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Abstract: A decrease in interest rate in traditional view of monetary policy transmission is linked to a lower
cost of borrowing which eventually results into a greater spending in investment and a bigger GDP. However,
a decrease in interest rate is also linked to a decrease in interest income which, in turn, a�ects the aggregate
demand and total GDP. So far, no concerted e�ort has been made to investigate this positive inter-relation
between interest income and GDP in the existing literature. Here in the �rst place we intuitively describe
the inter-relation between interest income and output and then provide a micro-foundation of our intuitive
reasoning in the context of a small endowment economy with �nitely-lived identical households. Then we
try to uncover the impact of nominal interest income on the macroeconomy using multiplier theory for a
panel of some 04 (four) OECD countries. We de�ne and calculate the corresponding multiplier values alge-
braically and thenwe empiricallymeasure themusing impulse response analysis under structural panel VAR
framework. Large, consistent and positive values of the cumulative multipliers indicate a stable positive rela-
tionship between nominal interest income and output. Moreover, variance decomposition of GDP shows that
a signi�cant portion of the variance in GDP is attributed to interest income under VAR/VECM framework.
Finally, we have shown how and where our analysis �ts into the existing body of knowledge.

Keywords: nominal interest expense, nominal lending rate, domestic credit, GDP, economicmultiplier, mon-
etary policy transmission mechanism, banking

JEL: E43, E50, E52, G20, G21

1 Introduction
In the existing literature, nominal interest expense is usually considered as a cost of production (See for
example, Hicks (1979)). When the interest rate rises so does the cost of production of the leveraged business
concernwhich eventually shifts the aggregate supply curve upward resulting into a rise in general price level.
A huge volume of literature has been dedicated to the investigation of the aforementioned e�ect of nominal
interest expense on real economy. For example, Seelig (1974) investigates the relationship between interest
rate and price hike using sectoral data and shows that interest rate would have to double for there to be
a noteworthy increase in price. Barth and Ramey (2001) have shown that in many manufacturing concern,
cost channel (nominal interest expense) is the primary mechanism for the transmission of monetary policy.
They present aggregate and industry level evidences in favor of the existence of a cost channel of monetary
policy transmission. Barth and Ramey (2001) also argue that this cost channel of monetary transmission has
the ability to explain three empirical puzzles in monetary economics: The �rst puzzle being the degree of
ampli�cation observed by Bernenke and Gertler (1995): A small transitory movement in openmarket interest
rate may have large persistent e�ect on output. The second puzzle in the list is the price puzzle �rst observed
by Sims (1992) and last one being the comparative behavior of di�erential e�ect of monetary shocks on key
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macro-economic variables introduced by Barth and Ramey (2001). Gaiotti and Secchi (2006) observes the
pricing behavior for some 2000 individual �rms in Italy which are leveraged to some extent only to con�rm
the non-trivial existence of the cost channel ofmonetary transmission inmicro level. Dedola and Lippi (2005)
also �nd evidences in favor of the cost channel whereby industries with higher nominal interest expense are
more likely to increase their relative price in the wake of a monetary contraction using empirical data of a
sample of industries in �ve OECD countries. Meanwhile, Rabanal (2003) does not �nd any trace of the cost
channel ofmonetary transmission in historical data of US and Euro area. However, Tillman (2006) argues that
the cost channel can be e�ectively used to explain in�ation under New Keynesian Phillips Curve framework.

All those are mentioned above tend to link nominal interest expense incurred by the borrower to price
hike only overlooking the e�ect of nominal interest income earned by the banks and depositors on the ag-
gregate spending. As the nominal interest expense incurred by the borrowers are distributed as nominal in-
terest income to the depositors and banks, changing the nominal interest rate will not only e�ect the real
economy from the supply side but it also has an equivalent impact on the demand side through nominal in-
terest income channel. In this regard, another interesting area of research evolving around interest income
and output among other things seeks to incorporate pro�t/utility maximizing banks, �rms, government and
households in a general equilibrium setup. In this type of analysis, both interest income and interest ex-
pense (with a lot of other things) are reasonably taken into account and banks, households, governments
and �rms all work diligently as intelligent agents each seeking to maximize its own unique objective func-
tion towards a general, market clearing equilibrium. See for example, Smets and Wouters (2007), Bernanke,
Gertler andGilchrist (1999), Christiano,Motto andRostagno (2005), Gertler andKaradi (2011),MehandMoran
(2010) among others. In DSGE approach, a sequence of steps are followed:Writing down individual objective
function for banks, �rms, government and households, �nding out the �rst order conditions regarding util-
ity and pro�t maximization, deriving the steady state, linearizing the system around the steady state and
solving the linearized system of equations. Thus the equilibrium relationship between interest income and
output in these models are simulation based instead of being de�ned as a hard-coded algebraic identity and
is presented as a complicated mass of a lot of related quantities lacking a precise representation facing the
equilibrium. Here, we are more concerned to preserve the analytical structure of the problem and instead of
resorting to simulation we try to quantify algebraically the e�ect of nominal interest income earned by the
depositors and banks on total output considering the fact that the nominal interest income earned by the
parties is successively invested into the economy resulting into a series of consumptions. Thus changing the
nominal interest expense (resulting into a change in nominal interest income) is said to have amanifold e�ect
on the economy: A unit change in nominal interest expense results into an other than unit change in total
output.

Moreover, ahugevolumeof literaturehasbeendedicated to the investigationof the inter-relationbetween
interest rate and economic growth and the results of the studies are by and large inconclusive in nature. Some
studies have reported limited or no e�ect of monetary policy variables like interest rate on output (neutral-
ity of money) (see for example, Milani and Treadwell (2012), Kamaan (2014), Montiel (2012), Lashkary and
Kashani (2011) among others) while others report signi�cant implication of monetary policy variables (i.e.,
interest rate,money supply) on output (seeDavoodi et al (2013), Onyeiwu (2012), Havi andEnu (2014), Vinaya-
gathasan (2013), Kareem et al (2013)). To clutter things even more, some studies have reported mixed results
regarding whether and to what extent monetary policy variables, i.e., interest rate can in�uence output (see
Coibion (2011) for example). To us, the discrepancies and non-consensus in the empirical literature outlined
above stem from the fact that interest rate alone cannot in�uence GDP much as long as it does not receive
some sort of a�rmation from the corresponding credit portfolio. When the interest rate rises on the backdrop
of a monetary contraction then what happens to GDP still remains unclear and it depends heavily upon the
responsiveness of the credit portfolio to the rise in interest rate. If the credit portfolio decreases signi�cantly
due to the rise in interest rate (as anticipated by the theory), then economy-wise interest income/expense de-
creases and so does the GDP. But, however, if the credit portfolio does not shrink accordingly due to changes
in interest rate then the total interest income/expense may not decrease and GDP is left unaltered contrary
to the existing monetary theory. The same is also true for monetary expansion brought about by the central
bank in order to rescue the economy from the deep down. When the central bank decreases the interest rate
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by increasingmoney supplywith a view to boost up the economy then its endeavor to rejuvenate the economy
may succeed or fail. Whether it is successful or not, tends to depend upon the responsiveness of the credit
portfolio to changes in interest rate. If the credit portfolio increases substantially due to the reduction in inter-
est rate, then the total interest income/expense will rise and so does the GDP. But, if the credit portfolio does
not respond much to the reduction in interest rate, then the total interest income/expense may not increase
resulting into a mostly unaltered GDP and the monetary mechanism to reinstate the economy from economic
bust fails. Here, we argue that whether monetary policy is e�ective in bringing about a real change in the
economy depends heavily on the responsiveness of the credit portfolio to changes in policy variables. In this
study, we resort to quantify the elasticities of the credit portfolio with respect to changes in policy variables,
i.e., interest rate that are required for the monetary variables to have some real impacts on the economy.

The rest of the paper is organized as follows: Section 2 attempts to quantify the overall impact of nom-
inal interest income on total output by introducing the concept of multipliers. Section 3 provides a micro-
foundation for the intuitive arguments presented in Section 2 in the context of a simplistic endowment econ-
omy with �nitely lived households. Section 4 de�nes two di�erent kinds of multiplier namely, cumulative
and instantaneous multiplier. Section 5 provides the methodology used to calculate the multiplier values de-
scribed in Section 4. Section 6 presents the results of empirical estimation of the multiplier values. Section 7
discusses howour analysis �ts into the existing body of knowledge. Finally, Section 8makes some concluding
remarks.

2 Contribution of Nominal Interest Expense on Total Output
Before we proceed a few preliminary de�nitions are on the way.
• Average propensity to consume: Average propensity to consume of an entity is de�ned as the fraction of

its total income spent in consumption. For a country as a whole, it can be calculated by dividing its total
annual consumption expenditure (including both government and private consumption) by any of the
measures of its national incomeandherewepreferGDPasaproxy tonational income.Averagepropensity
to consume is supposed to have a positive relationship with the impact of interest income on the total
output. When average propensity to consume is found to be higher then the impact of nominal interest
income on themacroeconomy is supposed to bemuchmore pronounced as the entities receiving interest
income tend to spend a signi�cant portion of it in consumption which induces further consumptions.

• Average tax rate: Average tax rate is de�ned as the fraction of total income of an entity that is paid to
the government as tax revenue. For an economy as a whole it can be calculated by dividing the total tax
revenue collected by the government in a �scal year by its Gross Domestic Product (GDP) in the same year.
Higher the average tax rate lower will be the consumers’ disposable income which implies lower level of
private consumption going on inside the economy. Tax rate o�ers substantial friction against the chain
of successive consumptions that are initiated by the initial interest income received by the depositors.
When the average tax rate is set to a lower value then the impact of interest income will be much more
pronounced as compared to the regime of higher average tax rate.

• Average propensity to import: Average propensity to import of an entity attempts tomeasure its tendency
to purchase imported goods and services and can be estimated by dividing its total import by its total in-
come in a given year. For a country as a whole average propensity to import can be calculated by dividing
its total annual import by its Gross Domestic Product (GDP) in a particular year. If the depositors prefer
foreign goods and services to local one then the impact of interest income on total output may become
negative (as only net export contributes to output). A higher value of average of propensity to import
signi�es that a signi�cant portion of interest income will be spent on purchasing imported goods and
services which could alternatively be spent on purchasing locally produced goods and services.

• Velocity of money: Number of times money changes hands in a given year is known as the velocity of
money. Other things remaining unchanged, when the velocity of money increases the contribution of
interest income on the macroeconomy will be more felt. Every time money changes hands it indicates a
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�nancial transaction has taken place which may (or may not) add to the GDP of the country. For exam-
ple, when money is used in purchasing locally produced consumer goods it adds to the country’s GDP.
However, when it is used to purchase a piece of land for example it does not contribute to the GDP.

To begin our analysis, let us assume that L be the total amount of domestic credit in an economy. Let us
also assume that the whole credit portfolio be segmented into n parts depending upon the interest rate and
wi , 0 < wi ≤ 1, ∀i, 1 ≤ i ≤ n be the portion of credit with lending rate li. Then the weighted average lending
rate of the total credit portfolio is given by the following construct:

l =
n∑
i=1

wi × li

Then the nominal interest expense incurred by the borrowers is given by:

l × L

Above interest expense will be distributed to the depositors and �nancial intermidiaries as interest in-
come and to government as taxes. If the Average Tax Rate of the economy as a whole is given by ATR then
amount of disposable interest income of the entities receiving the nominal interest on deposit will be given
by:

(1 − ATR) × l × L

A part of this disposable income will be spent in consumption while another part will be saved. If the
Average Propensity to Consume of the economy is given by APC then the amount spent in consumption will
be given by:

APC × (1 − ATR) × l × L

A part of the above spending is made to purchase locally produced goods and services while the rest will
be spent to procure imported utilities. Thus, if the Average Propensity to Import of the economy is given by
API then the amount spent in locally produced goods and services will be given by:

APC × (1 − ATR) × l × L − API × l × L

= [APC × (1 − ATR) − API] × l × L

Let, the quantity [APC × (1 − ATR) − API] be given by c. Then the above quantity turns out to be:

c × l × L

The aforementioned spending in locally produced goods and services will be received by the local manu-
facturers and service providers who in turn spend a portion of it and save the rest and the process continues.
Thus the initial nominal interest expense incurred by the borrower will trigger a series of subsequent con-
sumptions in the economy. If the velocity of money is given by v then we will have (v − 1) number of subse-
quent consumptions in a given year. Here, we assume (v −1) number of subsequent consumptions instead of
v asmoney changes hand for the �rst time during the payment of nominal interest expense by the borrowers.
Thus the total contribution TC of the initial nominal interest expense l × L in a particular year will be given
by the following sereis:

TC = (l × L) + (c × l × L) + (c2 × l × L) + (c3 × l × L) + ........ + (cv−1 × l × L)

= (1 + c + c2 + c3 + ........ + cv−1) × l × L

TC = 1 − cv
1 − c × l × L (1)
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3 Microfoundation
Here we assume an endowment economy populated by some �nitely-lived households who live for n periods
and continuously try to maximize their overall lifetime utility through consumption. The problem can be
easily extended to the version of in�nitely-lived households’ optimization problem by arbitrarily increasing
the value of n. Households receive periodic endowment of Yi at period i, ∀1≤i≤n. Depending upon the present
endowment, past savings and anticipated future interest rate households choose their present consumption
level with a long term view to maximize their overall lifetime utility. If the interest rate is anticipated to be
high in the future then substitution e�ectmay come into play: Householdsmay choose to curtail their current
consumption with a view to consume more in future. Let the market interest rate at period i be given by
ri , ∀1≤i≤n. We proceed with further analysis based upon the following assumptions:
• Periodic endowment Yi and interest rate ri are exogenously determined and are functions of time.
• Households receive simple interest on their accumulated savings i.e., there is no interest on interest.
• Savings made during period i is entitled to interest payment at the rate of ri+k at period (i + k), ∀k∈N∪{0}.
In the above circumstances here we try to investigate the responsiveness of total output to changes in in-
terest income. Our analysis is segregated into several sections. In the �rst section we determine the optimal
consumption sequence with respect to households’ life time budget constraint. In the next two segments we
calculate the responsiveness of household consumption and savings with respect to changes in interest in-
come. Finally, we combine the responsiveness of households’ consumption and savings to changes in interest
income in order to arrive at the overall responsiveness of output with respect to changes in interest income.
• Optimal Consumption Sequence: Here we assume that the households live for n periods. So, at the

end of their �nite life time i.e., at period n households need to consume all of its periodic endowment
Yn received in period n, interest income In on total savings up to period n and accumulated savings with
interest there on Sn−1 up to period (n − 1). Hence we have:

Cn = Yn + In + Sn−1

= Yn + rn ×
n∑
i=1

(Yi − Ci) +
n−1∑
i=1

(Yi − Ci) × (1 +
n−1∑
j=i
rj)

Rearranging the terms yields the households’ life time budget constraint:
n∑
i=1

Ci × (1 +
n∑
j=i
rj) =

n∑
i=1

Yi × (1 +
n∑
j=i
rj) (2)

Let us now assume that the households’ life time utility function be given by the following:

U(C) =
n∑
i=1

βi−1 × C
1−σ
i

1 − σ

where β is the discounting factor and σ is the coe�cient of Constant Relative Risk Aversion (CRRA). So,
the households’ optimization problem takes the following form:

Max
n∑
i=1

βi−1 × C
1−σ
i

1 − σ

S.T .
n∑
i=1

Ci × (1 +
n∑
j=i
rj) −

n∑
i=1

Yi × (1 +
n∑
j=i
rj) = 0

Taking the Lagrangian of the above maximization problem we get:

L =
n∑
i=1

βi−1 × C
1−σ
i

1 − σ − λ ×

 n∑
i=1

Ci × (1 +
n∑
j=i
rj) −

n∑
i=1

Yi × (1 +
n∑
j=i
rj)


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Nowwe take the �rst partial derivative of the above Lagrangianwith respect to Ci and set it to zero as �rst
order optimality condition. After doing so we get:

Ci = λ−
1
σ ×
[
1 +
∑n

j=i rj
βi−1

]− 1
σ

(3)

Now we take the �rst partial derivative of the Lagrangian with respect to λ and set it to zero as another
�rst order condition. What we get here is essentially the households’ life time budget constraint given
by Equation: 2. Now substituting the value of Ci from Equation: 3 into the budget constraint yields the
following expression for λ:

λ =

 ∑n
i=1 Yi × (1 +

∑n
j=i rj)

β i−1
σ ×

∑n
i=1

[
1 +
∑n

j=i rj
] σ−1

σ


−σ

(4)

Substituting the value of λ fromEquation: 4 into Equation: 3we get a precise representation of Ci in terms
of the two endogenous of the system Yi , ri and the system parameter σ:

Ci =
(1 +

∑n
j=i rj)

− 1
σ ×
∑n

i=1 Yi × (1 +
∑n

j=i rj)∑n
i=1(1 +

∑n
j=i rj)

σ−1
σ

(5)

• Responsiveness of Household Consumption to Changes in Interest Income:Once we have a precise
algebraic representation for optimal consumption sequence Ci we can now calculate the rate of change
in optimal consumption with respect to periodic endowment and interest rate given by ∂Ci

∂Yi and
∂Ci
∂ri re-

spectively.
Now, at any arbitrary period p, 1 ≤ p ≤ n the value of consumption Cp is given by:

Cp =
(1 +

∑n
j=p rj)

− 1
σ ×
∑n

i=1 Yi × (1 +
∑n

j=i rj)∑n
i=1(1 +

∑n
j=i rj)

σ−1
σ

(6)

Di�erentiating Cp with respect to Yk , ∀k∈N,k≤n we get the following:

∂Cp
∂Yk

=
(1 +

∑n
j=p rj)

− 1
σ × (1 +

∑n
j=k rj)∑n

i=1(1 +
∑n

j=i rj)
σ−1
σ

(7)

Other things remaining unchanged (by other thing here we mean interest rate ri and system parameter
σ), the above expression represents the instantaneous rate of change in consusmption in response to
change in periodic endowment.
Now, we are going to di�erentiate Cp with respect to interest rate rk at any arbitrary period k and using
quotient rule of di�erentiation we get the following expression for ∂Cp∂rk :

∂Cp
∂rk

=
D × ∂N

∂rk − N ×
∂D
∂rk

D2 (8)

whereN andD represent the numerator anddenominator of Cp given by Equation: 6. Now fromEquation:
6 we can see that:

∂D
∂rk

= ∂
∂rk

n∑
i=1

(1 + n∑
j=i
rj)

 σ−1
σ

=
n∑
i=1

∂
∂rk

(1 + n∑
j=i
rj)

 σ−1
σ

The above expression represents the sum of the di�erentiation of some n terms of the series[
1 +
∑n

j=i rj
] σ−1

σ with respect to rk. However, the terms of the series where the index i > k do not have
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an rk term and hence their di�erentiation with respect to rk is zero. Only the terms where the value of
the index i ≤ k give non-zero results when di�erentiated with respect to rk. So, we get the following
expression for ∂D

∂rk :

∂D
∂rk

=
k∑
i=1

∂
∂rk

(1 + n∑
j=i
rj)

 σ−1
σ

=
k∑
i=1

σ − 1
σ × (1 +

n∑
j=i
rj)−

1
σ

So, we have got:

∂D
∂rk

= σ − 1σ ×
k∑
i=1

(1 +
n∑
j=i
rj)−

1
σ (9)

Now from Equation: 6 we can see that

N =

1 + n∑
j=p

rj

− 1
σ

×
n∑
i=1

Yi ×

1 + n∑
j=i
rj


So, di�erentiating N with respect to rk yields:

∂N
∂rk

= A × ∂B∂rk
+ B × ∂A∂rk

(10)

where

A =

1 + n∑
j=p

rj

− 1
σ

B =
n∑
i=1

Yi ×

1 + n∑
j=i
rj


Now,

∂A
∂rk

= ∂
∂rk

1 + n∑
j=p

rj

− 1
σ

When p > k then
[
1 +
∑n

j=p rj
]− 1

σ does not contain an rk term and di�erentiating it with respect to rk
entails zero. The non-zero results are only obtained when p ≤ k. So, when p ≤ k di�erentiation with
respect to rk entails the following result:

∂A
∂rk

= −1σ ×

1 + n∑
j=p

rj

− 1+σ
σ

(11)

Now di�erentiating B with respect to rk yields:

∂B
∂rk

= ∂
∂rk

 n∑
i=1

Yi ×

1 + n∑
j=i
rj


=

n∑
i=1

∂
∂rk

Yi ×
1 + n∑

j=i
rj


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The expression represents the summation of di�erentiation of some n terms of the series Yi ×
[
1 +
∑n

j=i rj
]

and each term of the series is indexed by i. The terms of the above series with index i > k do not contain
any rk term and hence their di�erentiation with respect to rk entails zero. So, the other terms where the
index i ≤ k contain an rk term and hence when di�erentiated with respect to rk yields non-zero results.
In this circumstance the expression above turns out to be:

∂B
∂rk

=
k∑
i=1

∂
∂rk

Yi ×
1 + n∑

j=i
rj


=

k∑
i=1

Yi

In the derivation of the above expression we use the fact that the periodic endowment Yi at any arbitrary
period i does not tend to depend upon interest rate rk at any arbitrary period k. Rather both Yi and rk
(∀1 ≤ i, k ≤ n) are exogenously determined and are independent of each other.
So,

∂B
∂rk

=
k∑
i=1

Yi (12)

Substituting the value of ∂A∂rk and
∂B
∂rk fromEquation: 11 and 12 into Equation: 10we can get the value of ∂N∂rk .

Once we get the value of ∂N∂rk we substitute it into Equation: 8. Moreover, the value of ∂D
∂rk from Equation:

9 is substituted into Equation: 8 in order to get the �nal value of ∂Cp∂rk .
We now determine the partial derivative of interest income at period p with respect to periodic endow-
ment (Yk) and interest rate (rk) at any arbitrary period k, 1 ≤ k ≤ n. Let us now recall the de�nition of
interest income Ip at period p:

Ip = rp ×
p∑
j=1

(Yj − Cj) (13)

Di�erentiating both sides with respect to Yk yields the following:

∂Ip
∂Yk

= rp ×
p∑
j=1

∂Yj
∂Yk

− rp ×
p∑
j=1

∂Cj
∂Yk

When we di�erentiate the above expression with respect to Yk we take rp as constant. This is due to
the fact that periodic endowment and interest rate are assumed to be exogenously determined and are
independent of each other.
Now, the �rst segment of the right hand side indicates the summation of di�erentiation of the �rst p
endowments with respect to endowment at time k. As the endowments in di�erent time periods are in-
dependent of one another di�erentiating one with respect to other returns zero. Hence, if k > p then the
di�erentiation with respect to Yk of all the terms of the aforementioned series entails zero and we get:

∂Ip
∂Yk

= −rp ×
p∑
j=1

∂Cj
∂Yk

(14)

Substituting the valuees of ∂Cj∂Yk , 1 ≤ j ≤ p from Equation: 7 we get an algebraic representation for ∂Ip
∂Yk . On

the other hand if k ≤ p we get the following representation for ∂Ip
∂Yk .

∂Ip
∂Yk

= rp − rp ×
p∑
j=1

∂Cj
∂Yk

(15)

Substituting the valuees of ∂Cj
∂Yk , 1 ≤ j ≤ p from Equation: 7 we get an algebraic representation for ∂Ip

∂Yk
when k ≤ p.
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In the next step we will calculate the partial derivative of interest income Ip at period p with respect to
interest rate rk at period k. Di�erentiating Equation: 13 with respect to rk we get the following:

∂Ip
∂rk

= ∂
∂rk

rp × p∑
j=1

(Yj − Cj)


As Y and r are two independent variables derivative of Y with respect to r is zero irrespective of the value
of the index. Applying this fact on the above equation yields:

∂Ip
∂rk

= − ∂
∂rk

p∑
j=1

[
rp × Cj

]
= −

p∑
j=1

∂
∂rk

[
rp × Cj

]
When we di�erentiate the above expression with respect to rk we can take rp as constant as long as
p ≠ k using the fact that the interest rates at di�erent time periods are exogenously determined and are
independent of each other. In that case the above expression turns out to be:

∂Ip
∂rk

= −rp ×
p∑
j=1

∂Cj
∂rk

(16)

Substituting the values of ∂Cj∂rk , ∀1≤j≤p from Equation: 8 we can get an algebraic representation for ∂Ip∂rk . On
the other hand if p = k then we have the following expression for ∂Ip∂rk .

∂Ip
∂rk

= − ∂
∂rk

k∑
j=1

(rk × Cj)

= −
k∑
j=1

∂
∂rk

(rk × Cj)

= −
k∑
j=1

[
Cj + rk ×

∂Cj
∂rk

]

So we have:
∂Ip
∂rk

= −
k∑
j=1

[
Cj + rk ×

∂Cj
∂rk

]
(17)

Substituting the values of Cj and
∂Cj
∂rk , ∀1≤j≤k fromEquation: 5 and 8 respectivelywe can precisely calculate

∂Ip
∂rk .
In this stepwewill calculate the partial derivative of interest income at period pwith respect to consump-
tion. Here, we again recall from Equation: 13 that interest income is a function of endowment, interest
rate and consumption. Now taking partial derivative of Equation: 13 with respect to Cp yields:

∂Ip
∂Cp

= rp ×
p∑
j=1

∂(Yi − Ci)
∂Cp

= −rp ×
p∑
j=1

∂Ci
∂Cp

In the derivation of the above expression we employ the fact that the periodic endowment Yi at any ar-
bitrary period i, 1 ≤ i ≤ n is exogenously determined and depends upon time only. Hence, di�erentiating
periodic endowment with respect to consumption yields zero irrespective of the value of the index i, i.e.,
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it is true for all i ∈ N, i ≤ n. Moreover, as consumption in the earlier period can not depend upon con-
sumption at some later time di�erentiating Ci , ∀1≤i≤(p−1) with respect to Cp yields zero and di�erentiating
Cp with respect to Cp itself entails one. Exploiting the above fact we get:

∂Ip
∂Cp

= −rp (18)

Let us now rewrite Equation: 13 in the following manner:

Cp =
p∑
i=1

Yi −
Ip
rp
−
p−1∑
i=1

Ci

Here we note that periodic endowment Yi , ∀1≤i≤n is an independent variable and is determined exoge-
nously. Hence di�erentiating Yi , ∀1≤i≤n with respect to interest income Ip entails zero. Moreover, interest
income Ip received by the households during period p can in�uence consumption Cp as it comes as an
in�ow for the households at period p. As Ip in�uences Cp it also has an impact on households’ gross
savings during period p. As gross savings at period p are in�uenced by the interest income at period p
all consumptions subsequent to period p are also e�ected by interest income at period p. This realiza-
tion stems from the fact that the gross savings made at period p will be available for consumptions for
all subsequent periods. However, Ip does not have any in�uence on consumption in periods earlier than
p. This is due to the trivial fact that interest income can only contribute to consumptions (and hence
savings) only after it is realized/earned. Before the interest income is earned/realized it can not in�uence
consumption (and savings aswell). Employing the above facts and di�erentiating both sides of the above
equation with respect to Ip yields the following:

∂Cp
∂Ip

= − 1rp
(19)

Now that we have algebraically estimated ∂Cp
∂Yk ,

∂Cp
∂rk ,

∂Ip
∂Yk ,

∂Ip
∂rk and ∂Ip

∂Cp by Equations: 7, 8, 14, 15, 16, 17 and
18we are now in the position to estimate the instantaneous rate of change in consumptionwith respect to
interest income. Let us now recall from Equation: 5 and 13 that consumption is a function of Y and r [i.e.,
C(Y, r)] while interest income is a function of Y, r and C [i.e., I(Y, r, C)]. Moreover, we have asssumed here
that Y and r are two exogenous variables which depend upon time (t). Hence taking the total derivative
of consumption Cp and interest income Ip with respect to time we get:

dCp
dt = ∂Cp∂Yp

dYp
dt + ∂Cp∂rp

drp
dt (20)

dIp
dt = ∂Ip

∂Cp

[
∂Cp
∂Yp

dYp
dt + ∂Cp∂rp

drp
dt

]
+ ∂Ip
∂Yp

dYp
dt + ∂Ip∂rp

drp
dt (21)

From the above equations we get:

dCp
dt
dIp
dt

=
∂Cp
∂Yp

dYp
dt + ∂Cp

∂rp
drp
dt

∂Ip
∂Cp

[
∂Cp
∂Yp

dYp
dt + ∂Cp

∂rp
drp
dt

]
+ ∂Ip
∂Yp

dYp
dt + ∂Ip

∂rp
drp
dt

Rearranging the above expression we get:

dCp
dIp

=
∂Cp
∂Yp

dYp
dt + ∂Cp

∂rp
drp
dt

∂Ip
∂Cp

[
∂Cp
∂Yp

dYp
dt + ∂Cp

∂rp
drp
dt

]
+ ∂Ip
∂Yp

dYp
dt + ∂Ip

∂rp
drp
dt

(22)

Equation: 22 shows the instantaneous rate of change of consumption at period p with respect to change
in interest income at period p. Values of ∂Cp∂Yp ,

∂Cp
∂rp ,

∂Ip
∂Yp ,

∂Ip
∂rp and ∂Ip

∂Cp can be calculated by using Equations:
7, 8, 14, 15, 16, 17 and 18. On the other hand periodic endowment Yp and interest rate rp are exogenous
variables and hence their rate of change with respect to time are also exogenous to the system and are
given before hand. As all the values are known we can calculate the instantaneous responsiveness of
household consumption with respect to change in interest income using Equation: 22.
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• Responsiveness of Household Savings to Changes in Interest Income:
In the next step we will investigate how gross savings made by the households at period p respond to
changes in interest income at period p. We start our quest by recalling the de�nition of total income (M)
that are at disposal of the households at period p:

M = Yp + Ip + Sp−1

The above expression shows that the total disposable income of the households at period p is the sum-
mation of periodic endowmnent (Yp), interest income (Ip) and accumulated savings with interest there
on up to period (p − 1). A portion of the above income will be spent on consumption and the another
portion is saved. If the consumption made during the period p is given by Cp then we have:

Cp + Sp = Yp + Ip + Sp−1

Sp represents households’ accumulated savings with interest there on up to period p. Subtracting Sp−1
from Sp we get the gross savings made by the households during period p alone. Hence rewriting the
above expression yields:

GSp = Sp − Sp−1 = Yp + Ip − Cp (23)

Di�erentiating both sides of the above equation with respect to Ip we get:

∂GSp
∂Ip

= ∂Yp∂Ip
+ 1 − ∂Cp∂Ip

As periodic endowment Yp at period p is exogenously determined its derivative with respect to Ip yields
zero. Hence, the above equation turns out to be:

∂GSp
∂Ip

= 1 − ∂Cp∂Ip
(24)

Using Equation:19 we can e�ectively calculate the value of ∂Cp∂Ip which in turn enables us to calculate ∂GSp
∂Ip

analytically using Equation: 24.
Now di�erentiating Equation: 23 with respect to Yp yields the following:

∂GSp
∂Yp

= 1 + ∂Ip
∂Yp

− ∂Cp∂Yp
(25)

As ∂Ip
∂Yp and ∂Cp

∂Yp can be calculated using Equation: 14 and 15 and Equation:7 respectively Equation:25 can
be used to calculate ∂GSp

∂Yp .
Now we will estimate the responsiveness of households’ gross savings to change in consumption. To
do so we di�erentiate both sides of Equation: 21 with respect to Cp. After doing so we get the following
expression:

∂GSp
∂Cp

= ∂Yp∂Cp
+ ∂Ip
∂Cp

− 1

Aswehave alreadymentioned in our previous discussion that the periodic endowment Yp is exogenously
determined and hance it does not tend to depend upon any other variables under consideration. Hence,
di�erentiating Yp with respect to Cp yields zero. So the above equation turns out to be:

∂GSp
∂Cp

= ∂Ip
∂Cp

− 1 (26)

Thuswe can calculate the value of ∂GSp∂Cp analytically using Equation: 26 after substituting the value of ∂Ip∂Cp
from Equation: 18.
From Equation: 23 it is evident that gross savings made by the households is a function of periodic en-
dowment, interest income and consumption [i.e., GS(Y, I, C)]. Whereas endowment and interest income
represents in�ows of fund consumption represents fund out�ow. As we have discussed previously pe-
riodic endowments received by the households are exogenously determined and is a function of time.
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Moreover, from Equation: 13 we can see that interest income is a function of consumption, endowment
and interest rate [i.e., I(C, Y, r)]. On the other hand from Equation: 5 we can see that consumption is a
function of periodic endowment and interest rate [i.e., C(Y, r)]. Considering the above facts and using
chain rule of di�erentiation we get:

dGSp
dt

=
∂GSp
∂Yp

dYp
dt

+
∂GSp
∂Cp

[ ∂Cp
∂Yp

dYp
dt

+
∂Cp
∂rp

drp
dt

]
+
∂GSp
∂Ip

[ ∂Ip
∂Cp

[ ∂Cp
∂Yp

dYp
dt

+
∂Cp
∂rp

drp
dt

]
+
∂Ip
∂Yp

∂Yp
dt

+
∂Ip
∂rp

drp
dt

]
(27)

So, to calculate the total derivative of households’ gross savingswith respect to time i.e., dGSpdt analytically
we need the values of di�erent partial derivatives including ∂GSp

∂Yp ,
∂GSp
∂Cp ,

∂Cp
∂Yp ,

∂Cp
∂rp ,

∂GSp
∂Ip , ∂Ip∂Cp ,

∂Ip
∂Yp ,

∂Ip
∂rp and

these values are available from Equation: 25, 26, 7, 8, 24, 18, 14, 15, 16 and 17 respectively. Moreover, we
also need the derivative dYp

dt and drp
dt which are determined exogenously and are given.

In the next stepwe divide the total derivative of households’ gross savingswith respect to time (Equation:
27) by the total derivative of interest income with respect to time (given by Equation: 21) and we get the
following as a result:

dGSp
dt
dIp
dt

=
∂GSp
∂Yp

dYp
dt +

∂GSp
∂Cp

[
∂Cp
∂Yp

dYp
dt +

∂Cp
∂rp

drp
dt

]
+ ∂GSp

∂Ip

[
∂Ip
∂Cp

[
∂Cp
∂Yp

dYp
dt +

∂Cp
∂rp

drp
dt

]
+ ∂Ip
∂Yp

∂Yp
dt +

∂Ip
∂rp

drp
dt

]
∂Ip
∂Cp

[
∂Cp
∂Yp

dYp
dt +

∂Cp
∂rp

drp
dt

]
+ ∂Ip
∂Yp

dYp
dt +

∂Ip
∂rp

drp
dt

Rewriting the above equation we can get the total derivative of households’ gross savings with respect to
time:

dGSp
dIp =

∂GSp
∂Yp

dYp
dt +

∂GSp
∂Cp

[
∂Cp
∂Yp

dYp
dt +

∂Cp
∂rp

drp
dt

]
+ ∂GSp

∂Ip

[
∂Ip
∂Cp

[
∂Cp
∂Yp

dYp
dt +

∂Cp
∂rp

drp
dt

]
+ ∂Ip
∂Yp

∂Yp
dt +

∂Ip
∂rp

drp
dt

]
∂Ip
∂Cp

[
∂Cp
∂Yp

dYp
dt +

∂Cp
∂rp

drp
dt

]
+ ∂Ip
∂Yp

dYp
dt +

∂Ip
∂rp

drp
dt

(28)
The above equation depicts the total derivative of households’ gross savings with respect to interest in-
come i.e., it shows how households’ gross savings respond instantaneously to any change in interest
income.

• Responsiveness of output to changes in interest income
In our representative economy output at a particular period is assumed to be the summation of house-
holds’ consumption and gross savings. Gross savings are assumed to be parts of the total output because
the savingsmade by the households are eventually invested by the �rms. The behavior of the �rms in this
simiplistic economy is not modelled because doing so would irrevocably break the nice analytical struc-
ture of the problem and make us prone to extensive simulation to decipher any inter-relation between
interest income and output. So in our representative economy:

GDPp = Cp + GSp

where GDPp , Cp and GSp are the output, consumption and savings at period p in our representative
economy. Di�erentiating both sides of the above equation with respect to interest income Ip we get:

dGDPp
dIp

= dCpdIp
+ dGSpdIp

(29)

Now the value of dCpdIp and dGSp
dIp can be obtained from Equation: 22 and 28 respectively. If we substitute

the value of dCpdIp and dGSp
dIp into Equation: 29 then we will be able to obtain the total derivative of output

with respect to interest income: The quantity thus calculated will show how output will respond instan-
taneously to any changes in interest income or in other words this is indeed our desired interest income
multiplier.

4 Di�erent Kinds of Multipliers
From equation: 1, it is evident that if we change nominal interest expense by one unit it will bring about
a more than one unit change in output due to multiplier e�ect. The multiplier namely 1−cv

1−c represents the
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change in nominal GDP brought about by an unit change in nominal interest expense. From now on, we
call it as the nominal interest expense multiplier. Like the �scal multipliers, we can de�ne nominal interest
expense multiplier both as impact and cumulative multipliers depending upon the forcasting horizon under
consideration. For impact multiplier (IM), the forcasting horizon can be only one period long and it can be
de�ned as follows:

IM = ∆GDP∆IE
where ∆GDP represents changes in GDP brought about by ∆IE change in interest expense. However, the
change in nominal interest expense can have a pronounced e�ect on total output extending from the pe-
riod the change is applied to several subsequent time periods ahead. And that is why we feel it necessary to
de�ne a cumulative version of the nominal interest expense multiplier:

CM =
∑n

i=1(1 + d)
−i∆GDPi∑n

i=1(1 + d)−i∆IEi

where n represents the forcasting horizon under consideration and d is the discounting rate. Here d is used
to appropriately discount the future responses.

5 Methodology
• We begin our analysis by testing for unit roots in the time series data of nominal interest income and GDP

using di�erent types of panel unit root testing. Tests used in our analysis include Levin-Lin-Chu test,
Breitung t-statistic test, Im, Pesaran and Shin W-statistic test, ADF-Fisher Chi-square test and PP-Fisher
Chi-square test. The longitudinal data are at �rst converted into their natural logarithmic form before
feeding into unit root tests in order to remove heteroskedasticity.

• We then build anunrestrictedVARmodel using each of the variables in level and determine the lag length
that minimizes the majority of information criteria including LR, FPE, AIC, SC and HQ. The dynamic
stability of the selectedVARmodel are then tested by plotting all the inverse roots of the AR-characteristic
polynomial. If all the inverse roots lie within the unit circle then the selected VAR model is said to be
dynamically stable. If the VARmodel is found unstable thenwe increase the lag length by one and repeat
the whole procedure of checking dynamic stability. The process continues until and unless we �nd a VAR
model that is dynamically stable.

• Nowwe know the speci�c order of integration of our longitudinal data. As all the longitudinal data series
are integrated of order 01 (one) (we report it later in the data section), we then check for cointegration
amongst themusing Pedroni (Engle-Granger) test andKao test for cointegration. Pedroni (Engle-Granger)
tests are carried out using three di�erent parameter settings: individual intercept, intercept and trend and
�nally no intercept and no trend version of the test. For each of the three settings we report a total of 11
(eleven) di�erent statistics’ valueswhich includesnormal andweightedversionof Panel v-Statistic, Panel
rho-Statistic, Panel PP-Statistic, Panel ADF-Statistic and threemore statistics namely Group rho-Statistic,
Group PP-Statistic and Group ADF-Statistic. Alongside the statistics’ values corresponding p-values are
also reported. The conclusions suggested by the majority of the 11 (eleven) di�erent criteria are taken.
In the next step we carry out Kao test using individual intercept (as Kao test does not come up with the
other two common variants namely individual intercept and individual trend version and no intercept,
no trend version) and report the corresponding t-statistics along with the p-value.

• If the variables are found to be cointegrated then we proceed to build a Vector Error Correction Model
(VECM). VECM allows us to check for both short term and long term causal relationships amongst the
cointegrating variables. In the �rst place, it provides us a cointegrating equation which embodies the
long run relationship amongst the variables. Moreover, it provides us with an Error Correction Model
(ECM) which allows to check for the short term causal relationships among the variables.

• After the VECM is constructed we provide one standard deviation Choleski shock in interest income and
note down the responses of both GDP and interest income itself over subsequent time periods. To model
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impetus in nominal interest Income, we follow recursive formulation approach (Cholesky Decomposi-
tion) proposed by Sims (1992). In this approach, ordering of the endogenous variables plays a crucial role
as variables appearing later will respond contemporaneously to any change in the variables appearing
earlier. As we are more likely to calculate the impact of any change in nominal interest income to nomi-
nal GDP, we place nominal interest income before nominal GDP in the representation of the endogenous
variables.

• Once the impact and cumulative responses of GDP to shocks in interest income and responses of inter-
est income to its own shock are noted we are in the position to calculate the nominal interest income
multipliers de�ned in the previous sections. We then divide the impact (cumulative) response of GDP
to shocks in interest income by the impact (cumulative) response of interest income to its own shock in
order to estimate the corresponding impact (cumulative) multipliers.

• As the panel data used in our analysis are in their natural logarithmic form the multipliers calculated
above also have the same unit. To convert the multipliers back to their original form we need to divide
them by the average value of the ratio of interest income to GDP in the sampling interval used to generate
the results.

• After we are done with the impulse response analysis we perform variance decomposition of GDP with
respect to interest income. Variance decomposition of GDP under VECM framework allows us to quantify
how much of the variance in GDP can be attributed to interest income and how much of it is due to GDP
itself.

• On the other hand, if the longitudinal data used in our analysis are not cointegrated then we build an
unrestricted VAR model (instead of a VECM) using the variables in their logged �rst di�erenced form.
Infact, VARmehtodology has been predominantly used in the empirical estimation of di�erent economic
multipliers (see Fatas and Mihov (2001), Blanchard and Perotti (2002), Gonzalez-Garcia et al (2013) for
example). Using the footprint of the above literature, we also resort to VAR analysis in order to calculate
nominal interest income multiplier. Following Ilzetzki et al (2013), the below-mentioned VAR model is
estimated:

AYt =
k∑
j=1

CjYt−j + But

where Yt is the vector comprising interest income (expense) and GDP at time period t, Yt−j , 1 ≤ j ≤ k are
lagged terms of the vector of the endogenous variables at time period t − j, Cj , 1 ≤ j ≤ k are the coe�-
cients of the autoregressive terms of Yt−j, ut is the vector of orthogonal, identically distributed shocks in
endogenous variables and matrix B is a diagonal matrix. Finally, matrix A allows for the possibility of
simultaneous interactions amongst the endogenous variables in our VAR model. In structural VAR anal-
ysis, various restrictions are usually imposed onmatrix A andmore often than not, these restrictions are
inspired from the relevant economic theory. In this study, we follow the recursive formulation approach
(otherwise known as Cholesky decomposition) proposed by Sims (1992). In Sims’ method, the matrix
A is assumed to be a lower triangular matrix where the diagonal elements are restrictively set to 1. Such
restriction onmatrixA ensures that the covariancematrix of the error vector ut are diagonal. These uncor-
related/orthogonal error terms are referred to as structural errors (see Zivot et al (2003) for more details).
Under Sims’ approach where A is assumed to be a lower triangular matrix with all ′1′ in the diagonal,
any endogenous variable appearing beforehand any other endogenous variable in VAR representation is
supposed to have a contemporaneous impact on the values of the variable appearing later in the repre-
sentation and not the vice versa. As we are more interested to capture the cumulative impact of interest
income (expense) on GDP in this study, we place interest income before GDP in our VAR model. Such or-
dering of the endogenous variables implies that interest income (expense) will have a contemporaneous
e�ect on GDP and not the other way around.

• After the VAR model is built, the impulse response analysis and variance decomposition are done in the
same way as we do it for VECM.
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6 Data
We collect annual time series data of lending rate, domestic credit as percentage of GDP and GDP in current
USD from World Bank Open data (World Bank, 2020) during the period 1967-2014 for 04 (four) OECD coun-
tries including Australia, Japan, UK and USA. The date range and country choice are determined based upon
the availability of the required data series. The country-wise descriptive statistics of the compiled data are
furnished in Table: 1.

Table 1: Descriptive statistics for interest income (�gures in USD Billion)

Country Australia Japan UK USA
Year 1969-2014 1969-2014 1969-2014 1969-2014
Mean 31.34 165.03 66.00 692.19
Median 20.36 138.13 28.13 587.84
Maximum 132.20 512.76 290.04 2404.36
Minimum 0.38 7.38 1.23 42.24
Std. Dev. 38.63 124.83 69.57 541.28
Skewness 1.51 1.15 1.33 1.07
Kurtosis 4.02 3.74 4.47 4.23

Jarque-Bera 20.19755 11.67336 18.45914 12.13867
Probability 0.000041 0.002919 0.000098 0.002313

Sum 1504.23 7921.38 3167.86 33225.09
Sum Sq. Dev. 70127.72 732320.80 227463.80 13770015.00

Observations 48 48 48 48

Correlation with GDP 0.98 0.52 0.60 0.80

From Table: 1 it is evident that the interest income is highly correlated to the GDP. For Australia, Japan,
UK and USA the correlation coe�cients are found to be 0.98, 0.52, 0.60 and 0.80 respectively.

Moreover, we use median interest rate of government securities to appropriately discount the future re-
sponses of GDP and interest income obtained from impulse response analysis under structural panel VAR
framework and the interest rate data are collected from IMF data warehouse (IMF (2020)).

We begin our formal analysis by performing panel unit root testing of the compiled data. The annual
time series data of interest income and GDP of di�erent countries are stacked together to form a panel data of
cross section 04 (four). Five di�erent panel unit root testings have been performed. Tests include Levin-Lin-
Chu panel unit root test, Breitung t-statistic test, Im, Pesaran and ShinW-statistic test, ADF-Fisher Chi-square
test and PP-Fisher Chi-square test. We use both intercept and trend in the test settings as all of our four cross
sectional data contains clearly visible trend and intercept components. Before we perform panel unit root
testing on our longitudinal data we �rst convert them into their natural logarithmic form in order to remove
heteroskedasticity. The results of panel unit root testing are presented in Table: 2. From Table: 2 it is evident
that both interest income and GDP are integrated of order 01 (one) as anticipated.



46 | Ahmed Mehedi Nizam

[!h
]

Ta
bl
e
2:

Un
it
ro
ot

te
st
in
g

Se
rie

s
Ye
ar

Te
st

Te
st
va
ria

nt
La
g
le
ng
th

se
le
ct
io
n

L/
FD

St
at
is
tic

p-
va
lu
e

Re
m
ar
k

In
te
re
st
In
co
m
e

19
67

-2
01

4
Le
vi
n-
Li
n-
Ch

u
In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
-2
.0
98

27
0.
01

79
S

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
-9
.3
45

53
0

S
Br
ei
tu
ng

t-s
ta
t

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
2.
10

20
3

0.
98

22
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
-6
.6
37

93
0

S
Im
,P
es
ar
an

an
d
Sh

in
W
-s
ta
t

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
0.
06

37
5

0.
52

54
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
-7
.4
60

01
0

S
AD

F-
Fi
sh
er
Ch

i-s
qu

ar
e

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
6.
68

93
6

0.
57

05
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
61

.3
50

2
0

S
PP

-F
is
he
rC

hi
-s
qu

ar
e

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
2.
08

19
6

0.
97

84
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
69

.5
03

8
0

S
GD

P
19

67
-2
01

4
Le
vi
n-
Li
n-
Ch

u
In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
-0
.5
24

41
0.
3

NS
Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
-7
.3
79

44
0

S
Br
ei
tu
ng

t-s
ta
t

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
2.
98

03
4

0.
99

86
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
-4
.6
16

55
0

S
Im
,P
es
ar
an

an
d
Sh

in
W
-s
ta
t

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
1.
06

36
9

0.
85

63
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
-5
.6
44

79
0

S
AD

F-
Fi
sh
er
Ch

i-s
qu

ar
e

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
5.
53

66
3

0.
69

9
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
43

.7
25

8
0

S
PP

-F
is
he
rC

hi
-s
qu

ar
e

In
te
rc
ep
ta
nd

Tr
en
d

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

L
2.
10

52
5

0.
97

76
NS

Sc
ha
w
rz
In
fo
Cr
ite

rio
n

FD
53

.8
93

3
0

S



On The Contribution of Interest Expense (Income) on Total Output | 47
Ta

bl
e
3:

Pe
dr

on
i(E

ng
le
-G

ra
ng

er
)t
es

tf
or

co
in
te
gr
at
io
n

Va
ria

bl
es

Ye
ar

Te
st
Na

m
e

Te
st
Ty
pe

St
at
is
tic

Ty
pe

St
at
is
tic

Va
lu
e

p-
va
lu
e

Re
m
ar
ks

(@
5%

)
In
te
re
st

In
co
m
e,
GD

P
19

67
-2
01

4
Pe
dr
on
i

(E
ng
le
-

Gr
an
ge
r)

In
te
rc
ep
t

Pa
ne
lv
-S
ta
tis
tic

0.
54

74
28

0.
29

2
No

Co
in
te
gr
at
io
n

Pa
ne
lr
ho

-S
ta
tis
tic

0.
71

26
96

0.
76

2
No

Co
in
te
gr
at
io
n

Pa
ne
lP
P-
St
at
is
tic

1.
16

74
88

0.
87

85
No

Co
in
te
gr
at
io
n

Pa
ne
lA
DF
-S
ta
tis
tic

0.
29

82
89

0.
61

73
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lv
-S
ta
tis
tic

0.
32

82
31

0.
37

14
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lr
ho

-S
ta
tis
tic

0.
51

78
76

0.
69

77
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lP
P-
St
at
is
tic

0.
76

54
03

0.
77

8
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lA
DF
-S
ta
tis
tic

-0
.3
05

58
6

0.
38

No
Co

in
te
gr
at
io
n

Gr
ou
p
rh
o-
St
at
is
tic

1.
20

93
98

0.
88

67
No

Co
in
te
gr
at
io
n

Gr
ou
p
PP

-S
ta
tis
tic

1.
38

43
44

0.
91

69
No

Co
in
te
gr
at
io
n

Gr
ou
p
AD

F-
St
at
is
tic

-0
.2
18

20
4

0.
41

36
No

Co
in
te
gr
at
io
n

Ta
bl
e
4:

Pe
dr

on
i(E

ng
le
-G

ra
ng

er
)t
es

tf
or

co
in
te
gr
at
io
n

Va
ria

bl
es

Ye
ar

Te
st
Na

m
e

Te
st
Ty
pe

St
at
is
tic

Ty
pe

St
at
is
tic

Va
lu
e

p-
va
lu
e

Re
m
ar
ks

(@
5%

)
In
te
re
st

In
co
m
e,
GD

P
19

67
-2
01

4
Pe
dr
on
i

(E
ng
le
-

Gr
an
ge
r)

In
te
rc
ep
t
an
d

Tr
en
d

Pa
ne
lv
-S
ta
tis
tic

2.
95

95
72

0.
00

15
Co

in
te
gr
at
io
n
Ex
is
ts

Pa
ne
lr
ho

-S
ta
tis
tic

-0
.4
00

79
4

0.
34

43
No

Co
in
te
gr
at
io
n

Pa
ne
lP
P-
St
at
is
tic

-0
.6
20

68
3

0.
26

74
No

Co
in
te
gr
at
io
n

Pa
ne
lA
DF
-S
ta
tis
tic

-3
.0
24

10
7

0.
00

12
Co

in
te
gr
at
io
n
Ex
is
ts

W
ei
gh

te
d
pa
ne
lv
-S
ta
tis
tic

1.
69

03
33

0.
04

55
Co

in
te
gr
at
io
n
Ex
is
ts

W
ei
gh

te
d
pa
ne
lr
ho

-S
ta
tis
tic

0.
68

12
02

0.
75

21
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lP
P-
St
at
is
tic

0.
43

46
59

0.
66

81
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lA
DF
-S
ta
tis
tic

-3
.2
35

31
6

0.
00

06
Co

in
te
gr
at
io
n
Ex
is
ts

Gr
ou
p
rh
o-
St
at
is
tic

1.
10

77
24

0.
86

6
No

Co
in
te
gr
at
io
n

Gr
ou
p
PP

-S
ta
tis
tic

0.
59

83
87

0.
72

52
No

Co
in
te
gr
at
io
n

Gr
ou
p
AD

F-
St
at
is
tic

-3
.9
57

49
0

Co
in
te
gr
at
io
n
Ex
is
ts



48 | Ahmed Mehedi Nizam

Ta
bl
e
5:

Pe
dr

on
i(E

ng
le
-G

ra
ng

er
)t
es

tf
or

co
in
te
gr
at
io
n

Va
ria

bl
es

Ye
ar

Te
st
Na

m
e

Te
st
Ty
pe

St
at
is
tic

Ty
pe

St
at
is
tic

Va
lu
e

p-
va
lu
e

Re
m
ar
ks

(@
5%

)
In
te
re
st

In
co
m
e,
GD

P
19

67
-2
01

4
Pe
dr
on
i

(E
ng
le
-

Gr
an
ge
r)

No
In
te
ce
pt
,

No
Tr
en
d

Pa
ne
lv
-S
ta
tis
tic

0.
89

38
92

0.
18

57
No

Co
in
te
gr
at
io
n

Pa
ne
lr
ho

-S
ta
tis
tic

-0
.5
54

70
2

0.
28

95
No

Co
in
te
gr
at
io
n

Pa
ne
lP
P-
St
at
is
tic

-0
.8
84

50
1

0.
18

82
No

Co
in
te
gr
at
io
n

Pa
ne
lA
DF
-S
ta
tis
tic

-1
.4
29

55
6

0.
07

64
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lv
-S
ta
tis
tic

-0
.0
28

41
5

0.
51

13
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lr
ho

-S
ta
tis
tic

-0
.2
06

88
7

0.
41

8
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lP
P-
St
at
is
tic

-0
.9
29

69
2

0.
17

63
No

Co
in
te
gr
at
io
n

W
ei
gh

te
d
pa
ne
lA
DF
-S
ta
tis
tic

-1
.4
34

71
9

0.
07

57
No

Co
in
te
gr
at
io
n

Gr
ou
p
rh
o-
St
at
is
tic

0.
98

17
25

0.
83

69
No

Co
in
te
gr
at
io
n

Gr
ou
p
PP

-S
ta
tis
tic

-0
.5
84

77
4

0.
27

93
No

Co
in
te
gr
at
io
n

Gr
ou
p
AD

F-
St
at
is
tic

-1
.5
98

60
2

0.
05

5
No

Co
in
te
gr
at
io
n

Ta
bl
e
6:

Ka
o
te
st

fo
rc

oi
nt
eg

ra
tio

n

Va
ria

bl
es

Ye
ar

Te
st
Na

m
e

Te
st
Ty
pe

St
at
is
tic

Ty
pe

St
at
is
tic

Va
lu
e

p-
va
lu
e

Re
m
ar
ks

(@
5%

)
In
te
re
st

In
co
m
e,
GD

P
19

67
-2
01

4
Ka
o
Te
st

In
te
rc
ep
t

t-S
ta
tis
tic
s

-1
.4
37

87
8

0.
07

52
No

Co
in
te
gr
at
io
n



On The Contribution of Interest Expense (Income) on Total Output | 49
Ta

bl
e
7:

Im
pu

ls
e
re
sp

on
se

an
al
ys

is

Pe
rio

d
Im
pa
ct

re
-

sp
on
ss
e

of
GD

P

Im
pa
ct

re
sp
on
se

of
in
te
re
st

in
co
m
e

Im
pa
ct

M
ul
tip

lie
r

Cu
m
ul
at
iv
e

re
sp
on
ss
e

of
GD

P

Cu
m
ul
at
iv
e

re
sp
on
se

of
in
te
re
st

in
co
m
e

Di
sc
ou
nt
ed

cu
m
ul
at
iv
e

re
sp
on
se

of
GD

P

Di
sc
ou
nt
ed

Cu
m
ul
at
iv
e

re
sp
on
se

of
in
te
re
st

in
co
m
e

Cu
m
ul
at
iv
e

m
ul
tip

lie
r

In
te
re
st

in
co
m
e
to

GD
P
ra
tio

Ad
ju
st
ed

im
pa
ct

m
ul
tip

lie
r

Ad
ju
st
ed

cu
m
u-

la
tiv
e

m
ul
tip

lie
r

1
2

3
4

5
6

7
8

9
10

11
12

1
0.
05

37
53

0.
26

31
59

0.
20

0.
05

37
53

0.
26

31
59

0.
05

37
53

0.
26

31
59

0.
20

2.
55

2.
55

2
0.
02

39
73

0.
09

88
9

0.
24

0.
07

77
26

0.
36

20
49

0.
07

65
40

0.
35

65
22

89
5
0.
21

3.
03

2.
68

3
0.
00

69
75

-0
.0
07

62
6

-0
.9
1

0.
08

47
01

0.
35

44
23

0.
08

21
35

0.
34

36
86

15
8
0.
24

-1
1.
43

2.
99

4
0.
00

11
07

-0
.0
16

14
4

-0
.0
7

0.
08

58
08

0.
33

82
79

0.
08

19
38

0.
32

30
24

34
5
0.
25

-0
.8
6

3.
17

5
- 0.
00

03
56

-0
.0
01

75
4

0.
20

0.
08

54
52

0.
33

65
25

0.
08

03
53

0.
31

64
44

55
1
0.
25

0.
08

2.
54

3.
17

6
-0
.0
00

35
0.
00

27
36

-0
.1
3

0.
08

51
02

0.
33

92
61

0.
07

88
03

0.
31

41
48

0.
25

-1
.6
0

3.
14

7
-0
.0
00

1
0.
00

09
43

-0
.1
1

0.
08

50
02

0.
34

02
04

0.
07

75
09

0.
31

02
12

89
7
0.
25

-1
.3
3

3.
12

8
1.
35

E-
05

-0
.0
00

36
8

-0
.0
4

0.
08

50
16

0.
33

98
36

0.
07

63
38

0.
30

51
47

55
1
0.
25

-0
.4
6

3.
13

9
1.
73

E-
05

-0
.0
00

30
2

-0
.0
6

0.
08

50
33

0.
33

95
34

0.
07

51
88

0.
30

02
22

92
2
0.
25

-0
.7
2

3.
13

10
1.
63

E-
06

-3
.5
4E
-0
6

-0
.4
6

0.
08

50
34

0.
33

95
30

0.
07

40
42

0.
29

56
37

41
2
0.
25

-5
.7
6

3.
13



50 | Ahmed Mehedi Nizam

Ta
bl
e
8:

Va
ria

nc
e
de

co
m
po

si
tio

n
of

GD
P

Pe
rio

d
S.
E.

In
te
re
st
In
co
m
e

GD
P

1
0.
08

76
86

37
.5
8

62
.4
2

2
0.
09

52
42

38
.1
9

61
.8
1

3
0.
09

56
5

38
.3
9

61
.6
1

4
0.
09

56
57

38
.4
0

61
.6
0

5
0.
09

56
58

38
.4
0

61
.6
0

6
0.
09

56
59

38
.4
0

61
.6
0

7
0.
09

56
59

38
.4
0

61
.6
0

8
0.
09

56
59

38
.4
0

61
.6
0

9
0.
09

56
59

38
.4
0

61
.6
0

10
0.
09

56
59

38
.4
0

61
.6
0



On The Contribution of Interest Expense (Income) on Total Output | 51

As both the data series are integrated of order 01 (one) we can check whether there exists any cointe-
grating relationship amongst the two series. Two di�erent cointegration tests are performed: Pedroni (Engle-
Granger type) cointegration test and Kao test for cointegration. Pedroni (Engle-Granger) test reports the pres-
ence/absence of cointegrationusing 11 (eleven) di�erent statistics. Each statistics either suggest or reject coin-
tegration amongst the series. Moreover, Pedroni test of cointegration comes up with three distinct variants:
Individual intercept, individual intercept and individual trend and �nally no intercept and no trend. All three
variants are tested. Results of Pedroni (Engle-Granger based) cointegration test with individual intercept only
are presented in Table: 3. From Table: 3 it is evident that all the 11 (eleven) test statistics reject the presence
of cointegration between interest income and GDP. In the next step we perform Pedroni test of cointegration
using individual intercept and individual trend and in this case 05 (�ve) out of 11 (eleven) test statistics sug-
gest the presence of cointegration while the rest 06 (six) reject it (see Table: 4 for reference). As we rely on
the majority the null hypothesis of no cointegration can not be rejected in this case also. Finally, Pedroni test
is performed using no intercept and no trend and the results are presented in Table: 5. From Table: 5 it can
be seen that all the test statistics soundly reject the presence of cointegration between interest income and
output. So, all the three variants of Pedroni test reject the presence of cointegration amongst the variables.

In the next step we perform Kao test of cointegration on the longitudinal data of interest income and
output and results are presented in Table: 6. For the Kao test the t-Statistic value is found to be −1.437878
and the corresponding probability value is 0.0752. So @5% level we can not reject the null hypothesis of
no cointegration. So, the results of both the Pedroni and Kao test of cointegration coincide and we reject the
presence of cointegration between interest income and output.

As the series are not cointegrated we discard the idea of performing impulse response analysis on VECM
framework. Rather we build an unrestricted VAR model with the appropriate number lags for each of the
endogenous variables in logarithmic �rst di�erenced form and perform impulse response analysis on this.
The variables are converted into �rst di�erenced form as the VAR methodology requires the series under
consideration to be stationary and the log-transformation is performed to remove heteroskedasticity from the
data. The next step to construct an appropriate structural panel VAR model is to determine the appropriate
lag length for the endogenous variables. Although not reported here all the information criteria suggest 02
(two) lags for each of the endogenous variables. Moreover, the VAR model with 02 (two) lags is found to be
dynamically stable.
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Figure 1: Impact response of GDP to shocks in interest income

In our VAR representation interest income precedes GDP as we are more interested to capture the impact
of interest income on output. Once the VARmodel is so speci�edwe provide one standard deviation Cholesky
shock in interest income and note down both the impact and cumulative response of GDP as a result. Impact
and cumulative responses of GDP to shocks in interest income are presented in Figs: 1 and 2 respectively.
From Fig: 1 it is evident that GDP responds positively to any positive shock in interest income although its
response eventually diminishes to zero. The diminishing return is mainly due to the fact that we use the
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Figure 2: Cumulative response of GDP to shocks in interest income

variables in their stationary (logarithmic �rst-di�erenced) form. So, any exogenous shock is absorbed after
some initial jittering and the system eventually returns to its original equilibrium level. One interesting fact
here is that the GDP responds positively to any change in interest income or equivalently in total interest
expense. The positive correlation between interest income (or total interest expense) is further elaborated
into the discussion section of this article.

Moreover, the impact and cumulative responses of interest income to its own shock are also noted and
they are graphically represented in Figs: 3 and 4 respectively. Once the impact and cumulative responses of
GDP and interest income to shocks in interest income are noted we are now in the position to calculate the
corresponding interest income multiplier values. To estimate the impact (cumulative) multipliers we divide
the impact response of GDP to shocks in interest income by the impact response of interest income to its own
shock. As we use data in their natural logarithmic form what we obtain here is simply the elasticity of output
with respect to interest income. So, to get the multiplier values we need to divide the values obtained thus
far by the average value of interest income to GDP ratio in the sample (See Gonzalez-Garcia et al. (2013) for
example).
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Figure 3: Impact response of interest income to its own shock

The impact and cumulative multipliers obtained in the above manner are reported into column-11 and
column-12 of Table: 7. From column-11 of Table: 7 it can be seen that the impact multipliers vary rather un-
usually within the range of −11.53 to 3.03. The large negative values of the impact multipliers are rather
insigni�cant in its overall impact as it corresponds to very little changes in output. However, this very little
change in output is paired with even smaller changes in interest income and hence comes the surprisingly
large but insigni�cant impact multiplier values. These negative values of impact multipliers are insigni�cant
as their impact on output are easily o�setted by the earlier much larger positive co-movements. These facts
are clearly captured by the cumulative multipliers and as can be seen from column-12 of Table: 7. It is evident
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Figure 4: Cumulative response of interest income to its own shock

from column-12 of Table: 7 that the cumulative multipliers do not vary a lot. Rather they show consistently
positive values varying within a relatively short interval of 2.55 to 3.17.

In the next step we analyze the variance decomposition of GDP with respect to interest income and the
results are depicted in Table: 8. From Table: 8 it is evident that during period 01 (one) 37.58% of the variance
in GDP is attributed to interest income. The stake of interest income in the variance in GDP remains relatively
stable over the forecasting horizon and reaches the value of 38.40% during period 10.

In this study, we have de�ned and calculated interest income multiplier which embodies the change in
national output in response to any shock in interest income. To the best of our knowledge, no previous study
relating to interest income/expense andGDPhas been conducted in this direction, i.e., the concept of interest
incomemultiplier was totallymissing in the theoretical/empirical literature thus far andwehave brought this
concept to light through this study. As anticipated from the analysis presented in this text, the cumulative
interest income multipliers are found to be positive consistently throughout the periods under investigation
varying in between 2.55 to 3.17. Consistently positive estimate of the cumulative multipliers reinforces our
theoretical reasoning presented in this article.

7 Discussion
Interest rate is said to have manifold impact on output. To name a few:
• Substitution E�ect: Higher interest rate is said to reduce public consumption through substitution e�ect.

When interest rate rises households tend to prefer future consumption to the present one. It is because
present consumption seems to be costlier than its future counter part and people prefer savings over
consumption.

• IncomeE�ect:Higher interest rate alsomeanshouseholds getmore return on their savings. As the interest
income increases, so does the total disposable income of the households. So, households tend to spend
more on consumption. Thus income e�ect partly compensates for the negative impact of substitution
e�ect of higher interest rate on public consumption.

• Impact on investment: Level of investment in the economy is sensitive to changes in interest rate. When
interest rate reduces it attracts more investment as the projected return of investment becomes more and
more compatible with the interest rate. As investment is part of the GDP, GDP also increases. On the
contrary, when interest rate increases investments are distracted away.

Although the role of interest rate on output has been thoroughly investigated in the literature, role of interest
expense on output has been left unattended and here we argue that interest expense can be substantially
di�erent from interest rate alone. An increase (decrease) in interest rate may or may not lead to an increase
(decrease) in total interest expense. To lookmore closely into thematter, let us recall the de�nition of interest
expense.

IE = l × L
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From the above equation we can see that if the total volume of credit remains unchanged, an increase
in interest rate may bring about a proportional increase in interest expense. However, the total volume of
credit is susceptible to interest rate and responds contemporaneously to any change in it. So, when interest
rate increases the total volume of credit tends to decrease. Apparently, what happens to interest expense
(which is simply the product of interest rate and volume of credit) in response to an increase in interest rate
becomes unclear as one of its parameters namely, interest rate, increaseswhile the other one, namely, volume
of credit, decreases. Infact, change in interest expense in response to change in interest ratewill dependupon
the elasticity of the credit portfolio with respect to lending rate. To begin a formal analysis, let us assume that
a p% point increase in interest rate will shrink the credit portfolio by q%. If the initial interest expense is
given by l × L then new interest expense will be given by the following:

(1 + p) × l × (1 − q) × L = (1 + p) × (1 − q) × l × L

It is evident from the above equation that if (1 + p) × (1 − q) > 1 then interest expense will increase in
response to p% point change in interest rate. Solving for q yields the following:

q < p
1 + p

Hence, if we want interest expense to increase after p% point increase in lending rate then the elasticity
of credit portfolio with respect to interest rate must be given by the following construct:

e = q
p < 1

1 + p
If we want interest expense to reduce after there is p% point increase in lending rate then elasticity of

credit portfolio with respect to interest rate must satisfy the following inequality:

e = q
p > 1

1 + p
Finally, If we want interest expense to remain unchanged after a p% point increase in lending rate is

introduced then elasticity of credit portfolio with respect to interest rate must satisfy the following equality:

e = q
p = 1

1 + p
Present literatures relating to interest rate and output are quite inconclusive while some studies have

identi�ed signi�cant negative inter-relation between interest rate and output whereas others rejected it in
favor of monetary neutrality. Here, we argue that the impact of interest rate on output can be signi�cantly
di�erent than that of interest expense.When interest rate rises due tomonetary contraction, interest expense
at the national level may rise or fall depending upon the responsiveness of the credit portfolio to changes in
interest rate. If the credit portfolio responds signi�cantly to the rise in interest rate and shrinks accordingly,
then the total interest expense will decline resulting into a dip in national output. However, on the contrary
to the existing literature, if the credit portfolio does not adjust to the rising interest rate, then the total interest
expense will rise as well resulting into further expansion in national output. The opposite holds true as well
for a monetary expansion followed by a lowered interest rate. Thus, in this study, we have provided a new
line of thinking which may provide explanation of why monetary contraction may fail to brace a galloping
GDP and also why monetary expansion may not rejuvenate national output as anticipated by the existing
monetary theory.

8 Conclusion
Although, the existing literature has thoroughly investigated the relationship between interest rate and GDP,
the relationship between interest expense and GDP has been left unattended so long. Interest expense has
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been thus far considered as a monetary phenomenon a�ecting the general price level only with little to no
real signi�cance and its relation to GDP through interest income channel has been mostly overlooked. Here,
we unveil the interest income channel which enables us to view the dynamics between interest expense and
GDP in greater detail which is substantially di�erent from that of interest rate and GDP.
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