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Let us not, in the pride of our superior knowledge, turn with contempt
from the follies of our predecessors. The study of the errors into which
great minds have fallen in the pursuit of truth can never be
uninstructive.”
– Charles Mackay
Extraordinary Popular Delusions and the Madness of Crowds
Delusions are often viewed as reflecting some deficiency in reasoning ability. The risk of thinking
about delusions in this way is that it encourages the belief that logical, intelligent people are
incapable of delusion. An examination of the history of financial markets suggests a different view.
Specifically, faced with unusual or extraordinary price advances, there is a natural tendency
(particularly in the presence of crowds, feedback loops, and potential rewards) to look for

explanations. The problem isn’t that logic or reason has failed, but that the inputs have been
distorted, and in the attempt to justify the advance amid the speculative excitement, careful datagathering is replaced by a tendency to confuse temporary factors for fundamental underpinnings.
While true psychological delusions are different from financial ones, a similar principle is suggested
by psychological research. Delusions are best understood not as deficiencies in logic, but rather as
explanations that have been logically reached on the basis of distorted inputs. For example,
individuals with delusions appear vulnerable to differences in perception that may involve more
vivid, intense, or emotionally-charged sensory input. While those differences might be driven by
neurological factors, the person experiencing these unusual perceptions looks to develop an
explanation. Maher emphasized that despite the skewed input, the delusions themselves are derived
by completely normal reasoning processes. Similarly, Garety & Freeman found that delusions appear
to reflect not a defect in reasoning itself, but a defect “which is best described as a data-gathering
bias, a tendency for people with delusions to gather less evidence” so they tend to jump to
conclusions.
The reason that delusions are so hard to fight with logic is that delusions themselves are established
through the exercise of logic. Responsibility for delusions is more likely to be found in distorted
perception or inadequate information. The problem isn’t disturbed reasoning, but distorted or
inadequate inputs that the eyes, ears, and mind perceive as undeniably real.
Let’s begin by examining the anatomy of speculative bubbles. We’ll follow with a discussion of
three popular delusions that have taken hold of the crowd, and the premises that drive them: the
delusion of paper wealth, the delusion of a booming economy, and the delusion that is Bitcoin.

The anatomy of speculative bubbles
Across centuries of history, speculative financial bubbles have repeatedly emerged from the seeds of
distorted financial environments, where speculative behavior increasingly produces self-reinforcing
feedback. Specifically, the speculative behavior of the crowd results in rising prices that both impress
and reward speculators, and in turn encourage even greater speculation. The more impressed the
crowd becomes with the result of its own behavior, the more that behavior persists, and the more
unstable the system becomes, until finally the flapping wings of a butterfly become sufficient to
provoke a collapse, launching a self-reinforcing feedback loop in the opposite direction.
The 1929 bubble was built on the foundation of real economic prosperity during the roaring 20’s, but
the late stages of that boom were largely fueled by debt and easy money. Observing the persistent
market advance, investors largely ignored the contribution of their own speculation in producing that
advance. Rather, as traditional valuation measures became increasingly stretched, the first impulse of
investors was to try to justify the elevated valuations in novel ways, which gradually became nothing

but excuses for continued speculation. As John Kenneth Galbraith wrote decades ago in his book,
The Great Crash 1929:
“It was still necessary to reassure those who required some tie, however tenuous, to reality. This
process of reassurance eventually achieved the status of a profession. However, the time had come,
as in all periods of speculation, when men sought not to be persuaded by the reality of things but to
find excuses for escaping into the new world of fantasy.”
Keep in mind that yes, the economy was strong, business was booming, and money was easy. The
problem was that investors stopped thinking about stocks as a claim on a very, very long-term stream
of discounted cash flows. Valuations didn’t matter. It was enough that the economy was expanding.
It was enough that earnings were rising. Put simply, the trend of earnings and the economy, not the
actual level of valuation, became the justification for buying stocks. Graham & Dodd described this
process:
“During the latter stage of the bull market culminating in 1929, the public acquired a completely
different attitude towards the investment merits of common stocks… Why did the investing public
turn its attention from dividends, from asset values, and from average earnings to transfer it almost
exclusively to the earnings trend, i.e. to the changes in earnings expected in the future? The answer
was, first, that the records of the past were proving an undependable guide to investment; and,
second, that the rewards offered by the future had become irresistibly alluring.
“Along with this idea as to what constituted the basis for common-stock selection emerged a
companion theory that common stocks represented the most profitable and therefore the most
desirable media for long-term investment. This gospel was based on a certain amount of research,
showing that diversified lists of common stocks had regularly increased in value over stated intervals
of time for many years past.
“These statements sound innocent and plausible. Yet they concealed two theoretical weaknesses that
could and did result in untold mischief. The first of these defects was that they abolished the
fundamental distinctions between investment and speculation. The second was that they ignored the
price of a stock in determining whether or not it was a desirable purchase.
“The notion that the desirability of a common stock was entirely independent of its price seems
incredibly absurd. Yet the new-era theory led directly to this thesis… An alluring corollary of this
principle was that making money in the stock market was now the easiest thing in the world. It was
only necessary to buy ‘good’ stocks, regardless of price, and then to let nature take her upward
course. The results of such a doctrine could not fail to be tragic.”
– Benjamin Graham & David L. Dodd, Security Analysis, 1934
The 2000 tech bubble featured the same process in a slightly different form. The inputs and premises
that investors observed were valid, but incomplete. Economic growth and employment were strong,
and money was easy. The internet did indeed have tremendous growth prospects. But again, as the

advance became more speculative, investors largely ignored the impact of their own speculation in
producing that advance. Instead, their first impulse was again to try to justify the elevated valuations
in novel ways (recall “price-to-eyeballs”). By March 2000, on the basis of historically reliable
valuation measures, I projected that a retreat to normal valuations would require an -83% plunge in
tech stocks. In the 19 months that followed, that estimate turned out to be precise for the tech-heavy
Nasdaq 100 Index.
The mortgage bubble leading up to the global financial crisis was built on the same sort of distorted
inputs, this time fueled by the insistence of the Federal Reserve to hold interest rates at just 1% after
the tech collapse. As yield-starved investors looked for relatively safe alternatives to low-yielding
Treasury securities, they turned to mortgage securities, which had to-date never experienced major
losses. Wall Street responded to the appetite for more “product” by creating new mortgage securities,
which required the creation of new mortgages, and led to the creation of no-doc, zero-down
mortgages and the willingness to lend to anyone with a pulse. All of this produced a glorious period
of temporary prosperity and rising prices. As usual, instead of recognizing the impact of their own
speculation in producing the advance, the first impulse of investors was to try to justify why elevated
asset and housing valuations made sense.
As the bubble expanded, Janet Yellen, then the head of the San Francisco Federal Reserve, offered
this benign assessment of the risks:
“First, if the bubble were to deflate on its own, would the effect on the economy be exceedingly
large? Second, is it unlikely that the Fed could mitigate the consequences? Third, is monetary policy
the best tool to use to deflate a house-price bubble? My answers to these questions in the shortest
possible form are, ‘no,’ ‘no,’ and ‘no’ … It seems that the arguments against trying to deflate a
bubble outweigh those in favor of it. So, my bottom line is that monetary policy should react to rising
prices for houses or other assets only insofar as they affect the central bank’s goal variables—output,
employment, and inflation.”
Missing from Yellen’s benign assessment was the fact that the speculative distortion and debt
buildup enabled by the bubble itself would be the primary driver of the worst economic collapse
since the Great Depression. The Fed appears to exclude such risks from its thinking, despite the fact
that the worst economic collapses in history have generally gone hand-in-hand with episodes of
financial speculation and their inevitable collapse.
In the apparent attempt to bookend her term as Fed Chair by brushing aside the current progression
toward financial collapse with an equally benign and milquetoast risk assessment, Janet Yellen
observed on December 14, 2017:
“If there were an adjustment in asset valuations, the stock market, what impact would it have on the
economy, and would it provoke financial stability concerns? … I think when we look at other
indicators of financial stability risks, there’s nothing flashing red there, or possibly even orange.”

Despite risks that I fully expect to devolve into a roughly -65% loss in the S&P 500 over the
completion of the current market cycle, it’s absolutely critical to distinguish the long-term effects of
valuation from the shorter-term effects speculative pressure. Historically-reliable valuation measures
are remarkably useful in projecting long-term and full-cycle market outcomes, but the behavior of the
market over shorter segments of the market cycle is driven by the psychological inclination of
investors toward speculation or risk-aversion. The most useful measure we’ve found of that
psychological inclination is the uniformity or divergence of market internals across a broad range of
individual stocks, industries, sectors, and security types (including debt securities of varying
creditworthiness). When investors are inclined to speculate, they tend to be indiscriminate about it.

Faced with extreme valuations, the first impulse of investors should
not be to try to justify those valuation extremes, but to recognize the
impact of their own speculative behavior in producing and sustaining
those extremes. It then becomes essential to monitor market
conditions for the hostile combination of extreme valuations and
deteriorating market internals.
In the recent advancing half-cycle, the speculation intentionally provoked by zero-interest rate policy
forced us to elevate the priority of market internals to a far greater degree than was required during
the tech and mortgage bubbles. It was necessary to prioritize the behavior of market internals even
over extreme “overvalued, overbought, overbullish” features of market action. Those syndromes
were effective in other cycles across history, but in the advancing half-cycle since 2009, our bearish
response to those syndromes proved to be our Achilles Heel. The process of adaptation was very
incremental, and therefore painful in the face of persistent speculation. We’ve adapted our
investment discipline so that without exception, a negative market outlook can be established only in
periods when our measures of market internals have also deteriorated. A neutral outlook is fine when
conditions are sufficiently unfavorable, but establishing a negative outlook requires deterioration and
dispersion in market internals.
Faced with extreme valuations, the first impulse of investors should not be to try to justify those
valuation extremes, but to recognize the impact of their own speculative behavior in producing and
sustaining those extremes. It then becomes essential to monitor market conditions for the hostile
combination of extreme valuations and deteriorating market internals. At present, we observe that
combination, but would still characterize the deterioration in market internals as “early,” in the sense
that it’s permissive of abrupt market losses, but not severe enough to infer a clear shift from
speculation to risk-aversion among investors.

The delusion of paper wealth
Across history, the evaporation of paper wealth following periods of speculation has repeatedly
taught a lesson that is never retained for long. Unfortunately, the lesson has to be relearned again and

again because of what J.K. Galbraith referred to as “the extreme brevity of the financial memory.”
Speculation is dangerous because it encourages the belief that just because prices are elevated, they
must somehow actually belong there. It encourages the belief that the paper itself is wealth, rather
than the stream of future cash flows that investors can expect their securities to deliver over time.
On Saturday, December 16, the St. Louis Fed posted a rather disturbing tweet: “Negative interest
rates may seem ludicrous, but not if they succeed in pushing people to invest in something more
stimulating to the economy than government bonds.”
This tweet was disturbing because it reflects a strikingly flawed understanding of financial markets.
A moment’s reflection should make it obvious that once a security is issued, whether it’s a
government bond or a dollar of base money, that security must be held by someone, at every point in
time, until that security is retired. The only way to get people to invest in something “more
stimulating to the economy” than government bonds is to stop issuing government bonds.
It takes only a bit more thought to recognize that securities, in themselves, are not net wealth. Rather,
every security is an asset to the holder, and an equivalent liability to the issuer. If Joe borrows dollars
from Mary to buy something from Bob, Joe issues an IOU to Mary, Mary transfers her dollars to Joe,
and the dollars end up in Bob’s hands. The IOU is a new security, but it doesn’t represent new
economic wealth. It’s just evidence of the transfer of current purchasing power from Mary to Joe,
and a claim on the transfer of future purchasing power from Joe to Mary.
Neither the creation of securities, nor changes in their price, create net wealth or purchasing power
for the economy. Yes, an individual holder of a security can obtain a transfer of wealth from
someone else in the economy, provided that the holder actually sells the security to some new buyer
while the price remains elevated. But in aggregate, the economy cannot consume off of its paper
“wealth,” because in aggregate, those paper securities cannot be sold without someone else to buy
them, and those paper securities must be held by someone until they are retired.
What actually matters, in aggregate, is the stream of cash flows. Specifically, the activity that
produces actual economic wealth is value-added production, which results in goods and services that
did not exist previously with the same value. Value-added production is what actually “injects”
purchasing power into the economy, as well as the objects available to be purchased.
I’ve detailed the mechanics of “stock-flow accounting” in previous commentaries, so it will suffice
here to cut to the bottom line. If one carefully accounts for what is spent, what is saved, and what
form those savings take (securities that transfer the savings to others, or tangible real investment of
output that is not consumed), one obtains a set of “stock-flow consistent” accounting identities that
must be true at each point in time:
1) Total real saving in the economy must equal total real investment in the economy;
2) For every investor who calls some security an “asset” there’s an issuer that calls that same security
a “liability”;

3) The net acquisition of all securities in the economy is always precisely zero, even though the gross
issuance of securities can be many times the amount of underlying saving;
4) When one nets out all the assets and liabilities in the economy, the only thing that is left – the true
basis of a society’s net worth – is the stock of real investment that it has accumulated as a result of
prior saving, and its unused endowment of resources. Everything else cancels out because every
security represents an asset of the holder and a liability of the issuer. Securities are not net wealth.
Conceptualizing the “stock of real investment” as broadly as possible, the wealth of a nation consists
of its stock of real private investment (e.g. housing, capital goods, factories), real public investment
(e.g. infrastructure), intangible intellectual capital (e.g. education, knowledge, inventions,
organizations, and systems), and its endowment of basic resources such as land, energy, and water. In
an open economy, one would include the net claims on foreigners (negative, in the U.S. case). A
nation that expands and defends its stock of real, productive investment is a nation that has the
capacity to generate a higher long-term stream of value-added production, and to sustain a higher
long-term standard of living.
Understand that securities are not net economic wealth. They are a claim of one party in the
economy – by virtue of past saving – on the future output produced by others. When paper “wealth”
becomes extremely elevated or depressed relative to the value-added produced by an economy, it’s
the paper “wealth” that adjusts to eliminate the gap.
Several years ago, I introduced what remains the single most reliable measure of valuation we’ve
ever developed or tested, easily outperforming popular measures such as the Fed Model,
price/forward operating earnings, the Shiller CAPE, price/NIPA profits, and a score of other
alternatives. From the above discussion, it shouldn’t be surprising that this measure is based on the
ratio of equity market capitalization to corporate gross-value added. Specifically, the chart below
shows the market capitalization of U.S. nonfinancial equities, divided by the gross value-added of
U.S. nonfinancial companies, including estimated foreign revenues. This measure is shown on an
inverted log scale (blue line, left scale). The red line shows actual subsequent S&P 500 average
annual nominal total return over the following 12-year period. We prefer a 12-year horizon because
that’s where the “autocorrelation profile” of valuations (the correlation between valuations at one
point and valuations at any other point) reaches zero. Presently, we estimate negative total returns for
the S&P 500 over the coming 12-year period.

Among the valuation measures we find best correlated with actual S&P 500 total returns in market
cycles across history, the S&P 500 is currently more than 2.8 times its historical norms. Importantly,
this estimate of overvaluation is not somehow improved by accounting for the level of interest rates.
The reason is that interest rates and economic growth rates are highly correlated across history.
Lower interest rates only “justify” higher market valuations provided that the trajectory of future
cash flows is held constant. But if interest rates are low because growth rates are also low (which
we’ll establish in the next section below), no valuation premium is “justified” at all.

So even given the level of interest rates, we expect a market loss of about -65% to complete the
current speculative market cycle. That’s a much different proposition, however, than saying that this
collapse will occur right away. If you watch financial television, you’ll hear a great deal of chatter
about the “fundamental support” below current prices. But attend carefully, and you’ll find that
nearly all of these arguments reduce to a list of factors that make the investment environment feel
good at the moment. These feel-good factors are being extrapolated into the future just as surely as
Irving Fisher did in 1929 when he proposed that stocks had reached “a permanently high plateau.”
The best place to watch for cracks in this narrative is not valuations; they are already extreme, and
are uninformative about near-term outcomes. Rather, it’s essential to monitor the uniformity of
market internals across a wide range of individual securities (when investors are inclined to
speculate, they tend to be indiscriminate about it). We’ve already observed deterioration in our key
measures of market internals, but I would still characterize that deterioration as “early.”

When paper ‘wealth’ becomes extremely elevated or depressed relative
to the value-added produced by an economy, it’s the paper ‘wealth’
that adjusts to eliminate the gap.
Extending our focus beyond immediate conditions, the chart below shows the total market
capitalization of nonfinancial and financial U.S. corporations, along with three lines. The lowest red
line shows total gross-value added (GVA) of U.S. corporations. The green line shows 1.2 times total
GVA, representing the pre-bubble norm around which market capitalization has historically traded.
That green line is the level historically associated with S&P 500 total returns of roughly 10%
annually, though the same level today would be associated with lower expected future returns,
because structural economic growth is lower today than in the past. The purple line is essentially the
most “optimistic” value-line, in that no bear market in history, including the 2002 low, has failed to
reach or violate that level.

The upshot is this. At present, U.S. investors are under the delusion that the $37.3 trillion of paper
wealth in their equity portfolios represents durable purchasing power. Unfortunately, as in 2000 and
2007, they are likely to observe an evaporation of this paper wealth. Nobody will “get” that wealth. It
will simply vanish. If a dentist in Poughkeepsie sells a single share of Apple a dime lower than the
previous trade, over $500 million dollars of paper wealth is instantly wiped from the stock market.
That’s how market capitalization works. Over the completion of this market cycle, we estimate that
between $19.8 and $24.2 trillion in paper “wealth” will evaporate into thin air.

A nation that expands and defends its stock of real, productive
investment is a nation that has the capacity to generate a higher longterm stream of value-added production, and to sustain a higher longterm standard of living.
While our immediate market outlook remains only moderately negative, based on the still-early
deterioration we observe in market internals, recognize that from a valuation perspective, we are now
witnessing the single most offensive speculative extreme in history. The chart below shows my
variant of Robert Shiller’s cyclically-adjusted P/E, which substantially improves the correlation with
subsequent market returns by accounting for variation in the embedded profit margin. The current
extreme exceeds both the 1929 and 2000 highs.

The chart below shows the correlation of our Margin-Adjusted CAPE with actual subsequent S&P
500 total returns, in nearly a century of market history. As we observe with MarketCap/GVA, the
Margin-Adjusted CAPE presently implies negative expected S&P 500 total returns over the coming
12-year horizon.

The delusion of a booming economy
A second delusion, unleashed by exuberance over the prospect of tax reductions, is the notion that
U.S. growth has even a remote likelihood of enjoying sustained 4% real growth in the coming years.
The most frequent reference is to the years following the Reagan tax cut, followed closely by
references to the Kennedy tax cuts. This particular delusion is undoubtedly an example what Garety

& Freeman described as “a data-gathering bias, a tendency for people with delusions to gather less
evidence.”
The central feature of both the Reagan and Kennedy tax cuts was that they were enacted at points
that provided enormous slack capacity for growth. In particular, the Reagan cuts were enacted at a
point where the unemployment rate had hit 10%, and an economic expansion was likely simply by
virtue of cyclical mean-reversion. The Kennedy tax cuts (which brought the top marginal tax rate
down from 90%) occurred as baby-boomers were just entering the labor force, again providing
enormous capacity for growth.
Presently, the situation is the reverse. The structural drivers of U.S. economic growth are likely to
constrain real U.S. GDP growth to less than 2% annually in the coming years, even in the unlikely
event that corporate tax cuts encourage increased gross domestic investment. Corporate profits are
already near record levels. The effective U.S. corporate tax rate (taxes actually paid as a fraction of
pre-tax income) is already at 20% even without tax cuts. We know from the 2004 repatriation holiday
that tax breaks on foreign profits encouraged little but special dividends and share buybacks.
Already, the available corporate surplus is being primarily driven into dividend payouts, share
buybacks, and mergers and acquisitions, rather than real investment.
Frankly, the notion that corporate tax cuts will unleash some renaissance in U.S. real investment and
growth would be laughable if the bald-faced corporate giveaway wasn’t so offensive. The policy not
only vastly favors the wealthy, but is even more preferential to wealthy individuals who take their
income in the form of profits rather than wages. The current tax legislation isn’t some thoughtful
reform to benefit Americans. It’s a quickly planned looting through a broken window in our nation’s
character.
On the subject of economic growth, an examination of the structural drivers of economic growth will
illuminate the current situation. Real economic growth is the sum of two components: employment
growth plus productivity growth. That means growth in the number of employed workers, plus
growth in the level of output per-worker.
We can further break employment growth into “structural” and “cyclical” components. The structural
part is determined primarily by demographics, particularly population growth and the age distribution
of the working-age population. The cyclical part is determined by fluctuations in the unemployment
rate (which is equal to 1-civilian employment/civilian labor force). If civilian employment grows
faster than the civilian labor force, the unemployment rate falls. If the civilian labor force grows
faster than civilian employment, the unemployment rate rises.
Let’s take a look at these components, and how they’ve changed over the decades. You’ll quickly see
that while a quarterly pop in GDP growth is always possible, expectations of sustained 4% real GDP
growth fall into the category of “delusion.”

The first chart below shows the civilian labor force, on a log scale (so trendlines of different slopes
represent different growth rates). For much of the post-war period until about 1980, the growth rate
of the civilian labor force averaged about 1.8% annually. That growth slowed to 1.2% until about
2010. That 2010 figure is 1945 plus 65; the year that the first post-war baby-boomers hit retirement
age. Since then, the growth rate of the civilian labor force has dropped to just 0.4% annually. That’s
demographics.

Now let’s take a look at productivity growth. In the early years of the post-war era, labor productivity
increased at a rather explosive 2.6% annual growth rate. Growth then gradually slowed to about 1.9%

annually, though in fits and starts, until about 2003. Over the past 14 years, U.S. productivity growth
has slowed to just 0.6% annually.

One of the core drivers of long-term productivity growth is expansion in net U.S. domestic
investment (in excess of depreciation). As a general rule, booms in real U.S. investment are closely
associated with deterioration in the trade deficit, because we export securities to foreigners in order
to finance the boom. Because payments have to balance, this means we also export fewer goods for
any given level of imports. The bottom line is that investment booms tend to be associated with
larger trade deficits, so not surprisingly, booms in U.S. real investment typically emerge from a
position of near-balance or surplus in the U.S. current account.

Now, add the current 0.4% growth rate in the civilian labor force to 0.6% growth in productivity, and
you get the current “structural” growth rate of the U.S. economy; that is, the growth rate we would
observe in the absence of changes in the unemployment rate. That structural growth rate has
deteriorated to just 1% annually. The labor force component of structural growth is largely baked in
the cake due to demographics, which in the absence of a substantial increase in the rate of
immigration, leaves productivity growth as the main factor that could raise structural U.S. growth.
Still, given civilian labor force growth of just 0.4%, even a steep acceleration of productivity growth
from the current rate of 0.6% to the 1972-2008 rate of 1.9% would still produce only 2.3% structural
economic growth. Anything greater than that would have to be driven by a decline in the
unemployment rate from the already low level of 4.1%.
It’s worth noting that U.S. economic growth has expanded at a rate of 2.1% annually in the 7-year
period since 2010 (I’ve chosen a 7-year period to confine growth to the recent expansion, without
including data from the global financial crisis). What’s remarkable about this is that nearly half of
this growth is attributable to a decline in the U.S. unemployment rate, which is a wholly cyclical
factor.
The chart below shows what’s going on. The blue line shows actual 7-year real growth in U.S. GDP
across history. The red line shows the “structural” component of GDP growth, excluding the effect of
changes in the unemployment rate. The green line shows the contribution to 7-year growth from
changes in unemployment. Put simply, in the absence of further declines in the U.S. unemployment
rate, U.S. real GDP growth is likely headed toward 1% annually, not 4% annually.

If our policy makers are interested in boosting long-term structural U.S. GDP growth, they should be
providing direct and targeted tax incentives for real investment, education, research & development,
and other factors that could, over time, increase our nation’s productive capacity. Instead, they’ve
opted for a giveaway to corporations and wealthy individuals, which will likely expand the deficit
while doing virtually nothing for economic growth. Since 1950, the U.S. unemployment rate has

been below 4.5% about 20% of the time. Over the following 5-year period, real federal tax revenues
grew at an average rate of less than 1% annually. Given current structural economic constraints, and
barring a further decline in the unemployment rate from an already low 4.1%, there’s a significant
likelihood that government revenues will actually contract in the coming years.

The current tax legislation isn’t some thoughtful reform to benefit
Americans. It’s a quickly planned looting through a broken window in
our nation’s character.
The delusion of Bitcoin
“We find that whole communities suddenly fix their minds upon one object, and go mad in its
pursuit; that millions of people become simultaneously impressed with one delusion, and run after it,
till their attention is caught by some new folly more captivating than the first” – Charles Mackay
With regard to Bitcoin, my view is that the Blockchain algorithm itself is brilliant. Bitcoin itself,
however, is just one application of Blockchain, and a rather awkward one. It’s not unique, meaning
that other competing “cryptocurrencies” can be established just as easily. It’s not fiat, meaning that
no country requires it to be used as legal tender. But beyond anything else, its inefficiency is so
mind-boggling that the continued operation of the Bitcoin network could plausibly contribute to
global warming. So be careful to distinguish Blockchain from Bitcoin. The Blockchain algorithm
will undoubtedly become a useful component of validating transactions, tracking supply chain
movements, and all sorts of other applications, but Bitcoin itself is likely to become the same thing to
cryptocurrencies as Visicalc was to spreadsheets, or if you’re younger, what MySpace was to social
networking.
Bitcoin essentially uses a decentralized network of computers (anyone can join) that “listen” for
transactions that are broadcast over the network. Each computer can accept and attempt to validate
any “block” of transactions, which is done by discovering a particular “hash” for those transactions.
The hash is a long string of ones and zeros corresponding to the input, and has to satisfy the current
level of “difficulty” (specifically, a certain number of leading zeros). The difficulty is set so that only
one block of transactions is validated every 10 minutes or so, across the entire network. The
maximum size of a Bitcoin transaction block is 1MB, which is about 2000 transactions. That’s the
total number of Bitcoin transactions that can be processed worldwide in any 10-minute interval.
When you’re trying to validate a block of transactions, an extra transaction is included which
designates a reward to your own account if you’re successful. Whoever discovers a hash that
validates their block gets a reward, in Bitcoin. That’s what “mining” means. The validated block is
added to the Blockchain – essentially a running ledger of every transaction ever made. The header for
the next block has to contain the hash of the previously validated block (which is what creates the
block “chain”).

But here’s the thing. Every time a block is validated, a single node in the network gets a reward, and
everyone else’s computing time is completely wasted. Those required computations already absorb
the same amount of energy as the entire country of Denmark. Some people will get mad at that
statement, arguing that it may only be half of Denmark. Ok. Ireland, along with more than 150 other
countries. We can wait a few months to include Denmark.
So ultimately, the Bitcoin features a combination of breathtaking inefficiency and constrained
scalability. The system already features a rather steep cost per transaction, and hardly any of those
transactions are for the purchase of goods and services. I’ve regularly observed that the value of a
currency is essentially the present value of the stream of “services” that the currency can be expected
to deliver over time, either by serving as a means of payment or as a store of value. That depends
greatly on the willingness of other individuals to hold it and accept it into the indefinite future. My
sense is that, as with all speculative bubbles, buyers are conflating “rising price” with “store of
value.” Meanwhile, there’s little evidence to suggest that Bitcoin will ever be an efficient means of
payment for ordinary goods and services.
Episodes of speculation can persist for some time, so there may be some speculative profit potential
in Bitcoin yet. Looking over the very long-term, it may also be worth something in the future,
because value is always ascribed to things that have some combination of scarcity and usefulness. To
the extent that Bitcoin is assured to have a limited supply, and is undoubtedly being used for moneylaundering already, I doubt that the future value of Bitcoin will be identically zero, assuming
governments refrain from any regulatory effort. There will likely be numerous alternative
cryptocurrencies launched in the future, each one constructed to first enrich its originator with a large
number of units, and then released in the hope that it will catch on. In evaluating these alternatives,
efficiency and scalability will be worth considering.

A final note
While I have little to offer in support of speculative delusions about paper wealth, improbable growth
expectations, or Bitcoin, I’d be remiss to write a commentary without acknowledging the many
things that can be fully embraced. From an investment standpoint, every market cycle in history has
ended at valuations consistent with prospective future market returns of at least 8% annually, and
more often well above 10% annually. Even if the future will be permanently different, and even 8%
return prospects will never ever be seen again, the prospect of negative 12-year returns is likely to be
resolved in far fewer than 12 years (as similarly poor prospects were within 2 years of the 2000
market peak).
The strongest expected market return/risk classifications we identify emerge when a material retreat
in valuations is joined by an early improvement in market action. While we can’t identify when that
opportunity will occur, I expect that the cumulative market return between now and that point will be
negative, because even a gradual 2-year improvement in prospective 12-year S&P 500 returns to just
4% would require a market loss of more than 20% over that 2-year period. In my view, a defensive

posture here is an optimistic stance, because it recognizes the likelihood that prospective returns will
again be positive before too long. I actually expect a much more substantial improvement in
prospective market returns, but as in 2000 and 2007, that would require much deeper market losses
than investors seem to contemplate.
So if there is something in the financial markets to be optimistic about, it’s the prospect of
opportunities that will evolve over the completion of the current market cycle. Despite extreme
valuations in this cycle, we’ve learned to limit negative market outlooks to periods featuring
deteriorating and divergent market internals. We observed that shift last month, but I’d still call it
“early” deterioration; permissive of abrupt losses but not yet encouraging aggressive downside
expectations. We’ll respond to market conditions as they change.
Of course, there are so many more things to fully embrace, particularly this holiday season. To be
alive, breathing, sharing humanity with others we love on this little blue and green rock, spinning
around a star, floating through infinity, is miracle enough to demand no delusions at all.
Wishing you the joy that comes from recognizing all of your blessings. With gratitude to so many of
you, who are among mine.
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Bitcoin is a stateless, digital currency that allows people to
make transactions with no middlemen — no banks, no
transaction fees and no governments. Instead of printing
banknotes or minting coins, a list of the registration numbers of
each of the "bitcoins" and their owners is kept. In the last week,
however, Bitcoin has found itself under siege for a variety of
problems, and since then, the price of the coins has tumbled.
Susan Athey is an economics professor at Stanford Graduate School of
Business who researches Internet economics. Venture capitalist Balaji
Srinivasan founded the Stanford Bitcoin Group. He has a Stanford doctoral
degree in electrical engineering.
They spoke with Stanford's Clifton B. Parker about Bitcoin:

Is the Bitcoin protocol trustworthy?
Athey: In terms of trustworthiness, a large community of experts has
examined the protocol closely and found it to be secure. Possible weaknesses

have been discussed extensively in the Bitcoin community as well as by
academics. No protocol can be guaranteed to be perfect, of course.
In recent days, some issues have arisen with a denial-of-service attack that
prevented transactions from confirming properly. MtGox, a major Bitcoin
exchange, suspended withdrawals for a few days to deal with the issue. This
is a reminder that all digital systems have some vulnerabilities.
Given the diminishing role of physical cash in our economy, we can expect
problems to arise in all of the different financial systems we have.
My personal view is that it is important for regulators to provide a framework
for legitimate Bitcoin businesses to operate within the U.S. legal system …
legitimate firms will have the resources and incentive to provide more
sophisticated consumer protection and to develop and adopt best practices for
security.

Are we ready for Bitcoin on a large scale?
Srinivasan: If the Internet was programmable communication, Bitcoin is
programmable money. The analogy is actually a very good one. Before the
Internet, in order to deploy a program that used the central communications
network, you needed a deal with a network operator like AT&T. With the
Internet, individual nodes could write programs to directly communicate with
each other, without any central approval required.
In the same way, today, in order to deploy a program that uses the central
financial network, you need a deal with a large bank or credit card company.
With Bitcoin, individual nodes can write programs to directly send and receive
money from each other, without any central approval required.
There are technical improvements that will need to be made over the next few
years to allow Bitcoin to become usable on a large scale. This is like the early
Internet, which went from dial-up modems to broadband wireless over two
decades.

What are the strengths of the Bitcoin system?
Athey: The Bitcoin system has at its core a secure public ledger. An entry on
the ledger is not an IOU from a bank, like your bank account balance is.
Rather, the ledger entry is the definition of ownership of a bitcoin. Within the

Bitcoin protocol, one individual can send bitcoins to another without any
middlemen or risk … that is a very powerful concept.
Srinivasan: The strength of Bitcoin is that it is decentralized programmable
money. It is like having three APIs [application programming interfaces]: You
can check balances, write contracts and make transfers simply by tapping
keys on your computer. No supernodes with special permissions like banks
are needed to manage these transfers — anyone can be a so-called "miner"
and help with the distributed transaction approval process. Thus, if the
Internet enabled permissionless innovation, Bitcoin allows permissionless
monetization.

What are its weaknesses?
Srinivasan: It is a young protocol. In the fullness of time it will be something
like HTTP [Hypertext Transfer Protocol] — there will be apps, hardware and
the whole nine yards built on top of it. Right now there are many Bitcoin
improvement proposals, which will give you a sense of where the community
is focusing development efforts.
Athey: The exchange rate is too volatile now for it to make sense for the
average individual to hold bitcoins, except as a speculative investment. This
limits its usefulness somewhat.
What is interesting, however, is that the level of the bitcoin exchange rate is
not important for Bitcoin to be useful as a medium of transaction. Suppose
that an individual wishes to use Bitcoin to transfer value. She can buy bitcoins
and send them, and the recipient can cash them out, and for this purpose it
does not matter whether the exchange rate is $1,000 per bitcoin or $100 per
bitcoin.
If the individuals already have accounts on Bitcoin exchanges and some funds
there in their local currency — for example, if they are verified users of a
service like CoinBase — they can execute the whole transaction in about 20
minutes. As long as the bitcoin exchange rate does not fluctuate much in that
time interval, the dollar value does not matter. It is an efficient mode of
transaction.

What about the Bitcoin software?

Athey: The protocol does have some weaknesses like mining. [Mining is the
process of adding transaction records to Bitcoin's public ledger of past
transactions.] Mining was a very clever way to solve multiple problems at once
— it helps distribute the currency in an orderly fashion and provides an
incentive for individuals to contribute computing power to maintaining the
ledger. However, mining wastes a lot of energy and creates complications as
well.
Another weakness is that transactions take 10 minutes or more to confirm.
The fact that Bitcoin is open source brings all of the advantages and
disadvantages of open source software … there is no need to rely on a
company to maintain it. On the other hand, there is no central entity with
which a government regulator can exercise control.

Will Bitcoin grow in popularity in the future?
Athey: I think a useful analogy here is PayPal. PayPal has lower transaction
fees than credit cards, and for transactions between PayPal customers who
fund using bank accounts or keep balances in their PayPal accounts, the
transactions costs are low. PayPal enabled a lot of new use cases for
electronic commerce. Small businesses priced out of credit cards were finally
able to participate in electronic commerce.
Bitcoin and other virtual currencies can take all of this one step further.
International payments for low-value transactions become viable … workers
from poor countries who take domestic jobs in rich countries and then send
funds home currently pay high fees, especially for small or urgent
transactions.

How can the Bitcoin system avoid counterfeiting,
pirating or criminal use?
Srinivasan: The fundamental problem that Bitcoin solves is the so-called
double-spending problem, intimately tied to counterfeiting. To understand it,
let's go through four scenarios.
1. In a physical cash system, when "A" gives "B" a physical dollar bill, "B" knows
that "A" no longer has possession of said bill.

2. By contrast, in a naive implementation of a digital cash system, if "A" simply
emails the serial numbers on that dollar bill to "B," then "A" still has a copy of
the serial numbers as well, and "B" knows this. If these serial numbers are
being treated as "digital cash," there is a temptation for "A" to spend them
again with party "C." Hence the double-spending problem.
3. The traditional centralized solution to the double-spending problem is for a
special node, like a bank, to act as an intermediary. Now when "A" sends
money to "B" over the Internet, that central node debits "A" and credits "B,"
recording these debits and credits in a private ledger.
4. The decentralized solution, Bitcoin, is to do away with special nodes and
instead allow every node in the network to maintain a copy of the ledger of
debits and credits. This ledger is called the Bitcoin blockchain.
Athey: In the early days of the Internet, one of the few industries to make
money in e-commerce was pornography. In fact, pornography was a large
share of Internet activity then. As the Internet matured, pornography did not
go away, but the fact that the Internet facilitated pornography did not lead the
government to slow it down. Today, the Internet is still used for crime, but law
enforcement can catch criminals through their digital trails … if enough is at
stake with bitcoins, one can use the digital trails people leave behind to
associate addresses with individuals.
One activity in the Bitcoin community is the development of ways to associate
identities with Bitcoin addresses. Such a feature might make it easier for
businesses to comply with regulations.

What needs to be improved?
Srinivasan: The Bitcoin improvement proposals and the open source
repository issues are good resources to see what needs to be improved. Most
improvements would be made via code fixes that would be adopted by clients
and/or miners in the Bitcoin community, much like people adopt new web
servers or open source code.

