
Hol, THIET 7 — MEZEENEEORBR) D REERSRCRBEIN TV D LR HEE
HR L=l ThdEEZLND, TOEDELO FRMEDS L < I1E EREOBIZES oz 0
& 1,000 5 LA EDH L<IE 1,000 00 1L FTOENRD DZ5GE. HEOZ Y2 R L7-%Ic kR
ELTHELLRAL, RNTA—FOHNEIT>7=, p OHE. TRMIX 300 {H~3 75 il O fF A
HY . 300 HDOEIZELATT T 1,000 HUL ETHD Z &5, 300 82 KR E L TR LS
T A=A DR EAT -T2, UFED ¢,q,R IZ2OWTH, /NT A —F% OHEE DI FE T RIEE I [FZAE D
WAEZ 1T > T\ 5,

FT o= MRZEEREOEDIELOE N KRED oL pIZOWNTIE, L VKR NNT X —FH#
EEATITO, HEORBE oA THL —~RAZ )V —="7 AiEERER, KRR O®EE
HLEELITObOL L, 7 ut 20MEE, WERENME T2 A ARRETEINREIT L
AARRISE T3 H2(2016) X [1-3 FHEOFFH T - A8, WAL RTEHRFAEDO 72t 2] (pp.8-9)
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WCHDTFELDLETROLIERD,

—RAZ V== 7 fEa RFHEFEE O T, ALEY DA NMER L M & A LIEIRT 2
THRAZ V== THIOT7A47 7V —AERLERN T FORE & HDETH 2~3FE00 5,
AR IR AR« R x CEPEERORER, B RER, BHRBRO 3 SO A2/ T, BIKRAR
TANCERES 2t e THT L2 TR TH L, KHEAHRRTIT, 20 OEM T 2L L.
B L TWDRRECHRZFAN KGR EHBREBICEE LI RWEARN W2 R 5,
YRR Tl LB RENTED L DI - oA - G - PR S L 2 &2 B 9 %,
wERBR L T, BMFE O TRet2HB T2 R TH L, TN B &2 ¥ 3~5 £0T T
19,

BRIRAUER - i a e PTG L, AR Let 2R+ o Thsr, BRI 3>O7 =
— XT3 TAT DAL, K 3~THFENT TIT 9,

CIZT1IH U TIAY 00—~ RAZ ) —=2 7 ORBHEREZp, & U, BRI BTG EBR o Bl 1A

WeH%p,, MKRBROBBHE Zp;, BWELKDERZ p LT DL, 4 DOMFEITL,
P1-D2 >P3 =D

LD, mBAEENT 2RI, B AT ERSQ016) DK LA OREMEE (p.10)
EHWDHZ LICX 0 p,=2.66809E-04, p;=1.03928E-04 L E® ., pix 1 & 725, /e, 22T E-0x
102K LTEY, E-04, E-05IZZENZEN 1O 1IBLPI0 5D 142 R-LTWD,

ST, 7y —FOEMTE 1 2OEERZAMNT 272D —RAZ Y —= 7 Cilid 5%
BILzoVrIagazfni, 2206 —KRAZ YV —=V 7 TiliT 5% 7 An 1 DOER M
IR DMERZRD DD, FIERKROWEEZMD Z & THREp ZIET S, ZOHIETHREL
TeER Ep; LB L, p3 >pL R DDA T, R p @ FIRME LY, BERMEEY, TR Y & BR
EEE OB 2 BT 5,

kb, —kRAZ V== 7 TRHMET 2 T AER 1 DOEEMBIZR HHERITE 4.1.2-2
DEIICHEET D, EAlB O A ARE TR 22016 DFRAERHK R TIZ., 17 A oK
PR MERIX 4.07282E-056 TH Y . ZHIFABEIOT v — MERMOHEE L72F 4.1.2-:2 DR T
A—=ZDH5H FTREOEEE LRMEOFEEOHEHENOMEE 7225, RABFMME v OHEEILH S
TA—HDORET-VFERERITITON, p DRT A =23 4.1.2-2 0FER Iz, LiliHEMSE R
DELHEHT LD LT 5,

#4122 pet LCHEATAHE

AT IRE D -1 B. LIRAE D -1 (A+B)/2

1.07143E-05 5.55556K-05 3.31349E-05

[4] ¢

c D/RT A —ZHEIL, Ef LRG0T v — b7 o, (HIEZEFI. wRAAEERT. (1)
TETCS—MREZETAERIIBT2BEEROMED T 77— (748 —ii4#) | SQ1.~SQ3.
B Q2.2M)
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ASEIOWHFET 1V b0 ORMIE v ZE T 212H720, cld 1 SOEELZAIHT
DD E R —RAI ) —=v T ORER AiEKRREHOBRER RABRERZEM L,
CITHAT N SOEEREBREZANT 272008 MA] EEB Loix, HH5EE 2 i L
TVWEEBZONL2EBMAORBHENTHL ZERFEMICHRENOOE T VIR ThhoToTz
DThD, ZOD—RAIZ YV —=V 7T+ 5% FVOEERIL., 77— MaIZD#E
AT AN TV 1 IARERR L BRTO2HELZEZE L CHET LI L T2,

TUor— M ERNOHE L, ®RAI )V —= T ERERDE, AT OSSR KTIT 2
T HOWEND -7, WICHIFEERRR TIZ, —RAZ V== ZICHRERARNNE LD, &
/INTIE 500 T LK TIL 3 7,480 FH & o7z, E61C, BERBRIIY VOB ETEY EF
SRR RE R E 720 | /TR T8 4,041 THE LR KTIE 1,597 18 2,520 FH EEDOH D H D
W ole, RIKRBRAE 2 X MR 2BAZAREICE TV 7Lz A, (bEMEREIZA
ETHLERDD B, NG T 2RO TH LWL X2 —va VUV T TEIRERD L7
W, BAAL cZTH - ZTRICRDEDILETHD, THMEIANET TR, BERREZ
Fhid 23 A b, Bl RITIEFERLEF KRB, BEED . RIRKRBROGHE - Ehu, B R o IE -
FHMPNDTIDTH D, ZODEKAEROE AN CFE Y HHEWICKE RMEIZR 5,

Tor— b AR OFER Y, £ 72— A0 FAT A2 MAKTE - THE LR ITE
41.23 DL O D, B p LRKDE X T, HRQOMEMN TIRME 300 i D7 — & |55 Ffl &

L TErAML 7=,

#4123 H7xz—ADEM (7 = — AR E EA)

FHHE A FIRED Y | B EIRE O (A+B)/2
(H 7 1) (57 1) (55 M)
—WA 7Y — SQ, 0.001609 0.003593 0.002601
eV 1 Q.
AT it R e SQ, 54.524476 233.208888 143.866682
p20Q>
Wt R 2 SQ; — SQ, — SO, 6,952.662469 31,574.51282 | 19,263.58764
p30Q>

XSQ. SQp. SQB L TQUET 7 — FOEMAE S OREEEZ KT,

#4123 DFEREFIE 72— 1T Y720 ORBRET TH 508,
Al LGB ETLEHETCEL2BATHD, 2ol ENE O HIZHTEIKHER O
BltAfE R, BIKRRBROBMBHEZNTHET, H£7 =2 —AOHMHFERAZMH N TE D, #£
4.1.2-41%, 41230/ RICKH L, HF7 =2 —XORNELRENTT-bDH 5,
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£ 4124 NTA—F cOWEDTIZRDIET = —ADHRFE M
IRV A TIRMEDEY | B LIRE DR (A+B)/2
(&5 7 11) (577 1) (& 7 1)
— WA ) — 5Q, 0.001609 0.003593 0.002601
= I7HH Q
AT PR 22 1 SQ, 0.014547 0.062222 0.038384
pz@
6 IR 22 ) SQs — SQ; — SQ, 0.722579 3.281491 2.002035
’ p3Q2

¥SQ,. SQ,. SQ;BLQUET v — FOEMB S ORIEEE EW%RT D

[5] q

Ehi L7 OT v — b g ORXTA—ZEITROLIICHET D, GEEZEII. &

EE1. (3) R¥ETV 7 — FHAEE THRICBT2EBEFEOMMEO T > 7r— 1+ 2.4.5H)
TATZ7 7Y —THAMTER - il - BRI 256, M0 OBATLIEERH L5720, 4HO
T o= hTHOEREBIZODE T2 =T TEEEER LT,

17T dbizn o T - il - RS2 ML, FRIE2 1,000 5TH»5 5 EM,
FIREZS 1 EM»D 10 EHETE, o7 v 7 — MERICHRTRZEOEN /NS -T2, %
et AL EA L. FRME2 500 525 5,000 5, EERMEA 1,500 T M5 1{EH

EL ZHELLRIZMHEOEN /NI oz,
INSDT = MERNS 1Y I BE DV OEREEREZEH TS E, £ 4.1.2-5 DY

W25,
£ 4.1.25 RITRA—F qOHEEKLRE
A TFREDFY) | B. ERED V% (A+B)/2
(& 7 1) (& 7 1) (& 7 1)
B AL TR 2 - fhH - FR 0.0165 0.04 0.02825
[UESRE PN 0.002125 0.006625 0.004375

BHLERTA—=FZ qOWEDOEOMICIE. TNZFNH 6~8EDENHLIbOD, HE L v
DEORXENLRIZEDLTMNRETHoT-20, WESHBINEREBRICT 7 AL TH
5 BEAITOBEHCTOHEZIT O,

[6] R

E LW OT v r— b R ORI A—FEHET S,
HWEZE TAERICBIT2EBEEROMEOT > 7r— 1+ 2.2.(7) &)

7 r— b

(FAAT 22 3 10

wArER 1. (3)

1YY DR ERAD THRORBIEEZ RS L. TRME 1{E25 ERME 5,000 & & FIZEFEIC L
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S THERNRYD o Te, FIZTRMAIZ 1 {E~100EE RERERH Y, 1 {EORZELUMIT T
I0EULETHLZ G, 1EEZHREMEE LTI L AT A =2 OHRNEZ1T - 7o, HER O RIT
F41.2-60EHTHD,

# 4.1.2-6 NRTA—X ROHEEEHER
A TREOEY (HHH) B. ERED YY) (HHH) (A+B)/2 (B H)
6,333.333333 96,428.571428 51,380.952380

R LR HT Whbwd T oy 7 N2 — LIRS EERNIT, HERERITIRVNVbEDOD—
FEMoTE L2 1,000 EAL LT 10BNV EBAIEREOZLEET LR ZNESbRT
WD, RO LRIEDNFE ) 964 (& 2,857 L LM 1,000 @A ICTVME L 22 0 | R R
LEbRS,

[7]y

Ea LIRS OT7 o r— 1 Tlk, ‘KE AEPOERE I EDORTH-7=, TbDOREIEREN
5. yDNRTA—FFT T8I FELHET D, GHEEIIM. HRfFERI1. (1) ET L 7r— A
= THRICBT 2BEEROMEDOT > 7r— R 2.2.(4) &)

(3) BRFHEMEDEH
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HEERIFFIAEE bl o E 241 154355 47,106.3 -2,477.8  506,198.8
EEBHTZ DT LHEFIR 241 43.0 29.1 5.5 253.9
7o LSRR 228 258.2 2,046.0 1.2 30,682.2
24k o LHEFIER 341 25,490.6 70,708.0 -2,477.8  529,892.8
B HTZ DT LHEFIR 341 45.7 29.5 5.5 253.9
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(4) FFAM7 %
(5) fE%

3) i

R (L IREEES. B
(2) 7oAhr— e

1) FFim

KPR TIZ, BEEREEVZREORBIZERT IABROL YV Z U RIZER L, £2
T, ABRROL VIV U 22 EmOLABRERLE TS L THONAIEROME (BERIC
TEEER O KA RFIHTEME, KRV o ARNEE AR R) ZRERE T, i
i, ARV —ERXROBLENOZAMICEHET 52 FiEE Bt L, ROV IAREBRICE T
LZWHEBEEERICEN L, Z2AMNRNELZERT 52 & T, BREIRORF MM Z T,
BEEWREEMEZHREDOREICERT ALY 2 AEFHICH T HEROERZEIE L, BURD
RBESELZEEANE LTINS,

BEERIL, AEEDAMICHERZ DL L TWLAEERY—EAD—2& LTEZOEEMEN
Jis < B ST % (Haines-Young & Potschin (2013), Kumar(2010), MA (2005), Moberg and
Folke (1999)), = ®— 5 T (EMEZEEME (B2 WIZEOKIR)) FHED I L =7 LAAEREREE (MA,
2005) 12 ZAVIE, FEOMEIRA M I AWV E THEIT L TR Y | AL A RERIT IS W T SRR 22 HE IR
L LT, 50~1000 f5m WHEERETH L L s Tnd (M 4.4.2-1), BES , WHLE, SHE.
AR D 10~30% M HEIRO GG S 4L TR Y CRFRAICIEAMEEEIEEICMET 5 & Tl ST
W5 (M 4.4.2-1), 29 LRz, ZOREPCHERFANRRDLENAN TS, £ 2 ThaE
WCMT S EIERRVMARRINTEY, EWOLEMEICE T 25%K (Convention on
Biological Diversity, CBD) Ti%, EMZ DR 2 L O R O Fefe T aE 2 R I 2 T
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BEEROBEELRFPZRZKNO=2>OHKD—>& L THITFT TS (CBD, n.a.),

Extinctions per thousand species per millennium
100 000 7

Distant past Recent past Future
(fossil record) (known extinctions) | (modeled)
10 000 4 Projected future
extinction rate is
-«—— more than ten times
higher than current rate
1000 A
Current extinction rate
100 - is up to one thousand

times higher than the

For every thousand fossil record

mammal species, less
104 than one went extinct
every millennium

J N

- Long-term average
extinction rate
0.1

Marine Mammals Mammals Birds Amphibians All species
species

Source: Millennium Ecosystem Assessment

X 4.4.2-1 AEOEBEOEIR

(HH# : Convention on Biological Diversity
(https://www.cbd.int/decision/cop/?id=12268))

BIEWIIEY . KM, WEY. F&. OBKR & ERRICHE Y — BRI @M T 55 58
(Haines-Young, & Potschin (2013)), O A — R LT KRS BRIBEEHRAL T D,
DFEY, ARRRDODLEDODEH D VOBEBERLELBRENDIDON, EDLOTAREETH D &V D K
Wb, Leno>T, BIEROM KRB ATEMELZ XSG, ABROKFEDHES T 1
B2AEZRETLHOTIE RS, ABREOLDEZKREL ., E%%%‘i%%ﬂib\ ARG PR O 4G AT
REMEZHRET 2R RS,

T TR T, AWEHEEERE L, BEEEFEOMGATRREZ R T 2AEBREHOH Y
HelTory Yz A~DOEROFM A ZAMICHE Lz, BEMNIIE, 1 F—Fy h T~
F—rHEEZHWT, 1) RPRFEZHVEERO LYY =0 ARG 72 b TR ~O I EE
BOHERE, 2) AT E BE 56 %)ﬂb\f_V/)I/X%ﬁﬁTé;”ﬁi boMEBORE, £ LT
3) ARV —E2AZEZAVWEMOERRY —EALORBIZEBITZ LYY = AR E
B2 E LTz,

HHL LT, TOEEMENRETTETH I TV IWHEBESEIR, FICY v IEOWEHFEERBEIR
LUV DU RERE L, VU aIE, MEEEEROBLAP LRy FAKRy heahTnb
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https://www.cbd.int/decision/cop/?id=12268

LBz, AR MLV RADORBIZLV A - FEWAFEELTEBY, MU RERBREENSE LT
STW5D, hraffld, BEATH [ THARRMRSITEGE 2016-2020) #HRE L., T4
W) 2 KRR E RIS 2012-2020) (CFAk 24 4 9 H 28 HEGRRE) KO MEEREARGHE ] (CERk 25
£ 4 H 26 BEIGFERE) 2BTFoR WD IfEERRAERESICEBRT I HEZDERD OO
ITENGHE AL EAHT 570 8 (BREEA. 2016), HEARFHENG LI TWVD,

2) Xim

(1) ?ﬁiﬂ*ﬁﬁ%ﬁ@ﬁ%‘ﬁ

WHEEREROEEMNIL, XM AT 7 ) uV—0DRBONA LT TR ART T 400 T ORY A
LY, REICEE->TWVD, FJH%E Z. The Census of Marine Life ¥ & U the World Register of
Marine Species ® H 0 f A 1C T RMBEEIE R 0.93% DEIA THRELED LN TND

(K 4.4.2-2A, Bf) . EGERRBIZHONWTAH D & GenBank DR FF P~ 0 i I8 Az & 7 A3
BEE L 72 FF T Bk ICBI LTI 12% &, BlIC#EA TS (K 4.4.2-2A, H#), TOIEMHIE
RHBIE LG DIz oTBY (K 4.4.2-3, 4.4.2°4) , I, WHEBREERE BE LZHFTFO S b
55% MM NDEERIZEHT 260 THY | ZOHEIEMEN S 725 (K 4.4.2-4, Human Health),
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A 160000 ' '

140,000+ -
described

&)

z 120,000 -
5,000+

as source of MNP I

4,000-
600+

number of speci

as source of gene patents

400+

2001 domesticated

20,000 ' : 6,000
B

Ln

= 15,000

cts

natural products described
~4.000

10,0004

~2,000
5,000+

Accumulated umber of marine
natural produ

distinet sequences patented

0 | T 0
1980 1990 2000 2010

Year

4.4.2-2 Arrieta et al., 2010
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. L_’ with one or more described natural products

Llgs

[ | TI,iﬁ‘]}] with one or more patented DNA sequences

[ | ]:{":'T’: domesticated

177

X 4.4.2-3 Arrieta et al., 2010

% of patents

Q.'O W&
@9\ 3 Application

X 4.4.2-4 Arrieta et al., 2010

Y AR R O R A E LS S0 T Leary et al. (2009) 723 BUIEPESE | WEFR 155, ALbE i o 3¢
CELT|MY £ TBY, TLEh 6,430 {F R/, 500 {& R/, 2,310 fE RV & HERFL TV D

(% 4.4.2-1),
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# 4.4.21 BEECEBEROBREMMECETIELED

PE 3 TH ST 35 0 HE 72 e i fiE

Fr (Bl

= 3K pE 3 6430 & K/ (2016 4)

5000 J7 ~11& /v (VEf Bk D~
ZIRHE, 2005 4F)

10 f& KV (EEEJRE ko 7 v 5ty
'Z, 2005 4F)

2300 75 F/b (A RIRHE
[Retrovir], 2005 %)

2.37T1E R (LR
[Zovirtax], 2006 4E)

(=N o HIX 5008 K/ 4 (B£3)
e 10f& RV /4 (DNA HhHi i)

#E 1.5 18 v/ 4 ([Valley Ultra

Thin], O EIKYE IR k)

HEE 2000~3000 7 /v
([Luminase)], &% H%R)

(B bE & pE 3 e 2310 1% F/L (2005 %)
e 383MEKRNL (AX U&7 T RN,
2005 4F)

H it : Leary et al. (2009).

%72, Erwin et al. (2010)1Z#557FT — & % & I C. P4 H Sk o R TA 9 38 O I ) 722 %
FMEOHEFH 217> TV D, #5112 i, 253,120~594,232 ¥ O # 7= e b #W E 03 g v £
WWEENTEY, 2D 90.4~92.6% N KE R THDHE L TWDH, FWHEAYH KO MEE IR K
DFIER 2 BB MOV TIX, EMEEMEORREIC L - T, 0.56~5.69 K KL DOMENH 5 &

HEEL T 5,
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A
Fungi (0.7%) .-« vviveeianan .. .....Monera (22.3%)

ASC — PRO |
0% 40%  80% CYAl—/—
0%  40%  80%

Animalia (77.1%) - [}

‘Plantae (1.9%)
CHL
0%  40%  80%

0% 20% 40% 60%

$0.56 - $1.45 TRILLION

B
Fungi (0_2%) .................... . -Animalia (35’5%)
ASC I POR
0%  40%  80% - MOL
CHR
BRY

0% 20% 40% 60%
Monera (63.8%):-----
PRO——————————]

CYyAd
0% 40%  80%

$2.20 - $5.69 TRILLION

-Plantae (0.5%)
"" CHL
0% 40% 80%

X 4.4.2-6 BHEEVHEROBEFEREOBEN RBEFMMEOHS (Erwin et al., 2010)
MZ 77387770 FCRRINTVDIEDLSHEMEOHIHMEMBONRTH D, B 7 73{FRTDH
Ml o 2 5 &k LT\ 5%, Ascomycota (ASC), Bryozoa (BRY), Chlorophyta (CHL), Cyanobacteria
(CYA), Chordata (CHR), Mollusca (MOL), Porifera (POR), and Proteobacteria (PRO).

(2) VYU R
[2]-1 BEREBERE VYU = XOBMK

Felombv | EF, MEBEEROBEBEENRH I, HHEEREHOBEEMENETETEE
S>TW5h, &5IZ, Arrieta et al. (2010)<° Leary et al. (2009) 2383 2% X 012, #IEELREIR
BT MEZEE A CHEERERE~ORBELARDLENTND,

e EFR I AN ERE, ARV —E20S5HEICBW B — X I ES T 550
(Haines-Young & Potschin (2013)\ Kumar(2010), MA (2005), Moberg and Folke (1999)) .
it AR HKFMEAL TS, 2FV, MMOBRERFAEE, WHEERERIL. WBEAEAEBROED
N ONDOANBICHERZ 0T ONERET L2 ZEEFEFICHETHD &V ) REEENE-
TWb, Bl ziE Leary et al. (200)1X— 2> OFHE N THITH 5 £ TIZ 15~20 4FE00 0 |, 5,000 F&
FOBEMICER EOMERH 2 EBoh 26D 55, EH LTS5 ONRMIKHBRE TLED

HEx, AMAORAETELIOF 1FETLA R EERHL TV,

L7zBo T, BEERICESTTRXRTOEBRPNEETH Y (Kumar, 2010), B E PO R
B 7o fAs FTREME 2 AR 2 TV E B RE BT, MFEEHREZ SO AERREZMERE T 22208 RkD6 5
DThHDH, FERREHFTHZ LI, ZHRLEREEROMEBATRENEL 72 O T AW SR Z R
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THZEIZOENR-TWND,

HARREMER T2 OOEZT EHOZ =7y P LT LY AREREZEDTVD,
LYV R F, A ML AEZ T TH, ARROBREOMEZHEFT 2810 ZE TH D,
72 & 2 1%, Anthony et al. (2015)1%. ¥ > xR 4.4.2-2 D L H 7%, AR P L RAICEHLENT
WHELTWD, A ML RAIZIEZSOFEEN & Y | press-type stressors (754, HEFEY, L
WK D LR Bk TAEEROL YV TR, FAOEEBELEZHLDTHY
pulse-type stressors (i, FLBER, A=t hT O REAE) ITAEEROMIECHE Z MR+ 572
DICHER VDY Z L RAEZSIHIIUEETDLHIILIZRDARNLATH D,
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#4.4.2-2 VUOOERZITEIHHNRA IR, ERBRR~DEE, KLY IR

Drivers or Resilience processes Potential management
Stressor Pulse/Press  activities Impact affected levers (see also Table 2)
Storms Pulse Natural cydes, Structural damage, Recovery and Preparedness and
(stochastic) climate change floods and connectivity if recovery planning locally;
sediment-ation damage is extensive compensatory measures
Destruct-ive Pulse e.g. bomb Structural damage,  Recovery, Increase incentives for
fishing fishing, poison mortality of flora reproduction, nondestructive harvest of
fishing and fauna recruitment and resource through
connectivity if education, regulation and
damage is extensive enforcement
Crown-of- Pulse MNutrient Coral mortality Recovery, recruitment  Improved management of
thoms enrichment, and connectivity if catchment, protection of
starfish natural cycles mortality is extensive CoTS predators, tactical
(CoTS) CoTS control
Thermal Pulse, with Climate change, Coral bleaching, Reduced growth and Identify sites that may
anomalies press-type natural cycles diseases and reproduction, and have lower vulnerability;
after-effects mortality potentially protect from local
connectivity if impact  skressors; manage for
is extensive enhanced recovery
Sedimenta- Mixed Mixed: land use Sediment stress High turbidity from Improved management of
tion, depending and river and light re-SUSpension can catchment land use
turbidity on sOurce catchment limitation, cause long-term through education,
practices, enhancement of suppression of coral regulation, incentives and
flooding, algal growth recovery and provide penalties. Restore land
resuspension, competitive vegetation. Control
coastal advantage to other coastal development
construction benthic groups such activities.
as algae and sponges
Nutrient Press, but Mixed: land use  Enhanced algal Increases susceptibility Improved management of
enrichment pulse if and river growth, increased of corals to thermal sewage and intensive
Tinked to catchment turbidity bleaching. Provides agriculture activities
flood practices, competitive through education,
events flooding advantage to algae, regulation, incentives and
which can suppress penalties
coral recovery.
Pollution Press, but Land-based Toxicity, affects Reduced coral growth  Improved management of
(herbicides, pulse if (urban and metamorphosis and reproduction. urban, agricultural and
pesticides linked to agriculture) and larval survival. ~ Suppresses reef shipping activities
and heavy flood and from supply-side ecology. through education,
metals) events or shipping regulation, incentives and
marine penalties
incidents
Ocean Press Dfrect CO, Reduced coral Coral growth rates, Identify sites that could
addification effect, point growth and skeletal strength and have lower vulnerability
and nonpoint strength, recruitment reduced. and target for protection
sources of low enhanced algal from local stressors,
pH runoff growth control land-based
sources of pollutants that
decrease pH (e.g.
nitrogen /sul fur oxides)
Decline in Press Human use Reduced algal Fotentially drive phase Improved fisheries
herbivores mortality, algal shift to macroalgae, management through
overgrowth of exacerbated by education, regulation,
corals nutrients, warming incentives and penalties.
and acidification

H# : Anthony et al. (2015)

LIeRoT, LI T Remddl ildk, EELWEBRORELZ M ELMERL, £Y
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ZEPE. 2 L CIBEN R B EERA MR T 5 2 & 2 AEe

LV 2 ADE I AR
—7y b LT, LYV REREDDL I ED,
W5 (Scheffer et al., 2001),

L Par
RE R E

REHOT T —F L LTH,
N FE TOEIEMEND %ﬁaﬁf‘%é LEahT

5] 21X Anthony et al. (2015)IT L YV = A D #E 2 5 & EERIA
WHERAT I 20071 —20 =27 L LT, @Il YY) o 2AEH (Adaptive

b LEZOND,
ERHSNATEY,

A e

Resilience-Based Management, ARBM) 7L —AU—7 B L TW5 (X 4.4.2-6),

TR AW S KM 1T A RE
L., LU= R
(ex-ante) IR THDH EWVWH ZENTE,
LUy,

RV SND 2 THELNDFHM (expost) RFL, R THDHDIC
TECERSAEYWSEEEZ LT AR Z RN
BEOLYY U ANHE

MEFF 4 2 FRETH
HEOFHMRLE L TSHSD

ﬁwanagement & Research \ / ocial-Ecological System \
H

o

Influence drivers J Environmental and
or activities J anthropogenic
B ‘& drivers/activities
A ~ B = T——
o= )
G_o als. = | Decisions Reduce . § o 50
objectives V ~ stressors | @ a >3
gl lsg =8
% -3
» 2 3
C) Support == R |
PR i —_ Resilience \
Monitoring, 1 1 4 Ecosystem condition
Indicators, < ¥
Models 2\ o
\ / \ , N : _ Goods & services
G Support b ,
LN, —<_ Resilience | J
\ \ S e I‘ Social-economic conditions
\ S l N -
\ N 7
\ - N -4
. [ Stewardship, cultural and
\ economic dependence
M 4.42-6 BEHLPY) oV ABRBEBOTI L —AT—7

[2]-2 VU = & DRI

RE DX

LYY = ZADORE A EIXIRERN TH H, AL TIEL, Baumgirtner and Strunz (2014) ®
BEZFH e N—ACEHARIFEEZRH X EREOR ZET 5,
LYY s ZOREMAEIE, BICAERBRMAI R P LA EZITTH,
TEREIBZILTINETOAEABERY —EARZ I oL DT EEE<, BRI E
(insurance value) & L CHZ LN D Z &N Z W (#l 21X, Admiraal et al. (2013) .
Perrings et al. (1995). Ronnbick et al. (2007)), 7272 L. BE#EIZ\W
Baumgirtner and Strunz (2014)

MEs#BELTLY—AY

Baumgirtner, S. (2007).
21E. RBRMEIZL Y o AR L TlED —>TH Y |
EhE, VYO AOREMEIIRRMEE LoV A0 Eicfko TR SN D HEIED
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M Eaokfne LTINS,

Z T, LLF., Baumgirtner and Strunz (2014) 32 L7z, VAV L IT LADEZ L
ERRFEET N EMAGDLETEE L, LY U 2 20RFMEE AV 5,

T 2HBEOABROREBESZS ., ABRZLLEVITE (yy >0 BELNDIRE, AR
LRV (y,>0) RELNLIRERDHLIEL, ZOEEZUTFTOLIICERT S,

[y

2

g
0\

4

b

Ay =yy—y,>0
FriGoET, ZERAPBEEZ /-2, BOFEL VTS~ L S OE KN REAE
LTWAIRETHDL LEZDLZILENTE D,
AREZR N E WA NG B 5 IR EE (domain) 2> I WIS NE SN DRE~LBITT MR EZp L
L. lERITEFELEHR THHL YUV Z (RE[01]) OEEKEEHET D,

p=pR)withp'(R) <0 forallR and p'(R) for all R € (0,1)
and p(0) =1,p(1) =0.

ERBEEIILLTO®Y IZERET D,
p(R)=1—-RV P with— o0 <o < +1

HEREBIToDKESITE-T, KM442-TDOL O RBIRERD,

1=
<0
0.75 -
=
=
£ 054 o=0
©
&
£
0.25 -
o>0
0 T 1 1 1
0 0.25 05 0.75 1

Resilience R

X 4.4.2-7 VVUYTUREABRBIORBIZBITT 2EEDEK

WRICHHBEEEZERT D, EERFAEIL, SWEREENERO —>orEEICER L Tk
D, ZTNENDOHERITIp(R)ELI-—p(R)TEHZOLND, DFEV, LYV RAIZL o TOABIESN
% [Fi#3< Ulincome lottery)] TH5H LEZX5HZ LN TX%, von-Neuman Morganstern % o
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MR HEEZ AT, DIHBEBEZLTOBEY E&XT 5,
U = Ex[u(y)] withu'(y) > 0and u'(y) <0 for all y,

ARERFMEDO Y X7 Bl 2 M S E 572018, WHBEEOBEBIZIZU T O~ X —A %
Ao,

u(y) = —e PY with p > 0,
PIFAERERMMAEDO Y XA gEZB T NI A—F Th D,

2T, RBMMELRFHES LOYV R FLITANELALETDH L, IR HEAKE U X
77V T AORBIFIUTO®YICERSND,

u(Eglyl = I(R)) = Eplu(y)]

DFED, EFBONDIWEHENS Y R T VIT LERLEDARE LN DFHEICY A7 R
ESBEOIM LA —ThHd I LEZEEKL TV D,

OV R TFVUIT LAOMEEMNT, LY U 2 ZORBRMHEIR)IZ, LU = ZRBIRAR
NCEAL LIZBED ) A7 T LI T AOELE LT, ATO@EYICERT D,

dll(R)
dR

I(R) = —

FELVVI U RAORBMEVR)ZLL FTOBYIZERT D,

VR = i W (AR)
(R) = ARS0 AR

Er[u®)] = Eg4ar [u(y - W(AR))]

SDFD, LYV URAOREMMEIL., LYV DA EFBRBAMICH ES®H A LICwtT 5 ER
(ex-ante) M AKX ERBEWIC Lo THEZ LN D, AMIEIZFERMMETHY . DEV | RIS
BOoNLZHABEITMEILELDTH D,

UEDOETFTAZRBTSZLICED, L2V ZORFMPEIZLLT OB ITRKIT 5 2 &R
T 5 (EHBEBEIZSW TiX Baumgéirtner and Strunz (2014) % &),

1 ePty — 1
p1+pR)(ePY — 1)

V(R) = —-p'(R)
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ERIFEUTORBZLUTOLIICENT LI ENTE D,

V(R) = —p'(R)Ay + I(R),V(R) = 0 for all R.

SFV, LYV r2omn B MEFEOm E (—-p'(R)Ay) vV 2om bRtz
O3 RBRANE (I(R) Ofne LTHRAHND,

(3) WFEXR : o TEAERRR

AFFETIE, LFOBERBICEIY, MBEOY L IJHENOELNIEHEBEERE Y IO L
VIVZ AR ET D,

Blo, Ik, WL L OBUKOBERERER E WV TEBIREREE & e B AT, W
BLREROER Yy PAKRy hEEFbh T3 (Arrieta et al., 2010),

IS, MBRE LT, FHOXMG L LT <, EREBICEYMEANBEIZTOATY
HZENFETOND, BEEE T 20104 4 HIC T4 IfEARERE2ITEIRE ) 25K E L, 2016
B4R IIFEINETOITEIGIEERCR I 2 B E 2 T M9 v A RRRR2ITEIGH R 2016-2020
ERE Lo, ARFHENT A S ERMEEZ I 2012-2020) (CFAk 24 4 9 H 28 HHEERE) KO

MEPERAGHE ) (CFRk 25 42 4 H 26 ARIGRRE) I2BIT 6T D 3o THEAERER ORI BER
T 5 AEEDERDOTZODOITENGIH & L TAESIT., Lo TEMBEDEMICET D7D DITH)
Bl E STV d (BREEE. 2016),

BB OE 44221 BT L FHEBSEIERAMA P L RIZELINTED,
WY EHNBHE Lo TS, 29 LIEAWA P L X FRICABRA ML A X 5% T
DI LA R 72 M3 T Y (Arrieta et al., 2010). AAD Y TS FI4 TiX v (B8
B, 2016), S OICEFETIEA Lo o THEARERSEIE LIZ< W (BREH. 2016) &9,
LYYV Z AR TOBEVTERINL TS,

BUIZH  TEATBNT, VYR ZAOMERELSZTFANLALTEY, VLYY T 2D
LR OWENEEA T D (Bellwood et al., 2004; Hughes et al., 2010; Nystrom et al. 2008),
TR I L0, o TR, ERBL A F I 7 X, BE., BROLEFEKICE > THREBSITH
NOBHARATHLZERWHLNER > TE TS (Nystrom et al. 2008), il 21X, X 4.4.2-8 D
Lo, B AMARRITMESCEEN O ORBHOWADOREIZL > T, eV IHEARE
R D KRB EAN Y =TSO EHEBICY 7 M T H RN RS TWwWS, £, oo
TENR B DL EMEIRIZ T 7 P T DL R DBEIC O VT HIERRMEN I T D (Dakos et
al. 2015; Karr et al., 2015; Quinlan, A. E., et al., 2015), BEZ4ET 2 ICMEL. ED LD
RIRETHNIE, LY—2 7 bR EILRWVN, LW — kR IEE % 5 2 5 safe operating
space DEZ T HIEBE INTE Y, Norstrom et al. (2016)1X 2N F TOEIEHFEE N— R (T, i
M, KE, KBEEHCEHLT, ZORETHAIE, LY=LV 7 MIEILRVE W) KEE
HELTWD,
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Overfishing of herbivores

Extra nutrient

‘Healthy’
state

Overfishing of echinoid
predators

Sea urchin
barren state \

X 4.4.2-8 VU IWABRDOL Y —L YT MedhbbT &R (Bellwood et al., 2004)
ERIT LR RBIHOMAIL L T, LYV Z U AREF LTV AR AEH LD LTS,

Macro algae

state \

Rock

BBICEBRDERBY, OO L ) U AMROERIZHE ST, LYV 20 &% S
VAMEDOAERRRERICIY ARSI ENED N, FLREBIN TS (Anthony et al., 2015;
Hughes et al., 2010; Karr et al., 2015; Mellin, C., et al., 2016; Nystrom et al., 2008),

(4) 7S5

[1] REOHE

TUr— NI TBOREREICHETLI Ty — A E0WHOLAMTEMMLE, HAESMICE
=Z—=BE LTI REED 200 69 DB LEMRELLT. A =3y ML OMA %L
FE L7z, 20079 H 29 HArH 10 A 4 HIZHMIRTE(ED 120 A & R DSMERED 120 A%
KEGE LTV T AMEERL, iIAEEZLELZS 2T, 2017410 A 26 H»H 11 A 1 HIZ
AHEEZE L2, AFHEOMEIZL FTO@Y Th b,

MEOBRBEREICET L7 v — Ml

o FIA&EMIM 20174 10 H 26 H~11 H 1 H

® GHAEMA: A X —%v b

® NG HESMMICE=F—BEHL TWDIEED 2025 69D % 4«
o [ HESK  WHBIRIEMRE 605 1, JHHBILLIAMEESE 566

Ty — TR, RBFEMEOERME XA N U= s A=V T OEMETo T, KA
FEEOBERMIZT R TORBZEFICHKBEBTHLIN, AL U=« 27—V v 7 OBEMITNE
DORLL 2BEOEMEZMAEL., HEAZITIZZOVWTANCHEIZELTS o7, BAMIIE,
RIS . MPRIRDSMEEE L b, FEROEIZEFREICIIL YY) 2 A AT 2 MiEB Z 0~ 5
OOEMIZEZE LTS bW, KPR ORIZEEICITY > THEARERD R T o~ AR —
EADMHMEEEEZFRL7200EMICEEZLTLLo7, LY U AT 2 MER % H
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REEDDORAR « U= K« 25—V TOEMIE, 77— hMZBWT vz ([H
") 2@ CEBREREZRETHEVIBEZFAREZEEZ L EVE T LW ERICKL
T NI EREELERIEFICORER LT,

Flo, T —FIZBWTHEFICERINDI LYY D U ARLEBEBEEROMBOFET, HE
FOVV I RACKT AT MBAEE A AREERE 2N, o THARRBREMT S
a7 ERER Y —ERAOMMMEEEEZRARNDLTZODONRNAN - U= « 24— v FTOHEMIZ
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31l -0.3380 | -1.624 | 0.105
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