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Abstract 
How to assess external shocks, whether they are inflationary shocks or inter-
est rate shocks without warning, is crucial to construct smooth and predicta-
ble financial market. The purpose of this paper is to analyze the short-run 
and long-run effects of shocks on an economy under chaotic conditions of 
uncertainty using the Vector Error Correction Model (VECM). A compre-
hensive and detailed derivation process is presented for VECM and reveals 
the dynamics of interest rates and inflation in the face of external shocks, 
through Cholesky ordering and impulse response decomposition. With a 
constraint, the VECM model is also used to derive its two applications in 
well-known theoretical fields, the Fisher model and the uncovered interest 
rate parity (UIP) theory. 
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1. Introduction 

A dip in consumer confidence of less than 80 may signal the start of a recession 
anywhere from six months to one year in advance, given the outsized impact 
that private spending has on the economy. As a result of the ongoing conflict 
between Russia and Ukraine and the subsequent disruption of global supply 

How to cite this paper: Kong, L.K. and 
Chang, Y.X. (2022) The Impulse Response 
of Domestic and Foreign Interest Rate in 
Output, Price, Exchange Rate Model, a De-
constructed Derivation and Economic Cali-
bration of Vector Error Correction Model. 
Journal of Mathematical Finance, 12, 646-660. 
https://doi.org/10.4236/jmf.2022.124034 
 
Received: September 1, 2022 
Accepted: October 30, 2022 
Published: November 2, 2022 
 
Copyright © 2022 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jmf
https://doi.org/10.4236/jmf.2022.124034
https://www.scirp.org/
https://doi.org/10.4236/jmf.2022.124034
http://creativecommons.org/licenses/by/4.0/


L. K. Kong, Y. X. Chang 
 

 

DOI: 10.4236/jmf.2022.124034 647 Journal of Mathematical Finance 
 

lines, the Michigan Consumer Sentiment Index has been weighed down by infla-
tion, and as a result, it has dropped below the recessionary readings of 1991 and 
2001, putting it in the second place, behind only the Great Stagflation of the 
1970s and the financial crisis of 2008. The Federal Reserve of the United States 
will eventually be forced to hike interest rates rapidly in order to maintain price 
stability, and it will come at a time when consumers are already feeling fatigued. 
Nevertheless, maintaining low prices will have an effect on the production of the 
economy, the currency rate, and the nominal interest rate via a variety of routes, 
including increases in borrowing costs, wealth, and income. How to analyze ex-
ternal shocks, whether they are inflationary shocks or interest rate shocks with-
out notice, would be vital to develop smooth and predictable market attitude. 
Using the Vector Error Correction Model (VECM), the goal of this paper is to 
conduct an analysis of the short-run and long-run impacts of shocks on the 
economy while simultaneously taking into account the chaotic circumstances of 
uncertainty. 

Suppose we are in a system of four domestic variables, denoted by  
( ), , ,t t t t tY p y i e ′= ∆ , and one foreign variable denoted by *

t tX i= , in all subse-
quent analyses, items superscripted by “*” denote foreign variables contrasting 
domestic ones. We design a micro environment to mimic the external shock to 
the system, in which we first build a vector error correction model (VECM) for 
all variables and list the lag length and cointegrating rank of the model. After 
that, we assume 2 cointegrating vectors based on nominal and real exchange rate 
equation, and limit β  in a certain space corresponding to the Fisher theory 
and uncovered interest rate parity (UIP) theory. We explain why this model 
corresponds to the nominal effective exchange rate (NEER) theory and do an 
item-by-item analysis, use Cholesky ordering and analyze external shocks to do-
mestic and foreign interest rates, in terms of inflation and exchange rate changes. 
We will comprehensively analyze the short-term and long-term effects of sudden 
changes in interest rates on the various items of the model. 

In this study, we employ quantitative analysis to determine the amount to 
which transitory interest rate shocks influence the economic model’s compo-
nents and the model itself within a standard theoretical framework. The study 
gives not only an intuitive grasp of the economics of the process, but also a 
tangible derivation procedure for a more thorough comprehension of the VECM 
model. By coupling interest rates, currency rates, inflation, and potential pro-
duction, the likelihood of an economic crisis in the actual world is simulated. 
We find that confronted with a positive external shock, when there is a positive 
trend in the 3 Month London Interbank Offered Rate in US Dollars (libor3m), 
domestic interest rates rise if London is selected as the domestic position, hence 
luring more individuals to invest in the local currency. Concurrently, the do-
mestic currency “tightens,” which results in a drop in inflation. Then investors 
invest domestically, causing the already-lower inflation to increase more. 

This volatility spiral illustrates the dynamic nature of inflationary interest 
rates. Over time, foreign money will leave and flee to nations with higher interest 
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rates, and long-term inflation will drop. When there is a positive shock to for-
eign interest rates as measured by the Three Month Euro Interbank Offered Rate 
(euribor3m), the local currency becomes less appealing to investors in compari-
son to the foreign currency. The foreign exchange market sells the domestic 
currency and purchases foreign assets. The effect of the inflation shock on in-
ternational short-term interest rates is a decrease in domestic investment, capital 
outflows, and a decline in inflation. However, in the long run, both capital and 
inflation resume. 

2. Literature Review 

Reference [1] and [2] verified the use of unit root and vector error correction 
models for panel data, where the cells in the panel are independently homoge-
neous and heterogeneous factors may induce deviations. The maximum likelih-
ood method developed by [3] is able to demonstrate the cointegration relation-
ship between the variables of interest to determine the presence of ambiguous 
long-run dynamic equilibrium, while the equation of [4] permits the presence of 
heterogeneity for each variable. Reference [5] argues further that cointegration 
tests might be viewed as pre-tests in order to avoid false regression scenarios. 
Unit root tests are used to determine the order of integration [6] [7], and the 
Augmented Dickey Fuller (ADF) test is employed to determine the existence and 
quantity of unit roots [8]. 

VECM and related models have been utilized in several economic and man-
agement applications. Reference [9] examined the impact of transportation to 
economic growth using vector auto-regression. Reference [10] discovered sto-
chastic trends by examining time series for the presence of unit roots. Reference 
[11] utilized VECM to determine the influence of exchange rate fluctuations on 
the price volatility of Nigerian agricultural goods. In contrast, [12] investigated 
the causal relationship between cement output and demand in India. The rela-
tionship between financial depth and economic growth via VECM connection 
has also been confirmed by academics in many national settings [13] [14]. 

3. Methodology 

We used a public economic dataset from Gretl’s database of chdat 2001.gdt, 
which covers the period from the first quarter of 1974 to the first quarter of 2020. 
In this database and our subsequent analysis, we will use UK economic data as a 
starting point, with the UK as “domestic” and other countries as foreign. For 
example, “i” which represents the domestic interest rate, in this study it represents 
the interest rate of the domestic currency. We use “euribor3m” to represent for-
eign nominal interest rates. We use “libor3m” to represent the home country 
nominal interest rate. We use neerl  to represent the log of exchange rate, use 

gdpl  to represent the log of gdp (output), and those 5 variable *, , , ,t t t t tp y i e i∆  to 
represent domestic inflation rate, the log of gdp, domestic nominal interest rate, 
the log of exchange rate and foreign nominal interest rate.  
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First, we need to extend the likelihood arrangement of i and i* through the 
vector error correction model, hereinafter referred to as: VECM. Through the 
model time-series multivariate var-lag selection process, we get a perspective 
display of information criteria, where AIC stands for Akaike criterion:  

( )AIC 2 2lnk L= − , and BIC/SIC stands for Bayesian information criterion/ 
Schwarz information criterion: ( ) ( )ˆBIC ln 2lnk n L= −  and  

( )( )maxHQC 2 2 ln lnL k n= − +  for Hannan-Quinn criterion where Lmax is the 
log-likelihood, k is the number of parameters, and n is the number of observa-
tions. 

Reference [15] analyzed and contrasted the Bayesian Information Criterion 
(BIC) and the Akaike Information Criterion (AIC), analyzing their rationale and 
estimate level as approximations for various target values. Reference [16] con-
cluded that the Bayesian Information Criterion (BIC) is more effective for se-
lecting the best model, while the Akaike Information Criterion (AIC) is superior 
for predicting future data. While [17] determined that the Hannan-Quinn crite-
ria (HQC) is the most accurate for quarterly VAR models, it is more appropriate 
to apply the Schwarz Information Criterion (SIC)/BIC when the sample size is 
small, as demonstrated by [18]. To simplify the computation and save time, we 
set the highest lag threshold to 4 and discover that when the lag is 2 stages, AIC, 
BIC, and HQC yield the least results. We do not pay attention to the distinctions 
between these various information criteria since the three distinct information 
criteria all provide the same result: a 2-period lag. 

To obtain the cointegration rank, we employ the Johansen trace test and select 
the lag duration for the VAR model that minimizes AIC, SIC, or HQC. The ideal 
lag stage has been noted with a star in Table 1. Therefore, we’ve settled on “two” 
as the length of the lag. We conduct the Johansen test and obtain the Trace sta-
tistics: H0: rank = (Π) = r; HA: rank = (Π) > r. 

Note that the null hypothesis for Johansen trace test is: there are r cointegra-
tion ranks while the alternative hypothesis is that there are more than r ranks. 
The number of ranks equals the number of cointegration relationships between 
the variables. Here we have: 

rank = (Π) = 0 and reject H0; 
rank = (Π) = 1 and reject H0; 
rank = (Π) = 2 and reject H0; 
rank = (Π) = 3 and fails to reject H0. 

 
Table 1. The minimized estimated values of the information criteria. The asterisks indi-
cate the best fitted value. 

Lags Loglik P (LR) AIC BIC HQC 

1 815.71911  −8.778984 −8.244786 −8.562371 

2 901.03706 0.00000 −9.452928* −8.473564* −9.055803* 

3 913.60129 0.45519 −9.313981 −7.889451 −8.736345 

4 937.68246 0.00357 −9.303715 −7.434019 −8.545568 
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Therefore, depending on the outcome of the trace test’s p-value, we have three 
cointegration rankings. But we only barely reject the hypothesis: rank = (Π) = 2 
marginally. The p-value for the Lmax test reveals that: 

rank = (Π) = 0 and reject H0; 
rank = (Π) = 1 and reject H0; 
rank = (Π) = 2 and fails to reject H0 (Because 0.06 is great than 0.05). 
Therefore, according to the outcome of the trace test’s p-value in Table 2, we 

set two cointegration rankings. Since the trace test provides a cointegration rank 
of 3 only by a narrow margin (rejection p-value of 0.0403, barely below the re-
jection criterion of 0.05), the Lmax test yields a cointegration rank of 2, indicat-
ing that there are two cointegration relationships and two cointegration vec-
tors. Now the Vector error correction model (VECM) model is defined, when 

αβ ′Π = , [ ]t t tZ Y X ′′ ′= : 

( )1 1 , ~ 0,p
t t j t j t tjZ Z Z Nµ ε ε− −=

∆ = +∏ + Γ ∆ + ∑∑           (1) 

where the αβ ′Π = , α is adjustment vector, β is the cointegration vector. In the 
vector of β, different value of β measures the proportion of different variables in a 
cointegration relationship (long-term equilibrium). α is adjustment vector to close 
the deviation from the long-run equilibrium of different variables. Remember β 
and α now are all vectors. Previously we define 5 variables: ( ), , ,t t t t tY p y i e= ∆ , 

*
t tX i= , and we write the VECM equation in matrix in details as: 

1 11 12 11 12 13 14 15

2 21 22 21 22 23 24 25

3 31 32 1 31 32 33 34 35

41 42 41 42 43 44 454
*
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or in a simpler way: 

1 1
y y y ytt

t t
t x x x xt

Y
Z Z

X
µ ε

µ ε− −

Π Γ∆         
= + + ∆ +        ∆ Π Γ         

            (3) 

where we have the cointegration relationship as: 

1

1
11 12 13 14 15

1 1 1
21 22 23 24 25

1
*

1

t

t

t t t

t

t

p
y

ec Z i
e

i

β β β β β
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β β β β β

−
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− − −
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−
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    ′= = +      
 
 

         (4) 

and for every specific variables, we have their expanded forms as: 
*

1 11 1, 1 12 2, 1 11 1 12 -1 13 -1 14 -1 15 1

*
2 21 1, 1 22 2, 1 21 1 22 -1 23 -1 24 -1 25 1

3 31 1, 1 32 2, 1 31 1 32

t t t t t t t t t

t t t t t t t t t

t t t t

p ec ec p y i e i

y ec ec p y i e i

i ec ec p

µ α α γ γ γ γ γ ε

µ α α γ γ γ γ γ ε

µ α α γ γ

− − − −

− − − −
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∆∆ = + + + ∆∆ + ∆ + ∆ + ∆ + ∆ +

∆ = + + + ∆∆ + ∆ + ∆ + ∆ + ∆ +

∆ = + + + ∆∆ + ∆ *
-1 33 -1 34 -1 35 1

*
4 41 1, 1 42 2, 1 41 1 42 -1 43 -1 44 -1 45 1

* *
5 51 1, 1 52 2, 1 51 1 52 -1 53 -1 54 -1 55 1

t t t t t

t t t t t t t t t

t t t t t t t t t

y i e i

e ec ec p y i e i

i ec ec p y i e i

γ γ γ ε

µ α α γ γ γ γ γ ε

µ α α γ γ γ γ γ ε

−
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+ ∆ + ∆ + ∆ +

∆ = + + + ∆∆ + ∆ + ∆ + ∆ + ∆ +

∆ = + + + ∆∆ + ∆ + ∆ + ∆ + ∆ +

(5) 
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Table 2. Cointegration rank test with unrestricted constant. 

Rank Eigenvalue 
Trace 
test 

P-value Lmax P-value 
Trace test 

(corrected ) 
P-value 

0 0.28970 123.02 [0.0000] 61.913 [0.0000] 123.02 [0.0000] 

1 0.15520 61.106 [0.0014] 30.527 [0.0171] 61.106 [0.0017] 

2 0.10692 30.579 [0.0403] 20.467 [0.0607] 30.579 [0.0424] 

3 0.053084 10.112 [0.2772] 9.8727 [0.2249] 10.112 [0.2820] 

4 0.0013214 0.23933 [0.6247] 0.23933 [0.6247] 0.23933 [0.6277] 
 

With the aforementioned formula, a detailed analysis of every component of 
the VECM model, we may precisely describe how each object responds to shocks. 
We leave the theoretical model at this point for the time being, and through the 
subsequent regression analysis, we will get precise numbers and incorporate 
them into the theoretical model for interpretation. 

4. Result 
4.1. Regression Display 

Now, we examine the unrestricted VECM regression results to investigate coin-
tegration connections and adjustment vector vectors. The unrestricted VECM 
conclusions do not account for a particular economic theory but pave the way 
for further analysis. 

Remember that β values in the two columns represent the two cointegration rela-
tionships we find. The value of α below represents the amount of deviation closed 
in a period once a certain data deviates from the long-term equilibrium cointegra-
tion relationship in VECM. That is why we call α the adjustment vector. In the first 
column, the beta coefficient is: 1, 0, −0.0908, 0.0805, −0.0478. β shows the weight of 
the 5 variables in the cointegrating relationship. We can rewrite it here: 

*
11 12 13 14 15

*

0

1 0 0.0908 0.0805 0.0478 0
t t t t t t

t t t t t t

p y i e i

p y i e i

β β β β β ε

ε

 ∆ + + + + + =

∆ + − + − + =

           (6) 

This is the estimated cointegration relationship in Table 3, Column (1). We 
now identify the five equations for the five variables each. Due to space con-
straints, we only display and explain te∆  and *

ti∆  in Equation (7) and Equa-
tion (8) and their VECM Regression in Table 4 and Table 5. 

4 41 1, 1 42 2, 1 41 1 42 1

*
43 1 44 1 45 1

1, 1 2, 1 1

*
1 1 1 1

0.274 0.006 0.039 0.0039

0.065 0.007 0.288 0.0049

t t t t t

t t t t

t t t t

t t t t t

e ec ec p y

i e i
e ec ec p

y i e i

µ α α γ γ

γ γ γ ε

ε

− − − −

− − −

− − −

− − − −

∆ = + + + ∆∆ + ∆


+ ∆ + ∆ + ∆ +
∆ = − + + + ∆∆
 − ∆ + ∆ + ∆ − ∆ +

      (7) 

*
5 51 1, 1 52 2, 1 51 1 52 -1 53 1

*
54 1 55 1

*
1, 1 2, 1 1 1

*
1 1 1
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Table 3. VECM regression results without restriction. 

Beta (cointegrating vectors,  
standard errors in parentheses) 

Alpha (adjustment vectors) 

 (1) (2)  (3) (4) 

dp 1.00000 (0.00000) 0.00000 (0.00000) dp −0.61834 −0.06008 

l_gdp 0.00000 (0.00000) 1.00000 (0.00000) l_gdp −7.2970e-005 −0.00946 

libor3m −0.09088 (0.03764) 0.11261 (0.02749) libor3m 0.12218 −1.3047 

l_neer 0.08053 (0.19821) −0.98749 (0.14478) l_neer 0.00602 0.03908 

euribor3m −0.04786 (0.03835) −0.08863 (0.02801) euribor3m 0.05688 −0.29018 
 

Table 4. VECM regression results for exchange rate change. 

 Coefficient Std. error T-ratio P-value 

const −0.274189 0.081428 −3.367 0.0009*** 

d_dp_1 0.003949 0.005158 0.766 0.4449 

d_l_gdp_1 −0.065600 0.304526 −0.215 0.8297 

d_libor3m_1 0.007005 0.003425 2.045 0.0424** 

d_l_neer_1 0.288388 0.079582 3.623 0.0004*** 

d_euribor3m_1 −0.004926 0.004210 −1.170 0.2436 

EC1 0.006015 0.005654 1.064 0.2889 

EC2 0.039079 0.011443 3.415 0.0008*** 

Mean dependent var 0.006780 S.D. dependent var 0.024851 

Sum squared resid 0.091803 S.E. of regression 0.023103 

R-squared 0.174148 Adjusted R−squared 0.135737 

rho 0.003098 Durbin−Watson 1.991934 

 
Table 5. VECM regression results for interest rate change. 

 Coefficient Std. error T-ratio P-value 

const 1.912580 1.655850 1.155 0.2497 

d_dp_1 0.121826 0.104888 1.161 0.2471 

d_l_gdp_1 24.185200 6.192510 3.906 0.0001*** 

d_libor3m_1 0.108691 0.069658 1.560 0.1205 

d_l_neer_1 0.105856 1.618440 0.065 0.9479 

d_euribor3m_1 0.249863 0.085619 2.918 0.0040*** 

EC1 0.056876 0.114993 0.495 0.6215 

EC2 −0.290181 0.232706 −1.247 0.2141 

Mean dependent var −0.055448 S.D. dependent var 0.584531 

Sum squared resid 37.961270 S.E. of regression 0.469793 

R-squared 0.382761 Adjusted R−squared 0.354052 

rho 0.017903 Durbin−Watson 1.963244 

4.2. Theoretic and Economic Intuition 

Following the preparation of the mathematical foundation, we replace particular 
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numbers for the economic interpretation and demonstrate the extent to which 
the VECM model simplifies the understanding of intuitive meaning. If we enter 
the following restrictions and show full restricted estimation, we will get the fol-
lowing result where [x, y] means the yth variable in the xth cointergrating vector. 
For example, the “b [1, 3] = 1” indicates the coefficient of the 3rd variable in the 
1st cointergrating vector. We have five variables in the issue setting, hence the 
maximum number of y is five. 

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

1,1 0

1,2 0

1,3 1

1,5 1

2,1 1

2,2 0

2,3 1

b

b

b

b

b

b

b

=

=

=

= −

= −

=

=  
which is  

14 11 12 13 14 15

24 25 21 22 23 24 25

0 0 1 1
1 0 1

β β β β β β
β

β β β β β β β
−   

′ = =   −   
       (9) 

Why do we assume this and specify the first two columns of the model’s first 
row as 0? Through the analysis that follows, it will become clear that the para-
meters given above are consistent with Fisher’s theory and the notion of unco-
vered interest rate parity (UIP). The coefficients of the VECM model will display 
the following interpretation space and magnitude if we adhere to this criterion. 

 
*

11 12 13 14 15
*

0

0 0 1 2.938 1 0
t t t t t

t t t t t

p y i e i

p y i e i

β β β β β ε

ε

 ∆ + + + + + =

∆ + + − − + =

             (10) 

What is the economics intuition behind Equation (10)? That is,  
* 2.9381t t t ti i e ε− − = . The long-run historical connection that we estimate (the 

cointegrating coefficients) indicates that appreciation shocks had a positive in-
fluence (higher libor or lower euribor) on the interest rate differential. A sto-
chastic trend influencing, for instance, the exchange rate or one of the interest 
rates should afterwards have an effect on all variables. The higher the domestic 
interest rate, or the lower the foreign interest rate, the higher et. Pay attention: 
What is the et here, it is the log (neer), where the “neer” means norminal effec-
tive exchange rate. Using an uncorrected weighted-average computation, the 
nominal effective exchange rate (NEER) measures a currency’s nominal ex-
change rate relative to a basket of other currencies. Reference [19] has compiled 
an international database of effective exchange rates. A NEER coefficient greater 
than 1.0 indicates that the native currency is more valuable than foreign curren-
cies. If the NEER coefficient is less than 1, it indicates that the domestic currency 
is valued less than foreign currencies. Therefore, if we consider the United 
Kingdom to be home nation, a greater NEER suggests the local currency in-
creases (worth more). Attention is required, however, as the term “exchange rate” 
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often refers to the amount of domestic currency required to purchase a foreign 
currency. Therefore, an increase in the local currency exchange rate “E” depre-
ciates the domestic currency. 

Reference [20] suggests that a country’s effective exchange rate should take 
into account the nominal exchange rate and inflation differentials. If we go back 
to our model, we see * 2.9381t t ti i e− = , it means that according to our historical 
data, we observe the following phenomenon: the higher the domestic interest 
rate (or the lower the foreign interest rate), the greater “e” for the domestic cur-
rency, which indicates that the domestic currency appreciates. This makes sense 
if we consider the investor’s short-term decision: he invests in the more appeal-
ing currency. If domestic currency interest rates are higher, investors will invest 
and the local currency will rise. 

This reminds us of the uncovered interest rate parity-UIP theory, which de-
scribes the link between domestic interest rates, foreign interest rates, and ex-
change rate fluctuations. However, take caution that it does not precisely depict 
the UIP theory. We shall observe the distinction. Interest rate parity clarifies the 
link between local and international interest rates as well as the exchange rates of 
the two nations [21]. If Ee represents the future exchange rate, the current ex-
change rate is denoted by E. Then, the following formula holds: 

( )*1 1

1 1

e

e e
e

Ei i
E

E E E E
E E


+ = +


− = + = + ∆

                   (11) 

we combine the above two equations and we get:  

( )( )* * *1 1 1 1e e ei i E i E i E+ = + + ∆ = + + ∆ + ∆ , where the * ei E∆  is very small and 
we can ignore it. So, the above Equation (10) becomes: 

* ei i E− = ∆                          (12) 

The letter “E” represents the exchange rate that is often discussed. The greater 
“E” for local currency indicates that you must spend more to purchase a foreign 
currency (domestic currency depreciates). Remember that a greater “e” (nomin-
al exchange rate compared to a basket of other currencies) indicates that the 
domestic currency is appreciating. The greater “E” (exchange rate) depreciates 
the indigenous currency. Here, it can be seen that, according to the UIP theory, 
the difference between domestic and international interest rates is equivalent to 
the anticipated increase in the exchange rate (depreciation of the local currency) 
[22]. 

When domestic interest rates increase, foreign currencies purchase domestic 
currency, leading the domestic currency to appreciate (E to decrease) in the near 
term. In the long run, the domestic currency depreciates (E increases) as a result 
of the withdrawal of foreign capital following the expiry of foreign funds. So, ac-
cording to the UIP hypothesis, the native currency will devalue over time (E rises). 
Our model has no issues with the UIP theory. Our model * 2.9381t t ti i e− =  
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shows that the positive difference of i and i* means the domestic “e” increases 
(domestic currency appreciates). The UIP theory shows, in the short run people 
buy the domestic currency and domestic currency appreciates, but in the long 
run, the “E” increases. If we observe Table 6, Column (2), we may deduce the 
following equation: 

 
*

11 12 13 14 15
*

0

1 0 1 2.7353 0.8590 0
t t t t t

t t t t t

p y i e i

p y i e i

β β β β β ε

ε

 ∆ + + + + + =

− ∆ + + − − + =

           (13) 

That is *0.8590 2.7353t t t ti p i e− ∆ − = , reminding us of Fisher parity of real in-
terest rate and real exchange rate. With inflation, the Fisher equation explains 
the connection between nominal and real interest rates [23]. According to the 
Fisher formula, [24] present a dynamic model of long-term interest rates and 
price changes. Reference [25] additionally verified the concept with a cointegra-
tion and error correction model. “r” represents the real interest rate, “i” represents 
the domestic nominal interest rate, and “ ( )tdp p∆ ” represents the inflation rate 
in the preceding formulae and charts.denoted by tp∆ : t tr i p= − ∆ . 

The second cointegration relationship shows: *0.8590 2.7353t t t ti p i e− ∆ − =  
meaning that there is a positive relationship between (the difference of domestic 
interest rate, domestic inflation rate, foreign interest rate) and (the nominal ex-
change rate “e”). In the long run, shocks in the “e” and in the euribor were reflect-
ed in the real interest rate. This equation shows a long-term relationship. That re-
minds us of the theory of real interest rates: ( ) ( )* * * e

t t tr r i p i p E− = − ∆ − − ∆ = ∆ . 
The difference of the real interest rate shows the expectation of the “E”. The 
higher domestic real interest rate, the higher “E”(exchange rate) we will have. 
While the higher “E” means the domestic currency depreciates. The difference 
between our theory and the UIP is that: we subtract the inflation rate for both 
domestic i and foreign i*. The α in Table 6 means the magnitude of adjustment. 
The greater the absolute value of α, the faster the adjustment. The smaller the 
absolute value of α, the slower the adjustment. In the long-term equilibrium, if 
the long-term parameter β is positive, its adjustment parameter α is negative. We 
see that in the first column, α and β have opposite signs. In Table 6 Column (2), 
some α and β have opposite signs while others have the same signs, showing the 
model accuracy still leave room to improve. 

 
Table 6. VECM regression results with restriction. 

Beta (cointegrating vectors,  
standard errors in parentheses) 

Alpha (adjustment vectors) 

 (1) (2)  (3) (4) 

dp 0.0000 (0.00000) −1.0000 (0.00000) dp −0.559660 0.618360 

l_gdp 0.0000 (0.00000) 0.0000 (0.00000) l_gdp −0.00097603 0.00033185 

libor3m 1.0000 (0.00000) 1.0000 (0.00000) libor3m −0.098398 −0.075756 

l_neer −2.9381 (0.75134) −2.7353 (0.70093) l_neer 0.011192 −0.007507 

euribor3m −1.0000 (0.00000) −0.85906 (0.01709) euribor3m 0.052627 −0.053628 
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4.3. Cholesky Ordering and Impulse Response 

After connecting the VECM model with Fisher’s interest rate inflation model 
and the uncovered interest rate parity (UIP) theory, we are able to test to what 
extent external interest rate shocks specifically affect each economic factor and 
verify the previous theoretical assumptions using computer software. This allows 
us to test whether or not uncovered interest rate parity (UIP) holds true. The 
Cholesky decomposition needs to be performed first, which imposes a recursive 
structure [26], and the ordering needs to go from the variable that is the most 
exogenous to the variable that is contemporaneously affected by the greatest 
number of shocks. Altering the order in which things happen will result in dis-
tinct impulse response functions [27]. Only then can the impulse response be 
tested. We rank the variables, place the variables with the highest level of ex-
ogeneity at the top of the list and utilize the Cholesky decomposition to apply 
the Impulse Response (IR). The foreign interest rate is the most exogenous vari-
able among the five that are being considered. Therefore, we placed it at the very 
beginning of the Cholesky order. Now, we find the impulse response of neerl  
and dp  to euribor3m and libor3m respectively. We first show the response 
image and then we illustrate the intuition behind it. 

In Figure 1, we see the response of neerl  to shock in libor3m. When there is a 
positive shock in libor3m, the domestic interest rate increases, and attracting more 
people invest in domestic currency, thus domestic currency appreciates. Figure 2 
shows the response of neerl  to shock in euribor3m. When there is a positive shock 
to euribor3m, foreign currencies become more desirable, and individuals sell 
home currency to invest in foreign nations. Domestic currency depreciates. 

 

 
Figure 1. Impulse response of a shock in Libor3m. 
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Figure 2. Impulse response of a shock in Euribor3m. 
 

When there is a positive shock in libor3m (such a raise in interest rates by the 
Federal Reserve), the money in the domestic economy may be “tight,” which re-
sults in a fall in inflation as seen in Figure 1. While this is going on, higher do-
mestic nominal interest rates make the local currency a more desirable invest-
ment. As a result of people purchasing domestic currency and investing in their 
own nation, the inflation rate has once again increased. On the other hand, over 
the course of several years, foreign investment will progressively decrease and go 
to other nations where the interest rates are higher. The rate of inflation will also 
fall on a more gradual basis. Figure 2 illustrates the response of the inflation rate 
to a shock in the Euribor3m. During this time, interest rates on investments 
made in other countries rise, making such investments look more appealing. As 
a result, domestic investment and capital outflows fall, then the overall rate of 
inflation falls as well. Over the course of time, both capital and inflation will 
make their way back. 

5. Conclusions 

In this study, we make use of quantitative analysis in conjunction with a stan-
dard theoretical framework to investigate the ways in which temporary shifts in 
interest rates have an effect not only on the component sections of the economic 
model but also on the model as a whole. The VECM method searches varied 
models of heterogeneity for possible correlations over the long run. Because of 
its one-of-a-kind benefits, academics have made extensive use of this model to 
investigate a variety of topics, including agricultural economics, financial devel-
opment, and international commerce. This paper provides a brief overview of 
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the research conducted by earlier scholars. Furthermore, it combines the exam-
ples presented in this paper to demonstrate the computational mathematical 
process of deriving VECM in detail, to enhance our comprehension of the origin 
and history of each component of VECM. 

In addition to an intuitive understanding of the economics of the process, this 
study gives a practical derivation approach for a deeper understanding of the 
VECM model. By incorporating interest rates, currency rates, inflation, and po-
tential output, the probability of a global economic catastrophe is simulated and 
we discover that by adjusting the parameters and constraints of the VECM mod-
el, the VECM can be used to demonstrate the Fisher rate model and the unco-
vered interest rate parity (UIP) theory, thereby aiding in the comprehension of 
the relationships between interest rates, exchange rates, and inflation. Using 
Cholesky ordering, we finally describe the intrinsic and extrinsic interest rate 
impulse responses in terms of output, inflation rate, the domestic interest rate, 
the foreign interest rate, and the domestic real interest rate. Combining deriva-
tion and economic intuition, this study is instructive and interpretive.  
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