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DR. RICHARD FREEMAN: Bill Usery asked me to focos what | thought was the most
important issue facing American workers. Thatéssuthe increased global competition among
workers due to the advent of China, India, anddinemer Soviet bloc to the world capitalist
economic system.

| want to begin the lecture with one big fact reljag China, India, and the former Soviet
bloc joining the global economy. If you remembething else from this lecture, remember this:
In the last fifteen or so years, as a result aseheountries joining the global economy the
number of people in the global workforce has dodibl€his is a massive change.

Before the collapse of communism in the Soviet dn©hina’s movement toward
market capitalism, and India’s decision to undextatarket reforms and enter the global trading
system, the global economy encompassed roughlyh#ie world’s population — the advanced
OECD countries, Latin America and the CaribbeamicAf and some other parts of Asia. It did
not contain China, which suffered from the economsanities of Mao’s cultural revolution. It
did not contain the Soviet bloc, which operatediteithe Iron Curtain. It did not contain India,
which sought self-sufficiency behind high tariffsdaa state-planned and highly regulated
economy. As a result, workers in the US and odldeanced countries and in traditional market-
oriented developing countries such as Mexico didfaxce competition from low wage Chinese

or Indian workers nor from workers in the Sovietpam.
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If China, India, and the ex-Soviet bloc had remdiostside of the global economy, there
would be about 1.46 billion workers in the globabeomy today (2000, in exhibit 1). Because
those countries joined the rest of the world, tregeenow 2.93 billion workers in the global
economy. Since twice 1.46 billion is 2.92 billigigu can see why | have titled this lecture,
“The Great Doubling”.

Few analysts expected the world to come togethsuddenly in a single global
economy based on capitalism and markets. Duriegthld War it seemed normal for the world
to be divided into competing economic systems hlaatonly loose connections one to the other.
Many thought that the state planned economies doulction as well or better than market
economies. Many feared that communist dictatosshight defeat democracies. Instead, the
Soviet System imploded, with workers leading thpasition to communism, in a process begun
by Solidarnosc in Poland. After experiencing tberemic and political effects of the Cultural
Revolution, China’s Communist Party chose to inicemarket capitalism while maintaining
their dictatorship in politics. After losing grodirompared to other developing countries and to
the advanced countries, India moved from an awtatiate-run economy toward markets and the
global trading community.

The result of these developments was the doublfitigeonumber of workers in the global
economy.

The capital-labor ratio

What impact might the doubling have on workerthemnUS and elsewhere? A simple
thought experiment helps answer this question.gineawhat would happen tomorrow if
through some bizarre cloning experiment a mad 8stesioubled the Georgia workforce. Twice

as many workers would be seeking employment frastime businesses. Twice as many
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graduates from Georgia State would be applyingifersame number of job openings. It doesn’t
take much economics to see that this would be gmoeimployers but terrible for workers.
Wages would be driven down. Unemployment would.ris

But, you might think, “Wait a second. What if thrad scientist doubled the Georgia
workforce in a different way: by convincing Hollywd movie stars, millionaire sports figures,
and billionaire friends of Bill Gates, to move frahe Riviera, Beverley Hills, Silicon Valley to
Atlanta, Savannah, Augusta. These people wouldboits of capital with them. They would
build huge houses, buy lots of exclusive label pots, demand fine restaurants, and so on.
They would create lots of new jobs.” This is areot analysis. If the countries that joined the
global capitalist system brought with them lotscapital, doubling the work force would have
very different effects on labor than if they brouglith them very little capital. Economics says
that to understand how the doubling affects work&eshave to know what it does to the ratio of
capital to labor in the global economy.

There is no regular published data on the capitaksof countries. One reason is that
surveys that collect data on capital stock areemuient, particularly outside of manufacturing,
and are available for only some countries. ThenR&orld Tables, which provides the best data
on the aggregate economy in most countries, hdgtsati it will produce capital stocks for the
countries in its data system but has not done soiee Penn World Tables does, however, have
data on yearly investments for most countries.niysiese data, | applied the perpetual
inventory method of cumulating investments per ye#r capital stocks for each country with
sufficient information and summed the estimatesitiain the capital stock in the global
economy for 1990 and 2000. In these calculatibnsed two different depreciation rates, a 5%

rate and a 10% rate. The 5% rate gives investnaelotsger life and thus produces a higher
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amount of capital than does the 10% depreciatitsn rexperts on the Soviet Union report that
investments in the communist period produced lss$ulicapital than this methodology
indicates, and so | made some adjustments for fiagre are other technical problems in the
calculations about which you do not want to kndwinally, | divided the estimates of the global
capital stock by the global work force to obtaiolgdl capital-labor ratios. When the Penn
World Tables team produces its own capital stoclesetheir estimates will dominate mine.

But their estimates will undoubtedly give similaders of magnitudes as mine and thus tell the
same story about the global capital labor ratio kiwall now tell.

The story is simple (see exhibit 2). The doublfghe global work force reduced the ratio
of capital to labor in the global economy by 4096@86. The reason is that the advanced
capitalist countries had most of the capital invileeld while China, India, and the ex-Soviet
bloc did not have much capital to bring with theiimen they joined the global economy. India
had little capital because it is a very poor coyrtone of the lowest income countries in the
world. Low income means not much capital. Chsialso very poor and lost some of its capital
stock during the Maoist period. The ex Soviet Bmprought little capital to the global
economy for a different reason. It had a high streent rate and was much wealthier than
China or India, but much of the Soviet capital wagsted in producing military goods and in
old-fashioned heavy industry instead of in modexmputer-driven technologies or in the
production and delivery of consumer products. Addally, when East Germany joined West
Germany, we learned that much of the civilian cgfiat the old Soviet Bloc has was either
outmoded or so polluting as to be basically wosble

Since India, China, and the ex-Soviet bloc brouigte capital to the global economy,

the doubling of the global work force came closéatving the global capital labor ratio. My
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estimates show that the capital per worker in tbddveconomy after the great doubling was 56
percent of the capital per worker in the globalremay in 1990 and 61 percent of the capital
labor ratio in 2000 that the world would have hafbibe China, India, and the ex-Soviet bloc
joined the world economy. That is a massive drofné capital-labor ratio. If Georgia lost 44
percent of the plant and equipment and buildingsme cataclysm, it would be much poorer
than even Mississippi. Of course, doubling thébglavork force did not destroy capital. Roads,
buildings, electrical power plants, schools, andcmequipment are largely immobile. Itis on
the margin of new investments that the doublingralincentives for capital. Responding to
huge supplies of low wage labor, capital should/fto China, India, and to the ex-Soviet bloc.

Indeed, this is what we see today. German manufast set up plants in Eastern Europe,
where wages are far below those in Germany, ardl@aingly at the Ukraine, where wages
are even lower than in Eastern Europe. Ameriaansfioff shore jobs to India, fund joint
ventures in China, shift production to Mexico, sptresearch facilities in India and China; and
subcontract production to low wage countries. It take a long time, perhaps thirty years,
before the capital-labor ratio in the world retutaghe level it had before China, India, and the
ex-Soviet bloc joined the global economy. It malet even longer for the global economy to
fully adjust to the doubling of the work force.

How this adjustment process works itself out wél/e immense consequences for
workers throughout the world. Workers in the newants to the global economy should do
better since capital will flow to them, raising vesgand increasing employment. Workers in
developing countries where wages exceed thoseiimaGimd India risk doing worse than when
they were the global economy’s low wage producé@itsese countries have to find new growth

strategies. Workers in the US and other advancadtdes will benefit from the low prices of
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goods from China and India but will suffer from trghanced labor market competition. The
advanced countries have to maintain their comperatlvantage in high tech sectors despite the
increasing technological competence of India anth&hThe economic and labor market
policies that countries, the international commynihions, and firms choose to guide the
transition will go a long way to determining whetlitgproceeds smoothly, or bumpily, or aborts.
Impacts on the new entrants

Joining the global capitalist system has alrea@gily improved the economic position of
workers in China and India. In the 1960s China laléh lost ground relative to the other
developing countries as well as to the advancedtdes. In the past two decades, as they
adopted market capitalism, the two countries haenlzatching up, though they still have lower
national income per capita than most other devefppountries (exhibit 3). Neither China nor
India is, for instance, as wealthy as Mexico. Wagdsoth countries are below those in Peru or
South Africa. But China and India are making rgmidgress. Chinese factories are zooming
with people producing all sorts of products for Wnarld. India has a thriving business in call
centers and in software development. With thedafridle multi-fiber agreement in apparel that
allocated shares of US imports to particular caestran increasing proportion of apparel and
eventually textiles will shift to China and posgyiltmdia and Bangladesh.

The rate of poverty in China has fallen singenitoraced market economics and the
world trading system. The fall in poverty is rekesle because it occurred despite China having
one of the greatest rises of inequality in thedmsbf the world. Under communism, the state
set wages for the entire work force and China maexéremely egalitarian distribution of
income: virtually everyone was poor. As China fredts labor market and allowed firms to

decide what to produce and how much to pay in respto market forces, inequality in China
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increased by region, level of skill of workers, urstty, and so on. But economic growth was so
fast that even though the wealthier got aheadeptior by a lot, poverty fell, making China the
best case | have seen for trickle down economidsil§e 4). Still, the high inequality and lack
of democratic accountability leaves China vulnezdblsocial disorders. If the Chinese growth
rate tails off, the country could experience massggsts that bring down the regime, something
of which the Chinese government is fully conscious.

Removing barriers to business and entrepreneusstuplacing greater reliance on
markets than on state planning in India had a amnhpact in spurring economic growth. Some
analysts claim that India’s greater openness ttetedso contributed to its improved
performance. Others downplay that factor. But ne gainsays the substantial improvement in
economic performance. India has long had a highgqual distribution of income and the
upswing in growth did little to help the poore#thas some insurance against disorders since it
is a democracy in which groups who fail to advaas¢he economy grows can and do use the
ballot box to press for changes in policy.

The ex-Soviet economies have had a difficult tt@msito becoming market economies.
Almost all suffered a big drop in income and risegiequality and poverty when they
abandoned state planning in favor of market ecooemihe East European countries,
particularly Poland, have done better than Russiktlae less Western-oriented states. Accession
to the European Union should help the workers énBast European countries, as it should
induce greater capital flows to the East and crepg®rtunities to immigrate to higher wage
locales.

Impacts on developing countries
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Workers in the developing countries in Latin Amariéfrica, and Asia have not done
well in the period covered by great doubling. Bwaling the advice of the IMF and World Bank
and the success of the four “tiger economies” it Bsia (Korea, Singapore, Hong Kong,
Taiwan), most of these countries adopted an expdrstrategy of producing goods and services
made by low wage labor for the global economy. sEBtiategy might have succeeded in
spurring development before the doubling of théglavork force. But it cannot do so in the
face of competition from China and India. In faotthe 1990s and 2000s, employment in the
older developing countries shifted from the formattors historically associated with economic
advancement to informal sectors, where work isgeas, wages and productivity low, and
occupational risks and hazards great. No advaogeudtry obtained high income by shifting
labor from industry to the informal sector.

Research has not determined the causes of thergyomformalization, but | suspect that
China and India’s entry to the world economy hastigouted to this. It has transformed many
developing countries from low wage competitors vattvanced countries to high wage
competitors with China and India. Wages in reldyiy@mor Latin American countries like Peru
or El Salvador are three times those in China dialnMexico is a much more expensive site for
production of blue jeans than China. Labor castSauth Africa are also far above those in
China and India, while the country’s strong tradéeuns and labor regulations reduce its appeal
to the footloose firms in the global chain of protion. Despite devaluations of the currency,
South Africa has not been able to improve its sbaexport markets.

The end of the multi-fiber agreement in appane?®@05 brought home the need to find
new development strategies to many countries. Uthdeagreement the US allocated the rights

to sell apparel to various developing countriebe $ystem distorted world trade but gave many
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poor countries an opportunity to produce apparkicwhas historically been the first leg up in
industrial development. China’s low wage are gajrit an increasing share of the apparel
market, aborting the path of development that ticesmtries expected to follow. To compete
with China, employers in Central America have askedkers for more hours at lower pay.
“We are poor as it is, but they threaten to mowejtins,” one union leader said at a spring 2004
Harvard conference on the end of the quota syst¥ihat can we do?”
Neither the International Monetary Fund nor the W&ank, who are the principal

advisors to developing countries on economic m&tteave grappled with this question.
Neither has come to grips with the fact that inpgbst-doubling world, their old policy
suggestions will not work for most developing coig®. Producing generic low wage goods
and services for the global market place will notrdthe face of competition from China and
India. Some countries may expand through salatiral resources to China, though mining
and other resource industries employ few peopletladnultinationals who run the industries
often repatriate capital to their home country eatihan invest in the developing country. Some
may be able to expand their domestic markets.gestighat there is no simple answer about
what to do in the face of the doubling of the glalarkforce and that each country will have to
craft a strategy dependent on its own unique cistantes.
Global inequality and poverty

The growth success of China and India, who makengpthird of the world’s population, the
economic problems of many other developing cousitaed the weak performance of the
transition economies, together with the economifop@mance of advanced countries, has altered
the distribution of incomes around the world. HKasised or reduced global inequality and

poverty?
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Estimates of the income of individuals in theirenivorld, including China, India, and the
ex-Soviet bloc, show that global inequality hasésed from 1980 to 2000, the period
encompassing the doubling. Inequality did notlf@tause income distributions became more
equal within countries. The opposite is true. mes became more unequal in most countries.
Global inequality fell because China and India gdirelative to other developing countries and
to the advanced countries. For all the concermigboverty in Africa, whose economies have
done extremely poorly, incomes in China and Indégerbelow those in Africa. More of the
lowest income people in the world lived in those wountries than from anywhere else. Rising
incomes in China and India moved the incomes okessrat the bottom of an income
distribution closer to the average, reducing indéiual he global rate of poverty fell for the
same reason. The World Bank’s estimate of globaépy (based on a poverty line of $1 a day)
shows that much of the poverty reduction in thelevoccurred in China. Still, the decline in
poverty was not universal. Poverty rose in AfriceArgentina, and in much of the ex-Soviet
bloc, as well as in selected other countries.

The US and other advanced countries

During the North American Free Trade Agreement tkebad in ensuing discussions of
free trade, proponents of globalization told Amanis that we were in a “win-win” situation.
The US would get good jobs while the workers ineleping countries would get the low-level
jobs that we didn’t want, but which gave them higihheomes than traditional agriculture.
Proponents recognized that less skilled Americaighinsuffer from competition with lower
paid workers overseas, but assumed that theremaasy cure: more education.

The logic for this claim was that the US and othdvanced countries had a comparative

advantage in skilled labor-intensive sectors comgan developing countries. This comparative
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advantage resulted from the advanced countriemigaelatively many highly educated workers
whereas developing countries had relatively masy éxlucated workers. Trade would increase
output and employment in the skilled labor-inteessectors in the US and other advanced
countries and would increase output and employnmetiie unskilled labor-intensive sectors in
the developing world. The “North-South” model Hde between advanced countries and
developing countries formalizes the notion thatatieanced countries monopolize the cutting
edge innovative sectors while developing counties up producing more traditional products.
There is some validity to this model. The US atitepadvanced countries export relatively
high tech products and import products made wih &killed labor. But as any computer
programmer or software engineer who has seenjtieoff-shored to India or any researcher
who has seen multinationals develop new R&D faesdiin China and India knows from
personal experience, something is missing in thadyasis.

What is missing is that while China and India hkarge peasant workforces with many less
educated workers, they also have large and gromungpers of persons receiving university
education. And the ex-Soviet bloc has long inweggteeducation. Throughout the world, the
number of students enrolled in college has inciegseatly, diminishing the US’s comparative
advantage from having a highly educated work fdesibit 5). In the 1960s, on the order of 50
percent of college enroliments were in the U.Srope hadn’t yet expanded their college system
to US levels. Chinese higher education was a miesa had relatively few university
graduates. This changed greatly in the final twcades of the 20century. More and more
countries invested in higher education and morermaoi students chose to go to college. By

2000 UNESCO data show that roughly 100 million stud enrolled in college around the
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world, with about 38 percent in China, India, ahd tormer Soviet bloc. The US share of
global college enroliments fell to about 15 percent

Comparative advantage in technologically intengigeistries depends on scientists and
engineers more than on graduates in other disemlitdere, the US advantage has fallen more.
The proportion of students studying science andnerging is larger in most other countries
than in the US. This is particularly true of Chiiadia, and the ex-Soviet bloc. Reflecting this,
the Institute of Electrical and Electronics Engirseaised alarm bells in 2004 with the claim that
China was graduating some 700,000 engineers cothpafb,000 engineers in the US. What
was going to happen to the US advantage in highitehina graduated over ten times the
number of engineers as the US? The 700,000 engigegraduates number was excessive,
perhaps due to inclusion of large numbers of texéns with less than bachelor’s level
education. Recent estimates indicate that in 2008)a graduated approximately 325,000
engineers — “only” five times as many as the U&e fiuge number of engineers reflects an
astounding expansion of Chinese higher educatimedhe mid-1980s, when China graduated
far fewer engineers than did the US.

The newly graduated Chinese engineers are unlikdbg as skilled as U.S. graduates. You
can’'t double or triple enrollments in any univeysetting and maintain quality. To find out how
well graduates in developing countries can comptethose from advanced countries in the
global labor market, the McKinsey Global Institatked recruiters for multinational firms the
proportion of graduates from various developing &adsition countries that they viewed as
good candidates for jobs. The recruiters cameitiprwambers ranging from 10 percent to 20

percent, depending on the occupation and courBny.even ten to twenty percent of the
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increasing number of graduates from developing t@madds immensely to the supply pool
from whom multinationals “globally source” to filacancies.

Consider next the global supply of the doctoratergist and engineers. From the end of
World War Il and through the 1970s and 1980s theMdS the dominant scientific and
intellectual power in the world. The US producedaione-half of the PhDs in the world in
science and engineering. Many Ph.D.s in the rivpegpower, the Soviet Union, worked on
military things, not on civilian technology relewdo the global economy.

Data on the number of PhD graduates in the 200@ssthat the number of science and
engineering PhDs graduating in other countriegsiag rapidly and has or will surpass the
number graduating in the US. Advanced Europe kas producing more PhDs in science and
engineering than the US for a decade already anill #xpand on its lead throughout the rest of
the current decade. Other countries are incredb&igdoctorates in science and engineering
fields. The biggest and most startling increasagactorates is for China. | was at an OECD
conference in Paris when | first saw statistics thdicated that China would soon graduate more
PhDs in science and engineering than the US. ughiothe data had to be wrong — an
overestimate comparable to that for bachelor'sresaying graduates. | asked two students to
confirm or challenge these statistics. | saidaohe “Find what’s wrong with these statistics.”
They searched Chinese educational statistic soarmsontacted agencies and researchers in
China and reported that the numbers were right.

In 2001 China graduated about a third as manyseiand engineering PhDs as did the US.
Enroliments in PhD programs have risen by enougteiver, that by 2010 China will graduate
more PhDs in science and engineering than the US.i3 remarkable for a country that is still

one of the poorer countries in the world. It musthe first time in history that a poor country

13



Dr. Richard Freeman, Usery Lecture in Labor Policy,04/08/05, page 14

would be graduating more persons with the highaéstational qualifications than the wealthiest
and most advanced country in the world. These dabaeover, exclude Chinese students
earning degrees in other countries. Add in degi@&hinese students outside of China and the
ratio of PhDs to Chinese citizens relative to alldyates from US universities rises to about 0.72
in 2001. But here the comparisons get tricky. ¥@&hinese doctorates stay and work in the US
for many years, and many become permanent resideniszens.

The bottom line is that the US will have no mongpm either good jobs or smart people
creating new ideas and products in the future.h\Wibillion more people in the global economy,
the great doubling will increase the supply of deaetting university degrees. There will be a
lot of smart people from around the world compefmgobs in the US or for jobs with
multinationals elsewhere in the world or working fioms in their own country that compete
with US firms. Globalization means competition foe most highly educated as well as the less
educated.

Indicators of change

How important is the increasing share of univgrsitidents and science and engineering
graduates in China, India, and other countriesSaé¢hnological leadership and comparative
advantage in high tech educated labor-intensivestns that provide the best jobs? | examine
next a set of indicators that shows that the chaimgsupplies described above are affecting the
US position as scientific and technological ledadenany ways, and thus the country’s
comparative advantage in global markets.
... high tech production and trade

Consider first the share of the US and other a@sin global production of high tech

goods. Exhibit 6 shows that judged by this measheeJS has done relatively well, maintaining
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its share of high tech production despite a hugejin the shares going to China and South
Korea. The share of high tech production in Jdplisharply, while Germany was surpassed by
China. In part the US did better than other adedreountries because the US population was
growing more rapidly than the populations of Eurapd Japan. Data on the archetypical
product of the modern economy, the computer, gefisnilar story about the rise of China in
technology. In 2003 China surpassed Japan to betoenworld’s No 2 market for personal
computers after the US and bought IBM’s personaipater division to increase its productive
capability.

The performance is much worse in the balance détma high technology goods. In
1980 the US had 30% of the world’s market of higthtexports and 13% of the global high
imports, so that it ran a huge trade surplus i bégh. In 2001, by contrast, the US share of
high tech exports had dropped nearly in half to Iv8de the US share of high tech imports had
risen by enough that the trade surplus in high texhdisappeared. In 2004 the US was running
a 37 billion dollar deficit in the balance of traitkehigh tech industries. That’s the sector where
the country’s comparative advantage was supposegtébe good jobs for Americans.
... employment of foreign born specialists

Another indicator of how the growing number ofliligeducated workers in China, India,

and other countries is affecting the US can be seerhibit 7, which displays the share of the
foreign-born among employed scientists and engineéh different degrees. The data shows
that in 2000 17% of bachelor’'s degree scientistseagineers were foreign-born, while 29% of
masters’ degree scientists and engineers weregyfobeirn and 38% of PhD scientists and

engineers were foreign-born.
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The most striking statistics in the exhibit are RtDs less than 45 years old and for the
overlapping group of post-doctorate workers, wh&enap a large share of younger scientists,
especially in the life sciences. Over half of pe®ple doing science and engineering at the
doctorate level in the US below 45 years of agda@eagn born, many from India, China and
other developing countries. For better or worse,Wnited States has come to rely on
immigrants to maintain the scientific and technatagprowess that is critical to the country’s
economic success and national security. With latgebers of science and engineering
graduates coming from China and India, many eartiiag Ph.D.’s in the US, and with Europe
graduating one and a half to two times as many Phd3 the US, this is arguably the only way
for the US to maintain its position as the leadmghnology power, absent a huge national effort
to make science and engineering more attractiv¢éSeitizens.

... Off shoring

In fall 2004 the Harvard Labor and Worklife Progrean a day and a half long
conference on off shoring. Before the confereatld knew about off shoring was that it was in
the news and that one of my colleagues, who wasngeas head of the Council of Economic
Advisors, had gotten into trouble pointing out thHitshoring was another form of trade.
Participants at the conference noted the absengatiohal statistics on off shoring, but even
absent national statistics, no one gainsaid tleaplienomenon was growing rapidly. Web sites
devoted to off shoring attest to its significan€onsultants advise firms on how they can save
money by off shoring. A 2005 McKinsey Global Ingté study on off shoring estimated that
upwards of 10% to 15% of jobs could be off shorethe next decade or two. Most of these
jobs are, moreover, likely to be high skilled jolnything that can be digitalized has the

potential for being done overeas. Some CEOs hgmessed concern that sending high level
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work overseas is not in the US’s national interest,business is about making money, and if
more can be made by off shoring work overseas,shahat firms will do. Given the rising
numbers of highly educated workers in low wage toes like China and India, | expect the off
shoring of good jobs to continue unabated.

... Scientific papers

If other countries are closing the gap in scieswoé technology with the US, the shares of

scientific papers from those countries should bagi while the US share of papers should fall.
In fact, that is what is happening (exhibit 8heTshare of papers from Asia has risen
substantially. The EU share of papers has also rigresumably because the EU is graduating
more science and engineering PhDs than the US .sfalistics also show the disaster to the
scientific enterprise in the ex-Soviet Union, whebares of scientific papers goes way down.
The US share of papers covered by Chemical Abstread fallen even more sharply (exhibit 9).
The papers in Chemical Abstracts are more closdfited to scientific and technological
developments that affect the economy than papessrire other scientific fields, for instance,
String theory. In 1980, 73% of the papers werdtenmiby US citizens or residents. In 2000 the
percentage of articles written by Americans hadegibown to 40 percent.

The decline in the US share of scientific publmas is a natural outcome from the spread of
higher education and scientific competence arobadvorld. This has to be a good for
humanity in general. It is good for Americans assumers of the products that scientific and
technological advance make possible, but at thedane, it reduces the US advantage in
science and technology that has helped make USemhkighly productive and thus well paid.

... an index of technical prowess

17



Dr. Richard Freeman, Usery Lecture in Labor Policy,04/08/05, page 18

My next indicator of the change in the technolagmmpetence around the world comes
from a study by researchers at the Technology atidyPAssessment Center at Georgia Tech
(exhibit 10). This Center produces a set of indicators of therteal capability of countries that
the National Science Foundation uses in its bi¢/@teence and Engineering Indicators report
on the status of the US scientific and engineegimgeavor. In 1993 the US and Japan were far
ahead of China in the Ga. Tech index. In 2003JeMapan was falling behind the US, China
more than doubled its score to over 50% of the t&8es The Georgia Tech group made the rise
of China the headline in their report on the 2088dpoor country moving up rapidly in the
technology world. This is the first time, | think, the history of the world that a really poor
country is reaching the science and technologytizan
... location of multinational research facilities

As a final indicator of the spread of technologyg &ducation, consider where major
multinationals located their research facilitieshe 1990s-early 2000s. If China and India are
truly increasing their ability to conduct leadindge research, we would expect to see firms
invest in R&D facilities in those countries. IrcfaMicrosoft has a major research facility in
Beijing which is developing new products that timegy try out on the Chinese market first.
Production would naturally start off in China. Thiaey might bring production to the US or,
more likely, export to the US. IBM has major resbdacilities in China and India. In 2003,
Cisco CEO John Chambers declared that Cisco wdsreese firm, as it developed a major new
facility there. The Chinese government countsiin@ber of multinational research facilities in
the country. In 2005 Chinese President Hu Jintaagly told the World Economic Forum that
as of the latest count, there were over 700 sudlitii@s. In 1990, there were no more than a

handful.
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The challenge: human resource leapfrogging

My analysis diverges from the “North-South tradeddel that trade economists use to
explain how technological change affects trade betwadvanced and developing countries
(exhibit 11). That model posits that the Nortre(ddvanced countries) has a monopoly in
developing new products and processes and trades groducts for older standard products
made by unskilled workers in the South (develomogntries). Firms like Microsoft, IBM, Intel,
and Cisco are supposed to produce cutting edgesgndte US or other advanced countries
while firms in China, Mexico, India, Indonesia, aBhzil would make t-shirts, sneakers, and
little plastic toys that use older technologies.

The North-South model roots the advanced countigapoly of high technology in the
greater number of scientists and engineers and bitjely educated workers per capita in those
countries than in developing countries like Chind &ndia. If success in high technology
depends on the relative number of highly educateidkevs to the work force countrywide, the
model would be correct in locating technologicgbesiority with the advanced countries.

By contrast, | posit that success in high teclugtides depends on the absolute number of
scientists and engineers working in those seckwsn though highly educated workers are a
small proportion of the work forces of China andi& these countries are sufficiently populous
to have a big footprint in science and engineeaing thus in high tech sectors. Put differently,
there is an economy of scale in country size thatva a low income populous country to reach
the scientific and technological frontier even tgbut has proportionately fewer highly educated
workers than advanced countries. | call the pmb&gswvhich a low wage populous developing

country educates enough scientists, engineersytaed university graduates to challenge the
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comparative advantage of high income countriesgh tech activities “human resource
leapfrogging”.
Can this challenge harm the US and other Advanced d@intries?

Yes, it can. One way to see this is to thinkhaf tonsequences to advanced countries of
the loss of the monopoly they had in research avéldpment and innovation of new products
that lies at the heart of the North-South modalthiat model, workers in the North are paid
higher wages than comparable workers in the Scethuse of the monopoly in technology.

The differential in pay rises with the rate of teclogical innovation and falls with the rate of
diffusion of those innovations. Other factors cimite to the higher pay of workers in advanced
countries -- greater education and skills, higlagital-labor ratios, and the rule of law and better
protection of property. Still, losing the techngilcal edge means losing the higher productivity
and wages associated with developing the newedtpts.

That one country’s gain can be another’s loss véheountry’s comparative advantage is
made through investment and research rather thamaeed by exogenous factors (such as soil
and sun for vineyards) follows from the Ricardiaodal of trade in which trade arises from
technological differences between countries. Tearest analysis of this is the Gomory-Baumol
model, in which two advanced countries competéritainable industries”, with the country
that gains more of those industries obtaining higlput per capita. Per the North-South
model, Gomory and Baumol assume that developingtdes cannot compete for the high-
technology rapid productivity-increasing sectorstigat trade between advanced countries and
developing countries is invariably mutually benigficHuman resource leapfrogging by

populous low wage countries allows those countoempete for retainable industries. In fact,
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with much lower initial wages, they are a more fatable competitor for an advanced country
than another advanced country.

Let me give an example. Let’s say that someorkarUS has invented and produced
whirling Calabi-Yau gizmos, which exploit the hidddimensions of string theory to make
people feel at one with the universe. The gizmedla greatest thing since pet rocks and a big
hit in the world market. The gizmo industry re@sitots of skilled workers, so more US
workers get good jobs, while wages rise generdfly firm in India comes up with competing
gizmos and begins to produce them, competitionfatitte down the price and wages in the US.
But with cheaper labor, India is able to reducephiee so much that the US whirling gizmo
industry disappears, and along with it the good jabd higher wages. India’s gain is the US’s
loss.

| said that one country’s gagan be another’s loss in this type of competitions lalso
possible, however, that the loss of some leadigg séctors can benefit the advanced country.
If India produces whirling gizmos at very low pr&gd&JS consumers will benefit. Something like
that has happened in the production of televisaotsin many computer products and services,
though in these cases, the US shifted at least tavoeto other new products. In general,
however, losing industries that employ large nuraloéighly educated and skilled workers,
and that offer great opportunities for rapid tedbgical advance is unlikely to benefit a country.
Job structure and retainable industries

Accepting that the US can suffer economic lossasdther country — developing or
advanced — outcompetes the US in high tech seetuese the US currently has a comparative
advantage, what types of industries ought the cgwhitive to retain or gain in the global

economy?
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It should strive to keep industries that havepbeential for rapid technological progress
and growth and that offer many “good” jobs. Thislgably includes sectors such as airplane
manufactures, electrical machinery, motor vehiadégmicals, high tech computer equipment,
software activities, and financial services. #aaincludes the sector that many of us know best —
higher education. American universities are theld®leader --- in one global rating, thirty of
the top forty universities in the world were Amaic This is why the US attracts so many
international students, and is one of the greaggof which the country should take pride.

Will the US remain so dominant in that sector@olibt it. Europe is improving its
universities rapidly and creating programs thaivalstudents to move readily among them.
China, India, and other developing countries avesting in higher education. The US
comparative advantage will decline, but the US otgimaintain its leading position. Higher
education is a large employer, with hundreds ofisamds of persons working in the sector, from
professors to gardeners and receptionists, ancldke tie between universities and industry
enhances the country’s ability to transform knowkedreation in university research into
products.

By contrast, consider what would happen if thelas$ the space exploration industry. |
don’t want to insult any US astronauts, but if sastteer country landed an astronaut on Mars,
the economic consequences would be minimal. PresBlesh’s desire for the US to develop a
manned trip to Mars appeals to the science fidaonn me but not to the economist. | can think
of few worse ways to spend R&D moneys and sciemgaeering talent than sending an
American to Mars. With a declining share of thel's scientific resources, the country has to
choose the sectors in which to invest with greed@icern for their economic consequences than

in the past. The Nano-technology Initiative, dasigjto fund research on nano-science and
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nano-engineering to position the US in the forefi@mwvhat many believe will be the key
technology in the future, makes a lot more senae fhurneying to Mars.
Transitions to a New Globalization

The great doubling has brought the entire wordd¢sCuba and North Korea) into the same
market-based capitalist economic system and creélagéepotential for workers around the world
to access modern technology and improve incomeglyaBarring disaster, the world has
begun an historic transition to a truly global emmry that should produce rough income parity
among nations and “make poverty history”. Butttlaasition is unlikely to be short or sweet. It
will take several decades for the low income popsilcountries to approach the income levels of
advanced countries: it would take 50 years of wegje increases of 6% per year for China to
attain current US income levels. Things could gomgalong the way, as some countries and
groups within countries do better or worse tharerth The great doubling poses challenges to
the policy-makers around the world.

The largest gains should come to China and Iigliathose countries still face huge
challenges. They have to grow fast enough to absoith of their peasantry into modern sector
jobs and have to limit inequality to maintain sécieder. Other developing countries face the
bigger challenge of finding new ways to advancé theonomies without engaging in head on
competition with China and India in low wage indied. Russia and some of the other ex-Soviet
countries have to get their economic acts togdtherrn their market economies from generators
of inequality to generators of wealth for all. #&h has to reorient itself and get on a stable
political and economic trajectory. The US andaddeganced capitalist world have to find ways
to maintain wages and living standards in the tfdew wage competition and the increased

technological and economic sophistication of Cland India.
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Transitions, Past and Future

There have been successful transitions from negonomic shocks in the past. Perhaps
the most successful transition was the recovelyyestern Europe and Japan after World War II.
The US sent capital to Europe under the Marshalh Biat helped those countries reconstruct
their economies rapidly. Recovery of Europe imtereated markets for American products
while rapid increases in European wages saved UBensfrom facing low wage competition.
Similarly, the US helped Japan develop into a matkenocracy with the capability of
challenging the US in many technically advancedasecThe progress of Korea from being one
of the poorest economies in the world, devastayeithd Korean War, to an essentially advanced
economy in about fifty years is even more remarkaiice that country had never before been
among the leading global economies.

There are examples of unsuccessful transitiongedisof which the reunification of East
Germany with West Germany is the most recent. Géenan government acted as if low
income East Germany would meld seamlessly witlwisalthier capitalist West despite the
legacy of nearly half a century of communism. flemed extensive welfare programs to keep
workers in the East, but did not raise taxes tafamassive Marshall plan style program to
rebuild the East’'s economy. German unions sougigiewparity between East and West rather
than allowing wage differences to reflect produtyidifferences. The result is that what had
been the healthiest economy in Europe was transfinto one of the sickest, with high
unemployment and sluggish growth.

Closer to Georgia, reconstruction of the US Saiiidr the Civil War was an even greater
failure. It took over a century for the South thigeve something akin to economic parity with

the rest of the country. The southern whites wiserdranchised black citizens spent the better
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part of the 28 century oppressing the blacks, limiting their salivgy and economic
opportunities rather than joining with them to toymove the southern states’ economies
forward. Suppressing the rights of a large propartf the citizenry and engaging in massive
government supported economic discrimination isvag to grow an economy.

Turning to the transition to the doubling of tHelzal work force, | can envisage a bad
transition scenario and a good transition scer{figare 12).
...bad transition

In the bad transition China and India develop aneleconomies, with a modern sector
that competes with the advanced countries, butiwiides not grow enough to employ the huge
number of rural workers. Low agriculture produitihnand wages limits wage growth for less
skilled industrial workers, which creates low wagenpetition for other countries. The US
saves little and continues to absorb financialtedpso the capital-labor ratio in developing
countries rises slowly, further dampening wageeaases around the world. Wages fall in
advanced countries more than wages rise in devegjaqmuntries, and there is a resurgence of
protectionism in the advanced countries.

The greatest danger to the transition is not, lvewerotectionism in the advanced
countries but social instability in developing ctiigs, particularly China, as a result of rising
internal economic inequality. Without political &@om and legitimate channels of protest, China
risks disorder from disgruntled citizens if its aomy runs into economic problems. The
Chinese government recognizes the dangers of edomtiseontent, which has led it to develop
some policies that favor the rural poor and urlmémlgsers, but it continues to outlaw
independent unions and political parties that migreaten the communist monopoly on power.

... good transition
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In the good transition, the increased number argists and engineers working
worldwide accelerates the rate of technologicabade enough to raise living standards in all
countries, including the low income developing doies adjusting to competition with China
and India, and the advanced countries squeezecbetiow wage competition and the increased
technological competence of China and India. TBealdd other advanced countries retain
comparative advantage in some leading sectorspfiagdubs in the global development of
technology and exploiting the economies of scalenfhaving many technologically innovative
activities in the same localities. They increasgaervices and social infrastructure to citizens
to substitute for the difficulty of raising wagesthe face of low wage services. The world
savings rate rises as the US saves more, anddhal glapital labor ratio rises rapidly. Finally,
there is continual international pressure on deuafpcountries to raise their labor standards and
to distribute the benefits of growth to workers.

Conclusion

So which will it be? If countries adopt reasonas#ysible policies, we can avoid the
disaster of a bad transition and succeed in impgpthe well-being of the vast majority of
workers. But this requires that policy-makers atljo the fact that the doubling of the global
work force has put workers in many countries in@erprecarious position than before and seek
policies to protect the interests of labor, whdyolas economically weak due to the decline in
the global capital labor ratio. The overridindipp bent should be toward workers more than

toward capital, which ought to be able to take cdri¢self through global sourcing of work.
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