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Abstract

This paper investigates, for the first time, the relationship between prices and trading activity in the sale & purchase market for second-hand dry bulk vessels. Investigation of this issue is of interest since the level of trading activity may contain information about the sentiment and the future direction of the prices in the market. Several important conclusions emerge from this analysis. It is found that price changes are useful in predicting trading volume, which suggests that higher capital gains encourage more transactions in the market. Additionally, it seems that volume has a negative impact on the volatility of price changes. More specifically, in contrast to what is reported for financial markets, we find evidence that increases in trading activity lead to a reduction in market volatility. This can be explained by the unique underlying characteristics of the market for ships, including thin trading, which imply that increases in trading activity result in price transparency and stability. These findings indicate that practitioners in the market may use the information contained in the level of trading activity so as to guide their market decisions in the sale & purchase market.
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Introduction

The impact of trading volume on price variability has attracted much attention both by academics and practitioners as understanding this relationship is essential for modeling and forecasting prices and has implications for the efficient market hypothesis. Several attempts have been made in the literature to determine the true underlying relationship between those variables, both at a theoretical and at an empirical level. The general consensus is that there is a positive relationship between trading volume and price changes in financial markets. On the theoretical level, the existence of such a positive relationship can be explained mainly by two theories; the Sequential Information Flow (SIF) of Copeland (1976), and the Mixture of Distribution Hypothesis (MDH) of Clark (1973) 
.

There is a considerable amount of empirical research on the price-volume relationship in numerous markets. Karpoff (1987) reviews earlier studies in the literature and reports that in general the evidence is in favor of a positive relationship between price changes and trading volume. Empirical studies by Crouch (1970), Cornell (1981), Grammatikos and Saunders (1986), Harris (1986), Chatrath et al. (1996) and Malliaris and Urrutia (1998) provide further evidence in support of this argument and report a positive contemporaneous relation between absolute returns and aggregate volume for the US equity markets.

Other studies investigate the relationship between trading volume and price volatility. For instance, Grammatikos and Saunders (1986) for futures markets and Harris (1986) for US equities, report the existence of a positive relationship between trading volume and volatility of returns. More recent studies such as Lamoureux and Lastrapes (1990) on stocks, Najand and Yung (1991) on treasury bond futures, Bessembinder and Seguin (1993) on various financial and commodity futures markets, Foster (1995) on oil futures, and Chen et al, (2001) on stock indices, recognise the fact that many asset returns are characterised by time-varying distributions and hence utilize Generalised Autoregresive Conditional heteroskedasticity (GARCH) models (Engle, 1982 and Bollerslev, 1986) to capture the time-variability in the conditional second moments of price returns. In general, the evidence in the literature points to positive price-volume and volume-volatility relationships.

Despite this plethora of studies on the relationship between trading volume and price variability in financial markets, there has been no study, to our knowledge, to investigate this relationship in a market where real assets such as merchant ships, land, property and real estate are traded. Therefore, the aim of this paper is to investigate, for the first time, the relationship between sales volume and price movements in the second-hand market, known as the sale & purchase market, for dry bulk merchant carriers. There are basically two questions that this paper attempts to address. First, we investigate whether sales volume contains useful information for predicting fluctuations in the prices of second-hand vessels. In this respect, the information content of volume is examined with respect to its ability to predict the direction and magnitude of price changes, i.e. to predict returns or the absolute value of returns. Second, we investigate whether there is a relationship between the volatility of ship prices and market activity in this sector. Examination of those issues is of considerable interest to academics and practitioners alike since the price-volume relationship has important implications for areas such as modeling and forecasting second-hand ship prices as well as for the purposes of developing trading strategies in the second-hand ship market.

Investigating the price-volume relationship in the market for second-hand ships is also extremely interesting due to the unique features that this market possesses. As a result, this study contributes to the literature in several ways. First, since almost all the previous studies examine the price-volume relationship in financial markets, by investigating this relationship in a market where physical assets are being traded, we examine the validity of the proposed theories, such as the MDH and the SIF, in a different setting. Second, the level of trading activity in the shipping sale and purchase market is relatively low compared to other markets in the literature; for instance, on average, over the period examined in this study, 26 dry bulk vessels were bought or sold each month. In this respect, we provide empirical evidence for the first time on the price-volume relationship in a market with thin trading. Third, the market for second-hand ships is not as transparent as are financial markets since most of the transactions are based on private negotiations between the buyer and the seller, through a sale & purchase broker; this feature of the market, makes the investigation of the price-volume relationship even more interesting. Fourth, we shed new light on issues such as the behavior of ship prices, the fundamental factors affecting ship prices as well as the information content of variables such as market activity. Finally, this paper provides a further dimension to the literature by comparing the price-volume relationship across different size vessels in the dry bulk sector.

The structure of the paper is as follows. Section 2  reviews the previous studies on the price-volatility relationship and highlights their conclusions. Section 3  presents the methodology used in this paper to investigate the price-volume relationship in the market for ships. The data and their properties are discussed in section 4 , while section 5 presents the empirical results and discussion. Implications of findings and conclusions are the subject of the last section. 

1  Review of Literature on Price-Volume Relationship

There is a large number of studies in the literature on the price-volume relationship. Perhaps the most important study, which brings together the results of several earlier studies in different markets, is the one by Karpoff (1987). He classifies the studies into two groups; first, those that examine the relationship between absolute price change and trading volume, and second, those that examine the relationship between price change per se and trading volume, and finds that the majority of them report a positive relationship between price change (per se or absolute)  and trading volume. He also argues that, although many researchers use linear monotonic models to investigate the price change - volume relationship, there might be some form of asymmetry in this relationship. He finally points out to the theories, which are suggested to explain the positive price variability and volume relationship. These are the MDH of Clark (1973) and the SIF hypothesis of Copeland (1976).
Clark (1973) offers a competing explanation for the existence of a positive price volatility and trading volume relationship. The MDH is based on the assumption that both price changes and volume have a joint probability distribution. He argues that, as a result, price change and trading volume should be positively correlated because they jointly depend on a common underlying variable, which is normally interpreted as the random flow of information to the market. This means that both price changes and trading volume simultaneously respond to the new information and they are contemporaneously correlated. Additional evidence in support of the MDH is also provided by Epps and Epps (1976) who suggest that the change in the logarithm of price can be viewed as following a mixture of distributions, with transaction volume being the mixing variable.

The SIF hypothesis proposed by Copeland (1976) and discussed further in Jennings et al (1981) assumes that information is disseminated in the market sequentially and randomly. Therefore, informed trades who obtain the information first take positions and adjust their portfolios accordingly, which results in shifts in supply and demand and a series of transitory equilibria. Once the information is fully absorbed by all traders, informed and uninformed, then equilibrium is restored. This sequential dissemination of information initiates transactions at different price levels during the day, the number of which increases with the rate of information flow to the market. Consequently, both trading volume and movement in prices increase as the rate of arrival of information to the market increases which implies the existence of a positive relationship between the two variables. 

Both the MDH and the SIF attempt to justify the existence of a positive relationship between price changes and volume. However, they differ in that the MDH assumes that dissemination of information is symmetrical and all traders view changes in supply and demand simultaneously, which results in an immediate restoration of equilibrium, whereas in the SIF hypothesis, it is assumed that information is disseminated asymmetrically and equilibrium is restored gradually. 

An alternative theory, based on the information content of trading volume, is proposed by Blume et al (1994). Based on the assumption that trading volume is a proxy for the quality and precision of information in the market and consequently contains information about price movements, they suggest that trading volume plays an important role in the price formation process. As a result, they propose that technical trading based on both the information in price movements and trading volume may produce superior results which implies that there must be some form of inefficiency in the price determination process.

Recent studies have also examined the price-volatility relationship in a dynamic framework using GARCH type models where trading volume is used as a proxy for the rate of information flow to the market to explain market volatility. For instance, Lamoureux and Lastrapes (1990) examine the volume-volatility relationship for a number of actively traded stocks in the US. They use contemporaneous trading volume as an explanatory variable in the variance equation and find that the inclusion of volume eliminates the persistence in the volatility. However, they also suggest that adding contemporaneous volume into the variance equation might cause “simultaneity bias” since volume is endogenous to the system. Therefore, they also use the lagged volume in variance equation which is found to be insignificant in most cases. Najand and Yung (1991) perform similar analysis using treasury bond futures and find that lagged volume explains volatility better than contemporaneous trading volume. Foster (1995) investigates the temporal price-volatility relationship in the oil futures market considering the simultaneity problem. In fact, using a GARCH model he estimates time-varying variances and incorporates the volatility along with volume in a simultaneous equation model. His results indicate that not only lagged volume is positively related to volatility, but also there is positive contemporaneous relationship between trading volume and price volatility. Finally, Chen et al (2001) report that the persistence in volatility is not eliminated when lagged or contemporaneous trading volume level is incorporated in the GARCH model, a result contrasting the findings of Lamoureux and Lastrapes (1990).

In other studies the focus has been on the causal interaction between volume and returns per se. For instance, Gallant et al. (1992) examine the causal relationship between S&P 500 stock index returns and trading volume in the New York Stock Exchange (NYSE) and find evidence for returns leading trading volume. Gervais et al. (2001) also report that periods of high trading volume tend to be followed by periods of positive excess returns whereas periods of low volume tend to be followed by negative excess returns using data from stocks traded at the NYSE; this suggests that there is a positive relationship between returns and trading volume and that volume precedes returns. Furthermore, Heimstra and Jones (1994) study the causal dynamic relationship between Dow Jones Industrial Average index returns and aggregate trading volume using nonlinear causality tests and report bilateral nonlinear causality (feedback) between returns and trading volume. Similar conclusions are drawn by Silvapulle and Choi (1999) for the Korean Stock Exchange. Saatcioglu and Starks (1998) investigate emerging stock markets in Latin America. Consistent with the findings in the US, they report that volume leads returns in those markets, while Lee and Rui (2002) find little supportive evidence on the predictive power of trading volume for stock returns in four Chinese stock exchanges. Finally Chen et al (2001) also report mixed results on the causality between index price changes and volume in nine of the world's largest stock markets.
Overall the results from these studies indicate the existence of a positive relationship between price change volatility and volume. Additionally, there also seems to be a causal relationship between trading volume and price changes although the direction of causality seems to differ depending on the market under investigation. However, these studies examined the information content of volume in financial markets. The unique characteristics of the shipping markets, especially the sale & purchase market, make investigation of the same issue in the shipping markets extremely interesting.
2  Methodology

A number of different methodologies are employed in this paper to investigate the nature of the price-volume relationship in the sale & purchase market for different size dry bulk carriers. Our first test on the temporal relationship between price change and trading volume in each market uses the correlation coefficients and their significance as well as the following regressions of price change on volume and vice versa

[image: image46.wmf]p

e

2

)

/

(

E

=

t

t

h


(1)

Where (Pt denotes logarithmic changes in second-hand prices (returns) and Vol is the trading volume. In the above models, the slope coefficient ( measures the strength of the relationship between contemporaneous price changes and trading volume; if this coefficient is significant then this is an indication of a significant relationship between trading volume and price changes.

2.1 Granger Causality

In addition to the simple regression tests of equation (1), we also investigate whether there exists a causal relationship between price changes and trading volume, using the concept of Granger causality (1969). A stationary variable, {xt}, is said to Granger cause another stationary variable, {yt}, if the present values of {yt} can be predicted more accurately by using past values of {xt} than by not doing so, considering also other relevant information including past values of {yt}. If both {xt} and {yt} Granger cause each other then there is a two-way feedback relationship between the two variables. Causality tests between price changes and trading volume, assuming that both variables are stationary, are performed using the following Vector Autoregressive (VAR) model 
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Where, p is the order of the VAR model, which can be determined using the Schwarz (1978) Bayesian Information Criterion (SBIC). In terms of this model, trading volume Granger causes price changes if the coefficients (1,i for i=1,2,..p in the first equation are jointly significant, i.e. the null hypothesis of 
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 for i=1,2,..p is rejected. Similarly, price changes Granger cause volume if the null hypothesis of 
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2.2 The Volume-Volatility model

The relationship between price volatility and trading volume is investigated using the family of GARCH models. These types of models have been used extensively in the literature to explore the price volatility and volume relationship in financial markets (see e.g. Lamoureux and Lastrapes, 1990, Najand and Yung, 1991, Foster, 1995, and Chen et al, 2001, among others). In this study we use Nelson’s (1991) Exponential GARCH model, which allows for shocks with different size and sign to have asymmetric impact on the conditional volatility, with the inclusion of the lagged volume as an exogenous parameter in the equation of the conditional variance, in what is termed an EGARCH-X model. Therefore, the following model is used 
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where ht is the conditional variance and 
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. In the above EGARCH-X framework, the coefficient of lagged trading volume in the conditional variance equation, c, measures the impact of trading volume on the conditional volatility of ship prices.

The EGARCH-X specification is preferred in this study for a number of reasons. First, in the EGARCH model, the innovations are allowed to have an asymmetric impact on future volatility depending on their sign and magnitude, as reflected by the coefficients of g1,t-1 and g2,t-1 terms. For instance, if the coefficient of 
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, b2, is negative, then negative shocks will increase the ex-ante variance proportionately more than positive shocks. Similarly, if the coefficient of 
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, b3, is positive then large shocks will have a relatively larger impact on the ex-ante variance compared to smaller shocks. This feature of EGARCH models is particularly important in our case since preliminary evidence with our data indicates that the response of volatility to shocks is asymmetric and is affected by the magnitude and sign of the shock, thus providing evidence that an EGARCH specification is appropriate. Second, the EGARCH specification also relaxes the non-negativity restrictions on the conditional variance parameters, required by standard GARCH models for the variance to be positive at all times.

Estimation of parameter values is achieved by maximising the conditional normal log-likelihood function. The standard errors of the estimated coefficients are computed using the Quasi Maximum Likelihood Estimation (QMLE) procedure of Bollerslev and Wooldridge (1992). This yields standard errors which are robust to departures from the maintained assumption of conditional normality.

3  Description and Properties of the Data

Our dataset consists of monthly second-hand prices for 5-year old dry bulk carriers in three different size vessels, namely Capesize, Panamax and Handysize, for the period August 1991 to June 2002 
. All prices are quoted in million dollars and represent the average value of vessels sold in each category in any particular month. The number of sale & purchase transactions each month in each size class is also collected for the same period; this reflects the level of trading activity (volume) in the market. In addition we also use a general second-hand price index, reflecting the average price of 5-year old second-hand vessels across different size classes 
. All data are obtained from Clarksons Research. 

Figures 1 to 4 plot the second-hand prices for the three dry bulk vessel sizes and the aggregate dry bulk market index over the sample period along with the corresponding monthly trading volume. It can be seen that second-hand prices vary by vessel size and show different stochastic behaviour over time.

Summary statistics for monthly price changes in each size class are presented in panel A of Table 1 
. It can be seen that mean returns, as measured by the average of monthly changes in log prices, are all negative and seem to be larger, in absolute terms, for larger vessels (-0.0013 for handysize, -0.0028 for panamax and –0.0036 for capesize vessels). However, none of the average price changes is significant at conventional levels. There also seems to be a positive relationship between standard deviation of returns and vessel size; that is, prices for larger vessels show higher volatility than smaller ones, a fact that is documented by Kavussanos (1997) and Kavussanos and Alizadeh (2002). Furthermore, the coefficient of skewness indicates that all the series are negatively skewed at the 10% significant level, with the exception of panamax vessels, while the coefficients of kurtosis reveal that all series show excess kurtosis. As a consequence, Jarque-Bera (1980) tests indicate significant departures from normality for all the price series. Finally, with the exception of capesize returns, the Ljung-Box Q statistic (Ljung and Box, 1978) on the first 12 lags of the sample autocorrelation function is significant at the 10% level indicating that serial correlation is present in the return series.

Turning next to the descriptive statistics of monthly second-hand sales volume, which are presented in panel B of Table 1, it is observed that the average number of monthly sale & purchase transactions over the sample period in the dry bulk sector is 25.9 vessels. The average number of transactions in each sub-sector varies from 2.4 for capesize vessels to 12.1 for handysize vessel. This is expected as the number of handysize bulk carriers providing shipping services around the world is about 10 times more than that of capesize vessels. Comparing the mean volume across the sub-sectors we can note that as the vessel size increases the volume decreases. This means that the market for larger vessels is less liquid compared to the market for smaller vessel. Furthermore, the frequency distribution of volume figures exhibits both positive skewness and no significant kurtosis. Finally, Philips-Perron (1988) unit root tests for price levels, price returns and trading volume for different vessel sizes are also presented in Table 1.  These results indicate that price returns and trading volume are stationary series across all size categories.

4  Estimation Results

Having discussed the stochastic properties of ship prices and trading volume, we examine next the relationship between contemporaneous price changes and trading volume using equation (1). The results are presented in Table 2, Panels A and B. We can note that the slope coefficients in the regressions are positive and significant in each market, with the exception of the capesize market, which indicates the existence of a significant positive contemporaneous relationship between price changes and trading volume. Estimated correlation coefficients between price changes and trading volume in each sub-sector are also reported in Table 2, Panel C. The results indicate that there is positive and significant temporal relationship between returns and volume in the market for panamax vessels as well as in the general price index for bulk carriers. In the case of handysize and capesize vessels, this relationship is found to be insignificant.  Furthermore, the correlation coefficient between absolute price changes and trading volume is found to be insignificant in all cases. In general, the results indicate that there exists a positive relationship between contemporaneous returns and sales volume in the market for dry bulk vessels, which is consistent with the literature for financial markets (see for instance, Karpoff, 1987, Bessembinder and Seguin, 1993 and Chen et al , 2001) 
. 

Further insight into the causal interactions between price changes and trading volume can be gained by performing Granger causality tests. Since both variables are found to be stationary, the VAR model of equation (2) is estimated for each sub-sector to investigate the causality and lead-lag relationship between the two variables. Estimation results for the models are reported in Table 3. The lag length, p, in the VAR model is chosen on the basis of SBIC (Schwarz, 1978). Residual diagnostics indicate that there is no serial correlation or ARCH effects in the estimated models. Results from Granger causality tests, also reported in the same table, indicate that volume does not Granger cause price changes in any market. On the hand, price changes Granger cause trading volume in the market for handysize and panamax vessels as well as in the aggregate dry bulk price index.

These findings imply that although there is a positive contemporaneous correlation between volume and returns, trading volume does not contain significant predictive power for future returns in the presence of current and past returns. Such a finding is consistent with Clark's (1973) MDH which implies no causality from trading volume to returns. On the other hand, past returns seem to explain current volume levels for the handysize, panamax and general price index and, as evidenced by the coefficients of the lagged returns in the equation for volume, (2,i  , i=1,2 an increase in returns will lead to an increase in trading activity. In other words, higher capital gains, encourage transactions thus leading to an increase in trading volume in the market for second-hand ships. This pattern in the direction of causality between price returns and trading volume is also consistent with recent evidence reported in the literature for financial markets; see for instance, Silvapulle and Choi (1999), Chen et al. (2001) and Lee and Rui (2002).

Turning next to the volatility-volume relationship we estimate the EGARCH-X model of equation (3) for each market, using the lagged value of trading volume as an explanatory variable in the conditional variance. Results from the models are presented in Table 4. The standard errors of the estimated coefficients are computed using the QMLE procedure of Bollerslev and Wooldridge (1992) which yields standard errors which are robust to departures from the normality. Diagnostic tests, including size and sign bias tests of Engle and Ng (1993), indicate that these models are well specified. Likelihood Ratio tests, comparing the EGARCH-X specification against a restricted model with a constant variance, indicate that EGARCH-X models are superior to the restricted models in explaining the behaviour of the price series.

Several observations merit attention. First, the coefficients measuring the asymmetric impact of shocks on price volatility, i.e. b2 and b3, are significant across all models confirming the appropriateness of the EGARCH-X specification in modelling price volatilities in the market for second-hand vessels. The coefficient of the lagged standardised error term, b2, is negative and significant in most cases; this implies that negative forecast errors (shocks) in the system have relatively greater impact on the conditional variance of ship prices than positive shocks, a result which is consistent with findings reported in the financial markets literature (see for example Cheung and Ng, 1992 and Koutmos, 1998). The exception to that is the handysize market where the coefficient of the lagged error term is positive which suggests that in this market negative shocks to the system have a relatively lower impact on the conditional variance, compared to positive shocks. Turning next to the coefficients measuring size asymmetries in the conditional variance, b3, we can note that these are negative and significant across all models including the general price index. This result is surprising as it implies that larger (i.e. above average) shocks have proportionately smaller impact on the conditional volatility compared to smaller shocks and may be due to thin trading in these markets.

The coefficients of lagged volume in the variance equation, c, are all negative and significant indicating that as trading activity in second-hand ships increases there is a decline in the volatility of ship prices. This result seems to be in contrast to what is reported in the literature on the relationship between volume and volatility in financial markets; for instance studies such Grammatikos and Saunders (1986), Najand and Yung (1991) and Foster (1995) report a positive relationship between volume and volatility in the market 
.

The negative relationship between volume and volatility in the market is consistent with the theoretical model of Tauchen and Pitts (1983) which is a more general model, compared to those of Clark (1973), Epps and Epps (1976) and Copeland (1976). More specifically, in this model, the variance of price change and the trading volume depend upon the following three factors: i) the average daily rate at which new information flows to the market; ii) the extent to which traders disagree when they respond to new information, and iii) the number of active traders in the market. The model predicts that in markets with thin trading, as the number of traders increases, then the variance of price change decreases which implies a negative relationship between trading volume and volatility. On the other hand for highly liquid or mature markets, where the number of traders is large, the relationship between trading volume and volatility of price change should be positive. In other words, Tauchen and Pitts (1983) suggest a modified version of the MDH that is consistent with the existence of both a positive and a negative relationship between trading volume and volatility, based upon the number of traders in the market.

Markets with thin trading are normally associated with higher volatility, compared to more liquid markets, due to infrequent trading which causes prices to deviate substantially from fundamentals. Therefore, since the market for second-hand ships is characterised by thin trading, one would expect to see a negative relationship between the volatility of price change and trading volume, since increases in trading activity reduce mispricing and market volatility, as argued by Tauchen and Pitts (1983). More specifically, increases in trading activity, probably due to speculative trades or asset-play, ensure that ship prices do not depart substantially from economic fundamentals; this in turn leads to more efficient pricing and reduces the volatility. 

Additionally, in the sale & purchase market, transactions are concluded through specialist brokers, based on private and confidential negotiations between the interested parties. Due to the absence of an official price reporting mechanism, one of the primary functions of a sale & purchase broker, is to collate, compile and process information from market sources regarding transactions that have taken place in the market; this information is then passed on to potential traders (buyers or sellers). As trading volume in the market increases, one would expect more information to be available in the market which in turn improves market transparency and reduces uncertainty and market volatility.  

5  Summary and Conclusions

In this paper we examine the price-volume and volume-volatility relationships in the market for second-hand dry bulk vessels. A variety of econometric techniques are employed to investigate both the temporal and lead-lag relationships between price changes and level of trading activity, for three different vessel classes as well as a general dry bulk price index. In addition, the volume-volatility relationship is examined using asymmetric conditional heteroscedasticity models. 

Our results indicate the existence of a significant positive relationship between contemporaneous price change and activity in the sale and purchase market for dry bulk vessels, which is consistent with the literature for financial markets. Causality tests between the two variables indicate that price changes Granger cause trading volume in the market for handysize and panamax vessels as well as in the aggregate dry bulk price index. For those markets such a pattern implies that higher returns (in other words higher capital gains) encourage more transactions thus leading to an increase in trading volume. However, there is no evidence of causality from volume to price changes. Results from the asymmetric conditional volatility models indicate the asymmetric response ship price volatility to shocks in the market. In addition, it is found that there is negative relationship between trading volume and price volatility. Although this result seems to be in contrast to what is reported in the literature, it can be explained by the unique characteristics this market possesses, including thin trading and the way information is disseminated in the market.

Therefore, although the level of trading activity does not convey information about future price movements, it nevertheless contains information about volatility of the market; more specifically, the higher the volume the lower the volatility. Our findings also suggest that more can be learned about the sale & purchase market for ships through studying the joint dynamics of ship prices and trading volume, than by focusing only on the univariate dynamics of ship prices. This is also supported by the fact that our results are consistent across the markets for different size vessels.
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Figure 1:  Price level and sales volume of second-hand handysize dry bulk carriers
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Figure 2: Price level and sales volume of second-hand panamax dry bulk carriers
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Figure 3: Price level and sales volume of second-hand capesize dry bulk carriers
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Figure 4: Price level and sales volume of aggregate second-hand dry bulk carriers
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Table 1: Summary statistics of changes in logarithm of ship prices and level of sale and purchase volume

Panel A: Descriptive statistic of change in dry bulk ship prices


Handysize
Panamax
Capesize
Bulk Index

Mean
-0.0013   [0.680]
-0.0028    [0.389]
-0.0036    [0.277]
-0.0026   [0.272]



Std Deviation
0.0348


0.0366


0.0374


0.0265



Skewness
-0.609   [0.005]


-0.181   [0.404]


-0.429   [0.048]


-0.568   [0.009]



Kurtosis
3.203    [0.000]


1.532   [0.001]


7.971   [0.000]


2.188   [0.000]



Normality
63.61   [0.000]


13.42   [0.001]


348.2   [0.000]


32.94   [0.000]



Autocorrelation
26.70   [0.009]


29.34    [0.004]


   6.784    [0.871]


42.83    [0.000]



Unit root test





Levels
-1.373
-1.916
-1.947
-1.111

1st differences
-9.513
-8.943
-11.68
-9.073



Panel B: Descriptive statistic of dry bulk ship sales volume


Handysize
Panamax
Capesize
Bulk  Market

Mean
12.05   
5.374
2.345
25.580



Std Deviation
5.67


3.480


1.903


10.317



Skewness
0.362    [0.095]


0.773    [0.000]


2.341   [0.000]


0.396   [0.068]



Kurtosis
-0.057    [0.896]


0.111    [0.800]


11.48   [0.000]


-0.369   [0.401]



Normality
2.878   [0.237]


13.12    [0.001]


723.2   [0.000]


4.163   [0.124]



Autocorrelation
41.97    [0.000]


66.11    [0.000]


11.57   [0.481]


56.97    [0.000]



Unit root test





Levels
-8.972
-7.946
-10.961
-4.831

1st differences
-
-
-
-

· Figures in [.] are exact probability values.

· Normality is the Jarque and Bera (1980) test for normality distributed as (2(2).

· Autocorrelation is the Ljung-Box (1978) Q statistics on the first 12 lags of the sample autocorrelation function of the series, distributed as (2(12). The 5% critical value for this test is 21.03.
· Unit root test is the Philips and Perron (1988) nonparametric test with a truncation lag of 4. The 1%, 5% and 10% critical values are  -3.45, -2.88 and –2.57, respectively. 

Table 2: Contemporaneous relationship between price change and trading volume for different size dry bulk carriers
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Panel A: Regression of monthly price changes on trading volume


Handysize
Panamax
Capesize
Bulk  Market

(
-0.0138

(0.0071)

[0.0579]


-0.0209

(0.0057)

[0.0003]
-0.0025

(0.0059)

[0.6640]
-0.0248

(0.0059)

[0.0001]

(
0.0010

(0.0005)

[0.0591]


0.0033

(0.0009)

[0.0002]


-0.0003

(0.0019)

[0.8769]


0.0009

(0.0002)

[0.0001]
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Panel B: Regression of monthly trading volume on price changes


Handysize
Panamax
Capesize
Bulk  Market

(
12.077

(0.4966)

[0.0000]


5.490

(0.2937)

[0.0000]


2.328

(0.1814)

[0.0000]


25.960

(0.8682)

[0.0000]



(
27.197

(14.282)

[0.0591]


30.297

(8.0138)

[0.0002]


-0.7248

(4.6648)

[0.8769]


131.48

(32.639)

[0.0001]



Panel C: Temporal correlation between price change and trading volume
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 and Volume
0.167

[0.173]


0.313

[0.009]
-0.011

[0.933]
0.334

[0.005]


[image: image17.wmf]P
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 and Volume
-0.083

[0.505]


0.014

[0.911]
-0.070

[0.601]
-0.108

[0.387]

· Figures in (.) and [.] are standard errors and exact probability values, respectively.
Table 3: Estimates of the VAR model for lead-lag relationship between dry bulk price changes and sales volume
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Intercept
-0.0097
8.867 ***

-0.0097
3.299***

-0.0033
   1.960***

-0.0092
16.801***


(0.009)
(1.391)

(0.007)
(0.641)

(0.005)
(0.247)

(0.008)
(2.797)














(i,1  i=1,2
0.1601 *
30.394 **

0.1869**
4.6677

0.0190
-0.2079

0.1712 *
62.988 *


(0.090)
(13.71)

(0.093)
(8.128)

(0.088)
(4.553)

(0.091)
(31.948)














(i 2  i=1,2
0.0817
31.109 **

0.0032
21.355***




0.1818 *
94.801***


(0.092)
(14.06)

(0.094)
(8.142)




(0.093)
(32.623)














( i,1  i=1,2
-5.92e-05
0.1412 *

0.0017*
0.2389***

-0.0002
0.0306

6.08e-05
0.2024 **


(0.001)
(0.088)

(0.001)
(0.089)

(0.002)
(0.088)

(0.003)
(0.088)














(i,2  i=1,2
0.0008
0.1258

-0.0003
0.1708**




0.0002
0.15681*


(0.001)
(0.086)

(0.001)
(0.088)




(0.0003)
(0.086)














R-bar Square
0.058
0.164

0.075
0.228

Na
Na

0.109
0.281

Q(12)
14.156

[0.166]
10.359

[0.410]

13.369

[0.203]
12.74

[0.238]

6.847

[0.868]
11.912

[0.453]

13.49

[0.197]
13.39

[0.202]

Q2(12)
4.588

[0.970]
10.480

[0.574]

6.022

[0.915]
7.493

[0.823]

3.799

[0.986]
1.257

[0.999]

3.960

[0.984]
3.480

[0.991]

Granger Causality test
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11.915

[0.003]


8.232

[0.016]


0.002

[0.963]


14.81

[0.000]

Volt  Causes 
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2.028

[0.363]


2.908

[0.234]


0.011

[0.916]


1.198

[0.549]


· Figures in (.) and [.] are standard errors and exact probability values, respectively. *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively.
· The lag length, p, is chosen on the basis of the SBIC (Schwarz, 1978). Models are estimated by non-linear GMM. The standard errors are corrected for heteroscedasticity using the Newey-West (1987) method.  

· Granger Causality tests are Wald statistics distributed as (2 (r), where r is the number of the restricted parameters. This is equal to the number of lags, p, included in the model.

· Q(12) and Q2(12) are the Ljung-Box (1978) Q statistics on the first 12 lags of the sample autocorrelation function of standardised residuals and the squared standardised residuals, distributed as (2(12). The 5% critical value for this test is 21.03.

Table 4: Estimates of GARCH model of price volatility and volume relationship for the dry bulk market
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Handysize

Panamax

Capesize

Bulk index

(0

-0.0017

(0.002)

[0.405]



0.0001

(0.0001)

[0.912]

-0.0004

(0.001)

[0.688]

0.0001

(0.001)

[0.995]

(1

-0.0856

(0.002)

[0.405]



0.2383

(0.054)

[0.000]

-0.0088

(0.014)

[0.527]

0.1567

(0.073)

[0.031]

a0

-2.1456

(0.251)

[0.000]



-0.9187

(0.293)

[0.002]



-2.8384

(0.725)

[0.000]



-2.4316

(0.077)

[0.0000]



b1

0.5239

(0.049)

[0.000]



0.8405

(0.112)

[0.004]



0.5888

(0.0963)

[0.000]

0.5856

(0.011)

[0.000]



b2

0.4918

(0.093)

[0.000]



-0.3179

(0.112)

[0.004]



-1.5041

(0.6454)

[0.020]



-0.1438

(0.086)

[0.094]



b3

-0.5866

(0.121)

[0.000]

-0.6267

(0.219)

[0.004]



-0.7055

(0.285)

[0.013]



-0.4602

(0.162)

[0.004]



c

-0.1052

(0.012)

[0.000]

-0.0556

(0.027)

[0.039]

-0.1300

(0.024)

[0.000]

-0.0278

(0.006)

[0.000]

LL 

384.40

378.95

390.26

415.25

SBIC

-5.476

-5.391

-5.567

-5.958

LR test

33.374    [0.000]

32.595    [0.000]

67.987   [0.000]

22.050  [0.000]

 Q (12)

17.263    [0.140]

14.789    [0.253]

12.855   [0.380]

20.889  [0.052]

 Q2  (12)

10.197    [0.598]

  5.539    [0.937]

  4.326   [0.976]

  5.157  [0.953]

Sign and size bias test

Sign Bias

-0.471    [0.638]

-1.007   [0.316]

-1.820    [0.071]

-1.802    [0.074]

-ve Size Bias

 0.027    [0.978]

-0.283   [0.778]

 1.451    [0.149]

 0.741    [0.459]

+ve Size Bias

 1.123    [0.263]

 0.134   [0.894]

 1.584    [0.116]

 0.439    [0.661]

Joint test

 0.491    [0.689]

 0.852   [0.468]

 1.527    [0.211]

 1.532    [0.209]

· Figures in (.) and [.] are standard errors and p-values, respectively.
· LL and SBIC represent the log-likelihood and the Schwartz (1978) information criterion, respectively.
· LR test is the likelihood ratio test comparing the EGARCH-X specification to the restricted model with constant variance. This test has a (2(4) distribution with a 5% critical value of 9.488.

· Q(12) and Q2(12) are the Ljung-Box (1978) Q statistics on the first 12 lags of the sample autocorrelation function of standardised residuals and the squared standardised residuals, distributed as (2(12) with 5% critical value of 21.03.

· The test statistic for the Engle and Ng (1993b) tests is the t-ratio of b in the regressions; 
[image: image30.wmf]u

t

2

= a + b
[image: image31.wmf]S

t

-

1

-

+ e​t  (sign bias test); 
[image: image32.wmf]u

t

2

= a + b
[image: image33.wmf]S

t

-

1

-

(t-1 + e​t  (negative size bias test); 
[image: image34.wmf]u

t

2

= a + b
[image: image35.wmf]S

t

-

1

+

(t-1 + e​t  (positive size bias test) where 
[image: image36.wmf]u

t

2

are the squared standardised residuals, (2t/ht, 
[image: image37.wmf]S

t

-

1

-

is a dummy variable taking the value of one when (t-1 is negative and zero otherwise, and 
[image: image38.wmf]S

t

-

1

+

= 1 - 
[image: image39.wmf]S

t

-

1

-

. The joint test is based on the regression 
[image: image40.wmf]u

t

2

= a + b1
[image: image41.wmf]S

t

-

1

-

 + b2
[image: image42.wmf]S

t

-

1

-

(t-1 + b3
[image: image43.wmf]S

t

-

1

+

(t-1 + et . The joint test H​0: b1 = b2 = b3 = 0, is an F test with 95% critical value of 2.60.

[image: image44.jpg]INTERNATIONAL
ASSOCIATION OF MARITIME
ECONOMISTS




This paper is part of the

IAME Panama 2002 Conference Proceedings

[image: image45.jpg]



The paper has been anonymously peer reviewed and accepted for presentation by the
IAME Panama 2002 International Steering Committee

The conference was held on 

13 – 15 November 2002 

in Panama

The complete conference proceedings are published in electronic format under 

http://www.eclac.cl/Transporte/perfil/iame_papers/papers.asp

For further information contact jhoffmann_eclac@yahoo.com




� EMBED Equation.3  ���





� EMBED Equation.3  ���        and      � EMBED Equation.3  ���








�EMBED Equation.3���








� See section � REF _Ref17177926 \r \h ��2 �of the paper for a detailed discussion of the SIF and MDH as well as other theories on price-volume relationship.





� When the normal distribution is used as the density function of the error term then � EMBED Equation.3  ���.


� These three classes of vessels are used in the transportation of different dry bulk commodities across different parts of the world. Capesize vessels (with a cargo carrying capacity of 150,000 dead-weight tons (dwt)) transport iron ore mainly from South America and Australia and coal from North America, Australia and South Africa. Panamax vessels (73,000 dwt) are used primarily to carry grain from North America, Argentina and Australia, and coal from North America, Australia and South Africa. Finally, handysize vessels (30,000 dwt) transport grain, mainly from North America, Argentina and Australia, and minor bulk products - such as sugar, fertilisers, steel and scrap, forest products, non-ferrous metals and salt - virtually from all over the world.


� Second-hand ship prices are based on the estimates obtained from the sale & purchase brokers of H. Clarksons & Co shipbrokers. Prices are collected for the three main vessel types and relate to market sales where these have taken place and to brokers' best estimates when no sale has occurred. Prices are for standard ships in average condition, built at good Far Eastern or European shipyards but with no account taken for survey status or condition which could affect their values. Sale and Purchase volume data are constructed in a similar fashion based on the sale & purchase transactions that are known to have taken place in the market. The aggregate dry-bulk index is calculated by H. Clarksons & Co. by averaging the prices of the 5-year-old ships across the different sizes. The base value of the index is 100 at the beginning of 2000.


� Monthly price changes are constructed as the difference in the logarithms of ship prices between successive months. Monthly price changes are preferred over total returns (i.e. returns including profit from vessel operations) as they are more relevant for investigating the issue of ship price formation. Following the suggestion of an anonymous referee, we also estimate total returns, based on 6-month time-charter rates. These return series are found to be almost perfectly correlated with price changes - the correlation coefficients are above 99% in all the cases. Consequently, their use yields results which are qualitatively the same to those based on price changes.


� An anonymous referee suggested that the positive relationship between price changes and trading volume may be due to the fact that the sale and purchase of merchant vessels is a lengthy process; normally it takes 1-2 months from the time of initial negotiations till the final completion, due to vessel inspection and other formalities. This means that the buyer has essentially an option to withdraw his offer should prices in the market fall sharply. Such action taken by buyers, may result in a drop in trading volume in the market which suggests a positive relationship between price changes and trading volume.


� As pointed out by an anonymous referee, because the measure of volume used in this study is an aggregate measure for vessels of all ages within the same size category - not necessarily reflecting sale and purchase transactions for 5-year old vessels - the results may be sensitive to the age of the vessel. In order to investigate this issue, we perform the same analysis using prices of 10-year old vessels and the same volume figure as before, over the sample period January 1993 to June 2002. The results - which are not reported here and are available from the authors - are qualitatively the same to the ones reported in the paper for 5-year old vessels, indicating that our results are not sensitive to differences in the age of the vessels.
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