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The knowl edge r evol ut i on

Gr aci el a Chi chi l ni sky

Col umbi a Uni ver si t y

Abst r act

We ar e on t he t hr eshol d of a t r ul y r evol ut i onar y er a of di scover y - r angi ng f r om t he

or i gi ns of t he uni ver se t o new st at es of mat t er and mi cr oscopi c machi nes, f r om a new

under st andi ng of t he oceans and of t he bi ol ogi cal connect i ons acr oss t he Ear t h' s speci es

t o t he f unct i oni ng of t he human br ai n and t he or i gi ns of consci ousness . Thi s ` gol den

age' of di scover y, wi t h f r equent br eakt hr oughs occur r i ng vi r t ual l y i n ever y f i el d, i s

i nduci ng f ar - r eachi ng soci al changes . We ar e under goi ng a soci al and economi c

r evol ut i on whi ch mat ches t he i mpact of t he agr i cul t ur al and i ndust r i al r evol ut i ons . Thi s

i s a ` knowl edge r evol ut i on' dr i ven by knowl edge and by t he t echnol ogi es f or

pr ocessi ng and communi cat i ng i t . Knowl edge i s an i nt angi bl e publ i c good . I t i s

pr i vat el y pr oduced, and i t i s r epl aci ng l and and machi nes as t he pr i mar y f act or of

pr oduct i on pr evai l i ng i n t he agr i cul t ur al and i ndust r i al r evol ut i ons . Thi s al t er s t he t er ms

of t he debat e bet ween capi t al i smand soci al i sm, and l eads t o a human- cent r ed soci et y

wi t h di f f er ent t ypes of mar ket s, cor por at e st r uct ur e and f i nanci al st r uct ur es . Pr oper t y

r i ght s on knowl edge ar e key . Human capi t al i s t he engi ne of devel opment . Mar ket s

r equi r e mor e egal i t ar i an di st r i but i on of weal t h f or ef f i ci ent f unct i oni ng . The gol den age

of i ndust r i al soci et y, wi t h i t s vor aci ous and unequal use of t he Ear t h' s r esour ces, i s

r eachi ng i t s l ogi cal l i mi t s . A new pat t er n of economi c gr owt h, knowl edge- i nt ensi ve

gr owt h, r epl aces t he r esour ce- i nt ensi ve pat t er ns t hat pr evai l ed si nce Wor l d War I I . Thi s

l eads t o a vi si on of soci et y t hat i s ver y i nnovat i ve i n t he use of knowl edge and ver y

conser vat i ve i n t he use of t he ear t h' s r esour ces, a new soci et y cent r ed on di ver si t y and

human capi t al and of f er i ng t he pr ospect of subst ant i al economi c pr ogr ess wi t hout

damagi ng t he ecosyst ems t hat suppor t l i f e on ear t h .
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1 . THE KNOWLEDGE REVOLUTI ON

We ar e under goi ng a soci al and economi c r evol ut i on whi ch mat ches t he

i mpact of t he agr i cul t ur al and i ndust r i al r evol ut i ons . I l i ke t o cal l i t t he

knowl edge r evol ut i on, and bel ow I expl ai n why . Radi cal advances i n

i nf or mat i on t echnol ogy ar e an obvi ous mani f est at i on of t hi s change . Under -

l yi ng t hese ar e changes i n t he management of human knowl edge : i n i t s
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cr eat i on and di st r i but i on, and cor r espondi ng changes i n t he or gani zat i on of

soci et y . The dynami cs i n t he wor l d economy t oday ar e i n comput er s and

sof t war e, i n t el ecommuni cat i ons and bi ot echnol ogy, i n ent er t ai nment and

f i nanci al mar ket s . ' I t i s not , as pr evi ousl y t hought , a t r ansf or mat i on f r om

i ndust r i al pr oduct i on t o ser vi ces . We ar e seei ng a t r ansf or mat i on f r om a

r esour ce- i nt ensi ve t o a knowl edge- i nt ensi ve economy .

Knowl edge has al ways been t he dr i vi ng f or ce of change i n human

soci et i es . Tens of t housands of year s ago, t he shi f t f r om a hunt er - gat her er

soci et y t o t he agr i cul t ur al soci et y was dr i ven by t he knowl edge of how t o use

seeds t o sow and har vest f ood . I n t he agr i cul t ur al soci et y t he mai n ` f uel ' i s

f er t i l e l and, but t he knowl edge about how t o use i t i s what changed t he way

humans l i ved, f r om smal l er nomadi c soci et i es t o mor e st abl e, or gani zed and

l ar ger set t l ement s .

The next shi f t , f r om agr i cul t ur al t o i ndust r i al soci et y, occur r ed i n t he

ei ght eent h cent ur y when we l ear ned how t o use machi nes, par t i cul ar l y t he

i nt er nal combust i on engi ne and t he st eamengi ne, t o t r ansf or m f ossi l f uel s i nt o

cont r ol l ed physi cal power . The ` f uel s' of i ndust r i al soci et y ar e f ossi l : coal and

oi l . The i ndust r i al r evol ut i on was dr i ven by knowl edge about how t o use t he

new f uel s .

Bot h t he agr i cul t ur al r evol ut i on and t he i ndust r i al r evol ut i on had one t hi ng

i n common : t he adopt i on of new f uel s and new knowl edge about how t o use

t hem. I n bot h cases t he st andar ds of economi c pr ogr ess wer e associ at ed wi t h

t he i ncr easi ng use of t hese speci f i c ` f uel s' : l and i n t he agr i cul t ur al soci et y, and

f ossi l f uel s i n t he i ndust r i al soci et y . As soci et i es pr osper ed and human

set t l ement s expanded, l and and f ossi l f uel s have been ext ensi vel y used, some

woul d say abused, i n t he pur sui t of economi c pr ogr ess .

The cur r ent r evol ut i on i s al so dr i ven by knowl edge . As wi t h t he t wo

pr evi ous r evol ut i ons, i t i nvol ves new knowl edge about how t o use a new and

di f f er ent f uel : i nf or mat i on t echnol ogy . Thi s f uel i s f undament al l y di f f er ent

because i t i s not physi cal , l i ke l and and f ossi l f uel s . Ther ef or e, economi c

pr ogr ess no l onger means usi ng mor e physi cal r esour ces . Thi s r evol ut i on

br i ngs t he hope of a soci et y i n whi ch economi c pr ogr ess need not mean

i ncr easi ngl y ext ensi ve use of t he ear t h' s r esour ces .

Changes i n l and- use l ed t o t he agr i cul t ur al soci et y . Changes i n t he use of

f ossi l f uel s l ed t o t he i ndust r i al soci et y . And changes i n t he use of i nf or mat i on

t echnol ogy ar e l eadi ng t o what I cal l t he ` knowl edge soci et y' . The knowl edge

r evol ut i on l eads i nevi t abl y t o t he advent of t he knowl edge soci et y, a soci et y

whi ch i s gl obal i n nat ur e, deepl y i nnovat i ve i n and dependent on t he use of

human knowl edge and, at t he same t i me, as ar gued bel ow, conser vat i ve i n t he

use of envi r onment al r esour ces .

The most dynami c sect or s i n t he new soci et y ar e of cour se t hose whi ch

benef i t most f r om t he use of i nf or mat i on t echnol ogy as an i nexpensi ve and

abundant f uel , exact l y as t he most dynami c sect or s i n t he i ndust r i al soci et y

wer e t hose t hat benef i t ed f r om t he use of f ossi l f uel s as an i nexpensi ve and



abundant i nput , and t hose i n t he agr i cul t ur al soci et y wer e t he sect or s usi ng

i nexpensi ve and abundant l and pr oduct s . The new dynami c sect or s ar e

t her ef or e t hose pr oduci ng goods whi ch use i nf or mat i on t echnol ogy t o expand

t he abi l i t y of t he human br ai n t o save, pr ocess, r et r i eve and communi cat e

i nf or mat i on . Exampl es ar e comput er s and sof t war e, t el ecommuni cat i ons and

bi ot echnol ogy, ent er t ai nment and f i nanci al mar ket s, desi gn and ani mat i on,

and al l ser vi ces based on human knowl edge such as medi cal ser vi ces and

educat i on . These ar e sect or s wher e t he mai n i nput t o pr oduct i on i s t he abi l i t y

t o st or e, or gani ze, pr ocess and communi cat e human knowl edge . Thi s i s why

I cal l t hem ' knowl edge- i nt ensi ve' sect or s .

The knowl edge sect or s wi l l expand mor e qui ckl y t han t he r est and

t her ef or e t he r esul t i ng soci et y wi l l pr oduce most l y goods whi ch ar e knowl -

edge- i nt ensi ve, much as t he agr i cul t ur al soci et y pr oduced most l y agr i cul t ur e-

r el at ed goods, and t he i ndust r i al soci et y pr oduced most l y i ndust r y- r el at ed

goods . Thi s i s why I cal l t hi s new soci et y t he ` knowl edge soci et y' . The l ogi c

f or t hi s t er mi s t he same as behi nd our use of t he t er ms ` i ndust r i al soci et y' and

` agr i cul t ur al soci et y' .

None of t hi s means t hat we wi l l cease t o pr oduce f ood or machi nes .

I ndeed, t he i ndust r i al soci et y di d not cease t o pr oduce agr i cul t ur al pr oduct s .

On t he cont r ar y : t he i ndust r i al soci et y used mor e l and and pr oduced mor e

f ood t han t he agr i cul t ur al soci et y di d . However , t he pr opor t i ons of

economi c pr oduct i on wer e al t er ed i n t he i ndust r i al soci et y : most pr oduced

goods i nvol ved i ndust r i al component s . Si mi l ar l y i n t he knowl edge soci et y

we wi l l st i l l pr oduce f ood and machi nes . I t i s al l a mat t er of pr opor t i ons .

An i ncr easi ng f r act i on of economi c out put wi l l be ' knowl edge- i nt ensi ve' ,

and wi l l i nvol ve pr opor t i onat el y mor e use of knowl edge t han l and or

machi nes .

2 . WHAT I S KNOWLEDGE?
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As human knowl edge becomes t he mai n i nput of economi c pr oduct i on, i t i s

i mpor t ant t o f ocus on some of i t s most st r i ki ng pr oper t i es f r om t he poi nt of

vi ew of soci et y .

Knowl edge i s a ` publ i c good' . I t i s wor t h expl ai ni ng why . I t i s a ` publ i c

good' because, at t he physi cal l evel , one can shar e i t wi t h ot her s wi t hout

l osi ng i t . 4 Knowl edge i s not ` r i val ' i n consumpt i on, as ar e appl es or or anges

f or exampl e . One can r est r i ct access t o knowl edge t o gai n economi c

advant age, and t hi s poi nt wi l l be di scussed bel ow. Her e I f ocus on a si mpl e

physi cal f act : I can shar e my knowl edge wi t h t he r eader wi t hout l osi ng i t

mysel f . Thi s i s a di f f er ence f r om ot her f uel s such as l and and machi nes . The

l at t er ar e ` pr i vat e goods' because, i f I use a pi ece of l and, i t i s not avai l abl e

t o ot her s, and t he same i s t r ue wi t h a machi ne .

Thi ngs ar e di f f er ent wi t h knowl edge . The di f f er ence l eads t o a new

cal cul us, a new mat hemat i cal f r amewor k, f or soci o- economi c t hi nki ng . I n
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t he case of knowl edge 1+1 i s not 2 . Rat her , 1- 1=1 .

The knowl edge r evol ut i on i s based on a new t ype of i nput . I t i s non-

physi cal , and i t i s a publ i c good, whi l e machi nes and l and ar e pr i vat e goods .

As a consequence, t he knowl edge r evol ut i on i nt r oduces a change i n soci al and

economi c or gani zat i on . For exampl e, mar ket s wi t h publ i c goods behave

f undament al l y di f f er ent l y f r om t he cl assi cal mar ket s wi t h pr i vat e goods .

Mor e on t hi s bel ow.

Knowl edge i s di f f er ent f r omot her publ i c goods . Acl assi c publ i c good i s l aw

and or der , whi ch i s non- r i val i n consumpt i on . But l awand or der ar e pr ovi ded by

gover nment s, as ar e most publ i c goods . Knowl edge i s di f f er ent : i t i s pr ovi ded

most l y pr i vat el y . I ndi vi dual s cr eat e knowl edge . Thi s does not excl ude soci al l y-

cr eat ed knowl edge, emer gi ng f r omeducat i onal syst ems and t he cul t ur al her i t -

age of soci et y . But i t poi nt s out anot her di f f er ence . The knowl edge soci et y has

one i mpor t ant i nput of pr oduct i on, whi ch i s unusual i n bei ng a publ i c good t hat

i s pr i vat el y pr oduced .

Al l t hi s i s new. Soci ol ogy, pol i t i cal sci ences and economi cs ar e st i l l

l ear ni ng t o expl ai n a soci et y based on such i nput s . The economi cs of

knowl edge i s i n i t s i nf ancy, and r eady f or gr owt h . Most devel opi ng count r i es

and many advanced count r i es, such as Japan, have no syst ems t o pr ot ect t he

owner shi p of knowl edge embodi ed i n sof t war e . Mar ket s wi t h knowl edge ar e

mar ket s wi t h pr i vat el y pr oduced publ i c goods, and t hese behave qui t e

di f f er ent l y f r om cl assi cal mar ket s . A newl y di scover ed f act i s t hat , i n t hese

mar ket s, ef f i ci ency and di st r i but i on ar e ver y cl osel y i nt er l i nked, i n a

di st i nct i ve way . 6 For ef f i ci ency, t he di st r i but i on of pr oper t y r i ght s must be

r el at i vel y mor e egal i t ar i an, assi gni ng mor e publ i c goods t o t hose who own

f ewer pr i vat e goods . Thi s i s i n cont r ast wi t h convent i onal mar ket s wher e

ef f i ci ency and di st r i but i on ar e di vor ced f r omeach ot her .

I n t he new soci et y based on knowl edge, mar ket s may r equi r e a mor e equal

di st r i but i on of weal t h t o f unct i on ef f i ci ent l y . The knowl edge soci et y coul d be

mor e egal i t ar i an t han t he i ndust r i al and t he agr i cul t ur al soci et i es, al t hough

t hi s i s onl y a wel l - i nf or med hope .

Anot her ar gument i n f avour of t hi s hope i s t hat knowl edge put s humans

r at her t han l and or machi nes at t he cent r e of economi c pr ogr ess . Knowl edge i s

pr i vat el y pr oduced f ood and, at t he pur el y physi cal l evel , i t r esi des most l y i n t he

human br ai n . The most i nt er est i ng and i nnovat i ve knowl edge or i gi nat es f r om

human br ai ns . Al t hough much knowl edge r esi des i n physi cal and el ect r oni c

medi a, such as books and CD- Roms, t he abi l i t y t o cr eat e new knowl edge and

adapt or cr oss- f er t i l i ze acr oss di f f er ent ar eas r esi des i n humans .

Human br ai ns, however , cannot be t r aded due t o non- sl aver y l aws . ' Thi s

cr uci al i nput of pr oduct i on, knowl edge, escapes t he r at i onal e of t r adi t i onal

mar ket economi cs i n t hat f ut ur e mar ket s f or l abour , and t her ef or e f or

knowl edge, do not exi st by l aw i n most advanced soci et i es . $ Ther e i s t her ef or e

a ` mar ket i mper f ect i on' bui l t i nt o our l aws : non- sl aver y r est r i ct s t r ade i n

knowl edge . The mar ket f or knowl edge i s qui t e di f f er ent f r omot her mar ket s .



3 . CAPI TALI SMANDCORPORATE STRUCTURE

The knowl edge r evol ut i on

	

4 3

An ext r aor di nar y t ug of war bet ween capi t al i sm and soci al i smhas domi nat ed

wor l d pol i t i cs and economi c t hi nki ng f or sever al decades . The basi s of

capi t al i sm i s t he pr i vat e owner shi p of capi t al ; soci al i sm, on t he ot her hand

advocat es st at e owner shi p or ot her f or ms of publ i c cont r ol of capi t al . The

di st i nct i on i s by no means obsol et e : pr i vat i zat i on i s one of t he pr econdi t i ons

whi ch t he I MF pl aced on Russi a f or appr ovi ng i t s pol i t i cal l y cr uci al $10

bi l l i on l oan r ecent l y, a l oan whi ch was meant t o hel p def eat communi sm i n

t he pol l s . The ot her I MF pr econdi t i on was t o dr op expor t t axes on pet r ol eum,

t o al l ow f or a cheaper f l ow of f ossi l f uel s t o t he wor l d economy, as Russi a has

ver y l ar ge r eser ves . The domi nant vi ew i n i nt er nat i onal economi c i nst i t ut i ons

f or t he l ast 50 year s has been t hat cheap and abundant r esour ces, and

ext ensi ve r esour ce- i nt ensi ve expor t s, ar e t he mai n component s of a successf ul

devel opment pol i cy .

Bel ow, I ar gue agai nst gr owt h based on cheap r esour ces . Her e I wi sh t o

poi nt out t hat t he i ssue of owner shi p of capi t al , whi ch i s at t he cor e of t he

di st i nct i on bet ween capi t al i sm and of soci al i sm, i s becomi ng l ess i mpor t ant .

Ther ef or e, t he t r adi t i onal debat e bet ween t hese posi t i ons i s becomi ng

obsol et e . Let me expl ai n .

Capi t al and machi nes ar e cr uci al i n t he i ndust r i al soci et y . But t he mai n

scar ce f act or of pr oduct i on i s no l onger capi t al . Knowl edge and i deas ar e

mor e i mpor t ant t oday and mor e scar ce t han capi t al . Who owns t he capi t al i s

no l onger t he mai n i ssue . Owner shi p of i deas i s becomi ng mor e cr i t i cal . The

owner shi p of ` i nt el l ect ual capi t al ' i s key . As was poi nt ed out above, t hi s t ype

of capi t al i s di f f er ent i n a number of ways f r om st andar d capi t al , and mar ket s

whi ch t r ade pr oper t y r i ght s on knowl edge, or ` i nt el l ect ual capi t al ' behave

qui t e di f f er ent l y f r omour cl assi cal mar ket s .

Thi nk of i deas i n t he t echnol ogy and ent er t ai nment sect or s, t he most

dynami c sect or s i n t he US economy t oday . I f one has a gr eat i dea i n t hese

ar eas, capi t al wi l l come t o i t . A cor por at i on wi l l r eal i ze i t . Thi s i s t he r ol e of

t he moder n f i nanci al mar ket s and of t he cor por at e st r uct ur e . The ext r a-

or di nar i l y successf ul devel opment of t hese t wo cr eat ur es of capi t al i sm, t he

cor por at i on and t he f i nanci al mar ket , i s t r ansf or mi ng i t s f oundat i ons .

Capi t al i sm i s evol vi ng . Physi cal capi t al i s no l onger i t s most i mpor t ant

f or ce. I deas and knowl edge have r epl aced i t . I deas and knowl edge r esi de i n

t he heads of i ndi vi dual s and gr oups, so t hat human capi t al r ul es t he

knowl edge economy . A r ecent st udy by t he Wor l d Bank document s t hi s f act .

I t r anks count r i es by t hei r weal t h, and t hei r human and physi cal capi t al . The

l at t er i ncl udes nat ur al and manuf act ur ed capi t al . The Wor l d Bank dat a show

t hat f or many of t he most i ndust r i al l y advanced count r i es, human capi t al

expl ai ns weal t h t wo or t hr ee t i mes bet t er t han physi cal capi t al , see Fi gur e 1 .

I n t he ol d i ndust r i al soci et y t he owner shi p of capi t al i s al l i mpor t ant . I n t he

new knowl edge soci et y t he owner shi p of knowl edge i s al l i mpor t ant . Pr oper t y
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Fi gur e I Wor l d Bank dat a on weal t h composi t i on, f r omSer agel di n ( 1995)

r i ght s over knowl edge ar e becomi ng mor e i mpor t ant t han pr oper t y r i ght s on

capi t al . One sees t hi s i n t he i ncr easi ng emphasi s pl aced on i nt el l ect ual

pr oper t y r i ght s by t he US gover nment i n i nt er nat i onal negot i at i ons . I nt el l ec-

t ual capi t al i s qui t e di f f er ent f r omcapi t al .

As al r eady not ed, knowl edge i s an i nt angi bl e publ i c good t hat i s pr i vat el y

pr oduced . The cal cul us of knowl edge i s t her ef or e qui t e di f f er ent f r om

anyt hi ng el se . To a cer t ai n ext ent t he mor e one gi ves, t he mor e one has .

To t ake advant age of t he ext r aor di nar y f eat ur es of knowl edge, however ,

one needs appr opr i at e i nst i t ut i ons . As al r eady poi nt ed out , mar ket s f unct i on

qui t e di f f er ent l y when knowl edge i s t r aded . Pr oper t y r i ght s pl ay a ver y

i mpor t ant r ol e i n i nduci ng mar ket ef f i ci ency . The i mpor t ance of f i ndi ng

appr opr i at e r egi mes f or pr oper t y r i ght s on knowl edge shoul d not be

under est i mat ed : t hese ar e at t he cor e of t he knowl edge soci et y . 9 We ar e

movi ng t o a ver si on of capi t al i sm i n whi ch mar ket s f or knowl edge, or f or t he

r i ght s t o use i t , wi l l be cent r al component s . ' °

4 . ORGANI ZATI ON OF PRODUCTI ON

I t i s wel l known t hat knowl edge l eads t o economi es of scal e associ at ed wi t h

` l ear ni ng by doi ng' . ' The benef i t s f r om l ar ge- scal e pr oduct i on ar e not new:

ai r cr af t pr oduct i on i s a cl assi c exampl e . Thi s ar i ses f r om t he need f or l ar ge



si ze pl ant s and si zabl e equi pment , and l eads t o nat ur al monopol i es . However ,

r ecent r esear ch i ndi cat es t hat knowl edge l eads t o a di f f er ent t ype of i ncr easi ng

r et ur ns t o scal e .
' 2

Lar ger mar ket s hel p achi eve mor e ef f i ci ency, but l ar ge si ze

pl ant s and equi pment may be unnecessar y . Fi r m si ze may no l onger mat t er .

Some of t he most pr oduct i ve knowl edge- dr i ven f i r ms ar e smal l and l abour

i nt ensi ve . Sof t war e pr oduct i on i s an excel l ent exampl e ; anot her i s gar ment

desi gn- and- mar ket i ng chai ns such as Benet t on . Her e, i ncr eased pr oduct i vi t y

occur s t hr ough mobi l i t y of l abour bet ween f i r ms i n t he same sect or . As t he

sect or expands we l ear n mor e and become mor e pr oduct i ve . Each f i r m may

be smal l , and st i l l r eap t hese benef i t s .

Thi s means t hat we may obser ve economi es of scal e wi t h f i r ms smal l

enough t o be compet i t i ve . The l oss of economi c ef f i ci ency due t o monopol i s-

t i c behavi our i s mi ni mi zed . For exampl e Mi cr osof t and Compac ar e ver y

l ar ge f i r ms . But t hey ar e ` di sci pl i ned' i n t er ms of pr i ces by t hr eat s f r om smal l

compet i t or s, whi ch do not need l ar ge pl ant s or equi pment t o oper at e . One can

si mul t aneousl y have compet i t i ve mar ket s and economi es of scal e whi ch ar e

ext er nal t o t he f i r m. Thi s coul d not happen i n t r adi t i onal sect or s i n whi ch

economi es of scal e r equi r e l ar ge si ze and l ead t o monopol i es .

I n knowl edge- i nt ensi ve sect or s, cooper at i on bet ween f i r ms dr i ves i n-

cr eases i n pr oduct i vi t y as much as does compet i t i on . Si l i con Val l ey cont ai ns

exampl es of t hi s phenomenon, and t he most r ecent management l i t er at ur e

al r eady poi nt s out such ef f ect s i n t he st r uct ur e of t he newcor por at i ons . 1 3

5 . KNOWLEDGEANDTHE ENVI RONMENT
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Economi c gr owt h i n t he i ndust r i al soci et y has occur r ed l ar gel y by ext ensi ve

r epl i cat i on of i ndust r i al act i vi t y, based on i nt ensi ve use of f ossi l f uel s and

gener al l y of t he Ear t h' s r esour ces . Thi s i nvol ved t he use of nat ur al and

envi r onment al r esour ces such as t he at mospher e, bodi es of wat er , and

l andscapes . Thi s gr owt h has been f uel l ed by f ossi l ener gy sour ces, ef f ect i vel y

har nessed by t he st eamengi ne and t he i nt er nal combust i on engi ne . Economi c

gr owt h i n t he i ndust r i al soci et y has meant doi ng mor e wi t h mor e .

Dr i ven by i t s own success, t he i ndust r i al economy i s comi ng t o i t s l ogi cal

end. The l ast 50 year s si nce t he end of Wor l d War I I wer e t he gol den age of

t he i ndust r i al soci et y. The Uni t ed Nat i ons and t he Br et t on Wood i nst i t ut i ons

( e . g . I MF, The Wor l d Bank, GATT) measur ed economi c pr ogr ess by t he GDP

per capi t a . They coul d have equal l y measur ed economi c pr ogr ess by t he use

of ener gy per capi t a : i n t he i ndust r i al soci et y bot h ar e so cl osel y r el at ed as t o

be one and t he same . Today ener gy comes most l y f r om f ossi l f uel s, and t hi s

has l ed t o gl obal envi r onment al t hr eat s . Because of i t s ext r aor di nar y success,

t he i ndust r i al soci et y i s now damagi ng i t sel f . Maj or i nt er nat i onal or gani za-

t i ons document t hat , over t he past 50 year s, r unaway consumpt i on of

r esour ces, i ncl udi ng f ossi l f uel s and at mospher i c r esour ces,
14

has l ed t o

depl et i on of t he pl anet ' s ozone l ayer , t o mass dest r uct i on of bi or esour ces, and
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pot ent i al l y t o gl obal cl i mat e change . ' -' For t he f i r st t i me i n hi st or y human

act i vi t y has r eached l evel s at whi ch i t t hr eat ens t he at mospher e of t he pl anet ,
i t s bodi es of wat er and i t s bi odi ver si t y . The dest r uct i on of f or est cover i s

pr oceedi ng at a r at e whi ch has no pr ecedent . Ther e i s gr owi ng concer n about
t he i mpact of ener gy use on t he pl anet ' s cl i mat e .

We ar e i n t he f i r st st age of what coul d be, i f compl et ed, t he l ar gest ever

ant hr opogeni c envi r onment al t r ansf or mat i on of t he pl anet .
' 6

The i mpact of

t hi s i s bei ng seen i n many devel opi ng count r i es, wher e def or est at i on and

t he l ack of cl ean wat er pose ser i ous t hr eat s t o human sur vi val . Thi s

unpr ecedent ed envi r onment al t r ansf or mat i on i s dr i ven by our i nabi l i t y t o
r eal i ze t he val ue of pr eci ous r esour ces wi t hout dest r oyi ng t hem. I t ar i ses

f r om our f ai l ur e t o ar t i cul at e r oper connect i ons bet ween envi r onment al

asset s, economi cs and mar ket s . ' I n many cases t he sol ut i on r equi r es new
syst ems of pr oper t y r i ght s on hi t her t o open access r esour ces such as wat er ,
t he at mospher e, and bi odi ver si t y . To pr event i r r ever si bl e l osses we need t o

devi se mechani sms whi ch can medi at e mor e ef f ect i vel y bet ween t he mar ket
and t he envi r onment .

At t hi s cr i t i cal j unct ur e, t he knowl edge r evol ut i on coul d of f er an

al t er nat i ve model of human economi c and soci al pr ogr ess, one based l ess
on t he use of f ossi l f uel and envi r onment al r esour ces and mor e on human
knowl edge and t he syst ems whi ch di ssemi nat e and use i t .

' g
A wor l d wher e

economi c pr ogr ess means achi evi ng mor e wi t h l ess, r at her t han doi ng mor e
wi t h mor e .

6. THE DEVELOPI NGWORLD

Nor t h- sout h r el at i ons, namel y t he economi c and pol i t i cal r el at i ons bet ween
i ndust r i al and devel opi ng nat i ons, ar e i mpl i cat ed . Al t hough col oni al i sm

ended af t er Wor l d War I I , devel opi ng nat i ons st i l l speci al i ze i n r esour ces and
r esour ce- i nt ensi ve pr oduct s . These ar e most l y pr oduced f or i nt er nat i onal

mar ket s, and ar e t r aded bel ow soci al cost s and ar e over consumed i n i ndust r i al
nat i ons . ' 9 Much of t hi s mar ket di sl ocat i on comes f r omdi f f er ences i n pr oper t y
r i ght s bet ween i ndust r i al and devel opi ng count r i es : i n t he l at t er , nat ur al

r esour ces ar e mor e l i kel y t o be hel d as open access or common pr oper t y
r esour ces . Lack of pr oper t y r i ght s i nduces an appar ent compar at i ve advant age
on r esour ce i nt ensi ve pr oduct s on t he par t of devel opi ng count r i es wher e, i n

f act , t her e may be none . 2° I n a t r agi c mi sunder st andi ng of t he pr i nci pl es of
devel opment and t r ade, i nt er nat i onal or gani zat i ons st i l l advocat e t hat devel -
opi ng count r i es i ncr ease t he expor t s of r aw mat er i al s and agr i cul t ur al

pr oduct s at under val ued exchange r at es, at pr i ces whi ch ar e of t en bel ow soci al
cost s . The I MF makes t hi s a pr econdi t i on f or l oans t o Mexi co and Russi a
t oday. The pr obl em of over use of envi r onment al r esour ces i s gl obal . No
pol i cy t hat i gnor es t hi s connect i on can wor k .

An al t er nat i ve model of economi c devel opment has been f ol l owed by t he
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sout heast Asi an nat i ons . Thi s was based on t echnol ogi cal pr ogr ess and a r api d

shi f t away f r om r esour ce- based gr owt h . Thei r ext r aor di nar y success has not

been wi t hout envi r onment al cost . But t he wor l d has t aken not i ce .

The chal l enge i s t o devel op and i mpl ement a model of economi c

devel opment whi ch, r at her t han f ossi l f uel s, uses knowl edge as a f uel . A

model wher e humans count mor e t han anyt hi ng el se because t hey pr oduce,

cont ai n and di st r i but e t he ul t i mat e sour ce of economi c val ue : knowl edge . A

model wher e, r at her t han coal and pet r ol eum, we bur n knowl edge . Such a

model can l eapf r og t he heavy i ndust r i al i zat i on per i od whi ch t he now

devel oped count r i es f ol l owed i nt o t he knowl edge soci et y . Sever al devel opi ng

count r i es, not abl y Bar bados, Phi l l i pi nes, Si ngapor e and par t s of I ndi a, ar e

al r eady f ol l owi ng t hi s r oad . I ndi a' s i ncr easi ngl y conf i dent sof t war e i ndust r y

has now a t ur nover of US$1 . 2 bi l l i on, est abl i shed l ess t han a decade ago.

East meet s West f or mut ual benef i t s - and i n t hi s cr uci al sunr i se ar ea par t s of

I ndi a l eapf r og ahead of many i ndust r i al count r i es . Mor e on t hi s and exampl es,

f ol l ow bel ow.

A pol i cy i mpl i cat i on t hat emer ges f r om t hi s concept ual i zat i on of t he

knowl edge r evol ut i on i s t he need t o shi f t r api dl y t o hi gh- t ech i ndust r i es and

t o pr ovi de wi despr ead educat i on f or pr oduci ng t he human capi t al needed f or

economi c pr ogr ess . 22 For exampl e, i n t he 1995 Wor l d Compet i t i veness

Repor t , Si ngapor e and Tai wan wer e r at ed f i r st and t hi r d i n t er ms of t he

abi l i t i es of t hei r educat i onal syst ems t o meet ` t he needs of a compet i t i ve

economy' . One of t he most st r i ki ng char act er i st i cs of Si ngapor e, Tai wan and

Sout h Kor ea has been t hei r emphasi s on r ai si ng t he educat i onal st andar ds of

t he ent i r e popul at i on r at her t han f ocusi ng on an el i t e, as i n t he cases of

Paki st an and I ndi a. These count r i es have consi st ent l y exhi bi t ed t he hi ghest

r at es of economi c gr owt h i n t he wor l d i n t he l ast decade ( see f i gur e 2) .

Wi despr ead sci ent i f i c and mat hemat i cal compet ence ar e good pr edi ct or s of

t he compet i t i ve posi t i on and r at e of economi c pr ogr ess of a nat i on .

Fur t her mor e, t hey ar e i mpor t ant i n t he i mpl ement at i on of devel opment

st r at egi es whi ch ar e knowl edge i nt ensi ve and ar e based on f i nanci al mar ket s,

comput er s and sof t war e, bi ot echnol ogi es, or any of t he emer gi ng envi r -

onment al l y- beni gn sect or s .

By cont r ast , t he t wo ar eas whi ch r emai ned most r esour ce- i nt ensi ve, Lat i n

Amer i ca and Af r i ca, have r emai ned behi nd and r emi nd us pai nf ul l y of t hei r

mi sunder st andi ng of economi c devel opment .

The advent of t he knowl edge soci et y coul d not be mor e t i mel y . The sunset

sect or s of t he i ndust r i al economy ar e r esour ce i nt ensi ve : heavy i ndust r y uses

pr omi nent l y chemi cal s, mi ner al s and ener gy . The sunset sect or s i n t he

agr i cul t ur al economy ar e al so r esour ce i nt ensi ve : t hey use l and, wat er and

chemi cal s . By cont r ast , some of t he most i mpor t ant sunr i se sect or s i n t he

knowl edge soci et y ar e envi r onment al l y f r i endl y . Human knowl edge does not

need l ar ge- scal e depl oyment of mat er i al s . One i s r emi nded of t he comment

of Gener al Mot or s' s CFO when Mi cr osof t f i r st passed Gener al Mot or s i n
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Fi gur e 2 Sci ent i f i c at t ai nment f or sel ect ed count r i es . Sour ce : Educat i onal Test i ng

Ser vi ces, Pr i ncet on N. J . ( 1992)

mar ket capi t al i zat i on : ` Mi cr osof t - t hei r asset s coul d f i t i n our par ki ng l ot ! '

I n sum: economi c pr ogr ess dur i ng t he i ndust r i al soci et y meant doi ng mor e

wi t h mor e . Whet her we l i ke i t or not , t i mes have changed . I t must nowmean ach-

Tabl e 1 . Mat h and Sci ence Scor es

2+2- ?

13- year - ol ds aver age scor e i n TI MSS' ( i nt . aver age=

Mat hs Sci ences

500)

I Si ngapor e 643 Si ngapor e 607

2 Sout h Kor ea 607 Czech Republ i c 574

3 Japan 605 Japan 571

4 Ho Kong 588 Sout h Kor ea 565

5 Bel gi um
( F" ) 565 Bul gar i a 565

6 Czech Republ i c 564 Net her l ands 560

7 Sl ovaki a 547 Sl oveni a 560

8 Swi t zer l and 545 Aust r i a 558

9 Net her l ands 541 Hungar y 554

10 Sl oveni a 541 Engl and 552

11 Bul gar i a 540 Eel i um
( F" )

550

12 Aust r i a 539 Aust r al i a 545

13 Fr ance 538 Sl ovaki a 54 4

14 Russi a 538

15 Russi a 535 I r el and 538

16 Aust r al i a 530 Sweden 535

17 I r el and 527 Uni t ed St at es 534

18 Canada 527 Canada 531

19 Bel i um ( W" ' ) 526 Ger man 531

20 Thai l and 522 Nor way 527

21 I sr ael 522 Thai l and 525

22 Sweden 519 New Zeal and 525

23 Ger man 509 I sr ael 524

24 NewZeal and 508 Hon Kong 522

25 Engl and 506 Swi t zer l and 522

26 Nor way 503 Scot l and 517

27 Denmar k 502 Spai n 517

28 Uni t ed St at es 500 Fr ance 498

29 Scot l and 498 Gr eece 497

30 Lat vi a 493 I cel and 494

31 Spai n 487 Romani a 486

32 I cel and 487 Lat vi a 485

33 Gr eece 484 Por t ugal 480

34 Romani a 482 Denmar k 478

35 Li t huani a 477 Li t huani a 476

36 Cypr us 474 Bel gi um
( W. ») 471

37 Por t ugal 454 I r an 470

38 I r an 428 Cypr us 463

39, Kuwai t 392 Kuwai t 430

40 Col umbi a 354 Col ombi a 411

41 Sout h Af r i ca 354 Sout h Af r i ca 326

' Thi r d I nWr i at i onal Mat hs and Sci ences St udy

sour ce: TI MSS

- Fl ander s " ' wauoni a
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i evi ng mor e wi t h l ess . Economi c pr ogr ess shoul d be r edef i ned : when pr ogr ess i s

measur ed pr oper l y, i t coul d i nvol ve l ess consumpt i on i n physi cal t er ms .

7 . FI NANCI AL MARKETS, EMPLOYMENTANDWELFARE

Some of t he most i nt er est i nf f i nanci al mar ket s whi ch ar e evol vi ng t oday

ar e envi r onment al l y dr i ven .
a

Exampl es ar e mar ket s f or t r adi ng sul phur

di oxi de emi ssi ons i n Chi cago. Cat ast r ophe f ut ur es 25 can be t r aded i n

Chi cago, t o shor e up t he r ei nsur ance of cat ast r ophi c r i sks . Recent l y Mer r i l l

Lynch and Mor gan St anl ey have f l oat ed ` hur r i cane bonds' t hat of f er si mi l ar

f aci l i t i es . Wat er mar ket s ar e emer gi ng i n Cal i f or ni a . Apr oposal by t hi s aut hor

f or gl obal gr eenhouse gas emi ssi on mar ket s has now been accept ed by 166

nat i ons i n t he Kyot o Pr ot ocol of December 1997 . 26 Fi nanci al mar ket s can

medi at e bet ween t he st andar d mar ket s and t he envi r onment and r epr esent

t he way advanced soci et i es hedge r i sks .

Anot her aspect of f i nanci al mar ket s t hat i s of t en over l ooked, i s t hei r i mpact

on empl oyment . Most new empl oyment i n t he US dur i ng t he l ast 20 year s was

gener at ed by smal l new cor por at i ons dr i ven by r i sk capi t al . These f i r ms

embody t he newknowl edge, and expl oi t i t f ast er t han t he l ar ger cor por at i ons .

Eur ope has knowl edge, but i t has r at her i nf l exi bl e f i nanci al mar ket s,

domi nat ed by l ar ge compl acent banks . Fr ance and Ger many ar e pr omi nent

exampl es of f i nanci al syst ems t hat wer e t r adi t i onal l y dr i ven by l ar ge and

successf ul banks, such as Cr edi t Lyonnes and Deut sche Bank . The per f or m-

ance of t hese t wo banks i s now under cl ose scr ut i ny, and Chancel l or Kohl has

r ecent l y admi t t ed t hat f i nanci al syst em r ef or mi s one of hi s mai n pr i or i t i es .

The US has a bet t er r ecor d of commer ci al expl oi t at i on of i nnovat i ons

because i t has mor e f l exi bl e f i nanci al mar ket s . Thi s i s t he mai n r eason why

t he US has much l ower unempl oyment r at es t han t he EU: l ess t han 5 per

cent unempl oyment t oday compar ed wi t h 10- 15 per cent i n many of

Eur ope' s advanced economi es . The US has exper i enced much mor e j ob

cr eat i on i n t he l ast t wo decades t han Eur ope . Many of t hese new j obs

emer ged i n smal l st ar t - up ski l l i nt ensi ve f i r ms, amongst t hem many whi ch

have event ual l y become househol d names . Many of t hese have been i n t he

medi a and t echnol ogy ar eas, pr oduct s of t he capaci t y of t he vent ur e capi t al

syst em t o r ai se capi t al and t he abi l i t y t o est abl i sh pr oper t y r i ght s i n i deas .

I nst i t ut i ons have been cr uci al her e . Fi nanci al mar ket s and pr oper t y r i ght s

over knowl edge i nt er act : f or t he i nt er act i ons t o be most pr oduct i ve, bot h

need t o be cor r ect l y desi gned .

8. SOCI AL DI VERSI TY

Soci al di ver si t y i s anot her i mpor t ant f act or i n t he knowl edge soci et y. I n many

cases t he mor e di ver se i s a soci et y, t he mor e i t can i nnovat e by cr oss-

f er t i l i zat i on of i deas f r omdi f f er ent sour ces . I nnovat i on i s not al ways wel come
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i n t he agr i cul t ur al or i ndust r i al soci et y because i t can di sr upt t he est abl i shed

or der . Or der and or gani zat i on ar e t he f oundat i ons of pr oduct i vi t y i n t hose

soci et i es . But t hi s i s not necessar i l y so i n t he knowl edge soci et y . Change,

even chaos, can be pr oduct i ve . The knowl edge soci et y can change mor e

r api dl y and can absor b i nnovat i on wi t h l ess t r auma . Soci et i es can l eap di r ect l y

f r om agr ar i an t o knowl edge soci et i es wi t hout goi ng t hr ough a per i od of heavy

i ndust r i al i zat i on . A pr omi nent exampl e i n t he Mi dwest of t he US i s t he ar ea

i n t he gr eat l akes sur r oundi ng Chi cago, an ar ea wher e agr i cul t ur al mar ket s

have l ed t o f i nanci al mar ket s, and anot her i s Tuscany i n I t al y, a wi ne and

ol i ves economy whi ch i s moder ni zi ng wi t hout goi ng t hr ough heavy i ndus-

t r i al i zat i on . As al r eady poi nt ed out , i n t he devel opi ng wor l d, Bar bados, I ndi a

and t he Phi l i ppi nes ar e f ol l owi ng si mi l ar r oads .

Soci al di ver si t y i s however cost l y i n a wor l d i n whi ch wor k i s or gani zed

ar ound t he ol d f ashi oned pr i nci pl es of t he i ndust r i al soci et y . Recent r esear ch

has shown t hat t r adi t i onal mar ket s can onl y oper at e wi t hi n a l i mi t ed amount

of soci al di ver si t y . 27 The same i s t r ue of vot i ng syst ems and st r at egi c sol ut i ons

i nvol vi ng game t heor y . Al l t hese syst ems of r esour ce al l ocat i ons, t he

f oundat i on of moder n economi cs, f unct i on wi t hi n nar r ow l i mi t s of soci al

di ver si t y t hat can be measur ed by a t opol ogi cal obj ect , an i nvar i ant t hat

gauges soci al di ver si t y . 29

Soci al di ver si t y has an obvi ous mani f est at i on t hr ough unempl oyment .

Much unempl oyment i s caused by l ack of educat i onal access, and t hi s access

i s of t en connect ed wi t h di f f er ences i n t he endowment s and t he pr ef er ences of

t he t r ader s i n a mar ket economy, pr eci sel y as measur ed by my def i ni t i on of

soci al di ver si t y . 3° Today' s excess demand f or t echni cal ser vi ces i s mat ched by

t he excess suppl y of wor ker s wi t h ol d- f ashi oned ski l l s .

Labour mobi l i t y di st r i but es knowl edge ar ound and, by doi ng so, gener at es

posi t i ve ext er nal i t i es . Soci et y gai ns, but i ndi vi dual s of t en l ose . The US

wor ker i s dr i ven t oday by f ear s of l osi ng j obs and t he cor r espondi ng pl ace i n

soci et y, per haps mor e so t han i n t he past . One r eason i s t hat most j obs ar e i n

ski l l ed sect or s t o whi ch an ol der popul at i on of wor ker s may not have r eady

access . Wi t hout pr oper i nst i t ut i ons, i ndi vi dual s ar e j ust i f i abl y i nsecur e .

Wel f ar e syst ems ar e out dat ed . Ever yone agr ees t hat t hey must change .

9. POVERTYANDHUMANCAPI TAL

I t i s no secr et t hat f or a young Amer i can wor ker t he most i mpor t ant

det er mi nant of access t o gai nf ul empl oyment i s appr opr i at e educat i on . Af t er

many year s of quest i oni ng t he i ssue, soci al sci ent i st s have f i nal l y accept ed t he

f act t hat educat i on means hi gher i ncome, and mor e educat i on, i n t he r i ght

sect or s, means much hi gher i ncome . I t i s al so no secr et t hat bet t er human

capi t al means bet t er pr oduct i vi t y and, t her ef or e, i n a mar ket economy, bet t er

wages . The val ue of educat i on used t o be r egar ded wi t h deep suspi ci on and

scept i ci sm. No mor e . The r i ght educat i on opens t he door s t o empl oyment and



t o soci al par t i ci pat i on . The r i ght educat i on i s t he gol den key t o t he knowl edge

soci et y .

The chal l enge i s how t o make t he knowl edge r evol ut i on accessi bl e t o t he

under cl ass i n i ndust r i al count r i es and t o t he l ar ge mass of peopl e, about one

bi l l i on st r onf , who l i ve t oday i n devel opi ng count r i es bel ow t hei r mi ni mal

basi c needs . 2 The chal l enge of usi ng knowl edge t o f i ght pover t y i s, however ,

enor mous . The t ask may be i mpossi bl e i n t he shor t r un, but i t i s never t hel ess

of over r i di ng i mpor t ance . Ther e ar e no accept abl e al t er nat i ves .

We know t hat i n t oday' s i ndust r i al wor l d unempl oyment means pover t y,

and l ack of educat i on means unempl oyment . I n t he devel opi ng wor l d st andar d

r esour ce- i nt ensi ve devel opment pol i ci es have l ef t a l egacy of f ai l ur e,

di sappoi nt ment and of t en anger . I ndi a, t he Phi l i ppi nes, and even Bar bados ar e

at t he f or ef r ont of a new wave of economi c devel opment whi ch updat es t he

sout h- east Asi an model t o t he wor l d of t he knowl edge r evol ut i on . I ndi a i s one

of t he wor l d' s most successf ul sof t war e expor t er s . Pr oper l y har nessed by

updat ed i nst i t ut i ons, knowl edge may be t he key t o successf ul economi c

devel opment acr oss t he ent i r e wor l d .

10 . CONCLUSI ONS

The knowl edge r evol ut i on

	

5 1

The knowl edge r evol ut i on i s changi ng soci et y .

Knowl edge i s an i nt angi bl e pr i vat el y pr oduced publ i c good, and i s t oday

t he key det er mi nant of economi c and soci al pr ogr ess .

The pr i macy of knowl edge as an i nput and as an asset has t he pot ent i al

of al t er i ng l ong- st andi ng debat es on t he r el at i ve advant ages of capi t al i sm

and soci al i sm, and mor e gener al l y of f r ee mar ket s and gover nment

i nt er vent i on .

I n a knowl edge- based soci et y, mar ket s behave di f f er ent l y and r equi r e

mor e egal i t ar i an pat t er ns of di st r i but i on of r esour ces i n or der t o achi eve

ef f i ci ency .

The pr i macy of human capi t al can l ead t o changes i n t he di st r i but i on of

i ncome and weal t h, i n cor por at e st r uct ur e and f i nanci al mar ket s, and i n

t he envi r onment al i mpact of economi c act i vi t y . I t can l ead t o new pat t er ns

of devel opment and char t new r el at i onshi ps bet ween i ndust r i al and

devel opi ng count r i es .

Si nce t he knowl edge soci et y i s mor e i nnovat i ve, t he cr oss- f er t i l i zat i on of

di f f er ent i deas and ways of t hi nki ng may pr ove val uabl e . The cr eat i on of

knowl edge may f l our i sh i n soci et i es t hat ar e mor e soci al l y di ver se t han

t hose pr evai l i ng under t he i ndust r i al and t he agr i cul t ur al soci et i es .

Knowl edge- i nt ensi ve devel opment i s t he key t o economi c pr ogr ess . I t

r epl aces r esour ce- i nt ensi ve gr owt h, whi ch domi nat ed t he wor l d economy

si nce Wor l d War I l and l ed t o a deep and ext ensi ve dest r uct i on of

bi or esour ces, and t o subst ant i al al t er at i ons t o t he ecol ogi cal syst ems t hat

suppor t l i f e on ear t h .
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NOTES

The knowl edge soci et y i s i nnovat i ve and di ver se, but deepl y conser vat i ve

i n t he use of t he Ear t h' s r esour ces . Humans and human capi t al ar e at t he

cent r e of economi c pr ogr ess, r epl aci ng capi t al and mat er i al pr oper t y . I n

t hi s soci et y, economi c pr ogr ess means achi evi ng mor e wi t h l ess mat er i al

i nput s, and wi t hout dest r oyi ng t he ecosyst ems t o whi ch t he human

speci es has adapt ed opt i mal l y t hr oughout t he ages .

1

	

Today, mor e Amer i cans make semi conduct or s t han const r uct i on machi ner y, and t he

Nor t h Amer i can t el ecommuni cat i ons i ndust r y empl oys mor e peopl e t han t he aut o and

t he aut o- par t s i ndust r i es combi ned . See f or exampl e Beck ( 1992) .

2

	

Today t he US heal t h and medi cal i ndust r y al one has become l ar ger t han oi l r ef i ni ng,

ai r cr af t , aut os, aut o par t s, l oggi ng, st eel and shi ppi ng put t oget her . Mor e Amer i cans

wor k i n bi ot echnol ogy t han i n t he ent i r e machi ne- t ool s i ndust r y . See Beck

( 1992) .

3

	

` I nf or mat i on t echnol ogy' i s di f f er ent f r om ` knowl edge' i n t hat t he f or mer i s r est r i ct ed

t o st or age, or gani zat i on, pr ocessi ng and communi cat i on of t he l at t er . Knowl edge i s

t he cont ent , i nf or mat i on i s t he medi umt hat car r i es and or gani zes t he cont ent .

4

	

Thi s i s a t echni cal def i ni t i on of ` publ i c goods' as i s used i n economi cs .

5

	

Cl assi c publ i c goods ar e pr ovi ded by gover nment s, as f or exampl e t hose publ i c goods

st udi ed by Li ndahl , Bowen and Samuel son .

6

	

The i ssue i s new. Mat hemat i cal f or mul at i ons of compet i t i ve mar ket s wi t h pr i vat el y

pr oduced publ i c goods have emer ged r ecent l y, f or exampl e: Chi chi l ni sky, et al .

( 1993) ; Chi chi l ni sky ( 1997) .

7

	

The i ssue of chi l d and women sl aver y has been ext ensi vel y di scussed r ecent l y, see f or

exampl e The Economi st ( 1996) . Ther e ar e many soci et i es t oday wher e sl aver y

sur vi ves, such as Nepal , Paki st an, Sudan and Thai l and . For ced empl oyment t hat i s

ver y cl ose t o sl aver y i s f ound t oday i n Br azi l and i n par t s of t he US, such as Los

Angel es, see al so r epor t s i n t he above ci t ed ar t i cl e .

8

	

Al t hough an empl oyer cannot cont r act ual l y obl i gat e an empl oyee t o wor k f or hi mor

her i n t he f ut ur e, he or she can obl i gat e t he empl oyee not t o wor k f or a compet i t or

vi a a ' non- compet e' agr eement .

9

	

Lack of pr oper t y r i ght s on sof t war e has handi capped t he devel opment of t hi s i ndust r y

i n Japan.

10

	

New mat hemat i cal f or mul at i ons of mar ket s wi t h pr i vat el y pr oduced publ i c goods

( such as knowl edge) can be f ound i n Chi chi l ni sky ( 1994a, 1995) , Chi chi l ni sky and

Heal ( 1994) and Chi chi l ni sky and Mi l gr om ( 1996) .

11

	

Aconcept i nt r oduced sever al year s ago by K. Ar r ow.

12 I n addi t i onal t o empi r i cal l i t er at ur e, t her e ar e new mat hemat i cal model s of

compet i t i ve mar ket s wi t h ext er nal economi es of scal e, e . g . Chi chi l ni sky ( 1996a) .

13

	

See f or exampl e Moor e ( 1996) , Br ander bur ger and Nal ebuf f ( 1996) , Beck ( 1992) .

14

	

For exampl e, t he use of t he at mospher e as a ` si nk' f or t he di sposal of CFCs and

gr eenhouse gases, see I PCC ( 1994) , Chi chi l ni sky ( 1995/ 96) .

15

	

I PCC ( 1994) . Amaj or st udy on gl obal war mi ng i n t he next hundr ed year s and beyond

was r el eased l ast Sept ember by t he I PCC. A gr oup of 2500 sci ent i st s f r omar ound t he

wor l d, f i r st assembl ed by t he UN t o st udy cl i mat e change i n 1988 - t he I nt er

gover nment al Panel on Cl i mat e Change ( I PCC) - i s r egar ded as t he def i ni t i ve

cl ear i nghouse f or r esear ch on t he subj ect . I n a r epor t r el eased i n November 1995, t he

I PCC decl ar ed a consensus t hat , f or t he f i r st t i me i n hi st or y : ` The bal ance of evi dence

suggest s t hat t her e i s a di scer ni bl e human i nf l uence on gl obal cl i mat e' .



The knowl edge r evol ut i on

	

53

16

	

See I PCC ( 1994) .

17

	

See Chi chi l ni sky ( 1995/ 96) , p. 5- 40 .

18

	

See f or exampl e Chi chi l ni sky ( 1986, 1994b) .

19

	

I PCC ( 1994) and Chi chi l ni sky ( 1995/ 96) .

20

	

Chi chi l ni sky ( 1994b, 1995/ 96) .

21

	

Among many succesf ul new vent ur es i s CI TI L, a Bombay based sof t war e devel op-

ment company owned by Ci t i cor p, a pr oducer of Mi cr osof t sof t war e packages whi ch

have al r eady been i nst al l ed i n banks i n 35 count r i es . See f or exampl e Fi nanci al Ti mes,

( 1996) .

22

	

Mohat i r Mohammed, Mal aysi a' s pr i me mi ni st er , sai d l ast mont h t hat wi t h t he count r y

shor t of manpower , f i r ms shoul d st op r el yi ng on cheap l abour and shi f t t o ` hi gh t ech'

i ndust r i es . Thi s pr escr i pt i on al so appl i es t o t he whol e of Asi a. See The Economi st ,

( 1996: 62) and par t s of t he US.

23

	

See al so ` Those Educat ed Asi ans' , and ` Asi a' s Cost l y Labor Mar ket s' , The Economi st

( 1996: 33, 62) .

24

	

See f or exampl e Ber nar dez ( 1996) .

25

	

I nt r oduced i n Chi chi l ni sky and Heal ( 1993) , Chi chi l ni sky ( 1996b) , Bl ack ( 1996) .

26

	

Chi chi l ni sky ( 1996c) . I n June 1996 t hi s pr oposal was suppor t ed of f i ci al l y by t he USA

i n t he Geneva meet i ngs of t he Fr amewor k Convent i on on Cl i mat e Change ( FCCC) ,

t he Kyot o Pr ot ocol cr eat ed t hi s mar ket on emi ssi ons f i ght i n December 1997 .

27

	

See f or exampl e Chi chi l ni sky ( 1984) .

28

	

Auni f i cat i on of t he t hr ee mai n t heor i es of r esour ce al l ocat i on i n economi cs - mar ket s,

games and soci al choi ce - can be f ound i n Chi chi l ni sky ( 1994c, 1996d) .

29 Recent l y, soci al di ver si t y has been def i ned mat hemat i cal l y as a f unct i on of what

peopl e own ( vect or s i n eucl i dean space) and what t hey pr ef er ( ut i l i t y f unct i ons t hat

measur e wel f ar e) ; an al gebr ai c obj ect i s const r uct ed f r om t hese char act er i st i cs ( a

t opol ogi cal i nvar i ant ) t hat pr ovi des an exact mat hemat i cal measur e of di ver si t y, see

Chi chi l ni sky ( 1996e) .

30

	

See Chi chi l ni sky ( I 996e) .

31

	

The ver di ct has changed . About 20 year s ago i t was f ashi onabl e f or l abour economi st s

t o quest i on t he val ue of educat i on . Today i t i s wi del y accept ed t hat ski l l s det er mi ne

empl oyment and bet t er ski l l s l ead t o hi gher i ncome, al t hough t her e ar e qui bbl es about

what t hese ski l l s shoul d be .

32

	

The concept of devel opment based on t he sat i sf act i on of ` basi c needs' i s cr uci al t o

t he cur r ent di scussi on about sust ai nabl e devel opment pat t er ns, as seen i n t he

Br undl and Repor t ; ` basi c needs' wer e al so adopt ed as t he cor ner st one of sust ai nabl e

devel opment by 150 Nat i ons i n t he Agenda 21 adopt ed i n t he Ri o Summi t of 1992 .

The concept of devel opment based on t he sat i sf act i on of basi c needs was cr eat ed,

devel oped and popul ar i zed by Chi chi l ni sky ( 1977a, b) i n t he Bar i l oche Model

pr oduced i n Ar gent i na i n 1972- 76, and has been wi del y used i n t he Uni t ed Nat i ons

and t he Wor l d Bank dur i ng t he l ast 20 year s .
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