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Disclaimers: (1) By no means original. (2) | ignore some basic problems: population
change, risk and uncertainty, externalities. (3) | raise more questions than | answer.

l. CONFLICTING INTUITIONS ON PROSPECTS FOR THE FUTURE

A.

Everything is running out: The world is going to starve. Oil and other minerals
are being rapidly exhausted. The capacity of the atmosphere to absorb CO
and other greenhouse gases is limited. The Gulf Stream may cease to operate.
Water supplies in many parts of the world are judged in critical supply. Range
lands are being exhausted. (All of these remarks, except the first, have serious
studies behind them.)

The condition of humans has never been better: Per capita GDP is growing
everywhere (except sub-Saharan Africa and some South Asian countries).
Longevity even in very poor countries is better than in advanced countries a
century ago. Population growth may have bad consequences but is itself an
indicator of well-being. Prices of resources are not increasing compared with
other prices; known availability of minerals is increasing. Anyway, what
problems we do have will be overcome with our increasing knowledge.

Empirical and ethical aspects: How do we think about our obligations to the
future.

II.  THINKING ABOUT THINKING ABOUT THE FUTURE

A. Background

1.

3.

Examples of thought for the future, private and public: Savings, investment,
bequests, education, research and development, concern for climate change,
water. Will our children (actual or metaphorical) be better off? Is there a social
security crisis? “Sure he that made us with such large discourse, /Looking
before and after, gave us not/That capability and godlike reason/To fust in us
unused.” (Hamlet. Act IV, Scene IV; emphasis added.)

How is a point in present or future evaluated? Overall well-being (utility), one-
dimensional, synthesizes many dimensions, many causes (substitution)

a. Many dimensions: Various forms of material well-being (food, shelter,
clothing), relief from toil, health, nature, art. These are alternatives to
some extent.

b. Many sources: Take health for example. Food (quantity and quality),
income, medical and other biological knowledge, provision of health
services, communications (good and bad effects).

Resources as capital (i.e., enduring): (some future needs will be met out of
future flows, but this doesn’t directly impinge on us today).

a. Types: Natural capital (land, sea, exhaustible resources); reproducible
capital (machines, structures); human capital (transfer of knowledge;
education and experience); creation of knowledge. Each kind of capital is
used as an input with future outputs distributed over time.

b. Depreciation (depletion)
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B.

c. Rate of return (here thought of as return in well-being per additional unit of
a particular kind of capital). Ethical question: return may be to someone
else (the future). Efficiency requires equalization of rates of return over
different kinds of capital.

d. A word about knowledge: Substitute for natural and other resources; e.g;
greater abilities to extract metals from ores, food from the ground (ever
since Neolithic Revolution!).

Competing Criteria

Notation: ¢ = consumption at time t (an index measured in goods)
U(c: ) = utility derived from consumption at time t.

1.

Efficiency: A time path of consumption {c} is defined to be efficient if there is no
other path {c’}, starting with the same initial capitals of different kinds, such that
U(cy) > U(cy), for all t. As noted above, equilization of rates of return (properly
computed) is necessary for this.

Many efficient paths: some possibly increasing, some decreasing, possibly a
constant-consumption path, possibly a path going up and down. (E.g.., all for the
present, all for the distant future.) How to choose one?

Simple utilitarianism and its discontents: All people, whenever born, are morally
alike. (favorite of English economists).

Max! X U(cy)
t
Paradox: With plausible values of the parameters, rule calls for much higher
savings rates (low consumption relative to potential) than we are accustomed to
(60-70%). Problem emphasized by T.C. Koopmans, though consistent with the
results of F.P. Ramsey, who advocates simple utilitarian rule.

Interpretative note: If we care about well-being in the distant future (derivable
from different kinds of capital), then in particular we should invest in much
reproducible capital as well as preserve natural capital.

Common alternative: Discounted utilitarianism, i.e.,

Max! X8 U(Ct)
t
For & < 1 but close to 1, we can get plausible savings rates. However, & is
morally arbitrary (fails to satisfy universalizability in the sense of Hare).

Axioms: Ordering, separability, stationarity.

Sustainable Development (Brundtland Report, 1987): Enable future to be as well
off as we. Since this obligation will also apply to future generations, this means
that utility (or something related to it) must be increasing. Really, we want the
capital stocks to change in such a way as to increase the opportunity for future
well-being. In many cases, constant-consumption paths are feasible; are they
necessarily better? An alternative: Let V(t) be integral of utility from t on
discounted to t.. Sustainability can be interpreted to mean that V(t) is increasing.
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8.

10.

Agent-relative Ethics: Each generation has some consideration for the future,
perhaps equally for all future generations, but wants treats itself better. However,
each generation is aware that it has no control over the capital it leaves to the
next generation, which will also be selfish in the same way. The effect is very
similar to discounted utilitarianism. However, discount rate my depend on stocks
of capital.

The dilemmas of nuclear waste disposal: time, knowledge growth.

Rough approximation (“Genuine savings”): Calculate increase in wealth as
increases in individual kinds of capital valued at suitably chosen prices:

AW=ZpiAKi,

where A denotes, “change in,” and K is the i" kind of capital. Increase in wealth
more or less implies increase in the ability to sustain. Thus an increase in wealth
is compatible with a decrease in some kinds of capital. Very crude calculations
(presented below) made by the World Bank suggest that wealth in this inclusive
sense is increasing for advanced countries but not for many developing
countries.

. PARADOXES IN NUMBERS

A.

Measurements of Genuine Savings

The rich are saving, and the poor are overconsuming.

Tablel

Genuine Investment and Changes in Per-Capita Wealth in Selected Regions: 1970-93

Genuine Annual Percentage Growth Rate of....
Investment Population Per-Capita Per-Capita Human
as Proportion Wealth GNP Development
Country of GNP Index (HDI)
I(Y)* g(L)° g(WiL) g(YL)® g(HDI)*

Bangladesh | -0.013 2.3 -2.60 1.0 positive
India 0.080 2.1 -0.10 2.3 positive
Nepal -0.024 2.4 -3.00 1.0 positive
Pakistan 0.040 2.9 -1.90 2.7 positive
Sub-Saharan | 0.014 2.7 -2.30 -0.2 positive
Africa
China 0.100 1.7 0.80 6.7 negative
U.S. 0.08 1.0 0.60 1.4 positive
UK 0.08 0.3 1.30 1.9 positive

@ Source: Hamilton and Clemens (1999, Table 3).

® Average annual percentage rate of growth of population, 1965-96. (Source: World
Development Indicators, World Bank, 1998, Table 1.4).

¢ Average annual percentage rate of change in per capita GNP, 1965-96. (Source: World
Development Indicators, World Bank, 1998, Table 1.4).

4 Average annual percentage rate of change in UNDP’s Human Development Index, 1987-
97. (Source: Human Development Report, UNDP, 1990, 1999).

Assumed output-capital ratios:0.25 for poor countries, 0.20 for rich countries.
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B.

The Exhaustion of Resources

1. Predictions of exhaustion since at least 1865 (Jevons) — based on idea that
best seams of coal are mined first. Schurz (1870): U.S. coal reserves = 20
years’ consumption.

2. Modern theory. Harold Hotelling (1931): Resources in the ground should be
rising in value at the rate of interest (otherwise, owners would not be profit-
maximizing). Therefore observed price equals extraction costs plus rental
(value in ground). Extraction costs can be falling because of technological
progress but should be dominated by rental, which is rising exponentially.
Krautkraemer, Jeffrry A. [1998] Nonrenewable Resource

Scarcity. Journal of Economic Literature 36: 2065-2107
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Figure 2. Real Price of Coal, 1967-94 ($/ton)
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TABLE 1 TABLE 2
RESERVE TO CONSUMPTION RATIOS, 1994 PETROLEUM RESERVES TO CONSUMPTION
Mineral Reserve Life Reserve Base Year Ratio (years)
index Life Index
Aluminum 207 252 1950 22
Copper 33 62 1960 37
Iron Ore 152 233 1972 35
Lead 23 47 1980 27
Nickel 50 137 1990 45
Tin 41 50 Source: Slade (1957): World Resource Institute (1996)
Zinc 20 48

Sullivan, Daniel E., John L. Sznopek and Lorie A. Wagner. [2000] United States Geological
Survey. 20" century mineral prices decline in constrant dollars. Open File Report 00-389.
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Figure 3. The Flow of U.S. Mineral Commodities

|

During the 20" century, the quantity of minerals flowing through the U.S. economy
(as measured by apparent consumption) increased from 93 million metric tons in
1900 to 2,900 million metric tons in 1998. Peaks and troughs reflect major economic
events including World War |, the Great Depression, World War Il, the 1970’s energy
crisis, and the recession of the 1980’s. More information on the flow of mineral
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Figure 4. Composite price index, in constant 1997 dollars

Proven World Reserves of Depletable Resources

(in millions of metric tonnes)

Source: Kahn, Brown and Martel, p.92; US Bureau of Mines, Mineral Commodities
Summary; Resources For Freedom, Report of the President’s Material’s Policy
Commission, 1952, vol.2, p.27; Energy Statistics Resource Book (New York: Penn Well
1991), pp.143, 151. cited in Taylor, Jerry, The Growing Abundance of Natural Resources, in
Crane, E. and Boaz, D. ed.s Market Liberalism: A Paradigm for the 215 Century.

Resource 1950 1990 % change
Bauxite 1,400 21,500 1,436
Chromium 70 420 500
Copper 100 350 250
Iron Ore 19,000 145,000 663
Lead 40 70 75
Manganese 500 980 96
Nickel 17 59 247
Qil (billion barrels) 104 1,002 863
Tin 6 4.2 -30
Zinc 70 145 107

Skinner, Brian J. [2001] Exploring the Resource Base. Resources
for the Future. Workshop keynote address, 22-23 April 2001.
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Let me summarize:

Firstly, we believe the mineral potential is large enough to satisfy needs under any
scenario of growth for the century ahead provided that technology is developed for
subsurface prospecting.

Secondly, as we move from conventional ores to the unconventional, low-grade ores
will be less in quantity than we might hope; and

Thirdly, as we proceed ever deeper into the resource base we will face discontinuities

that prevent smooth expansions, and require instead the development of new techniques
and probably large step increases in costs.

V. GROWTH OF KNOWLEDGE: SOLUTION OR RESTATEMENT

A. Current Knowledge:

Reduction of extraction and exploration costs.

Greater efficiency in use of resources (but nevertheless demand is
increasing).

B. Anticipated Growth of Knowledge. “Backstop” technology. Ultimate scarcity
not controllable.

C. Is Knowledge Itself Scarce? Precautionary principle. After all, only two
hundred years of steady technological progress.

D. Growth of Knowledge and Currently-Discussed Scarcities?: The atmosphere
as a GHG sink. Ecosystem services of wetlands and forests. Biodiversity.




"~ Kenneth J. Arrow — Autobiography

I was born in the city of New York on August 23, 1921. My
undergraduate education, at the City College in New York, was made
possible only by the existence of that excellent free institution and
the financial sacrifices of my parents. | was graduated in 1940 with a
degree of Bachelor of Science in Social Science but a major in
Mathematics, a paradoxical combination that was prognostic of my
future interests. | entered Columbia University for graduate study and
received an M.A. in Mathematics in June, 1941, but under the
influence of the statistician-economist, Harold Hotelling, | changed to
the Economics Department for subsequent graduate work.

My graduate study was interrupted, like that of many others, by World War Il. From 1942-
1946, | served as a weather officer in the United States Army Air Corps rising to the rank of
Captain. My assignment was exclusively in the research field, and my first published paper,
On the Optimal Use of Winds for Flight Planning, was the outgrowth of that work. The years
1946-1949 were spent partly as a graduate student at Columbia University, partly as a
research associate of the Cowles Commission for Research in Economics at the University
of Chicago, where | also had the rank of Assistant Professor of Economics in 1948-1949.
The brilliant intellectual atmosphere of the Cowles Commission, with eager young
econometricians and mathematically-inclined economists under the guidance of Tjalling
Koopmans and Jacob Marschak, was a basic formative influence for me, as was also the
summers of 1948 and subsequent years at the RAND Corporation in the heady days of
emerging game theory and mathematical programming. My work on social choice and on
Pareto efficiency dated from this period.

In 1949 | was appointed Acting Assistant Professor of Economics and Statistics at Stanford
University and remained there until 1968, becoming eventually Professor of Economics,
Statistics, and Operations Research. At various times during this period, | was a Social
Science Research fellow, 1952, a Fellow of the Center for Advanced Study in the Behavioral
Sciences, 1956-57, Economist on the staff of the United States Council of Economic
Advisors, 1962, Executive Head of the Department of Economics at Stanford, 1953-56 and
1962-63, Fellow of Churchill College (Cambridge), 1963-64, and again in 1970, and Guest
Professor, Institute for Advanced Studies, Vienna, in June, 1964, and again, 1971. In 1968, |
accepted an appointment as Professor of Economics at Harvard University.

| received the John Bates Clark Medal of the American Economic Association, 1957, and |
have been elected member of the National Academy of Sciences and the American
Philosophical Society; also | am a Fellow of the American Academy of Arts and Sciences,
the Econometric Society, the Institute of Mathematical Statistics, and the American
Statistical Association. | received the honorary degrees of LL.D. from the University of
Chicago, 1967, and the City University of New York, 1972, and that of Doctor of Social and
Economic Sciences for the University of Vienna, 1971. With regard to professional societies,
I was president of the Econometric Society in 1956 and The Institute of Management
Sciences in 1963, and a President-elect of the American Economic Association for 1972.

| was married in 1947 to the former Selma Schweitzer and now have two sons, David
Michael, age ten, and Andrew Seth, age 8.

From Nobel Lectures, Economic Sciences 1969-1980.
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"The brilliant intellectual atmosphere of the Cowles Commission, with eager young
econometricians and mathematically-inclined economist under the guidance of Tjalling
Koopmans and Jacob Marschak, was a basic formative influence for me, as was also the
seminars of 1948 and subsequent years at the RAND Corporation in the heady days of
emerging game theory and mathematical programming. My work on social choice and on
Pareto efficiency dated from this period.’

Cowles Commission @ F& FIF NI AT Marschak €32 Koopmans €3 SR
ST eI QW/?,@? IR AGY FCARE | 39004l Nfed 89 Marschak
G2 Harris 93 e fo @36 o7w FeafReEs @de activity analysis €3 8919 Koopmans
TS (55@d) AT Cowles Monograph @ @6 &1 WtaRee™ |

GOl Cowles ¥ (I e O gt WS (@@ 29 | @399 fof Foags
e qifediw o1 A2 93 ocEe 29RHE RAND Feafemits @il e |
oIS o Ffrvae o« 50t PATRE BIeice - @3 o @tat qates, et
SoUb-5a5 AT TISITE S SRR TGP AW |

RAND @ IR REmet® S 3o oo esifes e ¢ @e [
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foq e | ¥eItmE WEEl 0o IR oI SfeTwe @7 aais

“Thus, Arrow wondered, under what Conditions might it be reasonable to assume that
collectivities such as nations possessed nicely-behaved utility functions. At long last, a
dissertation topic was found, written and subsequently published as the momentous classic,
Social choice and Individual values (1951)”".
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(Y Center for Advanced Study in the Behavioral Sciences €< (el R TS 79 |
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OEIREO FCAT | 90U I ISIG] E{W‘@ AFFICIA Council of Economic Advisors € €Oy
W] TCAINIS T | SpLo-b8, SHo €2 S5aw I fofF Fpwlgrem vifts Tt e
RET | @RTI8 358 ¥A2 Yoo AW AT fSHFR Institute for Advanced Studies 9
ol SLFAF | A SoLLCS MIT G TSR LI |
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3¢ q Y Tl American Economic Association €€ John Bates Clark Medal TN (I |
o National Academy of Sciences «<R American Philosophical Society-9'€ Wf <o
2 | f$f9 American Academy of Arts and Sciences, Econometric Society, Institute of
Mathematical Statistics €<% American Statistical Association €43 G | S A FFIC
e, s5a8 @ 83T FPIf6 Wl (At =R LL.D fOl «az s5a A
fotza1 ffqwriera (AT Doctor of Social and Economic Sciences F® (A | SLO AT
foM Institute of Management Sciences € 399 (IS &«j American Economic
Association @3 Jeiifs f4ifow 27 |
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Emeritus Professor €32 JB7IHCICe ifamyeicn wdaifs f®ital Operations Research @3
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M2feH WIRe @ O G SEd FEARE: “The Progress of the economic sciences

has led to a profound transformation of the general equilibrium theory. To a high degree this
development is marked by the pioneering works of Sir John Hicks and Kenneth Arrow. Both
have opened up new productive paths for research in this area and thereby made
fundamental contributions to the removal of the theory. Hicks initiated this recreative process
in the 1930’s and Arrow provided it with fresh nourishment in the 1950’s and 1960’s”.
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GdAIfs *Mzq srpon fFedl s ¢ e we e fme fes w=ee e
P GTEAR GRE v 7o wod ¢ [FZeR ofFF | @ WA @l e @it

G-I (dictum) TF© FCACR:

“An unexamined life is not worth-living. It is part of my life philosophy that no life can ever be
examined fully and that attempts to do so are never free of self-deception. There is
therefore a paradox in my attempting to set forth a life-philosophy.”
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“If we exclude the possibility of interpersonal comparisons of utility, then the only method of
passing from individual tastes to social performance which will be satisfactory and which will
be defined for a wide range of sets of individual orderings, are either imposed or dictatorial.
In other words, if consumer values can be represented by a wide range of individual
orderings, the doctrine of voters sovereignty is incompatible with that of collective rationality”.
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AN | “Toward a Theory of Price Adjustment” @ &= e @A @, K] ©g
4o © I SRPITRIS 7N © (“disequilibrium price theory”) T& (I GIKell (AT |

Tl qLNfore @R SAMH FeerE JFHME [T I 4F W FEe A[k(6S |
T R GG SPIHST G§g WS TR FAR (F, SFS A RS (1
WIS SN AT A Koyt 1 Jeens e e qw @3 @18 Koy
TEIRIGSTEIR A ol [ Feid (@r W2 A @ WUg sTites e A SR
STIfErs ¥edeTl 1 5T (Social ordering) AT (ST |

TeAE gL 2@@11_ M WS O] OI-SIel FCERER | 35U I Hollis Chenery,
B.S Minhas @3 Y Al CES (Constant Elasticity of Suibstitution) BAMH AT
Toe 3 | @t e IR ¢ [Rfey (e Beoivd SCoTwss S IEsay kT
T2 | S5uR (8 fSfF “learning-by doing” IIE v e o= fedlReE™ | getE
1gf~% endogenous growth theory 2IT% BeICS FRIIAS! FCACR | “The Economic Implications
of Learning by Doing’ @ O &g WM ICACRA, SAMA AfGAF ML A& !
WwHOF A TAWT FACO (*It4 | ‘Economic Welfare and the Allocation of Resources for
Invention’ @ f$f FfRAR T@aifeq s TifFs TPeER qb IFH Sifee [ogze
e |

s MEFW @Fg TSI NEEAFT GGF T FECR | O AW
5593 I AFIMS ‘Readings in Economic Theory &giote ey widqifsivwme &1t 3=
TARIR | «te T General Utility Economic Theory fofes 230 27w F_P FEET @3
Q TR Seitafes [EsEee Jfawe Tt e s Ao e | i atzz
ATFGE] SAT-I54, (SIF biftwl g, SRENNR Jiftg, 7 FASFRG T, 7999 I
GEH «ﬂaw,ﬁiﬁsﬁaﬁl—rﬁﬁﬁmWﬂw | QTS FCACR FCTETAN, FIEAEF
T S SN RWMa MKy GTEE e @14 | H.T. Block, McKenzie €32 Leonid
Hurwicz €3 1t TSI (11 ©IF ‘On the Stability of the Competitive Equilibrium’ &CH
fofy aferaionET SRETN SRER Tge FNST! NH ST FCARs IR AR
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A9 AR, “Competitive equilibrium is stable in a class cases where the demand for

each particular commodity is more sensitive to a change in the price of that commodity itself
than it is to be a price-change in any other commodity”.

JRIEIR ORATI ] ORISR TIN5 T4 T O3 Arrow — Hurwicz-Block
a7 @ AERAT W | AReRIe Pas, ANEE ww ¢ e e, «3e
AR TR AR Rofe FHRIeTR TR ewged TR |

NG ST 2. AT FCEACA e Eiwdfes g | afds [fteeias o= Fitg
WS AT B | QR e oi:

“Mathematics is certainly a source of aesthetic pleasure”.

fofq it qeeTcea: wiE fafes wwel @3 [eer afe sEEi S aifdfes
PV MR afs [eR ey Mre HRkweg | ST SIEwd Trel @ F™fes
HAEOiR W &fofh RTFeye Fa e (AR |

RPN O (GO ARV-IARA (FLAS @ F{weore [0 QT TR 19 70K

fefq fte2 9tz Music is the usual preference of the mathematically-inclined, and | was

no exception, though my musical tastes were not always the most intellectual. (Many of my
friends can not understand my early and continued love of Wagner). In painting, my early
preferences were strongly towards abstract art but, especially of a geometric variety, as in
Mondrian.

AR SRA-CHA @3 Eef Sqae F91 WA I @3 7 afFes 47 TRl
T | T AT TS TSR NN ST RS FIGGTA! ATE WA | SPTCE AT
SCOPTs] Wee W@ eeged | G RSy o Il weweF ¢} ea--Ama
Gore sifdres Rge eWY 8 7eiire (e 7= 593 | @978 fofd wigfs @19s e
8 GfeTab #ItTTRd | G A0 olF TR (Jid @™ e ifgey facw wfba reiR
SRR AN A (N | G(S oAfTe ¢ R[Eagenes FaetErs «f vy PRaeR
TR TR AT HeATAR QT @¥ iR fReee | IRl [ O TSy JCel:

“‘Research should have not only results, but also pointers towards the incomplete; who
should know better than the author the limits of the work?”

TR O TR @G CFQGT! TP Y7 I IR R, WM& 21en Jeel
G @ T @CH@ TShe FIEH AN OFF F7E I8 I | ©C1, HALAD 72w
Srgd TS R e wwgsd | G 99 Sy S/ ] NS
SIPINY ©F | GTS YJ Y[ WD (SN TG QI 77 O¥9 @6 [z Jgs i
T AR | @ ©g JGAE @F0 Ao g dfslt aw sy afel s
oIS FCA | AT ©IPI ©F 1 FLNS TS AT gigefs sh-a8 7 FA4T
SO DA I FAON SdAifow fore eqe@m | 7y, wftafes [raaees
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fear e ot feer 493 07 W3 =g aifafes affrwdiae sd@fsimom oo aft
WRIT 432 T4 | 9FI@ dpvo 7 W¥THE W51 RITq Teaeld wiar @ fHiwafes,
09 ST John Hicks @3 RTRELE 19K FIRCIZ, AR AN @IS d59% @ (FICIE
ST TSN I +T1© ST SGIAF G |

g, AT SPT ©rgd @ [T ige «Ffo o SIfmEeites a o | RrsaerEs
q Tl @ e adAfsim Saefs Face (ke | Aias St ey @b
Ao exid T (@, TS 20K AN I@RATF AAFACER AN fofares Wdifae
W @ 7R AN ToIF A @ € DA TNl &FH T | @ ANFANRTETR
S T (@ AN TERCR? IM Tl ACE, ORCA ANAF O ©g FI A Aoy
O AT T | d592 97 e Tl wefSifsiimal 6y It@ve e T IR @,
@ FNFINGTER (P LR AN S (72 | Karl Schlesinger W TR 4%
R, [ e adadifs [ Terea sEes e @ [ SaefeeE %
FRCA, ©F Ao W0 SRRt qF Teld g RS @7 IR 8 | fofF
TRl I, ANAF SRPICHT S¥g & F91 78T | @ Tepi N F& 949 &
S Abraham Wald It @3 ©2e Afemie iedm @ | Wald FORTE! *ISAATH
SRETTNA ABOGT G A1 TAGIAT F0eTe @ AT (ST 7S e 1 |

AT SPI ©F FE GTE IR ¢ The general equilibrium theory, like most economic

theory upto about 1950, assumed that the economic agents operated under certainty. That
is, the households, firms, investors, and so forth knew correctly the consequences of their
actions or, in some versions, at least acted as if they did. Thus, producers were assumed to
know what outputs they would get for given inputs. Investors would know what prices would
prevail in the future for the goods they were planning to sell ...... It has become a standard
tool of analysis, in this case rather as a sketch of an ideal system to which the methods of
risk bearing and risk shifting in the real world were to be compared. It was clear enough
empirically that the world did not have nearly as many possibilities for trading risks as my
model would have predicted. | did not, however, have at first a particularly good explanation
for the discrepancy”.

International Encyclopaedia of the Social Sciences € «Cdl ‘Iﬁ? A7 (=164 (5) Economic
Equilibrium @32 () Girschick , Meyer A.

SR (Y QAN A]7HG JRE O Y& | [ qre wftAfes SRy qRell @3 (o
TewITR AfsxtiE At grat «@ «de i ¢ SiReTy @Fenfs tefee e, oo
@ feT, FRANET @ e 252 Sdaifsfwar fFeia [esme saee | T, a@t
<qCeTq, There is, however, a very important sense in which none of the classical economists
had a true general equilibrium theory: none had an explicit role for demand conditions
............ A general equilibrium theory, from the modern point of view, is a theory about both
the quantities and ever, the classical authors found that prices appeared to be determined by

a system of relations not involving quantities, derived from zero-production coefficients and a
single primary factor, labour, as in Smith’s famous exchange of deer and beaver, and it was
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the great accomplishment of Malthus and Ricardo to show that land could be brought into
the system”. @ &ICH AT Walras (3b-48-5A9) 8 J.B. Clark €9 qWIH @G3R AT

VNG FEcEe (A orReeE ol fFend (udfee ¢ife a9  Feaees |
GRIGIS, UTS ACACR d500 €T W*(F SRPING LRl ©Ted ST €I dTH@ John R.
Hicks, Harold Hotelling, Paul Samuelson €<% R.G.D.Allen @€ X7q FNE DT |
POIS /I GG sforifrenEs SRATnA Sfmes! (uniqueness) I7TT IR | ffy
2% FCACRA : What could be said about equilibrium? @ R Q@K TEHE $&d =8

“Originally due to Hicks, we may simply date all commodity transactions and regard the
same physically defined commodity at two different times as being two different
commodities. Then the formal model of section two remains, with re-interpretation, and we
can still argue that there is equilibrium over time. Planned supplies and demands are
equated in the usual way”.

Girschick Meyer A % I¥GS (FG AN 2AfRIIAR™, A S[@A ARG @
LNfere TAANT | G@F @O 0T G TR 8 FAEIAFH I (PTICZ | Decision
Theory €32 Sequential Analysis Girschick Meyer-&3 35 ST oIFeN FX |

O FFEEICE FAF G. Debreu (1951) ™FTATS Cowles Commission for Research in
Economics ¢ F& IR 7T 2fSRIINSTFTE SREARG Fo2(F @3 Paits $oifFe 27 |
T @3 TEPA SNIAFC competitive equilibrium @7 NBG RFE FCF T TR |
TR RN W 930 @wo)d (@ 7@ ANGD em og | 57, fof Sl am,
AES A STTEPTOR 7 fofes 8 IHTEs SR Q78 (SFF ™% 77 |
«ft Wt W@, @3 @9 TS AN (2 | Q& e, W S IR AT @
SEINETTSE I3 TOHTEe J@aR e [6R 91 I [ @3 oieg e
AR FACIA | GIFEM ¢ (AR TGO AEAF ORPI ©F 8 AWIGF A2+ ©ga vy
FF AR T8 Qe RIT-@ORR 93 (@F A FAfeRWra A ©fRF taael F6E
I AT AR |

TEAEIN FE AEEAN FH OIS IR O “collected papers” I e AT
IS | @ FORTE] A

(5) Social Choice and Justice

() General Equilibrium

(9) Individual Choice under Certainty and Uncertainty

(8) The Economics of Information

(@) Production and Capital

(v) Applied Economics

(q) History of Economic Thought.

93 4y AN 85 Basil Blackwell (1984) €3 &FA | I o aFIfe = Svv¢ (S |

RS G FHAIGTE O A QICTA I WO Forpfo | (al-hel-fREeIE qete
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SR (FIE™ ReTE 3 o | OF, WA IS W @, ©F collected papers I8
Bl ¢ TeFOR AL ~Tr® TR |

wEEfes St ANfea v g Tt (ST fTora, dovy) Forifer e &=
ATl General Economic Theory and the Emergence of Theories of Economic Development
47 T TGOl (A | TS ST A W e fof faer feym- st wideifos
SR TR RS GG AW AR TR TF TS TAE Ie A | @
TGO iR WIS & BRE 96 REEe eiq WA T | 9ot T 3
() wIfs efstiferge Sioaa \r AfsrifTerRET wFel (AF @ Ot Ry TR
R (R) FIRY |

GRS 2 49 SIT8: “Unemployment in the 1930’s was too palpable and

prolonged a phenomenon to be conveniently ignored by economists. In many ways, the
presence of unemployment of a failure to clear one of most important of all markets, is a
serious critique of neo-classical economics, with its emphasis on markets as a coordination
of behavior, of course, Keynes’s General Theory provided an intellectual representation
which gave economists a tool for analysis”.

GEEl W I, TR wAifen EEE (A0F (FREER ©g G W ACTACHE SRR
Forarr @A W (@ TSI e FE FEW | [{eiwes sfeRe @3
TG I EC, (TN GIR AOICS (G AT AT TS | ©IAd CSCe
CHOMCE ([P e [Eh® 2R | ©@ @ ©@t SR ARSET & A2
TGS |

O Sy faor efsoimy w2 dovo @3 ficea widtafes iR, [t eres
afecaiforer ey wsdreietra e e | Ne-Fifree (F--m) wdaifsre
e LS ALEDA @R @ (AF AR@eR T RewR B WOFAE TS F4
@3 Togaifes a7 7@ wifewacz | S eTFEM @ WCEbe 2 W3 T atF
B iy Meaces | ==, IR =@ @, B, 1o IR del @3 IifEeR
TR S foa Mezees | @l T8y FeAcRds

“Market failure and indeed any departures from pareto optimality share with unemployment
one important characteristics: There is the apparent possibility of a large gain in welfare, an
impossibility if resources are already optimally allocated”.

BN Y FEPT THAACE 9T Y @ ©ICe e | @ T f$F Frontline ¢ @6
fesifere stFre=id M+ | @6 Economics at the Frontier — An Interview with Kenneth Arrow
T e =W | @T® ©F Social choice and Individual values €32 “Existence of
competitive economy on to the present state of economy* (A(® @ g @W"i‘f ]
TS 2 | @ AMFOIN (AF @R @0 TS AR 8 “There’'s another

problem for economists — once you taste, once you get involved in policy, the research
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seems a little dusty and dull. A lot of people, once they’'ve been in policy — never quite get
out of it again! | don't like it .... Any field of science has many different kinds of people: it's
essential to the health of the subject that there be many different kinds of workers. There’s
no one best kind of economist”.

AR, QTR 0, LA ©24928 47 Tew 7399 97 TEIS fSf@ (premises) @32
FEAFEGTER I LB FRA &Y | @ AL F@ecet [fafied = v e |
TR 43 Fors 3 ©f FUEL AR = 1 |

O3bd ACY Harper's Magazine ©F Government Regulation: Pluses and Minuses — An
Essay d3%i0 gife g7 | qre fofd wdsifs v s ofiw afegio
TR (AF R TR | G TrEe I0EE, I99R 4As (g ALKA0F oy e
Ttz | ALRISTS T SNST A AIHIR WOHAR S (Ko Moy [ zew
T ©f [0 QT SCENHA T EACR | QT SER FEH, “While a substantial degree of

government intervention is likely to continue, the way the government intervenes has
changed and should continue to change.”

AR (R AREA A]CHR T [ | 99 Kope 999 R @ gm Al e W
©(d, Existence of an Equilibrium for a Competitive Economy, Economic Implications of
Learning by Doing €32 Economic Equilibrium ©(&¥ FFF N0l | ©F Existence of an
equilibrium for a competitive economy 2RCH (TE®A ) T FACe R I,
RINQTE A-AGF (non-negative) 8 SANSHe Gt F-4qgF @I ETIFIE AN 5 ]
W3 Sfefe bifgnl TGS J0a | T SR NI SPLTHR K IRCR Second
Berkeley Symposium on Mathematical Statistics and Probability-< BRI EEEIGIAY) W@W “An

Extension of the Basic Theories of the Classical Welfare Economics, Discounting and Public
Investment Criteria’ €<% The Economics of Moral Hazard: Further Comment W 7 |

TN ©F (VTS QT AT IR | @ (FCq FF @A T, ©2 2= 49l
Sejine fefers oot IR Marshak - Raduer “&f® PR FCACRS | Aestofs
SAAITS! AN O WT  GIR @A @FTC 160+ [fqeam weepfs | ofF s,
“Employment is a long-term contingency contract, motivated by high contracting costs’ I

N9 FTF Simon 9T MRS OFYIY FYATS |

Y G@ @ O GFeH AN wdeafes eifge-nEs | fofy wdtafes
RCaaee 00 (S ¢ Gibe Rt I Mo (Grres IR STt st
ey g (Fa WHFA IR0 | OF (T TR AR AR G© OGO ¢ [~pe
Tge MR W, IS Mo (@ wdNifelma ©ime Fiad w qo @ e
o | aem ofs S ARy @ (@Y 8 TAeTeld FiR 6N adew T
wdSifsim | Gifeerga IR wftafes teivmR 2ot oF aw fogem 7«12
FESE ~HE A |
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oS TG AT WU @Pg S TS Al The Swedish Journal of Economics
(TR, $59R)-9 2FI*® G &JCH Weizsacker Carl Christian von 93 G306 @
(AT

In my opinion, because in several fields of research he was able to develop clear and
convincing concepts and models so that unambiguous answers could be found by
mathematical analysis, where before the problems had not been well-defined or perhaps
had not been conceived as problems ....... Conspicious examples are: Arrow’s Social choice
and Individual values and his contributions to Welfare Economics in the Second Berkeley
Symposium on Mathematical Statistics and Probability, his publications on the Economics of
Uncertainty or on the Economic Implications of Learning by Doing. Only after Arrow had
given the basic formulations of the models, were other economists (or he himself) able to
prove unambiguous theorems.

wdifs fReam oofa Afifers 5@, @4 ¢ TET FACER @FE G TENLE FEW
TR o | wdfifen [KfSy ov@ S Ghfers S RojF 8 SRy | S Q@S
Supreme Economic Theorist of the Twentieth Century R Sfeite FE0 | ﬁﬁ?‘fﬁl,
S T G I Y& JJ Al @

“Kenneth Arrow is perhaps one of the most respected and admired living economists. In
many ways, his life is exemplary in that the almost incredible success that have
accompanied him have not, in any way, hardened into that ignorance and pettiness so
common among professional scholars. By all accounts, Arrow ranks highly among
economists and non-economists, orthodox and heterodox, for his, scholarly depth, his wide
ranging interests, his personal and intellectual generosity and openness, and his consistent
refusal to engage in ideological quibbling. If nothing else, Arrow is positive proof of
Pushkin’s conjecture that villainy and genius are two things that can never go together”
(Pushkin, 1832).

However, we must also remind ourselves that his achievements were neither the result of
wild luck nor were they quickly or cheaply bought by hack work, but rather the outcome of an
often painful but nonetheless continuous dedication to the task of the scholar. It is evident
throughout his work that Arrow has maintained the highest standards of rigor, avoiding
oversimplification and ideological rhetoric, clearly aware of and indeed actively demarcating
the limits of applicability of economic theory. In so doing, has achieved and granted to us a
far deeper understanding of both economics and the economic process than might otherwise
have been possible.”
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