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Kyoto Seminar on Sustainable Economic Development
At Kyoto University

February 16, 2010

Moderator : Kazuhiro Ueta, Kyoto University

10:00 “Sustainability Dependency under International Relationship:
Evidence from Genuine Saving Indicator of Japan” Masayuki
Sato, Kyoto University

11:00 “Sustainability and the Measurement of Wealth” Partha
Dasgupta, University of Cambridge

12:30 - 13:45 Lunch

13:45 “Sustainability and Objective Well-being: an Analysis from
Plural Dimensions” Kengo Sasaki, Nagoya Gakuin University

14 :15 “On the preference constraint for sustainable development to
be optimal” Ken-Ichi Akao , Waseda University

14:45 “ Genuine Savings of Open Economies with Renewable
Resources” Rintaro Yamaguchi, Nomura Research Institute

15:15-15:30 Coffee Break

15:30 “Estimating Impact of GHG Target-Setting on the Macro
Economy” Akira Maeda , Kyoto University

16:00 “Growth and Environmental Free-riding in an Over-lapping
Generation Model” Shintaro Nakagawa, Shimonoseki City
University

16:30 “The Impact of Globalization on Deforestation” Shunsuke

Managi, Yokohama National University
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13:30-13:45 Opening Address Ma(;?;’(ilélg)ato
Presentationl .
13:45-14:15 “Stability of Sustainable Development Path and the Masayuki Sato
Y, (Kyoto U)
Institution
Presentation2 .
14:15-14:45 “ Environment, Growth, and Technology Gap in a Shlgtaro Nakggawa
Two-Country Overlapping Generations Model” (Shimonoseki C U)
Presentation3 . .
14:45-15:15 “ Political Corruption, Environment, and Economic Daisuke Ikaz’akl
» (Japan Women’ s U)
Growth
15min coffee break
Presentation4
15:30-16:00 “Dynamic analysis of a rene\.ivable resource i.n a small | Yasuhiro Nakamoto
open economy: The role of environmental policies for the | (Kyushu Sangyo U)
environment”
16:00-16:30 Pres‘?ntat.ion5 . o Akira Maeda (Kyoto
Habit Formation of Resource Consumption U)
16:30-17:00 Pres?ntat.ionfi . . o Kengo Sasaki
“Institutional Quality and Adjusted Net Savings (Nagoya Gakuin U)
. . Presentation?
17:00-17:30 Canceled
K. Ueta (Kyoto U),
17:30-18:00 Comments and General Discussion M. Nakada (Nagoya
U), and all of
participants.
18:00- Closing
All presentations include short discussion time.
(3) 2011 4%

2011 4 12 H 26 HIZ,

3 M DHFFERR 2 R RBNZHE T D 720, ARHFFE BT\

REEZHOTZI RS ZHM Lo, bbo¥ T, RERET LR TRREEICET IR

TSN BUR ) 3
RiEmE ol

V—rvayZo7rar I N, LTo@EY Thd,

HbiTo77. YARKEDOLZD, BETOTa T LEERL-7=0., AEH

Time Table
13:30-13:45 Opening Address Ma&gg&léig)ato
13:45-14:15 “Economic Analysis E§e§§§§:i%3rﬁie Development from Ma&gg&léig)ato
spatial and temporal_ points of view
14:15-14:45 | “Human Capital, Envlijigrslfrrllgﬁgoarfd Political Corruption Daisuke lkazaki

in a Growing Economy”

(Japan Women’s U)
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. . Presentation3 Fidefumi Yokoo
14:45-15:15 “International Recycling Agreement” (NIES)
15min coffee break
Presentation4
15:30-16:00 “Estimating Garbage Reduction and Recycling Tatsuo Suwa
Promotionunder Unite-based Pricing by Multivariate (Yamaguchi U)
Sample-Selection Model”
16:00-16:30 Presentation5 (Fuboha Tnctiout
) ’ “The Effects of VAs on Environmental Innovation” gf }ll’gc}?n(ﬁzg;yl)l ©
Presentation6 )
16:30-17:00 “Keys to Smart Home Diffusion:A Stated Preference Kayo Murakami
Analysis of Smart Meters, Photovoltaic Generation, and (Tokyo City U)
Electric/Hybrid Vehicles”
. . Presentation7 Aiko Azuma
17:00-17:30 Canceled (Hokkaido U)
17:30-18:00 General Discussion

All presentations include short discussion time.

EEDIRE
20094 &
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20104

1. EEREAT. TR ATRetE ORNE & BREE ORE R | . EEFFEYEGRI T 27 ) — o EEE A ] |
H#%BP. 20104, pp.82-96.,

20114 %
2. Masayuki

Sato,

“Measuring sustainability and economic valuation of the

environment,” in Takamitsu Sawa, Susumu lai and Seiji Ikkatai (eds), Achieving
Global Sustainability: Policy Recommendations, United Nations University Press,
2011, pp.87-101

R DFEFE
20094 &

1. Rintaro Yamaguchi, Masayuki Sato, and Kazuhiro Ueta,

“Genuine Savings with

Adjustment Costs” , MPRA papers, No.1637, Munich University, 2009

2.  Rintaro Yamaguchi and Masayuki Sato,
with Renewable Resources”

KSI Communications 002, 2010

3. Masayuki Sato, Sovannroeun Samreth and Rintaro Yamaguchi,
Dependency under International Relationships: Evidence from Genuine Savings

Indicator of Japan”

KSI Communications 006, 2010
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4. Shintaro Nakagawa, Masayuki Sato, and Rintaro Yamaguchi, “Growth and
Voluntary Abatement of Transboundary Pollution in an Overlapping Generations
Model”, KSI Communications 003, 2010

5. Kengo Sasaki, “Sustainability and Objective Well-being: An Analysis from Multiple
Dimensions”, KSI Communications 001, 2010

6. Katsunori Yamada, Masayuki Sato, and Yasuhiro Nakamoto, “Measurementof Social

Preference from Utility-based Choice Experiments,”under peer reviewing

7. Masayuki Sato, Sovannroeun Samreth, and Katsunori Yamada, “A simple numerical study on
sustainable development with Genuine Saving”, under peer reviewing

20104 &

8. Katsunori and Masayuki Sato, “The Easterlin Paradox and Another Anatomy of
Income Comparisons: Evidence from Hypothetical Choice Experiments,” ISER
Discussion Papers, Osaka University, 795, 2010.

9. RERHEZF T, BiHE RFBRICM O BENEINOREEARY ) [RFEBOEY ¥ —
F ol 7(2): 10-13. 2010.

10. ATHE THEHFFATREIRGIC I 5 i Mg Biml ) TR B~ v —J 1] 7(1): 68-80.
2010.

11. Kijima, M., A. Maeda, and K. Nishide. “Equilibrium Pricing of Contingent Claims
in Tradable Permit Markets.” Journal of Futures Markets 30(6): 559-589. 2010.

12 YexAfEE (2011)  TH5VFRRERTREVE, /3 ) o 2| thiBOR — i R e T Y
YR DERSNT— ) TAE R H4753%5 . pp.81-90

20114 %

13. Yasuhiro Nakamoto and Masayuki Sato, “Loss Aversion, Social Comparison and
Physical Abilities at Young Age”, MPRA papers, No.31221, Munich University,
2011.

14. Masayuki Sato, Sovannroeun Samreth, and Katsunori Yamada, “A Numerical
Study on Assessing Sustainable Development with Future Genuine Savings
Simulation”, International dJournal of Sustainable Development (refereed),
forthcoming

15, PEREEAT, [Fift rTRE R S DR /34 ) L 20114F, [FTIBREEATFE] . 1615, pp.111-115.

16. Maeda, Akira. “Setting trigger price in emissions permit markets equipped with a
safety valve mechanism.” Journal of Regulatory Economics, Published online: 04
November 2011 (Print version: forthcoming in 2012)

17. HINEREST 7 a— VA 36 & 7 e — VB TR i OR#KS:) Jforthcoming

18. Yamaguchi, R. and K. Ueta, “Capital Depreciation and Waste Accumulation in
Capital-Resource Economies.” Applied Economics Letters forthcoming.
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20094F

1. Maeda, A. and M. Nagaya, “Technological Change in Environmental Quality and
Economic Growth.” The 8th International Conference of the Japan Economic Policy
Association.16pp. (CD ROM) November 2009.

2. Maeda, A. and M. Nagaya. “The Optimal Timing of Transition to New

Environmental Technology in Economic Growth.” 10th IAEE FEuropean
Conference,International Association for Energy Economics. 12pp. (Web)
September 2009.
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11.

12.

13.

14.

15.

16.

17.

Masayuki Sato, Sovannroeun Samreth, and Kengo Sasaki, “Stability of Sustainable

Development Path and the Institution”, Environmental Economics and Sustainable

Development Workshop, Kyoto, January 28, 2011.
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Katsunori Yamada, Masayuki Sato, and Yasuhiro Nakamoto, “Measurement of

Social Preference from Utility-Based Choice Experiments”, International

Symposium on Econometric Theory and Application, Singapore Management

University, Singapore, May 1, 2010.

Maeda, A. and M. Nagaya. “Habit Formation of Resource Consumption.”

Environmental Economics and Sustainable Development Workshop, Kyoto,

January 28, 2011.

Maeda, A. and M. Nagaya. “Habit Formation of Resource Consumption.” The 9th

International Conference of the Japan Economic Policy Association. 9pp. (CD ROM)

November 2010.

Maeda, A. and M. Nagaya. “Resource Use under Endogenous Time Preference.”

29th USAEE/IAEE North American Conference. International Association for

Energy Economics. (Online Proceedings) 16pp. October 2010.

Maeda, A. and M. Nagaya. “Estimation of the Impact of GHG Target-Setting on the

Macroeconomy and Its policy implications.” 11th IAEE European Conference,

International Association for Energy Economics. 12pp. (CD ROM) August 2010.

Maeda, A. “Estimating the Impact of GHG Target-Setting on the Macroeconomy.”

International Energy Workshop 2010. 14pp. (Online Proceedings) June 2010.

Shintaro Nakagawa, Masayuki Sato, and Rintaro Yamaguchi, “Environment,

Growth, and Technology Gap in a Two-Country Overlapping Generations Model,”

Environmental Economics and Sustainable Development Workshop, Kyoto,

January 28, 2011
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Shintaro Nakagawa, Masayuki Sato, and Rintaro Yamaguchi, “Voluntary

Abatement of Transboundary Pollution and International Environmental Policy in

an Overlapping Generations Model,” MBI #F9E 2, FRIHEE X — - Y I 2

v A () . 20104F 84 30H

Shintaro Nakagawa, Masayuki Sato, and Rintaro Yamaguchi, “Growth and
Voluntary Abatement of Transboundary Pollution in an Overlapping Generations
Model”, 4th World Congress on Environmental and Resource Economists, Québec
University at Montreal, June 30, 2010

Yamaguchi, R. “Discounting, Distribution, and Disaggregation.” 4th World
Congress of Environmental and Resource Economists. (Online Proceedings)
June 2010.

Kengo Sasaki, “Institutional Quality and Adjusted Net Savings”,

Environmental Economics and Sustainable Development Workshop, Kyoto,

January 28, 2011
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22.
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24.

25.

26.

27.

28.

29.

30.

Masayuki Sato, Kazuhiro Ueta and Rintaro Yamaguchi, “Measuring
Investment in Capital Assets, Evaluating Disaster Reconstruction and
Assessing Sustainable Development”,12th Biennial Conference of the
International Society for Ecological Economics, Rio de Janeiro, Brazil, 29
May- 1 June 2012, accepted

Masayuki Sato, Kenta Tanaka and Shunsuke Managi, “How technological
progress contributes to sustainable development?”’, The 2nd Congress of the
East Asian Association of Environmental and Resource Economics,
Padjadjaran University, Indonesia, 4 February 2012.

Rintaro Yamaguchi and Masayuki Sato, "Genuine Savings of Open Economies
with Renewable Resources," to be presented at the 3rd East Asian Association
of Environmental and Resource Economics, Padjadjaran University,
Indonesia, 3 February 2012.
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Masayuki Sato, Sovannroeun Samreth and Kengo Sasaki, “Stability of
Sustainable Development Path and the Institution”, European Association of
Environmental and Resource Economists, University of Rome, Italy, July 2,
2011.

Shintaro Nakagawa, Masayuki Sato and Rintaro Yamaguchi, “Environment,
Growth, and Technology Gap in a Two-Country Overlapping Generations
Model”, European Association of Environmental and Resource Economists,
University of Rome, Italy, July 1, 2011.
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Table 1: Comparison of GS as percentage of output and simulation results

REVERFAM & AT FERE R

(1) ) " ®)
Hamilton and Arrow et al. .
C(I¢1eg1:9n)5 (2004) This study
Estimated results of AR(1) process Simulation results
GSas % of % of
GS:fSé);I;:ent percent of constant P St. dev. S?atte:(éys Initial experiencing  experiencing ﬁ‘;:;gi;’\jirgs
Country GDP of € e condition  negative GSin negative GS in negaiive GS
25 years 50 years
Latin America and the Caribbean
Belize 16.7 1.10(2.03) 0.87(0.12)  5.61 8.61 04 89.20 93.00 16.09
Bolivia -15.4 -1.11(0.85)  0.83(0.10)  4.96 -6.66 -18.72 100.00 100.00 N.A?
Brazil 11.8 2.81(1.30) 0.72(0.12)  2.04 9.97 8.31 0.80 1.34 >1000
Chile 13.2 -0.16(0.72)  0.92(0.08)  3.57 213 -4.93 99.70 99.94 N.AZ
Costa Rica 14.7() 143(0.74) 087(0.08) 252 1143 16.62 8.10 22.80 182.07
Dominica 0.08(1.70)  0.84(0.15)  5.55 0.50 -6.42 99.30 100.00 N.A.2
Dominican Republic 10.3 12.87(2.35) -0.00(0.18)  3.33 12.81 7.75 0.20 0.29 N.A.
Ecuador -4.1 -1.29(0.80)  0.88(0.08)  3.62 -10.68 -14.06 100.00 100.00 N.A.2
El Salvador 59 1.26(0.97)  0.80(0.11) 3.24 6.26 2.04 77.60 92.20 16.01
Fiji 327(166) 0.70(0.13)  4.12 1078 [ 38.80 27.90 53.81 63.87
Guatemala 1.2 0.31(0.36)  0.85(0.09) 1.66 211 F 287 81.50 97.40 14.23
Honduras 1.68(1.29)  0.91(0.08) 3.84 17.76 23.29 10.30 24.60 180.49
Jamaica 24 1.50(1.18)  0.85(0.09)  4.88 10.04 14.55 62.20 84.29 2891
Mexico 36 0.38(0.59) 0.88(0.07) 264 322 4.01 82.70 95.52 14.98
Nicaragua -2.23(2.44)  0.69(0.13)  13.30 -7.10 5.51 100.00 100.00 N.A.2
Paraguay 1.0 551(1.72)  0.48(0.15)  3.77 10.56 104 13.60 25.82 159.58
St. Vincent and the Grenadines 6.52(2.71)  0.50(0.17)  7.30 13.14 5.66 70.50 90.48 2048
Tonga 10.68(3.65) 0.35(0.21)  7.38 16.34 22.58 34.50 56.70 55.88
Trinidad and Tobago 7.9 -3.34(1.66)  0.64(0.14) 773 -9.21 -22.90 100.00 100.00 NA.?
Uruguay 2.73(1.38)  0.64(0.14)  4.87 7.55 3.13 84.60 97.07 12.52
Venezuela, RB -14.5 -1.07(1.09)  0.80(0.09) 6.33 -5.31 -6.91 100.00 100.00 N.A.2
East Asia and the Pacific
China 215 22.72 0.86(1.19)  0.97(0.06) 4.18 26.38 33.20 5.30 16.29 218.81
Hong Kong, China 21.7 () 14.38(3.51) 0.33(0.16)  2.00 2142 21.56 0.00 0.00 N.A.®
Korea, Rep. 29.6 327(1.64) 0.86(0.07) 249 23.72 2212 0.00 0.00 N.A®
Malaysia 18.6 1.22(1.21)  0.90(0.08)  3.46 11.86 9.18 38.00 56.80 62.85
Philippines 8.0 2.89(1.53)  0.83(0.10) 3.33 16.80 21.29 2.10 5.28 747.32
Thailand 281 2.98(1.75) 0.85(0.09) 2.20 20.07 18.56 0.00 0.00 N.A.P
Middle East/ North Africa -7.09
Algeria 6.7 1.88(1.29) 073(0.12) 394 7.06 173 88.80 96.29 0.00
Israel 16.7 364(1.34) 045018  3.81 6.65 939 68.00 90.38 22.65
Jordan 135 9.53(4.35) 0.36(0.26) 6.46 14.89 0.13 34.80 55.20 65.26
Morocco 15.2 1.55(1.33)  0.92(0.09) 2.54 18.63 23.95 0.30 2.09 >1000
Saudi Arabia -20.2 -7.03(3.51) 0.65(0.14)  4.60 -20.22 -13.72 100.00 100.00 N.A?
Syrian Arab Republic -10 (*%) -2.02(1.38)  0.91(0.09)  6.95 -23.60 -38.47 100.00 100.00 N.A#
Tunisia 12.8 203(124) 084(0.10) 169 1304 | 898 0.40 0.10 NAS
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Table 1: Comparison of GS as percentage of output and simulation results (contd)

M @ T @)
Hamilton and Arrow et al
Clemens ’ This study
(1999) (2004)
Estimated results of AR(1) process Simulation results
GS as % %
GS as percent percent of St. dev. Steady Initial expe/rieonfcing expe/ri:nfcing Average years
C of GNP GDP constant B of € state GS condition  negative GSin  negative GS in before.havmg
ountry rate 25 years 50 years negative G
South Asia
Bangladesh 24 7.14 1.25(0.80) 0.91(0.08)  3.66 1356 [ 1751 2240 43.49 83.72
India 7.2 9.47 0.82(0.93) 0.950.09) 1.90 17.23 19.35 0.20 1.72 >1000
Nepal -12.3 13.31 1.43(0.96) 0.94(0.07) 279 24.14 23.03 1.30 1.81 >1000
Pakistan 47 8.75 2.12(1.06) 0.76(0.11)  2.90 8.88 2.39 4110 55.77 7143
Sri Lanka 124 597(2.10) 0.59(0.14)  3.04 14.70 12.47 0.20 0.21 N.A.P
Sub-Saharan Africa -2.09
Benin 0.8 0.38(0.66) 0.38(0.16)  3.83 0.61 3.04 100.00 100.00 N.A.
Botswana 4.46(2.51) 0.87(0.08)  5.91 33.16 39.06 2.20 4.87 835.58
Burkina Faso 8.6 1.78(1.02)  0.72(0.14) 283 6.51 1.54 61.80 83.10 26.39
Cameroon 0.6 -0.46(1.02)  0.36(0.16)  5.80 -0.73 -2.57 100.00 100.00 N.A.2
Chad -8.4 -1.11(1.57)  1.13(0.14)  7.96 8.27 -57.30 100.00 100.00 N.A.2
Congo, Dem. Rep. -3.31(1.38)  0.28(0.17)  6.45 -4.62 1.86 100.00 100.00 N.A.?
Congo, Rep. -28.6 -16.84(6.15)  0.35(0.23) 1267  -26.09 -46.52 100.00 100.00 N.A.?
Cote d'lvoire -12.3 1.66(1.35) 0.67(0.17)  5.12 4.99 2.37 97.30 99.40 8.37
Ethiopia 2.00(1.19)  0.80(0.12)  4.02 9.87 12.65 46.70 7322 38.74
Ghana 4.6 0.54(0.87)  0.83(0.10)  4.95 3.25 13.45 87.90 99.70 7.621
Kenya 14 9.74221)  0.21(0.17) 3.1 12.35 8.46 0.30 0.36 NAP
Lesotho 4.02(1.97) 0.80(0.09) 7.35 20.46 19.35 42.20 65.80 50.52
Madagascar 0.2 0.40(0.74)  0.49(0.15)  4.30 0.78 5.86 100.00 100.00 N.A.
Mauritania -14.9 -12.39(4.08) 0.32(0.17) 1696  -18.26 -40.21 100.00 100.00 N.A.?
Mauritius 18.3 2.34(1.63) 0.87(0.09) 193 17.54 11.57 0.00 98.80 6.61
Rwanda -1.4 263(1.10) 057(0.15)  4.41 6.09 1245 87.20 98.19 13.67
Senegal 32 0.14(0.73)  0.90(0.08)  4.29 1.32 9.75 87.50 99.20 6.688
Sierra Leone 2.7 (%) -542(1.99)  0.19(0.20) 6.73 -6.66 -2.06 100.00 100.00 N.A.?
South Africa 52 2.94(1.26)  0.30(0.26)  2.07 418 0.40 47.00 71.90 39.73
Swaziland 2.81(1.64) 0.750.12) 4.90 1.17 12.01 55.30 71.76 32.65
Togo -125 0.76(1.13)  0.55(0.18)  5.07 1.68 0.66 100.00 100.00 N.A.?
Uganda -8.6 -1.34(0.73)  0.68(0.11)  3.73 -4.15 114 100.00 100.00 N.A.?
Zambia -16.1 -2.77(2.32) 0.73(0.14)  7.40 -10.32 -3.97 100.00 100.00 N.A.2
Zimbabwe 8.7 1.69(2.76)  0.70(0.26)  5.39 5.60 -8.46 98.70 100.00 N.A.2
High-Income Countries
Australia 5.5 1.43(0.78)  0.77(0.09)  1.69 6.35 3.99 15.20 23.76 193.83
Austria 16.2 3.65(1.51)  0.73(0.11) 1.34 13.53 15.52 0.00 0.00 N.AP
Belgium 16.7 2.89(142) 0.77(0.09) 270 12.70 10.84 4.10 4.97 >1000
Canada 74 1.50(1.06)  0.82(0.10)  1.63 8.46 476 2.90 5.62 >1000
Denmark 142 1.20(0.89) 0.89(0.07)  1.39 11.15 14.31 0.20 0.34 NA.°
Finland 55 2.23(1.28) 0.82(0.09) 244 1212 12.30 240 5.33 827.13
France 135 1.44(0.84) 0.88(0.06) 1.08 11.61 10.51 0.00 0.00 NA.®
Greece 8.0 0.60(0.94) 0.93(0.06)  2.13 8.97 8.61 23.80 42.82 95.60
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Table 1: Comparison of GS as percentage of output and simulation results (contd)

(1) @ 7 @)
Hamilton and Arrow et al
Clemens W ’ This study
(1999) (2004)
Estimated results of AR(1) process Simulation results
GSas % of % of
GS as percent percent of St. dev. Steady Initial experiencing  experiencing Average years
of GNP constant B state GS o f . . before having
D of € condition  negative GSin  negative GS in .
Country rate 25 years 50 years negative G5
High-Income Countries (contd)
Ireland 174 141(128) 0.92(0.08) 2.15 1682 [ 21.19 0.30 1.00 >1000
Italy 12.3 251(1.05) 0.79(0.08) 087 1.7 10.69 0.00 N.A.
Japan 26.2 1.10(0.97)  0.92(0.05)  1.50 14.46 15.11 0.00 0.19 N.A°
Netherlands 15.6 215(1.17)  0.85(0.25) 1.35 14.71 14.67 0.00 0.00 NA°
New Zealand 13.6 413(2.31)  060(0.25) 213 10.20 15.13 100.00 N.A?
Norway 7.0 1.29(1.04)  0.90(0.07) 1.88 13.03 14.65 0.80 2.08 >1000
Portugal 18.1 1.26(1.16)  0.83(0.12) 248 7.55 1.36 58.20 71.33 43.84
Spain 123 1.39(1.00) 0.88(0.08) 1.16 11.69 11.96 0.00 0.00 N.A°
Sweden 5.6 3.32(153)  0.79(0.09)  1.67 15.99 18.59 0.00 0.00 N.A.
Switzerland 19.9 6.76(2.63) 0.66(0.13)  1.52 19.65 22.02 0.00 0.00 N.A.®
Turkey 154 2.34(1.50)  0.84(0.10)  2.16 14.99 9.23 0.10 0.44 >1000
United Kingdom 6.6 7.38 162(0.70)  0.78(0.08)  1.29 7.38 712 0.30 0.63 >1000
United States 9.6 8.94 1.03(0.92) 0.85(0.10) 1.64 7.06 3.31 19.50 28.82 180.39
Other Countries
Bulgaria 0.5(1.17)  0.88(0.07)  3.90 4.15 6.02 82.00 96.33 12.86
Hungary 3.12(2.14)  0.74(0.16)  2.55 11.80 7.52 2.30 3.68 >1000

Note: (1) The first column recaps the result of Hamilton and Clemens (1999). Values presented are their sigle-year-estimates of GS as Percent of GNP in
1993 with exceptions of (*) 1992 value, and (**) 1991 value. (2) The second column is for Arrow et al. (2004), who calculated the GS as percent of GDP and
averaged them over the period from 1970 to 2001. (3) Our results: numbers in parentheses are the standard errors in our AR(1) estimations of GS rate
process. Estimated steady state values of the GS rates are also provided. We simulate from the initial conditions which are the latest available values of GS
rates in our dataset (2005 value with the exception for Fiji; 2000, Tonga; 2004, Trinidad and Tobago; 2004, Israel; 1998, Saudi Arabia; 2002; Burkina Faso;
2003, Cameroon; 1998, Chad; 2001, and Switzerland; 2003). Calculated two measures of future sustainability are (i) the percentage experiencing negative
GS rate over 50 years, and (ii) the average number of years before the first negative GS rate appears in the stochastic process. With respect to (i), if the
probability is either zero (no breaking-the-future-sustainability-condition case) or one, we report it as N.A.
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Table A1: Variance of each capital component from VAR(1) estimations

Country | T 7 Veneray Ve Vorest Veoz
Latin America and the Caribbean
Belize 33.78 0.10 N.A. N.A. N.A. 0.00
Bolivia 10.93 0.14 8.81 3.28 N.A. 0.00
Brazil 2.72 0.10 0.14 0.05 N.A. 0.00
Chile 4.27 0.05 0.07 3.27 N.A. 0.00
Costa Rica 6.45 0.14 NA. 0.00 0.03 0.00
Dominica 18.56 0.01 N.A. N.A. NA. 0.00
Dominican Republic 13.94 0.04 N.A. 1.24 N.A. 0.01
Ecuador 10.29 0.14 25.93 0.01 N.A. 0.02
El Salvador 9.40 0.05 NA. 0.00 0.02 0.00
Fiji 15.88 0.10 NA. 0.10 NA. 0.00
Guatemala 2.37 0.00 0.03 0.00 0.02 0.00
Honduras 11.88 0.03 NA. 0.40 N.A. 0.00
Jamaica 12.80 0.28 N.A. 5.78 N.A. 0.02
Mexico 341 0.10 7.27 0.05 N.A. 0.01
Nicaragua 172.91 0.30 NA. 0.06 N.A. 0.02
Paraguay 14.82 0.07 N.A. N.A. NA. 0.00
St. Vincent and the GreN.A 54.91 0.23 N.A. N.A. N.A. 0.00
Tonga 33.81 0.03 NA. NA. 0.00 0.00
Trinidad and Tobago 38.59 0.13 65.24 N.A. NA. 0.04
Uruguay 16.67 0.04 N.A. N.A. 0.01 0.00
Venezuela, RB 17.55 0.17 70.17 0.03 N.A. 0.02
East Asia and the Pacific
ChiN.A. 8.57 0.01 4.33 0.05 0.00 0.05
Hong Kong, ChiN.A. 414 0.05 N.A. 0.00 NA. 0.00
Korea, Rep. 4.62 0.29 0.04 0.00 N.A. 0.00
Malaysia 8.32 0.09 6.83 0.15 0.08 0.01
Philippines 8.98 0.04 0.02 0.12 0.03 0.00
Thailand 4.55 0.04 0.14 0.04 0.00 0.00
Middle/East North Africa
Algeria 21.84 0.04 27.48 0.00 0.00 0.05
Israel 9.27 0.23 0.41 0.00 0.00 0.00
Jordan 46.28 0.34 0.00 0.06 0.01 0.01
Morocco 4.36 0.10 0.00 2.70 0.00 0.00
Saudi Arabia 22.30 0.22 32.72 N.A. N.A. 0.01
Syrian Arab Republic 18.85 0.18 21.53 0.01 N.A. 0.03
Tunisia 212 0.06 248 0.02 0.00 0.00
South Asia
Bangladesh 9.69 0.01 0.15 N.A. 0.06 0.00
India 2.26 0.03 0.39 0.01 0.03 0.01
Nepal 4.26 0.12 0.00 0.21 0.22 0.00
Pakistan 6.60 0.02 0.38 0.00 0.01 0.00
Sri Lanka 8.34 0.05 NA. NA. 0.04 0.00
Sub-Saharan Africa
Benin 12.29 0.02 0.89 N.A. 0.13 0.00
BotswaN.A. 28.20 0.04 0.09 2.53 N.A. 0.00
BurkiN.A. Faso 8.75 0.12 NA. N.A. 0.09 0.00
Cameroon 2310 0.03 15.09 0.01 NA. 0.01
Chad 13.80 0.05 N.A. N.A. N.A. 0.00
Congo, Dem. Rep. 42.14 0.1 0.64 2.46 N.A. 0.00
Congo, Rep. 131.84 1.04 152.58 0.21 N.A. 0.01
Cote d'lvoire 33.03 0.49 0.41 N.A. NA. 0.01

50



Table A1: Variance of each capital component from VAR(1) estimations (contd)

Country | Vi \ Veneray Ve Vrorest Veor
Sub-Saharan Africa (contd)
Ethiopia 8.25 0.03 N.A. 0.00 1.10 0.00
GhaN.A. 12.66 0.16 0.01 0.26 0.21 0.00
Kenya 10.58 0.10 N.A. 0.00 0.10 0.00
Lesotho 4413 0.21 N.A. NA. 0.17 NA.
Madagascar 1418 0.08 N.A. 0.00 N.A. 0.00
Mauritania 208.73 0.17 N.A. 24.18 0.00 0.04
Mauritius 2.83 0.08 N.A. NA. 0.00 0.00
Rwanda 17.40 0.04 0.00 0.07 0.40 0.00
Senegal 18.47 0.04 0.00 0.17 NA. 0.01
Sierra Leone 32.99 0.19 NA. 0.33 0.22 0.01
South Africa 1.68 0.25 0.27 0.14 0.00 0.03
Swaziland 23.75 0.21 0.03 0.99 1.92 0.01
Togo 14.72 0.10 NA. 0.19 0.30 0.01
Uganda 9.99 0.35 NA. 0.01 3.31 0.00
Zambia 39.58 0.13 0.02 16.64 NA. 0.01
Zimbabwe 24.09 0.17 0.44 0.40 NA. 0.09
High-Income Countries
Australia 1.54 0.02 0.29 0.12 NA. 0.00
Austria 1.28 0.03 0.01 0.00 N.A. 0.00
Belgium 7.40 0.24 0.00 0.01 0.03 0.00
CaN.A.da 1.68 0.08 1.31 0.06 N.A. 0.00
Denmark 0.99 0.06 0.07 0.00 0.00 0.00
Finland 5.82 0.08 NA. 0.00 N.A. 0.00
France 1.29 0.02 0.00 0.00 N.A. 0.00
Greece 4.18 0.03 0.01 0.00 0.05 0.00
Ireland 4.66 0.04 0.02 0.03 NA. 0.00
Italy 0.47 0.08 0.00 0.00 NA. 0.00
Japan 1.91 0.03 0.00 0.00 NA. 0.00
Netherlands 1.42 0.03 0.38 0.00 NA. 0.00
New Zealand 5.26 0.31 0.07 0.00 0.00 0.00
Norway 745 0.08 6.12 0.00 NA. 0.00
Portugal 5.99 0.03 0.00 0.00 NA. 0.00
Spain 0.57 0.03 0.00 0.00 NA. 0.00
Sweden 3.33 0.06 0.00 0.01 0.00 0.00
Switzerland 1.96 0.02 0.00 NA. 0.00 0.00
Turkey 4.53 0.10 0.02 0.00 NA. 0.01
United Kingdom 1.09 0.03 0.34 0.00 N.A. 0.00
United States 1.42 0.20 0.36 0.00 NA. 0.00
Other Countries
Bulgaria 16.91 0.07 0.07 0.34 N.A. 0.13
Hungary 7.05 0.22 0.14 0.00 N.A. 0.01

Note: Viw, Vi Venerays Ve, Vrorest @and Ve, are repsectively the variance of man-made capital (net national saving),
human capital (education expenditure), energy depletion, mineral depletion, forest depletion and CO2 emission. The sample
size for conducting VAR(1) estimation is the same as that of AR(1) process. Due to the lack of data, the variances of some
components of GS in some countries can not be estimated. We report them as N.A. in the table.
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Tension, (5) External Conflict, (6) Government Stability, (7) Internal Conflict, (8)
Investment Profile, (9) Law and Order, (10) Military in Politics, (11) Religious
Tension, and (12) Socio-economic Condition.”

WDI (£ 2008 FF % TOTFT —FZ _X—ZATH Y ICRG 1L 1984 FENH DT —Z_X—ATHAHT-
D AT 1984 D 2008 LD, FEERNT UV ANRRIVTONT S0, KIBIE

RN D Z

5o,

LIZkoT, HRBEIZ 63 HEERVZFDU A MIF23DLIITELD

#23 orE—E

Table A2: List of countries

Albania 33.  Jordan
2. Australia 34. Kenya
3. Austria 35.  Mexico
4 Bahrain 36.  Morocco
S, Bangladesh 37.  Netherlands
6.  Bolivia 38.  Norway
7. Brazil 39.  Pakistan
8. Bulgaria 40.  Panama
9. Canada 41.  Papua New Guinea
10.  Chile 42,  Paraguay
11.  China 43.  Peru
12. Congo, DR 44, Philippines
13.  Costa Rica 45.  Portugal
14.  Cote d'Ivoire 46.  Saudi Arabia
15, Denmark 47.  South Africa
16.  Dominican Republic 48.  South Korea
17.  Ecuador 49.  Spain
18.  Egypt 50.  Sri Lanka
19.  Finland 51.  Sudan
20.  France 52.  Sweden
21, Gabon 53, Syria
22.  Ghana 54.  Thailand
23.  Greece 55.  Trinidad and Tobago
24.  Guatemala 56.  Tunisia
25.  Honduras 57.  Turkey
26.  Hungary 58.  Uganda
27. India 59.  United Kingdom
28.  Indonesia 60.  United States
29.  Ireland 61.  Uruguay
30.  Israel 62.  Venezuela
31, Italy 63.  Zambia
32.  Japan

UEDERBICE Y HETREFHEETVTKOL S ITED BN D,

log(GS,) =c, + B, *o, + B, * ggdp,, + B, *age _dep, + B, *urban,
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+ B, *institution,, + €,

T HIEE D

FEHIZ.ICRG @ URL % &M, http://www.prsgroup.com/ICRG Methodology.aspx.
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24 BPEOEFKET —HX /) —A

Variable definition and data source

Variable Definition Data Source
I. Dependent Variable
Genuine savings (GS) The share of “Adjusted Net World Development Indicators (2010)

Savings” in GNL
I1. Independent Variable

Per capita GDP growth rate (ggdp).  The annual growth rate of per World Development Indicators (2010)
capita GDP.

Age dependency (age_dep) The share of dependents (people World Development Indicators (2010)
younger than 15 or older than
64) to the working-age
population (people ages 15-64)

Urban population rate (urban) The share of urban population in World Development Indicators (2010)
total population. The data of
urban population and total
population for calculating this
rate is drawn from World
Development Indicators (2010).

Inflation rate (inﬂation)* The annual rate of inflation World Development Indicators (2010)
calculated from GDP deflator.
Trade openness (trade)* The share of the sum of export World Development Indicators (2010)

and import of goods and
services in GDP.
Government Expenditure (gov_size)* The share of general World Development Indicators (2010)
government final consumption
expenditure in GDP.
Institution variables:

(1) Bureaucracy Quality Score: 0 (lowest) to 4 (highest) International Country Risk Guide (2009)
(2) Corruption Score: 0 (lowest) to 6 (highest) International Country Risk Guide (2009)
(3) Democratic Accountability  Score: 0 (lowest) to 6 (highest) International Country Risk Guide (2009)
(4) Ethnic Tension Score: 0 (lowest) to 6 (highest) International Country Risk Guide (2009)
(5) External Conflict Score: 0 (lowest) to 12 (highest) International Country Risk Guide (2009)
(6) Government Stability Score: 0 (lowest) to 12 (highest) International Country Risk Guide (2009)
(7) Internal Conflict Score: 0 (lowest) to 12 (highest) International Country Risk Guide (2009)
(8) Investment Profile Score: 0 (lowest) to 12 (highest) International Country Risk Guide (2009)
(9) Law and Order Score: 0 (lowest) to 6 (highest) International Country Risk Guide (2009)
(10) Military in Politics Score: 0 (lowest) to 6 (highest) International Country Risk Guide (2009)
(11) Religious Tension Score: 0 (lowest) to 6 (highest) International Country Risk Guide (2009)

(12) Socio-economic Condition Score: 0 (lowest) to 12 (highest) International Country Risk Guide (2009)

Note: “*” indicates the variables which are included in both mean and variance equation in
ARCH-M model.
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Too ZAUTH L, EGT, HAREIR, K, HIRARR, a5 X7 EHAFMREERIZO
WTIE, EOEEMEICEIS U TE~ 0BG TR HEE L TE b DD, GS ©
I TIRIFEA LRI TZ ol

BAFRREROBER ORI, INENLE ) (Tr—) LEFEE (Ahy 7)) OF#TH
L20b. Ay OREBRENMMUESNDGZ L THD, EOIHEEIINTIL, FHERRE
R 2R OEIT, BEAHAET L0422 F<EM LT MEEEROAZORFE LD . X
DR ATRE R R AZRIT 22N TELINb LR, ZOZ EEM57-0, HAERRE
B O IR 2R R ET LV EZ L E 2 — Lz BT, BAER - BIBEFEO WD
LHER - EIRETVIZ, FAEFRRERO Gordon-Schaefer £ 7 /L EMAGHOET-RKE%E
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EZD,

BT, EROGHTE 2 DO/NEDND 72 HBBREIC b EA T 5, BRI COBRIC
DUV TIL, Asheim (1996), Vincent et al. (1997). Arrow et al. (2003). Hamilton and Bolt
(mm)vwdeMg@mm%f MM TOITE 2, O LAUE, Frioe vl retEFats
ELTOEOHMBICERTHEE, BERFICE N T, Fx XL - A U EBET L
ERDH D, &iX. ﬁ?% ik X &ETH Y, BEOWSIL, (BBENTIL) Mo LA
EED ERADJITHTONLNETH D, BB FO/MEZ, Al - RRT A - SLE IR
ARG E 72 & O ST B W THMERICIRE 2 &LV ) RPUCEP N TN D, £
Z T Vincent et al. (1997). Hamilton and Bolt (2004)i%. A H-CHME TR 7 CEB &R
ARG L LT, EBRNRREREROMENSHZBIEKRT 2L WHREDT, FrEHL -
7 A% B L CEIFE ORI 2 RET L T b,

—J7. WAEFREEIR & BB IS OV T, Rl ATEEME & IXBIGR D 72\ SUIR T A3 it
@%hfnécmmmmmdm%) VEIROMEHEDS AR FENE G R D &

WENCERAAPEALTLEI A=A LR LT, FUICE W T, Brander and
Taylor (1997)1%. FHAEFRRERAZFFOENE S ZHMT 2 & WMREICERFHNEALTL
F O AREME —BmET VTR LTS, 29 LIcBER%Z GS (A L7z otrid T
TR,

2 DO/NEDN G 72 25 BAHHRF CR SNToNE 2 Eke ZZ MR L, EIRNA A by 7 D%
IO I e U CUR AT 2 & AGE L7z, Z2MBSNERIED 8 2556 D GS DEEFHIDWT,
REH] - Z22[H CORGi b A2 B 2 7o, WE OIS, FORIVICA U 5 22 MR 22 AMEME O BLTEAT
EEMFELZLONGS /b Z L ERT,

32 BARBEERLFIBRRIEETIL

A (&L P XINEE—ET) ZRIET D &5 B Tl 2 328179 % IV

2T, Spence (1975)<° Clark (1976)IC SN\ T L B a2 —%1T o 7=, il D720 DML

PED D FABHEPNEH S, FRlR A by 7 KM D ETHRERZE R S L IXATREZRIR

DIRKIZT DiET 7o —F#kEE (MRAP) ZEELWZ ERPFLNIINTVND
m=pR—aE

AT D EBOEL LD, T 2T p (TEHEMEE. RIZINHE, a 385 H oM EE

FTNRTA—=% BRI R EEIIKETH D, SWICHIT 2RO E

R =qES

&ﬁﬁ?é A RNRDBNLRNVGE, Thbb a=0 DL &, BIRO A ISR LR TR
HLL D RENRELREFRETHDLZ ENDND, BAERRERN NBE) 7ob X
CBIROBCEEMED, B LLIEYA T RICRSTWDHTD, RERIVERIXZE D

HNZINETE DI R L 720  TE DT RFICEFIRBICE D2 ONLEE L, 721,

FAETFREE IR ELECELKIC L o Till/h e & &1, BROH QTGS RN EWN D, Bl 72
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NI THD, WHELR2NWI EIZX > THELNDANRERFFFHRIVENNL TH
o ZOXITHREENS Vv 7T HIREIL MRAP, 2OV RULHE NN £l
IR TV D
HARREROINMEIZ 2R ERp02556, TRbba>0 DL &, v R - 774
WZINFED 2 ZX FZ2MA b DONER 1 BALOMikE & 720, FITFREELLRDLDIT, &
RO A OISR T <, ZAUCRAE R &R 7- 035 U < 72 D IRIE DS il 72 E IR e
ThHdHIEBNDLND,

33 EXR-BAARERET /L (FAERE)

3.3.1 B M & TR

7V — it LR ATREE A 2 DI, IWRSAFENIIR SN TV RWRETEIOET L
1338 X 720y, Dasgupta-Heal-Solow-Stiglitz (2R SN HE AR « thiB Al REEIRET V&2 H
AFTREEIRICE X TIRE D 72D DMBESEEN DL ART V7« =V Z2EHINT 5,
ZOETATIE, BROYV Y KD « 774 AREFRDA b v 7 BICHIKGFT 5, R
ITHICL D GSETREOEITMIETIL, XY RV « TIFTA REFA My 7 OBIZELTERD
Liz—EL ENTWi, 72 & 2 1E Matete, Hamilton and Bolt (2002) T, 4 HADULHEH>
LEROARBENREZ RN aIrE e LTt ET LS Tnd (HL, BIEOMEN
A LR ZGE, b2 bEAICE S VAR TH L AiREREL ., Jlovy Ky - 7
T A A %MD AREMERNRIB STV D), ZHUE Arrow et al. (2010)72 £ ORI DOFFET
FEETH D,

KETIE, SBT3 EIROMIREL

R =qES

EWV), WhbWwL Y —T 7 RO TEET 5, 22T E BB EDE %, S
TEFA Ny 7 BEER L, q T TA—ZTHY, HAEMERFROF THEICHEZRRIC
F<YTEHEDLLEENTVELE EAA Ny KEBFRA Ny 7 SOBHFEEROLHIITHE
bd, RIZAHOEHEFAE, CIIHE, ald 7 xA—%, GOITEHEOKERE (ER
DAERERERT AT A=y BEAET, 2N0T5) ThHhD,

(= F(K.R)— C —aFE
S =G(S)-R
ZOHIKIO T T, BIEN LR E CORBOHEE OB OBIEAE,. 3 72b biaiE
it R KT HZ EE2EZ D, Thbb, EF3XoO N ChiE 2 EIRAL Y & 5 5 72 DIC b
RAMEEHT DL, ZOMENL, KOXEHED,
dlFr= [N/ _ . —f'(SIR
Fr—f(S) Fr—J(S)
ZZ T f(S)=alqS. TLHLIE 1 BALH7= 0 OEME A Ny 7 OKEDOEE L L THiz

- G'(S),
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LD ThDH, ERE, AMEEFEOMETHLRDNLIAT Y 7 - L— & BAEFRERIC
HWHALZ-bDO Lo TVDS, (10) RoLidix, BROFILL Y FORELRTHL, i
WX LRI, BATREGEZEREFICEFOETEICLTBL ZLOMEBHTHY .
BARBIZIE, BAEFMRERZE > TEONTIETORAZERICEE L TWE LG
DNDIRN D, o T EIREAFEICHEAT D Z & TRMEEENME T T 2205845 %

WCERO A QISR EINHEDRRAAEENE L DOXEEF Wb D> T D, e Jjb
R« RT U 73 1931 FEICH ST LIz b—id, BIROFREDIEL v F o ERRNEAR
DR AFEME GhRI 72 TG CTORFRIZHE L) EHELIRDEVWIKRESFETH- T,
FORIFZZNEEETLZ2HOTHY , HAEFREROMADIEL » M, TiGRFELY b
BN —=ZATERTLHZEAERLTEBY, ZNETEROHFAEMREEZDO SO, EJEH
WLARNWZ EOWBBEHZTT WD L) ZETHD,

Fio. ERROBEERTV T - =L AT, EEO O DOMESM L LTl D
TA LR TLE— = b I, ZHTERORMAEERDEER]FRICFELL
DLV RERRR EOWEE L REOHEMERL—LERLTND

EC, FROKRTFIV T - —iF, ROLHITHLRIRTX B,

CEREOB IR — GRAER 1RO BRI ORER) R
| + RO LRR = FilpE

ZZTHRIEREE GO, 2EVA My NV UL JICHERD ENL BV
ZHMEVIEDTHD, BIRNPEATEDL L, REICL > TREOHESNHEINS &
N D EAESNTWND

EAUEL BRI, ﬂ%éﬂ%ﬁ@ﬁ%#i@mjﬂ . BRA Ny 7 &S LT
GTRILIZIEI B LD, A%EEMES ERDR5A My 7 2 RAFELEIEI DL, F
AR IREZ AL aA MR TERLIAELA My Z7EERPLEIEINBEN, L0HEDT
bV Bl R R T OHRSROHERE HAERRERICILE L D Th 5.

BURF A D N & il 72 IO BRI, I OFERDOREBIZL > TZ LY, BAERHE
EIRO A IS ERREROBG L b REVWE &, Thbb

G'(So) > Fx — mibey + T2
D& XTIL, BLESCIENEE TS EEZI 6N, SHONEL D LD L THREIC
DA S Z & THANEAEE BTS00 BIROARER 2R S I Z Ela] 2 R8N
LIZS<# &b, fBL, HifficLEa—L7m k57, &R kT, Lo
BEDBEAL LT D EFIREE WS TN XU 12725 2 &idew, Zauid, &R hE
NIV KT ORI RICOWTHEE TRNI bbb,

W EROEDPATD LV /NS WGE, RO B IS ERE <. B RINEGEO 7201
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b0 LINHELZRmDLREL N ZLITRD, ZOHREGL, WMAMNOY Y 752 &
F<0 MAICINER S E > TWVE, EEEOFEGHMNLT L KEE TRy 7N THR-7
HEFIREBIZAD &, L&D,

ZOBRICHIBREO O X, IO B OIS ED WS EIC, M5 &Ptk EI2 ko T
W EFRELZHE L TERA hy 726 LTS X, GS BERENIZIZ~A TR
RLZENHDHETRENDI R TH D, B2 EET 58 HR TIET ICTEFRREBDO Y
MricEde s, EFIRE~OFREORRITIEL D52 b H 5 (Spence 1975 THO a7
A7 T OWESR), 2O LD ikl R rTREE IS T L B LR E VR D,

3.3.2 RBEREICBITASzZaAY w4 EVY

WED T2 DLESRM 2 S & R T REMEDFRIE TH D GS 1E. ROKXD T » =N,
ThbbIThbbans’,

H=U+UcK+(Fg—f(SNS]= U+ Ucl,

RN ERBY 1T I, BFEOERERELRY | BAEFMRBEROA by 7 21%R
DEHREALRS T D, Bl R ERFIREBERET D &, 1 IIIMHER~DOEE Lo
LAaWZ L2 b, B <k, felize DEFIREE) BSMRESHh, MgE =g S
ND, ZHUTEMANIIRAL L 9 528, BEICHIL L TWD & ixB 2ic< v B EFIRE
EET DL GS (~OBAEMREEFROER) NEICERICRoTLEI L) Z LR
Do T—HEHNT GS ZEHAET LRI, REREERELE GS &, L kb (=%
ik —FRFE ) X A kv 7 OfiES (AR fER) Cit LT 20088 ENTHD,

BRIV O X, EHFAREELSL, Z L TARZERRETHY . i W TiEBidR T 5,

333 —EHE

BIL BN DIE, EIRITERATFT 2 RRFILRERICD T o THESHENE O 2V X 5 12T
HZENTEDHD, LWHIMNWTH D, T2 T, FERIICHENE S 20 W) —ENHE
PR 2 FEHTDDICMEREEICOVWTELZL, Wb HAERRERRAN— MY 1 v
7 e N—NEEZDLH, BIROL Y ORI BT, [RO H QIS RB0UHE R ] OAR T 2 P2
PRLCEZDMERDHD, 7. ERIHOBFEID,

S CRHLICIR D IR TR E WV, BEMIEA IV =7 2 ORI IRKIE D 72 D D
VB 2T 5 L, BREMIEANI L F=T UREREEICKT A TH D Z EIVUR
w5, AiE S HMOMHE GIRBEMTO) BEOAR. BEIZTSH O & itk
D OEFTE NS, FEEEAED S T AL TOREIZE L L 2 D,
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C=F(K.R)-K~- f(S)R

Thb, HaDHMY I2VOE, HEAKEDOZETEN D, ZOMmLEZRRE THDT 5 L.

C=FgK+FrR—K - f(S)SR—- f(S)R
— FxK + FRR—K = f/(S)SR— f(S)R = Fa= 7(S)S + Fr= 7(5)S

Epn, T, ERERBREIIINGE - EEME L TWDHDT, FEHORFFMMS L. K Oy
E RO EZFNEFNDOINIEBTELIT LEEEHI > TW5S, FORXDRENS o
HOHEEIZ, RiIABICROIAT VT - — L ZHATH L.

C=Fg[K+(Fz— f(S)S]—d[K + (Fgr — f(S))(G(S) - R)]/dt = Fxl - I

D, ZTRPHEBIZNZ DO, R SEINT D O, TR0 TER GS
DHRER LY KE WS (FK > j/l) ThVH., TOHAICE LN S, Hamilton and
Hartwick (2005)23 7% L 72 /b— VR FAFREZEIR CTHR Y LD Z L b o Tz,

IO EERDOIETRETDHERD LIRS, N LLREREEBTH72DI21E
ENFETHRETIVIERVWDEAI N2 T Ly O EAERMRERDORED %5\ 23X
IFETHRETHELT, ZRITIMATHNERBEEL ¢ TRT,
K=—(Fp—f(S)S + ¢

Thd, ThERHEST DL

K=-Fr-f(5)S - (Fr—f(S)S +
&85, —HT.

K = FgK + FxR—C — f/(S)SR - f(S)R
ThdNH, Eo2XE2H/HH &,

¢ = Fr= JS)S + (Fr— f(S)S + FxK + FxR = C = f/(S)SR— f(S)R
= (Fx— G'(S))(Fr— f(S)S + f/(S)RS + (Fg — f(S))S + FxK + FrR— C — f/(S)SR -

fR
ThdIEBbd, 2ITRIIEAT VY7 - =LA LTWD, $i,

Fg¢ = Fg[K + (Fr = f(S))S]
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IR
¢ — Frp=—C,

¢ = f"" C;(r)e_-lr-rFK(r’)dfdr
T

EWHZ LB, EEF LD ERDE DTS,

—EHEAZFEIRT DI, BFETREERTHRELAZLVY b T~ TRET DHEITR
. ZIDLBEAEWEERD THA] 2720 7h0niE T,

FERIZH T > T—EDHEMEREZEBL LIV O ThiE, 055 OF 5| BEARE 4
FRICMATESIIRET O2LERD D,

nsiFEo—rT 4 v - b— L (Hartwick 1977; Dixit et al. 1980) % BT HEEIRIZ
WELTZHLDOTH D,

334 FEEHF

BEICR 72 K90z, BFEMESF L TV D KEZRRSCHFHREIR, & LT ARERR &
DALy 7 PEcBfRlE, £ L TR R EFRIREBIZH D & FBRITRE T 2 DIXRBLAYIZE
b, ZOHE, LRRoEmE EO LI ITEETIUIRWEAS S, SWVHxUX, L&
RELE, HDOWVITIFITH O R IWEDRE, TROLARERRFETO GS LD & 9 ITFr
BT IENNES 9 M,

REERFETIE, EE L ATV 7 - L—A b LTWeWnWeEE2 b, 20T
W, B THRALT D BRE M IV =T ORI 2SS B TR7Z GS DI
WIZFELWEWSIHEEM S Z RN TERY,

HARB R RE 2R & LT, 7o & 2 1T R KR iTRBINE (MSY) 2#& % K 5., MSY
X, G’(S)=0, T2 bbLE&EFEDOHCHIEENE /D L) RKETINEEZIT) L )HEZ
JiThDH, LM LAKOREERE OISR R~A T A ThHDELLY, T72bb

G'(So) > Fx — mihey + T2
EWVWOIRNEEZZ D, EiUIFEeTHD, LEROEDELRDDEL « LELS, TH&. &%
FAGME N XV~ =7 ORFREIONE. B CTRZ GS DIERIC, BIRA by 7 DSy
(NHERREZ ERIDHEIE~A T A) 1T EEABRDOY Y KT « T4 AEF U-HEEZM
ZT2b DT D,

FEEEOFHETIE, KERA Ny 75OV X BJEAEDOBEELEOBRMEMIEZ ., fwEikt
FHTDGS MHHIWE S DA, IE LW FTREMEFEEE (DO F U @ ALDE5y) (272 %,
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3.4 BER-BAEMHRERET IV (FAKERE)

2OD/NENSRLBABRFE T LEOALD GS & 2[HD GS it & DERAEEET 5,

BHAFREROLETH, BITEEFREE, XY EX L - A U EBETHLERD D
ZENHOENI o T,

TIE, BODOFEET DHIRMIYEET A E E 2B 7EA9 0, T2 TlE, BlRZRET5
i E &, BIREZ R S AEE VD 2 ERFEZAEE L, SR E G R A E S
TR A, WEORFINE N ZNEFNOEMERE GIMIUERE) CEHSND &V
MIENCEES N THOIT 21T 72 (Hamilton and Bolt 2004 25D Se4TAFZEIC HS <), BiHfi
WZhlEks, EFEmAELGEHES, EREERENOMZAEFE L, EIFIZEAE O 253 R
35, S50, EBELRMEMDORERENS 2 F CORGARREEZE 2 D720, BIR
E» o AEICERA Ny 7 0—ERENRHT L0 RE DL EV T (McKelvey D4
BREAFZE. 1 X OY Arrow et al. 2003; van der Ploeg 2010a 2 D 44 TAFZEICHE S5 < ),

bz b2 TELdsr L, BFREAECTCOEIFIT

Ki =F(Ki.R, +aS)-C; - X,

:il = 7':11 + X — PRRx«

& 7= & i HH E T OB I

K, = F(Ks.Ry)) — C> — aE + X,

S =yS(1-S/T)-¢gSE —asS.

:‘13 =rd, - X+ pRR_\-

FNENOEEHIEAR

vy = f ) UC)e™%dt. 1, = f ) U(Cy)edt,
&%éﬂéf%ﬁ%ﬂﬁ?@ﬁﬁﬁ@ﬂilF:?Vm\
Hy=U, + Uq[F(K,R, +aS)— Cy + 74, — pgR,]
= U, + Ug (K + 4y).
ThO., THEHEIMEST D L
Hy = Ue,(6[K;y + A,] + aFgS + 74, — prR,)

a5, BifiECLERBRLDE, NEICE - THSH T35 & GIEMRKIIAMER 7295 A 7%
THHID, BB ZOOIFBERICIDEN M- TND, TNFET TR, BROM
PEMEMN RFER72 7280, BIROHE o« DL 5, RFEMENSNILV =T &5 L.,
BUEME NIV b =7 2B 5l BT AR OINAE 30 & S fIt@ Ao Fnic
BLWZEEFIHT S L
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171 - L"’Cl

Ki+A4;+ fm[(YFRl(.S')S(.S') + 7(5)A1(s) — pr(s)R,(s)]e” I Fry@dr g

= Ug, Gy,

155, BIFRMAEO (SRl 2 KL TnWd &5 5 EKT) IELW GS X,
MIHVERA~ORE | GRE RO, FORAOZFFREO LRI 5%y XL - 7
A2 FERIREIEMRE O ERIC LA F v XL - 1 A FERANCE TR DR T B M,
I o OEGIBAEMEZ N2 72 b DT 5,

FREIC LT, &R HETOREMIE NI L =7 13,
H, = U, + Ue,[F(Ks, Ry) — Cy + 14y + prR, — aE + (pr — a/qS)[yS(1 = S/T) — gSE — aS]

= U, + Ugy(Ky + Ay + (pr — a/qS)S),
ERIND, ZORFMPZEIIE

H, = Ue,(6[K, + 4, + (pr — a/qS)S] + 74, + prR,)
AEO L X LFEUCEHICELY ., EFE@HEEOELWV GS 1T

Gy= Ky + 4y + (pr—a/qS)S + f [#(s)42(5) + Pr(s)Ru(s)]e” F TR
Jt

LB,

EHIT, ZOXS RBHRRE ORI THRT U 7 - — i

d[Fg, —a/qS]/dt ak/S

e —algSddr _p 9IS G a5iT)+a

Fg, —a/gS Fr,—a/qS

LB,

PLEORREE LD LD,

o) IR AE (MomtE) © GS (EOHENZ2BEORMTERLILLO) i, &

KEEMEFEDE Y+ (BENSRRICHZ-> ) BHRENSHHE LT 2E
FEOBAEME+FIFO LEFICEBF v XL - A v —GFEMKEO EFICE
FYEHNL v LD, TITHFYEX L TARF v EF L -1 AT,
BRSO O AT K 2RISR E Sh D& PEICRET 2 TS
il E23 0 OFIGIBAEAMETH 5,

@ G E (MomAE) © GS X, NEAR LSRG EDHE S + IR OMIE + ]
FOLEHICE XY EF L - A o HERMED ERICE DXy EX L - S
vk,

® B L > b O EFARIT TEARNGE R -G 2> TLE -2y OFHRAEEMEK
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T—&ROMEER+MEICHKNUHL TLEIR | IZHELLIRD (KT VT
—V), BT YT e = k0 2 ERROREEBORIC A, i E & 6
AEPMB ICRELBET D &, BERMEDO EFAE— FR#EL 25 2 L0138
LTz, TOZE XY FMRLHEBGITEREE N L CEBT 2L T
FIRIE ORI ER & RWTEZI SHERH D LN Z D,

@ i E AR 2 BRI E LTeRED GS & (BIROIR A2 N L L) Wi L7z ke
D GS LiXRAe D, FHErTRetEOEEIX, EAHLEZEDEAL L 725 TV DA,
WHEGRD X210 L b MEER —EICRE S R WEROERN R T 5 Rk
AREME DRI, EF B OEEOLTIIR 5 Th 5,

Flo, HEZ—EILRDTZODN—bT 4 v 7 « L—LTlL, BRLV Y M T XTERE
T2 LMEREIC/R D, BIRO B OISR, SMEECEIROMRNZ2E LRV IZE DX
YEZN - TADoE, ZLINT Iy, BL, BEICERERAFRET 5013, Z20I1&
& LRI b,

B, HAERRERROSH Tk, 2kl e A —7r - TR LW RGO L
VAT T 5 O EFITED, HBEIL GS ST LAy (BFELV Y R Er TR
HZETCHRENBATIONF—T L TV BEADEHRETHDLHI-D), 22 TOREE#RE b
BDRNOT, 2 FEAERESE & OB ZIT> T D,

3.5 ZERERGI R EFri T RETE
351 ZEOBHE
AIEIE COERFERE LT, ZNETO GS FHIRIIHEEEREZ ISR ET LD ST
DT, WEGFREZHNC, BETEEFERNEOL I GS it Eand0E2E 27, =,
BTV T = (BRIREHOR L EROIISRNRN G END) . —EHERE TO
N= T gy T e b (REBEEIRE R L P2 THERE L2 THIHE —EN R
eivd) BEH L7, 7o, BT, 2 EFO&ERL - @A 2 EHE CEIEORH A
b2 —AEFINC, BED GS Lfix D GS OREREER L., BAERIZIE,
ENENOED GS ZHEDRANATY =4 METT 5 FriZ, s s 2 [
DAY, dW/dt = UclGl + a Uc2G2 + ¢ § (Ucl FR1 dS2/dt) exp(-6 (r-t)dz = 0
k2R D SD LT L2 EREL L D06, EHLNOED SD ZATH (K
DT T A ThiE) B,
GS1>0, GS2>0 = GS>0 7Z», WIER LT
ANAZREZZR LT, FEICYV=A FE2DTF52LHTED,
2 EHMTHHATLIEROFRKRETO (v F—) MfEGFEZZELLI< (R RO
AR E L TCOBRPEEH S 200 0),
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EWHZHEZ, DFEV,
H,=H +H =UC)) + Uy + flKl(Kl +;’11) + fiKg(Kf-'. "f‘fig) + AgS

N AE L EE S D 2ERORFEMENI NV =T v D, ATV T - —)b
X TR XL D25,

d|Fg, — S)/dt E/S Ue, F
Uk, malgSYdt _ . __aEIS 0 asTy+ ot - —29R
Fgr,—algS Fgr,—a/qS Fgr,—a/qS

IhbaabiEd e, MEDOGS zhAthe, “HEED GS (Zhvk G LE£T) LD
CTEBENEEND 2 ERDND, TRDL,

G+ I 1(s)A(s)e” Ji Fe@dr g — Ghr=G +G, - [ f?’FRI(S).S"(.s)e_-’:Fﬂr)drd-s

Tho,

352 ERERDIGS

INEILIZ—ILT DL EIRDIEAI D, £ T, RIFiTRDIZ 2 FEH D224
EEDN B D8 e D GS OEFHTDWT, e ZE Mzt L, FFf - M CoRkib x5 2
Do ZO¥pE., BEOWTEIZ, FERAICA U 5 Z2MH e N E O BRI 2 s L 7= $ @
M, @7 GS £ DT ERRIND,

BAREIZIZ, Brock and Xepapadeas (2008)7¢ S-S kid 2 7 EOH] & H# i 2
b L, x5 L 72 B 220, Z ot aimat 2 BRIk T B2 L5, 2V HI
BA%IX

w0 ~Z
[ I u(C(t.z))e "dz dt.
Jo Jo

Thod, BRIT, FHETOEREGRZHAT LI ETEESN, HEIHELIIIN
TFRD BEREICIAD D . BAOBENLE Z 20,

OK(t,2)) 0t = F(K(t,2),R(f.2)) — C(t.2)

ZZTtEREM A, 2 I3 AR T, BFIL. A by 7 ORI L CiREBAT S
ERET D, DED,

9*S

0z*

LT 5, BREZHRATZOMRTHLMMIINTWDHEY | ZMOERANRED X STk -

TWAENEBIRET DHHLENHY, Z 2T

0S(t,z)/0t = —R(t,2) + &
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OS(1.2)/ 0z |.=o= 05 (1.2)/0z |.=z= 0
5, Thbb, JHRZEMONYNLHE I HIANIT-TH, BIROREIIRETH D,
AT E CERIERIC, ETIREREFESZ 2D, REMEANI LV =T 1%
H=U(C)+ A[F(K,R) — C] + u[-R + €0*S0=*]
Th b, EDTODOLESMET
0 — ﬁH/ﬁC — L'I—C — xi.
0 =dH/IR = AFg — 1.
—0H/OK = —AFx = 1 -0,
—0H/0S =0 = 1 — 6 + gl
A, WIS AERER RN, BEOY Y R« 754 AO8FIC, 22T 2 B
S LTZTED N - TV D S H LV, BRI SRR 1

z
lim f e T NT.2)K(T.2)dz =
0

T—co
.

z
lim f e_‘sry(T,:)S(T,:)d_:
0

T—oo
ThbH, DFD, WMBLEMEZE2TELEDLEIREEHOMEIL., &N TIZE el
STWDDRNRN2EIRDOENST TH D,
FERoOLMEEFESI L. FT VT =LY T AT

FR {

T _F. =

Fa KTF

F Ucce CC.  Fg.

e e

Fx U C Fg
<D,

Fox DBELOMETH D, BFEOBEIMIOWTHRDL 720, BREMEANAIL =T O
B e D 5 &

0H/0t = HeC + HrR + HxK + HsS + Hid + H,fi
= 6(AK + uS) — g8

SU/IN
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f Hiz, ")d:—()lf+8f f -8 e 00D drdz,

= V= f LC(K+FRS)d_—sf f =S e Ddrd=
0 .

D, Thhbb, Hg R - BRI TR ORI rTREME 2 R TR, BEITAEAR
ANy ORKETD (Uy F—) MEGFFEZNE L2 D25,

3.6 (TR =—XELDBEERUVBERMALT)r—3Y)

HAD X DICERZEAIKITET HDRBENED X D ITFH Al 2 A L T RE D
NI D7, HARTREEIR A2 X, PSR & BHRE O FTo GS #HEmNICE
2L, BEMICE, B - HBEERTT VA BAMEERICE S -ET7 L&
BL, TPTREOEDDOUESRIENL ATV T - L—AEEH LI, T742bb, BED
OISR D, R 1 B ORRERA X EEEOEFRL > MNIXIT a5, h
(CEPAIASE O ERFEER LT b ORI FRIZE L 8D RIS, ZOFERETO GS I,
BEAROHE NG, FAFMREEROMNHE L HFAEROEZBEY /Y v KU « 77 4 A THfifl
I 7EZESI VLD THAETE S, 22Ty y KU« 774 2%, BIRORRAFENE &
%ﬁ@@ﬁ%mk@%f%éﬁ\@ﬁ%%@zky7®mﬁ KL TCIREDDONARET
NDORERFETH D, EHIT, HLE, Sk, BFRMEFICXL > TI ORERED KL L
TWRWEA, ANy 7 KEDFERIED D OTlEC iofébéﬁ%®ﬁﬁﬁﬁ%\%
TGS MHEWEbONERED GS L7 b, FWHEE—EICT 5 IR EE S
LI RFEBBLEL,

L EDORA A BRGRFICEN T2 & ElRmHE (MomARE) o GS %, ERiomz
T, BEEEOWES. FTO EFICL2F vy EX L - T A, %%ﬁ%@iﬁ’ié%v
BN A BN LD D, £z, ATV T - b= ZiE, BIRNE IR AE

IRV LT LE SEDNMD D720, 2 E2RO Bk mN\mml&mAlﬂﬁﬁ

A BET D L. BFMEO LR A — RRHL 25, 202 X0, RIS
ﬁ%ﬁﬁ%%bfﬁﬁﬁé’&T%%ﬁ%@%&iﬁ&%vﬁ%%%C%%ﬁ%é&wz
%o MENB 2 ICERRE LD GS &, IO 2 WL LT L=k’ GS &
TR D, FTTREME ORI, REBHEO L 5 KT LS MAEEEN—EICE S 2WETR
DEHPEART 256, BEBMLOBREOLTIIA 0 TH D,

U EDSHNO/ONLBERINEE & LT, H—IC, BARREIRZ Rt rlaetk o 181
ICED LT, AETRLEL D REENRLBILR D SARET oL, HFYRTOT —#
NR—=2Z LU & T DR ATRBMERARIZIL, B2 EOFAREERILIEZ O L TiHES
NTWD X7 TWDR, FEERO L HITHT L MEMHENS—EICE S RWEATR

RERIIOEVEm SN TRV, & ZAPIRMICHEGROMED (D &b —
IZ1) FEEE o TV AL T, MATRREREZ Z O GS DRHEPMETH L, Bko GS
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NTTATHDHZ LT, PRt RERRIBICH D LR SN TV A RETH, FAEFRER
LSBT DI ETRBATREMENME T LTV 2WninE 30, RS KETH 5,

U EARDEIE L L B wTREMEIC O W T ORB TH 5, BETHH AARIZE 5T,
REOHZ TR L2 L 5 2 FAFREEIRORBRFILZY 7TV T s 30 5, 2 EEEORK
BRI HE S WMAENME ICREEZBET D & ERMEDO LA A E— R
K7D EBRHLMNT-TEBY . HARDELGEE & RGO EEIR 2 Wl L CEBT 5
Z LT, B 0SB L RS 2 CER I T RETH S I,

B, GS BHRETIEAGHEIL, HRETDHE - HIHORFRIEANED L 572 b0
MOMAERDLNE N ZEICLoTHDL D, 7ol 2E. REPES O OMOMFRIZ LN
., Y= vl s XX EXLOEESE GS ELTCRFET D Z 8 BEGRAICATRETH D, &
B2 flE > CTHBEEDITY VY —Tx /b« v EXNL~OFEEPINIEZFF> (HBRFILEIR
EHOEON LIZEX 28820 TITHSIEEIZ{T)) LEI2. GS 2L OMETE
MEBLRETED,
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4. REBEBR (REEBERE) D FUFICEIRHIIaL—aVICET MR

4N FIVARHETS=HD GS #HET DB A DREHEE
411 [FLoIZ

BEfEFgE & L Cik, HARER1T O Hamilton 512X 5 GS OHERF & | Arrow, Dasgupta © (2 &
LVxzmaAy AR ANA N (GD OHFIRH D, WTNBFRRRF RS E LT
HOTIEARL WERV LB RIZBIT OH#EHTH L, 2. TnaiFa s LT, B
DRRFTEED T2,

W#H OHERE FIEO EBENNTRD 3 8 THD, F 112, GS TIEFEMICR#ELI N
PR PARE STV DA, GL TR « A EREOWTIUCBEMAAETHD Z L,
CHICEEL T, 3 2 120 GS TITE OB ORI i S 0 T T Ot 23 i Tu
%—J7. GI TIEFEARNRAICHIM LIZ & & OHSMEEOZELE Y Y KT - 754 X
EEHEL, ZNBAHWLRTVWDZ L, %312, GS BNAERHNL, GI AP HHAL TRILS
nNTWnWpZ L, AL, k42 X HITEED GLFHUIE GS NItz > T\ bH 72, liFE &
b TSNS &2 O T2 HEFF SIS 2 > T D OBRBLRTH 5,

4.1.2 Hamilton 5

Hamilton & 1%, fEBMEER & NWEAREZ STeAERE L | HE L REN D XTI S —
EAMNG 2 5 ABEEAGE. D OERESIOF G IBEME fHaEE) 2RK(ET 5
EA LV EFSS (1) @ Hamiltonian H 2 FHWT, KA (2) X HICGSEELRLT
W5,

H=U+U.-GS - (1)

GSE(GNP—C—5K)—n(R—g)—b(e—d)+(;/—761,— )m - (2)

(1) ROUALLFHIWEORFEA, (2) 0% | HITMEEE, 552 8 [ERORR
oy L 3IE REOENS) 2 HEEAL U THEFENLEER L, 5418 THEREH
By BMELTWD,

(2) XD GS DHEFHIIBWTIX, ERFTEHEDT — & | BIRBHEESCBREL 8 DR F
il iE, diGEls e ERHV LTV D, BFEE LT EIROMEITIX, v N aBEgl P
(LME) TO#WEIREGIMIRK-CHEIIS O 2R v Mtk E2HnTns, BEREICE
W CIRIRBE (LR B &R IR E SRS & S, B2 b & LT CO2 (21 Fankhauser 1998
2L % 208/tonC % fH> T\ 5D,

* GNP : [EERMAEE, C:HE. 0K : EBABFE, n: BRI b, R: GIEREE, ¢ BFHA by 7 0K
I, b BYSERE ., e BB O, d: HERWEA > 7 OBRER, m: NWWEAR~DRE, A
HIEAR H=q(m)
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7ua—OETHD GSIZXIET DA Ny 7 OMENE. b L ITEFHNERTH D,
BOHEFHT, 21X Y Hamilton © ¢ World Bank 2005, Kunte et al.,, 1998 T{THi T\ 5, %
T HREARIT, Kunteetal, 1998 Tix, M TFOIWERE ., #E (L) OfHY - IEHE
Mo 7 v —flifE o MRS OF G BAMMBE L CRESNTWS, 7o —MEOFHIZ T
TR 2> SRR ORAE A 22 LW T U 7 - L FEEHREORICL Y R E
NTWD, KIZ, WRVEARITHEEY ., ke B #f ta e & U< EAMEE (PIM)
ICE VRSN TS, &EIC, AREARIT, BUEN SRR E TOEE OFS | BRI &
LTOA Ry 70 b, MERE AREREZRW LT, WhIIEENEREARL L TR
H 5TV %, World Bank 2005 & Kunte ef al., 1998 O & HiGl O K& 7@ 0 d, fiiE CTIlX
COBERN T « X7 T AROAERBIC L0 BE - WAL - HIE (GRoXED) O
3ER (ZDD BiMO 2B RIZAMERELEZ OND) IZHREINTNHLIRTH D,

4.1.2 Arrow, Dasgupta 5

Arrow, Dasgupta O —#EDOHFFE T, 3 (3) DL ICEARA b v 7 0&{bE (dK, /dt)

L. EOVY RY - FIA 2 (OV/]0K,) mOHfEETE D LRI E LTV A,

-G w) o

Dasgupta 2001, Arrow et al., 2004 OHEFFTiE, Hamilton 512825 GS ZHFE A E LT, K
(4) DX HITGS DX GDP L (7, /1Y) 28 « pEHEER (B) LD L TEOMER
ZRH LGOI NAZ(EER p (3B LOHMNER) 2 BB AN TGLZHH LTV,

Gl=—"p -~ &

t
B,
F72. Arrow et al., 2007 TIE (3) 1TESE, 1995 4E L 2000 FED 2 Bz BT D H
Ry W, AND 3 SOBEREXIGE L TEOEEELZFE B L TWD, BENIZIEROF
JECTHD, TNHERD2MHRDA Ny 7 ELEZOEICEEZRD D, ZOElEIZ, 1995
ERRCOFFEMBEERLHZ L TEARR Ny 7 OMifEz R 5, FHREMEIZIZIHIEAR
& HRBEARIITTGME 2 VO, AERIZITHR G KEEZH VD, ZOBEARR Ny 7 Offi
I LT, AL EROF vy EH L - o v BB A=V 2R 5, 20
PRU7-MEZ . 1995 FRi DA by ZHE TR 52 & TS EMOE(LEERD, £k 1
Fol D ZERICHE L, ANERSCEMELEEL T 52 & T, BEOE{LELZRD
%
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413 GS#:itLNMBESADKRE
FFRIF RO TV A ISkt L7z GS #EGH Lo E LT, ARZEILRRH 55612,

GS ZED XD ITHEETT 202 D, FATHHRICE W TREICHRFT STV 5, Arrow et al.
2004 (2 EAUE, ARZERIT GS OFHE —EIEDIIEREREELE2 DL EIND,
7L, NOZALRZEICEE Lc GS OH#EFHIEM TH v . LT (Hamilton2006,
2007; Dasgupta 2001; Arrow et al. 2004) TiX, KD 3 DORE Z BV THEFF L T\ 5,

n(N) (=N DZALDEZHR) IEINPHLMLTH D,

ETOAEERBRIIHE LD (—KRFEREZIE),

ceek) TH D (— ANH7Z 0 HEIT AN ABBEOBEETITZR),

4.2 BEAEBHLES FUFAEEE LI YR - TSA XD M HEDREHEE

BRI T U A2 ER LT GS Z5tATH7201I0F, % U - 7I7A4 X (D
1. Whw b2 ikFEE A (Social Cost of Carbon; SCC)) & LT, &S A, L)
23 % 5 , Hamilton CILATER O Y | Fankhauser 1998 (2 & % 20$/4C % ffi > T\ 5, Arrow
b TCIRE(L S A — Y &2 EE T DL, Tol 2005 @ 50$/tC ZEH LT\ 5, IPCC-AR4 IZH
NWTLEa2—3NTND LT, Bixle SCC OHEF Hik EBENIRRIN TN D, |RIZ,
IPCC-AR4 DL E = —IZHE E4 5, Nordhaus 73 DICE E7 /L7 & TH/R L TV D RFED
VX KU s TFTARERWLZE LT D,

ZOHA . RO RPEHRKEOBE (DICE 7 /LT 9 optimal) & b, HEHIEIE A
L T2 EmFEOTY KT « T34 AT EHT D, DICE ET LD LI BRFERNLT S
&L ZOEFEAVTHEHEBES W E EED Z 225 2 ERRGICHEBIND, T5
&L BESNSEAITHEHEX VY KD - o4 2 TERIND 20, B LWPEHEEIT GS
RTEH &I d, FUE TRERSITHZITO 2 IRk TRRBRICHFET 21T
FTROWZ, TORETHDL GSITKTFT 5] Z L2k ik,

& 2 WVITHEHIMHI 2NV BAU 77— 2ADOGE I, SMBE AN L Lsnizd | (REFED
V¥ RU - T4 RFRRr LD, o T, ZOHETIE, BEMENH LHECTRER
BRRKREWNTT O BAU &7 U AW T, RBEABE AN o L2 GS OEH I
mRDENVI FEEGIEE T,

ZO XD AT S L LT, optimal ¥ — A IZBWTHE LNV Y KU - 7T (4 A%
FERIAZL S, KA CO2 JBEZ AL E LRt e Bk L, Tha@fd o2 Tl
RO X O R A AT D HIEEBR LT,

43 SZalL—IavETIVERLHEEE
431GS (AAZELELHMEILFELEE LG Genuine Saving)
Bl 22 RIS BV L, EIEHEALO GS TR E M NI L b =7 > H=U+Uc & 725, GS
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I, NERIZE LA FEHOEE V., KNSR Sh D, HERE, 6 K ITEARFE,
FIETEWBAFET n (FEPO L > b q (TEVERAEE, DC (ZBREZEROINLE M, e X
BEREHETH D,

m,rg,yr ' qm,rg,yr )_ rg,yr rg,yr

GSI’g,yI" = [rg,yr - (SKI’g,yr - ;(n

432 749 rv—MEE. AOZILEREZEEL-GS
Hamilton 2003(Z7EVY, 7« v & v —UE & [F R OTEE OE| 5| BIEME & U CRHE LT,

9 Clrgr (14 o)

VVr = 2 (6)
e (I+ I"rg’yr)t
ZZ7T
Cror =Cror =1y, (D

g & riFThTh— ALY HEOMOSR, MRFHRZREER o 2%/yr) . MUC 13HE O
R (Hffbozo 1) Tho,

0.1

g =(C'“'+I/N'gy'+1) “1 (8)
7 C’,g’y’, /N

g, r

rrg,yr = p + MUC : grg,y}‘ o (9)
Arrow et al. 2004 \Z7E 5 &, GSn FRA L 72 5,

GSn,, ,, = (GSrg,yr / Y rg,yr>_ N g _ GS,er _ Nogwr (10)
(VVrg,yr /Yrg,yr) NVg,yV VVrg,yr NVg,yV

433 GSnt (AOBLUHEMOEILEEZEZE LT GS)
ANABLOHEHNEREEE L2 GS TlL. TFP EROHEZ INZ 5 LENH 5, Arrow
et al. 20040 515z BKEE L TR L v k7=,

rg,yr rg,yr

GSnt.  =GSn.  +1=r Ly
(04

rg,yr

Vigyr = (Arg,yHl/Arg,yr )0.1 =1 a2

GSn,, 13(10), TFP D% EZH v 13 (12), « =0.58TH 5,

rg,yr
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4.4 TRV EFRMGHREZROSITEE

4.41GS

X110 Gross Saving (s##) . Genuine Saving (GS ; ZE#)., T4 D DZELSONR (Fef
FIRAE, BB, BARGRE, BERER) %4 GDP (I3 5 EE T20104E, 20504, 2100
FIZHOWTRLTVND,

EIRBFE T =R X — &R, WER, FHRERICERT 2, 20605 LIEDEIR
(2 KD PAEIL. 20104E 0> H2I00AFEIZ M  PEHMIR D > 7 S &L > b D EFITED |
WIENET D,

RES TR B E OPEH B K ORI A - EHRIHZ(E (LUKLUC) 12XV 2%
T D, BREREYE L%, CO,. NCGHGs (Non Carbon Greenhouse Gases), SOx, NOx,
ODS (Ozone Depletion Substances) T ¥ . ZALH OPEHIZ LV | DiREZNER, )4V V&K
B ODERMER. iv)ERTIRRKIEY, A5 & 29, LU&LUC (X, v)IETE NPP & EW 4k
PE. ViYL IR OB & BEFEA~ B A 5.2 5,

Gross Saving 7° 5 GS (=GS/Y) & FF 5\ b RKRERERITEARBFETH H, World
Development Indicator (WDI) (Z2X % & i@ 40 4 CEAJFEITxF GDP T 7~19% T
WL TE D, BRBREORWEIS (10~60%) THhd I LIk, EA - FEHERT 2-3
BETOHLZENOHHMINDGS % FiT 5 2FBICKERERITLULLUC Th 5 73,
ZHUTEBIENPP OFHIC L 28T a2 A B RKREWTZOTH D, 3 2HDOERTZ R L F—
FE U2 31T 2 B IRBHECH 5,

442GSn(AOELEEZEELT- GS) & GSnt (AAELER - BMTELEREEE LT GS)
2 XA EEICONT, GS/Y 225 GSn B LU GSnt #1525 HFEA | 2040 IR % B
ELTRLEBLDTHD, 0)2‘% :tArrow etal. 2004 ZHEL 72 b DO TH S, (DFNIX 1 &
fLGS,,, /Yy QFNEFNZE - GDP AT L b O, BFNTAHHEME, @5
? GSn 1ZQ2)F -3, (5)FD TFP KER(y)ITXU2)TH D, F(6)D GSnt 1351(4)+

Vrgur [ Crgor C Qpg p DI Arrow et al. 2004 10 0.58 & L7z, (I TEDA A HZE{LE

IZE D @FITRIZEE L D (Arrow et al. 2004 |% Malthusian iR EFRL72) DX, 4110 7
— A (10 #Hufgg + R BRI L CEERR 10) 09 H 4 r—R 217 Th oz,
X 2 121X, GDP HRT/RENTZ GS (GS/Y : M), wealth DEIIHE (GS/W : ), GSn
(GS/W-N’/N: @), GSnt (GS/W-N’/N+A’/A : @) %Z/~7, GSn B LN GSnt EHH4 5
FIAIZE 2 LR TH D, GS OfEIZ GS/W 725 GSn ~IE FR Y, GSnt ~F B35, L
T GSnt CHIAUVT MR ITFFHEATRETH D, GS/Y OEFEOHH (2040 46 £ THIM L TH.
WANCHE T %) 1, GS/Y 1IX VY (& - EEHIER) & 2N DS OFERT 5 (EIEBEE,
RIS, BHEKRE) 670, Y IZZDOEHISLINHEVEDLLRN—FT,
DHEZEFHTHEE—T EFOBE L TWDE NG TH D (LUKLUC I FRE il Fi = (2 AR
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5T, BELV Y MIRFISHET D),

45 #HEHATHR=—AEOBEERUVBEHNAL TV r—3Y)

AWFFE T, RO fTREMEZ Tl 5 7212, =L X —& ., BREMETE, ~
I aRE R EARPIICEEB L KRB I 2 L —2a VEFAEAV., GS OYFkHEE
AT OO DHMEEZ FER L., REMEZ R LT, HiiERREZEZEBICANDL L, 70
— NV VIR FTRE 7R FE B DARIE %5l 2 FTREME S B & )T 72 o 72,
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NAMR WEUR JAPN OCEA CPAS SEAS MENA SSAF LAMR FSEE World

50

T T T
EAH

%GDP in 2010

-150

-200

[ Global Warming, Acid Rain, Local Air Pollution XX Impact by LU & LUC
Deplstion of energy resources E=%% Depletion of mineral resources
B Forest resource depletion E==3 Capital depreciation

[ 1Education expenditure = = Gross Saving

= Genuine Saving

(a) 2010

NAMR WEUR JAPN OCEA CPAS SEAS MENA SSAF LAMR FSEE World

50
Q
B
=]
«
£
a
3 -100
*
-150
=200
B Global Warming, Acid Rain, Local Air Pollution E=Impact by LU & LUC
Depletion of energy resources XX Depletion of mineral resources
B Forest resource depletion [IT0 Capital depreciation
[ Education expenditure = = Gross Saving
= Genuine Saving
NAMR WEUR JAPN OCEA CPAS SEAS MENA SSAF LAMR FSEE World
50
0
8 -50
o~
£
% 100
g
e
-150
-200
I Global Warming, Acid Rain, Local Air Pollution EZXZImpact by LU & LUC
Depletion of energy resources E=%d Depletion of mineral resources
N Forest resource depletion [TTO Gapital depreciation
[—JEducation expenditure = = Gross Saving
= Genuine Saving

(c) 2100
X 1 Gross Saving (F##) & Genuine Saving (E#). ZDEVDORNR (EHS52) %,
R 10 this & & U 2010 £ - 2050 £ - 2100 FIZTDWVWTRLIZH D, thEEFHITILUTOR
) (NAMR: dtK. WEUR: BFR. JAPN: BA&, OCEA: &7 =7 . CPAS: f1i[E. ESAS :
A RFEECER7 T MENA: ER -7 7Y H . SSAF: 4 THNS5F7 T 1) H LAMR:
STUF A A, FSEE : IBYEERX
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&2 2040 EFRICHFTSH GS (=GS/Y) Mo GS/W BT GSn LU GSntITES B

(1) 2) 3) “4) (%) (6)
Genuine Growth Rate | Population Growth Rate of | TFP Growth Rate of
Saving as of growth rate Wealth — after Growth Wealth - after Pop &
Percent of Unadjusted (%) adjusted Pop. Rate (%) TFP Adjustment (%)
GDP (%) : Wealth (%) : change - before
GS/Y GS/W TFP Adjustment
(%)
World -7.0 -1.0 0.4 -1.4 2.9 3.6
5 -
— O 7 hd v
T £ < v <
S \E = ® v o 2
S ‘,CJ ‘_“ 0 1 1 Z 1 — 1 1 1 1 1
SO% QoG T TRy
c o ; -
0o §T
] -5
_Z ,E\D E [}] - e . == ..
E%:_O\ § ’. ’ ) ‘ T ‘ -~
t!) 8‘§ 8 -10 R ’ IS ‘ .-
S a © P - = -
% =9 ® n GSnt (GS/W-N'/N+A"/A) L
Se
Seg ) -0 -GS/W
=W 9 ’
<O : '
< ’;\ ° -20 ‘ —& -GSn (GS/W-N'/N)
9% ® '
3£ ‘ -m GS/Y
~ O .
-25 @
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
year

2 GDP LLETREMNT GS (GS/Y: M), wealth DIEME (GS/W: O), GSn (GS/W
—N/N: @), GSnt (GS/W-N'/N+A/A: @)
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5. RIERFBRDREIMIVIICEHT HHE

RE T, BREHMOZL 2 5 BFREE T VOMMAE PLIC, GS OfE&RE X2 5
TV 7 EOFBERBIZOW TGN EREE1T 5, 5.1 HiTIL, MRIFREILE S BB

e NIE (H21~22 4EF) . 5.2 fiTld, W/ERRERLERAFSR « B9 5 &G THR Y H g
(H22~23 4£J%) ., 5.3 HiTlX. CGE T MEEICBIT 5 /37 A — X% & Lo (H22
~23 M) | 5.4 HiTlE, [IEEBBORE T VB T HHEEOR D vy (H23 ) |
WT, EnENE O D, 55 HTIX, TH=—X L DEEKRTBORNA 7V r—a v
IOV Tik~R %,

51 BERRICHEIBREFRNTOGES AR

AWFFEE BT H21 FEN GG L, H22 fFEEE TR AR5 O R 2N b I - Fk L7= b
DTHDH, HR2HEREONREETEBET H 0, LLFICERICET,

511 8B=ELEH

6 R B B R 0D ML 2 A RSP BR B & B D IA TR AR ZE 1L 1970 ERICRE D,
Dasgpta and Heal (1974)73 & ﬁ)ﬁéﬁﬁﬂnﬁ"]%%ﬁ 7o 7R & S, £ DF& . 1980
FERICAY | BEOHIKNBLZENIHED D,

1980 481 #121F Romer (1990) 5 DAFJEIC &L 0 | BRFEKE A AN RE S LD |
TAEREINZE ] E DI BEER TR 6D K18 o Tz, TN LRIDOH 2 07 Tik
RFREEZXZDODITEROERDHThH>T, ZOERIIT 7V AV 7 THil) %@
LCULDAEEILHFGTHZ LT, 2070, HIFCELRH 5 &ThuE. EniEduvb
X TAMVERY ) BN ISR E 2o 7o, ZHUSKHIRT 28 & LT, THAR] & ot
RBEENTELDOTH LD, ZOFERIE ZI7I1E, BEIFOEEME DL R D
NE =22 BEZD. TORIDE >InTBERORFERROPIZHRMESNATND, LWIH
2T ThoT,

2O L7-HERmOERIZHEV, B - REAZE L CRFEREOMEL REERT S
Z & L7257z, Tahvonen and Salo (2001) V&, NAERYRR 3 R O ML 7 THEIRBIR 2 5 2.
FATBOR D\ AR LTz, —F . BREEHIFIIZ DV Tid Schou (20000723, 1€k 72 A FE
PN A, Tkl o T ooy ) OFRIC X 2 BREEHKI RO TRENE £ 5% U7z,

Cunha-e-S4 and Reis (2007 HF R & BREEOFSAA O T, BREICEZEL 5272
WEET (7 U — ) OIS AR 2 EZR LTz, fRFREREICHEV., BB Y RANC
25, TNPRE EAMHBELEDHEFERNE 2%, ZOMBEEMRRT 521X, HDHKRHIC
HER IR B AL L ETH D, Z ORI, W, LWV ) REER TH 5, Cunha-e-S4
and Reis ORI, EIH - BREL 2k VA A TZREFE AR &V 5 R & D720 > TE T2iFJED
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WA O, [Hi#ERHERZEOR) WS BERABMLER T, RERERA D -T2 L
WX D, TO—FHT, Va—ONERRERNESL T X SO L NZHON TN D
DELFELTZE VR D,

ARETTOMIEL, BREDOHIK Z B BICANTRERE & Bl bic oW CER O 217
IHLDOTH D, HAAMIZIE, Cunha-e-S4 and Reis (2007) % ¥ 502 LT, BEICET S
B EAb 2 NI, BBEOE A SET 2 HME L (LUF, HICHIFZ) o i
W2 3T 3%, Zhai@ LT, BE L RFEREOBEROBEINELOMEBRIZ DN TELE L
179,

512 2 HETIV

PR 2B 2. ANRIE—ETH D LIRET D, FKitld, ha2EKEEFH LizboiR—
DOOFEEKE L TR END EEZX D, ZOMH UL, BRI NTZWHER C LBREOE @
DHRESND, AT C Lt @IZBL T, RO XD REMUEEcHD LT 5, &=
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“In contrast, the costs of action—reducing greenhouse gas emissions to avoid the

worst impacts of climate change—can be limited to around 1 % of global GDP each

year.”

“Using the results from formal economic models, the Review estimates that if we

don’t act, the overall costs and risks of climate change will be equivalent to losing

at least 5% of global GDP each year, now and forever. If a wider range of risks and
impacts is taken into account, the estimates of damage could rise to 20% of GDP or
more.”

“So prompt and strong action is clearly warranted.”
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F T IZHOWT NDP (Net Domestic Product, UL F NDP) OHEF 217> T\ b, 5D
HERHAERIC K D & AV RRUTIX 1971 4ED0 D 84 45 TO GDP O FHIAE RN 7.1%
THoT=DITH L, %ﬁﬁﬁ%ﬁﬁﬂhtNDP@%hi4%’kBioTwé
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7.1.4 ESI (Environmental Sustainability Index)
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HThs,

ESI X 76 7 —# %, i A7 A (Environmental System) ., ERHEA b L A DHIJK
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7.1.6 ERRI (Environmental Regulatory Regime Index)
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ZeiL | BEMRO=—XEWIET LI RRBE] THhDHEIND, ZOERDOAPETY
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FTARSUR 5 F1)v 4
AR 5 TJT7T33 4
271 R 5 XF_T7EYD 4
IEHRAIL 5 INIA)— 4
Za—I—3UF 5 TAITUR 4
—h3T7 5 ARZI)L 4
JILoz— 5 15)7 4
NF< 5 DR Ah 4
INGTTA 5 EY 4
AT 5 =7 4
DHT 5 7594 4
TA)HERE 5 JL—v7 4
EQ. 4

FIET 4

505 4

24VEY 4

LoVE 4

ERHIL 4

DISLAR 4

AO/Nx7 4

AARZ=7F 4

RAIOFUR 4

AYT—TY 4

RAR 4

k—= 4

AFIR 4
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TILSIUT 3 NVTS5Ta 2 RR=7 1
Fr3d3 3 r—JR)LT 2 TINFFT7Y 1
RS )— 3 Frk 2 *a—Nn 1
RN)LE¥— 3 FE 2 F7AX 1
Ri)—xX 3 €0 2 g% 1
RUET 3 YOF7FT 2 1o 1
Ry + 3 CTF 2 129 1
TJILHIT 3 IPTh 2 HYFIRZY 1
T 3 FEFX=T 2 JbERs 1
AVITRFHME 3 IRN=T 2 EE 1
Fra 3 NAF 2 E—)A=TF 1
IOFKRIL 3 LNy 2 E—I¥R 1
I)LHILNRIL 3 V77 2 SyoY— 1
F_TFEHYS 3 RTR=T 2 —a—hLE=7 1
HATF 3 A¥FTO 2 HURAT) IR 1
1K 3 EOw3 2 Y7 1
AVRRIT 3 EYUE—Y 2 A=Y 1
FILFR 3 FTA4oz)7 2 RILOAZRBY 1
SLET 3 r<—> 2 INXTY 1

LYk 3 INFRBY 2

a4 3 NTPZa—Fx=7 2
EILRN 3 YOCTIET 2
ELOINL 3 YOEVEHEE 2
=)L 3 m72h 2
=JI—J 3 )= —F-bNT 2
R—72F 3 D954 F 2
RILEA L 3 T77EREER 2
A 7 3 DARXREY 2
ARAY 3 RRXIS 2
AYS2Hh 3 AITAY 2
AYFLs 3
EDE 3
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CWI=1/4*1/6(DR+LE+IMR+u5MR+HIV+PUN)+1/4*1/2(pSE+sSE)+1/4*UE+1/4*VA

ZOERITIEE, R HE.

Ff#, WIEDO 4O R —F FEZE L, AR
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2 BRE LTRSS 46 DENZHSOW T, ZORBIEALICET 2 A B2 B CT& 7=,
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SRR

BAU : Business As Usual

CBD: Convention on Biological Diversity

CWI: Composite Well-being Index

EF: Ecological Footprint

EPI: Environmental Performance Index

ERRI: Environmental Regulatory Regime Index
ESI: Environmental Sustainability Index

EVI: Environmental Vulnerability Index

GDP: Gross Domestic Product

gha: global hectare

GI : Genuine Investment

GNP: Gross National Product

GPI: Genuine Progress Indicator

GS: Genuine Savings

IPCC : Intergovernmental Panel on Climate Change
ISEW: Index of Sustainable Economic Welfare
LU&LUC : Land use and Land-use change
MEW: Measure of Economic Welfare

MUC : Marginal Utility of Consumption

NBI: National Biodiversity Index

NCGHG : Non Carbon Greenhouse Gases

NDP: Net Domestic Product

NNW: Net National Welfare

NOx : Nitrogen Oxide

NPP : Net Primary Productivity

ODS : Ozone Depletion Substances

SCC : Social Cost of Carbon

SOPAC: Pacific Island Applied Geoscience Commission
SOx : Sulfur Oxide

TFP : Total Factor Productivity

WCED: World Commission of Environment and Development

WDI: World Development Indicators
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