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(PC) Algorithm under Graph-Theoretic Approach
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Abstract

It is common practice that central banks around the world must adopt an inflation targeting framework;
based on the assumption that inflation could be reduced by increasing interest rates. This study is first
of its kind where we have developed modified Peter and Clark (PC) algorithm to determine the causal
nexus between monetary policy and inflation. The results show that, causality is running from interest
rate towards inflation; suggesting a positive and significant long-run relationship of interest rate with
inflation in case of Pakistan. The results show that, causality is running from interest rate towards
inflation; suggesting a positive association of interest rate with inflation in case of Pakistan.
Furthermore, both energy prices and monetary policy have cost-side effects on inflation; however, the
later becomes counterproductive whenever high interest rate is used to decrease energy push inflation.
Hence, there is need of serious rethinking about current monetary policy regime.
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1. INTRODUCTION

Monetary policy today is synonymous of interest rate policy and the central banks are
using interest rate as a tool to control inflation (Kumar et al., 2020). Most of the scientific
literature pertaining to inflation is based on determining causality between monetary policy
or/ interest rate and inflation rate. However, how do interest rate effect inflation, the
theoretical literature and empirical evidences differ remarkably. Many empirical evidences
are showing that increasing interest rate adds to inflation, owing to the cost side channels of
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monetary transmission mechanism (Rehman, 2015). Gibson (1923) found strong evidence in
support of the idea conceived by Tooke and found a positive association between the interest
rate and inflation in the UK for 200 years. This finding was referred by Keynes as 'One of the
most facts in the field of Quantitative economics. Many other popular studies, Sims (1992),
Barth and Ramey (2001) and Rehman (2015) among others, are favoring the existence of cost
side effects of monetary policy. The theoretical literature informs that there are many causal
channels through which interest rates can affect inflation. All these channels have theoretical
support, but which one of these is dominant, there is still no consensus. These channels can
be categorized into two streams: the demand side and the cost side channels. The cost side
channels generally predict that a rise in interest rate adds to inflation; while the demand side
channel generally agrees that increase in interest rate decrease inflation (Angelina and
Nugraha, 2020). The existence of cost channel has very serious implications, as it suggests
the conventional monetary policy to be counterproductive. Therefore, given the growing
literature on cost side effects of monetary policy, these effects must be at least part of
monetary policy modeling. However, the econometric models used by central banks rarely
pay any attention to the cost side effects. Assuming the demand side effects only, the central
banks have designed monetary policy principles such as McCallum (1981) and Taylor (1995)
rules. These rules predict that increasing interest rates can reduce inflation, therefore tight
monetary policy has become the most often used anti-inflation measure. However, much
empirical evidences contradict this assumption and many authors have found that an increase
in interest rate leads to an increase in inflation. These evidences include the findings of Sims
(1992), who secured the Nobel Prize in Economics for the year 2011.

As discussed, there are many causal paths connecting interest rate and inflation;
however, most of the existing studies focus only on a single equation ignoring other parallel
channels. This means the methodology is ill-posed. Hence, if multiple paths are connecting
the monetary policy action to its objectives, a reasonable model should take all these channels
into account to get a bias-free estimate of the relation. Most of the researchers Ma et al. (2020),
Rashid and Husain (2013), Osterholm and Berger (2008), Hu and Quan (2005) used Granger
type causality tests to determine the causal nexus between economic variables i.e. inflation
and interest rate. However, Granger type causality tests are based on single equation and
checks causal inferences between two variables, and there may also be a chance that the third
variable causes both variables A and B. Granger type causality does not take account of this
because causality analysis shall not only rely on the temporal ordering, but must contain its
roots in the structural relationship behind the causal ordering. Eventually, an alternate
approach having its basis in the structural equations called Graph Theoretic Approach (GTA)
which is based on Peter and Clark (PC) algorithm has overcome the above-mentioned
limitations and has the ability to take into account all the theoretical channels simultaneously.

The PC algorithm of GTA were generally not conceived with time series data, because
of non-stationarity in time series. To make this approach applicable, Swanson and Granger
(1997) used vector autoregressive (VAR) residuals in the PC algorithm; treated them as
original variables to determine causality (Hoover, 2005, 2020; Demiralp and Hoover, 2003).
However, the weak point attached to VAR model residuals is that, it carries only
contemporaneous information about the cross variable effect and remove past information;
thus causality results cannot be fully relied. This study is therefore set out to propose a new
methodology that has overcome the above-mentioned limitations and has successfully
determined the causal nexus between monetary policy and inflation exampling Pakistan. The
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importance and originality of this study lie in the fact that it has explored the monetary policy
effectiveness for the first time using the newly developed modified PC algorithm under the
framework of GTA based on Rehman and Malik (2014) modified R residuals. The research
findings will make a significant contribution to the field of monetary policy literature.
Similarly, methodologically speaking, the modified PC algorithm is equally important in
econometrics as a standalone method that can be applied in other areas of research.

The rest of this study is organized as follows: Section 2 discussed the monetary policy
review and summarizes the causal paths that link monetary policy actions to their targets. In
Section 3 detailed methodology about the novelty of modified PC algorithm is discussed.
Section 4 discusses the results of modified PC algorithm and the autoregressive distributed
lag model (ARDL). Finally, in Section 5 conclusions and recommendations for the researchers
are stated.

2. MONETARY TRANSMISSION CHANNELS

This section summarizes the causal paths that link monetary policy actions to their
targets. As stated earlier, the theoretical literature confirms there are many monetary
transmission channels that connect monetary policy actions to their targets (Taylor, 1995).

In contemporary monetary decision-making, two rules are used most frequently, i.e. (i)
Taylor rule and (ii) McCullum. Both are based on assumptions of the demand side channel.
This is in fact an assumption that has been challenged by all those who find evidence of cost
side effects. However, the studies on the demand side and cost side channels are both
questionable, because they do not consider the complex causal mechanism involving all
possible channels. A better strategy to study the effects of monetary policy would be to reflect
all possible channels and causal paths. It subsequently becomes important to list all popular
theoretical channels and discuss their chain of causality. All these causal paths can be tested
using modified PC algorithm of GTA to establish which theory and/or channel is supported
by data. This section lists the monetary transmission channels and the causal paths underlying
them. It is also important to mention that most of the channels listed in the literature start with
a change in money supply followed by a change in an interest rate, and then ending at inflation
because historically money supply was used as a tool of monetary policy. After the general
acceptability of the inflation targeting regime, the interest rate serves as the primary tool of
monetary policy. In this study, we discuss each channel where the interest rate is taken as the
starting point instead of money supply. Furthermore, we assume that an increase in interest
rate is equivalent to reducing the money supply and vice versa.

2.1 Interest rate Channel

The interest rate channel is the key MTM channel in the basic investment-savings (IS)
and loanable funds market!-LM (IS-LM) model. The Keynesian IS-LM MTM states that an
increase in real interest rate leads to a fall in investment expenditure and aggregate demand.
This in turn finally affect prices in a downward direction.

iT->i,T->Il->YIlI->Pl
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This increase in real interest rate decreases business fixed investment and consumer
durable spending, which ultimately affects the aggregate output in a downward direction. This
will decrease the equilibrium price level (Mishkin, 1996).

2.2 Exchange rate channel

This channel states that a rise in the nominal interest rate increases the real interest rate
which attracts foreign investors, thereby increasing foreign exchange reserves (FER). This
capital flight appreciates the local currency, which means that in the foreign market the
domestic product will be expensive, thereby decreasing demand for domestic products in the
foreign market. Consequently, the net export (NX) will start falling and this will affect
aggregate demand and then prices in a negative direction.

it - i.T— Capitalinflow T-> FERT-ER |>NX |- Y| >Pl!
The details of this channel can be found in Mishkin (1996).
2.3 Cost channel

According to the cost channel of MTM, when the authority increases the nominal interest
rate, this leads to an increase in the cost of working capital. Subsequently, the production cost
of the business will rise, and producers will pass on this increase to consumers. In this way
the inflation will take an upward direction.

iT — cost of working capital T— Cost of Production T—» P T
2.4 Assets Price Channel

This channel explores how monetary policy affects equity prices or stock prices which
further affect investment and consumption. There are two channels linking stock prices with
investment and consumption: (i) Tobin’s q theory of investment; and (ii) effect of wealth on
consumption. When central banks increase interest rates which makes bonds attractive, stock
prices take a downward direction. It is known that a fall in stock prices will lead to a decrease
in Tobin’s q? which will reduce investment spending and finally affect aggregate demand and
prices in a negative direction.

iT->SP loql-oI1l-YIPI
Other than Tobin's g investment channel there is an alternative channel called the wealth
effect channel of the monetary transmission mechanism. Modigliani (1971) argues that stock
is the main component of wealth. A fall in stock value leads to a fall in wealth which decreases
the current consumption and finally negatively affects aggregate demand and prices.

i T > SP |- wealth |- consumption ! ->Y |- P
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2.5 Credit channel

The credit channel of MTM can occur through two sub-channels; bank lending conduits
and balance sheet conduits (Mishkin, 1996). The bank lending channel affects prices and
when the central bank injects money, it enhances bank reserves and deposits which will, in
return, increase the number of bank loans available. This will boost investment and spending
to rise and affect prices in an upward direction. Monetary policy can affect a firm's balance
sheet conduits in different ways which are discussed in detail by Hernando (1998).

2.6 Expectation channel

According to the expectation channel, with decrease in the interest rate, increase the
money supply which can raise the expected price (P¢) and hence expected inflation
(), Mishkin (1996).

iloMST-> A=P°T>n°17
3. THEORETICAL AND METHODOLOGICAL FRAMEWORK

The modified PC causal algorithm of GTA provides an effective statistical and
mathematical tool to find causality in financial stock markets. Swanson and Granger (1997)
for the first time used it in economics to find the causal direction. Swanson and Granger
assumed that VAR residuals contain the information about causal ordering, therefore they
treated VAR residuals as original variables in PC algorithm to find causality. However, there
are some logical flaws and weak points attached to VAR residuals due to which the causality
results cannot be fully relied.

Consider a VAR model:

Ve =0+ BiXeq + BoYi-1 + €1t €Y)

Xe = A+ BaYi-1 + PaXe—1 + € (2)

After estimating the VAR model, the residuals series extracted from both equations (1)
and (2) contain only current information of x; andy,, while the effects of past values x;_; and
v¢_;are removed. Thus, VAR residuals only contain contemporaneous information about the
causal feedback from x to y and vice versa. Therefore, this study modifies the existing PC
algorithm by replacing VAR residuals with Rehman and Malik (2014) test residuals -
modified R recursive residuals and employed it in the current study. These residuals series
can eliminate the non-stationarity without removing the effect of cross variable feedback, and
treated as original variables in the PC causal algorithm to find the causal determinants of
inflation exampling Pakistan as a case study.

Before discussing the novel and modified PC algorithm, it is important to explain and
visualize the basic terms and terminologies used in GTA. The graph constructed under GTA
contains N nodes; represent variables and E edges; represent association between a pair of
nodes. The link between pair of variables without arrowheads are called undirected edges
(A—B), while the link between two variables through a straight-line having arrowhead is
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called a directed edge (A—B) which show us the direction of causality. It is also important
to discuss that graph showing only the nodes and strip away all arrowheads from the edges is
called skeleton. The direction of causality between pair of variables depend on unshielded
collider, and screen-off which is explained in steps involved in modified PC algorithm.

Modified PC algorithm has five steps to determine the causal ordering (Fazal et al.,
2021). From step 1 to step 3, it learns from the data information and make a skeleton graph,
while in the last two steps it orients the arrows head to construct the final causal graph.

e Instep first, the algorithm develops the skeleton graph in which all nodes are linked
through undirected links (links without arrowhead).

¢ Instep second, the algorithm starts testing the unconditional correlation between any
two nodes and remove the insignificant links from the graph.

e In step third, the algorithm then tests the correlation between every two nodes
conditional on a third node, and if the conditional correlation between each pair of nodes are
insignificant then again remove the connection between the pair of variables. The first three
steps are visualized in the (Figure no. 1).

#Cl Test Results Update Graph
Levels | Graph Tests
1 1w, X)? No
2 LW, ¥)? No
w 3 1w, Z)? No w
4 (X, w)? No
1 X Zls 1%, ¥)? Yes
| ] 1%, 2)? Yes X z
¥ 7 10¥, W)? No |
& (Y, 2)? Yes 4
9 1Y, W)? No
w
w
g W, X| Y17 | Yes X z
X Zz 10 |
¥ ¥
w w
z X -3 Bt W, ¥1ZI? | No | x z
¥ ¥
w W
® 'z 12 W, Z|Y)? | No X z
¥ ¥

Figure no. 1 — PC Algorithm Learning the Skeleton

e Instep fourth, if two nodes are correlated conditional on the third node as discussed
in step third, arrows from the two nodes are oriented toward the third node and is called
unshielded collider. To explain the term unshielded collider, we have Figure no. 2 which does
not show any direct relationship between node A and B which mean that these two nodes are
unconditionally uncorrelated, but conditionally correlated on node D (Fazal et al., 2020 and
Hoover, 2005, 2020).

¢ Inthe fifth and last step, arrows are oriented based on screening relationship. If two
nodes A and B are not directly connected but are connected through a third node C i.e. A— C-
-- B. This show that the link from A to C (third node) is directed while the link between nodes
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C and B is undirected. Therefore, the final resultant graph will orient the second link as
A— C— B, because orienting the arrow-head toward C indicate unshielded collider which is
already revealed in step 4. Thus, the intervening node or variable is a screen and not an
unshielded collider, so the arrow cannot point toward nodeC.

D E
Figure no. 2 — Directed graph

In application Fisher's z statistics are used to test whether the conditional correlations
are significantly different from zero.

4. RESULTS AND DISCUSSION

This study used quarterly data series i.e. inflation rate, exchange rate, money supply,
global oil prices, domestic credit, gross domestic product, unit value of export and import,
output gap and interest rate of Pakistan from the period 1990 to 2018 for revealing the causal
nexus between monetary policy and inflation exampling Pakistan. The data has been collected
from different sources i.e. State Bank of Pakistan (SBP) and International Financial Statistics
(IFS). In order to proceed the analysis, we have to check the stationarity of all variables by
applying the unit root test known as HEGY test. The data we use in this study is quarterly so
HEGY test performs better than ADF. The results show that all the series are first difference
stationary at a 5% significance level.

Table no. 1 — Unit Root Test (HEGY)

Variables At level Variables At level
Exchange t-HEGY  Critical t-HEGY  Critical
Rate value value

m  -2.75 -1.99 Unit Value of m  -3.86 -2.84
m, -558 -1.93 Export mw, -4.24 -1.91
Inflation m  -171 -1.94 Unit Value of m;  -1.63 -2.84
M, -7.94 -2.83 Import m, -5.55 -1.91

Money m -2.19 -1.93 Gross Domestic m; -3.21 -1.93
Supply m, -4.85 -1.91 Product m, -2.11 -2.65
Oil M -2.23 -2.65 Interest m  -2.15 -1.99
Prices m, -6.94 -2.83 Rate m, -3.44 -1.93
Domestic M -2.21 -1.93 Output m;  -2.63 -2.65
Credit m, -3.74 -2.65 Gap m, -3.48 -2.83

Note: Inflation (INF) = Inflation, which is calculated by taking the growth rate of CPI. Interest rate =
Discount rate. Money Supply = M2. Output gap = Difference between Actual GDP — Potential GDP.
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To test the hypothesis of unit root at zero frequency, t-HEGY values are calculated and
compared with critical values. Estimated t-values for variables have been found stationary
and significant at a 5% significance level. On the other hand, we tested the hypothesis of unit
root of biannual frequency. The estimated t-values of m, for all variables indicate that the
hypothesis of unit root at biannual frequency has been rejected in case of all variables.

4.1 Modified PC algorithm results

We applied modified PC algorithm of GTA to determine the significant causal directions
between monetary policy and inflation by talking both monetary and non-monetary channels
as discussed earlier. Modified PC algorithm treat modified R residuals as original variables in
TETRAD 4.9.1 software and the results are displayed in Figure no. 3 as under.

EXCHANGE RATE

Figure no. 3 — Modified PC algorithm using modified R residuals

The study applied modified PC algorithm and the results indicate that in case of Pakistan
the causality running from exchange rate to inflation; the result is in line with the study of
Parker (2014) mentioned that the pass-through from exchange rate to inflation is modest and
pass-through from exchange rate to import prices is high and quick. This is not surprising
because import prices largely reflect the domestic-currency cost of the goods from the foreign
supplier, which can be expected to vary in line with the exchange rate. The results also indicate
that no causality running from money supply to inflation. According to the Werner Quantity
theory of credit, the banks can create money and inflation can have a relationship with the
money created by banks. The money that is managed by the central bank is only a small part
of the total money and there is no good approximation of total money. Therefore, many
monetary models found an insignificant coefficient of the money supply. Modern Monetary
Theory also explains that if the money supply is used in the new economic activities, it will
not create inflation. This finding is compatible with the work of Asari et al. (2011) that money
supply is not a significant element that triggers up the price level. Saini (1982) empirically
found that the money stock growth is not the primary source of inflation.
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The results also indicate that causality running from interest rate to inflation. The earlier
findings of , Mehwish et al. (2017), Onanuga and Onanuga (2014), Khumalo et al. (2017),
Asgharpur et al. (2007) that interest rate is a significant determinant of inflation is not rejected.
This indicates the effectiveness of monetary policy. If the interest rate affects prices in a negative
direction then monetary policy will be productive, in case of positive direction monetary policy
will be counterproductive. We have found the significant determinants of inflation and interest
rate is among there. A very important question is unanswered that in which direction interest
rate affects inflation? The algorithm is not capable of informing about the dimension of the
relationship. To solve the issue, we have estimated the following autoregressive distributed lag
model (ARDL) model by including all the significant determinants found through the graph-
theoretic approach. The results are given in Table no. 2.

4.2 ARDL Model

We have constructed the following ARDL model (1), the estimated results are provided
in Table no. 2.

Inf =a+ Blinft_l + ﬁzER + BIERL'—l + ﬁlUVE + BIUVEt—l + BIIR -+ BIIRL’—I (1)
+ 810G + B10G4 + p... (1)

Table no. 2 — ARDL Estimated Results

Variables Coefficient SE t-value
Inflation -1 0.988 0.0125 78.780
Constant 0.0902 0.0330 2.729
Exchange rate 0.0015 0.0003 5.033
Exchange rate +1 -0.0010 0.0003 -3.166
Unit value of export 0.0011 0.0004 2.700
Unit value of export 1 -0.0012 0.0004 -2.975
Interest rate 0.0042 0.0010 4.130
Interest rate t1 -0.0035 0.0010 -3.460
Output Gap -0.0003 0.0001 -2.500
Output Gap t-1 0.0002 0.0001 1.800

Author Calculation
The ARDL model has many advantages; in particular, it can be used to find an appropriate
model when there are multiple theories. After calculating ARDL, we find the static long-run
solution (SLRS) through the procedure given in Charemza and Deadman (1997).

Table no. 3 — Static Long-Run Equation

Variables Coefficient SE t-value
Constant 7.510 0.201 37.3
Exchange rate 0.041 0.004 10.2
Unit value of export -0.008 0.003 -2.66
Interest rate 0.058 0.030 1.93
Output Gap -0.008 0.007 -1.14

Author Calculation
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After estimating the static long-run equation, we found the coefficient of interest rate
positive which indicate that increasing the interest rate the inflation is going up, and causality
run from interest rate to inflation. Rehman (2015) is his study Revival of Legacy of Tooke and
Gibson: Further Evidence and Implications for Monetary Policy finds the same results that the
correlation between inflation and interest rate is positive in case of Pakistan. If the correlation
between interest rate and inflation is positive then using interest rate to control inflation would
be counterproductive.

5. CONCLUSION AND RECOMMENDATIONS

There has been a long discussion and debate on the validity and functioning of monetary
policy. Theoretical literature lists both monetary and non-monetary channels linking interest
rate and inflation. However, most of the existing studies are focused on single equation model
ignoring other parallel channels. This paper highlighted the shortcomings attached to the
previous studies; and developed novel modified Peter and Clark (PC) by taking all the
monetary and non-monetary channels to determine the causal nexus between monetary policy
and inflation. The classical assumption is that increase in interest rate will decrease inflation
but there are many evidences showing high interest rate associated with high inflation. So, the
theoretical literature and data-based evidences differ remarkably. The issue is that the
theoretical literature exhibits that there are many causal paths that connect the monetary policy
actions to monetary policy targets but previous studies did not take into account all these
paths. Therefore, it becomes important to list all popular theoretical channels and discuss their
chain of causality. The current study employed a Graph-theoretic approach and explored
significant determinants of inflation. We find that contrary to the assumption of mainstream
monetary theory, the money supply is not a significant determinant of inflation, but the interest
rate is a determinant. To find the direction of relationship between interest rate and inflation,
we calculate a static long-run solution. We find that interest rate and inflation are positively
associated, which implies the monetary policy to be counterproductive in case of Pakistan. It
is important to mention that; monetary policy will be counterproductive if cost side effects of
monetary tightening prevail. High energy prices may increase the cost of production by
reducing aggregate supply in the economy. If tight monetary policy is used to reduce this cost
push inflation, the cost side effect will add to cost side effects of monetary tightening and will
become dominant. In this case, the monetary policy will be counterproductive. This is support
to the popular Gibson Paradox (Gibson, 1923) and Price Puzzle (Sims, 1992). The findings
imply there is a need of serious rethinking about the current monetary policy regime. The cost
channels should be made part of monetary policy modeling and before the conduct of
monetary policy, there is a need to make sure that it actually works.

Furthermore, the present research focuses only on the observable variables of monetary
transmission mechanism and applied PC algorithm to find the causal relationship between
interest rate and inflation. The PC algorithm does not handle the latent variable and assume
that there is no latent variable. However, one can extend the current study by taking both
observable and latent variables to validate and improve these results using the recently
developed causality algorithm i.e. tsFCI and SVAR-FCI.
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