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Abstract: To know the development of shipping economics, it is meaningful to overview shipping economics
systemically from the perspective of markets and the shipping industry chain. To stimulate future research, this
article presents an introduction to the evolution of research models including static models, dynamic models and
networks theory, the characteristics of shipping markets including volatility, seasonal and market cycle, and a
comprehensive review of the development of shipping economics in the past four decades. We review shipping
economics in the following steps: single market’s research is generalized including the freight market, financial
market including FFA market and investment market, shipbuilding market, and secondhand market; two markets’
correlation, information transmission, spillover effects, and other rules in shipping markets are surveyed; the
correlation and risk of multi-markets are also investigated. Then, we summarize relationships of the shipping
industry chain. Finally, we figure out issues in this field that need further study.
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0 Introduction

Since ancient times, shipping has played an impor-
tant role in the international trading. Past years have
witnessed more than 80 percent of the total interna-
tional trade volume via marine transportation. Ship-
ping economics as a vital part of international eco-
nomics has been studied by researchers in the past[1-3].
Shipping economics takes the shipping market as the
research field, and the shipping economic relations and
economic laws as the research objects[4]. Existing re-
views mainly focus on the single shipping markets,
including the freight rates, ship prices, and Forward
Freight Agreement (FFA). To systematically deduce the
research progress of the shipping industry chain as a
whole and its internal relevance, we collate and induce
the evolution of shipping economics research methods
and show shipping economics tests and verify these
mathematical methods.

Academically, shipping markets are marketplaces in
which related entities complete market activities such
as commodity trade, maritime transportation, and in-
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vestment. The freight market is the most crucial part of
shipping markets. It has been put under the spotlight
in the past four decades, due to its unique cyclicality,
volatility, and unpredictability.

The research in shipping markets has experienced
three epochs, including single market, two markets,
and multi-markets, while approaches evolve from static
models to dynamic models, and to the latest networks
theory[5-6]. Shipping markets have many characteristics
which are useful to gain profit such as seasonality, price
volatility, and market cycle[7-8]. Many works focus on
properties of single market in shipping markets, includ-
ing the freight rate forecast[9], risk hedging in the FFA
market[10], strategies of the investment market[11], and
valuation of new and secondhand ships[12]. Since sin-
gle market method cannot analyze relationships among
markets, and only provides limited information of the
whole shipping markets, many studies propose their
insights on the correlation between two markets like
the relationship between oil prices and tanker freight
and the relationship between ship prices and freight
rates[13-15]. Although models for two markets endow
the economists with a better understanding of shipping
markets’ activities, they still over-simplify realistic sce-
narios and are unable to meet industrial requirements.
To this end, the correlation among more markets has
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become a research hotspot these years. Alizadeh and
Nomikos[16] investigated the relationship among the oil
future market, spot market, and tanker freight market.
Alexandridis et al.[17] identified the latent correlation
among the freight market, FFA market, and financial
market. Studying shipping markets as a whole helps
to analyze the inter-correlation of each market and the
coupling relationship of entire shipping markets.

This article has three main contributions. ① We
summarize the evolution of shipping economics models,
from static models to dynamics models, and networks
theory. ② We review the development of the shipping
economics in the past four decades from the perspec-
tive of the shipping industry chain. ③ We propose
a method framework to analyze the relevance of vari-
ous markets in shipping markets based on the theory of
equilibrium price.

1 Overview of the Development of Ship-
ping Economics Models

The theoretical progress in different disciplines such
as econometrics and complex systems has promoted the
development of research on shipping economics. The
developed models in these interdisciplinary provide re-
searchers with the opportunity to study the character-
istics and rules of the larger and more interconnected
shipping markets[18]. We classify and draw the evolu-
tion of shipping economics models in Fig. 1 and their
time distribution in Fig. 2, based on the literature in
the recent forty years. Simultaneously, the develop-
ment of shipping economics tests and verifies modern
mathematics methods and promotes them to become
more scientific and practical.

Early shipping economists usually applied structural
models to study the static properties of shipping mar-
kets. The structural equation (SEQ) model is the work
first introduced in this field, which analyzes shipping
markets’ static structure and freight rate. SEQ is suit-
able for processing the “strictly” stationary stochastic
process, which means that its properties are unaffected
by a change in its time origin. The Beenstock and
Vergottis (BV) model systematically explains the in-
teraction of the freight, secondhand, shipbuilding, and
demolition markets[19]. Consequently, it outperforms
most other structural approaches. Structural models
often provide a good presentation on static optimiza-
tion, whereas shipping markets are dynamic. These ap-
proaches are unable to address the non-stationary time
series and the frequently updated market data, thus
not applicable in some cases. Because freight rates and
ship prices have many dynamic characteristics such as
volatility, seasonality, and cyclicity, their time series are
non-stationary. Static methods such as SEQ and BV
models are not applicable in non-stationary time series.

Dynamic models describe the market evolving

progress which is used to solve non-stationary time se-
ries. Besides, dynamic models are gradually applied
to solve the false regression, short-term time series,
and large lag order. The vector autoregression (VAR)
model, which had been leveraged in economics in the
1980s[20], is the model first addressing dynamic mar-
kets. Nevertheless, the VAR model’s explanatory vari-
ables sometimes face a false regression problem in non-
stationary time series. To address the problem, Engle
and Granger[21] proposed the cointegration theory. The
cointegration system could be represented by the VAR
model and it built a strong connection between the
VAR model and the long-term equilibrium economic
theory[22]. Describing freight dynamics is also difficult
for most traditional econometric models. The autore-
gressive conditional heteroscedasticity (ARCH)[23] han-
dles the short-term freight volatility. However, a large
lag order of the ARCH would increase the difficulty of
calculation. The generalized autoregressive conditional
heteroscedasticity (GARCH) model[24] solves the prob-
lem by introducing a variance expressed by the combi-
nation of the autoregressive moving average (ARMA)
model and the ARCH model. The GARCH family is
now widely applied to the study on the volatility of
the freight market[25], and the correlation between two
markets[26].

Apart from external intervention, the liquidity of
shipping markets may also introduce small-scale volatil-
ity. The wavelet analysis works efficiently on the noisy
data with little cost[27]. It can effectively reduce the
noise in the raw time series[28], and eliminate the im-
pact of random events[29]. In most cases, the diver-
sity of time series in shipping markets brings many
problems, e.g., heterogeneity, noise, non-linearity, and
data fusion. Benveniste et al.[30] introduced the mul-
tiscale system theory to solve these problems, based
on their study on the sequential characteristics of dif-
ferent time series. Nowadays, the multiscale analy-
sis has a wide application in investigating the correla-
tion between tanker freight and oil prices[31], commod-
ity information overflow[32], shipping credit flow data
analysis[33], etc.

Compared with dynamic models, networks theory
can solve multi-scale market issues better. Thus, it
can better deal with the more complex time series
brought by the higher frequency, longer time, and
multi-markets’ correlation. With the revival of arti-
ficial intelligence, artificial neural network (ANN) has
been frequently applied to shipping economics[34], espe-
cially in the freight rate forecast task. When predicting
the Baltic Dry Index (BDI), the ANN model has even
comparable performance with the autoregressive inte-
grated moving average (ARIMA) and GARCH models.
For the freight forecast on different periods, ANN and
traditional economics models have their own merits[35].
The theoretical breakthrough on complex networks
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provides the opportunity to study shipping markets as a
whole. An et al.[36] analyzed the global and local struc-
tures of shipping markets based on complex networks.

Chen et al.[14] had a glance into the dynamic charac-
terization of multi-scale cross-correlation relationships
of shipping markets.
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Fig. 2 Approaches’ time distribution

2 Shipping Markets’ Development and
Market Characteristics

2.1 Single Market
In shipping markets, the most important market is

the freight market in which freight rate is decided.
What’s more, the financial market, shipbuilding mar-
ket, and secondhand market are all important to re-
search the operation of shipping markets. The following
contents in this section review the relevant literature of
single market in shipping markets. And the research
result of shipping markets is shown in Fig. 3.
2.1.1 Freight Market

The freight market is a marketplace where the mar-
itime transport is bought and sold. There are two differ-
ent types of transactions in the freight market. Trans-
port sold at a fixed price is described by the spot rate
while the time charter demonstrates ships hired by the
day.

Many methods can improve the accuracy of freight
forecasts, e.g., ANN, judgmental forecast method, and
Delphi method. Lyridis et al.[9] used neural networks
to analyze the freight rate of very large crude car-
rier (VLCC) from October 1979 to December 2002.

The result shows that the ANN has comparative ad-
vantages to the näıve model. The judgmental fore-
cast method and the combination of ARIMA and VAR
are applied in forecasting freight rates in uncertain
environments[37-38]. More studies, e.g., the combina-
tion of ARIMA and ARCH models[39], and the combi-
nation of wavelet transform and support vector machine
(SVM) model[29,40], creating a fear index that takes the
sentiments of investors and ship owners into account[41],
all proved to improve the accuracy of freight forecasting
to varying degrees. More than that, considering route-
specific, different shipowners and different freight rates
could all improve the accuracy of freight forecasting[42].

2.1.2 Financial Market

(1) The FFA market. FFA is a promise to sell or
buy a commodity (freight service) on the settlement
date which can transfer the risk of freight volatility
to investors in the freight market. Kavussanos and
Nomikos[43] proved that FFA has the function to dis-
cover information and price. As improving the accuracy
of FFA valuation has positive effects on the price dis-
covery and risk hedging, VECM-SURE (seemingly un-
related regressions estimation) model and exponential
mean-reverting model were built to study the volatil-
ity of FFA and its estimation[44-45]. Besides, adding a
second random factor to the FFA valuation model[46],
improving the traditional lognormal representation into
a jump-diffusion model[47], and using the relationship
between the spot rate and FFA[48] all evinced the im-
proved accuracy of the FFA prediction. The uncer-
tainty resulting from FFA volatility brings difficulty
to the risk hedging of the freight market. The uncer-
tainty motivates the study on the volatility of FFA.
The volatility of the FFA curve is relatively large, espe-
cially one year before the expiry date[49]. Later research
figured out that the attributes of shipping companies,
hedging time intervals, and FFA deadlines all have an
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Fig. 3 Single market and research result of different markets

impact on FFA’s ability hedging risks[50-51].
(2) The investment market. Investors need to con-

sider many issues when investing, e.g., what kind of
investment portfolio to use, when to enter the mar-
ket, which ship type to buy in, and how other com-
petitors to invest[52-55]. The timing of transactions has
obvious effects on investment decisions[56]. Further-
more, some studies reveal that the timing of trans-
actions needs to be determined based on the price-
earnings ratio, ship quality[11], freight rate volatil-
ity, company stock value, and relationship between
freight rates and the market environment[57]. Consid-
ering multi-objective and multiple scenarios, evaluat-
ing the freight volatility and timing of transactions is
better than traditional models[58-59]. Moreover, some
studies introduce real option models and market cy-
cles into shipping investment decision-making models
in order to evaluate and determine the optimal time
of entry[57,60]. The rational and irrational behaviors of
investors and shipowners have a significant impact on
the investment market. Investors have herd behavior
in shipping income and the herd has spillover effects
between different shipping sectors[61]. Papapostolou et
al.[62] leveraged shipping sentiment indicators that re-
flect market expectations, ships’ valuation, and the liq-
uidity of shipping markets to construct sentiment in-
dexes. Sentiment affects the return of physical assets,
and sentiment index is an inverse indicator of future
cycle stages.

2.1.3 Shipbuilding Market and Secondhand Market

The shipbuilding market, secondhand market, and
demolition market determine the supply of ship capac-
ity together[63-64]. Ship demand and ship supply jointly
determine the freight rate. Analyzing the influencing
factors of ship demand and supply helps to understand
the mechanism of freight rates.

The shipbuilding market and the secondhand mar-
ket both have a great impact on the supply of tankers.
Research has found that oil prices and secondhand
tanker prices are the main factors that affect the de-
mand for new ships. Concurrently, shelved tonnage
and shipbuilding capacity have a greater impact on
ship supply than shipbuilding costs. The price of a
new ship which fluctuates greatly and has a longer neg-
ative shock has the directly effects on the freight rate
and ship supply[65-66]. The secondhand transaction vol-
ume mainly hurts the volatility of ship prices due to the
small liquidity of the secondhand market, limited trans-
action transparency, ack of ship quotations, and other
factors[67].

Secondhand value of a ship is described by a three-
part non-linear function: deadweight tonnage (DWT),
ship age, and freight market conditions[68]. Consid-
ering the uncertainty of freight rate and using cross-
sectional data of actual trading transactions in the sec-
ondhand market can both improve the accuracy of ship
valuation[12,68].
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2.2 Market Characteristics
The freight market, financial market, shipbuilding

market, and second market all have market charac-
teristics, e.g., price volatility, seasonal, and market
cycles[69-71]. Volatility caused by some uncertain fac-
tors is common in shipping markets. Shipping markets
are seasonal because some commodities are influenced
by season. Also, shipping markets have cyclicity due
to the herding effect and other factors. The determina-
tion of trading timing based on market characteristics
is a research hotspot in nowadays’ academe. Figure
4 shows research results of volatility, seasonality, and
market cycle.
2.2.1 Volatility

In recent years, the volatility of markets has drawn
significant attention. More and more researchers inves-
tigated the latent rules behind the variation. In order
to provide a wide-ranging review of the literature, we
search for “freight volatility”, “shipping volatility”, and
“shipping fluctuation” in the five databases including
Scopus, EBSCO Business Source Elite, Google Scholar,
Emerald Collections, and IEEE. Setting the time from
1980 to 2021, we found 141 documents. For these doc-
uments, we counted their research methods and drew
the research models for shipping volatility, as shown in
Fig. 5. For research of shipping volatility, AR model

clusters are the most used, in which GARCH has been
improved many times. Time series models and struc-
tural equation models are also used very frequently.
What’s more, networks theory has been used gradually
on the study of shipping volatility.

From the retrieved documents, we have selected 25
articles that we think are more closely related to the
theme to illustrate the research methods and their re-
sults. Table 1 shows a part of relevant literature on
volatility. The research of shipping volatility mainly
focuses on the freight market and the FFA market.

In the last two decades, scientists have gone deep into
the study on volatility. The theoretical framework was
used to improve the effectiveness of volatility analysis
which could reduce the error and filter the relevance
of returns[72]. Besides, combining multivariate-fuzzy
integrated logical forecasting method (M-FILF) with
fuzzy time series (FTS) methods[73-74] and applying
multifractal detrended fluctuation analysis (MF-DFA)
technology[75] to freight volatility analysis can both im-
prove the effectiveness.

Some literature has studied the factors which affect
the volatility of freight rates. The ship size, interac-
tion magnitude between the demand and the supply of
shipping capacity, and uncertainty of the shipowner’s
income were found that they all have different impacts
on the volatility of freight rates[76-80]. In addition,
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shipowner’s income, market conditions ...

The contract period and market cycle could
both affect seasonality. And seasonality is random.
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Fig. 4 Market characteristics and their research results
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Table 1 Part of relevant literature on volatility

Literature Method Finding

Ref. [81] ARIMA, VAR The seasonal freight volatility of different ship types varies under divergent
contract periods and market conditions.

Ref. [82] Seasonal ARIMA, VAR For each ship size of dry bulk, the seasonal volatility is inversely correlated
with the contract period.

Ref. [83] Augmented Dickey-Fuller test The shipping rate stays relatively flat compared with other metrics.

Ref. [49] Term structure model The volatility of the FFA curve reaches the peak one year before the expiry
date.

Ref. [76] GARCH Leverage has a positive impact on freight volatility especially when the ship
is large and the market is on a downward trend.

Ref. [79] GARCH The asymmetric characteristics of freight volatility change with different sizes
of ships and market conditions.

Ref. [84] Stochastic differential equation
framework

LPG spot freight can be described by a linear random model.

Ref. [72] Stochastic volatility model A theoretical framework is established for the maximum volatility risk
assessment of dry freight.

Ref. [77] Instantaneous equilibrium
equation

The demand and the supply for transport capacity both influence freight
volatility.

Ref. [85] Mixed system model of dry bulk
market

Spot premium shocks under low uncertainty have higher research value than
the contrary condition.

Ref. [86] Multi-state Markov-switching
regime

Tanker freight is relatively stable than other metrics.

Ref. [73] M-FILF with FTS FTS method outperforms traditional time series methods when addressing
time series.

Ref. [87] Indicators of concentration;
GARCH

Freight volatility would increase during the upward and downward periods of
the market especially during the upward and downward periods.

Ref. [74] Empirical model decomposition
(EMD) method

EMD provides a clear representation of the characteristics of the freight rate
series by reducing residual errors.

Ref. [88] GARCH (multivariate) Freight and ship prices have significant conduction effects while freight
volatility is the most important factor affecting the price fluctuations of
new ships.

Ref. [50] Bivariate Markov regime
switching GARCH model

Three potential causes of FFA’s limited performance when hedging the risk
of oil rankers are: the existence of residual risks; the insufficient connection
between the freight market and the FFA market; the lack of liquidity in
the FFA market.

Ref. [89] Factor model, Kalman-filter
methodology

Models allowing for stochastic seasonality outperform models with
deterministic seasonality.

Ref. [75] MF-DFA, detrended fluctuation
analysis (DFA)

The multifractal of dry bulk freight rate is due to non-linear correlation.

Ref. [25] GARCH-X The accuracy of forecasting the volatility of tanker freight is improved when
considering the impact of oil prices.

Ref. [90] Simultaneous equations Model,
three-stage least squares

Market, cost, and operational factors have a considerable impact on the
supply of fleet capacity.

Ref. [57] Augmented Dickey-Fuller test,
Phillips-Perron test,
Kwiatkowski-Phillips-
Schmidt-Shin (KPSS) test

The stability of freight is checked.

Ref. [51] Cointegration, Portfolio theory,
the wild clustered bootstrap

The attributes of shipping companies, hedging time intervals, and FFA
deadlines all affect FFA’s ability to hedge risks.

Ref. [91] VECM, VAR model Capacity indicators can partially explain the changes in freight rates on a
weekly basis.

Ref. [78] Generalized error distribution There is a positive skewness premium when pricing conditional risk and
conditional skewness, and risk spillover effect.

Ref. [92] AR model Averaging freight rate is a stable process, which is related to the supply and
demand ratio.

freight rates have a positive skewness premium in some
cases[78]. Further research found that the asymmetric
characteristics of freight volatility change with different
sizes of ships and market conditions[79]. Dikos et al.[80]

clarified that a larger ship size results in the higher
volatility by establishing a system dynamics model.

2.2.2 Seasonality
Except for volatility, shipping markets are also sea-

sonal. Seasonal characteristics of the time charter
rates are broadly utilized to predict future spot rates.
Kavussanos and Alizadeh[81] employed ARIMA and
VAR models to analyze the seasonal volatility of dry
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bulk shipping spot and time charter freight rates. The
result shows that seasonal volatility has an inverse cor-
relation with the contract period for each ship size.
Also, Markov switching models were used to study the
seasonality of the tanker freight market[82]. They found
that seasonal rate movements are more pronounced
when the market is recovering, compared with smaller
changes when the market is falling. Models consider-
ing random seasonality outperform those models with
deterministic seasonality[89]. Furthermore, the China
Containerized Freight Index (CCFI) has obvious sea-
sonal characteristics, peak season of which appears in
spring and autumn[93].
2.2.3 Market Cycle

The market cycle is driven by the supply and de-
mand of shipping. Since the market cycle is directly
correlated with profits, the research in this direction
has both theoretical research significance and practical
value.

Since the regularity of shipping markets was
discovered[8], the cycle of shipping markets has at-
tracted much attention. Further study proves that the
bulk freight market follows a typical cycle pattern[94].
With the help of system dynamics, some studies clar-
ify that there are a 20-year volatile capacity adjustment
cycle and a 4-year capacity utilization adjustment cycle
in the freight market[95-96]. Besides, the cycles of the
dry bulk freight, Aframax tanker and container ships
show that there is similar market cycle[96-98].

3 Research Development of Shipping
Industry Chain

3.1 Two Markets
In recent years, researchers have studied the mar-

ket characteristics and market rules of the freight mar-
ket, financial market, shipbuilding market, secondhand
market, demolition market, etc. Further research has
been conducted on the correlation, information trans-
mission, spillover effects, and other rules between two
markets[99-100].
3.1.1 Freight Markets of Different Ship Types

Analyzing the relationship between freight markets
of different ship types helps investors and shipowners
to improve their investment strategies promptly based
on relevant events. As early as 1993, Beenstock and
Vergottis[101] researched the relationship between the
dry bulk market and the tanker market. They believed
that the spillover effect between two markets is obvious.
When one sector is analyzed, the other sector needs to
be analyzed at the same time; otherwise, it is incom-
plete. On this basis, Glen[102] found that the tanker and
bulk carrier markets are co-integrated. But if the com-
mon trend factors are random, the result does not mean
that the market efficiency is low. Hsiao et al.[103] fur-
ther investigated the impact of the financial crisis and
other shocks on the relationship between dry bulk and

container markets. Considering the entire financial cri-
sis and before the financial crisis, the Baltic Dry Index
(BDI) and CCFI have no significant lead-lag relation-
ship. During the financial crisis, the BDI is ahead of
the CCFI. After the financial crisis, the CCFI is ahead
of the BDI.
3.1.2 Freight Market, Shipbuilding Market and Sec-

ondhand Market
It is meaningful to analyze the interaction among the

shipbuilding market, secondhand market, and freight
market because of the decisive influence of shipping
markets on ship capacity. The study on the relationship
between the freight market and the shipbuilding market
shows that shipbuilding activities depend on the freight
market[104]. The freight rate is more sensitive to market
changes than the price of new ships. Another finding[15]

indicated that a strong freight market can promote in-
vestment in new ships. Besides, freight rates have a
positive correlation with the concentration of the ship-
building market and the secondhand market[87]. Dai
et al.[88,105] claimed that Capesize, Panamax, Handy-
max, and Handysize have significant volatility trans-
mission effects among the shipbuilding market, second-
hand market, and freight market. Freight rate volatil-
ity is the most important positive determining factor of
the price volatility for the four new ship types. Price
volatility of secondhand ships is not the decisive factor
for price volatility of any ship type.
3.1.3 Freight Market and Commodities Markets

The impact of oil prices on the tanker freight market
is extremely unquestionable[106-107]. It is hard to figure
out the influence of crude oil price on the tanker freight
market. Studying the relationship between oil prices
and tanker freight rates would improve investment
decision-making. The spillover effects among oil prices,
crude oil futures, crude oil inventories, and freight rates
are obvious. The demand for tankers is a derivative of
oil demand[13]. Oil price shocks are mainly divided into
supply shocks and non-supply shocks. Crude oil sup-
ply shocks have an impact on the tanker market while
the impact of non-supply shocks can be ignored[108].
Sun et al.[31] analyzed the multi-scale correlation be-
tween freight rates and oil prices based on time correla-
tion. The result shows that tanker freight rates and oil
prices exhibit different multi-scale characteristics, espe-
cially a significant correlation in the medium and long
term. Similarly, the volatility mutation is considered
to study the relationship between the crude oil market
and the tanker market. Brent’s volatility has a greater
impact on the tanker market than the WTI market[26].
Zhang[109] further surveyed the time-varying effects of
oil prices and the tanker market. The experiments
demonstrated that high oil prices reduce the correla-
tion in the tanker market.

Compared with oil tankers transporting crude oil,
dry bulk carriers transport more types of commodi-
ties, which also provides researchers with more research
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directions. Kavussanos et al.[110] clarified that there is
a significant spillover effect between the FFA market
and the commodity derivatives market. They also dis-
covered that new information first appeared in the re-
turns and volatility of the commodity futures market,
and then spilled over to the FFA market[111]. Açik and
Baser[112] studied the asymmetric causality from iron
ore price to the freight market with considering the im-
pact of the financial crisis. Via analysis before and after
the crisis and throughout the entire period, the impact
of commodity prices on the freight market before and
after the crisis is different. They further analyzed and
found that the positive and negative shocks in coal and
steel prices are symmetrical causes of the positive and
negative shocks in ISTFIX[113]. Meanwhile, the nega-
tive shocks in wheat prices are causes of positive shocks
in the index, and positive shocks in the commodity are
causes of negative shocks in the index. From the per-
spective of the threshold, Melas and Michail[114] found
that the relationship between the commodity market
and the freight market changes drastically when com-
modity prices drop sharply. And freight rate is affected
more than normal. Michail and Melas[115] firstly classi-
fied the relationships between agricultural products and
the dry bulk freight market. Commodity prices have a
great impact on most types of ships except for rice and
soybeans. There is likely to be a strong substitution ef-
fect between these two products and there is a certain
substitution effect between ship types.
3.1.4 Freight Market and Other Markets

The return and volatility of the stock index have
slow information diffusion, which can explain changes
in freight rates[116]. The temporaneous and bidirec-
tional lead-lag relationships between the freight market
and the stock market are stronger in the dissemination
mechanism while weaker in the normal regime. Com-
pared with the Chinese stock market, the US stock mar-
ket can influence shipping markets more sensitively[117].
Besides, the positive shocks of international geopolitical
risk have a positive impact on freight rates but gradu-
ally weaken. And the positive shocks of economic policy
uncertainty usually harm freight rates[118].
3.2 Multi-Markets

Researchers have carried out much analysis on the
correlations and the risk propagation among multiple
markets, revealing the laws and market characteristics
of the shipping industry chain.
3.2.1 Correlation of Multi-Markets

The shipbuilding market, secondhand market, and
demolition market are interrelated with the freight mar-
ket. Adland et al.[119] firstly analyzed the instantaneous
equilibrium relationship between the real secondhand
ships’ values and the values of secondhand ships im-
plied by the shipbuilding market and the freight mar-
ket. Lun and Quaddus[120] further studied the rela-
tionship among the ship prices, fleet size, freight rate,
and commodity trade volume in shipping markets. The

result shows that the commodity trade volume has a
significant impact on the fleet size, while the fleet size
is also affected by freight rates. Besides, the freight
rate has a great impact on ship prices. What’s more,
Michail and Melas[121] investigated the impact of the
commodity trade volume on the freight market. The
commodity trade volume has a great impact on the dry
bulk freight and the dirty tanker freight while it has
little effect on the clean tanker.

Futures markets respond to information dissemi-
nation faster than the spot market. Alizadeh and
Nomikos[16] analyzed the correlations among oil spot,
oil futures, and tanker freight, indicating that the dif-
ference between crude oil spot price and futures price
reflects the transportation cost which is mainly fuel
price. Nevertheless, there is no correlation between
the tanker freight and the price difference of crude oil
spot and futures. Sun et al.[122] had a further study on
the relationship among crude oil futures, fuel futures,
and FFA. In line with their conclusion, the crude oil
futures market is the main information transmitter of
the other two futures markets. The fuel futures mar-
ket plays a role in buffering, dissemination, and recep-
tion. FFA market is an information recipient and its
response to shocks of crude oil futures varies with mar-
ket conditions. Alexandridis et al.[17] investigated the
relationships among time charter rate, freight futures,
and freight options. In terms of information, freight fu-
tures are ahead of the time charter market while freight
options lag freight futures and time charters.

3.2.2 Risks of Multi-Markets

The risks of shipping industry are decided by capacity
supply and capacity demand. Once the systemic risk of
the shipping industry chain occurs, it will be transmit-
ted to other markets in the industry chain through price
fluctuations. The correlation among different markets
causes the spread of systemic risks to be more rapid.
Zhang and Zeng[45] used complex network methods to
analyze the spread of systemic risks among the ship-
building market, secondhand market, freight market,
and shipping stocks under the influence of the finan-
cial crisis. They found that different markets are more
closely connected during the financial crisis. Adland
and Jia[65] established the contemporaneous equilib-
rium model of the shipbuilding market, secondhand
market, demolition market, and freight market. Ac-
cording to the findings, the lower volatility of new ship
prices is due to the time-varying delivery lag. And
this is positively correlated with the alternative cost
of operating in the freight market. Further, Zhang and
Zeng[45] decomposed the time series of tanker freight
rates in order to study the volatility spillover effects
among the three tanker freight rates. The result shows
that the spillover effects of the original series are not
significant while the spillover effects are obvious among
the components.
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3.3 Relationships Among Shipping Industry
Chain

Based on the theory of equilibrium price[123], capac-
ity demand and capacity supply determine the spot
rates and time charter rates. According to the con-
cepts listed above and the literature investigation, we
summarize the relationships in shipping industry chain,
as shown in Fig. 6, where the thickness of the arrow in-
dicates the relative size of the cash flow. We use the
relationships of shipping markets as the analysis frame-
work to study the rules and characteristics of shipping
markets.

Shipping markets consist of the trade market, freight
market, financial market, shipbuilding market, second-

hand market, and demolition market, where the freight
market usually includes the spot rate market and the
time charter market. FFA is the main component of
financial market. The participants in shipping markets
involve shipowners, shippers, and shipyards. The ship-
per generates demand for capacity after completing the
commodity transaction. Then shippers deliver goods
to carriers and carriers are responsible for transporting
the goods in which carriers can be shipowners or char-
terers. The shipbuilding market, secondhand market,
and demolition market influence each other and deter-
mine the capacity supply together. Besides, investors
determine investment strategies in the financial market
and use FFA to hedge risks.

Shipper

Demand Supply
Freight market

Shipowner

Shipyard

Cash flow

FFA
Financial market

Demolition
market

Building
market

Sale and
purchase market

Trade market

Spot rate
market

Time charter
market

Fig. 6 Relationships in shipping industry chain

4 Conclusion

This article first briefly discusses the background,
composition, and interrelationship of shipping markets.
Then we introduce the evolution of the main mea-
surement models of shipping economics including static
models, dynamic models, and networks theory. Static
models include SEQ models, BV models, etc., which are
applied in single market and two markets. Dynamic
models include VAR, cointegration, GARCH, wavelet
transform, multiscale theory, etc. And dynamic mod-
els are mainly used to solve non-stationary time series,
volatility analysis, freight forecast, and so on. Networks
theory which is applied in multi-markets consists of
ANN, and complex networks. Furthermore, this article
reviews market characteristics and the development of
shipping economics in the past four decades. We sum-
marize the process from the perspective of characteris-
tics of single market and the relationship of two mar-
kets, and the correlation and risk of multi-markets. For
single market, we summarize the gain of freight fore-
cast, function and volatility of FFA, timing of transac-
tion, and effect of the shipbuilding market and the sec-
ondhand market on ships’ demand and supply. For two
markets, we review the correlation, information trans-
mission, and spillover effects between two markets. As
for multi-markets, we conclude the correlation and risk
spread of multi-markets. At last, we deduce and induce
relationships among shipping economics.

For future research, it is meaningful to expand from
the following aspects.

(1) The local characteristics of shipping markets may
be more in-depth. More research can be conducted un-
der the constraints of different market environments or
specific routes and specific ship types in the future. At
the same time, the research can try to combine different
models to study market characteristics in more detail.
Besides, more attention may be paid to study the rela-
tionship between two markets when meeting an outside
impact such as a financial crisis.

(2) The correlation and risk spread of the shipping
markets may need to be analyzed from the entire sys-
tem. It is inaccurate enough to consider only the impact
of single market on freight rates. It is more thoughtful
to study the shipping markets from the perspective of
multi-markets and shipping industry chain. The risk of
single market would spread to the entire shipping mar-
kets, which would grow into a systemic risk. Thus, the
study of market risk may need to consider systemic risks
from the perspective of the industrial chain. Besides,
how the risk spreads in the industry chain when great
shocks occur and how the industrial structure changes
when the risk reaches the threshold would become the
research hotspots.

(3) Complex systems theory, especially the complex
networks theory would become a powerful tool to study
the shipping industry as a whole. If the shipping in-
dustry chain is studied as a whole, the amount of
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calculations is huge. The development of complex net-
works theory provides the possibility to reduce dimen-
sionality and retain effective information. Research on
the freight rate, freight volatility, and risk spread will
become the trend under the network framework of the
shipping industry chain from the top-down viewpoint.
Also, simulation research from the perspective of the
bottom-up will provide another way for the shipping
markets.
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[95] RANDERS J, GÖLUKE U. Forecasting turning
points in shipping freight rates: Lessons from 30 years
of practical effort [J]. System Dynamics Review, 2007,
23(2/3): 253-284.

[96] JEON J W, DURU O, YEO G T. Modelling cyclic
container freight index using system dynamics [J].
Maritime Policy & Management, 2020, 47(3): 287-
303.
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