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International debt-deleveraging and low global real interest rates:

an two country flexible price interpretation of Eggertson and Krug-
man (2012)

1 Introduction
This third lecture presents Eggertson and Krugman’s 2012 QJE paper ‘’

[hereafter ‘EK’]. It is actually a closed economy paper, interpreted by them
as an explanation for why nominal and real interest rates have been very lower
after the onset of the financial crisis in individual developed countries like the
US or Japan. But we are going to use it to describe the global phenomenon of
flows of borrowing, subsequent deleveraging, and the resultant very low global
real and nominal interest rates we have seen.
In EK itself we have a single economy populated by two types of agents.

Type 1 are impatient, and borrow from Type 2, the more patient agents. We
meet the impatient agents after they have run up debt up to a borrowing limit,
that is an ad-hoc device to express the fact that there are frictions in the financial
system preventing optimal trade between the two types of agents. Something
happens to cause the debt limit to drop suddenly. EK don’t model exactly what
causes this, but simply impose it on the model and study what happens next.
In response, borrowing consumers demand drops a lot, as all their resources
are focused on paying down the debt. Since nothing has changed the savers
desire to save, the savings market can only be cleared by a big drop in the
real interest rate during the period in which the debt is being paid down. EK
show that it’s perfectly possible to get the real rate to go negative in the short
run. This has quite serious implications, because, in the model with money
and nominal interest rates, if we recognise that nominal interest rates can’t go
negative, this implies, as they show, that we may have to endure falling prices.
If debt were actually priced in nominal terms, falling prices would aggravate the
drop in demand further, since the burden of paying down the old debt would
be increasing in real terms.
Although EK is a closed, single economy model, the two kinds of agents can

be used to describe what goes on between two countries, where there net flows
of lending from one to another. Exactly this kind of logic is used to describe
trade in two region, 2 period economy in the OR textbook. More topically,
think about the current crisis on a global scale.
The financial crisis has seen large flows of funding from predominantly emerg-

ing economies to predominantly developed economies. Witness, for instance the
very large current account deficits run by the US, the UK. At some point, the
financing ran out, and demand plummeted in the borrowing countries, and at
the same time real and nominal rates dropped. On a slightly smaller scale, if
you look within the Eurozone, there is one large lending country, Germany, and
many others that have been net borrowers. A stylised view of the Eurozone
[EZ] sovereign debt crisis is over what happened when the ‘borrowing limit’fell
for particularly peripheral countries in the EZ.
Of course, in the real world, there is no ‘borrowing limit’as such. But there
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were changes in the preparedness of lenders to lend, and the price at which
they would lend, and these had the same effect. Those changes were not as
exogenous to the system as modelled here, but beginning with an exogenous
borrowing limit we will see is a good starting point to get insight about the
nature of the crisis. The exogenous borrowing limit change is also a reminder
than one can never hope to model everything, and a model has to simplify
somewhat in some direction in order for us to solve it and make progress with
our insights.
The other reason for studying this model, is that it is a short step in the

direction of being more modern, methodologically. Which is to say that the laws
of motion of the aggregate variables we worry about in economics are derived
from stating explicitly what problems the agents in the economy are solving,
and how they solve them. (The approach here is to assert that people are
rational optimisers). This broad method took over macro in the late 1970s
and 1980s beginning with the work of Lucas, Prescott, Kydland and others.
The Donbusch-Mundell-Flemming model we discussed before is a model that
predates this more recent method for doing macroeconomics. My use of the
word ‘modern’is meant more neutrally than it sounds. Which is better is still a
matter of great controversy, an argument fuelled more recently by the financial
crisis, and the perception that it was the relliance on ‘microfounded’models.

2 Details of the real/flex price EK model and its solution

We start out with a real model [ie no money or sticky prices], and then look
at EK’s model of money and prices and the zero bound. The real model is
to be interpreted as a model of two countries, with one good only, but with
intratemporal trade, and flexible prices, so that money and monetary policy
would have no impact on anything. The monetary model that EK develop
later can be interpreted as a multi-country model where the exchange rate is
fixed, as in the Eurozone.
There are only two periods. The short run, when some things can’t adjust,

and the long run, after which all adjustments have taken place.
The thought experiment is a reduction in the debt limit that impatient

consumers face, and the implications of reducing debt down to this new limit on
equlibrium consumption and the real interest rate, both in the long run, and in
the short run, when the ‘deleveraging’[paying down of debt] is happening, where
the only place patient consumers can save is with the impatient consumers. The
model obviously begs the question as to why the debt limit exists, and what
causes it to change, but we don’t go into that here. You should think about
reasons why it might change yourself.
There are two types of consumers, borrowers b and savers s. To make

the leap to our two-country example - which, for this course on international
macro, is the whole point, substitute ‘Germany’for savers and ‘Greece, Portugal,
Ireland, Spain, Italy’for borrowers.
Consumers seek to maximise utility by choosing their consumption/saving/borrowing
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plans. They seek to:

max{Et
∞∑
t=0

β(i)t log(ct), i = s, b.

Borrowers discount the future more heavily, ie they have a lower rate of time
preference:

β(s) > β(b)

Note that the s, b in brackets is a subscript, not something multiplying the
discount rate β. This is unusual notation, but we are sticking with what EK
have in their original paper.
Note that we are not dividing people up into people who borrow no matter

what and people who save no matter what. We are making some people pre-
fer consumption today more than others, which means that, since [as we will
see] they get the same income trajectory, the impatient ones want to borrow,
provided they can and the interest rate isn’t too high, of course.
All households face a resource constraint:

Dt(i) = (1 + rt−1)Dt−1(i)− 0.5y + ct(i)

Here D > 0 refers to ‘debt’, D < 0 to ‘assets’.
rt is the real interest rate.
There is a debt limit, deriving from unmodelled frictions in the financial

sector. Other literatures go into how borrowers and lenders would interact
with each other to determine the price and quantity of debt. But here a simple
limit is supposed. The first line here says that debt plus interest on next
period’s debt must be less than some positive limit. [Positive debt means you
owe someone. Negative debt means they owe you, ie you have an asset. So
obviously the debt limit is >0].

(1 + rt)Dt(i) ≤ Dhigh > 0

Dhigh < 0.5
β

1− β y

The debt limit is such that debt must be less than the net present value
of the borrowing consumer’s income stream. [It will be an exercise for you to
figure out where this expression comes from.]
We assume that Impatient [borrowing] consumers borrowed right up to their

limit at some point in the past, thus, when we encounter them, the following
constraint holds:

cb = 0.5y − r

1 + r
Dhigh

[Where does this come from? You can do this in an exercise. Assume
that the debt is at the debt limit, and substitute into the budget constraint
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for households, and drop time subscripts [of course since in the steady state
everything is the same].
In words: borrowing consumers consume their half share of the aggregate

endowment, less the money they pay to the patient lenders to serve the debt
they already ran up.
Aggregate consumption summed across agents = the aggregate endowment:

cb + cs = y

Ie there is nowhere to save for the savers, except by lending to the borrowing
consumers.
Obviously, therefore:

cs = y − cb

= y − 0.5y + r

1 + r
Dhigh

= 0.5y +
r

1 + r
Dhigh

This is the mirror image - of course - of the borrowers consumption. The
interest payments paid by the borrower on debts already accrued are eaten by
the lenders.
The savers’consumption Euler equation, an equation ubiquitous in modern

dynamic macro, is :

1

cst
= (1 + rt)βE

1

cst+1

As in many contexts, this is found by i) forming the relevant Lagrangian for
the consumer, ii) finding the first order conditions with respect to the choice
variables Dt and ct, iii) eliminating terms in Lagrange multipliers.
Going through this step by step, since a) you may be examined on it and b)

it is useful in so many contexts in macro [and micro, actually]:
The Lagrangian is given by:

L =

∞∑
t=0

(βs)t[log cst − λt[Ds
t − (1 + rt−1)Ds

t−1 + 0.5yt − cst ]]

The choice variables for our consumers are the level of consumption cst and the
level of debt Ds

t . We differentiate the Lagrangian with respect to both and set
equal to zero. Informally speaking, at this point, in the limit, small changes
in the choice variable will not affect consumers’utility, so we must be at the
optimum. [The model is rigged so that we are not at the other possible place
where this might be true, a local minimum].
Think of expanding out two arbitary terms in the infinite sum in the La-

grangian, to cover all the terms that involve our agent’s choice variables. And
that we are at some date t
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L = ....βt[log(cst )− λt[Ds
t − (1 + rt−1)Ds

t−1 + 0.5yt − cst ]] +
βt+1[log(cst+1)− λt[Ds

t+1 − (1 + rt)Ds
t + 0.5yt+1 − cst+1]] + ...

Now we differentiate these bits of the infinite sum with respect to the choice
variables [and set=0 since we assume we are at the optimum, noting that the
problems have been rigged so that we don’t have to check second derivatives].
Note that these are the ONLY two terms in the infinite sum that involve today’s
choice variables. And that choice variable Dt appears in the t-term and the
t+ 1-term. If the model had more lags, then we would need to consider more
hypothetical terms in the infinite sequence formed by the Lagrangian. As it is,
with one lag only, 2 periods suffi ces.

dL

dcst
= 0⇔ 1

cst
βt + λtβ

t = 0

⇒ λt = −
1

cst
dL

dDs
t

= 0⇔ −λtβt + λt+1βt+1(1 + rt) = 0

⇒ λt+1β(1 + rt) = λt

Assuming that the relation between the Lagrange multiplier λ and consump-
tion c, obtained from the first FOC with respect to c holds for all time periods,
we can therefore substitute this into the relation got from the second FOC wrt
D to obtain:

− 1

cst+1
β(1 + rt) = − 1

cst

⇔ 1

cst+1
β(1 + rt) =

1

cst

And this is the consumption Euler Equation we stated earlier, and which
you can find in EK, and thousands of other papers in economics too. It will be
an exercise for you to rederive this. Although most of it is here, I encourage
you to try to do it without looking at these steps, as this skill will be useful on
this course and others.
In steady state, the real rate turns out to be:

1

c
= (1 + r)β

1

c

⇒ r =
1− β
β

[It’s an exercise for you to check this]
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Now consider a change in the debt limit. We want now to figure out what
happens to the real rate before it gets back to this steady state.
EK divide the time periods between now and infinitely far ahead in the

future into three. There are the initial conditions, which we have studied
already, involving the higher debt limit. Then there will be a short run period
labelled s during which time the borrowers have to pay down their debt, and
then a long run, labelled l after which time deleveraging will have finished and
the indebted consumers will be at the new, lower debt limit.
Long run consumption of borrowers will be:

cbl = 0.5y − r

1 + r
Dlow

= 0.5y −
[

1−β
β

1 + 1−β
β

]
Dlow

= 0.5y − (1− β)Dlow

Between the short and the long run, borrowing consumers face their budget
constraints, as before, which now look like this:

Ds = Dhigh − 0.5y + cbs
will have to run down debt, or to delever, to satisfy the new lower borrowing

limit. Income available for consumption during this adjustment period is income
less the difference between the new and the old debt limits.

cbs = 0.5y − (Dhigh −Ds)

Ds =
Dlow

1 + rs

Here, in the second line above, we assume that deleveraging occurs in a
single ‘period’. Hence, because we will pay interest on the debt in period s, we
have to actually get the debt down below the new long term debt limit [hence
division by 1 + rs].

cbs = 0.5y − (Dhigh − Dlow

1 + rs
)

The long run consumption of the savers will be:

csl = 0.5y +
r

1 + r
Dlow = 0.5y + (1− β)Dlow

All production in the short run [at all times, in fact] is consumed:
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y = css + c
b
s

css = y − cbs = y − 0.5y + (Dhigh − Dlow

1 + rs
)

= 0.5y + (Dhigh − Dlow

1 + rs
)

Savers are not constrained, so their Euler Equation should hold. (Not true
for borrowers who face the debt limit.) So we can remind ourselves that the
relationship between consumption of savers in the short and the long run is
given by:

csl = (1 + rs)βc
s
s

We now substitute in to this short/long-run Euler equation our previous
expressions for short csl and long run c

s
s consumption by savers to determine

the short run interest rate rs.

0.5y + (1− β)Dlow = (1 + rs)β(0.5y −
Dlow

1 + rs
+Dhigh)

0.5y +Dlow

β(0.5y +Dhigh)
= 1 + rs

We can see here that the bigger the change in the debt limit, ie the smaller
is Dlow relative to Dhigh the lower will be the short run real rate rs.
That is one of the model’s punchlines. The change in the debt limit drives

down short run real rates, in order to clear the market for savings.

In the next section, we will talk about the version of the model with money
and sticky prices. And in that section, we will worry about the fact that the
nominal interest rate cannot go negative, in order to ‘acommodate’a potentially
negative real interest rate during the adjustment period. At this point, it’s
instructive to derive the condition for this real rate to be negative.
Let’s study the condition required for this short run real rate to be negative:

rs < 0⇐⇒ 0.5y +Dlow

β(0.5y +Dhigh)
< 1

⇐⇒ 0.5y +Dlow < β(0.5y +Dhigh)

⇐⇒ 0.5y − β0.5y < βDhigh −Dlow

⇔ 0.5y(1− β) < βDhigh −Dlow

This condition is not very stringent, so negative real rates look quite likely,
as you will be asked to explain in an exercise.
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[Note for eagle-eyed readers who consult the original paper that there is a
mistake in the equivalent stage in EK page 8].
Let’s recap on what we have done.
We have two types of consumers. Patient consumers who have loaned money

in the past, and whose consumption is determined by an Euler equation, and
who live off the income endowment share given to them plus the interest on
what they leant before to the impatient. The impatient consumers borrowed
up to the limit, a limit itself governed by the real rate [which determines the
amount of debt service]. When the debt limit falls, they have to rebuild their
balance sheets in 1 ‘period’- which could be a 10 year period. And during this
process the real rate is driven down, perhaps even into negative territory. This
is the formal version of one story for why real interest rates are so low in the
world economy now. And why central bank nominal rates are so low. The next
section deals with the issue that if the real rate needs to be negative, it may be
a constraint that the central bank rate cannot get into negative territory [many
central bank rates are trapped at or near zero].

3 A version with money, sticky prices and deflation
Now we introduce money and the price level. The demand for, supply of,

and therefore presence of money is not made explicit. For those interested in
following this up, the treamtent is consistent with standard ways of modelling
money, for example where it’s assumed that real balances enter the utility func-
tion. One then thinks of the coeffi cient of real balances in the utility function
being infinitely small, so that actual real balances are infinitely small. Yet in
such an economy there is a nominal interest rate, and it is controlled by the cen-
tral bank monopoly printer of money, provided they are prepared to let money
balances then be determined by the money demand equation.
Euler equation for savers is now:

1

cst
= (1 + it)βE(

1

cst+1

pt
pt+1

); it ≥ 0

So assume that there is a long run price level pl = p∗ determined by monetary
policy.
The following must hold:

1 + rs = (1 + is)
ps
p∗
⇐⇒ 1

1 + is
= (1 + rs)

ps
p∗

⇐⇒ 1 + is = (1 + rs)
p∗

ps

This is a short-run equivalent of the Fisher relation.
Assuming that the price level is held constant, ie p∗ = ps:

1 + is =
0.5y +Dlow

β(0.5y +Dhigh)
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We established above that the RHS can be < 1, and for this to be true under
a constant price level, is < 0 which is not allowed because of the ZLB, implying
that we can’t have the zero bound satisfied and a constant price level.
Holding rates at the zero bound:

is = 0 =⇒ 1 = (1 + rs)
p∗

ps
⇔ ps

p∗
= 1 + rs

Since we know that 1 + rs < 1 is possible, it’s therefore possible that the
short run price level drops below the long run, ie that at the zero bound we
have deflation.
4 Debt priced in nominal terms
We assume that the old inherited debt when the debt limit was high is priced

in nominal terms:

Dhigh =
Bhigh

ps

So B denotes an amount in pounds, yet the debt limit, which is set by the
borrower, will have been determined in real terms, ie deflating by the price level.
In the deleveraging period between the short and long run, have to close the

gap between high and low debt levels by making the following repayments:

Bhigh

ps
− Dlow

1 + rs

The higher the short run price level, the lower the real value of inherited
debt, and the smaller is the gap between this and the new real debt limit, and
hence the smaller are required payments in the deleveraging period. Note that
the new lower debt limit is assumed to be priced in real terms as it’s related to
real concepts like affordability. So a fall in the price level does not raise the
new lower debt target.
Note that the real rate is determined in this model as always:

1 + rs =
0.5y +Dlow

β0.5y + βB
high

ps

If we have deflation, ie low ps,then the denominator of the RHS rises [as
the term on the RHS rises, divided by a smaller number], hence 1 + rs falls,
aggravating the downward pressure on rs coming from deleveraging in the first
place.
This mechanism was described first by Irving Fisher and referred to subse-

quently as ‘debt deflation’.

5 Discussion/Conclusions
Remember that we are studying EK to interpet it as a model of a 2 region

savings-borrowing problem, where a borrowing country faces a reduction in the
debt limit.
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We saw that the fall in the debt limit causes consumption demand by borrow-
ing consumers to fall so that they can start to pay down their debt to comply
with the new debt limit. This drives down the real rate of interest. This
echoes what happened in the global economy. The willingness of global lenders
to lend fell. And consumption demand in the US, and other borrowing Western
economies like the UK, France, Italy, Spain etc fell. At the same time global
real rates fell very low too.
We saw that this fall in the real rate can lead to deflation in the monetary

version of the model.
And we saw that if the debt is valued in nominal terms - which it often is - de-

flation aggravates the fall in the real rate of interest caused by the deleveraging,
since it increases the real burden of that debt.
You can see exactly these aspects of the crisis in the Eurozone periphery,

where there has been signifiant deflation in Greece, Portugal and Spain, increas-
ing the real burden of debt there, and worsening the initial problem of depressed
demand.
These problems point the way to some of the solutions, which you are asked

to think about in the exercises.
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