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Abstract: The “global saving glut” (GSG) hypothesis argues that the surge in capital inflows
from emerging market economies to the United States led to significant declines in long-term
interest rates in the United States and other industrial economies. In turn, these lower interest
rates, when combined with both innovations and deficiencies of the U.S. credit market, are
believed to have contributed to the U.S. housing bubble and to the buildup in financial
vulnerabilities that led to the financial crisis. Because the GSG countries for the most part
restricted their U.S. purchases to Treasuries and Agency debt, their provision of savings to
ultimately risky subprime mortgage borrowers was necessarily indirect, pushing down yields on
safe assets and increasing the appetite for alternative investments on the part of other investors.
We present a more complete picture of how capital flows contributed to the crisis, drawing
attention to the sizable inflows from European investors into U.S. private-label asset-backed
securities (ABS), including mortgage-backed securities and other structured investment products.
By adding to domestic demand for private-label ABS, substantial foreign acquisitions of these
securities contributed to the decline in their spreads over Treasury yields. Through a
combination of empirical estimation and model simulation, we verify that both GSG inflows into
Treasuries and Agencies, as well as European acquisitions of ABS, played a role in contributing
to downward pressures on U.S. interest rates.

*This note was prepared for the NBER-Sloan Project on the Global Financial Crisis. The
authors are economists in International Finance Division of the Federal Reserve Board. The
views in this paper are solely the responsibility of the authors and should not be interpreted as
reflecting the views of the Board of Governors of the Federal Reserve System or of any other
person associated with the Federal Reserve System. We would like to thanks Charles Engel,
Kristin Forbes, Jeffrey Frankel, Michael Leahy, Frank Warnock, and conference participants at
the Federal Reserve, Bank of Canada, and NBER for helpful comments. James Coonan and
Corinne Land provided superb research assistance.



It is widely accepted that international capital flows played an important role in the
emergence of the U.S. housing bubble and the global financial crisis that followed the bursting of
that bubble. In this view, an excess of saving over investment in many emerging market
economies, popularly referred to as the “global saving glut” (Bernanke, 2005, 2007), led to a
surge in capital inflows to the United States that increased available credit and lowered interest
rates. In combination with a number of additional factors—the increase in securitization,
excessive reliance on credit ratings, increases in leverage, failures to manage liquidity and risk,
and inadequacies of supervision and regulation—the expansion of financing associated with the
capital inflows contributed to the U.S. housing bubble and to the buildup in financial
vulnerabilities more generally that led to the crisis.

However, as noted in a companion paper (Bernanke et.al., 2011), the global saving glut
(GSG) story is an incomplete description of the developments in international capital markets
that contributed to the crisis. The emerging market economies at the center of the global saving
glut—China, other Asian developing economies, and the oil exporters—for the most part
restricted their U.S. purchases to Treasuries, Agency debt, and other low-risk investments. Their
provision of savings to what ultimately proved to be risky borrowers—such as those with
subprime mortgages—was indirect, as the massive capital inflows pushed down yields on
Treasuries and Agencies, thus increasing the appetite among private investors for alternative
assets and lowering yields on them as well. In fact, as we will discuss below, yields on
mortgages and mortgage-backed securities fell even more than those on Treasuries.

In considering the factors contributing to the global financial crisis, it is therefore
important to address a second feature of international capital flows that has received less

attention—direct foreign purchases of asset-backed securities (ABS) and other structured



products issued in the United States. To establish terminology, throughout this paper, “ABS”
refers to mortgage-backed and other asset-backed securities that are “private-label,” meaning
they are not guaranteed by the GSEs. All securities issued or guaranteed by the GSEs are
collectively referred to as Agency securities. By adding to the demand for private-label ABS,
foreign acquisitions of these securities likely contributed to the decline in their spreads over
Treasury yields and to the increase in their supply, thus directly increasing the flow of resources
to subprime and other risky borrowers. At the same time, foreign purchases of U.S. ABS
ensured that when the bubble finally burst, the financial crisis would not be confined to the
United States, but would spread throughout the world.

In our paper, we analyze data on international capital flows and portfolio positions in
order to describe the evolution, magnitude, and financing of foreign acquisitions of U.S. ABS
and structured instruments. We compare these acquisitions to those of U.S. Treasuries and
Agencies by the “global saving glut” countries in order to examine the relative importance of
these flows in creating vulnerabilities leading to the crisis. In particular, we present both
regression estimates and simulations of a stylized portfolio balance model to gauge the
contribution to the downward pressure on U.S. interest rates from purchases of U.S. Treasuries
and Agencies by the global saving glut countries, on the one hand, and from foreign acquisitions
of U.S. ABS, on the other. This research has ready implications for policy analysis: the better
we can identify the underlying roots of the global financial crisis, the better we can identify
trends that anticipate future crises and design measures to counteract them.

Our research builds on a number of papers linking the emergence of the global financial
crisis to international imbalances. This research has followed two distinct strands. The first of

these is the story sketched out above, in which current account surpluses in the emerging market



economies increased the global supply of capital, reduced interest rates in the United States and
other advanced economies, and thus encouraged the emergence of the bubble in subprime
housing mortgages. Caballero, Farhi, and Gourinchas (2009), Jagannathan, Kapoor, and
Schaumburg (2009), Obstfeld and Rogoff (2009), and Rajan (2010), among others, all discuss
variants of this argument. Members of the official sector, such as Bernanke (2009) and Bini
Smaghi (2008) have also highlighted this line of causation.

The second strand of research into international capital flows and the crisis has focused
on the extent to which exposure to U.S. dollar assets and dollar liabilities—and particularly to
U.S. ABS and other structured instruments—made foreign economies more vulnerable to
financial disruptions once the crisis began. Archaya and Schnabl (2009) assesses whether
issuance of asset-banked commercial paper was associated with subsequent financial distress,
while Kamin and Pounder (2010) examine whether holdings of U.S. ABS or financing in dollars
led to greater declines in bank asset values in different economies during the crisis. Rose and
Spiegel (2009) and Ehrman, Fratzscher, and Mehle (2009) examine how exposure to U.S. assets
and liabilities may have influenced broader economic developments during the crisis. Baba,
McCauley, and Ramaswamy (2009) and McGuire and von Peter (2009) both analyze the funding
patterns of non-U.S. banks that led to a severe shortage of dollar liquidity once the crisis began.

However, only a few observers have considered whether the substantial acquisitions of
U.S. ABS by foreigners, primarily in Europe, might not only have rendered foreigners more
vulnerable to a bursting of the subprime housing bubble, but might also have contributed to the
emergence of that bubble. Brender and Pisani (2010) describe how European investors
complemented the acquisition of safe U.S. assets by emerging market economies through their

participation in international “risk-taking chains” which supplied finds for riskier investments in



the United States. Caballero (2009) argues that the driving force behind the U.S. housing and
financial bubble was not current account imbalances but the rise in global demand for safe assets
beyond levels that could be met through creation of genuinely safe securities. Similarly, Johnson
(2009) and Borio and Disyatat (2011) argue that gross capital inflows, especially from Europe,
may have been more important in explaining U.S. financial developments in the leadup to the
crisis than the net inflows from emerging markets associated with current account imbalances.

But this previous research does not provide a thorough-going comparison of the
dimensions and effects of the international capital flows associated with the “global saving glut”
economies, on the one hand, and those associated with the acquisition of U.S. ABS by the
advanced economies, on the other. Our research, together with the related work featured in
Bernanke et. al. (2011), fills gaps in the evolving literature on the global financial crisis in two
respects: by drawing on the full range of available data to build a composite picture of the pattern
of global capital flows in the lead-up to the crisis, and by assessing the extent to which foreign
acquisitions of U.S. ABS and other structured investment products may have added to the
factors—specifically, lower interest rates—propelling the emergence of the housing bubble.!
However, we do not address the effect of lower interest rates on the U.S. housing market, a
critical issue that unfortunately is beyond the scope of this paper.

The first section of the paper establishes that foreign purchases of U.S. ABS were
quantitatively important in the financing of U.S. investment, particularly in housing, and
compares those purchases with the size of capital inflows from the GSG countries. Section Il

describes how the different economies used different means to finance their acquisitions of U.S.

! Bernanke et.al. (2011) also compares capital inflows into Treasuries and Agencies from the global saving glut
countries with inflows into ABS from other countries, primarily in Europe. Whereas Bernanke et. al. (2011)
explores the demand for safe assets by the different foreign investors, this paper focuses more on gauging the
relative impact on U.S. interest rates of the different types of capital inflows.
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assets. Section |11 addresses the different motivations for the acquisition of U.S. assets by the
GSG countries and the advanced foreign economies, especially Europe. The fourth section
provides some econometric evidence on the impact of foreign demand for U.S. securities on U.S.
interest rates, while Section V presents implications from simulations using a stylized portfolio
balance model. Section VI concludes.

l. Quantitative importance of foreign purchases of U.S. ABS

To analyze the pattern of international capital flows, we combine data from several
sources. The Treasury International Capital (TIC) System provides detailed data on the
composition of U.S. capital flows and the U.S. external position by country and instrument. To
these data we add details from other countries’ published external positions, BIS data on
international banking positions, and the IMF’s Coordinated Portfolio Investment Survey (CPIS),
which provides geographic breakdowns of many countries’ external securities claims. Finally,
the detail available in the TIC data allows us to estimate the composition of other countries’
claims and liabilities that are not otherwise available. Such estimates help fill out the picture of
international capital flows and positions, providing the basis for addressing the role of ABS and
other structured products in global imbalances. (See Appendix B for additional details.)

Figure 1 summarizes the evolution of U.S. external liabilities, while Figure 2 compares
the flow of foreign capital into U.S. Treasuries and Agencies with that into U.S. corporate bonds.
The increase in liabilities that financed the U.S. current account deficit in the years leading up to
the crisis was very broad-based (Figure 1). While the stock of U.S. Treasuries and Agencies
held by foreigners exceeded foreign holdings of corporate bonds, by 2007 the latter (including
ABS) were nearly as large. Moreover, in the years leading up to the crisis, foreign flows into

corporate debt were at least as large as those into Treasuries and Agencies (Figure 2). Nearly



half of these inflows into corporate bonds involved the purchase of ABS. In addition, much of
the non-ABS corporate debt securities purchased by foreigners were in the form of financial
debt, floating rate notes, and various structured products, rather than relatively safe conventional
nonfinancial corporate bonds. 2

Another way to gauge the importance of foreign asset holdings is to consider their share
of the total outstanding stocks of these assets, shown in Table 1. On the eve of the financial
crisis in mid-2007, while foreign holdings of U.S. Treasuries and Agencies were a large share of
the amount outstanding—31 percent—foreign holdings of ABS were not all that far behind. At
24 percent, they represented a substantial share of the market, certainly enough to have had a
material impact on pricing.

However, the geographic distribution of the inflows into these respective securities was
quite different. Figure 3 shows the cumulated flows into the same securities as Figure 2, but
differentiates these inflows by region of origin. Inflows from Emerging Asia and the Middle
East were almost entirely in the form of U.S. Treasuries and Agencies, and investors from these
countries account for about 60 percent of the inflows into these securities from 2003 up to June
2007. In contrast, inflows from Europe were largely in the form of corporate debt securities;
they accounted for about two-thirds of the total foreign purchases of corporate debt and a little
over half of the total foreign purchases of ABS. Most of the remaining capital inflows into
corporate debt and ABS came from Caribbean financial centers. The stark differences in the
geography of the inflows suggest that ABS played a very different role in the evolution of capital

inflows than that described by the global saving glut story.

2 Albertus, Bertaut, and Curcuru “Has the Crisis Changed Foreign Positions in U.S. Securities?” Federal Reserve
staff working paper 2010.



1. How did foreign economies finance their acquisitions of U.S. assets?

One of the most important differences between the foreign (mainly European)
acquisitions of U.S. ABS and the purchases of Treasuries and Agencies by the emerging market
economies was how these acquisitions were financed. Figure 4 focuses on the three groups of
economies most associated with the global saving glut (GSG)—China, other developing Asian
economies, and the OPEC countries—and compares their current account surpluses over the
period 2003 to 2007 with their acquisition of U.S. securities and their deposits into European
banks.® Although the data are incomplete, it is apparent that these economies’ acquisitions of
foreign assets were financed primarily by their own current account surpluses. It is also apparent
that these surpluses financed not only purchases of U.S. assets, but investments in other
economies, such as Europe, as well. Data on the allocation of OPEC assets, unfortunately, is
especially incomplete, but it is likely that much of their overseas investments went into
purchases of U.S. and European assets held by third-party custodians, and thus not picked up in
the TIC data.

By comparison, Europe, which accounted for most of the foreign purchases of U.S. ABS
during the period, was running a small current account deficit in aggregate. Accordingly, as
shown in Figure 5, the expansion of its claims was financed by a comparable expansion in its
liabilities.

The fact that Europe was issuing external liabilities and acquiring external assets in
roughly equal quantities does not mean, however, that the net effect of these transactions on U.S.

and global financial markets was a “wash.” Figure 6 depicts the evolution of Europe’s

® Comprehensive data on overseas asset purchases by these countries not available. Therefore, we have attempted to
capture these purchases by combining data on GSG-country acquisitions of U.S. assets, based on U.S. balance-of-
payments, Treasury International Capital (TIC), and Bank for International Settlements (BIS) banking data, with
GSG net bank flows to Europe, based on BIS banking data. Unfortunately, data on foreign purchases of non-U.S.
securities, which likely represent the largest gap in our coverage, are not available for most GSG countries.
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international balance sheet from 2003 to 2007, showing how its acquisition of external claims

was financed by issuance of external liabilities. The composition of these flows of claims and
liabilities were broadly similar, but the rise in claims included significant amounts of ABS and
other complex financial instruments, whereas the rise in liabilities was tilted toward traditional

securities and bank deposits.

Specifically, and focusing first on securities, Figure 6 shows that much of Europe’s
issuance of externally held securities was in the form of equity and sovereign debt, whereas
much of its acquisition of external securities was in the form of asset-backed securities and other
debt securities issued by foreign financial corporations, most of which ultimately were issued in
the United States.* Turning to transactions among banks and other primarily financial
institutions, Europe was a net lender abroad to nonbank corporations (“net loans to nonbanks and
other”), but was a net recipient of international interbank flows and other deposits from abroad
(“net interbank and deposits™) during this period.> As became apparent after the financial crisis
broke, many European financial institutions were funding their purchases of U.S. assets with
short-term dollar-denominated liabilities like commercial paper or bank deposits, much of which

attracted U.S. investors (McGuire and von Peter, 2009, Acharya and Schnabl, 2010).°

* Sovereign debt refers to debt issued by governments. While capital inflows to purchase European sovereign debt
helped finance the acquisition of external assets by Europe as a whole, there is no presumption that these inflows
financed external asset accumulation by European governments themselves. No sovereign debt appears on the asset
side of the balance sheet shown in Figure 6 because the change in Europe’s holdings of foreign sovereign debt over
the period was negligible.

® Because the gross two-way flows between Europe and the rest of the world are so large for the “Net loans to
nonbanks and other” and “Net interbank and deposits” categories, we show only their net flows in Figure 6. “Net
loans to nonbanks and other” primarily contains long-term bank loans to nonbank corporations, intercompany loans
between nonbank corporations, and certain transactions by brokers. “Net interbank and deposits,” in addition to
interbank flows and deposits from nonbank residents abroad, also includes estimates of net repurchase agreements
transacted by nonbank corporations, such as brokers. These two categories are derived from and completely cover
the “Other Investment” category of the Financial Accounts of the balance of payments of the euro area and the
United Kingdom. But in order to present these categories on the basis shown in Figure 6, we also used data from the
BIS, individual European countries’ Financial Accounts, and the U.S. Financial Account.

® It should be noted that not all of the dollar funding of U.S. ABS by Europeans is captured by these data. In many
cases, U.S. subsidiaries of European institutions, including their off-balance-sheet vehicles, both received dollar-
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Thus, even though Europe was not running current account surpluses, its financial firms
and investors engaged in a process of intermediation which augmented the supply of financing
for MBS and related instruments, especially in the United States. As Acharya and Schnable
(2010) note, investment flows from current account deficit countries as well as surplus countries
left their imprint on U.S. financial markets.

Of course, some of the investment flows from external deficit countries to the United

States were, in essence, recycled flows from external surplus countries to those deficit countries.
Figure 7 decomposes Europe’s international transactions in debt securities during the 2003-2007
period by the geographical destination of Europe’s outward investment (on the claims side) and
the source of the inflows (on the liabilities side). Outward investment flowed largely to the
United States and offshore centers, whereas most of the expansion in Europe’s liabilities is
accounted for by increased holdings of its bonds in the international reserves of other countries
as well as a large residual category, comprising mainly EMEs and offshore centers. Most likely,

h the international reserves and the EME
both the international reserves and the Stylized flows

residual category are largely accounted for by by ex post riskiness of asset

liabilities to the global saving glut economies. US

Hence, the global saving glut countries
not only provided financing to the United

y provi i ing i Safe
States directly through purchases of U.S.

assets, but also indirectly through purchases

of European assets that financed purchases of Safe

Europe | €————| Asia/Oil

funding and purchased ABS in the United States or the Caribbean; accordingly, these transactions did not give rise
to the cross-border financial flows with Europe shown in Figure 6. This is particularly true of dollar funding
through commercial paper vehicles.



U.S. assets. Moreover, European liabilities to the saving glut countries were in the form of safe
assets such as government bonds and bank deposits, whereas many European claims on the
United States were in the form of ABS and other structured credit instruments that later proved
quite risky. Accordingly, Europeans had considerable exposure to the subsequent crisis (as
illustrated by the diagram of the “triangular trade” in financial assets). Ironically, in this regard
Europe was acting as an international hedge fund, a role that previously had been attributed to
the United States.

To be sure, most U.S. ABS was rated AAA, and investors both in the United States and
abroad believed they were acquiring very safe assets (Bernanke, 2010). But even so, these
investors were happy to accept some additional yield in exchange for investments that were not
as gold-plated as U.S. Treasuries, and they intended to exploit the difference between the cost of
short-term deposits and commercial paper, on the one hand, and the return on U.S. ABS and
other corporate debt, on the other.

1. Motivations for investment flows into the United States

What motivated the different types of investors we have discussed above to purchase
U.S. assets? This question is interesting in its own right, and also has a bearing on whether
capital inflows contributed to the U.S. housing boom and subsequent bust. To the extent that
these capital inflows were largely exogenous to financial developments within the United
States—that is, the capital was pushed into the country—this strengthens the case that such flows
lowered U.S. interest rates and contributed to the boom and bust cycle. Conversely, if capital
flows were an endogenous reaction to U.S. developments—that is, they were pulled into the
United States by the prospect of high returns—this weakens the case for an independent effect of

foreign inflows.
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Certainly, most observers would characterize the capital inflows from the GSG countries
as being relatively predetermined with respect to U.S. financial market developments in general
and the sub-prime bubble in particular. There is no consensus regarding the causes of the current
account surpluses generated by these countries; candidate explanations include high saving rates,
intentional currency undervaluation, precautionary reserve accumulation, rising commodity
prices, and the desire to acquire the high-quality financial assets created in advanced economies.’
But there is general agreement that, whatever the sources of these surpluses, the GSG countries
have been investing them in assets regarded as very safe and liquid, with little regard to their rate
of return. Because U.S. Treasuries and Agencies represent the global benchmark for safe, liquid,
assets, acquisitions of these instruments have comprised a large share of the GSG countries’
asset purchases (Blanchard, Giavazzi, and Sa, 2005; Clarida, 2005; Cooper, 2005; Hubbard,
2005). Thus, taking the current account surpluses run by the GSG countries as given, the capital
generated by those surpluses appears to have been pushed toward the United States rather than
pulled by it.

The factors underlying the sizeable inflows of capital from Europe and other industrial
economies are more varied and complex. Some of the most prominent of these are the
following:

Rising wealth Figure 8 shows that the dollar value of gross European financial wealth
(excluding the volatile equity component) rose sharply during the years prior to the financial
crisis, and more rapidly than that of the United States. The $13.6 trillion rise in European

holdings of debt securities from the end of 2002 to the middle of 2007 meant that, even if the

" See, among others, Dooley, Folkerts-Landau and Garber (2003), Gruber and Kamin (2007, 2009), Ju and Wei
(2006), Mendoza, Quadrini, and Rios-Rull (2007), and Caballero, Farhi, and Gourinchas (2008).
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share of U.S. assets in those assets had remained constant at its end-2002 level of 6 percent,
Europe would have had to acquire an additional $800 billion in U.S. assets.

To be sure, some of the rise in the dollar value of European wealth reflected valuation
effects from the fall in the dollar rather than accumulation of additional wealth per se; as shown
in Figure 9, when measured as a ratio of GDP, European wealth grew more slowly than it did in
absolute dollar terms. But valuation changes can affect portfolio decisions just as readily as asset
accumulation. Put another way, the fall in the dollar reduced the share of U.S. assets in
European portfolios, so it was natural for them to purchase more of these assets to restore
balance to their portfolios.

Falling home bias® Europeans were not acquiring U.S. assets solely to maintain the shares of
these assets in their portfolios, however. They were also boosting the shares in their portfolio of
external assets in general, and U.S. assets in particular, thereby bringing these shares closer to
the levels consistent with global market capitalizations. The X-axis of Figure 10 plots the
evolution of Europeans’ relative portfolio weight in all externally-issued bonds: A value of 1
indicates that the share of the external bonds in Europe’s portfolio was equal to the share of the
external bonds’ value in the total global value of bonds outstanding (i.e., no home bias); a value
of zero indicates that none of the foreign bonds were being held (complete home bias).® The y-
axis computes Europeans’ relative portfolio weight in U.S.-issued bonds: Again, a value of 1
indicates that the share of U.S. bonds in European portfolios was equal to their share in global
market capitalization, while a value of zero indicated no U.S. bonds were being held. The figure

indicates that in 2002, Europe started with considerable home bias in its holdings of all external

® Home bias refers to the extent to which a country’s holdings of external assets as a share of its total portfolio fall
short of the standard CAPM benchmark: the share of total external market capitalization in global market
capitalization.

° For a more detailed description of this measure, see Bertaut and Kole (2004).

12



bonds (a portolio weight of only about .19), and even more home bias against holdings of U.S.
bonds (a portfolio weight of .14). However, by 2007, Europe had reduced its home bias against
both externally-issued bonds in general and U.S. bonds in particular, boosting the shares of both
in its portfolio. Thus, even if the dollar value of Europe’s total securities holdings (both
domestic- and externally- issued) had remained constant between 2002 and 2007, the reduction
in bias against U.S. holdings would have, by itself, accounted for $150 billion in acquisitions of
U.S. debt securities.
Role of ABS It is difficult to determine how much of Europe’s overseas acquisitions during the
2003-2007 period were motivated by the desire to reduce home bias (i.e., internationally
diversify) in general and how much they were motivated by the demand for specific types of
instruments, such as ABS. Purchases of ABS and other structured products stand out as a
significant component of the buildup in Europe’s cross-border positions, not only vis-a-vis the
United States, as noted earlier, but against all foreign (to Europe) counterparties. Figure 11
shows Europe’s holdings of long-term debt securities. Using TIC data, we can identify as
“foreign ABS” the portion of European-held U.S. securities that is ABS, as well as some ABS
issued in offshore centers. Moreover, some of the bar segments labeled “non-ABS”, particularly
the offshore and U.S. non-ABS segments, may also have contained some ABS and other
structured products. All told, though it is difficult to distinguish with certainty among the
different types of instruments held, it is evident that ABS and other structured debt instruments
played an important role in the expansion of external assets in the United Kingdom and the euro
area.

The role of ABS and other structured debt in financial globalization is illustrated more

starkly in Figure 12. This figure identifies the part of the reduction in “home bias” for a number

13



of advanced economies between 2003 and 2007 that is attributable to increased acquisitions of
ABS and other structured products. In the figure, reductions in home bias are expressed as
positive values—the red portions of the bars represent the reduction in home bias associated with
expanded holdings of ABS, while the blue portions represent reductions in home bias associated
with acquisitions of other debt securities. For most of the economies examined, ABS accounted
for a substantial part of the change in portfolios associated with a reduction in home bias during
the period.

One of the reasons why ABS may have played such an important role in the expansion of
Europe’s cross-border assets, of course, is that most of the ABS was being issued outside of
Europe, so European investors had perforce to engage in cross-border transactions to acquire it.
Figure 13 shows that from 2002 to 2007, the United States accounted for nearly 80 percent of the
global issuance of ABS, whereas Europe accounted for only 15 percent.

Even though ABS figured so prominently in the expansion of European cross-border
acquisitions of assets, however, it is not clear whether European investors were experiencing a
shift in preferences toward these assets, or whether they were merely including ABS and other
structured products in their portfolios as those assets assumed increasing shares of global market
capitalization. In this regard, the evolution of the composition of U.S. holdings by U.S. and
foreign residents, shown in Figure 14, is instructive. As shown in the top two panels, between
2003 and 2007, the share of ABS in total U.S. securities outstanding rose 3.3 percentage points,
from 5.7 percent to 9 percent. Clearly, the global saving glut countries had little interest in these
instruments: The share of ABS in their holdings of U.S. assets remained below 2.5 percent by the
end of the period. Conversely, the share of ABS in European portfolios of U.S. assets rose 9.3

percentage points, even more than the 2.8 percentage point rise in the share of ABS in U.S.
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resident portfolios. At the same time, the share of equities in European holdings of U.S. assets
shrunk, even as the equity share in U.S. resident portfolios rose.

Putting these pieces together, it seems likely that European investors had a greater taste
for corporate debt securities in general, and ABS in particular, than the GSG countries
(obviously!) and even, albeit to a less extent, than U.S. residents. To relatively conservative
European investors, U.S. ABS offered somewhat greater return than U.S. Treasuries and
Agencies, but because they were almost overwhelmingly rated AAA, they appeared much safer
than equities (Bernanke et. al., 2011). Thus, greater European demand for U.S. assets (fed by
rising wealth and increasing international diversification) combined with rising supply of U.S.
ABS (fed in part by the sub-prime housing boom) to produce sizeable European acquisitions of
these instruments. To return to the question posed at the beginning of the section, in explaining
the European capital flows into the United States, both push and pull factors appear to have been
at work.

V. Impact of capital inflows on U.S. interest rates—data and reduced-form estimates

How might purchases of Treasuries and Agencies by the global saving glut countries and
purchases of ABS by Europeans and others have affected financial conditions in the United
States? In particular, how might they have affected yields on asset-backed securities which, in
turn, would have affected the costs of mortgage borrowing by households and thus influenced
the evolution of the housing bubble? To address this question, we adopt two distinct but related
strategies: First, in this section, following on Warnock and Warnock (2009), we estimate
reduced-form models that link U.S. interest rates to, among other factors, foreign capital inflows.
Second, in Section V below, we develop and simulate a highly stylized portfolio balance model

in order to illustrate how different types of capital inflows might have affected yields on different
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types of U.S. assets. Before describing this work, however, we first review the salient trends in
U.S. interest rates in the years before the financial crisis.
IV.1 Trends in U.S. interest rates

The top left panel of Figure 15 illustrates the signal development of this period, the low level
of long-term Treasury security yields, which remained relatively contained even as the federal
funds rate was raised from 1 percent to an eventual level of 5% percent. Greenspan (2005)
famously referred to this development as a “conundrum,™ and various studies showed that bond
yields, both in the United States and abroad, fell below levels that were consistent with standard
macro fundamentals such as inflation, growth in gross domestic product, and fiscal balances
(Rudebusch, Swanson, and Wu, 2006; Gruber and Kamin, 2009). Explanations for the weakness
in Treasury yields during this period include declines in risk premiums (perhaps, at least initially,
associated with the "great moderation™) and enhanced demands for long-term assets by pension
funds and other institutional investors. In addition, observers have come to attribute at least part
of the weakness of Treasury yields to the subject of this paper, the heavy purchases of securities
by foreigners.

As is evident in the remaining panels of Figure 15, during this period interest rates on
Agency (Fannie Mae) MBS , AAA corporate bonds, and conforming (Agency-guaranteed) 30-
year fixed mortgages also fell significantly. While part of the weakness in these rates obviously
was due to the low Treasury yields, these rates declined even more than Treasury yields, so that
the spread of these different yields over Treasuries also edged down over the period,

notwithstanding a sharp step-up in the pace of issuance of these assts.'® Accordingly, these

19 For example, the outstanding stock of MBS and unsecuritized mortgages rose from $6.4 trillion at the end of 2002
to $11.1 trillion in 2007.
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declines in yields may have reflected more than just spillovers from falling Treasury yields—
they may also have reflected increases in demand for the non-Treasury securities themselves.

These developments were also evident in the markets most relevant to the U.S. subprime
housing boom. The top left panel of Figure 16 displays rates on subprime mortgages (shown
here as the origination rates on subprime ARMs), which declined roughly 250 basis points from
2000 through 2006; the spread between subprime ARMSs and conforming (Agency-guaranteed)
ARMs moved down as well. This decline in subprime spreads is quite remarkable, given the
explosion in the number of subprime loans issued over this period: subprime originations grew
nearly 20-fold, far faster than issuance of Treasuries. The bottom panels show similar
developments for Alt-A ARMs; here, there is a more pronounced decline in the spread over
conforming ARMs, even in the face of a substantial increase in Alt-A issuance.
IV.2 Reduced-form estimates of the effect of capital inflows on U.S. interest rates

To gauge the impact of capital inflows on U.S. interest rates, we start by building on the

work of Warnock and Warnock (2009) and examining the effect of foreign official purchases of
U.S. Treasuries on Treasury yields. Most of these purchases came from countries associated
with the global saving glut, so they could reasonably be described as exogenous to the Treasury
yields themselves—China and other Asian countries were intervening to buy dollars in foreign
exchange markets and channeling the proceeds into U.S. Treasuries and Agencies in a fairly
stable allocation. To estimate the effect of these purchases, we use a variant of the single
equation OLS specification in Beltran, Kretchnmer, Marquez, Thomas (2011), which
reformulates the Warnock and Warnock model as an AR(1) after extensive testing of alternative

specifications: ™

1 Our specification differs from that employed by Warnock and Warnock (2009) in a number of ways. First, it
introduces a lagged dependent variable, which is highly significant and required to help control serial correlation of
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D, total outstanding marketable U.S. Treasuries and Agencies

The equation is estimated using quarterly data for the period 1990 through the first half of
2007. The first column of Table 2 presents the estimation results. The foreign official share of
Treasuries and Agencies significantly decreases Treasury yields, just as in Warnock and
Warnock (2009). The long-run effect of a one percentage point rise in this share is to depress
Treasury yields by 7 basis points. Evaluated using the level of outstanding Treasuries and
agencies in June 2007, this implies that $100 billion in foreign official inflows depresses
Treasury yields by 11 basis points. The table below compares this estimated effect of Treasury
purchases with that derived from other studies, including some also focusing on the effect of
foreign capital inflows on yields (Warnock and Warnock, 2009, Beltran et.al., 2011, and

Rudebusch, Swanson, and Wu, 2006) and others focusing on the effects of the Federal Reserve’s

the error term. Second, it uses the stock of foreign official holdings as the dependent variable rather than the flow of
purchases employed by Warnock and Warnock (2009); this conforms more closely with the view embodied in
portfolio balance models that it is the stock rather than the flow of asset supplies and demands that best explains
asset prices. One concern with using a stock formulation of foreign holdings is that they trend upward over time and
their estimated negative impact on interest rates is spuriously reflecting a downward trend in interest rates for other
reasons. However, inclusion of a time trend in the regressions shown in Table 2 (not shown) does not reduce the
estimated effect of the foreign holdings variable.
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recent asset purchase programs (Gagnon et.al., 2010, D’Amico and King, 2010, and Hamilton
and Wu, 2010). The estimated effects in these studies are quite dispersed, and our own estimates

seem to fall squarely within their range.

Study Impact of $100 billion in U.S.

Treasury/Agency purchases on
Treasury yields (basis points)

Bertaut et. al. (2011): Reduced form regression -11

Bertaut et.al. (2011): Portfolio balance model -13

(section V, below)

Warnock and Warnock (2009) -1510 -32

Beltran et. al. (2011) -49

Rudebusch, Swanson and Wu (2006) no significant effect

Gagnon et.al.(2010) -6

D’Amico and King (2011) -10

Hamilton and Wu (2010) -4

Taking our own estimates and applying them to the roughly $1 trillion in Treasury and
Agency acquisitions by the GSG countries during the 2003-2007 period, this suggests that those
inflows lowered U.S. Treasury yields by 110 basis points. But to what extent did these declines
spill over into other interest rates such as those on housing mortgages? Unfortunately, foreign
holdings of ABS are only available beginning in 2002; this implies only 20 quarterly
observations of our key independent variable, too few to generate reliable estimation results.
Moreover, the markets for subprime loans and for private label MBS did not achieve substantial
depth and liquidity until the 2000s.

However, we can gain some sense of the likely spillovers of foreign purchases of U.S.
Treasuries and Agencies into other markets by estimating the effect of these purchases on the
yields shown in Figure 15: corporate AAA, Fannie Mae guaranteed MBS, and 30-year fixed-rate
conforming mortgages. The results of these estimations are also shown in Table 2. They

confirm that foreign official purchases of Treasuries and Agencies had significant spillovers to
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other markets, significantly depressing yields on Fannie Mae MBS, AAA corporate bonds, and
fixed-rate mortgages. Moreover, the size of these effects appears similar to, and usually larger
than, the effects on U.S. Treasury yields themselves, suggesting a great deal of substitutability
between Treasuries and other bonds.

All told, these results suggest that inflows from the GSG countries depressed other
private yields by well upwards of 100 basis points by 2007. However, they do not shed light on
the size of the additional impact on yields of direct purchases of ABS and other corporate debt
securities by Europe and other non-GSG countries. This impact is more difficult to estimate, as,
unlike foreign official inflows, European purchases of U.S. corporate securities are likely to be
endogenous with respect to the yields on those assets. For this reason, we instead examine
illustrative simulations of a stylized portfolio balance model in Section V below.

However, to shed at least some light on this issue before describing those simulations, the
last column of Table 2 presents a regression of AAA corporate yields on foreign acquisitions of
corporate bonds. The coefficient on this variable is significant, and implies that the 7.5
percentage point rise in the foreign share of U.S. corporate bonds outstanding between 2002 and
June 2007 depressed AAA corporate yields by 95 basis points. Moreover, the coefficient is
likely biased upwards (less negative) by the endogeneity problem, as feedback from shocks to
corporate bond yields should lead to increases in the same direction of foreign purchases of these
bonds.

V. A calibrated portfolio balance model of asset demands and supplies
To complement the econometric results discussed above and to develop more intuition

into the ways in which foreign capital flows may have affected U.S. interest rates, this section

12 Warnock and Warnock (2009) look at the effect of all foreign purchases (both private and official) of Treasuries
and Agencies on the yields on corporate bonds and mortgage interest rates, and get similar results.
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considers a stylized portfolio balance framework with three assets: (1) bank deposits; (2) U.S.
Treasuries and Agencies (which, for convenience, we will refer to as “Treasuries”); and (3) U.S.
corporate debt, including the focus of our interest, asset-backed securities (ABS).*® These assets
are demanded by residents of three different economies: the United States, Europe, and the
global saving glut countries (referred to, again for convenience, as “China”). All assets are
freely exchanged between investor countries at fixed exchange rates (admittedly a more plausible
assumption for China than for the United States and Europe).

We assume asset supplies are exogenous, so that reductions in interest rates caused by
capital inflows do not elicit additional issuance of securities. This assumption is unavoidable,
because tenuous as are our estimates of the parameters of asset demands (see below), even less
information is available on the parameters of asset supply. As a consequence, our analysis
focuses on comparing the notional downward pressures on U.S. interest rates posed by different
types of capital inflows; the actual downward pressures may have been somewhat less, as they
would have been moderated by increased securities issuance in response to the lower interest
rates.

V.1 Basic Framework

Let, b stand for bank deposits, t for Treasury securities, and ¢ for U.S. corporate debt,

including ABS. In this framework, demand for each asset A in each country as a share of wealth

W takes the form:

3 We model the broader category of corporate debt rather than its narrower ABS sub-component for a number of
reasons. First, most ABS received AAA credit ratings and, before the crisis, were perceived to be comparable in
quality to other highly-rated corporate securities. Second, as noted earlier, much of the non-ABS corporate debt
held by European investors was in the form of financial debt, floating rate notes, and structured products that were
similar in many respects to ABS. Finally, as noted in section IV, we do not have sufficiently long time series on
either holdings of ABS or their yields to permit reliable estimation of a demand equation for ABS, whereas we do
have such data for corporate debt more generally.
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Demand for each asset thus consists of an intercept term, and then is positively related to its own
interest rate and negatively to the interest rates on other assets. Our model will solve for the
various changes in interest rates that result from different configurations of investor preferences.
The assumptions regarding the demand curve parameters used in our analysis are listed in
the table below. Details of their derivation are described in Appendix A. In short, these
parameters were derived from IV estimations of the demand system described in equation (2)
above, applied to U.S. and European financial data over the period 1980 to 2007. However, for a
number of reasons, these parameters (and the model incorporating them) should be regarded as
illustrative rather than a precise representation of actual asset demands. First, asset demand
systems are notoriously difficult to estimate, and we had few previous results to draw upon.
Second, one of the reasons for the sparseness of previous results is the lack of suitable
instruments to distinguish shocks to asset demands from those to asset supplies; we used lagged
values of the variables in the model as instruments, but it is unclear how effective this approach
really is. Third, in reality investor portfolios are comprised of other assets besides deposits,
Treasuries, and U.S. corporate debt, and this also compromises the accuracy of the parameters of
interest. The results discussed in this section use our “baseline” simulation coefficients; in Table
3, we also show the sensitivity of the results to somewhat higher and lower elasticities calibrated

from the estimated standard errors of the portfolio balance model.
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With these caveats in mind, a number of features of the parameters we use are worth

highlighting. First, for China, we assume, consistent with much anecdotal evidence and

observed behavior, that their asset demands are invariant with respect to interest rates, so their

parameters are all set equal to zero. Second, we assume identical demand sensitivities for the

United States and Europe, both for convenience and because the composition of their U.S. asset

holdings, shown in Figure 14, is indeed fairly similar. The equation estimates suggested very

little substitutability between Treasuries and corporate debt, on the one hand, and deposits, on

the other. By implication, the estimates revealed substitutability between Treasuries and

corporate debt, consistent with the results of the reduced-form equations described in Section

V.2

Portfolio Balance Model Coefficient Settings: Sensitivity of
Asset Demands to Interest Rates on Different Assets
Treasuries & Corporate Bonds
Agencies (including ABS) Deposits
Baseline Sensitvities
us
Treasury & Agency demand 0.37 -0.28 -0.09
Corporate Demand -0.55 0.46 0.10
Europe
Treasury & Agency demand 0.37 -0.28 -0.09
Corporate Demand -0.55 0.46 0.10
China
Treasury & Agency demand 0 0 0
Corporate Demand 0 0 0
Global
Treasury & Agency demand 0.35 -0.27 -0.08
Corporate Demand -0.53 0.44 0.09

Once the parameters of the model are set, global demand can then be expressed as the

averages of demands for the individual assets in each country, weighted by the shares of each

country’s wealth in global wealth. In equilibrium, the global demand for each asset must equal
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the fixed asset supply. We set initial stocks of assets and levels of country wealth to be roughly
comparable to levels of bank deposits held in Europe and the United States, Treasury (and
Agency) securities held by the public, and U.S. corporate debt outstanding in 2003. In our
simplified version, corporate debt, including ABS, is held exclusively by the United States and
Europe.

Because the securities in our model include only those issued by the United States (and
given the home bias in portfolios), the United States has roughly twice the financial wealth of
Europe. Europe holds most of its wealth in deposits; its holdings of $400 billion in corporate
debt and $1 trillion in Treasuries are roughly comparable to the stocks of U.S. corporate debt and
Treasuries and Agencies actually held by Europe in 2003. “China” has wealth of $1,000 billion,
which is roughly the size of the combined foreign exchange reserves of Asian and OPEC
countries in 2003. “China’s” wealth is held in equal amounts of deposits and Treasuries (and
Agencies); the $500 billion assumption for Treasuries is roughly the stock of U.S. Treasuries and

Agencies held collectively by emerging Asia/OPEC in 2003.

Initial Asset Stocks and Country Wealth Allocations
Total (bill $) United States Europe China
Deposits 11750 5425 5825 500
Corporate debt 5400 5000 400 0
Treasuries 8000 6500 1000 500
Total Wealth 25150 16925 7225 1000

Expressed in portfolio share terms, asset holdings in each country are depicted in the

table below. The b0 coefficients in the asset demand equations depicted in equation (2) are
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calculated residually, as the value that sets the % term, for example, equal to By — Bttt —

ﬁbcrct :

Initial Portfolio Shares
United States Europe China
Deposits .32 81 5
Corporate debt .30 .06 0
Treasuries .38 14 5

Finally, because the three demand equations are not independent of each other—the asset
demands for each country must sum to its total wealth—the system as specified is under-
determined: there are not enough independent equations to determine all three interest rates.
Accordingly, we assume the interest rate on bank deposits is fixed. This is not implausible, as
this rate likely closely follows the short-term policy rate set by the monetary authority, and does
not vary greatly with movements in longer term rates. Conversely, the interest rates on
Treasuries and ABS are more volatile and less anchored by the policy rate.

V.2 Simulation exercises

With this framework, we consider the following comparative static exercises. First, to
evaluate the impact of the global saving glut, we analyze the impact on yields of a step-up in
Chinese purchases of Treasuries. Second, as one measure of the effect of capital inflows from
the advanced economies, we perform a simulation in which European investors boost the desired
share of U.S. ABS in their portfolios; this corresponds to the case, described in Section 111 above,
in which capital flows were pushed into the U.S. financial system. Third, as an alternative
measure of the role of foreign advanced-economy investors in the evolution of U.S. interest

rates, we consider a scenario in which foreign investors’ demand curve for U.S. ABS and other
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corporate debt is unchanged, but they purchase more of it as the supply of ABS by U.S. residents
increases; this corresponds to the possibility discussed in Section 111 that capital inflows from
Europe and elsewhere were pulled into the country by the housing boom.

The implications of these simulations for Treasury and ABS yields are shown in Table 3.
The first set of columns is based on the baseline sensitivities shown above. The remaining two
sets of columns examine the effects on yields when the sensitivity of asset demands to interest

rates are somewhat higher and lower, respectively, than the baseline.

Simulation 1: Greater Chinese Treasuries purchases Inflows from the saving glut countries are
modeled as an exogenous increase in China’s wealth, matched—consistent with the external
surpluses being run against the United States—by an equally-sized rundown of deposits held by
the United States. China’s external investments rise from $1 trillion to $3 trillion, in the
neighborhood of the increase in foreign exchange reserves of the saving glut countries from 2003
through 2006. With China’s portfolio shares remaining constant at %2 for deposits and %2 for
Treasuries (as they are assumed to be invariant with respect to interest rates), the shock leads to
$1 trillion in additional acquisitions of U.S. Treasuries and Agencies, leading the share of these
securities outstanding held by China to rise to 17 percent and the share held by all foreigners to
rise to nearly 30 percent.

The increased demand from China generates a decline in the equilibrium interest on
Treasuries of 137 basis points. Because Treasuries and ABS are so substitutable in the portfolios
of U.S. and European investors, the ABS yield (equivalently, the yield on corporate debt)
declines by 154 basis points. These estimates of the effects of inflows from the GSG countries
are just a little larger than those derived from the reduced-form regressions described in Section

IV, which implied impacts of 110 basis points and 140 basis points, respectively. That makes
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sense, since as noted above, these model-based estimates assume that asset supplies are
unchanged when interest rates decline. In reality, asset supplies might be expected to increase in
response to lower rates, thus attenuating the decline in these rates. The reduced-form estimates
shown in Section IV should reflect those endogenous responses, thus making them a little
smaller than our model-based estimates.

Simulation 2: Greater European demands for U.S. ABS Europe did not run current account

surpluses in aggregate to acquire U.S. ABS, but rather took in safe deposits from other countries
to finance the ABS. We model this activity in Simulation 2a as a reduction in European demand
for deposits (achieved by reducing the b0 coefficient in Europe’s demand curve for deposits)
coupled with an increase in their demand for ABS (achieved by increasing the b0 coefficient in
Europe’s demand curve for U.S. corporate bonds). This boosts the share of total U.S. corporate
debt in European portfolios from 6 percent to 16 percent of European wealth, similar in
magnitude to the actual $475 billion rise in European holdings of U.S. ABS. The higher demand
for ABS leads to a fall in ABS yields of 61 basis points; moreover, because Treasuries and ABS
are substitutable in investor portfolios as noted above, Treasury yields decline by 47 basis points.
A number of aspects of these results are worth highlighting. First, they suggest that
capital inflows from European countries into U.S. ABS generated material declines in U.S.
interest rates. Second, they show how gross capital flows from Europe to the United States could
have depressed yields on U.S. Treasuries and ABS, even if fully financed by other types of gross
flows running from the United States to Europe. To some extent, of course, this result was
“baked in the cake,” since in our model the deposit interest rate is fixed. But even if the deposit
rate had been endogenous in the model and rose in response to the decline in European demand

for deposits, it would have had little effect on long-term Treasury and ABS yields, since deposits
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are not very substitutable with longer term Treasuries or ABS. This low degree of
substitutability is well-confirmed by our estimates of asset demand equations described in
Appendix A.

Notably, the effect of European acquisitions of ABS on ABS and Treasury yields is much
smaller than the effect of inflows from the global saving glut countries. This in large part
reflects the fact that European acquisitions of U.S. ABS, at $475 billion, were much smaller than
GSG purchases of U.S. Treasuries and Agencies. Simulation 2b looks at the effect of a switch in
European asset demands sufficient to match Europe’s purchases of all types of U.S. corporate
debt, including but not limited to ABS, during the leadup to the financial crisis. Notably, this
generates declines in yields very similar to those in Simulation 1.

Simulation 3: Greater supply of U.S. ABS Third, and finally, we analyze an alternative scenario

in which the U.S. housing boom is driven by factors internal to the U.S. housing and financial
markets themselves rather than by foreign demand for assets. Accordingly, we present a
“supply” shock, modeled as an exogenous increase in the quantity of ABS in the market. We
then ask: even without an exogenous increase in foreign demand for ABS, did the willingness of
European investors to absorb new supply materially reduce the extent to which yields on ABS
would have risen?

In Simulation 3a, we boost the quantity of ABS by 25 percent (initially distributed on a
pro rata basis to U.S. and European investors, based on their initial holdings), comparable to its
actual rise during the 2003-2007 period. This leads to an increase in the share of U.S. corporate
debt in total wealth at the expense of the shares of both Treasuries and deposits. As expected,

this shock generates a pronounced increase in the ABS yield—100 basis points—to persuade
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U.S. and European investors to absorb the excess ABS supply. Because of the substitutability
between ABS and Treasuries, Treasury yields also rise, by nearly 70 basis points.

In Simulation 3b, we couple the rise in the supply of ABS with the assumption that
Europe will absorb none of the increase in its supply. (Specifically, we “zero out” the
parameters representing the sensitivity of Europe’s demand for assets to changes in interest rates,
so its initial holdings of deposits, Treasuries, and ABS remain unchanged.) In this scenario, U.S.
investors must absorb the entirety of the rise in ABS supply, and yields rise further, with a total
increase of 125 basis points for ABS and 84 basis points for Treasuries.

This experiment highlights two key features of the global capital market in the leadup to
the financial crisis. First, in the face of very large increases in the supply of these assets,
European investors likely played a critical role in keeping yields on ABS and Treasuries from
rising. Second, in the first experiment (Simulation 3a), Europe absorbs about 10 percent of the
increase in the ABS outstanding—thus, even without a shock to Europe’s asset demand curves,
the increase in ABS supply leads to gross capital inflows from Europe to the United States. This
suggests that at least some of the actual capital flows from Europe to the United States were
pulled rather than pushed, but exactly how much is difficult to determine.

VI.  Concluding Remarks

This paper explores the channels through which foreign demand for U.S. assets may have
contributed to declines in interest rates and the evolution of the U.S. housing bubble. We
distinguish between two prominent sources of foreign demand: demand for Treasuries and
Agencies from China, OPEC, and other emerging market Asian economies (the “global saving
glut,” or GSG, countries), on the one hand, and European demand for U.S. corporate debt,

particularly private-label asset-backed securities (ABS), on the other. From 2003 through mid-
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2007, GSG country acquisitions of Treasuries and Agencies totaled roughly $1 trillion, but
European acquisitions of U.S. corporate debt amounted to even more at $1.25 trillion, of which
nearly $500 billion consisted of private-label ABS and some of the remainder was comprised of
other structured investment products similar to ABS.

The capital flows from the GSG countries and from Europe were financed in very
different ways. Acquisitions of U.S. assets from the saving glut countries represented the
disposition of their sizable current account surpluses. In contrast, Europe had roughly balanced
current accounts, and thus financed its acquisitions through a considerable expansion in external
liabilities. Taken together, the cross border financial flows between the United States, Europe,
and the GSG countries represented a global “triangular trade” in financial assets. Because
Europe was financing what were, at least ex post, risky investments in the United States through,
in part, issuance of safe bank deposits and sovereign debt, it was acting as a hedge fund in the
global securities market, a role previously accorded mainly to the United States.

We develop a simple, stylized portfolio balance model to compare the effects on Treasury
and ABS yields of capital inflows from the GSG countries and from Europe. While mainly
illustrative, the model’s predictions of the effects of capital flows on bond yields are quite
consistent with both our own reduced-form econometric estimates and those of other analysts.
The model suggests that in the years leading up to the crisis, purchases of U.S. Treasuries and
Agencies by the GSG countries depressed 10-year Treasury yields on the order of 140 basis
points, and the spillovers from this outcome likely lowered ABS yields by some 150 basis points.
The model also indicates that, even though much of Europe’s acquisitions of U.S. ABS were
financed by “reverse” flows of U.S. investments into European liabilities, the effect of this

exchange was to lower ABS vyields by about 60 basis points and Treasury yields by 50 basis
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points; if we include the effect of European purchases of non-ABS U.S. corporate debt as well,
these declines deepen to -160 basis points and -120 basis points, respectively. The combined
effect of all of these inflows on U.S. interest rates would have been huge, but of course actual
declines in these yields were much smaller, as the supplies of the assets being purchased rose
substantially as well.

Europe’s acquisitions of ABS did not necessarily reflect an exogenous boost to European
demand for these assets that pushed capital into the U.S. financial system. Although that was
likely the case in part, as European wealth expanded rapidly and home bias diminished, at least
some of these acquisitions were probably caused by the expansion of the supply of ABS, which
would have pulled in capital from Europe in response to attractive returns. But even in that latter
case, European investors would have played a significant role by absorbing part of the increased
supply of ABS and thus containing any rise in ABS yields that otherwise would have occurred.

In conclusion, it is clear that capital inflows from both the global saving glut countries
and the advanced economies, especially Europe, depressed U.S. interest rates during the middle
of the past decade. A critical question not addressed in this paper is the extent to which these
declines in interest rates exacerbated the housing bubble and other financial vulnerabilities. This

remains a very open issue, and should represent the focus of additional research.
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Appendix A: Estimation of Portfolio Balance Model

As noted in the text, the model consists of three demand equations for assets A as a share
of total wealth W, reproduced below. b stands for bank deposits, t for Treasury securities, and ¢
for corporate debt, including ABS.

b
wo bop + BopTs — BuitTt — BocTc
Ae
W bot = BepTo + BetTe — BecTe (A1)
Ac

W = boc = Bev™s — BetTt + Pece

One feature of asset demand equations of this type is that an equal increase in all three interest
rates r (leaving differentials between these interest rates unchanged) should leave asset demands
unchanged as well. Accordingly, the various parameters for each country must obey

Bob — Bot — Boc =10
Btt — Biv — Bee =0 (42)
Bec— Bet — Ber =0

Based on these restrictions, we can re-write the demand equations in Al in terms of the spread of
Treasury yields over bank deposit interest rates and the spread of corporate debt yields over
deposit rates:

A
Wb = bop — Boe(1t = 1) = Boe(te — 1)

A
oy = bot + Bt = 1) = Bec(re = 1) (43)

c

W = by, _ﬁct(rt _rb) + ﬁCC(TC _rb)

Note that as written, A3 represents a system of three equations and two unknowns, the Treasury
spread r; - rp, and the corporate bond spread r. - r,. However, this system is not over-determined.

Because all three asset-shares AW”, %, and % must sum to unity, this implies a set of cross-
equation restrictions on the parameters, shown below. Those restrictions, in turn, imply that the
three equations are linearly dependent, so that only two of the three equations are needed to solve
for the two endogenous spreads. In practice, we use the second two equations, the demand

curves for Treasuries and corporate debt, to solve the model.
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Bob = Bto — Bep =0
Btt — Boe — Bee =0 (A4)
Bec = Bre = Boc =0
The actual empirical equations we estimated are shown below.

MUS,L’
WUS,t

= f <(R10,t - RCD,t)» (RCOrp,t - RCD,t)'

T, _
Rige = Rene) = f (50 (Reompe = Ren)r 72,410, BDEF,)  (45)
t

C; A
(Rcorpt — Repe) = f (W» (Rio,t — Repyt), Yte'”fﬂo:BDEFt)
t

Rio¢: 10-year U.S. Treasury yield, nominal
Rcorpt- AAA corporate bond yield, nominal
R¢p,¢: 6-month CD rate, nominal

?E’: expected GDP growth (blue chip)

i 110: €Xpected inflation rate (10-year ahead Michigan survey)

BDEF, : federal budget deficit as a share of GDP

Mys ¢ U.S. M2 money stock

T;: Marketable Treasury bonds + U.S. debt held by the Federal Reserve
C;: U.S. corporate bonds outstanding

Wyst: Myse + Ty + Ce

W, My + T, +C,

NGDPys . : nominal U.S. GDP

A number of aspects of these equations should be highlighted. First, although we do not use the
equation for deposits demand when we solve the model, it is useful to estimate the equation to
assess whether the estimated parameters are consistent with those in the other two equations. As
a proxy for bank deposits, we use the somewhat broader M2 money stock, which includes
currency, another important element in investor portfolios. We also use exclusively U.S.
variables for this equation; given our assumption of identical demand curves in the United States
and Europe, either country (or both) could have been used for estimation.

Second, the second and third equations in our system are inverted so that the endogenous
variables of interest — the spreads of Treasury and corporate yields over CD rates—appear as the
dependent variables. They are likely to be more endogenous than the supply of Treasuries,
which arguably is determined by the path of fiscal deficits, although this argument may not apply
to the supply of U.S. corporate bonds. (Partly to keep the variable as exogenous as possible, we
use the supply of Treasuries alone, rather than the supply of Treasuries and Agencies, as an
explanatory variable.) Note that for these two equations, portfolio shares are specified as asset
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supplies divided by the combined wealth of the United States and Europe, since yields on U.S.
Treasuries and corporate debt reflect the demand from both U.S. and European investors.

Third, we have introduced a number of control variables to better identify the effects of the
variables of interest in our system. In the money demand equation, nominal GDP is an obvious
determinant. Similarly, expected inflation and GDP growth, as well as the budget deficit, seem
likely to influence Treasury and corporate bond yields in addition to asset supplies.

The three equations were estimated using two-stage least squares on quarterly data for the period
1980 to 2007. The control variables along with lags of the endogenous variables were used as
instruments. Results of the estimation are shown in Table A1. By and large, the estimates are
quite reasonable. In the Treasury spreads and corporate spreads equations, the coefficients on
the asset shares and the alternative spreads are positive and statistically significant in most cases.
In the money demand equation, the coefficients on the two spread variables are significant but
quite small, suggesting that the demand for money is not very responsive to longer-term yields,
while the coefficient on nominal GDP is positive and significant, as expected.

The table below translates the coefficient estimates into their implied parameter values, along
with re-calculated z-statistics, for the original model shown in equation Al above. The results
for the Treasuries and corporate bond demands indicate that these two assets are relatively
substitutable in investor portfolios, as their responsiveness to Treasury and corporate bond yields
are broadly similar in magnitude, whereas neither is very substitutable with bank deposits. (The
coefficient of .10 on the CD rate in the corporate bonds equation has an incorrect sign, but is
quite small.) This observation is confirmed by the very small coefficients on all three asset
returns in the deposit demand equation, suggesting that deposit demands are relatively invariant
with respect to rates of return.

Derivative of asset | 6-month CD interest | 10-year Treasury AAA Corporate
demand with respect rate yield bond yield
to rate of return
Deposit/Wealth .01 -.06 .05
(3.44) (-4.82) (4.86)
Treasuries/Wealth -.09 37 -.28
(-2.27) (2.30) (-2.27)
Corporate 10 -.55 45
bonds/Wealth (1.27) (-1.29) (1.29)

Another finding highlighted by these results is that the demand for corporate bonds appears more
sensitive to Treasury yields than is the demand for Treasuries with respect to corporate bond
yields. This seems consistent with the results of the reduced-form regressions shown in Table 2,
which indicate that the foreign official purchases of Treasuries and Agencies depress AAA
corporate bond yields even more than they depress yields on Treasuries themselves.

As discussed in the main text, these estimated parameters are used to model the asset demands of

U.S. and European investors. Consistent with past behavior, the demands of the global saving
glut countries are assumed to be invariant with respect to interest rates.
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Appendix B: Selected Data Sources
1. Sources for total amounts of U.S. securities outstanding
Total amounts of U.S. securities outstanding are taken from the U.S. Flow of Funds accounts

levels (L) tables, available on the Federal Reserve Board website at this link:
http://www.federalreserve.gov/releases/z1/default.htm

Total Treasury securities: Table L.2, line 4

Total Agency securities: Table L.3, lines 3 plus 4

Total financial corporate debt: Table L.3, line 5

Total non-financial corporate: Table L.2, lines 4, 6, and 7
Total private-label ABS™: Table L.3, line 19

2. Estimates of foreign holdings and acquisitions of U.S. securities, by country

Estimated holdings of U.S. securities, broken down by investing country, are based on the annual
Treasury International Capital (TI1C) surveys of foreign portfolio holdings of U.S. securities.
These comprehensive surveys record holdings of U.S. securities by country of holder as of end-
June for various years. Survey reports are available on the Treasury website at
http://www.treasury.gov/resource-center/data-chart-center/tic/Pages/fpis.aspx

To adjust the end-June securities holdings recorded by the surveys to create estimates as of year-
end, we use the Bertaut-Tryon (2007) data, which adjusts for financial center transactions bias
and valuation changes. These estimates, as well as a detailed methodology of their construction,
are available at: http://www.federalreserve.gov/pubs/ifdp/2007/910/default.htm

For estimates of cumulated foreign net purchases of U.S. securities in Figures 2, 3, and 4 we also
use the Bertaut-Tryon data base.™ In addition to estimated monthly holdings, this data base
provides estimates of monthly changes in holdings, decomposed into identified adjusted net
flows (flows are adjusted primarily for repayments of ABS), monthly valuation changes, and the
residual “gap” required to reconcile the reported transactions data with the annual survey
holdings. We construct cumulated net purchases by country as the sum of the monthly adjusted
net flows plus the monthly “gap” to generate estimates of net purchases that are corrected for
financial center bias.

We are able to implement the methodology above for purchases of Treasury securities, agency
securities, and total corporate debt. We then decompose further our estimates of net purchases of
corporate debt by country into purchases of ABS, financial corporate debt, and nonfinancial
corporate debt using the relative shares of these types of corporate debt as reported in the
detailed data from the annual surveys.

“In this appendix, ABS refers broadly to all asset-backed securities including mortgage-backed securities.

1> We use the Bertaut-Tryon data, which corrects for financial center bias in the estimated net purchases by country,
instead of the as-reported TIC net purchases data available on the Treasury website because the financial center
distortions are particularly important for the countries we consider.
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3. European cross-border financial flows shown in Figure 6

We proxy Europe’s cross-border financial flows over this period by summing the flows for the
euro area and the U.K., using their balance of payments (BOP) and international investment
positions (1IP) data. For the euro area, these are available in the Monthly Bulletin table 7.3 and
related dataset: http://sdw.ecbh.europa.eu/reports.do?node=100000210. For the United Kingdom,
these are available in the annual Pink Book and associated data set:
http://www.statistics.gov.uk/statbase/product.asp?vink=1140. These sources provide data on
three types of cross-border investment: direct investment, portfolio investment (equity and debt
securities), and other investment (banking and other transactions). Summing the flows of the
euro area and the U.K. would overstate their combined net flows with the rest of the world
because it would include their flows to each other. To correct this, we subtract the flows
between the two economies, primarily using the geographical breakdowns of their 11Ps.*® All
flows and positions are converted to U.S. dollars on a quarterly basis.

Importantly, these sources do not disaggregate flows of debt securities by type, distinctions that
are important to understanding the build-up of risk before the crisis. They also do not separate
“other investment” into categories that are useful for thinking about the crisis, such as interbank
transactions versus transactions with non-banks. Accordingly, we disaggregate these categories
using a variety of other sources; we provide a brief overview below of our methodology. Further
detail on our estimation procedures is available upon request.

Disaggregating debt securities

We disaggregate Europe’s external claims and liabilities in the form of debt securities into ABS,
other financial corporate, non-financial corporate, and sovereign debt using different methods for
claims and liabilities because of differences in data availability. For claims, we start with
Europe’s acquisitions of U.S. debt securities of each type, which are available from the Treasury
International Capital (TIC) system. For Europe’s claims on other countries besides the United
States, we draw on the country distribution of euro area and U.K. claims in the form of debt
securities found in the IMF’s Coordinated Portfolio Investment Survey (CPIS), and assume that
European investors acquired a similar portfolio of debt securities from each country as U.S.
investors acquired from that country (again using TIC data to estimate the composition of U.S.
acquisitions).

For external liabilities, the U.K. data differentiate between sovereign debt, bank debt and non-
bank debt. We assume that, in addition to bank debt, one-quarter of U.K. non-bank debt is
issued by financial firms and the remainder is by non-financial firms. For the euro area, data on
external liabilities in the form of sovereign debt are available for recent years; we estimate
foreign acquisitions of sovereign debt for the earlier period based on euro area sovereign debt

1® We use separate geographical breakdowns for the three broad types of investment; for “other investment,” we are
able to estimate flows separately for bank and non-bank positions.
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issuance.’” Corporate debt liabilities of the euro area (excluding ABS) are split into financial and
non-financial categories by assuming investors from all countries acquired a portfolio of
European corporate debt similar to that acquired by U.S. investors (based on TIC data). Finally,
our estimates of foreign holdings of European ABS, combining the euro area and the United
Kingdom, are primarily based on data from the European Securitization Forum (ESF) on gross
issuance of ABS and primary distribution of ABS abroad; as the resulting estimates are
particularly tenuous, the U.S. acquisitions of European ABS (shown in the TIC data) provide a
lower bound.

Disaggregating Banking and Other Transactions

In Figure 6, we present two broad categories of banking and other transactions. The first is “net
interbank transactions and deposits,” which represents the net of external claims and liabilities of
the following three types of transactions: 1) interbank transactions; 2) repurchase agreements
(repos) between or among banks and other financial firms, such as securities dealers; and 3)
deposits by non-bank residents (where deposits abroad by European residents are a claim and
deposits in European banks from non-bank foreigners are a liability). The second category is
“net loans to non-banks and other,” which represents the net of external claims and liabilities of
the following two types of transactions: 1) loans to non-banks (where loans to non-banks
abroad—made either by banks or non-bank firms—are a claim and loans from abroad to
European non-banks are a liability); and 2) miscellaneous other (such as increased currency
liabilities of the ECB to foreigners).

Of the five transaction types identified in the above paragraph, only two, deposits by non-bank
residents and miscellaneous other, are clearly identified in the BOP or IIP data. The amounts for
the other types are estimated using several sources, including primarily: 1) additional
breakdowns that are provided in the euro area and U.K. BOP data; 2) BIS locational data, which
splits banks’ cross-border positions into those with other banks and those with non-banks; and 3)
aggregate balance sheet data published by the euro area and the U.K. for banks, other financial
firms, and non-financial firms.

7 We adjust for the fact that foreign acquisitions of euro area sovereign debt tended to grow faster than sovereign
debt issuance and confirmed our figures with acquisitions of euro-denominated reserve assets in the Currency
Composition of Official Foreign Exchange Reserves (COFER) data.
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Figure 1

Composition of U.S. external liabilities
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Figure 2

Foreign inflows into U.S. debt securities in lead-up to the financial crisis
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Figure 3
Cumulated foreign inflowsinto U.S. debt securities
Jan. 2003 to June 2007 Billions of dollars
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Figure 4

Current account surpluses and financial acquisitions of certain surplus regions
2003 to 2007 »
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Figure 5
Europe’s gross international claims and liabilities

Billions of dollars
_ — 50,000

@1 Gross claims
Il Gross liabilities

— — 40,000

30,000

20,000

10,000

005 2006 2007

2003
Sources: Haver Analytics, Bank of England and the European Central Bank.



Figure 6

Cumulated European cross-border financial flows
Jan. 2003 to June 2007
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Figure 7

Geographical breakdown of European cross-border financial flows
2003 to 2007
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Figure 8
European* and U.S. financial wealth
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Figure 9
European* and U.S. financial wealth as a percent of GDP
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Figure 10
European portfolio shares in U.S. and foreign bonds
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European holdings of foreign long-term debt securities
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Figure 12

Decrease in home biasarising from ABS cross-border investment
Dec. 2003 to Dec. 2007
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Figure 13
ABS and MBS Issuance
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Figure 14: Holdings of U.S. securites outstanding
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Figure 15

Selected long-term rates
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Figure 16

Selected ARM rates
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Table 1. Foreign Holdings of U.S. Securities as a Share of Qutstandings

(as of June 2007, Billions of U.S. dollars)

Total

Foreign Share

Outstanding of Total

! Foreign Held? (Percent)

Treasury and agency securities® 11,688 3,607 31%
Corporate & municipal credit securities (non

asset-backed)* 8,616 2,045 24%

3 Corporate ABS + ABCP” 4,185 990 24%

4 Corporate equities and fund shares 27,768 3,130 11%

Notes

1 Source: Flow of Funds March 6, 2008 Z.1 Statistical Release, tables L.200-L.228 (Federal Reserve Board,

2008). See note 5 for ABS and ABCP outstandings.

2 Foreign holdings were obtained from tables 1, 23 and 24 of the "Report on Foreign Portfolio Holdings of
U.S. Securities,” as of June 30, 2007 (Department of the Treasury, 2008) with slight modifications to foreign

held corporate ABCP from Beltran, Pounder, Thomas (2008).

3 Total includes savings bonds and holdings of the Federal Reserve System.

4 Includes open market paper.
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Table 2: Effects of Foreign Securities Purchases on U.S. Interest Rates

Dependent Variable:

Regressors:

Foreign Official Holdings*
of Tresuries & Agencies

Foreign Holdings of*

U.S. Corporate Bonds

Federal Funds Rate

Expected 10-yr. Inflation Rate

Expected GDP Growth Rate

Risk Premium

Lagged Dep. Var.

Constant

Adj. R-squared
Obs.

10-yr.
Treasury
Yield

-2.817
(-2.4)

0.100
(2.30)

0.286
(2.73)

0.028
(0.26)

1.749
(1.43)

0.609
(6.33)

0.705
(1.08)

0.921
68

30-yr. Fixed
Mortgage
Rate

-2.851
(-2.7)

0.145
(3.41)

0.199
(2.27)

0.110
(1.12)

1.401
(1.27)

0.612
(6.79)

1.252
(1.83)

0.927
69

Fannie Mae
MBS Yield

-2.790
(-1.87)

0.158
(2.19)

0.215
(1.79)

-0.070
(-0.51)

2.154
(1.40)

0.540
(4.27)

1.740
(2.02)

0.878
65

AAA
Corporate
Yield

-3.684
(-2.92)

0.107
(2.88)

0.203
(2.41)

0.091
(0.91)

0.119
(0.1)

0.602
(6.44)

1.853
(2.3)

0.920
69

AAA
Corporate
Yield

-3.981
(-2.42)

0.076
(2.23)

0.140
(1.62)

0.106
(1.02)

-0.141
(-0.12)

0.686
(8.54)

1.716
(2.01)

0.917
69

(t-statistics in parentheses)

*measured as a share of total outstanding Treasuries and agencies and U.S. corporate bonds, respectively.



Table 3: Simulation Results

Treasury ABS |[Treasury ABS | Treasury ABS
yield Yield yield Yield yield Yield
Baseline Sensitivity | Higher Sensitivity | Lower Sensitivity
Results results Results
Baseline yields 4.60 6.50 4.60 6.50 4.60 6.50
1. Shock 1: increase in China's wealth from
$1 trillion to $3 trillion; China increases
Treasury & Agency holdings 3.23 4.96 3.81 5.70 3.02 4.38
China's holdings of Treasuries & Agencies
increase from $500 billion to $1.5 trillion
2. Shock 2a: increase in Europe's desired
holdings of U.S. corporate debt from $400 4.13 5.89 4.24 6.07 4.02 5.66
billion to $875 billion
2. Shock 2b: increase in Europe’s desired
holdings of U.S. corporate debt from $400 3.36 4.89 3.68 5.36 3.10 4.29
billion to $1.65 trillion
3. Shock 3a: increase in global supply of
ABS of $2.5 trillion 5.29 7.50 5.06 7.14 5.24 7.63
Increases global stock of corporate debt from
$5.4 trillion to $7.9 trillion
3. Shock 3b: increase in global supply of
ABS of $2.5 trillion 5.44 7.75 526  7.42 550 809
Europe has no demand sensitivity to yields on
Treasuries or ABS
Explanatory notes
Changes from baseline interest rates
1. China shock -1.37 -1.54 -0.79 -0.80 -1.58 -2.12
2a. Europe increased demand for ABS = -0.47 -0.61 -0.36 -0.43 -0.58 -0.84
+ $475 billion
2b. Europe increased demand for U.S. corp. -1.24 -1.61 -0.92 -1.14 -1.50 -2.21
debt by $1250 billion
3a. Increase in ABS supply by $2.5 trillion 0.69 1.00 0.46 0.64 0.64 1.13
3b. Increase in ABS supply by $2.5 trillion 0.84 1.25 0.66 0.92 0.90 1.59

Europe doesn't buy any -- all has to be
bought by U.S.




Table A1l: Portfolio Balance Model: 2SLS Estimates

Dependent Variable:
Regressors:

10-yr. Treasury Yield
— 6 mo. CD rate

AAA Corp. Bond Yield

— 6 mo. CD rate

Treasuries / Wealth

Corp. Bonds / Wealth

U.S. GDP / U.S. Wealth

Expected 10-yr. Ahead Inflation Rate

Expected 1-yr. Ahead Inflation Rate

— Expected 10-yr. Ahead Inflation Rate

Federal Budget Deficit / U.S. GDP

Expected GDP Growth Rate

Constant

Adj. R-squared
Obs.

10-yr. Treas. Yield AAA Corp. Bond Yield

— 6 mo. CD rate

0.767
(27.41)

2.709
(2.30)

-0.028
(-0.53)

-0.162
(-1.10)

0.129
(6.35)

-0.027
(-0.56)

-1.329
(-4.55)

0.959
83

— 6 mo. CD rate

1.210
(25.82)

2.185
(1.29)

0.061
(0.53)

0.025
(0.13)

-0.134
(-4.87)

0.044
(0.67)

0.475
(0.79)

0.946
83

U.S. M2 Money
Supply

-0.058

(-4.82)

0.047
(4.86)

0.241
(2.69)

0.044
(4.69)

-0.016
(-1.63)

0.006
(2.76)

0.005
(1.52)

0.003
(0.07)

0.919
85

(Z-statistics in parentheses)
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