


Application of Markov Chain Movements in Finite State on Monetary Policy Shocks of Economic Variables


ABSTRACT
[bookmark: _GoBack] Markov Chain provides a useful tool for modeling and analyzing the dynamics of monetary policy decisions. In particular, the data series were transformed into 3-step transition probability matrix solutions to cover independent categories of Nigerian Economy Growth policies. The inflation, unemployment and gross domestic trade rates series were used as column vector matrices where the least three data series were chosen. From the stochastic analysis of the problems captured the dynamics of monetary policy decision-making, including the likelihood of switching between reduce state, increasing state and no-change state all in finite state. The impact index factor on monetary variables were effectively obtained and compared which showed the highest of 0.24% reducing impact of Gross Domestic trade rates on Gross Domestic product(GDP) at current market price. Finally, other statistical variations such as mean, kurtosis and skewness were considered and discussed in this paper. This informs Nigerians on the effectiveness of different monetary policy strategies and their various impacts on the economy for the purpose of investment plans.
Keywords: Markov Chain, GDP, Inflation, Stochastic Analysis and Monetary policy.
1.1 Introduction 
Monetary policy plays an important role in shaping economic growth, especially in a developing economy like Nigeria, where macroeconomic stability is often weakened by both internal and external shocks. These play important roles in shaping economic outcomes by influencing interest rates, inflation, and overall economic stability [1]. It is imperative to understand the exact impact of monetary shocks on economic growth in Nigeria, a developing economy with complex interplay between fiscal policy, external shocks and structural challenges. The effectiveness of monetary policy in promoting economic growth has been a topic of intense debate among economists. 

A lots of scholars has written extensively on the applications of Markov Chain, [2] studied the share price changes of Access bank. [3] studied stochastic analysis of Markov Chain in finite state. They used Nigeria Current Account Net-data for their analysis. [4] considered the influence of Markov Chain and properties of principal component analysis on two merged banks such Fidelity and Access banks.  [5] studied the stochastic analysis of Markov chain in finite state.  They transformed stock price data to 3-states transition probability matrix for prediction. In another dimension [6] considered stochastic analysis of Markov chain in the closing stock price data of three selected companies. Hence, significant scholars have written extensively on stochastic analysis of Markov chain such as [7-14].
Nevertheless, the aim of paper is the application of Markov Chain movements in finite state on the analysis of monetary policy shocks on economic development in Nigeria. It is evident that Nigerian monetary economy is really affected by their personal decisions. This disturbed the researchers of this paper to develop a good empirical method that can stand in terms of decisions making. It is reasonable that [3]  has studied  application of Markov Chain in finite state: empirical evidence on Nigerian Current Account Net movements .The progress of this paper over [3]  is that, this present paper models monetary policy shocks on  economic variables. Our novel idea compliments previous efforts and extends frontiers in this dynamic area.
This paper, is arranged as follows: Section 2.1 is Mathematical preliminaries, Results and Discussion are presented in Section 3.1, and the paper is concluded in Section 4.1.
2.1. Mathematical Preliminaries
To understand the stochastic model of Markov chain we define the following in which the study hinges:
Definition 1:Σ-Algebra: Let Ω be a non-empty set and let  be a collection of subsets of Ω. Then is said to be a σ-algebra if
i) 
ii) given that a set A ∈ then the complement of A  i.e ∈ ,
iii)  whenever the sequence {Ai} ∈ F for i = 1,2,··· , then 
 Definition 2: Probability Measure: Let Ω be a non-empty set and let F be a σ-algebra of subsets of Ω. Then a function that assigns every set A ∈ F to a number in [0,1] is called a probability measure  For this case we denote by  (A) the probability of A and it is such that;
i) 
ii)  if,··· is a sequence of disjoint sets in  then 
The pair ) is called a measurable space while the triple ) is called a probability space
Definition 3: Filtration: Let Ω be a non-empty set and T be a ﬁxed positive number and assume that for each t ∈ [0,T] there is a σ−algebra F(t). Suppose s ≤t then every set F(s) is also in F(t). A ﬁltration is a collection of σ−algebras F(t) for 0 < t < T
Definition 4 :Adapted Process: Let ω be a non-empty sample space equipped with a ﬁltration (t), 0 < t < T. Let X(t) be a collection of random variable indexed by t ∈ [0,T]. Then given that for each t, the random variable X(t) is  -measurable, then the collection of these random variables is said to be an adapted stochastic process.
 Definition 5 :Martingale: Let  be a probability space, let T be a positive ﬁxed number and let ), 0 ≤ t ≤ T be a ﬁltration of sub-σ- algebra of  . Then an adapted stochastic process M(t), 0 ≤ t ≤ T is called a martingale process If
	
for all for all 


Definition 6:  A stochastic process  is said to be a Markov chain if Markov property is satisfied :

	 	

For all  .


It is sufficient to know that the Markov property given(3.4/1) is equivalent to easy  of the following for each  .	

	 	


 	 	



Assuming  implies that the chain is in the  state at the  step.it can also be said that the chain’ having the value  i’ or ‘ being in state  i’. The idea behind the chain is described by its transition probabilities:

	 	

They are dependent on  

Definition 7: The chain is said to be homogeneous if the following are stated below

	 	

For all  


The transition matrix  is  matrix of transition probabilities.

	 	
Hence, the transition probabilities with homogenous Markov chain are always stationary at a point.

Theorem 1: Suppose  is a stochastic matrix which implies the following:



i) has non-negative entries or  (ii) 
which is stationarity or point of convergence.



Proof:( i) each associated entry in  is a transition probability and being probability .

(ii)  
Which is stationarity.

 






Theorem 2: If  is a stochastic matrix , then  . Furthermore, a non-negative matrix is stochastic if and only if  is an eigenvector of corresponding to the eigenvalue one
Definition 3.4: Markov Chains: A Markov chain is a stochastic process in which the future is independent of the past. Thus, the next state of an object is only dependent on its current state.
2.2 Formulation of Markov Chain Model to predict monetary trends
For proper accuracy of Markov chain model for future events; it needs to be developed for prediction of share price movement. The initial stock prices need to be in three finite states as follows: Reducing, Increasing and No-change  
However, probability of transition matrix shows the proper explanation of Markov chain. Every element in the matrix communicates. Let us assume this is a fair market and according to historical data, market trends have the following table below:
Table 1: Transition Probability Matrix 	
	State
	Reducing
	Increasing
	NO-change
	Total of Row

	Reducing
	
 
	
 
	
 
	
 

	Increasing
	
 
	
 
	
 
	


	No-change
	
 
	
 
	
 
	



	



In each entry  indicates the number of times a transition is made from one state  to state . the transition matrix is computed by simply dividing every element in each row through the total of each row.
2.2.1 Problem Formulation 







 Let  be the time series data of monetary economic policies for independent years covering nine months,(time is counted for trading days in multiples of fundamental unit, say months) . Also, let an  time series  data matrix associated with  be  We consider  series over  months’ time horizon. We consider the least three data series each from: inflation, unemployment and gross domestic trade. For simplicity we have for each cases of the monetary economic policies. Hence, the cases are as follows:





CASE 1: Let  represent GDP at current basic prices, represents inflation rate, unemployment rate and gross domestic trade rate which chosen as the least three series in the data set and is defined as column vector matrices,  represents the impact index factor of inflation on GDP at current basic prices,  represents the impact index factor of unemployment on GDP at current basic prices.  represents the impact index factor of Gross domestic trade to GDP at current basic prices. Hence the entire dynamics are as follows:


	         	                                                       (1)

	        	                                                                                (2)

                                              	                                                         (3)

                                                                                                   	(4)

Combining (1-4) and multiplying independently gives as follows

	 	                                                              (5)
Putting the (5) in three state space implies taken transpose of the above matrix

	 	                                                                                       (6)

	 	                                                                (7)
Putting the (7) in three state space implies taken transpose of the above matrix


                                                             		                                     (8)


	                      	                                                               (9)
Putting the (9) in three state space implies taken transpose of the above matrix


                                                                	                                    (10)






CASE 2: Let  represent monetary services , represents inflation rate, unemployment rate and gross domestic trade rate which chosen as the least three series in the data set and is defined as column vector matrices,  represents the impact index factor of inflation on monetary services,  represents the impact index factor of unemployment on monetary services.  represents the impact index factor of monetary services at current basic prices. Hence the entire dynamics are as follows:
Combining (1-4) in (11) and multiplying independently gives as follows


	         	                                                                                  (11)


	 	                                                                       (12)
Putting the (12) in three state space implies taken transpose of the above matrix

                                                               	                                               (13)


	 	                                                                      (14)
Putting the (14) in three state space implies taken transpose of the above matrix


                                                               	                                  (15)


	 	                                                                       (16)
Putting the (16) in three state space implies taken transpose of the above matrix

                                                               	                                  (17)







CASE 3: Let  represent Agriculture, represents inflation rate, unemployment rate and gross domestic trade rate which chosen as the least three series in the data set and is defined as column vector matrices,  represents the impact index factor of inflation on Agriculture,  represents the impact index factor of unemployment on Agriculture.  represents the impact index factor of Gross domestic trade on Agriculture. Hence the entire dynamics are as follows:
Combining (1-4) in (18) and multiplying independently gives as follows



	 	                                                                             (18)


	 	                                                           (19)
Putting the (19) in three state space implies taken transpose of the above matrix

                                                               	                         (20)

                                                

	 	                                                            (21)
Putting the (21) in three state space implies taken transpose of the above matrix

                                                               	                        (22)


	 	                                                            (23)
Putting the (23) in three state space implies taken transpose of the above matrix

                                                               	                         (24)





CASE 4: Let  represent GDP at current market prices , represents inflation rate, unemployment rate and gross domestic trade rate which chosen as the least three series in the data set and is defined as column vector matrices, represents the impact index factor of inflation on GDP at current market prices,  represents the impact index factor of unemployment on GDP at current market prices.  represents the impact index factor of Gross domestic trade on GDP at current market prices. Hence the entire dynamics are as follows:
Combining (1-4) in (25) and multiplying independently gives as follows



	 	                                                                (25)


	 	                                                    (26)
Putting the (26) in three state space implies taken transpose of the above matrix

                                                               	                (27)


	 	                                                    (28)
Putting the (28) in three state space implies taken transpose of the above matrix

                                                               	              (29)



	 	                                                    (30)
Putting the (30) in three state space implies taken transpose of the above matrix

                                                               	                (31)









CASE 5: Let  represent Net Trade, represents inflation rate, unemployment rate and gross domestic trade rate which chosen as the least three series in the data set and is defined as column vector matrices,  represents the impact index factor of inflation on Net Trade,  represents the impact index factor of unemployment on Net Trade.  represents the impact index factor of Gross domestic trade on Net Trade. Hence the entire dynamics are as follows:
Combining (1-4) in  (32) and multiplying independently gives as follows



	 	                                                                                   (32)


	 	                                                                       (33)
Putting the (33) in three state space implies taken transpose of the above matrix

                                                               	                                   (34)


	 	                                                                       (35)

Putting the (35) in three state space implies taken transpose of the above matrix

                                                               	                                   (36)



	 	                                                                   (37)
Putting the (37) in three state space implies taken transpose of the above matrix

                                                               	                               (38)







CASE 6: Let  represent Industry, represents inflation rate, unemployment rate and gross domestic trade rate, which chosen as the least three series in the data set and is defined as column vector matrices  represents the impact index factor of inflation on Industry,  represents the impact index factor of unemployment on Industry.  represents the impact index factor of Gross domestic trade on Industry. Hence the entire dynamics are as follows:
Combining (1-4) in (39) and multiplying independently gives as follows



	 	                                                                                  (39)


	 	                                                                       (40)
Putting the (40) in three state space implies taken transpose of the above matrix

                                                               	                                    (41)


	 	                                                                      (42)
Putting the (42) in three state space implies taken transpose of the above matrix

                                                               	                                  (43)


	 	                                                                       (44)
Putting the (44) in three state space implies taken transpose of the above matrix

                                                               	                                   (45)


3.1 DISCUSSION OF RESULTS
Here, the problems were stated in Section 2.1 and numerical results obtained accordingly.
However, this is three states transition matrices covering the entire economic monetary variables with their independent predictions:
3.1: Probability Transition Matrix of Gross Domestic Product at Current Basic Prices	

 
To forecast the price of anticipated in the future as follows: In Section 3.1, there is a 33% , 33% and 44 % probability that the predicted prices will decrease in GDP at current basic prices in the near future, a 33%, 33% and 45%  chances that the price will rise  in GDP at current basic prices in the future, and a 33% , 34% , 11% chances that it won't change at all in GDP at current basic prices.
3.1.1: The Impacts of Inflation on Gross Domestic Product at Current Basic Prices

 


3.1.2: The Impacts of Unemployment on Gross Domestic Product at Current Basic Prices

 


3.1.3: The Impacts of Gross Domestic Trade on Gross Domestic Product at Current Basic Prices

 


Table 2: Summary of Impact Index to GDP at Current Basic Prices and their Statistical Variations
	
 
	

	

	Mean
	Kurtosis
	Skewness

	0.1058
	0.1025
	0.2249
	0.1444
	1.500
	0.7053

	0.1068
	0.1033
	0.2270
	0.1457
	1.500
	1.7051

	0.1057
	0.1081
	0.2190
	0.1443
	1.500
	1.7060


In Table 2 columns 1-3 shows the impacts of inflation, unemployment and GDT on GDP at current basic prices as follows: The probability of an 11% reduction in inflation depends wholesale energy prices have fallen significantly, which could contribute to lower inflation. GDP growth is expected to pick up gradually, which might impact inflation rates. A 10% increase in unemployment can significantly impact on GDP at current basic prices. Higher unemployment leads to decrease disposable income, reducing consumer spending as aggregate demand. Unemployment can result in underutilization of resources, leading to decreased economic output and GDP growth. A 22% probability of no change in prices suggests a relatively low likelihood of price stability; price fluctuations, potentially due to market uncertainty or external factors. Market participants might expect prices to change, potentially due to shifts in supply and demand economic condition. If prices remain stable 22% of the time, it could indicate a threshold beyond which prices are more likely to changes. 
3.2: Probability Transition Matrix of Monetary Services

 
In Section 3.2, there is a 31% , 33% and 42 % probability that the predicted prices will decrease in monetary services in the near future, a 34%, 33% and 46%  chances that the price will rise in monetary services in the future, and a 35% , 34% , 11% chances that it won't change in monetary services at all.

3.2.1: The Impacts of Inflation on Monetary Services

 


3.2.2: The Impacts of Unemployment on Monetary Services




3.2.3: The Impacts of Gross Domestic Trade on Monetary Services




Table 3: Summary of Impact Index to Monetary Services and their Statistical Variations
	
 
	

	

	Mean
	Kurtosis
	Skewness

	0.1071
	0.1034
	0.2275
	0.1460
	1.500
	0.7049

	0.1068
	0.1033
	0.2270
	0.1457
	1.500
	0.7051

	0.1060
	0.1083
	0.2194
	0.1446
	1.500
	0.7061


In Table 3 columns 1-3 shows the impacts of inflation, unemployment and GDT on GDP at current basic prices as follows: A 10% decrease in unemployment can have positive implications for monetary services. lower unemployment can lead to increases consumer confidence, potentially driving up borrowing for purchase like homes or cars. Decreased unemployment can contribute to economic growth, increasing demand for financial services. An 11% increase in inflation can have significant implications for monetary services as follows: higher inflation might lead to increase interest rates to control inflations pressures. Increased interest rates can make borrowing more expensive, potentially reducing loan demand. A 23% probability of no change in price suggests that there’s a relatively low likelihood of price stability as : prices might fluctuate more frequently, making it challenging to predict future movements. Also market participants might be uncertain about future price movement, leading to cautious decision-making.

3.3: Probability Transition Matrix of Agriculture	

 
In Section 3.3, there is a 32%, 33% and 45 % probability that the predicted prices will decrease in agriculture in the near future, a 33%, 33% and 46%  chances that the price will rise in agriculture in the future, and a 35% , 34% , 9% chances that it won't  change in agriculture at all,



3.3.1: The Impacts of Inflation on Agriculture	 

 



3.3.2: The Impacts of Unemployment on Agriculture 




3.3.3: The Impacts of Gross Domestic Trade on Agriculture


 






Table 4: Summary of Impact Index to Agriculture and their Statistical Variations
	
 
	

	

	Mean
	Kurtosis
	Skewness

	0.1069
	0.1033
	0.2270
	0.1457
	1.500
	0.7050

	0.1068
	0.1033
	0.2270
	0.1457
	1.500
	0.7051

	0.1056
	0.1083
	0.2183
	0.1441
	1.500
	0.7057


More so, in Table 4 columns 1-3 shows the impact of inflation to agriculture by 10% reduction. A 10% reduction in agriculture due to the inflation can have significant economic impacts, including reduced agricultural output can lead to higher food prices, affecting consumers purchasing power and potentially exacerbating food insecurity. A 10% reduction in agriculture can result in economic losses for farmers agricultural business, and related industries. 11% increase in agriculture despite inflation suggests the sector is resilient and able to adapt to economic pressures. Increased agricultural output can result in economic benefits for farmers, agricultural businesses, and related industries, potentially boosting the overall economy. An 11% probability of no change in the economy suggests a relatively low likelihood of stability, implying that the economy is expected to experience some fluctuations. Given this probability, its essential to consider various economic indicators and forecasts to understand potential trends.
3.4: Probability Transition Matrix of Gross Domestic Product at Current Market Prices

	 
In Section 3.4, there is a 48% , 33% and 44 % probability that the predicted prices will decrease in GDP at current market prices in the near future, a 47%, 34% and 45%  chances that the price will rise in GDP at current market prices in the future, and a 35% , 34% , 11% chances that it won't change  in GDP at current market prices at all.
3.4.1: The Impacts of Inflation on Gross Domestic Product at Current Market Prices




3.4.2: The Impacts of Unemployment on Gross Domestic Product at Current Market Prices




3.4.3: The Impacts of Gross Domestic Trade on Gross Domestic Product at Current Market Prices




Table 5: Summary of Impact Index to GDP at Current Market Prices and their Statistical Variations and their Statistical Variations
	
 
	

	

	Mean
	Kurtosis
	Skewness

	0.1138
	0.1090
	0.4778
	0.2235
	1.500
	0.7067

	0.1068
	0.1035
	0.3317
	0.1807
	1.500
	0.7066

	0.1058
	0.1081
	0.1077
	0.1072
	1.500
	0.6238


In Table 5 columns 1-3 shows the impacts of inflation, unemployment and GDT on GDP at current basic prices as follows: An 11% decreased in inflation can lead to increased consumer purchasing power, driving up demand for goods and services. Decreased inflation can contribute to economic growth, potentially leading to increased investment and job creation. An increase in unemployment can lead to decreased consumers spending, reducing demand for goods and services. Increased unemployment can contribute to economic slowdown, potentially leading to decreased investment and reduced economic growth. A 23% probability of no change in price suggests a relatively low likelihood of price stability. Shifts in supply and demand, competition or market sentiment could influence price movements.  Changes in economic growth, inflation or interest rates could impact price stability.
3.5: Probability Transition Matrix of Net Trade Products

 
In Section 3.5, there is a 35%, 33% and 41 % probability that the predicted prices will decrease in Net trade products in the near future, a 32%, 31% and 48% chances that the price will rise in Net trade products in the future, and a 33%, 35%, 10% chances that it won't change in Net trade products at all.
3.5.1: The Impacts of Inflation on Net Trade Products




3.5.2: The Impacts of Unemployment on Net Trade Products




3.5.3: The Impacts of Gross Domestic Trade on Net Trade Products




Table 6: Summary of Impact Index to Net Trade Products at Current Basic Prices and their Statistical Variations
	
 
	

	

	Mean
	Kurtosis
	Skewness

	0.1053
	0.1020
	0.2241
	0.1438
	1.500
	0.7053

	0.1058
	0.1019
	0.2258
	0.1445
	1.500
	0.7047

	0.1057
	0.1084
	0.2179
	0.1440
	1.500
	0.7057



In Table 6 columns 1-3 shows the impacts of inflation, unemployment and GDT on GDP at current basic prices as follows: An 11% decrease in inflation can lower inflation, reduced costs for importing goods, potentially decreasing prices. Decreased inflation can make exports more competitive in the global market, potentially increasing demands. Lower inflation can contribute to stable prices, reducing uncertainty for businesses and consumers. A 10% increase in unemployment can lead to decreased consumer spending, potentially reducing demand for imported goods. Increased unemployment can affect trade balances, potentially leading to decreased import and altered trade dynamics. A 22% probability of no change in price on net trade product prices might remain stable, with minimal fluctuations, providing predictability for business and consumers.

3.6: Probability Transition Matrix of Industry

 
In Section 3.6, there is a 35%, 33% and 45% probability that the predicted prices will decrease in industrial services in the near future, a 32%, 34% and 43% chances that the price will rise in industrial services in the future, and a 32%, 32%, 11% chances that it won't change in industrial services at all.

3.6.1: The Impacts of Inflation on Industry




3.6.2: The Impacts of Unemployment on Industry




3.6.3: The Impacts of Gross Domestic Trade on Industry





Table 7: Summary of Impact Index to Industry and their Statistical Variations
	
 
	

	

	Mean
	Kurtosis
	Skewness

	0.1062
	0.1028
	0.2260
	0.1450
	1.500
	0.7052

	0.1067
	0.1037
	0.2264
	0.1456
	1.500
	0.7056

	0.1053
	0.1073
	0.2187
	0.1438
	1.500
	0.7064



As can be seen in Table 7 columns 1-3 shows the impacts of inflation, unemployment and GDT on GDP at current basic prices as follows: An 11% decrease in inflation can lead to reducing costs for raw materials, labor, and other inputs, potentially increasing profit margins. Decreased inflation can increase consumers’ purchasing power, potentially driving up demand for industrial goods and services. Lower inflation can make it easier for businesses to plan and invest for the future. A 10% increase in unemployment can lead to decreased consumer spending, potentially reducing demand for industrial goods and services. Unemployment benefits and other related costs might increase, potentially affecting business and tax payers. A 23% probability of no change in price might fluctuate more frequently, making it challenging to predict future price movements. Changes in economic growth, inflation or interest rates could impact price stability.
The mean values of Tables 2-7 of columns 4 indicates balanced approach to monetary policy, aiming to stabilize the economy without over-stimulating or restricting growth. This levels of mean allows for flexibility in monetary policy decision-making, enabling policy makers to respond to changing economic conditions. Also the kurtosis of 1.500 suggests platykurtic distribution, which is flatter and more dispersed than normal distribution. It implies fewer extreme values or outliers in the distribution of monetary policy outcomes, see columns 5. More so, skewness within this range suggests positivity skewed distribution, indicating a longer tail on the right side. This levels of range implies asymmetric distribution of monetary policy outcomes, with greater likelihood of extreme values on the right side . Positive skewness suggests slight increased likelihood of expansionary monetary policies, such as lower interest rates or increased money supply. In the other hand, negative skewness suggest an asymmetric distribution with a longer tail or the left side. These imply a slightly increased likelihood of contractionary monetary policies such as higher interest rates or reduced money supply, see columns 6.

4.1 	Conclusion
Markov Chain provides a useful tool for modeling and analyzing the dynamics of monetary policy decisions. In particular, the data series were transformed into 3-step transition probability matrix solutions to cover independent categories of Nigerian Economy Growth policies. The inflation, unemployment and gross domestic trade rates series were used as column vector matrices where the least three data series were chosen. From the stochastic analysis of the problems captured the dynamics of monetary policy decision-making, including the likelihood of switching between reduce state, increasing state and no-change state all in finite state. The key monetary variables and impact index factor of the economy were effectively obtained and compared which showed 0.48% probability of price increasing in near future on net trade products at current basic prices while the highest of 0.24% reducing impact index factor of Gross Domestic trade rates on Gross Domestic product at current market price. Finally, other statistical variations such as mean, kurtosis and skewness were considered and discussed in this thesis. This informs Nigerians on the effectiveness of different monetary policy strategies and their various impacts on the economy for the purpose of investment plans. We shall be looking at Markov Chain models using Snedecor’s F-distribution test is suggested as an interesting area of further study.
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