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I n t ro d u c t i o n

Envi ron me ntal protection in many developing co u ntries is ham strung by a scarcity of fi n an cial

and institu tion al reso urces. An increasi n gly pop u lar strate gy for overcoming th is ob sta cle is to

p ro m ote the diffusion of envi ron me nta l ly frie n d ly techn ol o g ies (E F Ts). Some EF Ts — n otab ly,

e ne rgy efficie n cy inn o vation s — b oth reduce pol l u tion and cut pro duction costs. The hope is that

d e v e l oping co u ntry fi rms and farms will adopt such techn ol o g ies vol u ntarily, or at least with min-

i mal prodding, ob viating the need for govern me nt fi n an cing and re g u lation. Envi ron me ntal man-

a g e me nt strate g ies that focus on EF Ts gene ral ly garner wi d es p read supp o r t si n ce they re p rese nt

opp o r tu n ities to enhan ce pro ductivity and improve envi ron me ntal qual ity in the eyes of devel-

oping co u ntry pol icy ma k e rs, and opp o r tu n ities to boost exports of equipme nt and expe rtise in

the eyes of industrial ized co u ntry pol icy mak e rs .

But how likely is it that techn ol o gy- based strate g ies will have a si gn ificant impa ct on envi-

ron me ntal qual ity in the near to med i um te rm? In part, the an s wer depends on whethe r, on ce in-

tro duced, EF Ts would diffuse at a reason ab ly rapid pa ce, and whether pol icy mak e rs will be ab l e

to speed the rate of diffusion. Th is brief article summarizes so me of the key fi n d i n gs of the ex-

te n sive econ o m ics lit e rature on the diffusion of new techn ol o g ies, and assesses the impl ication s

of these fi n d i n gs for techn ol o gy- based pol l u tion control strate g ies. In sh o r t, the lite rature sug-

g ests that a wide variety of pol icies are likely to speed the diffusion of EF Ts, including ration al-

izing en e rgy prices, impro ving inf o rmation, and inv esting in ene rgy infrastructure .

The Economics Of Technology Diff u s i o n

A lth o u gh not all the evi d e n ce on techn ol o gy diffusion is con cl usive, the re is broad agree me nt on

two points. Fi rst, new techn ol o g ies are never adop ted by all pote ntial use rs at the same t i me. The

wi d es p read diffusion of new techn ol o g ies can take any whe re from five to fifty years. Secon d ,

co u nt l ess stu d ies have conf i rmed that the diffusion of new techn ol o g ies fol l o ws a pred ictable in-

te rte m p o ral patte rn — techn ol o g ies are ado p ted rather sl o w ly at fi rst, then more rap i d ly, and the n

sl o w ly again as a techn ol o gy specific “adop tion ceiling” is rea ched. These styl ized f a cts ha v e

p ro m p ted researche rs to focus on two re lated questions: Why do so me fi rms adopt a given inn o-

vation bef o re othe rs? Why do so me inn o vations diffuse more quick ly than othe rs ?

Researche rs have addressed these questions using a variety of theo retical con structs that em-

phasize diffe re nt as pects of the diffusion pro cess. “Epidemic” models focus on the disse m i n ation

of inf o rmation about new techn ol o g ies via day- to - day conta ct am ong fi rms, likening th is pro cess

to the spread of a disease. These models imply that so me fi rms adopt bef o re othe rs beca use the y

happen to beco me “infected” fi rst, and that so me inn o vations diffuse faster than othe rs beca use

they are more “conta g io us” than othe rs by vi r tue of their profitab il ity and limited riski ness .

S o - cal l ed “rank” models are pre m ised on the ob se rvation that, given diffe re n ces in cap ital

vi ntage, size, access to techn ical in f o rmation, labor pro ductivity, and envi ron me ntal re g u lato ry

costs, so me f i rms will get a higher return from a new techn ol o gy than othe rs. Hence, one may

rank all pote ntial adop te rs on the basis of their expected returns. Only fi rms with a sufficie nt ly

h i gh ran king will adopt when an inn o vation f i rst beco mes available. Ho we v e r, over ti me — as sec-

to r- wide pro duction and inf o rmation costs fall, the new techn ol o gy is refi ned, and the existi n g

cap ital depreciates — l o wer ran k ed fi rms will adopt as we l l .
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“ O rder” models are appl icable when the re is a fi x ed critical input into pro duction such as a

p o ol of special ly tra i ned labor or a scarce natural reso urce. In such situ ations, the order of adop-

tion c l early matte rs — i n itia l ly only f i rst movers who secure access to the critical input will fi n d

it profitable to adop t.

Fi n al ly, so - cal l ed “sto ck” models are al so pre m ised on the idea that early movers obtain highe r

returns on the new techn ol o gy. Ho we v e r, they attr i b u te th is phe n o me n on to the fa ct that as the

sto ck of fi rms that have adop ted a cost - sa ving inn o vation gro ws, average pro duction costs fal l ,

and eventu al ly output prices fall as well. Thus, initial ly it will only be profitable for a limited num-

ber of f i rms to adop t.

It is important to note that these four types of theo retical models are not mu tu al ly excl usiv e .

In d eed, the diffusion of any specific techn ol o gy is likely to be infl u e n ced by so me co m b i n ation

of the fa cto rs emphasized by the models: inf o rmation and learning, the chara cte ristics of pote n-

tial adop te rs, the chara cte ristics of techn ol o gy, the scarcity of critical inputs, and the se n sitivity

of output prices to techn ol o g ical chan g e .

M ost empirical (vers us theo retical) inv esti gations of techn ol o gy diffusion have so u ght to un-

d e rstand exa ct ly how chara cte ristics of new inn o vations and of pote ntial adop te rs infl u e n ce dif-

fusion (thus, they esse ntia l ly con stitu te tests of the rank model). They have found that, not sur-

p risi n gly, re lativ e ly profitable, smal l - s cale, and si m ple inn o vations are adop ted fastest. In addition ,

they have found that new techn ol o g ies are adop ted fastest by fi rms that are large, have we l l - trai ned

staff, incur high re g u lato ry costs when using an existing techn ol o gy, have infrastructure co m-

pl e me ntary to the new techn ol o gy, are in fas t - g ro wing industries, inv est more in R&D, pay re la-

tiv e ly low prices for inputs used inte n siv e ly by the new techn ol o gy, and have re lativ e ly old ex-

isting cap ital. Des p ite con si d e rable research, the ev i d e n ce re garding the impa ct of mark et structure

( the degree to wh ich the mark et is co m petitive or control l ed by a small num ber of fi rms) on the

timing diffusion is incon cl usiv e .

Policy Pre s c r i p t i o n s

W hat does the curre nt state of kn o w l edge suggest for techn ol o gy- based cl i mate change pol icy ?

Two impl ications are immed iate ly ob vio us. F i rst, even if EF Ts that si gn ificant ly lower pro duc-

tion costs are made available in developing co u ntries, diffusion will not be immed iate. Secon d ,

d e v e l oping co u ntry fi rms will not necessarily rap i d ly adopt EF Ts si m ply beca use they reduce pro-

duction costs in industrial ized co u ntries. A broad range of fi rm-level, secto r-level, and co u ntry-

level chara cte ristics dete rm i ne whether or not and how quick ly new techn ol o g ies are adop ted, an d

the re are likely to be syste matic diffe re n ces between developing co u ntries and industrial ized co u n-

tries in nearly all of these chara cte ristics. To give one exam ple, labor is gene ral ly much less cost ly

re lative to cap ital in developing co u ntries. The ref o re, lab o r- sa ving techn ol o gy that is profitab l e

in industrial ized co u ntries will not necessarily be profitable in developing co u ntries .

In addition, it is important to note that faster diffusion of a techn ol o gy is not necessarily be n-

eficial. As Stone man and Die rd e ren point out (see Further Rea d i n gs), diffusion may be “too fast ”

if f i rms adopt a techn ol o gy bef o re it is profitable to do so, or if fi rms adopt a new techn ol o gy to-

day that effectiv e ly pree m p ts the adop tion of a supe rior techn ol o gy in the fu ture .

Given the theo ry and evi d e n ce prese nted above, the re would seem to be seven types of pol icy

l e v e rs available to infl u e n ce the speed of diffusion of EF Ts in developing co u ntries. These con-
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ce rn: inf o rmation, input prices, re g u lation, cred it, subsi d ies, human cap ital, infrastructure, re-

search and developme nt, and inte l l ectu al prope r ty restriction s .

I n f o rm a t i o n . Econ o m ic theo ry suggests that the disse m i n ation of inf o rmation about the ne w

techn ol o gy is likely to be a critical dete rm i n ant of diffusion. (Li m ited empirical supp o r t for the

i m p o r tan ce of inf o rmation probab ly stems only from the difficu lty of meas uring inf o rmation

fl o ws.) As Stone man and Die rd e ren make cl ear, govern me nt inte rv e ntion to enhan ce the disse m-

i n ation of techn ical inf o rmation is likely to be justified si n ce vi r tu al ly every means by wh ich

fi rms acq u i re inf o rmation about new techn ol o g ies is imp e rfect.

W hen fi rms acq u i re techn ical inf o rmation th ro u gh day- to - day cont a ct with other fi rms, early

a d op te rs supply inf o rmation about the new techn ol o gy to later adop te rs, but the former do not cap-

ture any of the be nefits from th is inf o rmation tran s fer the m se lv es. As a res u lt, they do not ha v e

p roper ince ntiv es to make th is inf o rmation available to their rivals. When fi rms acq u i re techn ical

i nf o rmation th ro u gh active search, fi rms ope rating indepe n d e nt ly will engage in inefficie nt du-

pl ication of search ef f o rts. And fi n al ly, when fi rms acq u i re techn ical in f o rmation from adv e r tis-

ing, techn ol o gy suppl ie rs who are con ce rned about mark et share, not the diffusion of the tech-

n ol o gy, have ince ntiv es to overs u pply techn ical inf o rmation, wh ich may lead to to o - rap i d

d iffusion of inte rmed iate techn ol o gy.

Pol icy op tions for enhan cing the flow of inf o rmation about new techn ol o g ies include demon-

stration projects, adv e rtising cam pai gns, the testing and ce r tification of new techn ol o g ies, an d

s u b si d ies to techn ol o g ical con s u lting se rvices. Have such mechan isms had a verifiable impa ct on

d iffusion? De m on stration projects have receiv ed wide appl ication in the conte x t of develop i n g

co u ntry agricu lture, and many industrial ized co u ntries have set up re g ion al inf o rmation cl ear-

i n gh o uses to pro vide con s u lting se rvices to small- and med i um - sized bus i nesses that pres umab ly

can least af f o rd search costs asso ciated with adop tion. As yet, howe v e r, eval u ations of these pro-

g rams have been limited, and we know little about their effectiv e ness . *

Fi n al ly, it is worth noting that inf o rmation - based pol ices may actu al ly retard diffusion by fos-

te ring the expectation that impro v ed techn ol o g ies are forth coming, and the ref o re creating ince n-

tiv es to defer adop tion. A si m ilar problem arises when public pro vision of inf o rmation about ne w

techn ol o g ies crowds out private inf o rmatio n .

Input Prices. Both theo ry and evi d e n ce attest to the important role that input prices play in

the diffusion of new techn ol o g ies. In particu lar, ene rgy prices cl early have a critical impa ct on

the adop tion of ene rgy sa ving tech n ol o g ies. In a num ber of developing and ref o rming econ o m ies ,

e ne rgy is still subsi d ized. Re m o ving or si gn ificant ly scaling ba ck ene rgy subsi d ies in these co u n-

tries would create strong ince ntiv es to adopt ene rgy- sa ving techn ol o g ies. In co u ntries whe re en-

e rgy prices are not subsi d ized, taxing ene rgy to raise its effective price above the mark et price

would have the same effect as re m o ving subsi d ies .

R e g u l a t i o n . As noted above, empirical research supp o r ts the hyp othesis that fi rms subjected

to stricter envi ron me ntal re g u lation are more likely to adopt cl ean techn ol o g ies, including EF Ts .

The opp o r tu n ities for, and barrie rs to effective re g u lation in developing co u ntries have receiv ed
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con si d e rable atte ntion, es pecia l ly in the last ten years. Two points dese rve me ntion. F i rst, the use

of mark et - based ince ntiv es such as pol l u tion tax es and mark etable pe rm it systems is an al o g o us

to raising the price of a critical fa ctor of pro duction, name ly envi ron me ntal s e rvices. The ref o re ,

the same arg ume nts about the link between fa ctor prices and techn ol o gy adop tion are appl icab l e .

Second, even when institu tion al and f i n an cial con stra i nts make formal public- secto r- l ed re g u la-

tion prob l e matic, private- secto r- l ed “inf o rmal” initiativ es (such as grass ro ots ef f o r ts to deter pol-

l u te rs by st i gmatizing them) can be an effective substitu te .

C re d i t . La ck of access to cred it may be a critical barrier to adop tion. Subsi d izing cred it for

s pecific types of inv est me nts has been a co mm on pol icy res p on se. Ho we v e r, thus far these pro-

g ram s — b oth public and private — have had very mixed res u lts. Chron ic problems include the di-

v e rsion of loans by borro we rs to non - targ eted activities, low re payme nt rates, the creation of fi-

n an cial ly unsustai n able lending institu tions, pol iticization of lending decisions, and the

u n d e rmining of existing cred it mark ets. Since the re is gro wing supp o r t for the view that the costs

of “targ eted” cred it outwei gh the be nefits, a wiser app roa ch to overcoming fi n an cial barrie rs to

techn ol o g ical in n o vation may be to focus on impro ving ban king wh ich, in developing co u ntries ,

is often con stra i ned by unstable monetary pol icy, inte rest rate restrictions, and weak prope rty

ri ghts .

S u b s i d i e s . An ob vio us mechan ism for speeding the diffusion of a new techn ol o gy is for gov-

e rn me nts to subsi d ize it. But subsi d ies—in addition to being quite expe n siv e — are likely to be sub-

ject to many of the same problems as targ eted cred it, name ly the pol iticization and disto rtion of

input mark ets .

Human Capital, Infrastru c t u re, and Research and Development. E m p i rical research on the links

between early adop tion of inn o vations on the one hand and human cap ital, infrastructure, and re-

search and developme nt (R&D) on the other suggests the re is an arg ume nt for subsi d izing educa-

tion, techn ical training, infrastructure and R&D. Th is needn’t be a broa d - b rush strate gy if these

s u b si d ies are focused on pol l u tion - i nte n sive secto rs such as ene rgy.

Intellectual Pro p e rty Restrictions. Inte l l ectu al prope rty restrictions such as pate nts and lice n ses

have co u nte rvailing effects on techn ol o gy diffusion. On the one hand, they sti mu late R&D, wh ich

in turn sti mu lates techn ol o gy diffusion. Perhaps more important for developing co u ntries, the y

are likely to enco urage forei gn inv est me nt, wh ich can be a si gn ificant so urce of new techn ol o-

g ies. But on the other hand, inte l l ectu al prope rty restrictions atta ch si gn ificant costs to adop ti n g

new techn ol o g ies wh ich can retard diffusion. In many developing co u ntries, adap tation of exist-

ing tech n ol o g ies, rather than the creation of substantial ly new ones, acco u nts for the bulk of pro-

ductivity gro w th. The ref o re, the re is reason to sus pect that the ne gative impa ct of inte l l ectu al

p rope r ty restrictions on diffusion in developing co u ntries could be substantial .

Practical First Steps

Of the broad range of pol icy op tions prese nted he re, wh ich are likely to be pol itical ly pra ctical ?

As me ntioned in the intro duction, techn ol o gy- based strate g ies will gene rate pol itical supp o r t to

the exte nt they re p rese nt ob vio us “wi n - win” opp o r tu n ities for the parties inv olv ed. Many of the

p ol icies des cri bed above fit th is des cri p tion to so me degree. Inf o rmation, human cap ital and in-

frastructure pol icies will enhan ce pro ductivity; ration al izing ene rgy prices will boost al l o cativ e
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efficie n cy; impro ving ban king should sti mu late sa ving and inv est me nt; and stre n gthening re g u-

lation should pro duce env i ron me ntal be nefits .

Ho we v e r, so me of these pol icies inv olve up-front econ o m ic costs that are more immed iate an d

pay offs that are more delayed than othe rs, making them unattra ctive to decision mak e rs with

sh o r t t i me horiz ons. For exam ple, t h o u gh inv est me nts in ban king, human cap ital (broa d ly de-

fi ned), and envi ron me ntal re g u lation may have tre me n d o us be nefits in the long run, they inv olv e

s u b stantial up-front costs. Thus, the most pra ctical pol icy op tions dis cussed he re would seem to

be ration al izing ene rgy prices, impro ving inf o rmation, and inv esting in ene rgy infrastructure .
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