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1

Introduction

Freight markets have experienced significant growth during recent years. Consequently,
not only researchers and academics but also practitioners are focusing increasingly on
valuation techniques and hedging procedures applied to spot and futures freight prices
traded on the market.
Freight rate dynamics have been widely studied in the literature. For example, the
relationship between spot and futures prices is analysed in Glen et al. (1981) and Hale
and Vanags (1989). The existence of a unit root in freight rates is analysed in Veenstra
and Franses (1997), Tvedt (2003), Adland et al. (2006) and Poblacion (2017), among
others, and the relationship between freight rates and oil prices is analysed in Alizadeh
and Nomikos (2004).
The seasonal behaviour of freight rates has been studied in Alizadeh and Kavussanos
(2001, 2002) and Poblacion (2015). These authors find that freight prices show a strong
seasonal behaviour that has implications in terms of transportation policy and ship
owners’ cash flow and charterers’ costs.
There are also studies that propose factor models to characterise freight rate
dynamics. A simple Ornstein-Uhlenbeck model for freight rates is proposed in Tvedt
(2003), whereas a model for supply and demand is proposed in Adland and Strandenes
(2007). More complicated factor models that value option contracts for time charter
prices are proposed in Adland and Koekebakker (2004) and Rygaarda (2009).
Prokopczuk (2011) shows that the Schwartz and Smith (2000) two-factor model provides
the best performance for freight rate futures pricing and hedging. Poblacion (2015)
extends the two-factor model by Schwartz and Smith (2000), in the context of freight
rates, to incorporate stochastic seasonality.
More recently, Poblacion and Serna (2018), within the framework of the multi factor
models proposed by Schwartz and Smith (2000), show that freight rates corresponding to
different routes have a common long-term trend.
Adland et al. (2017a) propose a multivariate model for regional ocean freight rates,
where the natural logarithm of a specific route freight rate is the sum of a non-stationary
common market factor and a stationary moving average factor, allowing for regional
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deviations from the common market factor. If the common market factor is interpreted as
the global market average, both factors are observable and the model can be estimated
using the standard ARIMA methodology.
Concerning risk hedging, the traditional methodology was based on the minimum
variance hedge ratio, introduced by Johnson (1960), Stein (1961), Ederington (1979) and
Hull (2012). This method consists of estimating the hedge ratio that minimises the price
changes in the investor’s total position, based on a simple regression framework.
However, as stated in Kavussanos and Nomikos (2000), this method ignores the
well-documented time-varying distributions shown by many assets and the existence of a
long-run cointegration relationship between asset and futures prices. To overcome these
problems, Kavussanos and Nomikos (2000) propose a vector error correction model
(VECM) for the relationship between spot and futures returns, with a GARCH structure
for the error term, allowing for time-varying hedge ratios. Kavussanos and Visvikis
(2010) also study the hedging effectiveness of time-varying hedge ratios. Adland et al.
(2017a) also present a method for hedging regional price risk, based on their factor
model.
In this paper, we focus on freight rate hedging. Specifically, we propose a simple
methodology to hedge the price risk of one (not liquid enough) route using other more
liquid routes’ futures contracts; the results of this methodology overcome other
traditional methodologies such as the simple regression procedure proposed by Hull
(2012). For our method, we estimate a joint model with a common long-term trend for
pairs of freight rates, according to the model proposed by Poblacion and Serna (2018)
that is applied to carry out the hedge. As stated above, Adland et al. (2017a) also present
a method for hedging regional price risk. However, we address the problem from a
different perspective. Firstly, we do not need to make assumptions about the observability
of the model factors, because we estimate the model parameters by means of the Kalman
filter method, which allows for non-observable factors. Secondly, the hedging procedure
presented by Adland et al. (2017a) is based on the maximisation of a utility function, with
constant positive risk aversion. However, we employ a purely financial approach that
approximates a certain futures price series by means of a linear combination of other
futures price series, which results in a minimising problem where the averages and
covariances are estimated theoretically, based on the proposed model for the stochastic
behaviour of freight rates. Thirdly, we estimate the common long-term factor for pairs of
routes based on the freight rates from both routes, without assuming that the common
factor is a global market average.
This paper then contributes to the extant literature in several ways. Firstly, we present
a method for hedging the price risk of one (not liquid enough) route using other more
liquid routes’ futures contracts, based on a common long-term trend model for pairs of
freight rates, taking into account the long-run relationship between both freight rates.
This common long-term trend model is not based on a simple regression procedure, but is
a coherent model for the relationship between spot and futures prices. Secondly, we do
not make assumptions about the observability of the model factors (as in Adland et al.,
2017a), because we estimate the model parameters by means of the Kalman filter
method.
The main result of the paper is that we can hedge, with a great fit, the price risk of
one route using other more liquid routes’ futures contracts. This result has important
implications in terms of freight price hedging.
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This paper is organised as follows: Section 2 presents the dataset used in this paper.
In Section 3, we present and estimate the joint models with and without a common
long-term trend for pairs of freight rates. Thereafter, in Section 4 we present a simple
methodology to hedge one route’s freight prices with futures from other routes. These
results are better than those from other traditional methodologies such as the one
presented by Hull (2012). Finally, the paper concludes with a summary and discussion in
Section 5.

2

The dataset

In this paper we focus on crude oil and product tankers. Product tankers can move refined
(clean) products, such as gasoil, gasoline and kerosene, whereas crude oil tankers are
designed to load dirty products. However, product tankers can also load many dirty
products, such as crude and heavy fuel oil, bearing the cost of tank cleaning for avoiding
the possibility of the next cargo becoming contaminated by the previous (dirty) one.1
The types of crude oil tankers include the following categories: Very Large Crude
Carriers (200,000 DWT or greater), SuezMax (125,000–199,999 DWT), Aframax
(85,000–124,999 DWT) and Panamax (55,000–84,999 DWT). In the case of product
tankers we can find the following categories: long range ‘LR2’ (85,000–124,999 DWT),
long range ‘LR1’ (60,000–84,999 DWT), medium range (42,000–59,999 DWT) and
handysize (25,000–41,999 DWT).
All the tanker routes considered in this paper are voyage charter contracts. A voyage
charter contract is a legal contract in which a ship-owner agrees to carry a particular load
on a certain voyage on a particular ship, for a certain sum of money.
The dataset used in this paper includes weekly observations of the forward prices of
the world scale (WS) listed by Baltic (http://www.balticexchange.com) for two routes:
TC2 and TD5. Table 1 displays the details of these routes, such as the loading port, the
unloading port and the type of ship.2
Table 1

Routes details

Loading port
Unloading port

TC2

TD5

Rotterdam

Bonny

New York

Philadelphia

Medium range (MR)

SuezMax

Capacity (MT)

37,000

130,000

Time lag (days)

14

31

Ship type

Note: The table shows details about the routes.

As is well known, the WS is an index based on an annual benchmark (or flat rate).
However, the data that we use in the paper are expressed as US dollar and cents per
metric tonne, after converting the index by means of the annual conversion factor.
Therefore, we are considering the payment, in USD, of transporting one tonne by a
particular ship travelling a particular route. All associated costs, such as the bunker cost,
the crew cost and the port cost, are included in this payment, except for the insurance
costs.
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Specifically, for the two routes described above, TC2 and TD5, we have data from
26 February 2009 to 25 February 2014, which include 262 weekly observations. For
these two routes we have forward prices with maturity from one to five months (F1, F2,
F3, F4 and F5, where F1 is the forward contract for the first month after the closest
maturity, F2 is the contract for the second month, and so on) and from three quarters to
five quarters, (Q3, Q4 and Q5, where Q3 is the third quarter after the current one, Q4 is
the fourth quarter after the current one and Q5 is the fifth quarter after the current one).
The main descriptive statistics, the mean and volatility, of these variables are shown in
Table 2.
Table 2

Period

Descriptive statistics
TC2

TD5

26 February 2009–25 February 2014

26 February 2009–25 February 2014

262

262

Nr. observ.
Mean

Volatility

Mean

Volatility

F1

19.0

43%

8.9

34%

F2

19.0

28%

8.9

25%

F3

19.0

21%

9.0

20%

F4

19.0

19%

8.9

19%

F5

18.9

18%

8.9

18%

Q3

18.9

21%

8.9

13%

Q4

19.0

18%

9.0

11%

Q5

19.0

17%

9.0

13%

Notes: The table shows the mean and volatility of spot and forward prices of world scale
(WS) for two routes (TC2 and TD5) during the period 26 February 2009 to
25 February 2014.

3

Stochastic factor models to characterise freight price dynamics

In this section, we present the joint model for pairs of freight rates proposed by Poblacion
and Serna (2018) that will be used as the basis for developing the methodology to hedge
the price risk of one route using other routes’ futures contracts.
This joint model for pairs of freight rates proposed by Poblacion and Serna (2018) is
based on the classical two-factor model by Schwartz and Smith (2000). In this model,
each log-spot price (Xit) is assumed to be the sum of two stochastic factors: a short-term
deviation (χit), which is different for each freight price, and a common long-term
equilibrium price level (ξt), plus a deterministic seasonal component, αt. Therefore, the
log-spot price for each freight price (Xit) will be Xit = ξt + χit + αt, i = 1, 2. The SDEs of
the factors for this joint model with a common long-term trend (under the risk-neutral
measure) are:
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dξt = ( μξ − λξ ) dt + σ ξ dWξt*
*
dχit = ( −κi χit − λχi ) dt + σ χi dW χit
, i = 1, 2

(1)

dα t = 2πφα t*dt
dα t* = −2πφα t dt

where dWξt* , dWχ*1t and dWχ*2t can show any correlation structure, resulting in three
correlation parameters.
In this model, μξ and σξ represent the trend and volatility, respectively, of the common
long-term factor, whereas κi and σχi represent the speed of adjustment and volatility,
respectively, of each short-term factor. λξ and λχi are the ‘risk premiums’ for the long- and
short-term factors, respectively.
This model also accounts for the seasonal effect noted by Alizadeh and Kavussanos
(2001, 2002) and Sorensen (2002), among others. Therefore, in the above model, the
seasonal effect is included as a deterministic seasonal trigonometric component (αt);
whereas αt* is the other seasonal factor that complements αt, and φ is the seasonal period.
This joint model with a common long-term trend will be compared with a joint model
for pairs of freight rates without a common long-term trend, i.e., with different long-term
trends for each freight rate.
These joint models with and without a common long-term trend require two
additional parameters to account for differences in price levels, C1, and to account for the
way that the common long-term trend affects the price dynamics of each commodity, C2.
Table 3 presents the results of the estimation of the joint models with and without a
common long-tern trend described above. The dataset used in the estimation consists of
weekly observations of WS TC2 and TD5 freight futures prices described in the data
section.
Table 3

Estimation results
Without a common long-term trend

With a common long-term trend

C1

–20.9078*** (0.8485)

–33.7713 (1.2631)

C2

–2.9326 (0.0000)

1.6120*** (0.0000)

Cξ

-

0.0368 (0.0473)

Cα

0.5257*** (0.0450)

0.9945*** (0.0000)

Cα*

–0.0820** (0.0391)

–0.2368 (0.0000)

μξ1

–0.2136 (1.8331)

0.1681** (0.0723)

μξ2

–0.6640 (1.7134)

-

κ1

0.0719*** (0.0000)

4.0819*** (0.0000)

κ2

0.0162*** (0.0019)

0.0017*** (0.0000)

φ

1.0085*** (0.0028)

1.0279*** (0.0057)

Notes: The joint model with and without a common long-term trend for WS TC2 and

TD5. The table presents the results for the Schwartz and Smith (2000) two-factor
model with deterministic seasonality applied to pairs of WS freight rates
(TC2–TD5), with and without assuming a common long-term trend. Standard
errors are in parentheses. The estimated values are reported with *denoting
significance at 10%, **denoting significance at 5%, and *** denoting significance
at 1%.
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Estimation results (continued)
Without a common long-term trend

With a common long-term trend

σξ1

4.7622*** (0.0000)

0.1603*** (0.0131)

σχ1

5.0532*** (0.0000)

0.5383*** (0.0366)

σξ2

3.9295*** (0.0000)

-

σχ2

3.9844*** (0.0000)

0.0278*** (0.0029)

ρξ1χ1

–0.9995*** (0.0000)

–0.3245*** (0.1005)

ρξ1ξ2

0.5862*** (0.0000)

-

ρξ1χ2

–0.5843*** (0.0000)

–0.4626*** (0.1580)

ρχ1ξ2

–0.5844*** (0.0000)

-

ρχ1χ2

0.5827*** (0.0000)

0.6752*** (0.1044)

ρξ2χ2

–0.9985*** (0.0000)

-

λξ1

0.2070 (1.8975)

0.1333 (0.0730)

λχ1

–0.5612 (2.0036)

0.5898** (0.2261)

λξ2

–0.4008 (1.9198)

-

λχ2

0.3668 (1.9449)

–0.0040 (0.0000)

ση

0.0360*** (0.0000)

0.0345*** (0.0004)

Log-L

12,878.10

13,184.87

AIC

12,830.10

13,146.87

SIC

12,744.46

13,079.08

Notes: The joint model with and without a common long-term trend for WS TC2 and

TD5. The table presents the results for the Schwartz and Smith (2000) two-factor
model with deterministic seasonality applied to pairs of WS freight rates
(TC2–TD5), with and without assuming a common long-term trend. Standard
errors are in parentheses. The estimated values are reported with *denoting
significance at 10%, **denoting significance at 5%, and *** denoting significance
at 1%.

The values of the Schwarz and Akaike information criteria, SIC and AIC, respectively,
are shown at the bottom of Table 3. Both information criteria are defined as specified in
Poblacion and Serna (2018), and the fit is better when the SIC or the AIC is higher. The
results show that both specifications (with and without a common long-term trend)
exhibit a similar fit, although the model with a common long-term trend exhibits slightly
higher values for both information criteria.
The relative fit of the models to our freight price series can be assessed by evaluating
their predictive ability. The in-sample predictive ability of the joint models with and
without a common long-term trend is presented in Table 4 for the pair under study, WS
TC2 and TD5. Thus, given that the predictive ability of the two models is very similar,
we can conclude that both freight prices exhibit the same long-term trend. Consequently,
because the joint model that assumes a common long-term trend is the simplest one, we
do not need a second long-term factor when jointly modelling the freight price series
considered.
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Table 4

In-sample predictive ability (RMSE)
TC2

TD5

With

Without

With

Without

F1

2.2%

2.3%

0.9%

0.9%

F2

1.7%

1.8%

0.8%

0.7%

F3

1.4%

1.7%

0.8%

0.7%

F4

1.4%

1.5%

0.9%

0.5%

F5

1.6%

1.6%

1.1%

0.5%

Q3

1.6%

1.6%

1.5%

0.8%

Q4

1.4%

1.2%

1.1%

0.6%

Q5

1.8%

1.9%

1.0%

0.9%

Notes: The table presents the root mean square error (RMSE) as the percentage of its
mean (RMSE mean per.) to compare the in-sample predictive power of the
Schwartz and Smith (2000) two-factor model with deterministic seasonality for
the pair WS TC2–WS TD5 freight rates between the specifications with and
without a common long-term trend.

4

Hedging one route’s risk using other routes’ futures contracts

In this section, we develop a methodology to hedge the price risk of one route using other
routes’ futures contracts. Suppose that there are futures contracts available on routes 0, 1,
2, …, K. Let Ft (,Ti ) be the futures price for route i, traded at time t and maturing at time
t + T. The goal is to approximate a certain futures price using other futures prices.
(1)
Specifically, we will approximate the futures price Ft (0)
,T0 using other futures prices, Ft ,T1 ,
…, Ft (,TNN) (N ≤ K), plus a position in the risk-free asset. The best approximation, in
regards to least squares, will be given by the solution of the following problem:
⎡⎛
−γ−
min E ⎢⎜ Ft (0)
γ ,α1 ,…,α N
⎢⎜ ,T0
⎝
⎣

N

∑
j =1

α

(i j )
j Ft ,T j

⎞
⎟
⎟
⎠

2

⎤
⎥
⎥
⎦

(2)

This is the approach used in Hull (2012), who considers only the case j = 1.
The most typical case is one in which we want to hedge a spot position in an asset
with other spot positions in other assets, i.e., T0 = T1 = … = TN = 0. For example, suppose
we have data for the WS spot freight prices for routes TC2, TC14 and TC16 and suppose
we want to hedge the first one, TC2, in 15 months with the others, TC14 and TC16. In
this case, we would run a regression of the TC2 spot freight prices on a constant and
TC14 and TC16 spot freight prices. Suppose that we obtain coefficients of 11.63, 0.0297
and 0.0337 for γ and α1 (TC14) and α2 (TC16), respectively. These results would imply
that, for each unit of TC2, we must keep 11.63 monetary units and take long positions in
0.0297 and 0.0337 units of the 15-month TC14 and TC16 futures contracts.
(N )
The above problem is a simple regression problem. If Z = (1 Ft (1)
,T j … Ft ,TN ) is the
vector of regressors, then the coefficients are:
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⎛ γ ⎞
⎜
⎟
⎜ α1 ⎟ = E[ Z ' Z ]−1 E ⎡ Z ' F (0) ⎤ γ
⎣ t ,T0 ⎦
⎜…⎟
⎜
⎟
⎝α N ⎠

Therefore, the only thing left to do is to compute the averages and covariances of the
futures prices. There are two ways of computing those averages and covariances,
empirically and theoretically. The empirical method is the approach followed by Hull
(2012) and consists simply of computing the averages and covariances using a sample of
futures prices and estimating the expected values and the covariances using the sample
averages and covariances.3 The theoretical method requires a theoretical model for the
stochastic behaviour of the commodity prices under consideration. The specific
procedure for carrying out the hedge in the case of the theoretical method is explained
next.
The model for the stochastic behaviour of freight rates proposed in expression (1) can
be represented using the following linear stochastic differential system:
⎧ dX t
⎪ (0)
⎪ St
⎪ (1)
⎨ St
⎪
⎪…
⎪ St( k )
⎩

= ( μ + AX t ) dt + RdWt
= exp ( C0 X t )
= exp ( C1 X t )
= exp ( Ck X t )

where Xt is a vector of state variables, Si(i ) is the price at time t for freight rate i, μ, A, R
and Ci are deterministic parameters independent of t, and Wt is an n-dimensional
canonical Brownian motion (i.e., all components are uncorrelated, and the variance is
equal to unity). All the analyses below will be conditional on X0, that is assumed to be
known, and, in practice, it is estimated using the Kalman filter [see Harvey (1989) and
Poblacion and Serna (2016), among others, for details about the Kalman filter method].
The solution of that problem is:
⎛
X t = e At ⎜ X 0 +
⎝

t

∫e

− As

0

μds +

t

∫e
0

− As

⎞
RdWs ⎟
⎠

Therefore, the expected value and the variance of Xt are:
⎛
E [ X t ] = e At ⎜ X 0 +
⎝

∫e

⎛
Var [ X t ] = e At ⎜
⎝

− As

t

∫e
0

t

0

− As

⎞
μds ⎟
⎠

'
'
⎞
RR ' ( e− As ) ds ⎟ ( e At )
⎠

Thus, the futures price can be computed as:
Ft ,T = exp [ d (T ) + C (T ) X t + ηt ]

where d, C and the variance of the noise (ηt) are known. Let σ η2 = Var (ηt ).
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The log-futures price has an expected value of d(T) + C(T)E[Xt] and a variance of
C(T)Var(Xt)C(T)’ + σ η2 . so that it is easy to compute the expected value of the futures
price.
Suppose that we have two futures prices: Ft,T = exp[d(T) + C(T)Xt + ηt] and
Fv,V = [d(V) + C(V)Xv + ηv* ]. Then, the logarithm of their product is [d(T) + C(T)Xt + ηt] +
[d(V) + C(V)Xv + ηv* ], which is normally distributed with the mean:
d (T ) + C (T ) E [ X t ] + d (V ) + C (V ) E [ X v ]

And the variance, considering the usual hypothesis of independence between the noises
of the system and the average:
Var ( ηt ) + Var ( ην* ) + Cov ( ηt , ηv* ) + C (V )Var [ X v ] C (V ) '
+C (T )Var [ X t ] C (T )' + C (T )Cov ( X t , X v ) C (V ' )

The variances of the noises of the average and the state and the covariance of the
averages are known.
The only thing left to do is to compute the covariance: cov(Xt, Xv). Let us assume,
without a loss of generality, that v < t, then:
⎡
X t = e A( t − v ) ⎢ X v +
⎣

∫

t −v

0

e− As μds +

∫

t −v

0

⎤
e− As RdWv + s ⎥
⎦

Finally, considering that the noise is independent of the current state:
Cov ( X t , X v ) = e A(t − v )Var ( X v )

We now consider an application of the hedging procedure described above. Suppose that
we want to hedge the WS freight price corresponding to route TC2 using the WS freight
prices for route TD5.4 The goal is to hedge the series Q5 for the first route (TC2) with the
series Q5 for the other route (TD5). We have decided to use the series Q5 because series
with longer maturities typically tend to have a greater number of missing values. The first
step is to estimate a joint model with a common long-term trend for the pair WS
TC2-TD5 (already performed in the previous section). The second step is to estimate the
coefficients of the regression in expression (2) for the WS TC2 freight prices on a
constant and WS TD5 freight prices, using the model procedure described above. In this
application, the hedge is performed weekly.
The results of the hedging procedure are summarised in Table 5. It is worth noting
that the root mean squared error (RMSE) decreases when we move from the simple
regression hedge to the model hedge (a reduction of 48.05%). The time series evolution
of the target futures price (WS TC2) and the simple regression and model hedge series
are depicted in Figure 1. In order to compare the predictive accuracy of both alternatives,
i.e., the classical regression procedure by Hull (2012) and the model regression based on
the common long-term trend model, we have employed the Diebold and Mariano (1995)
test. Let e1t and e2t be the quadratic errors associated with the classical regression
procedure by Hull (2012) and with the procedure based on the common long-term trend
model respectively, and let d1t = e2t – e1t. The Diebold and Mariano (1995) statistic has
been calculated by means of a regression of d1t on an intercept, using heteroskedasticity
and autocorrelation robust standard errors. The intercept is estimated as –1.5484, with a
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p-value of 0.0001, indicating that we are able to reject the null hypothesis of equality
between both quadratic errors.
In order to check the performance of our hedging procedure with other freight rate
futures series, we have repeated the hedging experiment using freight rates for two clean
routes. Specifically, the goal is to hedge the series Q5 for route TC14 with the series Q5
for route TC6, with data from 18 May 2012 to 31 December 2013 (95 weekly
observations). The results indicate that we obtain a reduction of 12.27% in the RMSE
with the model hedge based on the common long-term trend model, with respect to the
standard regression approach. Furthermore, we have also repeated the hedging
experiment using two different dirty routes: TD5 and TD16. Specifically, the goal is to
hedge the series Q5 for route TD5 with the series Q5 for route TD16, with data from
26 February 2009 to 28 December 2012 (209 weekly observations). In this case the
results indicate that we obtain a reduction of 14.34% in the RMSE with the model hedge
based on the common long-term trend model, with respect to the standard regression
approach. However, as stated above, the reduction in the RMSE with routes TC2 and
TD5 was 48.05%. Therefore, at least with these freight rates series, we cannot say that we
obtain better hedging results with futures prices of the same type (TC-TC or TD-TD).
Perhaps other factors, such as the characteristics of the routes or the specific time-series
used in the experiment, are playing an additional role in explaining the results, apart from
the futures prices type (clean or dirty).5
Table 5

Hedging results
Simple regression hedge

Model hedge

Standard deviation

1.4617

0.7135

RMSE

1.4562

0.7565

Notes: The table shows two metrics (standard deviation and root mean squared error,
RMSE) to compare the hedging results from the simple regression and the
proposed model hedge procedures.
Figure 1

Target futures and regression and model hedge series
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Finally, it is worth noting that the advantage of the model hedge compared to the
regression hedge is that, apart from the better fit, the model hedge allows the
incorporation of the hedge futures series that has not yet been used in the estimation.

5

Conclusions

Since there is a large number of routes and types of freights, freight prices are
heterogeneous, and not all the routes have the same liquidity for spot or futures prices.
Specifically, there are routes with scarce liquidity, especially in longer term futures
contracts. Therefore, sometimes there are problems related to one, or more, route hedges.
These problems can be overcome by using the hedging procedure presented in this paper.
As stated, the main result obtained in this paper is that we can hedge, with a great fit,
the price risk of one route using other routes’ futures contracts. This result has important
implications in terms of freight price hedging, especially when we want to hedge a route
that does not have futures contracts or if they are illiquid.
The fact that route prices share a common long-term trend, as stated in Poblacion and
Serna (2018), allows managers to hedge the price risk of one certain route when there are
not futures prices associated with that route or when futures contracts are not liquid
enough, using other more liquid routes’ futures contracts.
Suppose, for example, that we want to hedge a freight of route WS TC2 that will
occur in the long-term (or a long maturity futures contract of this route); let the long-term
indicate five quarters (Q5), and let there be no futures (or assume they are not liquid
enough) for this route, but the futures exist and are liquid enough for route WS TD5. The
idea is to hedge the freight of route WS TC2 that will occur in the long-term using the
futures of route WS TD5.
As stated in this paper, the simple regression procedure proposed by Hull (2012) is an
alternative to carry out the hedge; nevertheless, we have developed a more sophisticated
hedging strategy based on the estimation of a joint model with a common long-tern trend
for both freight rates (WS TD5 and WS TC2).
The hedging procedure in managing this situation is as follows.
Step 1

Estimate a joint model with a common long-term trend for routes WS TC2 and
WS TD5.

Step 2

Estimate a regression of WS TC2 on a constant and WS TD5, based on the
theoretical variance-covariance matrix, derived from the joint model with a
common long-term trend.

The results of this paper show that the hedging procedure presented here (based on the
joint model with a common long-term trend) is more accurate because it uses all the
information of the common long-term dynamics showed by both routes, while the simple
regression procedure does not.
As stated in the Introduction, one of the advantages of our methodology with respect
to Adland et al. (2017a) is that we do not need to make assumptions about the
observability of the model factors, because we estimate the model parameters by means
of the Kalman filter method, which allows for non-observable factors. However, on the
other hand, it must be said that the Kalman filter method is not as simple as the standard

Hedging voyage charter rates on illiquid routes

209

ARIMA methodology used by Adland et al. (2017a), which makes the later easier to
implement.
Finally, as suggestions for future research, it would be interesting to investigate the
factors affecting the empirical performance of our methodology, i.e., why the empirical
performance is better with certain pairs of routes than with other pairs (i.e., if they are of
the same type, TC-TC or TD-TD, the characteristics of the routes, the specific time-series
employed in the estimation, etc.). Furthermore, it would be interesting to perform an
empirical analysis of the relative performance of models like ours, based on a purely
financial approach that approximates a certain futures price series by means of a linear
combination of other futures price series, and models based on the maximisation of a
utility function (as Adland et al., 2017a).
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Notes
1
2
3

4

5

See the excellent discussion on these issues provided by Adland et al. (2017b).
TC and TD stand for ‘tanker clean’ and ‘tanker dirty’ respectively.
Ederington and Salas (2008) present a way of improving the classical regression of spot price
increments on futures price increments, to calculate the optimal hedge ratio. The improvement
consists of incorporating into the regression, as an independent variable, the expected change
in the spot price, measured by the futures-spot price spread. The inconvenience of the
approach by Ederington and Salas (2008) is that their method calculates the averages and
covariances in the regression using a sample of spot and futures prices and estimating the
expected values and the covariances using the sample averages and covariances.
We may think that in principle it is questionable that freight rates corresponding to different
(clean and dirty) routes can be comparable. However, from a financial perspective the
comparison could make sense. A shipping company could chose to hedge a certain clean
(dirty) route with freight futures from a different dirty (clean) route just because the later is
more liquid. By means of the example in our paper we try to show that even in this case the
proposed hedging strategy, based on the common long-term trend model, can be effective.
In order not to make the paper unnecessarily long, the results of the estimation of the model
with a common long-term trend the pairs of freight rates TC14-TC6 and TD5-TD16 are not
presented in the paper, but the are available from the authors upon request.

