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Modeling Interest Rate Parity: A System Dynamics Approach

The theory of uncovered interest rate parity has enjoyed very little empirica support. Despite
the fact that globd financid markets trade seven days a week, twenty-four hours a day and
communication takes place dmost ingtantaneoudy, there are strong indications that differencesin
expected rates of return across countries can be non-zero and large for extended periods of time.

However, these deviaions display a paitern within which there is an important clue regarding
their cause. Changes in the differences between expected rates of return across countries largely
correspond to changes in the differences between national interest rates. In other words, when
agents expect the rate of return (taking into account both interest rates and forecast exchange rate
movements) to be higher in one country than another, that country aso tends to have the higher interest
rates. Thismeans, aswill be demonstrated below, that deviations from uncovered interest rate parity
cannot be explained (as has been argued esewhere) by relying on the assumption that agents percelve
some assets to be riskier than others. A modd of internationd financia flows that incorporates John
Maynard Keynes concept of forecast confidence, however, has no difficulty explaining this commonly
observed phenomenon.

The purpose of this paper isto show the superiority of Keynes approach by comparing three
system dynamics models of the relationship among interest and exchange rates. one based on traditiona
uncovered interest rate parity, one with risk, and one with forecast confidence. It will be demonstrated
that only the last produces patterns consistent with those observed in the red world. This paper isan

extenson of the empirica study undertaken in Harvey (2004).



Uncovered Interest Rate Parity

Uncovered interest rate parity makes the seemingly innocuous claim that the return on interest-
bearing assets throughout the world must be identical once expected exchange rate movements are
taken into account. This can be expressed (using the dollar and the euro to make the example more
concrete) as shown in equation (1):

(D (Ltrg) = (W/$)(L+r5)(F0)®

where rg isthe rate of interest paid on dollar depodits, r; istherate of interest paid on euro deposits,
(1/9) isthe spot price of dollarsin euros, and (¥ 1) is the market’ s expectation of the spot price of the
euro (in dollars) at some future date (where the time horizon of the interest rates and the exchange rate
expectation arethe same). If one Sde exceeds the other it isthen assumed that this setsinto motion
forces that will restore the equilibrium. Were the left Side of (1) to exceed theright Sde, for example,
this would creste capital flows from the euro to the dallar, driving rg down (as capital becomes less
scarce), ry up (as capital becomes more scarce), and (1/%$) up (as agents buy the dallar with the euro,
causing the former to gppreciate).

Figure 1 shows a system dynamics modd (written in Venam) of the basic uncovered interest
rate parity relationship introduced in equation (1). At the center is UIRP Deviation, which is measured
as (1+rg) - (R/$)(1+r;) (¥ 1)° (i-e, the amount by which the market expects that US returns will
exceed foreign). If this number is zero, equilibrium prevails and nothing is tranamitted dong the sngle
arrow emanating from UIRP Deviation. If instead, for example, US returns are expected to be greater
than those of foreign assets, thiswill lead to arise US Net Capital Inflows (hence the positive sign on
thearrow linking UIRP Deviation and US Net Capital Inflows). This affects three variablesin the

modd: the USinterest rate (which is driven down as capitd accumulates, asindicated by the negative



sgn on the arrow; more on the construction of this variable below), the Foreign interest rate (which

rises as capital becomes more scarce-note the postive sign), and FX per USD, or units of foreign

currency per dollar (this rises as agents buy the dollar in order to buy US interest-bearing assets; note

the positive Sgn). | chose to model the exchange rate and the two interest rates as levels affected by

rates. Delta on each is the amount by which the US Net Capital Inflows caused a changein thistime

period. Expected FX per USD istreated as exogenous, and FX per USD, Expected FX per USD,

Foreign interest rate, and USinterest rate feed back into UIRP Deviation so as to solve for the

next period’s deviation: (1+rg) - (1/$)(1+($/ 1)~
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Figure 1: Traditiond UIRP model

without risk or forecast confidence.



Note that US Interest Rateis affected by an exogenous force and an endogenous one. US
Interest Rateissmply the sum of Market Forces USInterest Rate (whose congtruction is pardld to
that of Foreign Interest Rate) and US Central Bank Policy Adjustment. Thiswas done so that
externa shocks to the interest rate could be introduced through the latter. An equivalent policy variable
for Foreign Interest Rate was not created since US Central Bank Policy Adjustment is sufficient to
cregte changes in interest rate differentias.

| chose to measure the interest rates as decimal numbers (0.06 for 6%, for example) and the
exchange rates (both actud and expected) asindices beginning with 100. To give asense of the
behavior the parameters and starting values create, suppose we start with modd with FX per USD =
100, Expected FX per USD = 100, Foreign interest rate= 0.06, and USinterest rate= 0.06. In
that case, UIRP Deviation = 0 and the modd ditsin equilibrium (generating aflat line a zero for UIRP
Deviation). To throw the modd out of equilibrium, introduce aUS Central Bank Policy Adjustment
of -0.04, temporarily lowering US Interest Rateto 0.02. This meansthat there is now a UIRP
Deviation of -0.04, causing agents expect US interest-bearing assets to earn (once exchange rate
movements are taken into account) a 4% lower return than foreign ones.

The first consequence of this change isthat the arrow from UIRP Deviation to US Net
Capital Flowsnow cariesanon-zero Sgna. As| chose to measure the latter as a smple index
wherein net capital flows would be equd to 100 times the deviation, US Net Capital Flowsare now -
4 (-0.04 times 100). The -4 iscarried out in three separate directions. In terms of the impact of capital
flows oninterest rates, | opted to have 10% of any given deviation be corrected per round (which
represents one hour). For example, when the -4 isfed into Delta US Interest Rate, it is multiplied by -

0.001. Thismeansthat the US interest rate will rise by 0.4%, or 1/10 of the absolute value of the -4%



deviation. Meanwhile, the -4 is multiplied by 0.001 in Delta Foreign Interest Rate, so that the
adjustment is dso 0.4% (abeit in the other direction), again 1/10 of the deviation. With respect to the
exchange rate, there the -4 ismulltiplied by 0.1, meaning that (Snce the initid vaue for FX per USD is
st at an index of 100) it falsto 99.6. This, too, is 1/10 of the way back to equilibrium (the vaue of
FX per USD that would diminate the deviation is 96.2, or roughly 96). With these vaues and
parameters it requires 41 hours for the system to return to equilibrium at UIRP Deviation = O (the use
of hours as the time period does not affect the behavior of the mode; one could imagine this as minutes,
instead).

Figure 2 shows what was described above (ignore “Interest Rate Differentid” for the moment).
In periods 1 through 50, Foreign Interest Rate= USInterest Rate= 0.06 and FX per USD =
Expected FX per USD = 100. Therefore, UIRP Deviation = 0 and smulation isflat e that vaue. In
period 51, however, thereisaUS Central Bank Policy Adjustment of -0.04, so that the US Interest

Ratefdlsto 0.02. Thislowered UIRP Deviation to -0.04, but the adjustment beginsimmediately. Itis

complete by period 92.
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Figure 2: Traditiond UIRP, pattern of UIRP deviation compared to
interest rate differentid.



Returning to the thesis of this paper, the key issueis whether or not changes UIRP Deviation
tend to mimic those of the Smple interest rate differentia, US Interest Rate minus Foreign Interest
Rate. The plot of the interest rate differentid in Figure 2 offers evidence to the contrary, the particular
problem being the behavior of UIRP Deviation. One can temporarily throw it out of equilibrium, as
occurs a hour 51, and in amanner that is consstent with real-world observations (i.e., UIRP
Deviation and the interest rate differential move in the same direction and both are, in this case,
negative). But UIRP Deviation soon returnsto zero. We do not see the modd settling into an
equilibrium wherein UIRP Deviation and the interest rate differentia are both non zero and of the same
ggn. Traditional interpretations of UIRP cannot account for the patternsobserved in thereal
world because UIRP Deviation must alwaysreturn to zero.

A common (and reasonable) modification of UIRPisto add risk. Thisis accomplished by
intercepting the signd from UIRP Deviation to US Net Capital Flowsand dtering it to reflect agents
concerns about the assets of a particular country. The modification to Figure 1 isillugtrated in Figure 3

(to save space just the change is shown-the rest of the model
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Figure 4 shows the plot of modd with the adjustment for risk. The behavior isthe same astha

shown in Figure 2 but, because of the 0.02 risk premium on US assets, UIRP Deviation isdrawn



toward 2% rather than 0% (note that | started the modd with US Interest Rate at 0.08 rather than
0.06 s0 that this smulation would begin in equilibrium). When the US Central Bank Policy
Adjustment becomes -0.04 in hour 51, UIRP Deviation settles at 2% and the interest rate differentia
returns to equilibrium at -1.36%. UIRP Deviation and the interest rate differentia are both non zero,
but they are the opposite sign.  The key of courseis that regardless of what we introduce with respect
to the interest rate differentia, UI RP Deviation must alwaysreturn to 2% (or whatever value we
select) because it simply reflectstherisk premium on US assets. Depending on the shocks we
introduce into the system, interest rate differential can cometo rest at a number of different values,
UIRP Deviation, however, will inevitably find its equilibrium at 2%. Since thereis no reason to
assume that the risk premium will invariably be the same Sign as the Smple interest rate differentia
(though it can by coincidence), this approach aso comes up short in terms of generating patterns

consigtent with what we observe in the real world.

UIRP Deviation vs. Interest Differential
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Figure 4: Traditiond UIRP with risk, pattern of UIRP deviation
compared to interest rate differential.



Modifying the model according to the observations made by John Maynard Keynesin the
General Theory (1964; see especidly chapter twelve), however, yields an gpproach that is perfectly
consstent with empirica observations. There, he argues that agents confidence in their forecastsis an
important and overlooked consideration. Recall the congtruction of UIRP Deviation. All of the
component variables are known by market participants to be accurate except one: Expected FX per
USD. Itisnecessarily aforecast, and an extremely important one given the potentid for substantia
exchange rate movements over the time horizon in question.

So, by virtue of the fact that Expected FX per USD is one of its components, UIRP
Deviation isaforecast, and forecasts are never certain. In genera, the more confidence agents havein
their predictions, the more funds they are willing to commit in speculation. The most redistic way to
incorporate this into the modd would be to make capita flows (for agiven UIRP Deviation) go from a
trickle to a strong flow as forecast confidence increased. To make the exposition smple, however, |
elected ingtead to let portfolio investment flow either unimpeded or not at al depending on whether the
absolute value of UIRP Deviation exceeded acritical vaue. | modeled the latter as an inverse function
of market confidence and expressed it as aforecast error. For example, market participants may
expect a UIRP Deviation of 0.03, but with an anticipated forecast error of +/-0.02. In other words,
they bdlieve that the return on U.S. interest-bearing assets will be 3%, though they would not be
surprised if it were aslow as 1% (i.e., 3%-2%) or as high as 5% (i.e., 3%+2%).

| then supposed asmple rule of thumb for agents in the modd: whenever the absolute value of
the UIRP Deviation exceeds the absolute value of Forecast Error, agents should unhesitatingly buy
the assets of the nation with the higher expected return (and capital flows unabated). Thisis so because
even under the worst-case scenario one gtill profits. On the other hand, when the absolute value of the

UIRP Deviation isless than the absolute vaue of Forecast Error, agents should not enter the market



(and no capitd will flow) since within the range of possible outcomesincludes one that yidds aloss.
Agan, thisis asmplification over a specification that would alow for ranges of capita flow (from
unhindered to zero), but it will be much smpler to modd and il give the same basic result.

Figure 5 shows the adjustment to Figure 1 necessary to incorporate Keynes confidence (it is
possible to combine risk and confidence in the same modd; | opted not to do so for smplicity and
because it does not dter the results). Note that, unlike in the rest of the exposition, the signs on the
arrows feeding into Trigger Point Determination are based on the absolute vaues of UIRP
Deviation and Forecast Error. The arrow from Trigger Point Determination to US Net Capital
Flowsisin asense smply acontinugtion of that from UIRP Deviation, the only difference being thet if

UIRP Deviation does not exceed Forecast Error, a zero Ssgnd be
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UIRP Deviation vs. Interest Differential
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Figure 6: UIRPwith Keynes confidence, pattern of UIRP Deviation compared to interest
rate differentidl.

Findly, we observe what is commonly seen in the red world: UIRP Deviation moves with the
raw interest rate differentia. Both settle into equilibrium at negative vaues, with the interest rete
differentia at -2.06% and UIRP Deviation at -1%. That the latter comesto rest at thislevel isa
function of the fact that Forecast Error is 1%; capitd will flow (and variables adjust) only when UIRP
Deviation > Forecast Error; once UIRP Deviation isless than or equa to Forecast Error, the flow
stops and hence the adjustment in UIRP Deviation stops. Figure 7 shows the same setup with multiple
shocksto USInterest Rate ( US Central Bank Policy Adjustment is0 in periods 1-24, 0.04 from
25-50, 0 from 51-75 and -0.04 from 76-100). Again, UIRP Deviation adjusts only up to the point
that it islessthan or equd to Forecast Error (1% in thisexample) in absolute value. The reader

should note that it is possible to generate examples where UIRP Deviation and the interest rate



differentid are not of the same sign in this specification, but, just asin the red world, it is the exception
rather than therule. In generd, because agents lack the conviction to completely trust their exchange
rate forecasts, UIRP Deviation is pulled in the direction of the raw interest rate movements and the

subsequent deviation is not completely eiminated.

UIRP Deviation vs. Interest Differentia
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Figure 7: UIRPwith Keynes confidence, pattern of UIRP Deviation compared to interest
rate differentia with multiple shocks.

Conclusion

The empiricd falure of uncovered interest rate parity has sood as a mystery for avery long
timein financid economics. Attempts to solve the problem using risk have falled time and again.
Reaching back to Keynes, however, offers a solution that is both up to the task and intuitively
gopeding. A redidic formulation of agents expectations (a variable, incidentaly, to which very little

attention has been paid up to this point) suggests that what we conclude from the standard approach to



uncovered interest rate parity (i.e., UIRP Deviation = 0) isthe exception rather than the rule.
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