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ABSTRACT 

The present research used monthly time series data to investigate market 
integration of banana in India. Empirically, it was observed that the law of one 
price (LOP) was moderate in the horizontal integrated wholesale markets and 
robust in the retail markets. However, the LOP was found efficient in all the 
vertical integrated markets. Both from the horizontal and vertical dimension, 
Mumbai market was found to be the most efficient as they respond to price news 
in correcting their disequilibrium which arises from any of the short-run 
equilibrium. In the event of any innovation (bad-news or good-news), almost all 
the markets will be price follower in the banana market in India. Furthermore, 
banana trade is found to be very useful in all the selected markets as the 
volatility pattern is not explosive and Chennai market was the most efficient in 
price discovery. Lastly, future prices of banana in the selected markets will 
remain fair if well monitored in such a way that none of the participants in the 
marketing channel of banana will be better-off nay worse-off. Therefore, for the 
overall marketing efficiency, more resources should be allocated to those 
markets with a high degree of integration and market efficiency.  
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INTRODUCTION 
A marketing chain which provides maximum benefits to all its participants along 
the chain is the marketing system that is well organized and efficient. The pre-
requisites for an efficient marketing system are perfect market integration and 
perfect price transmission which if achieved will omit arbitrage which is not 
lucrative, thereby adjusting changes in price rapidly. Praveen and Inbasekar 
(2015) reported that the present structure of the agricultural marketing system 
prevailing in India may not be conducive for improving marketing efficiency due to 
poor infrastructure and inadequate information dissemination which hinder 
healthy market integration of agricultural products. Therefore, to have a vivid 
understanding on the overall market performance, information on spatial market 
integration which will provide hints on the operational efficiency, allocative 
efficiency, competitiveness and effectiveness of arbitrage along the chain of the 
transaction is necessary. Furthermore, the specifics on the market performance 
required for policy formulation and macroeconomic modeling can be given by the 
studies on market integration. Also, price signals transmitted by none, poorly and 
weakly integrated markets would deceive and mislead the producers’ in making 
decisions on marketing, thereby causing inefficiency in the movement of products. 
In view of the relevance of the information evolving out of studies on market 
integration, an effort was made to empirically discern the status of market 
integration of banana in India as the earlier study conducted by Praveen and 
Inbasekar (2015) reported poor market integration of this fruit in India. The 
specific objectives conceived for this research were to examine the seasonal price 
and quantity of arrival index pattern of banana across the selected markets; to 
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determine the extent and degree of market integration; to determine how prices 
were discovered in the individual markets and the causes of price volatility; and to 
forecast the future price of banana in all the selected markets. 

RESEARCH METHODOLOGY 
The study made use of monthly time series data spanning from January 2008 to 
January 2017 sourced from the National horticulture board of India. The data 
covered wholesale and retail market prices in Chennai, Ahmadabad, Mumbai and 
Hyderabad. Data analyses were performed using both descriptive and inferential 
statistics. In descending order, the first objective was achieved using descriptive 
statistics and centered 12 month moving average; the second objective by using 
Augmented Dickey Fuller test (ADF), Johansen co-integration test, restricted VAR 
model, distributed lag model-market index concentration, impulse response and 
Granger causality test; the third objective used seemingly unrelated regression 
(SUR) and GARCH models; and the last by the VECM model. The wholesale and 
retail markets in Chennai, Ahmadabad, Mumbai and Hyderabad were denoted by 
CWM and CRM; AWM and ARM; MWM and MRM; and, HWM and HRM respectively.  

EMPIRICAL MODEL 
Percentage of centered 12-month moving average method: The ratio-to-
moving average provides an index of seasonal and irregular components combined 
because  
𝑃𝑡

𝑀𝐴𝑡
=

𝑇× 𝐶 × 𝑆 × 𝐼   

𝑇 × 𝐶
 × 100 =   𝑆 𝑋 𝐼 ………………………. (1) 

Where 𝑃𝑡 is the price index observation at period t;𝑀𝐴𝑡  is moving average at period 
t, T is the trend component, C is the cyclical component, S is the seasonal 
component and I is irregular component. 

Averaging this over years and adjustment through correction factor provides a 
better estimate of seasonal index.  

𝐾 = 1200 𝑆 …………………………………………….. (2) 

Where K is correction factor and S is the sum.  

Augmented Dickey fuller test: Following Sadiq, et al. (2017) the autoregressive 
formulation of the ADF test with a trend term is given below: 

∆𝑃𝑡 = 𝛼 + 𝑃𝑡−1 +   𝛽𝑖∆𝑃𝑖𝑡−𝑗  + 𝑡
𝑖𝑡
𝑗=2 +  𝜀  ………………… (3)                  

Where, 𝑃𝑖𝑡 is the price in market i at the time t, 𝛼and∆𝑃𝑖𝑡 𝑃𝑖𝑡 − 𝑃𝑡−1  is the intercept 
or trend term. 

Johansen’s co-integration test: Following Johansen (1988) the multivariate 
formulation is specified below:  

𝑃𝑡 =  𝐴1 𝑃𝑡−1  +  𝜀𝑡 .............................................................. (4) 

So that  

∆𝑃𝑡 = 𝐴1 𝑃𝑡−1 −  𝑃𝑡−1 + 𝜀𝑡 .................................................... (5) 

𝑃𝑡 =  𝐴1 − 1 𝑃𝑡−1  +  𝜀𝑡  

∆𝑃𝑡 =  𝑃𝑡−1 +  𝜀𝑡  

Where, 𝑃𝑡and 𝜀𝑡are  𝑛 × 1  vectors; 𝐴𝑡  is an 𝑛 × 𝑛  matrix of parameters; I is an 
 𝑛 × 𝑛   identity matrix, and ∏ is the  𝐴1 −  1  matrix. 
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Using the estimates of the characteristic roots, the tests for the number of 
characteristic roots that are insignificantly different from unity were conducted 
using the following statistics: 

𝜆𝑡𝑟𝑎𝑐𝑒 = −𝑇 𝑙𝑛𝑛
𝑖=𝑟+1  1 − 𝜆𝑖  ................................................... (6) 

𝜆𝑚𝑎𝑥 = −𝑇 𝑙𝑛 1 −  𝜆𝑖 + 1   ........................................................ (7) 

Where, 𝜆𝑖  denotes the estimated values of the characteristic roots (Eigen-values) 
obtained from the estimated ∏ matrix, and T is the number of usable observations. 

Granger causality test: Following Granger (1969) the model used to check 
whether market 𝑃1 Granger causes market 𝑃2or vice-versa is given below:  

𝑃𝑡 = 𝛼 +   ∅𝑃1𝑡−𝑖 +  𝛿𝑖𝑃2𝑡−𝑖 
𝑛
𝑖=1 + 𝜀𝑖 ........................................... (8) 

A simple test of the joint significance of 𝛿𝑖was used to check the Granger causality 
i.e. 

𝐻0 : =  𝛿1 =  𝛿2  = …….. 𝛿𝑛  = 0. 

Vector error correction model (VECM): The VECM explains the difference in 
𝑦𝑡and 𝑦𝑡−1  (i.e.∆𝑦𝑡) and it is shown below (Sadiq,et al., 2016a; Sadiq,et al., 2016b): 

∆𝛾𝑡 = 𝛼 + 𝜇 𝛾𝑡−1 − 𝛽𝑥𝑡−1 +  𝛿𝑖∆𝑥𝑡−1
𝑖=𝑡
𝑖=0 +  𝛾𝑖∆𝛾𝑡−1

𝑖=𝑡
𝑖=1     ................... (9)         

It includes the lagged differences in both x and y, which have a more immediate 
impact on the value of∆𝛾𝑡 . 

Impulse response functions: The GIRF in the case of an arbitrary current shock 
(𝛿) and history (𝜔𝑡−1)(Rahman and Shahbaz, 2013; Beag and Singla, 2014) is 
specified below: 

𝐺𝐼𝑅𝐹𝑌 ℎ,𝛿,𝜔𝑡−1 = 𝐸 𝑌𝑡 + ℎδ,𝜔𝑡−1 − 𝐸 𝑌𝑡−1𝜔𝑡−1    ......................... (10)      

Forecasting accuracy: For measuring the accuracy in fitted time series model, 
mean absolute prediction error (MAPE), relative mean square prediction error 
(RMSPE), relative mean absolute prediction error (RMAPE)  (Paul, 2014), Theil’s U 
statistic and R2 were computed using the following formulae: 

𝑀𝐴𝑃𝐸 = 1 𝑇   𝐴𝑡 − 𝐹𝑡    .................................................................................... (11) 

𝑅𝑀𝑃𝑆𝐸 = 1 𝑇   𝐴𝑡 − 𝐹𝑡 
2 𝐴𝑡  ......................................................................... (12) 

𝑅𝑀𝐴𝑃𝐸 = 1 𝑇   𝐴𝑡 − 𝐹𝑡 𝐴𝑡 × 100 ............................................................. (13) 

𝑈 =  
 

 𝑌 𝑡+1−𝑌𝑡+1 
2

𝑌𝑡

𝑛−1
𝑡=1

 
 𝑌𝑡+1−𝑌𝑡 

2

𝑌𝑡

𝑛−1
𝑡=1

   ........................................................................................ ... (14)      

𝑅2 = 1 −
  𝐴𝑡𝑖−𝐹𝑡𝑖  
𝑛
𝑖=1

  𝐴𝑡𝑖  
𝑛
𝑖=1

    ............................................................................................ (15)     

Where, 𝑅2= coefficient of multiple determination,𝐴𝑡  = Actual value; 𝐹𝑡  = Future 
value, and T = time period 

Index of market concentration (IMC):The index of market concentration was 
used to measure price relationship between integrated markets, and the model is 
specified below: 

𝑃𝑅𝑡 = 𝛽0 + 𝛽1𝑃𝑅𝑡−1 + 𝛽2 ∆𝑃𝑊𝑡 + 𝛽3𝑃𝑊𝑡−1 + 𝜀 ..................................... (16) 

𝑃𝑊𝑡  = Wholesale price 

𝑃𝑅𝑡  = Retail price  

𝑃𝑤𝑡−1 = lagged price for wholesale price 

𝑃𝑅𝑡−1   = lagged price for wholesale price 

∆𝑃𝑊𝑡= 1st difference for wholesale price 
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Ɛ = stochastic/ noise/disturbance term 

𝛽0 = Intercept 

𝛽1= coefficient of retail price 

𝛽2 = coefficient of the 1st difference of wholesale price 

𝛽3 = coefficient of the wholesale price  

IMC = 𝛽1 𝛽3 , where 0 ≤ IMC ≤ ∞ 

Where, IMC < 1 implies high short-run market integration; IMC > 1 implies low 
short-run market integration; IMC = ∞ implies no integration; and, IMC = 1 implies 
moderate short-run integration. 

GARCH MODEL 
The representation of the GARCH (p, q) is given as: 

𝑌𝑡 = 𝛼 + 𝛽1𝑌𝑡−1 + 𝛽2𝑌𝑡−2 + 𝜀𝑖(Autoregressive process) ............................ (17) 

And the variance of random error is: 

𝜎𝑡
2 = 𝜆0 + 𝜆1𝜇𝑡−1

2 + 𝜆2𝜎𝑡−1
2  ...................................................................................... (18) 

𝜎𝑡
2 = 𝜔 +  𝛽𝑖𝜎𝑡−𝑖

2𝑝
𝑖=1 +  𝛼𝑖𝜀𝑡−𝑖

2𝑞
𝑗=1  ...................................................................... (19)         

Where 𝑌𝑡 is the price in the 𝑖𝑡ℎperiod of the  𝑖𝑡ℎ  market, p is the order of the GARCH 
term and q isthe order of the ARCH term. The sum of ARCH and GARCH  𝛼 + 𝛽  
gives the degree of persistence of volatility in the series. The closer is the sum to 1; 
the greater is the tendency of volatility to persist for a longer time. If the sum 
exceeds1, it is indicative of an explosive series with a tendency to meander away 
from the mean value. 

Price discovery using Seemingly Unrelated Regression (SUR): The Garbade 
and Silber’s (GS) approach was used for estimating the efficiency of wholesale and 
retail markets in terms of price discovery. The basic structure of the model is given 
below: 

 
𝑊𝑡

𝑅𝑡
 =  

𝛼𝑊
𝛼𝑅

 +  
1 − 𝛽𝑊 𝛽𝑊
𝛽𝑅 1 − 𝛽𝑊

  
𝑊𝑡−1

𝑅𝑡−1
 +  

𝜀𝑊,𝑡

𝜀𝑅,𝑡
 ………………………… ( 20 ) 

Where, 𝑊𝑡 is the monthly whole sale price at the 𝑖𝑡ℎperiod, 𝑅𝑡 is the monthly retail 
price at the 𝑖𝑡ℎperiod, 𝛼𝑊and𝛼𝑅reflect the constant secular trend in wholesale and 
retail markets respectively. The𝛽𝑊and𝛽𝑅reflect the influence of lagged price from 
one market on the current price in the other market. In the GS framework, the 
estimated equations are given as: 

𝑊𝑡 −𝑊𝑡−1 = 𝛼𝑊 + 𝛽𝑊 𝑅𝑡−1 −𝑊𝑡−1 + 𝜀𝑊,𝑡 ...................................................... (21) 

𝑅𝑡 − 𝑅𝑡−1 = 𝛼𝑅 + 𝛽𝑅 𝑅𝑡−1 −𝑊𝑡−1 + 𝜀𝑅,𝑡 ........................................................... (22) 

Here, the explanatory variable  𝑅𝑡−1 −𝑊𝑡−1   forms the ‘basis’ that is the 
difference between the wholesale and retail prices. The ‘basis’ variable should 
reflect the cost of capital from the trading date till expiry date and should contain a 
negative time trend, i.e. 

𝑅𝑡−1 −𝑊𝑡−1 = 𝛼𝑏 + 𝛽𝑏 𝑡 − 1 + 𝜀𝑏 ,𝑡  ..................................................................... (23) 

The ‘basis’ was regressed for each time period, on a time variable  𝑡 − 1 , where t 
was the time to maturity of the retail market time period; and it was found that the 
estimated coefficient on time trend   𝛽𝑏  had turned negative, as expected. In the 
GS framework, Equations (21) to (23) were estimated using ‘seemingly unrelated 
regression’ (SUR) model. If the estimated coefficient of 𝛽𝑊is significant and 𝛽𝑅is 
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insignificant, the price discovery occurs only in the retail market. This would imply 
that the retail market is a pure satellite of the wholesale market and there is a 
convergence of wholesale and retail market prices because retail market prices 
move towards wholesale market prices. If 𝛽𝑅is significant and 𝛽𝑊is insignificant, 
price discovery occurs only in the wholesale market. If both 𝛽𝑊and 𝛽𝑅  are 
significant, price discovery occurs in both the markets. If 𝛽𝑅 > 𝛽𝑊 , wholesale 
market dominates the retail market, and if𝛽𝑊 > 𝛽𝑅 , retail market dominates the 
wholesale market. If both 𝛽𝑊and 𝛽𝑅are insignificant, then price discovery did not 
occur in either of the markets. 

RESULTS AND DISCUSSION 
Summary Statistics of Market Prices and Quantity of Arrivals of Banana: A 
perusal of Table 1 revealed that the wholesale and retail markets with the highest 
and lowest prices were the vertically integrated market in Chennai and 
Ahmadabad respectively. In addition, the quantity of arrival was found to be 
highest in the former market and lowest in the later market. Also, observed was 
that the price of banana was stable in the Chennai market despite instability in its 
quantity of arrivals, and high in the rest of the selected markets.  

Table 1: Summary statistics of market prices and quantity of arrivals 

Markets Mean Median Minimum Maximum SD C.V Skewness Kurtosis 

CWM 1998.70 2148.00 1147.00 2815.00 385.83 0.193 -0.802 -0.212 

AWM 1090.40 1076.00 444.00 1900.00 255.33 0.234 0.625 0.599 

MWM 1331.10 1215.00 609.00 3012.00 551.33 0.414 0.911 0.074 

HWM 1679.90 1324.00 579.00 5343.00 917.82 0.546 1.575 3.323 

CRM 2958.40 2967.00 1754.00 5130.00 555.42 0.188 0.462 1.229 

ARM 2708.80 2595.00 749.00 5079.00 840.23 0.310 0.362 -0.758 

MRM 2799.90 2913.00 1122.00 5440.00 755.42 0.270 0.292 0.747 

HRM 2645.50 2554.00 1237.00 7900.00 1144.50 0.433 2.173 6.506 

CQTA 6783.00 3920.00 1000.00 28667.00 4705.70 0.694 1.076 2.330 

AQTA 714.53 448.00 6.00 4596.00 644.28 0.902 2.265 9.412 

MQTA 5799.30 1377.00 165.00 22349.00 6519.00 1.124 0.870 -0.644 

HQTA 4089.30 3195.00 750.00 19256.00 3149.00 0.770 2.358 7.090 

Note: QTA = Quantity of total arrival 

 

The prices of banana in all the selected markets were asymmetrically distributed 
as their respective upper tail distributions were found to be thicker than their 
lower tail. However, the tails of the distributions were not thicker than the normal 
tail (kurtosis coefficient of < 3) for almost all the markets. Therefore, with the 
exception of CRM and the vertical integrated market in Hyderabad, none of the 
markets exhibited extreme price values as their respective kurtosis were small 
(Table 1).  

Seasonal Price Index Pattern of Banana in the Selected Markets: A cursory 
review of the results of the seasonal price index pattern showed that in all the 
selected markets the price of banana was at its peak in the month of July when the 
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quantity of arrivals was highest while the prices and their corresponding quantity 
of arrivals were found to be at the ebb during February (Table 2 and Figure 1 and 
2). Therefore, the reason why prices were high when their corresponding 
quantities of arrivals were high may be attributed to efficiency in the marketing of 
banana in the country via minimization of the arbitrage tendencies of market 
participants.  

Table 2: Seasonal indices of monthly prices of Banana in selected markets 
(2011-2017) 

Month CWM CRM CQTA AWM ARM AQTA MWM MRM MQTM HWM HRM HQTA 

January 93.58 93.12 88.99 93.78 90.30 52.40 93.13 103.13 90.21 106.81 119.05 104.05 

February 94.44 94.26 89.86 105.73 102.37 51.45 90.98 92.08 80.89 97.06 103.78 112.24 

March 95.85 96.81 98.07 107.22 99.96 58.76 91.87 92.47 98.97 103.57 102.07 98.89 

April 96.16 95.21 89.04 103.14 97.38 60.88 102.94 99.09 76.27 112.52 106.49 82.23 

May 100.69 99.50 98.72 106.10 105.48 63.70 107.80 102.30 72.99 99.48 94.27 96.69 

June 103.24 102.81 100.95 98.93 96.15 120.27 96.01 92.57 79.03 92.59 89.91 99.81 

July 116.45 114.60 119.92 104.08 113.00 223.32 122.98 111.78 120.44 108.96 110.18 123.06 

August 102.80 115.92 124.87 96.08 108.37 235.78 105.81 100.26 113.60 91.62 90.46 103.38 

September 104.91 100.78 104.04 93.26 99.48 149.53 102.40 97.17 121.66 89.12 88.82 95.54 

October 102.46 100.35 91.31 96.56 100.67 66.70 93.77 91.81 134.39 98.14 92.92 100.55 

November 96.50 93.66 93.35 104.11 98.19 78.47 95.92 109.52 124.72 92.69 96.36 92.10 

December 92.93 92.97 100.87 91.00 88.66 38.75 96.41 107.84 86.82 107.45 106.69 91.46 
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Table 3: Lag selection criteria 

Lag AIC BIC HQC 

1 113.46* 115.17* 114.15* 

2 113.89 117.12 115.20 

3 114.09 118.84 116.02 

4 114.24 120.50 116.78 

5 114.41 122.20 117.57 
Source: Computer print-out, 2018 

 

Lag Selection Criteria: Because of the sensitivity of the time series to lag length, 
the chosen lag for truncation that will make the model parsimoniously and ensure 
that the error term is Gaussian white noise is lag 1 as unanimously agreed by all 
the selection criteria viz. Akaike information criterion (AIC), Hannan-Quinn 
information criterion (HIC) and Bayesian information criterion (BIC) as indicated 
by their respective asterisk sign (Table 3).  

 

Table 4: Unit root test results 

Market Stage ADF Decision KPSS Decision ADF-GLS Decision 
CWM Level -2.053 

(0.264) 
Non-stationary 1.526 Non-

stationary 
-2.323 Non-

stationary 
1𝑠𝑡∆ -11.04 

(4.4E-016)** 
Stationary 0.057** Stationary -9.578** Stationary 

CRM Level -0.116 
(0.643) 

Non-stationary 2.280 Non-
stationary 

-2.871 Non-
stationary 

1𝑠𝑡∆ -11.38 
(3.4E-023)** 

Stationary 0.031** Stationary -16.07** Stationary 

AWM Level -0.597 
(0.457) 

Non-stationary 1.963 Non-
stationary 

-2.381 Non-
stationary 

1𝑠𝑡∆ -11.25 
(7.6E-023)** 

Stationary 0.037** Stationary -11.85** Stationary 

ARM Level -0.114 
(0.645) 

Non-stationary 4.802 Non-
stationary 

-2.196 Non-
stationary 

1𝑠𝑡∆ -13.14 
(8.9E-028)** 

Stationary 0.017** Stationary -14.46** Stationary 



www.cok.pratibha-spandan.org  ISSN 2320-5237(online), 2348-9189(print) Vol.6, Issue 1, January-June, 2018 

 

A Multidisciplinary, International Peer Reviewed Journal |  39 

 

MWM Level -0.391 
(0.541) 

Non-stationary 2.650 Non-
stationary 

-2.416 Non-
stationary 

1𝑠𝑡∆ -8.358 
(5.3E-15)** 

Stationary 0.035** Stationary -9.565** Stationary 

MRM Level -0.522 
(0.489) 

Non-stationary 2.262 Non-
stationary 

-2.836 Non-
stationary 

1𝑠𝑡∆ -11.60 
(8.7E-24)** 

Stationary 0.022** Stationary -11.80** Stationary 

HWM Level -1.472 
(0.132) 

Non-stationary 0.838 Non-
stationary 

-2.643 Non-
stationary 

1𝑠𝑡∆ -9.347 
(1.2E-17)** 

Stationary 0.046** Stationary -9.527** Stationary 

HRM Level -1.085 
(0.251) 

Non-stationary 0.836 Non-
stationary 

-2..492 Non-
stationary 

1𝑠𝑡∆ -8.627 
(1.02E-15)** 

Stationary 0.027** Stationary -10.32** Stationary 

Note: ∆ and ** indicates first difference and that unit root at the level or at first difference was rejected at 
5 per cent significance` 
The critical values for the KPSS and ADF-GLS test at 5percent probability are 0.462 and 2.93 respectively.  

 

Unit Root Test: The results of the ADF unit root test showed both the wholesale 
and retail price series not to be stationary at their respective levels (estimated tau-
stats greater than t-critical values at 5percent degree of freedom) but were found 
to be stationary at their respective first difference (estimated tau-stats less than t-
critical values at 5percent probability level). Also, the KPSS unit root test rejected 
the null hypothesis of absence of unit root in favour of alternative hypothesis of 
presence of unit root at level for all the variable price series (t-stats greater than 
the t-critical value at 5percent risk level)but after the first difference the test 
accepted the null hypothesis of absence of random walk in the residuals of each of 
the variable price series against their alternative hypothesis of non-stationary (t-
stats less than the t-critical value at 5percent risk level). Furthermore, the ADF-GLS 
unit root test applied at the level to all the price series indicated non-stationary of 
the price series but after first difference they became stationary, thus, implying 
that the unit root test results generated by the conventional or traditional unit root 
techniques were robust (Table 4). Therefore, since both the wholesale and retail 
price series satisfied the pre-requisite for the application of cointegration test as 
their respective variable series are integrated of order one [I(1)].  

The Law of One Price (LOP): The multivariate horizontal-wise results for the 
wholesale and retail markets showed the ranks of co-integration to be one and 
three respectively. The implication is that the market prices in both markets move 
together in the long-run but the extent of the horizontal integration was moderate 
in the wholesale market as the law of one price (LOP) hold in only two markets 
(CWM and AWM) out of the four selected markets which may be attributed to 
autarkic activities of the market middlemen while the extent of the horizontal 
integration was good in the retail markets as the LOP was found to hold in all the 
selected markets (CRM, ARM and MRM) which may be attributed to free flow of 
quantity of arrival and perfect flow of price information (Table 5a).It is worth to 
note that the max-test is more powerful than the trace test.  
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Table 5a: Multivariate horizontal-wise co integration results 

H0 H1 Eigen 
value 

Trace test P-value Lmax test P-value 

Wholesale market 
r = 0 r ≥1 0.223 60.06** 0.002 0.019** 0.019 
r ≤ 1 r ≥2 0.158 29.78 0.050 0.058 0.058 
r ≤ 2 r ≥3 0.056 9.17 0.357 0.508 0.508 
r ≤ 3 r =4 0.019 2.25 0.134 0.134 0.134 

Retail market 
r = 0 r ≥1 0.248 69.27** 0.000 33.85** 0.001 
r ≤ 1 r ≥2 0.182 35.42** 0.001 24.11** 0.004 
r ≤ 2 r =3 0.090 11.32 0.073 11.27** 0.048 
r ≤ 3 r =4 0.0004 0.052 0.877 0.052 0.869 

Note: **denotes rejection of the null hypothesis at 5 per cent level of significance 
 

The presence of two common stochastic trends (hence two independent markets) 
and one common stochastic trend for wholesale and retail markets respectively 
implies the presence of pair-wise cointegation of prices. For the horizontal pair-
wise wholesale market co-integration results, with the exception of the market 
pairs viz. CWM-AWM and AWM-MWM which move together in the long-run, all the 
remaining market pairs have no long-run association. In the case of the retail 
market in the pair at the same level, with the exception of CRM-HRM, all the 
markets shared the same or have one stochastic trend, an indication that price 
differential between the markets in the pair are equal to the cost of transfer of 
banana despite their geographical spatiality’s (Table 5b).     

Furthermore, the vertical pair-wise market co-integration results showed that all 
the wholesale markets to be integrated with their respective adjunct retail markets 
an indication of vertical market integration as the price differentials between the 
wholesale markets and their respective retail markets were equal to the cost of 
transfer of banana fruit. This outcome showed efficiency in the mechanism of 
banana marketing across the marketing channel which is due to a perfect flow of 
information, adequate market infrastructure and adequate quantity of arrivals 
(Table 5b).  

Table 5b: Pair-wise market co-integration 

Market 
pair 

H0 H1 Trace test P-value Lmax test P-value CE 

Horizontal pair-wise wholesale market co-integration 
CWM-
AWM 

r = 0 r ≥1 20.451** 0.0454 16.484** 0.0381 
1CE 

r ≤ 1 r ≥2 3.9668 0.4291 3.9668 0.4282 

CWM-
MWM 

r = 0 r ≥1 8.9768 0.1714 8.8697 0.1278 
None 

r ≤ 1 r ≥2 0.1071 0.8100 0.1071 0.8008 
CWM-
HWM 

r = 0 r ≥1 19.038 0.0721 15.644 0.0529 
None 

r ≤ 1 r ≥2 3.3945 0.5205 3.3945 0.5194 

AWM-
MWM 

r = 0 r ≥1 18.099** 0.0043 18.090** 0.0021 
1CE 

r ≤ 1 r ≥2 0.0093 0.9568 0.0093 0.9521 
AWM-
HWM 

r = 0 r ≥1 10.345 0.1049 10.116 0.0776 
None 

r ≤ 1 r ≥2 0.2285 0.7049 0.2285 0.6956 

MWM-
HWM 

r = 0 r ≥1 8.0461 0.2347 7.7459 0.1956 
None 

r ≤ 1 r ≥2 0.3002 0.6560 0.3003 0.6472 
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Horizontal pair-wise retail market co-integration 

CRM-ARM 
r = 0 r ≥1 21.487** 0.0009 21.468** 0.0004 

1CE 
r ≤ 1 r ≥2 0.0185 0.9340 0.0185 0.9281 

CRM-MRM 
r = 0 r ≥1 23.247** 0.0004 23.238** 0.0002 

1CE 
r ≤ 1 r ≥2 0.0082 0.9600 0.0082 0.9556 

CRM-HRM 
r = 0 r ≥1 10.996 0.0822 10.853 0.0571 

None 
r ≤ 1 r ≥2 0.1431 0.7747 0.1431 0.7654 

ARM-MRM 
r = 0 r ≥1 25.656** 0.0001 25.655** 0.0000 

1CE 
r ≤ 1 r ≥2 0.0003 0.9944 0.0003 0.9933 

ARM-HRM 
r = 0 r ≥1 12.292** 0.0498 12.216** 0.0318 

1CE 
r ≤ 1 r ≥2 0.0762 0.8448 0.0762 0.8361 

MRM-HRM 
r = 0 r ≥1 17.905** 0.0047 17.812** 0.0024 

1CE 
r ≤ 1 r ≥2 0.0928 0.8254 0.0928 0.8165 

Vertical pair-wise market co-integration 

CWM-CRM 
r = 0 r ≥1 48.132** 0.0000 48.129** 0.0000 

1CE 
r ≤ 1 r ≥2 0.0026 0.9801 0.0026 0.9773 

AWM-ARM 
r = 0 r ≥1 14.874** 0.0174 14.709** 0.0104 

1CE 
r ≤ 1 r ≥2 0.1648 0.7554 0.1648 0.7460 

MWM-
MRM 

r = 0 r ≥1 26.045** 0.0060 19.636** 0.0103 
1CE 

r ≤ 1 r ≥2 6.4096 0.1666 6.4096 0.1664 

HWM-HRM 
r = 0 r ≥1 14.488** 0.0204 13.295** 0.0198 

1CE 
r ≤ 1 r ≥2 1.1924 0.3211 1.1924 0.3188 

Note: **denotes rejection of the null hypothesis at 5 per cent level of significance; CE- Cointegration 
equation 

 

The Degree of Market Integration: The multivariate horizontal-wise VECM 
results for wholesale and retail markets showed that markets viz. AWM, MWM and 
HWM; and, all the retail markets respectively established long-run equilibrium 
irrespective of any short-run shock that emanated from any of the markets as 
evidenced by the significance of their respective attractor coefficients (Table 6a). 
With the exception of AWM and MRM which diverge from the equilibrium, all the 
other markets converge to the equilibrium as indicated by the signs of their 
respective attractor coefficients (ECTt-1). Therefore, wholesale markets AWM, 
MWM and HWM; and retail markets CRM, ARM, MRM and HRM absorbed 5.9 
percent, 5.7 percent and 11.93 percent; and 12.46 percent, 14.53 percent, 10.56 
percent and 22.30 percent shocks respectively to bring about price equilibrium in 
the long-run. The time required for information flow in the wholesale and retail 
markets were very fast as it will take approximately 1.77day, 1.71day and 3days in 
AWM, MWM, and HWM respectively; and, 3.74days, 4.36days, 3.17days and 
6.70days in CRM, ARM, MRM and HRM respectively, as indicated by their 
respective magnitude coefficients. Therefore, the MWM and MRM among the 
wholesale and retail markets were the most efficient in terms of reaction to the 
news on price.  
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Table 6a: Multivariate horizontal VECM results 

Wholesale 
market 

∆𝑪𝑾𝑴 ∆𝑨𝑾𝑴 ∆𝑴𝑾𝑴 ∆𝑯𝑾𝑴 

ECTt-1 
-0.0155 
 (0.014) 

0.0585 
(0.0161) 

0.0565 
(0.0254) 

0.1194 
(0.0406) 

1.094NS 3.633*** 2.226** 2.943*** 
Retail 

market 
∆𝐶𝑅𝑀 ∆𝐴𝑅𝑀 ∆𝑀𝑅𝑀 ∆𝐻𝑅𝑀 

ECTt-1 
0.1246 

(0.0517) 
0.1453 
(0.052) 

0.1056 
(0.0556) 

0.2230 
(0.0758) 

2.410** 2.786*** 1.902* 2.941*** 

ECTt-2 
 

0.1143 
(0.0597) 

-0.2274 
(0.060) 

0.1391 
(0.0642) 

0.1064 
(0.0876) 

1.914* 3.777*** 2.167** 1.216NS 
Note: *** ** * implies significance at 1percent, 5percent and 10percent respectively 
NS: Non-significant; and, value in ( ) is standard error 

The autocorrelation and arch effects exonerate the residuals of both the wholesale 
and retail markets VECM from the problem of serial correlation and arch effects as 
indicated by their respective Ljung-Box Q-stats and LM test-stats which were not 
different from zero at 10percent degree of freedom. However, the test of normality 
showed that their residuals were not normally distributed as evidenced by their 
respective Chi2 tests which were different from zero at 10percent probability level. 
Though non-normality in the distribution of residuals is not considered a serious 
problem as in most cases data are not naturally distributed (Table 6c).  

Table 6b: Bivariate vertical-wise VECM 

 Wholesale market Retail market  

Markets 
ECTt-1 (Wholesale 

market) 
ECTt-1 (Retail market) 

Speed of 
Adjustment 

CM -0.067(0.056)[1.19]NS 0.877(0.140)[6.28]*** Unidirectional 

AM -0.370(0.092)[4.04]*** -0.257(0.243)[1.06]NS Unidirectional 

MM -0.008(0.004)[2.05]** -0.032(0.006)[5.16]*** Bidirectional 

HM -0.194(0.110)[1.77]* 0.048(0.161)[0.30]NS Unidirectional 

Note: *** ** * implies significance at 1percent, 5percent and 10percent respectively 
NS: Non-significant; and values in ( ) and [ ] are standard errors and t-statistics 

 

The results of the vertically integrated markets showed that only the vertical 
integrated market in Mumbai reciprocate in terms of reaction to news on price as 
evidenced by the significance of the attractor coefficients of the wholesale and its 
adjunct retail market (Table 6b).Hence, the wholesale market is more efficient 
than the retail market in responding to price news as it will take less than an hour 
in a month in the former to re-established long-run price equilibrium when 
compared to the later which required almost an hour in a month to correct its 
disequilibria. For the markets in Chennai; and, Ahmadabad and Hyderabad the 
speed of price flow was unidirectional as only their respective retail and wholesale 
markets respectively were found to correct their deviation from the equilibrium 
due to any available price news shocks from the short-run equilibrium. 
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For the markets which established long-run equilibrium, markets viz. AWM, MWM, 
HWM converges to their respective equilibrium while CRM diverges from its 
respective equilibrium. The autocorrelation and arch effect test for all the bivariate 
vertically integrated VECM exonerated their residuals from the problem of serial 
correlation and auto-covariance as evidenced by their respective Ljung-Box Q-stats 
and Lagrange multiplier test stats which were not different from zero at 10percent 
probability level. However, their respective residuals failed the test of normality, 
but non-normality is not considered a serious problem as data in most cases are 
not normally distributed (Table 6c).    

Table 6c: VECM Diagnostic test results 

Multivariate horizontal-wise whole market VECM 

Diagnostic test Statistic ∆CWM ∆AWM ∆MWM ∆HWM 

Autocorrelation Ljung-Box Q 
0.0063 

(0.937)NS 
0.0099 

(0.921)NS 
0.4621 

(0.497)NS 
1.9597 

(0.162)NS 

ARCH effect LM 
1.1124 

(0.292)NS 
0.8946 

(0.344)NS 
1.7184 

(0.1899)NS 
2.457 

(0.117)NS 

Normality test Doornik-Hansen 
493.304  

(0.000)*** 

\ Multivariate horizontal-wise retail market VECM 

Diagnostic test Statistic ∆CRM ∆CRM ∆MRM ∆HRM 

Autocorrelation Ljung-Box Q 
2.747 

(0.272)NS 
2.621 

(0.105)NS 
0.020 

(0.887)NS 
0.2767 

(0.599)NS 

ARCH effect LM 
2.14 

(0.13)NS 
1.584 

(0.208)NS 
5.915 

(0.015)NS 
1.528 

(0.206)NS 

Normality test 
Doornik-
Hansen 

825.34 
(0.000)*** 

Bivariate vertical-wise market VECM 
Diagnostic test Statistic ∆CWM ∆CRM ∆AWM ∆ARM 

Autocorrelation Ljung-Box Q 
0.0019 

(0.965)NS 
1.104 

(0.294)NS 
0.036 

(0.849)NS 
8.695 

(0.003)NS 

ARCH effect LM 
1.165 

(0.281)NS 
2.171 

(0.141)NS 
1.392 

(0.238)NS 
1.850 

(0.28)NS 

Normality test 
Doornik-
Hansen 

493.79 
(0.000)*** 

187.27 
(0.000)*** 

Diagnostic test Statistic ∆MWM ∆MRM ∆HWM ∆HRM 

Autocorrelation Ljung-Box Q 
1.272 

(0.259)NS 
0.164 

(0.685)NS 
2.64 

(0.104)NS 
0.396 

(0.529)NS 

ARCH effect LM 
1.459 

(0.227)NS 
2.005 

(0.14)** 
3.79 

(0.36)** 
1.49 

(0.24)NS 

Normality test 
Doornik-
Hansen 

57.29 
(0.000)*** 

119.21 
(0.000)*** 

 

Granger Causality Test: The results of the direction of price information flow for 
the horizontal and retail market pair-wise showed that market pair viz. AWM-
MWM; MWM-CWM, MWM-HWM, HWM-CWM; and, CWM-AWM  had bidirectional 
causality, unidirectional causality and no causal relation respectively; while, CRS-
ARS; MRS-ARS, HRS-CRS and HRS-ARS; and, CRS-MRS and MRS-HRS had 
bidirectional causality, unidirectional causality and no causality respectively 
(Table 7a).  

The bidirectional causality implies that the market pair reciprocates price 
transmission as there is feed forward and feed backward in price formation. In the 
case of unidirectional causality, only one market in the pair dominates in price 
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formation as its price effect is transmitted to later whereas the effect of price 
change in the later in the pair is not felt by the former. For the market pair with 
non-causal relation, it implies that the markets in the pair are independent of each 
other in price formation as none of the markets in the pair determines the price in 
each other market. In this case, external influence plays the crucial role in price 
formation in markets with no Granger causality effect.  

Table 7a: Horizontal pair-wise Granger causality test results 

Null hypothesis 𝝌2 Prob. 𝝌2 Granger cause Direction 

Wholesale 
𝐶𝑊𝑀 → 𝐴𝑊𝑀 0.3381 0.561NS No 

None 
𝐶𝑊𝑀 ← 𝐴𝑊𝑀 0.0072 0.932NS No 
𝐶𝑊𝑀 → 𝑀𝑊𝑀 1.1441 0.285NS No 

Unidirectional 
𝐶𝑊𝑀 ← 𝑀𝑊𝑀 2.8396 0.092* Yes 
𝐶𝑊𝑀 → 𝐻𝑊𝑀 1.5234 0.217NS No 

Unidirectional 
𝐶𝑊𝑀 ← 𝐻𝑊𝑀 5.9131 0.015** Yes 
𝐶𝑊𝑀 → 𝐴𝐿𝐿 3.1242 0.373NS No None 
𝐴𝑊𝑀 → 𝑀𝑊𝑀 3.4290 0.064* Yes 

Bidirectional 
𝐴𝑊𝑀 ← 𝑀𝑊𝑀 5.6872 0.017** Yes 
𝐴𝑊𝑀 → 𝐻𝑊𝑀 0.2234 0.636NS No 

Unidirectional 
𝐴𝑊𝑀 ← 𝐻𝑊𝑀 2.7291 0.099* Yes 
𝐴𝑊𝑀 → 𝐴𝐿𝐿 3.8456 0.279NS No None 
𝑀𝑊𝑀 → 𝐻𝑊𝑀 3.5622 0.059* Yes 

Unidirectional 
𝑀𝑊𝑀 ← 𝐻𝑊𝑀 0.1828 0.669NS No 
𝑀𝑊𝑀 → 𝐴𝐿𝐿 9.3290 0.025** Yes Multidirectional 
𝐻𝑊𝑀 → 𝐴𝐿𝐿 9.3155 0.025** Yes Multidirectional 

Retail 
𝐶𝑅𝑀 → 𝐴𝑅𝑀 5.3901 0.020** Yes 

Bidirectional 
𝐶𝑅𝑀 ← 𝐴𝑅𝑀 3.5465 0.060* Yes 
𝐶𝑅𝑀 → 𝑀𝑅𝑀 0.0006 0.980NS No 

None 
𝐶𝑅𝑀 ← 𝑀𝑅𝑀 0.3281 0.567NS No 
𝐶𝑅𝑀 → 𝐻𝑅𝑀 0.9093 0.340NS No 

Unidirectional 
𝐶𝑅𝑀 ← 𝐻𝑅𝑀 14.587 0.000*** Yes 
𝐶𝑅𝑀 → 𝐴𝐿𝐿 6.2753 0.099* Yes Multidirectional 
𝐴𝑅𝑀 → 𝑀𝑅𝑀 1.4664 0.226NS No 

Unidirectional 
𝐴𝑅𝑀 ← 𝑀𝑅𝑀 6.0186 0.014** Yes 
𝐴𝑅𝑀 → 𝐻𝑅𝑀 0.0937 0.760NS No 

Unidirectional 
𝐴𝑅𝑀 ← 𝐻𝑅𝑀 4.7493 0.029** Yes 
𝐴𝑅𝑀 → 𝐴𝐿𝐿 5.3220 0.150NS No Multidirectional 
𝑀𝑅𝑀 → 𝐻𝑅𝑀 2.4381 0.118NS No 

None 
𝑀𝑅𝑀 ← 𝐻𝑅𝑀 2.3015 0.129NS No 
𝑀𝑅𝑀 → 𝐴𝐿𝐿 11.770 0.008*** Yes Multidirectional 
𝐻𝑅𝑀 → 𝐴𝐿𝐿 17.372 0.001*** Yes Multidirectional 
Note: *** ** * denotes rejection of the H0 at 1percent, 5percent and 10percent level of 
significance respectively; NS: Non-significant 

 

Therefore, it can be inferred that the MWM market is the most efficient in the 
banana market as it takes the lead in price ruling as evidenced by its effect on 
almost all the selected markets. This might be attributed to adequate quantity of 
arrivals in the market, adequate marketing infrastructure and minimal market 
racketeering by the middlemen. However, the extent of efficiency in price 
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formation between the retail markets was robust as the market with leading price 
ruling effect (HRS) has influence on two markets CRS and ARS, and the ARS has 
synergy in price formation with CRS.   

For the vertically integrated markets the Granger causality results showed 
unidirectional causality to exist between market pairs: CRM-CWM AWM-ARM and 
HRM-HWM; and non-causality between the market pair: MWM-MRM (Table 7b). 
This implies that the retail markets in Chennai and Hyderabad had ruling effect in 
the formation of prices in their respective wholesale markets with no effect of 
prices in turn from their respective wholesale markets. In addition, it means that 
price at the receiving end i.e. price paid by the consumers in these destination 
determines the direction of price in the wholesale markets. However, the opposite 
was the case in Ahmadabad as it was a feed-forward situation and not feed-
backward situation. Therefore, the market integration direction in Chennai and 
Hyderabad were backward integration while that of the Ahmadabad was forward 
integration.  

Table 7b: Vertical pair-wise Granger causality test results 

Null hypothesis 𝝌2 Prob. 𝝌2 Granger cause Direction 

𝐶𝑊𝑀 → 𝐶𝑅𝑀 0.2135 0.644NS No 
Unidirectional 

𝐶𝑊𝑀 ← 𝐶𝑅𝑀 28.803 0.000*** Yes 
𝐴𝑊𝑀 → 𝐴𝑅𝑀 2.9149 0.088* Yes 

Unidirectional 
𝐴𝑊𝑀 ← 𝐴𝑅𝑀 0.8461 0.358NS No 
𝑀𝑊𝑀 → 𝑀𝑅𝑀 0.0068 0.934NS No 

None 
𝑀𝑊𝑀 ← 𝑀𝑅𝑀 0.1243 0.724NS No 
𝐻𝑊𝑀 → 𝐻𝑅𝑀 0.4508 0.502NS No 

Unidirectional 
𝐻𝑊𝑀 ← 𝐻𝑅𝑀 7.3994 0.007*** Yes 
Note: *** ** * denotes rejection of the H0 at 1percent, 5percent and 10percent level of 
significance respectively; NS: Non-significant 

 

It is worth to note that a situation of strong endogeneity was not observed 
between any of the vertical integrated, an indication that exogenous factors play a 
crucial role in the formation of prices across market channels. 

Effect of Innovation (Bad-News or Good-News) on Market Prices: Depicted 
graphically in Figure 3-8 are how and to what extent innovation be it good-news or 
bad-news local to the prices of one of the banana markets affects the current and 
as well as the future prices in all the integrated markets over a period of twelve 
months. The Figure 3 for the wholesale in multivariate horizontal dimension 
showed that a shock local to CWM will have a permanent effect on AWM and 
transitory effects on itself and the remaining wholesale markets. An 
orthogonalized shock originating from AWM will not die-off in markets CWM, 
MWM and HWM; but will die-off in its own market within a short period of time. In 
addition, results showed that invention of bad-news in both MWM and HWM will 
have a lasting effect on only AWM market and transitory effects on the remaining 
markets inclusive its own market. Therefore, it can be inferred that with the 
exception of AWM all the remaining wholesale markets are relatively price 
followers and do not play role in the national banana market of the country as the 
extent of shock from these markets on other markets are less.  

Figure 4of the multivariate retail market horizontal-wise dimension depicted ARM 
and MRM to be the major price determinants in the retail market as shocks 
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emanating from these markets are to a large extent transmitted to all the selected 
banana retail market in India. In addition, it showed that these aforementioned 
retail markets are the major game changer in the price of banana among the 
selected retail markets in India.  

In the case of the vertical-wise impulse response, unlike wholesale and retail 
markets in Chennai and Hyderabad whose shocks are transmitted to each other, 
the wholesale market in Ahmadabad is a price follower while both markets in 
Mumbai are independent of each other in terms of price shocks emanating from 
each channel in the marketing of banana (Figure 5 to 8). 

Extent of Market Concentration: The results of market concentration index for 
backward vertical integration markets showed market pairs viz. CWM-CRM; and, 
AWM-ARM, MWM-MRM and HWM-HRM have high and low short-run market 
integration as indicated by their respective concentration indexes which were less 
and greater than unity respectively (Table 8). Therefore, it implies that changes in 
the CRM retail market prices caused immediate changes in its wholesale market, 
while price changes in ARM, MRM and HRM do not cause immediate changes in the 
prices of banana obtained in their respective wholesale markets.  

Table 8: Indices of market concentration 

Items CWM-CRM AWM-ARM MWM-MRM HWM-HRM 

𝛽1 0.263 0.820 0.735 0.676 
𝛽3 0.843 0.421 0.154 0.356 

IMC 0.312 1.948 4.773 1.899 
Classification HSMI LSMI LSMI LSMI 

𝑅2 0.641 0.851 0.716 0.91 

F-stat 
69.34 221.26 96.79 392.2 

9.3E-26*** 8.1E-48*** 1.93E-31*** 1.54E-16*** 
Autocorrelation 

(LMF) 
1.05 

{0.41}NS 
29.8 

{0.16}NS 
0.64 

{0.80}NS 
1.38 

{0.11}NS 
Durbin-Watson 4.42 2.44 0.59 3.21 

Arch LM 
1.06 

{0.30}NS 
35.5 

{0.71}NS 
0.121 

{0.728}NS 
57.61 

{0.34}NS 
Heteroskedasticity 

(LM) 
5.11 

{0.83}NS 
3.8 

{0.43}NS 
6.43 

{0.696}NS 
3.25 

{0.13}NS 

Normality (Chi2) 
525.1 

{0.00}*** 
146.1 

{0.000}*** 
21.12 

{0.000}*** 
18.4 

{0.000}*** 

Stability (CUSUM) 
3.61 

{0.22}NS 
2.91 

{0.19}NS 
1.11 

{0.27}NS 
1.11 

{0.27}NS 

VIF 
RMt-1 2.569 2.151 1.473 6.461 
∆WM 1.038 1.159 1.054 1.068 
WMt-1 2.623 2.380 1.529 6.537 

Source: Authors’ computation, 2018 
Note: Values in { } are probability levels; LSMI = Low short-run market integration; and, HSMI = High 
short-run market integration 

 

The diagnostic test results viz. autocorrelation, homoscedasticity, arch effect, 
structural stability test; and multicollinearity exonerated the results from the 
problem of serial correlation, heteroscedasticity, arch effects, covariance and 
model misspecification as evidenced by their respective t-statistics which were not 
different from zero at 10percent degree of freedom   of the model; and, the 
variables variance inflation factors which were less than 10.00. However, the tests 
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of normality for residual of each of the backward vertical integrated markets were 
found to be positively skewed as indicated by their respective t-statistics which 
were different from zero at 10percent risk level. Though, non-normality in the 
distribution of residuals is not considered a serious challenge as data in most cases 
are not normally skewed. Therefore, it can be inferred that the distributed lag 
model is the best fit for the specified equation.  

Price Discovery in Banana Market: The results of annual price discovery in each 
of the markets for the period of ten years are presented in Table 9 and it showed 
that all the ten periods in Chennai markets were efficient in the discovery of price 
with the retail market been a pure satellite of its wholesale market. In Ahmadabad 
market, seven out of  ten periods play a significant role in price discovery and its 
wholesale market dominated in the process of price discovery with its retail 
market been its pure satellite. Eight periods were found to be very efficient in the 
discovery of price in Mumbai market with the wholesale market dominating in the 
process of price discovery and the retail market been a pure satellite of the 
wholesale market. For the eight useful periods that were efficient in the process of 
price discovery in Hyderabad market, it was observed that price discovery 
occurred in its wholesale market. This implies that the retail market located in 
Hyderabad is a pure satellite of the wholesale market and there is a convergence of 
the wholesale and retail prices because the retail prices move towards the 
wholesale prices. However, it is worth to note that the situation of price discovery 
in both markets or non-discovery in the vertically integrated market was not 
observed for the ten periods cross-examined in the process of price discovery.  

Table 9: Price discovery of pair-wise vertical integrated markets 

Market 
pair 

Market period 
Estimated coefficients Price 

discovery Wholesale (βW) Retail (βR) 

𝐶𝑊𝑀
− 𝐶𝑅𝑀 

Jan. 2008- Dec. 2008 -0.056(0.69)NS -0.368(2.09)** Wholesale 
Jan. 2009- Dec. 2009 -0.448(1.29)NS -0.788(1.86)* Wholesale 
Jan. 2010- Dec. 2010 -0.582(0.65)NS -1.520(1.76)* Wholesale 
Jan. 2011- Dec. 2011 0.013(0.63)NS -0.945(6.86)*** Wholesale 
Jan. 2012- Dec. 2012 -0.164(1.21)NS -0.783(2.82)*** Wholesale 
Jan. 2013- Dec. 2013 0.500(2.67)*** -0.229(0.64)NS Retail 
Jan. 2014- Dec. 2014 -0.187(0.51)NS -1.004(2.49)** Wholesale 
Jan. 2015- Dec. 2015 -0.165(0.98)NS -1.015(3.42)*** Wholesale 
Jan. 2016- Dec. 2016 -0.229(2.27)** -0.225(1.54)NS Retail 
Jan. 2017-Dec. 2017 0.014(9.23)NS -0.526(4.51)*** Wholesale 

𝐴𝑊𝑀
− 𝐴𝑅𝑀 

Jan. 2008- Dec. 2008 -0.015(0.23)NS 0.033(0.29)NS None 
Jan. 2009- Dec. 2009 0.078(1.34)NS -1.173(5.47)*** Wholesale 
Jan. 2010- Dec. 2010 0.130(0.90)NS -0.432(2.54)** Wholesale 
Jan. 2011- Dec. 2011 -0.036(0.84)NS -0.081(0.51)NS None 
Jan. 2012- Dec. 2012 0.065(2.79)*** -0.175(1.78)* Both 
Jan. 2013- Dec. 2013 0.251(0.50)NS -0.402(0.36)NS None 
Jan. 2014- Dec. 2014 -0.125(2.77)*** -0.761(5.03)*** Both 
Jan. 2015- Dec. 2015 -0.297(1.20)NS -1.547(3.81)*** Wholesale 
Jan. 2016- Dec. 2016 -0.069(0.69)NS -0.594(2.39)** Wholesale 
Jan. 2017-Dec. 2017 0.294(2.66)*** -0.213(1.23)NS Retail 

𝑀𝑊𝑀
−𝑀𝑅𝑀 

Jan. 2008- Dec. 2008 -0.228(2.25)** -0.566(2.04)** Both 
Jan. 2009- Dec. 2009 0.033(0.290NS -0.621(4.23)*** Wholesale 
Jan. 2010- Dec. 2010 0.005(0.13)NS -0.427(2.59)** Wholesale 
Jan. 2011- Dec. 2011 -0.303(3.07)*** -1.028(4.39)*** Both 
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Jan. 2012- Dec. 2012 0.050(0.39)NS -0.224(2.54)** Wholesale 
Jan. 2013- Dec. 2013 -0.218(0.80)NS -1.159(2.78)*** Wholesale 
Jan. 2014- Dec. 2014 -0.234(0.99)NS -0.362(1.23)NS None 
Jan. 2015- Dec. 2015 0.106(1.25)NS -0.418(3.10)*** Wholesale 
Jan. 2016- Dec. 2016 0.013(0.30)NS -0.305(1.37)NS None 
Jan. 2017-Dec. 2017 -0.109(1.05)NS -0.702(6.34)*** Wholesale 

𝐻𝑊𝑀
− 𝐻𝑅𝑀 

Jan. 2008- Dec. 2008 0.116(0.52)NS -0.389(2.34)** Wholesale 
Jan. 2009- Dec. 2009 -1.058(1.86)** -2.079(3.61)*** Both 
Jan. 2010- Dec. 2010 -0.302(0.92)NS -1.492(5.05)*** Wholesale 
Jan. 2011- Dec. 2011 -1.516(4.22)*** -2.429(8.55)*** Both 
Jan. 2012- Dec. 2012 -0.085(0.31)NS -0.357(0.79)NS None 
Jan. 2013- Dec. 2013 0.489(1.98)** -0.355(1.48)NS Retail 
Jan. 2014- Dec. 2014 0.397(0.84)NS -0.026(0.05)NS None 
Jan. 2015- Dec. 2015 0.013(0.32)NS -1.348(5.64)*** Wholesale 
Jan. 2016- Dec. 2016 0.635(1.96)* -0.207(0.78)NS Retail 
Jan. 2017-Dec. 2017 -0.005(0.07)NS -0.331(3.59)*** Wholesale 

Note: ***, ** and * indicate the significance at 1percent, 5percent and 10percent levels of probability 
 

Price Volatility: The mean equation for each of the wholesale markets certified 
the pre-condition for the application of ARCH and GARCH models as their 
respective residuals exhibited clustering volatility (graph not presented) and have 
arch effects present in them as evidenced by their respective Langrage multiplier 
test statistics which were different from zero at 10percent degree of freedom 
(Table 10).   

The results of volatility in the forward vertical integrated markets presented in 
Table 10showed that volatility in the current banana prices in Chennai and 
Ahmadabad markets will depend on external shocks which is their respective 
retail markets; and, information on the preceding month price volatility and 
preceding month price volatility. The volatility in the current banana prices in 
Mumbai and Hyderabad markets will rely on their external shocks and respective 
information of price volatility in the preceding month. Therefore, external shocks 
plays crucial role in the current volatility that will be experienced in all the 
selected banana markets as evidenced by the significance of their respective 
exogenous coefficients while the role of family shock was total in CWM and AWM; 
and partial in MWM and HWM as evidenced by the significance of both ARCH and 
GARCH terms; and, ARCH term respectively.  

Each wholesale market had its estimated sum of 𝛼 + 𝛽 to be close to 1, indicating 
high volatility in the spot prices of banana in the selected wholesale markets which 
will persist for long. Therefore, since none of the price series will likely meander 
away from the mean as indicated by the non-existence of explosive volatility 
pattern in the price series (𝛼 + 𝛽 is not greater than 1 for each of the wholesale 
markets), it can be inferred that banana trade is very useful in the selected banana 
markets in India. The reason for volatility persistence in the prices of banana could 
be due to seasonality which affects the quantity of arrivals in the selected major 
banana producing regions in the country.  

The autocorrelation test showed that the residuals of the model are not serial 
correlated as indicated by their respective Q-stats which were not different from 
zero at 10percent probability level. However, the residuals were found not to be 
normally distributed except for MWM as indicated by their Chi2 values which were 
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different from zero at 10percent degree of freedom. Though, this should neither 
put a question mark on the validity of the GARCH model nor be a source of concern 
as Sadiq,et al. (2017) reported that in most cases data are not normally distributed. 
In addition, the LR chi2 test for the GARCH model showed that the ARCH and 
GARCH terms are different from zero as indicated by their respective Chi2 values 
which were significant at 10percent probability level. Therefore, the GARCH (1, 1) 
model is the best fit for the specified volatility equations.  

Table 10: Price volatility of banana in the wholesale markets 

Particulars CWM AWM HWM MWM 
Pre-condition Arch effect test 

Arch effect 
82.2 

{1.2E-19}*** 
140.6 

{6.9E-22}*** 
43.7 

{3.9E-11}*** 
65.2 

{6.7E-16}*** 

Price volatility 

Constant 
907.7(114.7) 

[7.9]*** 
386.7(52.8) 

[7.3]*** 
301.4(77.9) 

[3.9]*** 
-156.1(60.4) 

[2.6]*** 

External shock 

CRMt-1 
0.41(0.04) 
[11.2]*** 

- - - 

ARMt-1  
0.28(0.02) 
[13.7]*** 

- - 

MRMt-1   
0.37(0.03) 
[10.8]*** 

- 

HRMt-1    
0.73(0.02) 
[37.3]*** 

Family shock 

Alpha (1) 
0.449(0.13) 

[3.74]*** 
0.67(0.24) 

[2.8]*** 
0.83(0.24) 

[3.4]*** 
0.56(0.25) 

[2.2]** 

Beta (1) 
0.51(0.13) 
[3.92]*** 

0.32(0.18) 
[1.8]* 

0.16(0.17) 
[0.8]NS 

0.29(0.291) 
[0.32]NS 

LR Chi2 
129.6 

{7.2E-29}*** 
37.5 

{7.2E-9} 
41.4 

{1.0E-9} 
35.2 

{2.3E-8} 

GARCH fit 1,1 1,1 1,1 1,1 

α + β 0.96 0.99 0.99 0.85 

Normality test 
67.4 

{2.3E-15}*** 
8.6{0.01}** 

1.9 
{0.14}NS 

35.2 
{2.3E-8}*** 

Auto correlation 
0.02 

{0.11}NS 
0.026{0.11}NS 

0.07 
{0.12}NS 

0.08 
{0.12}NS 

Note: *** ** * implies significance at 1percent, 5percent and 10percent respectively 
NS: Non-significant; and values in ( ); [ ] and {} are standard errors, t-statistics and probability values 

 

Price Forecast of Banana in the Selected Markets 

Diagnostic checking and validation: The VECM was found to be appropriate in 
forecasting the price series of the selected markets as indicated by the multivariate 
horizontal VECMs diagnostic test results which exonerated their respective 
residuals from the problem of autocorrelation and arch effect as shown by the 
Ljung-Box Q-stats and Langrage multiplier tests respectively which were not 
different from zero at 10percent risk level (Table 6c). Therefore, the absence of 
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random error means that the market prices are predictable, which is good for 
policy making, consumer decision and consumption pattern.  

Table 11a: One step ahead forecast of prices 

Wholesale 
market 

CWM AWM MWM HWM 

Period Actual Forecast Actual Forecast Actual Forecast Actual Forecast 

2017:09 2328.00 2596.56 1419.00 1451.36 1963.00 2795.63 1105.00 1002.90 
2017:10 2435.00 2335.21 1768.00 1391.74 1892.00 1989.33 1133.00 1160.64 
2017:11 2488.00 2462.88 1774.00 1662.62 1824.00 1993.79 934.00 1348.06 
2017:12 2470.00 2517.80 1582.00 1661.36 2193.00 1932.80 1144.00 1163.88 
2018:01 2500.00 2480.39 1630.00 1542.74 2571.00 2230.92 1114.00 1224.12 
Retail 

market 
CRM ARM MRM HRM 

Period Actual Forecast Actual Forecast Actual Forecast Actual Forecast 
2017:09 3940.00 4156.52 4000.00 4017.21 4083.00 4378.12 3029.00 2707.77 
2017:10 3861.00 4001.36 4059.00 3951.57 3042.00 3973.13 2979.00 3164.82 
2017:11 4035.00 3891.96 3852.00 3913.22 3120.00 3290.58 3000.00 2920.17 
2017:12 3915.00 4023.59 3882.00 3784.03 3850.00 3333.28 3000.00 2894.96 
2018:01 4000.00 3956.03 4000.00 3840.53 4000.00 3799.30 2971.00 3080.02 

 

Validation (ex-post prediction power): Though price movement predictability is 
in contrast to the efficient marketing theory as the theory posit that for a market to 
operate efficiently, prices should be unpredictable in that if they are stationary and 
predictable they will attract investors and their active participation will ultimately 
result to the cancellation of the prediction. However, this deductive (theory) idea 
has little empirical extent as inductive (facts) knowledge showed that prediction of 
prices is very important in measuring market efficiency except that the prediction 
should not be too long.  One-step-ahead forecast of the prices along with their 
corresponding standard errors using naïve approach for the period September 
2017 to January 2018 (total 5 data points) in respect of the VECM fitted models 
were computed to determine the predictive power of the estimated equation 
(Table 11a). This was done to examine how closely they could track the path of the 
actual observation.  

Table 11b: Validation of models 

Market R2 MAPE RMSPE 
RMAPE 

(percent) 
Theil’s U 

CWM 0.99 34.37 7.28 1.52 0.86 
AWM 0.98 92.64 19.29 5.12 0.94 
MWM 0.99 99.89 89.97 6.36 0.76 
HWM 0.98 93.92 40.98 9.83 0.51 
CRM 0.99 55.69 5.11 1.45 0.92 
ARM 0.99 57.29 2.54 1.43 0.83 
MRM 0.99 135.88 79.02 4.97 0.72 
HRM 0.99 42.65 11.04 1.39 0.06 

Source: Authors computation, 2018 

The price forecasting ability of the wholesale and retail market prices was 
measured using the mean absolute prediction error (MAPE), root mean square 
error (RMSE), Theil’s inequality coefficient (U) and the relative mean absolute 
prediction error (RMAPE) (Table 11b). The results indicated the accuracy of the 
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price forecasted as shown by their respective market RMAPE and U which were 
less than 10percent and equal to 1 respectively. Therefore, these relatively low 
values indicated the consistency of the forecasted prices with the actual prices.  

Forecasting: One step ahead out of sample forecast for banana prices (Rupees per 
quintal) for the wholesale and retail markets from February 2018 to January 2019 
were computed. This short span prediction was made in order not to affect market 
efficiency as long prediction will attract investors which will lead to the 
breakdown of the forecasted price (Table 11c and Figure 9 and 10).  

Table 11c: Out of sample forecast of banana prices in selected wholesale and 
retail markets (Rupees per quintal) 
Wholesale CWM AWM MWM HWM 

Period Forecast LCL UCL Forecast LCL UCL Forecast LCL UCL Forecast LCL UCL 

2018:02 2505.95 2205.54 2806.36 1607.52 1265.59 1949.46 2592.71 2053.62 3131.80 1159.87 298.43 2021.32 

2018:03 2509.78 2087.55 2932.01 1593.04 1156.02 2030.05 2606.70 1858.06 3355.34 1189.43 614.95 2394.71 

2018:04 2512.25 1997.04 3027.45 1583.71 1088.47 2078.94 2615.72 1707.84 3523.59 1208.47 266.52 2683.47 

2018:05 2513.84 1920.33 3107.35 1577.69 1039.15 2116.24 2621.52 1578.87 3664.17 1220.75 488.06 2929.55 

2018:06 2514.86 1852.33 3177.39 1573.82 999.33 2148.31 2625.27 1463.07 3787.46 1228.65 690.69 3147.99 

2018:07 2515.52 1790.54 3240.51 1571.32 965.08 2177.57 2627.68 1356.76 3898.59 1233.75 878.74 3346.23 

2018:08 2515.95 1733.49 3298.41 1569.72 934.39 2205.04 2629.23 1257.88 4000.58 1237.03 1054.66 3528.72 

2018:09 2516.22 1680.22 3352.22 1568.68 906.15 2231.21 2630.23 1165.10 4095.36 1239.15 1120.19 3698.48 

2018:10 2516.40 1630.09 3402.71 1568.01 879.70 2256.32 2630.88 1077.47 4184.28 1240.51 1136.67 3857.68 

2018:11 2516.51 1582.60 3450.43 1567.58 854.62 2280.55 2631.29 994.28 4268.31 1241.39 1152.21 4007.98 

2018:12 2516.59 1537.38 3495.79 1567.30 830.63 2303.98 2631.56 914.94 4348.18 1241.95 1166.68 4150.65 

2019:01 2516.63 1494.14 3539.13 1567.12 807.56 2326.69 2631.73 839.01 4424.45 1242.32 1180.21 4286.72 

Retail CRM ARM MRM HRM 

Period Forecast LCL UCL Forecast LCL UCL Forecast LCL UCL Forecast LCL UCL 

2018:02 4051.84 3209.54 4894.13 3954.42 3105.07 4803.76 3918.88 3013.97 4823.79 3079..19 1844.15 4314.23 

2018:03 4084.81 2950.04 5219.58 3921.28 2829.44 5013.11 3877.67 2773.40 4981.93 3143.70 1436.38 4851.01 

2018:04 4105.94 2763.03 5448.84 3897.70 2651.28 5144.12 3857.13 2628.68 5085.58 3182.58 1107.28 5257.89 

2018:05 4119.55 2606.92 5632.19 3881.19 2514.69 5247.70 3847.18 2515.66 5178.71 3206.28 812.47 5600.10 

2018:06 4128.37 2468.06 5788.69 3869.77 2399.94 5339.59 3842.57 2416.67 5268.48 3220.87 540.47 5901.27 

2018:07 4134.12 2340.63 5927.60 3861.92 2298.42 5425.43 3840.59 2325.73 5355.45 3229.95 286.76 6173.14 

2018:08 4137.87 2221.70 6054.03 3856.57 2205.81 5507.33 3839.85 2240.40 5439.31 3235.64 48.66 6422.63 

2018:09 4140.33 2109.57 6171.08 3852.94 2119.74 5586.15 3839.68 2159.44 5519.91 3239.25 175.84 6654.34 

2018:10 4141.94 2003.13 6280.76 3850.49 2038.73 5662.25 3869.73 2082.14 5597.32 3241.55 388.38 6871.48 

2018:11 4143.01 1901.56 6384.45 3848.84 1961.83 5735.85 3839.86 2008.00 5671.72 3243.03 590.39 7076.44 

2018:12 4143.71 1804.27 6483.15 3847.73 1888.36 5807.09 3840.00 1936.64 5743.35 3243.98 783.07 7271.03 

2019:01 4144.17 1710.77 6577.58 3846.98 1817.36 5876.14 3840.11 1867.79 5812.43 3244.60 967.46 7456.65 

It was observed that CWM, MWM and HWM markets will witness a very slight 
increase in their respective prices till the early month of their last quarter and 
thereafter will flatten out after a gentle very slight fall in the prices. The price of 
the banana in AWM will be oscillating throughout the month range from February 
to September 2018, remain flat till October and thereafter a slight fall which will 
flatten-out till January 2019.   
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In the case of the retail markets, the retail prices of CRM, ARM and HRM will 
exhibit an oscillating (upward-downward swing) trend throughout the forecasted 
periods whereas the retail prices in MRM will witness an oscillating behaviour till 
July 2018, then a slight decline which will flatten-out till November 2018 and 
thereafter a slight increase which will maintain a flat trend till January 2019.  

The rate of price instability across all the markets will be mild as observed from 
their respective standard error values (not reported). Therefore, the technical and 
pricing efficiencies of banana should be monitored in such a way that neither the 
farmer nor the consumer nay the middlemen will be better-off nor worse-off in the 
marketing channel of banana in India.  

CONCLUSIONS AND RECOMMENDATIONS 
Findings from this study showed the extent of horizontal market integration to be 
moderate for the wholesale markets and good for the retail markets as the LOP 
was weak in the former and very effective and efficient in the later market. In 
addition, the degree of market integration was found to be most efficient in 
Mumbai market as the markets at different marketing stages react very fast to 
price news in correcting their respective price deviation from the equilibrium. 
Also, the degree of vertical integration showed the Mumbai market to be efficient 
as both markets reciprocate to a reaction in price news. It can be concluded that 
banana marketing is very useful in all the selected banana markets in India as none 
of the price series exhibited explosive volatility pattern. Also, concluded was that 
Chennai market was the most efficient in the process of price discovery as prices 
were discovered in all the ten periods. Lastly, the future prices of banana in all the 
selected markets will be mild in such a way that neither the wholesalers nor the 
retailers nay the producers or consumers will be worse-off nor better-offin banana 
marketing. Therefore, in order to enhance the overall efficiency of the marketing 
function and minimization of distortion in the marketing of banana, more 
resources should be allocated to those markets with a high degree of integration 
and market efficiency.  

Figure 3: Horizontal-wise impulse response of wholesale markets  
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Figure 4: Horizontal-wise impulse response of retail markets  

 

Figure 5: Vertical-wise impulse response in Chennai market 
 

 

Figure 6: Vertical-wise impulse response in Ahmadabad market 
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Figure 7: Vertical-wise impulse response in Mumbai market 
 
 

 

Figure 8: Vertical-wise impulse response in Hyderabad market 
 

Figure 9a: Wholesale prices of banana in CWM 
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Figure 9b: Wholesale prices of banana in AWM 
 

 

Figure 9c: Wholesale prices of banana in MWM 
 

 

Figure 9d: Wholesale prices of banana in HWM 
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Figure 10a: Retail prices of banana in CRM 

 

 

Figure 10b: Retail prices of banana in ARM 

 
Figure 10c: Retail prices of banana in MRM 
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Figure 10d: Retail prices of banana in HRM 
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