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Summary
Japanese seafood distribution consists of three levels of market, namely producer’s, wholesale and retailers market. This system has developed to manage a large quantity of diverse seafood products rapidly, but its function is said to have been imperfect. The study mainly focused on six fish species namely Japanese sardine, horse mackerel, Japanese flying squid, skipjack tuna, Pacific saury, and red seabream. This study analysed the price formation function of the Japanese seafood distribution for the six major fish species through asymmetric price transmission (APT) analysis. The results indicated that there were several APTs in the market most likely due to a combined effect of perishable nature of fisheries products, existence of substitute goods, and imperfect completion of the market. 
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1. [bookmark: _Toc324200950]Introduction

Japanese seafood products are traditionally distributed through three markets namely landing site producers’ market, consuming site wholesale markets, and retailers. This distribution system has developed to manage a large quantity of diverse seafood products rapidly. Recently, however, several shortcomings of the traditional distribution system are pointed out. Lou(2009)1) pointed out restructuring the markets is urgent and fishermen, wholesales and brokers must leave their traditional distribution system and create a new business. 

While most of such arguments are based on qualitative observations, a few quantitative studies also exist. Ariji(2006)2) analysed market integration of snow crab between landing markets and wholesales markets in Kyoto prefecture. The focus of this study was the extent of the integration of prices in different markets and it didn’t refer to function of distribution in detail. Therefore the quantitative knowledge about the function of Japanese seafood distribution system is still insufficient. The purpose of this study is to analyze the function of Japanese seafood distribution from the view of price formation.

2. [bookmark: _Toc324200951]Materials and Methods
2.1 Asymmetric price transmission (APT)
In the economically perfect competitive market, when the exogenous shock against the market equilibrium happens, it is said the price is adjusted instantly and new equilibrium occurs. In the real market, however, price will never be adjusted instantly. The speed of adjustment can be different from price increasing scenario to price decreasing scenario. Thus, Asymmetric price transmission (APT) can be detected under such situation. Positive APT is usually defined as a set of reactions according to which any price movement that squeezes the margin is transmitted more rapidly than the equivalent movement that stretches the margin. Conversely, APT is negative when price movements that stretch the margin are transmitted more rapidly than movements that squeeze it. Gonzales et al.(2003)3) detected the APT in the distribution of wild cod and farmed salmon and made a comment that the reason of APT is due to market power of retailer. Jaffry(2005)4) detected the APT in the distribution of hakes in France and made the same comment as Gonzales referring to retailer’s market power. Matsui et al.(2011)5) analysed Japanese blue fin tuna market by separating the target period in ten years and discussed that entities having the market power shifted from upstream to downstream by tuna market structure change.

Some other studies argued that a cause of the asymmetry price transmission is due to a property of the adjustment expense with the corporate activities. Ward (1982)6) pointed out that the price of perishable agricultural products cannot be raised as easily as decreasing the price. Jordi and Ramon(2008)7) analyzed three stages of distribution called a producer’s, consumer’s and retailer’s market of 12 seafood products in Spain and detected APTs with many cases. They discussed that the cause is not due to imperfect competitive market but due to the existence of substitute products in the lower side of the distribution channel. 

In this study, we used time series model to detect a presence of asymmetry price transmission. The focus was mainly on (i) landing site producers’ markets, (ii) consuming site wholesale markets and (iii) retailers. Price transmission between (i) and (ii), as well as (ii) and (iii) were examined using the price data of same fish species. We also conducted a time wise comparison using the price date of same fish species on or before 1993 and thereafter. The dividing year was chosen based on Demura(2002)8) which reported that in 1994 the number of consumers who purchase seafood from supermarkets exceeded to those who purchase seafood in traditional fish mongers. 
2.2 [bookmark: _Toc324200952]Data

Six popular fish species in the Japanese market were chosen for the analysis. These are Japanese sardine, horse mackerel, Japanese flying squid, skipjack tuna, Pacific saury, and red seabream. Although tuna is popular fish in Japan, it is not used for the analysis because of data discontinuation i.e. frequent changes on categorisation of tuna (i.e., coverage of tuna species) in market statistics during this past 20 years. 

The price data are collected in three different stages in the market value chain. These are (i) producer’s markets in landing ports, (ii) wholesale markets in consumer’s cities and (iii) retailers. Fish prices in (i) and (ii) were taken from published data from the Ministry of Agriculture, Forestry and Fisheries, Japan9) and retailer’s prices were taken from statistics of Ministry of Internal Affairs and Communications, Japan10). 

For some species, prices for fresh and frozen forms of fish are available. If this is the case, weighted averages of the prices for fresh and frozen fish were used for the analysis. Fish which were once frozen and then thawed are categorized as fresh in the statistics. Wholesale market prices are the weighted mean of the prices of the six main wholesale markets in Japan (Tokyo, Yokohama, Nagoya, Osaka, Kyoto, Kobe). The retail price was calculated by the simple average of the retail prices in Tokyo, Yokohama, Nagoya, Osaka, Kyoto, and in Kobe. 

Monthly data are used for analysis. Data are taken from January 1976 to December 2009 for Japanese sardine, horse mackerel, Pacific saury, and common squid. The data used for red seabream are from January 1976 to December 2006. For skipjack tuna, the data from January 1983 to December 2009 are used. Time series of data used for Seabream and skipjack tuna are slightly shorter than those in other species, since statistical categories have been changed for these two species and only the data which have clear consistency in category are used for the analysis of the two species. No data were used for "the frozen saury in Kyoto”, "frozen common squid in Yokohama", and "frozen horse mackerel after September 2005”. This is because several products in different processing stages were found under the same name in the statistics of these particular fish. In addition, since skipjack tuna statistics in retail level were not available in winter seasons (from November to February), retail prices for skipjack tuna for these months are supplemented using Karman filter method11).

Table 1 indicates some details of these data. Red seabream generally have higher prices than other fish, and the average prices at wholesale markets are more than 1,000 yen/kg and the average price at retail markets is above 3,000 yen/kg. Skipjack tuna has the second highest average price in retail markets with more than 2,000 yen/kg. Prices for other four species are cheaper. Generally, price of each fish species increases from wholesale to retail markets.

Table 1 Descriptive statistics

	Variable (Yen/kg)
	Mean
	S.D.
	Min
	Max

	Sardine
	
	
	
	

	
	Producer
	73.53
	112.15
	9.00
	822.00

	
	Wholesale
	248.40
	126.50
	92.00
	666.64

	
	Retail
	643.61
	280.39
	281.67
	1326.67

	Horse mackerel
	
	
	
	

	
	Producer
	289.60
	183.34
	34.00
	1030.00

	
	Wholesale
	514.68
	84.94
	292.46
	866.88

	
	Retail
	1598.48
	239.68
	915.00
	2356.67

	Japanese flying squid
	
	
	
	

	
	Producer
	315.93
	138.75
	99.19
	867.95

	
	Wholesale
	467.28
	101.69
	262.87
	790.97

	
	Retail
	1027.85
	186.52
	666.67
	1576.67

	Skipjack tuna
	
	
	
	

	
	Producer
	174.09
	41.92
	91.42
	310.09

	
	Wholesale
	585.87
	185.40
	244.00
	1232.74

	
	Retail
	2346.15
	362.28
	1436.67
	3183.33

	Pacific saury
	
	
	
	

	
	Producer
	187.61
	211.54
	29.00
	2027.00

	
	Wholesale
	390.54
	155.91
	157.23
	1106.70

	
	Retail
	1015.48
	282.42
	566.67
	2606.67

	Red seabream
	
	
	
	

	
	Producer
	1287.68
	337.35
	630.00
	2181.00

	
	Wholesale
	1429.60
	414.36
	715.62
	2399.00

	
	Retail
	3044.80
	433.35
	2150.00
	3751.67


Producer: Producer’s wholesale market price, Wholesale: Wholesale’s wholesale market price, Retail: Retail market price. Producer’s price and wholesale’s price were obtained from Annual Statistics on Marketing of Fishery Products. Retail price was obtained from Annual Report on the Retail Price Survey.

2.3 [bookmark: _Toc324200953]Unit root test

In time series analyses, there is a situation where a high coefficient and a significant t-value can be observed while no true relationship in fact exist12). In other words, spurious regression is more likely to be detected when time series data was used. To avoid picking up spurious correlations, unit root test and co-integration test are to be employed. As for unit root test, Augmented Dickey-Fuller test13) and Kwiatkovski-Phillips-Schmidt-Shin (KPSS) test14) were conducted before starting price transmission analysis. The results are shown in Table 2. The null hypothesis, which assumes variables are non-stationary, can be dismissed for almost all price data.  For many of the first difference, the null hypothesis was not rejected by 1% significance. This result suggests that every price data series are non-stationary but becomes stationary by first difference. Thus, co-integration test, which examines whether true relations exist between non-stationary data15), needs to be performed to confirm the estimated result have true relationship.


Table 2 Unit root test results

(a) Augmented Dickey-Fuller test

	Variable
	Level
	
	First difference

	
	Trend
Const.
	Trend
	None
	
	Trend
Const.
	Trend
	None

	Sardine
	
	
	
	
	
	
	

	
	Producer
	-2.02       
	 -1.29   
	-0.68 
	
	-21.34*** 
	-21.36*** 
	-21.39*** 

	
	Wholesale
	-1.59 
	-1.11 
	0.45 
	
	-23.27*** 
	-23.30*** 
	-23.32*** 

	
	Retail
	-0.87 
	-1.10 
	1.08 
	
	-14.08*** 
	-14.09*** 
	-14.09*** 

	Horse mackerel
	
	
	
	
	
	

	
	Producer
	-2.84 
	-1.78 
	-1.30 
	
	-20.94*** 
	-20.97*** 
	-20.99*** 

	
	Wholesale
	-4.22*** 
	-2.45 
	-0.31 
	
	-22.99*** 
	-23.01*** 
	-23.03*** 

	
	Retail
	-5.21*** 
	-2.38 
	-0.14 
	
	-25.23*** 
	-25.23*** 
	-25.26*** 

	Japanese flying squid
	
	
	
	
	
	

	
	Producer
	-3.13 
	-1.90 
	-1.14 
	
	-18.29*** 
	-18.31*** 
	-18.33*** 

	
	Wholesale
	-3.32* 
	-2.39 
	-0.75 
	
	-20.09***
	-20.11*** 
	-20.13*** 

	
	Retail
	-3.16* 
	-1.74 
	-0.45 
	
	-16.21*** 
	-16.22*** 
	-16.24*** 

	Skipjack tuna
	
	
	
	
	
	

	
	Producer
	-3.64**
	-3.57***
	-0.75
	
	-20.80***
	-20.84***
	-20.87***

	
	Wholesale
	-2.62
	-2.54
	-0.12
	
	-16.40***
	-16.42***
	-16.45***

	
	Retail
	-1.76
	-1.96
	0.07
	
	-14.12***
	-14.14***
	-14.16***

	Pacific saury
	
	
	
	
	
	

	
	Producer
	-2.62 
	-2.63* 
	-1.36 
	
	-27.22*** 
	-27.26*** 
	-27.29*** 

	
	Wholesale
	-3.65** 
	-3.59*** 
	-1.33 
	
	-23.77*** 
	-23.79*** 
	-23.82*** 

	
	Retail
	-4.20*** 
	-4.16*** 
	-0.81 
	
	-24.94*** 
	-24.97*** 
	-25.00*** 

	Red seabream
	
	
	
	
	
	

	
	Producer
	-3.10 
	-0.82 
	-1.34 
	
	-22.77*** 
	-22.80*** 
	-22.83*** 

	
	Wholesale
	-2.98 
	-1.50 
	-1.08 
	
	-23.93*** 
	-23.96*** 
	-23.98*** 

	
	Retail
	-4.16*** 
	0.05 
	-1.22 
	
	-20.33*** 
	-20.35*** 
	-20.37*** 


* 10% significance level. ** 5% significance level. *** 1% significance level. 
Producer: Producer’s wholesale market price, Wholesale: Wholesale’s wholesale market price, Retail: Retail market price. Optimal lag length was determined by modified Akaike Information Criteria.

(b) Kwiatkovski-Phillips-Schmidt-Shin test

	Variable
	Level
	
	First difference

	
	Trend
Const.
	Const.
	
	Trend
Const.
	Const.

	Sardine
	
	
	
	
	

	
	Producer
	0.43***
	1.92***
	
	0.05
	0.11

	
	Wholesale
	0.23***
	2.36***
	
	0.12
	0.15

	
	Retail
	0.25***
	2.42***
	
	0.12
	0.16

	Horse mackerel
	
	
	
	

	
	Producer
	0.38***
	1.88***
	
	0.09
	0.09

	
	Wholesale
	0.11
	1.38***
	
	0.11
	0.24

	
	Retail
	0.20**
	1.07***
	
	0.13*
	0.33

	Japanese flying squid
	
	
	
	

	
	Producer
	0.27***
	1.93***
	
	0.07
	0.07

	
	Wholesale
	0.11
	1.38***
	
	0.06
	0.08

	
	Retail
	0.23***
	1.52***
	
	0.06
	0.14

	Skipjack tuna
	
	
	
	

	
	Producer
	0.10
	0.37*
	
	0.27***
	0.28

	
	Wholesale
	0.21**
	0.36*
	
	0.10
	0.11

	
	Retail
	0.50***
	0.60**
	
	0.06
	0.06

	Pacific saury
	
	
	
	

	
	Producer
	0.10
	0.25
	
	0.21**
	0.26

	
	Wholesale
	0.12*
	0.31
	
	0.05
	0.07

	
	Retail
	0.12*
	0.13
	
	0.04
	0.11

	Red seabream
	
	
	
	

	
	Producer
	0.24***
	2.13***
	
	0.12*
	0.13

	
	Wholesale
	0.20**
	2.11***
	
	0.06
	0.06

	
	Retail
	0.46***
	2.13***
	
	0.08
	0.17


* 10% significance level. ** 5% significance level. *** 1% significance level. 
Producer: Producer’s wholesale market price, Wholesale: Wholesale’s wholesale market price, Retail: Retail market price. Optimal Newey-West bandwidth was determined using Bartlett kernel. The null hypothesis is that the time series is stationary; while the alternative hypothesis is that the series is non-stationary. Note that the hypothesis setting of KPSS test is different from that of ADF test.
2.4 [bookmark: _Toc324200954]Analysis model

When the price series have unit root, the long-term relationship can be described as follows:

                      (1)      
                                                 
 is market price of the lower side (e.g., closer position to consumers) of the fish distribution channel, and  is market price of the upper side (e.g., closer position to producers) of the channel. When the time series data on the two prices are non-stationary, the estimation using Ordinary Least-Squares method (OLS) could result in spurious regression. According to Engle and Granger(1987)15), when a residual  provided by estimation is stationary, the estimated result is not spurious but represents true relations. 

The estimation in this analysis therefore should be conducted using equation (2):

              (2)                                             

 is the length of the lag and  is white noise disturbance term. Adjustment of the series of residuals from previous period to the current period will be expressed in  and it means that APT price adjustment process in the market is assumed to be symmetric against any exogenous shocks. 

If a price adjustment process is asymmetric, the Threshold Autoregressive (TAR) model, proposed by Enders and Granger(1998)14), needs to be used to avoid estimation bias. In this model, co-integration test is conducted by equation (3) instead of equation (2):

                        (3)


                                           (4)
 is called Heaviside indicator and the definition is shown in equation (4). Suppose that  is bigger than the threshold, adjustment of this period is shown in . If  is smaller than the threshold , adjustment of this period is shown in . When  is hold, it means that the adjustment process is symmetric and, in this case, equation (3) can also represent equation (2)
Under equation (3), the necessary and sufficient condition for the stationary residual series can be shown in the following equation (5)16):

                                    (5) 

In equation (5), a null hypothesis () under no existence of co-integration can be examined through F-test modified by Engle and Siklos(2001)17) and Wane et al.(2004)18). If there is co-integration, normal F-test can be used to examine the null hypothesis on symmetric adjustment process ().
In addition to the TAR model, Momentum-Threshold Autoregressive (M-TAR) model have been used. It is sometimes suggested that M-TAR model is more suitable than TAR model for the analysis on perishable products such as foods19) M-TAR model can be expressed as follows: 

                 (6)

                                          (7)
In this study, estimations are made using both TAR and M-TRA model and the better model will be chosen in light of Akaike information criterion (AIC).
Many previous studies assumed the threshold is 0 a priori, while the validity of this assumption is not fully examined. In this study, the estimation of the threshold itself also was performed by the procedures suggested in Chan (1993)20). Specifically, we start the estimation process using Equation (1) by normal OLS. Then, residuals obtained here are listed, and the upper and the lower 15% of them are removed. The remaining 70% of the residual values could be a candidate of the threshold. These candidates are used for the estimation by TAR and M-TAR model. The candidate which minimizes the sum of the squared residuals is chosen. The threshold chosen by this procedure becomes the super-consistent indicator.
3. [bookmark: _Toc324200955]Results

The estimated results of six species by both TAR and M-TAR model are shown in Table 3 and Table 4. 

Table 3 TAR model result
(a) Producer’s to wholesale’s wholesale market

	
	First period (-1993)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.08
	-0.27***
	-0.37***
	-0.38***
	-0.09**
	-0.27***

	
	-0.20
	-0.18***
	-0.25***
	-0.29***
	-0.39***
	-0.05

	Lags
	2
	0
	0
	1
	0
	3

	
	-0.18
	-0.10
	-0.10
	0.13
	-0.35
	-0.08

	Hypotheses test:
	

	
	7.32**
	32.10***
	47.18***
	16.64***
	37.60***
	7.57**

	Asym.
	2.53
	1.16
	1.49
	0.60
	12.81***
	6.59**

	Diagnostic:
	

	Q(6)
	6.23
	6.41
	3.63
	5.24
	9.86
	9.37

	AIC
	-127.09
	-233.71
	-226.09
	-41.39
	-56.18
	-247.81

	
	Second period (1994-)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.58***
	-0.72***
	-0.48***
	-0.83***
	-0.23***
	-0.34***

	
	-0.49***
	-0.68***
	-0.41***
	-0.68***
	-0.39***
	-0.27***

	Lags
	0
	1
	0
	4
	0
	0

	
	0.13
	0.10
	0.09
	0.29
	-0.28
	0.08

	Hypotheses test:
	

	
	69.85***
	44.96***
	55.71***
	41.59***
	14.03***
	30.48***

	Asym.
	0.41
	0.07
	0.35
	2.12
	3.97**
	0.30

	Diagnostic:
	

	Q(6)
	9.14
	5.59
	4.67
	4.48
	14.69
	4.05

	AIC
	-116.57
	-193.35
	-148.17
	-18.66
	-3.57
	-188.65


* 10% significance level. ** 5% significance level. *** 1% significance level.
 is the F statistics testing the null hypothesis of . Asym. is the F statistics testing the null hypothesis of . Q(6) is the Ljung-Box Q statistics testing the null hypothesis of no serial correlation up to six orders. AIC is the Akaike Information Criteria.

(b) Wholesale’s wholesale to retail market

	
	First period (-1993)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.34***
	-0.23***
	-0.43***
	-0.20**
	-0.11**
	-0.45***

	
	-0.23***
	-0.11*
	-0.21***
	-0.37***
	-0.19**
	-0.19***

	Lags
	0
	4
	3
	2
	1
	0

	
	0.07
	-0.11
	0.12
	0.08
	-0.13
	-0.03

	Hypotheses test:
	

	
	36.04***
	6.20*
	24.11***
	7.81**
	8.27**
	50.66***

	Asym.
	1.37
	1.56
	7.94***
	1.75
	0.98
	6.83***

	Diagnostic:
	

	Q(6)
	10.11
	0.66
	1.56
	4.41
	10.23
	4.51

	AIC
	-241.46
	-241.51
	-279.66
	-142.83
	-238.55
	-444.81

	
	Second period (1994-)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.62***
	-0.41***
	-0.66***
	-0.31***
	-0.49***
	-0.25***

	
	-0.28***
	-0.18**
	-0.37***
	-0.14
	-0.79***
	-0.07

	Lags
	1
	3
	3
	0
	1
	1

	
	-0.07
	0.03
	-0.10
	-0.11
	-0.10
	0.06

	Hypotheses test:
	

	
	22.78***
	7.86**
	41.15***
	28.96***
	26.63***
	8.92**

	Asym.
	6.91***
	3.48*
	8.41***
	3.33*
	3.55*
	5.18**

	Diagnostic:
	

	Q(6)
	6.52
	1.86
	4.58
	7.67
	4.11
	2.10

	AIC
	-232.21
	-313.29
	-238.90
	-245.69
	-151.51
	-331.61


* 10% significance level. ** 5% significance level. *** 1% significance level.
 is the F statistics testing the null hypothesis of . Asym. is the F statistics testing the null hypothesis of . Q(6) is the Ljung-Box Q statistics testing the null hypothesis of no serial correlation up to six orders. AIC is the Akaike Information Criteria.

The estimated results of TAR model can be summarized as follows: Ljung-Box statistic values are insignificant for all cases thus, the residuals do not have serial correlation for all the 24 combinations of six spices, two observation periods, and two combinations of market stages in value chain. Lag numbers are 0 to 4 for each fish. Φ statistic values are significant in 17 cases out of the 24 combinations by 1% significant level, while by 10% level all are significant. Thus, all price series have co-integration. APTs are identified between producer’s and consumer’s wholesale market for saury and red seabream in early period (-1993) and saury in the late period (1994-). APTs are also identified between consumer’s wholesale market and retailers for common squid and red seabream in early period (-1993) and for all the six species in the late period (1994-). 









Table 4 M-TAR model result

(a) Producer’s to wholesale’s wholesale market

	
	First period (-1993)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.09**
	-0.29***
	-0.35***
	-0.39***
	-0.80***
	-0.18***

	
	-0.30***
	-0.20***
	-0.25**
	-0.20*
	-0.17***
	-0.06

	Lags
	2
	0
	0
	1
	0
	3

	
	-0.11
	-0.02
	-0.09
	-0.10
	0.26
	-0.02

	Hypotheses test:
	

	
	8.81**
	39.03***
	45.99***
	17.69***
	34.75***
	5.09

	Asym.
	5.35**
	1.04
	0.51
	2.27
	9.80***
	1.84

	Diagnostic:
	

	Q(6)
	5.40
	6.15
	4.18
	6.02
	6.25
	10.22

	AIC
	-128.50
	-236.58
	-224.31
	-42.23
	-54.44
	-245.43

	
	Second period (1994-)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.74***
	-0.90***
	-0.49***
	-0.95***
	-0.25***
	-0.43***

	
	-0.42***
	-0.67***
	-0.37***
	-0.66***
	-0.39***
	-0.21***

	Lags
	0
	1
	0
	4
	0
	0

	
	0.13
	0.10
	-0.04
	0.17
	-0.09
	0.05

	Hypotheses test:
	

	
	74.55***
	46.42***
	55.91***
	45.05***
	9.88**
	30.46***

	Asym.
	5.55**
	2.04
	0.82
	6.92***
	1.62
	3.40*

	Diagnostic:
	

	Q(6)
	8.08
	4.89
	4.26
	4.06
	11.84
	5.92

	AIC
	-117.97
	-194.35
	-147.64
	-21.08
	-3.38
	-189.14


* 10% significance level. ** 5% significance level. *** 1% significance level.
 is the F statistics testing the null hypothesis of . Asym. is the F statistics testing the null hypothesis of . Q(6) is the Ljung-Box Q statistics testing the null hypothesis of no serial correlation up to six orders. AIC is the Akaike Information Criteria.

(b) Wholesale’s wholesale to retail market

	
	First period (-1993)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.35***
	-0.30***
	-0.24***
	-0.23***
	-0.11**
	-0.47***

	
	-0.13***
	-0.11*
	-0.66***
	-0.71***
	-0.55***
	-0.30***

	Lags
	0
	4
	2
	2
	2
	0

	
	-0.04
	0.05
	-0.09
	-0.12
	-0.09
	0.03

	Hypotheses test:
	

	
	40.56***
	7.38*
	21.62***
	10.41***
	13.48***
	47.03***

	Asym.
	4.78**
	3.80*
	5.41**
	6.44**
	12.66***
	1.92

	Diagnostic:
	

	Q(6)
	8.52
	0.67
	3.23
	5.07
	8.14
	5.42

	AIC
	-242.94
	-242.65
	-279.64
	-145.17
	-244.60
	-441.31

	
	Second period (1994-)

	
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	
	-0.73***
	-0.69***
	-0.50***
	-0.62***
	-0.46***
	-0.10***

	
	-0.44***
	-0.38***
	-0.61***
	-0.20***
	-1.32***
	-0.26***

	Lags
	0
	0
	3
	1
	1
	1

	
	0.04
	0.05
	-0.02
	0.08
	-0.07
	-0.05

	Hypotheses test:
	

	
	76.91***
	61.09***
	36.25***
	18.56***
	37.23***
	7.29*

	Asym.
	4.79**
	4.41**
	1.35
	10.18***
	20.36***
	2.17

	Diagnostic:
	

	Q(6)
	10.25
	10.63
	4.32
	7.14
	2.23
	1.49

	AIC
	-229.86
	-311.86
	-235.37
	-247.55
	-159.54
	-330.11


* 10% significance level. ** 5% significance level. *** 1% significance level.
 is the F statistics testing the null hypothesis of . Asym. is the F statistics testing the null hypothesis of . Q(6) is the Ljung-Box Q statistics testing the null hypothesis of no serial correlation up to six orders. AIC is the Akaike Information Criteria.


The estimated results of M-TAR model can be summarized as follows: Ljung-Box statistic values are also insignificant in all the cases and there are no serial correlations in the residuals. The number of lag is also 0 to 4 for each fish. Φ statistic values are significant in 19 cases out of 24 combinations by 1% significant level, while 23 cases are significant by 10% level. Therefore price series have co-integration relationship in most of the cases except for one case for red seabream. APTs are identified between producer’s and consumer’s wholesale market for saury and Japanese sardine in early period (-1993) and saury, red seabream, and skipjack tuna in the late period (1994-). APTs are also identified between consumer’s wholesale market and retailers for five species except for red seabream in early period (-1993) and for four species except for seabream and common squid in the late period (1994-).

Some inconformity exists between the results of APT by TAR and M-TAR models. Thus, the model, which has the smaller AIC, was chosen for each fish species. Table 5 shows the results sorted out by this procedure. APTs are identified between producer’s and consumer’s wholesale market for saury (positive APT), sardine (positive APT), and red seabream (negative APT) in early period (-1993) and saury (positive), red seabream (negative), skipjack tuna (negative), and sardine (negative) in the late period (1994-). APTs are also identified between consumer’s wholesale market and retailers for all species in early period (-1993) and in the late period (1994-).

Positive and negative APT are defined as follows according to Meyer and Cramon-Taubadel(2004)21). When upper market price is increased or decreased, the positive APT is defined that the reaction of lower market price is faster in increased price scenario than in decreased price scenario. The negative APT definition is that the reaction in the lower market price is faster when decreased than when increased. When positive APT exists, the upper sellers can enjoy the sales margin while the lower buyers can enjoy the margin in the negative APT situation. According to the definition in the TAR and M-TAR model, when  the positive APT exists and when  the negative APT exists

In this study, while other 5 species have negative APT in most of the cases, saury always had positive APT with any period and distribution stages. Throughout the two different periods, while most fish species show the same continuing result of positive or negative APTs, Japanese sardine and skipjack tuna changed from positive to negative or no-APT to negative. No fish species exist which changed APTs from negative to positive.

Table 5 Summary of the results 

	
	Period
	Sardine
	Horse mackerel
	Japanese flying squid
	Skipjack tuna
	Pacific saury
	Red seabream

	Producer
to
Wholesale
	First
	Pos**
	－
	－
	－
	Pos***
	Neg**

	
	Second
	Neg**
	－
	－
	Neg***
	Pos**
	Neg*

	Wholesale
to
Retail
	First
	Neg**
	Neg*
	Neg***
	Pos**
	Pos***
	Neg***

	
	Second
	Neg***
	Neg*
	Neg***
	Neg***
	Pos***
	Neg**


* 10% significance level. ** 5% significance level. *** 1% significance level.
Producer: Producer’s wholesale market, Wholesale: Wholesale’s wholesale market, Retail: Retail market, First: The period before 1994, Second: The period in 1994 and thereafter. Pos and Neg shows the positive and negative asymmetry, respectively. 
4. [bookmark: _Toc324200956]Discussion

In previous literatures, three possible reasons of APT have been identified. These are perishable nature of fisheries products, existence of substitute goods, and imperfect competition of the market. 
First, if perishable nature of fish products is the cause of APTs, negative asymmetry can be observed. This is because the sales sides are usually afraid of the increased stockpile of unsold items for such products. This may lead to the situation where the buyers have more power than the sellers’ when negotiating the prices and negative APT can be observed. This is particularly true in Japanese market where the popular form of the consumption of fish is sashimi or sushi (i.e., raw fish) and consumers are extremely sensitive on the freshness of the fish products. In this study, negative APTs are in fact found in most of the species including sardine, horse mackerel, and red seabream. Their usual form of the distribution is fresh, rather than frozen. Perishable nature of the products can be one reason for the negative APTs for these species.

Second, if the existence of substitute products is the cause of APTs, negative asymmetry can be observed. The reason is closely related to that of perishable products: i.e., the sales sides may prefer to sell the products at cheaper prices to compete with the substitutes rather than allowing to excessive accumulation of stockpiles in perishable products. This may also lead to the buyers’ power when negotiating the prices. In this study, skipjack tuna has changed from positive (or no-APT) to negative APTs after 1993. Large portion of skipjack tuna are distributed in frozen condition and no evidence exist to support increased perishability of skipjack tuna in the recent years. The negative APTs for this species are, therefore, attributable to other element. We consider that the cause of negative APTs for skipjack tuna can be explained by the existence of substitute goods. Skipjack tuna and other tuna species (including bluefin tuna, southern bluefin tuna, bigeye tuna, yellowfin tuna, albacore tuna, and swordfish) have a strong substitute relationship in the Japanese consumer market22), and consumption of such substitutable tuna species has increased after early 1990s. 

Third, if the imperfect competition in the market is the cause of an APT, positive asymmetry can be observed when sellers are strong while negative asymmetry can be observed when buyers are strong. In this study, most of the fish have negative APTs. This result suggests the existence of market powers in the buyers’ side. The number of species which have negative APTs was increased in the latter half of the observation period. These outcomes correspond to the fact that traditional fishmongers were rather quickly replaced by supermarket around 1994. Because the number of supermarkets is less than the number of sellers at the wholesale markets, supermarkets most likely have stronger market powers than their predecessors (i.e., traditional fish retailers). Negative APTs for most of the species other than saury can be explained by the possible imperfect competition in the market by the increasing dominance of powerful supermarkets, along with the perishable nature and existence of substitute goods.

Fourth, positive asymmetry for saury suggests that market power exists for sellers of this particular fish. We have conducted interviewing survey to further investigate the reason for this peculiar outcome. According to managers and workers in supermarkets and wholesale markets, saury is exceptionally important fish for sales promotion activities for the supermarket as a whole in recent years. Japanese fresh saury is used as a consumer attraction item and it is usually placed in the top page of supermarket leaflet. While supermarket usually provides service for its customers in filleting or gutting of many fish species, saury is usually purchased by consumers even though the fish is round (i.e., not filleted nor gutted). In other words, saury is easy merchant item to sell from the viewpoint of supermarket. Thus, there is a pulling power from supermarket for saury even under the situation where retail margins are minimal. These finding from interviewing are in conformity with the outcome of this study on APTs.
If this market condition continue to exist in Japan, upstream side (fishermen, for instance) of the seafood (except for saury) distribution chain would be forced to accept their long standing weak position vis-a-vis their downstream counterparts in the value chain. 
One option to reconcile this situation for fishermen would be to simplify the fish distribution channel. Current system, which is based on the traditional system, is comprised of five players. These are (i) sales representative at producers markets in landing sites, (ii) buyers at producers markets who tranship fish to the city wholesale markets, (iii) wholesalers at city wholesale markets, (iv) buyers at city wholesale markets, and (v) retailers. Simplifying the value chain may be achieved through some technological development such as introduction of e-commerce combined with efficient collecting and transporting methods of fish products. This restructuring process may strengthen the connection among sales representatives of fishermen by e-commerce and putting the fishermen in better position in the distribution channel. 

Another option to improve the negative APT due to perishability of the raw products may be a policy that promotes sales of frozen fishes. Retailers usually defrost fishes when displaying in their shops because defrosted products are more preferable for and familiar to consumers. If fishes are sold frozen and the consumers defrost them at home, freshness of the products is maintained and, more importantly, the problem of negative APT due to perishability could be mitigated.
It should be noted, however, that although we discussed possible causes of APTs separately, in reality the market would be affected by combined effects of perishable nature of fisheries products, existence of substitute goods, and imperfect market competition. The relative magnitude of these elements was not assessed in this study, and future works are awaited on this aspect. 
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