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Abstract
As shipping market players operate in a competitive and volatile business environment, their 
highly capital-intensive investment decisions to target value-generating projects are exposed 
to critical risks. Therefore, the paper investigates the efficiency of investment strategies 
based on the combination of technical trading rules and fundamental analysis in selling and 
purchasing ships in the container shipping market. Using historical datasets of second-hand 
vessel prices and time-charter rates from October 1996 to June 2021, long-run cointegrat-
ing implications and short-run causality spillover effects are examined for three groups of 
containerships, distinguished by their transportation capacity, viz. 725 TEUs, 1700 TEUs, 
and 3500 TEUs. In addition, the moving average trading rules are used to indicate the tim-
ing of investment or divestment decisions through the analysis period. The results for vessel 
prices and earnings for 3500 TEU containerships appeared to be more volatile compared to 
smaller ships (725 TEUs and 1700 TEUs), while time-charter earnings are seen to exert an 
impact on second-hand prices across all vessel types. Moreover, due to higher volatility, the 
trading strategies based on price-earning ratios significantly outperform the buy-and-hold 
strategies for the 3500 TEU and the 1700 TEU containerships. On the contrary, the decision 
to buy-and-hold smaller container ships (725 TEU) yields higher profits than the active sale 
and purchase strategy. The insights provided in this paper can be used by multiple stakehold-
ers, such as liner operators, investors, lessors, and researchers.

Keywords Second-hand containership prices · Time-charter earnings · Stationary 
bootstrap · Investment strategies · Buy-and-hold strategies · Trading strategies

1 Introduction

As shipping market players operate in a competitive and volatile business envi-
ronment, their highly capital-intensive investment decisions to target value-gener-
ating projects are exposed to critical risks. Moreover, new regulations imposed by 
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the IMO towards the decarbonization, and the green energy transition, insert even 
more restrictions to the maritime investments and the owner’s operational deci-
sions. Investment and trading strategies in the second-hand containership market 
have critical implications for shipping players due to market complexities, intense 
volatility dynamics, and multi-faceted risk exposures in the shipping industry. 
Several studies investigated the impact of key drivers on investment decisions 
and company profitability, by attempting to model a diverse set of critical factors, 
including new buildings, deliveries, order books, and scrapping rates (Strandenes, 
1984; Tsolakis et al. 2003).

Volatile freight rates and their spillover effects have also been an important 
topic for maritime investors as part of their investment decisions, and much 
research has provided insightful findings in this area. Drobetz et  al. (2012) 
examined the time-varying volatility in the dry bulk and the tanker market. By 
conducting appropriate tests in their model, these authors conclude with three 
main findings: firstly, the t-distribution was a more suitable measurement than 
the normal distribution. Secondly, macroeconomic factors should be included in 
the conditional variance rather than the conditional mean; and thirdly, there was 
a high asymmetric effect in the Tanker market, but that was not so evident for the 
bulk carries. In addition, Chen et al. (2010) investigate the interrelationships in 
the daily returns and volatilities between the Panamax and the Capesize vessel 
prices, and by using cointegration tests and the ECM-GARCH model, they iden-
tify the price relationship and the volatility spillover effects. The authors found 
dynamic changes across the different trading roots and times for both markets.

In the second-hand markets, several studies (Kavussanos, 1997; Merikas et al., 2008) 
have been focused on the pricing modeling and the econometric analysis for different 
vessel types and sizes. Alizadeh and Nomikos (2007) develop an empirical techni-
cal analysis framework, employing the second-hand bulk shipping market’s price-to-
earnings (p/e) ratio to identify potential strategic investment opportunities. Following 
the cointegration relationship framework, the authors used the cointegration dynamics 
between (log) ship prices and (log) earnings, indicating potential long-run relationships 
between these series. They suggested that under efficient market conditions, the two 
spread series should be statistically equal and could be incorporated to shape strategic 
investment decisions. In the liner shipping market, empirical research has focused on 
pricing models, freight revenue drivers, and the differentiation between business seg-
ments. Moreover, much emphasis has been given to the development of vessel sizes, 
excess capacity, and cost reduction through the economies of scale (Lim 1998; Cul-
linane and Khanna 2000; Sys et  al. 2008). Other parameters, such as the strategic 
actions based on the environmental aspects and regulations, have also been a part of the 
research topics. For example, Rau and Spinler (2016) developed a real option model for 
the oligopolistic container industry, taking into account the endogenous price function, 
the fuel-efficient investment, the timing and the second-hand prices, and they assessed 
the way those parameters can influence the optimal capacity in the industry.

The company’s revenues and the profitable strategies based on the freight 
rates have also been examined as part of the decision-making. Luo et al. (2009) 
applied a dynamic economic model in the container shipping industry to analyze 
the fluctuation of the freight rate between the demand for container transportation 
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services and the capacity of the container fleet. They conclude that the demand is 
derived from the global trade, and the fleet capacity was mainly increased from 
the orders in the profitable market conditions.

Despite the extent of literature on the investors’ decision-making and their opera-
tional strategies, the topic of exploiting potentially profitable opportunities arising 
from vessel trading in the sales and purchase (second-hand) ship market has not ade-
quately been researched. In addition, much attention has concerned the big container 
vessels rather than smaller ship types. Examining these issues precisely indicates the 
novelty of the present research.

Therefore, the paper examines the performance of negotiation strategies based on 
technical trading rules and fundamental analysis in the second-hand container shipping 
market, giving attention to the small and medium-sized container vessels. More specifi-
cally, the paper uses the historical data of second-hand vessel prices and time-charter 
rates from October 1996 to June 2021 for three container vessel sizes (725 TEU, 1700 
TEU, and 3500 TEU). Following a similar approach to Alizadeh and Nomikos (2007), 
the present study tests the existence of a long-run cointegrating relationship and short-
run causality between prices and earnings. This relationship is used as an indicator of 
investment or divestment timing decisions, utilizing the moving average trading rules. 
Finally, the snooping data technic is also applied to re-evaluate the factual series results.

The paper is structured as follows. In Sect.  2, the paper contains a literature 
review of the sales and purchase shipping market and provides an overview of the 
containership market and the fleet development for the analysis period. Section 3 
represents the empirical results for the descriptive statistics and the cointegration 
tests for three different container vessels by their size (725 TEU, 1700 TEU, and 
3500 TEU) traded on the second-hand shipping market. It also presents the mov-
ing average trading rules for those ships, while a bootstrap re-sampling technique 
is applied to re-evaluate the results from the original series. In Sect. 4, the paper 
provides a discussion, and it concludes.

2  Literature review

The maritime technology progress and the aged ships’ costs create different ques-
tions in investment decisions, especially for trading or scraping. In the trading mar-
kets, an owner sells a vessel, and another company buys it when he/she believes it 
can achieve profits. The scrapping market comes as the only buyer for aged ships 
between (s)20 and 30 years, where there is no other owner to buy them. Maritime 
cycles reinforce the whole process by driving the freight rates and the market senti-
ment upwards (when new ships are ordered) and downwards (when old ships are 
scrapped) (Stopford 2009).

2.1  The sales and purchase market

The sales and purchase market is one of the markets distinguished by Stopford 
(2009). It is a market where the participants are commonly shippers, shipowners, 
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and investors who also trade in the other shipping market sectors. When a shipowner 
wants to sell a ship, he/she comes into the market with a ship for sale. On the other 
hand, a buyer wants to purchase a ship when it is suitable for the trades served or 
when (s)he is a new investor who wants to enter the market. The sales and purchase 
market is characterized as a market with high price volatility, where investors can 
achieve profits from the good timing of selling and purchasing activity known as 
“asset play.” In this market, the vessels’ prices are negotiated between the buyer and 
the seller, while the timing and the market conditions are the primary keys that influ-
ence the trading effectiveness. For example, when the ship is sold at the bottom of 
the shipping cycle, it is a great bargain from the buyer’s side (Stopford 2009).

The sale and purchase market has a tenuous role. On the one hand, it is a mar-
ket that involves a transaction between a shipowner and an investor, who is usually 
another shipping company, and for this reason, this transaction does not affect the 
cash held in the industry. On the other hand, in the newbuilding market, cash flows 
out of the shipping market, as shipyards use them to pay for materials, profits, and 
labor. The shipping market cycle is driven by those cash flows. At the beginning of 
the cycle, freight rate rises, and the cash starts to insert into the market, allowing 
the owners to pay higher prices for second-hand ships. The cash flows allow the 
new investors to order new ships as their prices look more profitable. When the new 
ships are inserted into the market, the whole process goes in reverse as the freight 
rates press the cash inflows as investors pay for the new ships. In order to meet their 
obligations, weaker owners are forced to sell their ships in the second-hand market, 
creating the “asset play” in the market for the more prominent owners. One of the 
purposes of the maritime shipping cycle is to let out the inefficient companies and 
allow more efficient companies to enter the market (Stopford 2009).

Figure 1 compares the vessel’s sales activity for the tanker, the bulk carrier, and 
the container shipping industry from 1996 to 2021. It can be observed that different 
economic market conditions influence the vessel’s sales volume. For example, dur-
ing the financial boom period 2002–2008, there was the highest activity in the sale 
volume of tankers and dry bulk ships, mainly caused by China’s economic develop-
ment, which drove the freight rates to significant levels. However, the main reason 
for the high sales activity differed between the two segments.

For the tanker sector, 2002–2004 was a period when after the “ERIKA” (1999) 
and “PRESTIGE” (2002) spill incidents, the IMO approved the “IMO Regulation 
13G” (UNCTAD 2004). The main guidelines of Regulation 13G were the phase-
out of single tankers by 2010, the prohibition of heavy grade oil (HGO) transporta-
tion by single-hull tankers, and the contentment of the condition assessment scheme 
(CAS) for single hull tankers over the 15 years. New regulations compared to high 
freight rates for the tanker industry resulted in new building orders and high demoli-
tion till 2004. In the second-hand market, the main interest was the sales for con-
version purposes into dry bulk, FPOs, and heavy-lift vessels (Clarksons Research 
2004).

In the dry bulk industry, as the world economy continued growing mainly due to 
Asian production and the burst of oil imports in China, the freight rates and inter-
est rates remained at high levels, despite the recession in 2005 due to the impact of 
hurricanes on the US Gulf (Clarksons research 2008). During 2007, both the new 
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building and second-hand sale markets have been highly active, with the freight 
rates being the main driver in all sectors and shipowners’ earnings being over the 
long-term average. Moreover, in 2006, after an unexpected improvement in the 
demand for raw materials, mainly caused by Azerbaijan (its GDP was increased by 
26%) and combined with the Olympic games conducted in China in 2008, shipown-
ers were focused on second-hand dry bulk vessels, mainly due to extended delivery 
times for new buildings, and the high-order book for the containership and tanker 
vessels in previous years (UNCTAD 2008).

For the containership industry, the most imminent second-hand vessel sales were 
performed in 2020–2021 due to the supply chain disruption caused by COVID-19. 
The limitation in the availability of the container tonnage due to scrubber retro-
fitting, combined with the supply chain disruption (port congestions, the reduced 
level of services and reliability) from COVID-19, had a significant impact on the 
container trade volumes. By mid-April 2020, the SCFI had dropped by 19%, while 
from the start of 2020 till mid-June, the charter rates declined by 34% (Clarksons 
Research 2021). Through July and August 2020, there was a fast improvement in 
demand for box trade, and as a result, by September 2020, the freight rates returned 
to the same level as March of the same year. At the start of September, the SCFI 
index was 24% higher than at the start year, driven by record gains in Transpacific 
spot freight. One supportive factor in the container industry was the low bunker 
prices (50% decline), with liner company financial position in the second quarter 
to be the best quarterly margins since 2010. In 2021, as the world economy con-
tinues to grow (world GDP began to rebound in the second half of 2020, and it had 
returned to above pre-COVID levels by the second quarter of 2021), the container-
ship market surged to record levels for both charter and freight market driven by 
rapid growth due to the trade volumes and the port congestions. In their efforts to 
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maximize deployed capacity and a lack of ships available to charter, container-
shipping owners considered the second-hand market very attractive. The number of 
containership sales up to 144% annually, driven by strong market conditions, with 
buyer demand firm (particularly from boxship operators amid a shortage of contain-
ership tonnage on the charter market). The impact was the high asset prices, with the 
containership secondhand price index being almost 125% above the end-2020 level, 
at the highest level in a decade, reflecting the demand for smaller container ships 
between 5 and 15 years old (Clarksons Research 2021).

As was indicated by the examples above, the second-hand prices and the sale vol-
umes are impacted by freight rate level, age of the ship, inflation projections, and 
shipowners’ future expectations (Stopford 2009). First, it is important to mention that 
despite the maritime sector’s size and nature, the freight rates are the primary influ-
ence on the prices and the order book. For example, as it was shown in Fig. 1 above, 
although the tanker and the dry bulk sector, which are characterized by perfect com-
petition, illustrate higher sale movements compared to the container shipping market, 
which is considered an oligopoly market (Sys and Vanelslander 2021), the sale vol-
umes were influenced mainly by the freight rates and the market conditions. As the 
freight rates are growing, there is a demand for new capacity in the market, which is 
affected by other factors such as the shipyard’s capacity, the remaining uncompleted 
orders in other segments, and the availability of the existing capacity in the market. 
Secondly, the ship’s age is another critical factor due to the depreciation in the vessel’s 
value during its life. Thirdly, in the long term, ship prices are affected by inflation, 
while fourthly, operators future expectations influence second-hand prices, and they 
have an essential role, as they are the acceleration in the intensive market changes.

2.2  An overview of the container shipping market

Most general cargo is transported by containerized liner companies that provide fast, 
frequent, and reliable services. Containerization was successful in the time reduc-
tion, and it changed the way that liner companies operated for five reasons: First, 
because it inserts the “door-to-door” services and the logistics operations; second, 
the business combined into fewer companies, and as a result, the sector became the 
most concentrated in the shipping activity; third, new port terminals with fewer staff 
and ships were created; fourth, the core of the business services was through trans-
port, and finally, the tramp ships with containerizable cargo disappeared.

One of the most critical decisions for a liner company is whether to charter or 
purchase a ship. At the beginning of 1990, most of the fleet was owned by the liner 
companies, which gradually was taken over by different operators, who managed to 
own almost half the fleet by 2007 (Stopford 2009). Regarding the fleet of ships in 
the liner services, there are six different types of ships: the containerships, which are 
the most modern vessels in this sector, the multi-purpose vessels, the tweendeckers, 
the general cargo liners, the ROs-Ros, and finally, there are the barge carrier ships.

Figure 2 shows the container fleet development, distinguished by the number of 
different container vessel sizes and their transportation capacity, through the period 
1993–2022. In terms of vessel number, it can be noticed that feeder containerships 
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remain the largest player in the market. Their number was grown from 1380 feeder 
ships in 1993, to 3306 container vessels in 2022, with a total capacity of 4240 thou-
sand TEU. The number of intermediate container vessels was also grown (from 
138 containerships in 1993, their number reached 1066 container vessels in 2022), 
remaining the second largest container segment in the market, with a total capac-
ity of 4739 thousand TEU (2022). It should be mentioned that, after the economic 
boom (2004–2008), bigger container vessels were inserted into the market and Neo-
Panamax vessels of 8000–12,000 TEU presented the major capacity in the whole 
container fleet. In 2022, there were 623 Neo-Panamax containerships with 5780 
thousand TEU total capacity. Finally, a high transportation capacity is provided by 
Neo-Panamax (+ 12,000 TEUs) containerships, and Post-Panamax container ves-
sels, despite their small number in the market. However, as there is not a second-
hand market for the biggest container vessels, this research focuses on the feeder and 
the intermediate container ship sizes.

Figure 3 shows the percentage for each container vessel in the global market in 
2021. As it can be noticed, the feeder containerships between 100 and 1999 TEU 
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represented 56% of the total container fleet, followed by the intermediated contain-
erships of 3000–5999 TEU, with 20% participation in the sector. Finally, the rest 
24% of the fleet are containers with a capacity of more than 6000 TEUs.

Given the scope of the paper, Figs.  4 and 5 present in more detail the 
fleet development of the feeder and intermediate containerships. As can be 
observed in Fig. 4, from 1996 till 2008, there was a fast development in the 
feeder containership market, having 3280 vessels operating in 2009. How-
ever, from 2009 to 2017, there was a 10% reduction in the fleet, as many 
vessels were sold for scrapping. More specifically, the number of demolished 
containerships in those years was 934, driving the fleet to fall to 2932 ships 
in 2017. From 2018, the fleet tended to recover, and in the middle of 2021, 
the market had in operation 3036 feeder containerships. Finally, the average 
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number of ships treaded in the second-hand market during the fleet reduction 
was 57 each year, while in 2018 and 2020, the number of the sold vessels was 
88 and 100, respectively.

Intermediate containerships (Fig.  5) presented more smooth and more gradual 
development, reaching 1238 vessels in 2015 (309 new vessels were delivered in 
2007–2010). However, from 2013, the old vessels started to be demolished, reduc-
ing the fleet, ending at 1066 intermediate containerships in 2021. Regarding the sale 
number, 88 ships were sold in 2017 and 106 in 2021, reaching the highest volumes 
in the whole period of this study.

3  Second‑hand container shipping market

Given the purpose of the paper, three different ship types traded on the second-
hand market are first evaluated. Next, the relationship between their prices and 
their revenues, as an indicator of the company’s profitability, is estimated. The 
container ship sizes were selected based on ship’s contribution to the world mar-
ket, as stated in Sect. 2. This also allows examining any differences in the alter-
native ship sizes.

3.1  Data description

For this study, monthly prices for 5-year-old ships are collected for three differ-
ent container vessels (725 TEU, 1,700 TEU, and 3,500 TEU) from Clarkson’s 
Shipping Intelligence Network from October 1996 to June 2021. All prices are 
indicated in a million dollars and represent the average value of vessels traded 
in each category in any specific month (Table  1). Moreover, in the shipping 
sector, operating profits can be defined as time-charter rates (Alizadeh and 
Nomikos 2007).

For the study, time-charter rates are used as a deputy for earnings for two 
reasons. First, because time-charter rates represent the net earnings from 

Table 1  Data description for the case study

Container shipping market

Period October 1996 to June 2021

Vessels prices Containership 725 TEU 
5 yr old second-hand 
prices

-$Million

Containership 1700 
TEU 5 yr old second-
hand prices -$million

Containership 3500 TEU 5 yr 
old second-hand prices -$mil-
lion

Time-charter 
earnings

Feeder containership 725 
TEU 6–12 month time 
charter rate -$/day

Feeder container-
ship 1700 TEU 
6–12 month time 
charter rate -$/day

Narrow beam containership 
3,500 TEU 6–12 month time 
charter rate -$/day
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chartering activities of the vessel and do not include voyage costs. Second, 
since time-charter rates are hired contracts for several consecutive periods, they 
are considered to contain information about the future earnings of the vessel 
during these periods (Kavussanos and Alizadeh 2002). As a result, it is pro-
posed that earnings from time-charter rates may explain price changes better 
than current spot rates. Monthly time-charter rates for (725 TEU, 1700 TEU, 
and 3500 TEU) vessels were also obtained from Clarkson’s Shipping Intelli-
gence Network for the same period.

Figure  6 presents the time-charter earnings and the second-hand prices for 
the 725 TEU containerships from October 1996 to June 2021. The graph cat-
egorizes two main periods: from 1996, there is an upturn in the market, with a 
high pick for the time-charter rates in 2005, and, thereafter, is a market down-
turn until 2020. From 2021, the market tends to recover again. It can be noticed 
that, while the time-charter earnings are moving together with the second-hand 
prices during the period of this study, under different market conditions, they 
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tend to fluctuate. For example, in the recovering years between 2002–2005 
and 2012–2015, the spread between the prices and the earnings keen to nar-
row, while on the other hand, in the market’s downturns, for example, the years 
1996–2004, 2005–2008, and 2015–2019, this spread keen to wide, which indi-
cates the relationship between those series. Moreover, it can be observed that 
from 2004 to 2008, second-hand prices gained the highest values for the whole 
study period.

Figure 7 describes the time-charter earnings and the second-hand prices for 
the 1700 TEU container vessel for the period 1996–2021. Similarly, with the 
graph of the 725 TEU container vessels, two main periods can be distinguished. 
From 1996, there was a recovery in the market, with the time-charter earnings 
reaching their peak in 2005, while from that year till 2020, there was market 
downturn. Moreover, both the prices and earnings present higher values, and 
they also fluctuate more than the 725 TEU containerships, while in the recov-
ering years, the spread between those series, keen to narrow, and on the other 
hand, in the market’s downturns, this spread keen to wide, which also indicates 
the relationship between those series. In 2020, the market tended to recover, 
with the earnings adapting faster than the prices, representing the high volatil-
ity in this market.

In parallel, Fig. 8 shows the second-hand prices and the time-charter earnings for 
the 3500 TEU containerships. As it is indicated in the graph, under different mar-
ket conditions, the series presents similar volatility and fluctuation as those of 1700 
TEU container vessels. However, in 2021, the market’s upturn affects the time-char-
ter rates even more, indicating that, as the vessel size is increased, higher volatility 
exists in the market.

In all three markets, 2005–2008 were the most productive period regarding 
the revenues. The second-hand prices also gained their highest values, indi-
cating the eminent demand from the buyer’s perspective. The high rates can 
be interpreted by the fact that in 2001, China entered the WTO and had been 
developing its economy by creating serious infrastructures, and therefore, enor-
mous quantities of goods were transported by the shipping service. Between 
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Fig. 8  3500 TEU containership, time-charter earnings, and second-hand prices. Source: own compilation 
based on Clarkson Research NV (2021)
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2002 and 2007, China’s steel production grew from 144 million tons a year 
to 468 million tons, adding capacity equivalent to that of Europe, Japan, and 
South Korea. Combined with the growth of oil imports and exports in 2003, 
this created a limited number of vessels. Tanker, container, and bulk carrier 
rates were driven to new highs, and despite some volatility, they stayed at these 
high levels for the following 4 years (Stopford 2009). Finally, due to disruption 
in the supply chain in the all markets caused by the COVID-19, in 2021, there 
was a spike in prices and the earnings for all three second-hand container ves-
sel sizes.

3.2  Statistical analysis

The first step in the descriptive statistical analysis is evaluating and compar-
ing the mean, median, and standard deviation of second-hand prices and opera-
tional earnings for the three vessel sizes. The results in Table  2 indicate that 
the mean levels of prices and the standard deviation for the 1700 TEU and 
3500 TEU are higher than the containership of 725 TEU. That means prices for 
larger vessels fluctuate more than prices for smaller ships. Jarque and Bera Test 
(1980) describe the normality test and is distributed in 2nd-order as x2(2). Tests 
indicate significant departures from normality for time-charter earnings and 
second-hand prices in all vessels. Moreover, the autocorrelation test, proposed 
by Ljung and Box (1978), is performed using the Q statistics for 12th-order 
autocorrelations. Results from the test indicate that serial correlation is present 
in all price and profit series. Finally, ARCH test, which is the Engle (1982) test, 
for 2nd-order (2 lags) ARCH effect indicates the existence of autoregressive 
conditional heteroscedasticity in all series.

Table 3 describes the statistical analysis for logarithmic prices and logarith-
mic time charters for all types of vessels. Furthermore, Jarque and Bera Test 
(1980) indicate significant departures from normality for logarithmic time-
charter earnings and second-hand prices in all vessels. The Ljung and Box 
(1978) Q statistics for 12th-order autocorrelations are all significant, indicating 
that serial correlation is present in all price and profit series. Finally, ARCH 
tests for 2nd-order (2 lags) ARCH effect indicate the existence of autoregres-
sive conditional heteroscedasticity in all series.

Augmented Dickey–Fuller tests (ADF) for the unit root test (Dickey and 
Fuller 1979) are performed on the log-levels and log-differences of second-
hand prices and time-charter rates for the three container ship sizes. Results 
from these tests indicate that log-levels of all price and earnings series are non-
stationary (Table  4) for all the level degrees (1%, 5%, and 10%) compared to 
the t-statistic result.

On the contrary, the stationarity test is achieved in the first differences of loga-
rithmic series for second-hand prices and the time-charter earnings for all the ves-
sels, where the absolute t-statistic values are higher than the values for 1%, 5%, 
and 10% significance. This result also indicates that the variables are integrated of 
order one (Table 5).
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3.3  Cointegration and causality

According to the econometric cointegration theory, two time series xt and yt are 
cointegrated if there is a parameter α such as:

with α to be a stationary process.
In other words, it can be considered that Yt (y1t,…,ynt) indicates an (n × 1) vector 

of I(1) time series. Yt is cointegrated if there is an (n × 1) vectors β = (β1,….βn) such 
as:

It is assumed that time series in Yt are cointegrated if there is a linear combination 
that is stationary in I(0). According to the economic theory, this linear combination 
is referred as a long-run equilibrium relationship, and the time series I(1) will be 
restored from any deviation from this equilibrium (Campbell and Perron, 1991).

In order to test the cointegration relationship for the time series of second-hand 
prices and time-charter earnings in the Dry Bulk shipping market, Alizadeh and 
Nomikos (2007) proposed the Johansen’s (1988) reduced rank cointegration tech-
nique by estimating the vector correction model (VECM) as follows:

The above vector Eqs.  (3) were used as a cointegration relationship between 
the logarithmic earnings and logarithmic prices, and they were set up as a trad-
ing strategy, with the constant term in the error correction term θ0, to represent 
the long-run average term on the P/E ratio and the long-run equilibrium in the 
market. In their model, when the P/E ratio was greater than the long-run average 
term, ship prices were overvalued relative to the earnings or alternative, the earn-
ings were lower than the vessel prices. Therefore, when the P/E ratio was lower 
than the long-run average, it could be considered that the vessels were underval-
ued regarding the potential profits, and as a result, in the following time period, 
the prices would be increased in order to restore the equilibrium in the market.

Finally, according to the Granger Representation Theorem, Granger (1969), if 
there is a cointegration between two time series, then at least one variable should 
Granger-cause the other. Alizadeh and Nomikos (2007) support that as ship prices 
are determined through the discounted present value of expected earnings, then 
the earnings should Granger-cause ship prices. Therefore, it can be considered 
that the (p/e) ratio contains information on future changes in ship prices, which 
can be used as an indicator for investment strategies.

Having identified that the time-charter earnings and the second-hand vessels 
prices, for the three containership sizes, are stationary in order one, or equivalent, 
in their first logarithmic differences, cointegration techniques are used next, to 
examine the existence of short-run and long-run relationship between these series.

(1)ut = yt − �xt

(2)�
�

Yt = 0Yt = �1y1t + ⋅ ⋅ ⋅ + �nynt ∼ I(0)

(3)
Δpt =

∑q

�=1
αΔpt−1 +

∑q

�=1
bΔ�t−1 + �1

�

pt−1 − ���−1 − �0
�

+ �1,t
Δπt =

∑q

�=1
cΔpt−1 +

∑q

�=1
dΔ�t−1 + �2

�

pt−1 − ���−1 − �0
�

+ �2,t
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The first step is to choose the number of lags in the vector error correction 
model (VECM). The lag length in the VECM model is chosen on the basis of the 
indications of the following criteria:

(1) Schwarz Bayesian Information Criterion (SBIC)
(2) FPE: Final prediction error
(3) AIC: Akaike information criterion
(4) HQ: Hannan-Quinn information criterion

Second, the Søren Johansen (1988) reduced rank cointegration method is used 
to establish the cointegration relationship between ship prices and earnings, using 
the Trace and Max-Eigen t-statistics for the tests. Thirdly, having identified the 
existence of the cointegration relationship between the second-hand prices and 
the time-charter earnings for the three vessel sizes, the VECM is performed, in 
order to test the causality between the prices and the earnings.

More specifically, the lag length for the container ships of 725 TEU was 
selected by AIC and FPE criteria, by 4 lags (q = 4), for container ships 1700 TEU, 
lags were 2 (q = 2) selected by all criteria, and finally, for container ship 3500 
TEU, the selected lags were 2 (eq = 2) selected by AIC and FPE criteria.

Johansen (1988) reduced rank cointegration method is then used to establish the 
cointegration relationship between ship prices and earnings. This method involves 
assessing the rank of the long-run coefficients matrix, C, through the Max-Eigen and 
trace statistics, Johansen (1991). This method involves assessing the rank of the long-
run coefficients matrix, C, through the Max-Eigen and trace statistics. The rank of 
C in turn determines the number of cointegrating relationships; for instance, if rank 
(C) = 1, then there is a single cointegrating vector describing the long-run equilibrium 
relationship between the variables. In this case, C can be factored as C = c H, where c 
and H are 2 × 1 vectors. Using this factor, the H represents the vector of cointegrating 
parameters, and c is the vector of error correction coefficients measuring the speed of 
convergence to the long-run steady state. The cointegration tests were performed with 
the assumption of no deterministic trend and with restricted constant.

Table 6 describes the results of the test. The Max-Eigen and trace statistics indi-
cate the existence of one cointegrating vector between ship prices and time-charter 
for all vessels (acceptance of null hypothesis {at most one cointegration} with prob-
ability higher than 5% and reject the hypothesis of non-cointegration respectively). 
This means that log-prices and log time-charter earnings are united through a unique 
long-run relationship. In this sense, any deviation from this equilibrium is reinstated 
through the short-term adaption of these variables. In the same table, estimated coin-
tegration vectors are also represented for the three ship sizes (1-θ1-θ0). These unre-
stricted cointegrating vectors are then used in the estimation of the VECM model.

In the cointegration vector model, residual diagnostics indicate that autocorrelation and 
heteroscedasticity are present in the residuals of all the regressions. Consequently, Newey 
and West (1987), correction for serial correlation and heteroscedasticity is applied to the 
standard errors of the regressions. Examination of the vector of error correction coefficients 
(Table 7) provides information for the equilibrium process for the three types of vessels.
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For example, considering the 725 TEU container ships, the cointegrating vec-
tor is significant in both equations (Coint-Eqi = 1,2). More specifically, consider the 
results for the D(LOGCP), which indicates the logarithmic first deferent for second-
hand prices, and the D(LOGTC), which is the logarithmic first deferent for second-
hand prices. T-statistics are (− 0.008645) for the D(LOGCP) and (0.009687) for the 
D(LOGTC), indicating significance for 5% probability. Moreover, the signs of the 
speed of adjustment coefficient are compatible with the junction of TC earnings and 
ship prices to their long-run relationship (negative for ship prices and positive for TC 
earnings). For example, in response to a positive deviation from their long-run relation-
ship at period t-1, i.e. pt-1-θ1pt-1-θο > 0, ship earnings in the next period will increase, 
and ship prices will decrease, resulting in the equilibrium achievement in the market.

The same statistical results are achieved by the other two containership sizes. 
In both markets, the cointegrating vector is significant in both equations (Coint-
Eqi = 1,2), and the signs of the speed of adjustment coefficients are compatible with 
the junction of TC earnings and ship prices, to their long-run relationship. Finally, 
R-squared values indicate the significance in the VECM models, while the coeffi-
cients for the time-charter (D(LOGTC)) present better fits, and therefore, they can 
interpret the model more accurately.

Table 8 presents the statistical analysis for the causality test between the prices and 
the earnings for the three vessel sizes. The test which was performed was the Wald 
test. According to the Granger (1986) representation theorem, if two-time series are 
cointegrated, then causality must exist in at least one direction. In theory, it is expected 
that earnings to Granger-cause ship prices. Imposing the appropriate restrictions on 
the VECM model, the results for these variables were examined. The test is conducted 
for the long-run and short-run relationships between the prices and earnings. It can be 
considered that there is a long-run causality from earnings to prices (DCT −  > DCP/
prob. < 0.05 or 5%) for all the vessels, and there is causality from prices to earnings 

Table 7  Result of VECM for three size container vessels

Container 725 TEU Container 1700 TEU Container 3500 TEU

D(LOGCP) D(LOGCP) D(LOGTC) D(LOGCP) D(LOGTC) D(LOGCP) D(LOGTC)

Coint-Eqi=1,2 –0.0086 0.0097 –0.0151 0.0203 –0.0202 0.0212
–0.0050 –0.0031 –0.0077 –0.0089 –0.0071 –0.0088

Speed of adjust-
ment

[–1.72003] [3.17175] [–1.96646] [2.27111] [–2.83871] [2.41511]

D(LOGCP(-1)) 0.0942 0.1268 0.0315 0.0609 0.0130 0.1916
–0.0610 –0.0371 –0.0651 –0.0757 –0.0604 –0.0744

Speed of adjust-
ment

[1.54386] [3.42155] [0.48371] [0.80411] [0.21502] [2.57583]

D(LOGTC(-1)) 0.1956 0.2384 0.1733 0.5363 0.1298 0.4723
–0.0969 –0.0589 –0.0545 –0.0633 –0.0490 –0.0603

Speed of adjust-
ment

[2.01911] [4.05095] [3.17875] [8.46603] [2.65089] [7.82916]

R-squared 0.192943 0.357671 0.211101 0.375635 0.225414 0.327932
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(DCP −  > DCT/prob. < 0.05 or 5%) for the bigger vessels. Finally, there is a short-run 
causality from earnings to prices (DCT −  > DCP) for all the vessels.

3.4  Trading rules and profitability

In order to set up trading strategies based on MA, two simple moving aver-
age–based rules were applied to exemplify the importance of the price-earnings 
relationship in determining ship prices, and therefore, market timing in the sale and 
purchase market for container ships. The strategy is based on two moving averages, 
one fast such as MA-1, and two slower ones, MA-6 and MA-12, illustrating the 
monthly average returns. The difference between the two constructed MA series is 
then used as an indicator for buy and sell timing decisions in the market.

A positive difference between the slow and the fast MA series signals a sell 
decision, while a negative difference signals a buy decision. For example, in con-
tainer market for vessels 725 TEU (Fig.  9), from Οctober to 1996 till October 
1999, the slower moving averages (MA-12, MA-6) were higher than the faster 

Table 8  Statistical analysis for the causality test between second-hand prices and time-charter earnings

Container 725 TEU Container 1700 TEU Container 3500 TEU

Short run 
causality

Value df Prob-
ability

Value df Prob-
ability

Value df Prob-
ability

DCP->DTC 30.895 4 0 147.052 2 0.4794 87.572 2 0.0125
DCT->DCP 16.793 4 0.0021 225.427 2 0 21.785 2 0
long run 

causality
Coefficient t-Statis-

tic
Prob. Coefficient t-Statis-

tic
Prob. Coefficient t-Statis-

tic
Prob.

DCP->DTC –0.0086 –1.720 0.086 –0.0151 –1.966 0.0497 –0.0317 –2.415 0.016
DTC->DCP –0.0334 –-3.172 0.0016 –0.0300 –2.271 0.0235 –0.0202 –2.839 0.0047
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Fig. 9  Plot of moving average MA-12, MA-6 and moving average MA-1 of historical log-price–earnings 
ratio in 725 TEU second-hand container market.  Source: own compilation based on Clarkson Research 
NV (2021)
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one (MA-1), illustrating a sell timing decision, as well as in the years 2008–2010 
and 2011–2013. On the contrary, in the years June 2003 till October 2005, the 
faster moving average was higher than the slower ones, indicating a buy decision.

Figures 10 and 11 show the moving average strategies for the 1700 TEU and 
3500 TEU container vessels. The method and results follow the same tactics as 
the 725 TEU containers in Fig.  9. An interesting examination of the results is 
the similar patterns for the moving averages followed by all the container ship 
markets in the years under different economic conditions. For example, in the 
years of the economic crisis in 2008–2010, and the years 2011–2013 in all mar-
kets, the slower moving averages (MA-12, MA-6) were higher than the faster 
one (MA-1), illustrating a sell decision, while in years January 2003 till Decem-
ber 2008 the faster-moving average was higher than the slower ones, showing a 
buy decision.

The economic crisis of 2008 was determined as one of the most intense down-
turns for the shipping sector, especially for the containership market. During 
that time, as the world demand decreased significantly, the freight rates fell at 
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Fig. 10  Plot of moving average MA-12, MA-6 and moving average MA-1 of historical log-price–earn-
ings ratio in 1700 TEU second-hand container market.  Source: own compilation based on Clarkson 
Research NV (2021)
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nearly all times-lows. This impact was more evident during the period of the 
financial boom (2002–2007), the ship owners were driven to expand their fleet 
aggressively. Moreover, as the sector was considered profitable, many companies 
invested in new and bigger vessels. By the time of the vessel’s delivery, the sup-
ply had exceeded the demand, driving the market to overcapacity. Furthermore, in 
2012, the reduction in the demand in Europe obliged the container liner operators 
to stop their contracts, as they could not pay for their chartered ships. Moreo-
ver, many small owners who could not afford their depths were forced out of the 
industry. This also led many banks to bankruptcy. Finally, due to the low cargo 
demand, the reduced freight rates, and the lower vessel speed dropped the time 
charter rates drastically. This decline was faster and more notable, as the exoge-
nous market characteristics, such as the negative expectations from the economic 
perspective, created adverse phycological effects for the market players (Kalgora 
and Christian 2016).

Evaluating the performance of moving average strategies, the average returns 
(mean returns from log-p/e) were calculated for each strategy: MA-1, MA-6, 
and MA-12. Moreover, one alternative way was considered to calculate the 
decision of the buy and hold strategy. For this purpose, it was assumed that the 
ship was bought from its company from the beginning of the research (October 
1996) and was kept during the entire analysis period. It was also adopted that 
the vessel is depreciated and gained a reduction in its value due to wear and 
tear each month. This is estimated as the average decline in the value between 
a 5-year-old and a 10-year-old vessel and is 0.2% per month for 725 TEU con-
tainer vessel, 0.6% and 0.8% for 1700 TEU and 3500 TEU correspondingly. 
Finally, the operating profits are calculated for the entire month, and they are 
estimated on the assumption that the vessel will be on-hire 29 days per month 
or 348 days per year. The remaining 17 days per year represent time off-hire for 
repairs and maintenance.

The projected strategy is structured and performed in an entirely forward-
looking way. In other words, investment decisions at any point in time are 
decided on the basis of information that is available to investors at that specific 
point in time. This way, a more realistic and precise representation is provided 
concerning the performance of the trading strategies.

Table  9 presents the mean returns, the standard deviations of returns, and the 
Sharpe ratios, which scale the mean returns by their standard deviations. It can be 
distinguished that both the (MA-6) and (MA-12) strategies outperform the buy and 

Table 9  Statistical result of trading strategies for different second-hand container vessels sizes

MA-6 MA-12 BUY AND HOLD

725 
TEU

1,700 
TEU

3,500 
TEU

725 
TEU

1,700 
TEU

3,500 
TEU

725 
TEU

1,700 
TEU

3,500 
TEU

MEAN RETURNS 0.187 0.228 0.251 0.187 0.228 0.251 0.202 0.188 0.193
STD 0.030 0.025 0.035 0.032 0.024 0.035 0.013 0.039 0.048
SHARP RATIO 6.189 9.181 7.086 5.866 9.418 7.207 15.014 4.793 4.030
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hold strategy, as indicated by the Sharpe ratios across 1700 TEU and 3500 TEU con-
tainer markets. For instance, when (the MA-12) trading rule is applied, the Sharpe 
ratios for the 1700 TEU and 3500 TEU containers enlarged to 9.4183 and 7.2073, 
respectively, reflecting the joint effect of increase in mean returns and decrease in 
standard deviations of return in each market. It can also be noticed that the gain 
through such investment strategies and trading rules is greater in the markets for 
larger vessels due to higher volatility in these markets and better or more frequent 
trading opportunities arising due to such variation in prices. On the other hand, for 
the 725 TEU second-hand container market, the buy and hold strategy outperforms 
the trading strategies, as can be noticed from the mean returns and the sharp ratios.

The cumulative returns on the ‘‘buy and hold’’ and the (MA-12) trading 
rule investment strategy for the 725 TEU vessel are shown in Fig.  12. It can 
be observed that, while the “buy and hold” strategy outperforms the trading 
strategy, almost the whole period of the analysis, in profitable markets such as 
2004–2008, the trading strategy yield higher profits for the owners due to higher 
earnings compared to the ship prices.

Figure 13 represents the cumulative returns for the 1700 TEU containerships. 
Compared to the 725 TEU container vessels, when the trading rule (MA-1) is 
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Fig. 12  Cumulative returns on buy and hold and MA trading strategy for 725 TEU second-hand con-
tainer ships.  Source: own compilation based on Clarkson Research NV (2021)
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Fig. 13  Cumulative returns on buy and hold and MA trading strategy for 1700 TEU second-hand con-
tainer ships.  Source: own compilation based on Clarkson Research NV (2021)
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used, the significance of cumulative returns increases compared to the “buy 
and hold” strategy. This evidence is clear from 2003, when the economic boom 
affected the containership market, and many owners and investors ordered new 
vessels. Moreover, it can be noticed that, due to higher volatility in the mar-
ket, even during the period of the economic crisis, many investors could yield 
higher profits from the trading strategies than the buy and hold decision.

Between the prices and the earnings, the high volatility is even more per-
ceivable in the containers of 3500 TEUs (Fig.  14). Similar to the 1700 TEUs 
vessels, the trading decisions outperform the buy and hold strategy, and this 
comparison is more evident under the different market conditions, for example, 
in 2003–2008 and 2011–2015. In all three container shipping markets, it can be 
noticed that market booms (for example, 2005–2008) provide valuable opportu-
nities for the “asset play” through the trading strategies, while this observation 
is more evident for the larger vessels due to higher price volatilities.

3.5  Bootstrapping re‑sampling

In the previous section, essential results were gained for the proposal of the trad-
ing strategies. However, a critical issue that supervenes when evaluating tech-
nical trading rules is that of data snooping. According to Sullivan et  al. (1999) 
and White (2000), data snooping occurs when a dataset is used more than once 
for data selection and inference purposes. In other words, using the same set of 
data often to test strategic transactions may increase the likelihood of satisfactory 
results due solely to chance or the use of backward information rather than the 
superior ability of trading strategies.

The most commonly used method in the literature for evaluating the per-
formance of trading strategies and testing for snooping data is the bootstrap, 
which was also suggested by Alizadeh and Nomikos (2007) for the dry bulk 
shipping market. The bootstrap, introduced by Efron (1979), is a re-sam-
pling method that uses the empirical distribution of the statistic of interest 
rather than the theoretical distribution to conduct statistical inference.
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Fig. 14  Cumulative returns on buy and hold and MA trading strategy for 3500 TEU second-hand con-
tainer ships.  Source: own compilation based on Clarkson Research NV (2021)
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The basic idea of bootstrapping is that the inclusion of a population from sam-
ple data can be modeled by re-sampling the sampling data and drawing conclu-
sions about a sample of data that has been re-sampled. More typically, the boot-
strap works by addressing the inclusion of true probability distribution J, given 
the original data, as a function of extracting its empirical distribution, considering 
the sampling data. The accuracy of the conclusions regarding the use of the data 
that has been sampled can be appreciated because, as it is known, if ∪ is a logical 
approach to J, then the quality of the conclusion for J can, in turn, be deduced.

However, the ordinary bootstrap method is only lawful in the case of iid observa-
tions. When ordinary bootstrap techniques are applied to serially dependent observa-
tions, as is the case with ship prices and earnings, the re-sampled series will not retain 
the original dataset’s statistical properties and yield inconsistent results and statistical 
inference. One method to overpass this phenomenon was introduced by Politis and 
Romano (1994). The method presented was the stationary bootstrap. This procedure is 
based on re-sampling blocks of random length, where the length of each block follows 
a geometric distribution, Sullivan et al. (1999). Therefore, to make a statistical estima-
tion of the performance of the strategic trading, the stationary bootstrap technique is 
used to generate random paths that may be followed by ship prices and profits during 
the sampling period while maintaining the distributive properties of the initial series.

More specifically, having the logarithmic prices and time-charter, a random path 
for each sample, and a matrix of (297{number of original samples} *1000 {number 
of bootstraps} were recreated. Then, the moving average techniques were performed 
in each sample, and the means were received, as mentioned in the previous section.

Table 10 presents the mean returns, the standard deviations of returns, and the Sharpe 
ratios, which scale the mean returns by their standard deviations. The results are similar to 
the outcomes of the actual series data in the previews analysis. For instance, when (MA-6) 
trading rule is applied, the Sharpe ratios for containers 1700 TEU and 3500 TEU, increased 
to 9.19665 and 7.098149 respectively, reflecting the joint effect of increase in mean returns 
and decreased in standard deviations of return in these vessels, though for 725 TEU con-
tainers the mean returns are higher when the buy and hold strategy is applied.

The statistical analysis of the bootstrap techniques for each type of vessel, all the 
moving average bootstrapped techniques, and the buy and hold strategy are repre-
sented in Table 11. The empirical confidence intervals are constructed for 95% to 
test whether the p/e-based trading strategies provide significantly higher returns 
than the holding strategy. These are constructed as 2.5% and 97.5% percentiles. 
If the value of t-statistics is not defined between the confidence interval, then the 

Table 10  Result of bootstrap simulation of trading strategies for second-hand container vessels

MA-6 MA-12 BUY AND HOLD

725 
TEU

1,700 
TEU

3,500 
TEU

725 
TEU

1,700 
TEU

3,500 
TEU

725 
TEU

1,700 
TEU

3,500 
TEU

MEAN RETURNS 0.187 0.228 0.251 0.187 0.228 0.251 0.202 0.187 0.193
STD 0.032 0.025 0.035 0.032 0.024 0.035 0.013 0.039 0.048
SHARP RATIO 5.824 9.197 7.098 5.876 9.435 7.220 15.055 4.808 4.043
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simulations on “Moving average” and the “buy and hold” strategies are not signifi-
cant at the 5% level. The results designate that both simulation strategies (MA and 
buy and hold strategy) are significant. Therefore, the results from the previous sec-
tion about the strategic decisions can be accepted.

4  Discussion and conclusions

Investment and trading strategies have significant implications for maritime investors 
due to market complexities and the intense volatility dynamics in the market. Moreover, 
new regulations imposed by the IMO towards the decarbonization and the energy tran-
sition for green operations insert even more restrictions on the maritime investments 
and the owner’s operational decisions. In the maritime sector, empirical research has 
been focused on pricing models and freight revenue drivers, while much emphasis has 
been given on the scale increase in vessel sizes, the excess capacity, and the cost reduc-
tion through the economies of scale. Several studies (Alizadeh and Nomikos 2006, 
2007) examined the profitability in the sales and purchase market for the Tanker and 
the Dry Bulk sector, and it was suggested that there are profitable opportunities for the 
second-hand vessels, through the trading strategies. However, in the containership mar-
ket, research concerning the second-hand vessels is very scarce, while much emphasis 
has been given in the very large containerships, rather than the smaller vessels.

This paper differentiates from the previous literature and provides a novelty insight 
into the container sector for three main reasons. Firstly, it concerns the investment 
processes, where the literature is already very limited. Secondly, compared to other 
research, this paper focuses only on the small second-hand container vessels and their 
profitable opportunities through the “asset play.” As indicated, despite the oligopoly 
characteristics of the container sector, under different market conditions, the second-
hand market is driven mainly by the freight rates, future expectations, and the vessel’s 
age, and it can provide profitable opportunities to the investors. In addition, the main 
reason that only small ships were included in the scope of the analysis is that larger con-
tainer ships were brought onto the market after the economic boom (2005–2008), and 
there is not yet a second-hand market for the very large ships (> 17,000 TEU). Thirdly, 
the period of the analysis in this paper (1996–2021) covers two critical timing periods 
for the maritime sector; the economic boom (2004–2007) and the economic crisis of 
2008–2012. Therefore, this research also contributes to a complete understanding of the 
second-hand containership industry and its development through that period.

In order to evaluate the profitable opportunities in the sales and purchase market for 
second-hand container vessels, this research used a similar methodology developed by 
Alizadeh and Nomikos (2007). More specifically, this paper examined the historical data 
of the second-hand prices and the monthly time charter rates from October 1996 to June 
2021 for the three containerships distinguished by their sizes: 725 TEUs, 1700 TEUs, 
and 3500 TEUs. In addition, using the cointegration technique, the long-run relation-
ship and short-run causality between the second-hand prices and the time-charter earn-
ings were examined. This relationship was used as an indicator for the investment or 
the divestment decisions, applying the moving average technique. Finally, the bootstrap 
resampling test was used in order to re-evaluate the results from the original time series.
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Statistical results point out that second-hand prices for 3500 TEU container vessels fluc-
tuate more than prices for 725 TEU and 1700 TEU containerships. In addition, cointegra-
tion tests indicated the relationship between the time charter earnings and the second-hand 
prices, which can be used as an indicator of the future price movements, and therefore as an 
index for the timing of the investments. The results of the moving average technique, as well 
as the annual cumulative returns, showed that the sale and purchase strategy yields higher 
profits than the buy and holding strategy for the 1700 TEU and the 3500 TEU container 
vessels, reflecting the joint effect of increase in mean returns and decrease in standard devia-
tions of return in each market. It was also noticed that in the market upturns, for example, the 
years 2004–2008, the decision to purchase a vessel was considered more profitable, while 
in the market downturns (2008–2010), the selling decisions could yield higher profits. It 
was indicated that the gain through such investment strategies was greater in the markets for 
larger vessels due to higher volatility, and better or more frequent trading opportunities could 
arise due to such variation in prices. On the other hand, for the 725 TEU second-hand con-
tainer market, the buy and hold strategy outperformed the trading strategy. However, during 
the economic booms, when the market was considered more profitable, trading decisions 
could yield higher profits than the passive buy-and-hold strategy. The bootstrap resampling 
technique indicated similar results for all three container vessel sizes. Generally, it is sug-
gested that the market for smaller vessels is more efficient as there are more ship owners, 
and these vessels are more flexible in their operations. In the same perspective, larger ships 
could be more suitable for asset play, but the timing of the investments is crucial as the gains 
or losses are more eminent in these sectors (Alizadeh and Nomikos, 2007).

What can shipping market operators and investors learn from this empirical analy-
sis? First, they can find profitable opportunities, including sales and purchases of vessel 
operations. As it was suggested in this research, the potential profits from the trading 
strategies in the second-hand container market are highly correlated to the large ves-
sel of 1700 TEU and 3500 TEU due to the higher volatility in those markets. On the 
other hand, for smaller ships such as 725 TEU containerships, the buy and hold deci-
sion outperforms the trading strategy. Therefore, for investors operating with very small 
container vessels, the decision to keep the vessel is considered more profitable. How-
ever, this strategy was not evident during the market upturns, as the trading strategy out-
performed the buy-and-hold decision. Secondly, a critical application in the decision-
making concerns the timing of the investments. As indicated, under different market 
conditions (market booms or market downturns), decision-making has different effects 
(whether an investor has to buy or sell a vessel). This analysis showed that in market 
upturns, investors could achieve profits by purchasing a vessel and selling it when the 
market condition was declined. This observation was more evident for bigger vessels 
(1700 TEUs and 3500 TEUs) due to higher price volatilities.

From the academic perspective, it is indicated that the price to earnings (p/e) ratio 
contains essential information regarding investment timing and trading strategies in 
shipping markets while using the cointegration relationship, a strategy that measures 
the deviation of the p/e ratio from its long-run equilibrium may give signals for sale 
and purchase opportunities. However, as this paper concerns only three container ves-
sel sizes (viz. 725 TEUs, 1700 TEUs, and 3500 TEUs), a future analysis could be 
applied on bigger containerships. Moreover, as time charter rates were used as revenue, 
future research can consider the spot rates. In addition, a similar methodology can be 
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applied to other types of vessels (for example, the Ro-Ro’s or LNG’s), while it can also 
be implemented in other transportation modes, such as railways and the aviation indus-
try. Finally, future research can be focused more extensively on the p/e relationship and 
the way the that those variables can be interpreted. Overall, this research can provide 
valuable information for investors’ profitable opportunities and future strategies.
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