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Motivation
C t t d b d l t D i h hi i fi D/S N d• Contacted by second largest Danish shipping firm D/S Norden

• D/S Norden is one of 20 largest Danish listed companies, C20

F om 2007 nn l epo tFrom 2007 annual report:

• About 50% percent of the company’s reported total net asset 
l i d h i l l l i f h l f h ivalue is due to a theoretical calculation of the value of the time 

charters with purchase options
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Motivation

• The intellectual challenge
h h ld T/C b l d?– how should T/C pops be valued?

– how should they be managed optimally?
– (is the current approach accurate?)

• Economically very significant!y y g
• T/C pops are common in the shipping 

business – so not only a problem ofbusiness so not only a problem of 
interest for D/S Norden
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T/C pop Example: Golden Ocean Group (NO)

GO sells and leases back
hip t fi ed d il teships at fixed daily rates.

In addition a Bermudan
style purchase option is 
granted
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T/C pop example: D/S NordenT/C pop example: D/S Norden
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Here is the actual ship!
”M/S Nord Mercury” (Panamax)

Oct. 2008 Valuation of TC pops 7



What makes T/C pops non-standard?

• Underlying asset is physical asset -> option is real option
• Hedging real assets/options can be difficult
• Asset (ship) pays dividend and has finite life -> value 

expected to decrease over time
• Options can be Bermudan/American and have time-Options can be Bermudan/American and have time

varying strike prices
• Option is add-on to a lease contract. So when option is 

exercised, a lease is terminated and option to exerciseexercised, a lease is terminated and option to exercise 
later is given up

• Strike price can be in different currency (eg. JPY)
• Black Scholes difficult/impossible to adapt• Black-Scholes difficult/impossible to adapt
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Model considerations

• First question: What determines the value of a 
ship?s p

• Adland & Koekebakker (2007): ”Three most 
important factors are size, age, and freight rates”

• Only freight rates are uncertain/stochastic. This 
should be first choice of factor process
S d f ld b h if i• Second factor could be exchange rate – if it 
matters

• Oil price interest rates are of second order• Oil price, interest rates are of second order 
importance

Oct. 2008 Valuation of TC pops 9



Adland & Koekebakker (2007)
Handysize bulk carriers (10,000-40,000 DWT). 1960 transactions in 1993-2003
(Clarksons)
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A one-factor spot freight rate model

• Basic model first proposed in:
Bj k d & Ek (1995) ”C ti t• Bjerksund & Ekern (1995), ”Contingent 
Claims Evaluation of Mean-reverting 
C h Fl i Shi i ”Cash Flows in Shipping”.

• The Spot freight-rate is modeled as a p g
mean-reverting stochastic process

• Authors price forward contracts and• Authors price forward contracts and 
European options on T/C contracts
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The Bjerksund-Ekern-Vasicek model

• Basic assumption: Instantaneous (daily) cash flow from 
operating ship follows OU-process:g

dtbtaXdttD ))(()( −= time measured
in years

Instant. CF~daily profit
cargo size, 1 if X quoted for entire ship

freight rate cost flow rate

)())(()( tdWdttXtdX σθκ + )())(()( tdWdttXtdX σθκ +−=

f i volatility

N()-noise
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Simulated freight rate-processSimulated freight rate process
weekly steps
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Actual freight rate time seriesActual freight rate time series
weekly observations

1 year T/C rates (USD/day) Dry Bulk Handymax Clarkson SIN 54165
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Implications of OU-specification

• Solution of SDE

X(T ) = X(t)e¡·(T¡t) + μ
¡
1¡ e¡·(T¡t)¢+ ¾ Z T

t

e¡·(T¡u) dW(u);

• Mean and variance of factor process

Et fX(T )g = X(t)e¡·(T¡t) + μ
¡
1¡ e¡·(T¡t)¢ ;

V art fX(T )g = ¾2
Z T

t

e¡2·(T¡u)du =
¾2

2·

¡
1¡ e¡2·(T¡t)¢
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Valuation of freight rate contingent claims

• Claims, V(X,t), that depend on freight rate and time must satisfy 
pde:

·
¡
μ¤ ¡X(t)¢Vx + 1

2
¾2Vxx + Vt ¡ rV + ¡(X; t) = 0:

• Probabilistic representation of solution

μ¤ ´ μ ¡ ¾¸
· Both are used in valuation of 

contracts considered in the paper
• Probabilistic representation of solution

V (X; t) = EQt

½Z T

¡(Xu; u)e
¡r(u¡t) du+ e¡r(T¡t)V (XT ; T )

¾½Z
t

¾
dX(t) = ·

¡
μ¤ ¡X(t)¢ dt+ ¾ dWQ(t);

Risk neutralized freight rate process
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Valuing freight rate contingent claims

• Claim to receive spot freight rate flow from 
time t to time T:time t to time T:

V F low(X( ) T ) EQ
½Z T

r(u t)X( ) d

¾
V F low(X(t); t;T ) = EQt

½Z
t

e¡r(u¡t)X(u) du
¾

=
³
X(t)¡ μ¤

´
A(T ¡ t; r + ·) + μ¤A(T ¡ t; r);

³ ´

A(¿; ±) ´ 1¡e¡±¿
±

annuity factor
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Valuing freight rate contingent claims

• Fixed for floating freight rate swap
A(T t + )³ ´

¹Xt;T = μ¤ +
A(T ¡ t; r + ·)
A(T ¡ t; r)

³
X(t)¡ μ¤

´
X(0)

5000 10000 15000 20000 25000 30000 35000 40000

0.10 8073 12049 16024 20000 23976 27951 31927 35902r=5%
0.25 11220 14147 17073 20000 22927 25853 28780 31707

0.50 14229 16153 18076 20000 21924 23847 25771 27694

· 1 00 16788 17859 18929 20000 21071 22141 23212 24283

r 5%
θ*=20000
T=5yrs

· 1.00 16788 17859 18929 20000 21071 22141 23212 24283

2.00 18346 18897 19449 20000 20551 21103 21654 22205

5.00 19329 19552 19776 20000 20224 20448 20671 20895
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Valuing freight rate contingent claims

• Value of fixed for floating swap

V Swap(t; s; T ) =
£
¹Xt;T ¡ ¹Xs;T

¤
A(T ¡ t; r)

r=5%r 5%
θ*=20000
T=5yrs
κ=0.25
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Valuing freight rate contingent claims

• A ship is also a freight rate contingent claim
• We define a ship as the right to receive the spot freight• We define a ship as the right to receive the spot freight 

rate flow during the ships useful service life PLUS scrap 
valuea u

V ship(X(t); t; ¹T ) =
³
X(t)¡ μ¤

´
A( ¹T ¡ t; r + ·) + μ¤A( ¹T ¡ t; r) + e¡r( ¹T¡t) ¹V :

• Value depends on freight rate, age, (and ship size via X)

³ ´

Value depends on freight rate, age, (and ship size via X)

Oct. 2008 Valuation of TC pops 20



Example: Ship valuation

Scrap value = 5m
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Example: Ship valuation

• Ship value is linear in X(t) and thus 
l di t ib t d ithnormal distributed with

EQt
©
V ship(X(T ); T ; ¹T )

ª
= e¡·(T¡t)

³
X(t)¡ μ¤

´
A( ¹T ¡ T; r + ·)t

©
( ( ); ; )

ª ³
( )

´
( ; )

+μ¤A( ¹T ¡ T; r) + e¡r( ¹T¡T ) ¹V ;

Et
©
V ship(X(T ); T ; ¹T )

ª
=

¡
e¡·(T¡t)

¡
X(t)¡ μ

¢
+
¡
μ ¡ μ¤

¢¢
A( ¹T ¡ T; r + ·)

+μ¤A( ¹T ¡ T; r) + e¡r( ¹T¡T ) ¹V ;

V ar
(Q)
t

©
V ship(X(T ); T ; ¹T )

ª
= A2( ¹T ¡ T; r + ·)¾

2

2·

¡
1¡ e¡2·(T¡t)¢ :
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Simulated ship value dynamics & 
95% confidence bands

κ=0 25κ=0.25
θ*=20000/day
σ=5000/day
r=5%r 5%
T=25yrs
V=5m
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Valuing freight rate contingent claims
• European option to purchase ship. Payoff:

c(X(T ); T ) = max
¡
V ship(X(T ); T ; ¹V )¡K; 0¢

• Pricing formula (slight generalization of result in Bjerksund & 
Ekern) ³ ´

c(X(t); t) = e¡r(T¡t)A( ¹T ¡ T; r + ·)vt;T
³
»N(») + n(»)

´
;

» =
mt;T ¡ ¹¹K

vt;T
;

mt;T = EQt fX(T )g = X(t)e¡·(T¡t) + μ¤
³
1¡ e¡·(T¡t)

´
;

¹¹K =
K + μ¤

³
A( ¹T ¡ T; r + ·)¡ A( ¹T ¡ T; r)

´
¡ e¡r( ¹T¡T ) ¹V

A( ¹T ¡ T; r + ·) ;

2 V
(Q) fX(T )g ¾2³

1 ¡2·(T¡t)
´
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(Q)
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³
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´
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European ship option values
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T/C contract with Purchase option
• Value is simple sum of swap value and European 

option value
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But in practice the options are 
not always European...

• The pure American-style TCPOP:
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The Golden Ocean structure
S l

• Golden Ocean’s T/C pop
Scrap value

27.450 USD/day 22.600 USD/day 19.750 USD/day

lease period

y y y

0 15105 20 25

Bermudan option!
Option to purchase
at USD61m

Option to purchase
at USD24m

Option to purchase
at USD44m
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D/S N d ’ TCD/S Norden’s TC pop
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The pure American contract
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Case 1: Golden Ocean
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Case 1: Golden Ocean adjusted
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Case 2: Norden’s TC pop
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Case 2: Norden’s TC pop
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Extensions/future work

• Consider alternative models of freight rate dynamics
• For example, Geometric Mean Reverting process

• Guaranteed to stay positive

)()()())(ln()( tdWtXdttXtXtdX σθκ +−=
• Guaranteed to stay positive
• See Jostein Tvedt, ”Valuation of VLCCs under income

uncertainty”, Maritime Policy and Management, 1997.
Empi ical task of estimating pa amete s in the f eight ate• Empirical task of estimating parameters in the freight rate 
process

• Inclusion of one or more additional factors, eg. JPY/USD 
h texchange rate

Oct. 2008 Valuation of TC pops 38



Conclusions / future work
• Would be great to calibrate model and check 

calculations done by D/S Norden
H f ll th i ti t ” t ti ht” ☺• Hopefully their estimates are ”water-tight” ☺

• Evaluate sensitivities and do risk (VaR) analyses
• Lots more...

• Thank you for your attention!
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