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Abstract 

The principal-agent theory is an important theoretical component of modern enterprise 
management. The article establishes the principal-agent model of shipping chartering 
business, focusing on the two key issues of optimal incentive coefficient and benefit 
distribution in the model, and provides new services for shipping chartering business. 
The way of distributing benefits is to better assist the owners and the brokers to achieve 
better cooperation and to solve the problem of the distribution of benefits. 
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1. INTRODUCTION 

In the international shipping market, the dry bulk shipping market is an important part of it 
[1]. The market's volatility is mainly affected by the supply of transportation capacity and 
market demand, as well as the international political environment, fuel prices, speculation and 
monopoly in the shipping market [2]. In recent years, due to the imbalance of supply and 
demand caused by excess capacity, the dry bulk freight market has performed poorly [3]. 
Although the BDI index has risen sharply since June 2019, this “barometer” reflecting the 
international dry bulk shipping market has fluctuated at a low level for a long time. 

The principal-agent theory is an important theoretical component of modern enterprise 
management, which can be traced back to the Adam Smith period [4]. In 1973, Ross defined the 
agency relationship as: one party between the two parties exercised certain limited decisions 
on behalf of the other party. This behavior is an agency relationship. Since then, in this 
information asymmetry situation, the research on incentive problems has begun to penetrate 
into insurance, logistics and compensation mechanisms [5]. 

In the related research of the above-mentioned principal-agent theory, there is a lack of 
analysis of the principal agent in the shipping market. In the almost completely competitive 
international dry bulk shipping market, dry bulk ship owners (hereinafter referred to as 
“owner”) are not fully aware of market demand and supply. The ship broker company 
(hereinafter referred to as "broker") holds a large amount of information on the source of goods, 
so there is a general cooperative relationship between the owner and the brokers. 

In this paper, writer describes the principal-agent relationship that the owner instructs the 
brokers to help them find the suitable transport cargo in the case of information asymmetry. 
Using the principal-agent model to improve the existing benefit distribution model between 
owners and brokers(commission mode), in order to ensure the model can suitable for 
realities ,Introduced a fixed agency fee and revenue sharing incentive model. 
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2. THE RELEVANT BASIC CONCEPTS AND ASSUMPTIONS 

2.1. Basic Concepts 

In the actual chartering business, the broker generally collects the commission after the 
charterer has fixed the charter party, and the principle of paying the commission is “No cure—
no pay”. In the case of a sluggish dry bulk market, owners will take all possible measures to lease 
the ship in order to maintain the company's overall operations. 

In this paper, the owner takes incentives for the broker in the downturn of the market, that 
is, the owner will give the broker a fixed salary to give back to his previous efforts. At the same 
time, the owner also gives income sharing for the additional income generated by the broker. 
This practice will increase the cost of the owner, but the owner will have a higher chance of 
picking up the goods, although there are few such practices in the actual business, but it is not 
without. 

2.2. Basic Assumptions 

According to the actual business, the principal-agent model is assumed to conform to the 
principal-agent relationship between the owners and the brokers. Set the following 
assumptions: 

Hypothesis 1: The chartering method is a voyage chartering, that is, a chartering method in 
which the freight is charged for a certain voyage, the tonnage of the goods is q, and the owner 
can accept the lowest freight rate r_0. In this hypothesis, the freight rate is equivalent to the 
owner's income function  𝑅(𝑎). 

Hypothesis 2: The owner gives the broker a fixed commission τ; the broker strives to increase 
the price per ton of freight by 𝑟(𝑎), and the effort a is a one-dimensional continuous variable; 
the effort result coefficient μ; the broker's income function 𝑠(𝑎). 

Hypothesis 3: In the chartering market, it is possible for the owner to give a fixed commission, 
provided that the broker has a good market reputation. 

Hypothesis 4: The owner is risk neutral; the broker is risk averse and the risk aversion is ρ. 

3. THE MODEL IS CONSTRUCTED AND SOLVED 

3.1. Model Building 

According to Holmatrom [6] research results and the above assumptions, the owner and 
broker's income function: 

 
𝑅(𝑎) = (𝑟0 + 𝑟(𝑎))𝑞 + 𝜃 = (𝑟0 + 𝜇𝑎)𝑞 + 𝜃                      (1) 

 
𝑠(𝑎) = 𝜏 + 𝛽(𝜇𝑎𝑞 + 𝜃 + 𝐷) + 𝐴0𝑟0𝑞                         (2) 

 

Where: 

𝜃~(0, 𝜎2)——an exogenous uncertainty of random variable; 

𝐴0——commission rate; 

𝐹(𝑎) ——an additional benefit that the broker strives to create;  

𝐹(𝑎) = {
0, 𝑎 = 0
𝐷, 𝑎 ≠ 0

——𝐷 assumed to be a constant;  

𝛽——the share of the revenue shared by the owner to the broker. 

Broker's effort costs and risk costs: 
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𝑐(𝑎) =
1

2
𝑏𝑎2;

1

2
𝜌𝑣𝑎 𝑟( 𝑠) =

1

2
𝜌𝛽2𝜎2 

Where: 

b——the broker’s effort cost factor; 

𝛽——the owner’s share of the revenue share given to the broker; 

𝑣𝑎 𝑟( 𝑠) = 𝜎2——variance. 

Definite broker income: 

 

𝑠(𝑎) − 𝑐(𝑎) −
1

2
𝜌𝑣𝑎 𝑟( 𝑠) =  𝜏 + 𝛽(𝜇𝑎𝑞 + 𝐷) + 𝐴0𝑟0𝑞 −

1

2
𝑏𝑎2 −

1

2
𝜌𝛽2𝜎2         (3) 

 

Because the owner is risk neutral and its income is equal to its expected profit, therefore: 

 
𝜋 = (1 − 𝐴0)𝑟0𝑞 + 𝜇𝑎𝑞 − 𝜏 − 𝛽(𝜇𝑎𝑞 + 𝐷) 

 

3.1.1. Incentive rational constraints 

Assume  𝜔 is the broker retains utility, that is, the cost incurred by the broker in facilitating 
the transaction, such as labor costs and communication costs. 

If the broker’s income 𝑠(𝑎) − 𝑐(𝑎) −
1

2
𝜌 𝑣 𝑎 𝑟( 𝑠) < 𝜔 , The broker will give up the 

commission to find other suitable opportunities. In order for the commission to continue, the 
broker needs to satisfy the incentive rational constraints (IR): 

 

𝑠(𝑎) − 𝑐(𝑎) −
1

2
𝜌 𝑣 𝑎 𝑟( 𝑠) ≥ 𝜔 

 

3.1.2. Incentive compatibility constraints 

Information asymmetry will make owners unclear about brokers' efforts and actions. 
Rational brokers will use information to select the level of effort and action that will maximize 
their profits. Brokers must meet incentive compatibility constraints (IC): 

 

𝑠(𝑎) − 𝑐(𝑎) −
1

2
𝜌 𝑣 𝑎 𝑟( 𝑠) ≥ 𝑠(𝑎′) − 𝑐(𝑎′) −

1

2
𝜌 𝑣 𝑎 𝑟( 𝑠) 

 

Where 

𝑎′——another level of effort chosen by the broker 

Through the above analysis, the following principal-agent model is established: 

 

𝑚𝑎𝑥
𝑎,𝛽,𝑡

(1 − 𝐴0)𝑟0𝑞 + 𝜇𝑎𝑞 − 𝜏 − 𝛽(𝜇𝑎𝑞 + 𝐷) 

 𝑠. 𝑡   (𝐼𝑅)𝜏 + 𝛽(𝜇𝑎𝑞 + 𝜃 + 𝐷) + 𝐴0𝑟0𝑞 −
1

2
𝑏𝑎2 −

1

2
𝜌𝛽2𝜎2 ≥ 𝜔 



World Scientific Research Journal                                                      Volume 5 Issue 11, 2019 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.201911_5(11).0004 

27 

(𝐼𝐶)𝜏 + 𝛽(𝜇𝑎𝑞 + 𝜃 + 𝐷) + 𝐴0𝑟0𝑞 −
1

2
𝑏𝑎2 −

1

2
𝜌𝛽2𝜎2

≥ 𝜏 + 𝛽(𝜇𝑎′𝑞 + 𝜃 + 𝐷) + 𝐴0𝑟0𝑞 −
1

2
𝑏𝑎′2 −

1

2
𝜌𝛽2𝜎2 

 

(2) Model solving 

The rational broker expects that the optimal situation is that the (IR) constraint is established. 

 

𝜔 − 𝛽(𝜇𝑎𝑞 + 𝐷) − 𝐴0𝑟0𝑞 +
1

2
𝑏𝑎2 +

1

2
𝜌𝛽2𝜎2 = 𝜏                (4) 

 

Constraint (IC) is equivalent to 

 

𝑚𝑎𝑥 𝜏 + 𝛽(𝜇𝑎𝑞 + 𝐷) + 𝐴0𝑟0𝑞 −
1

2
𝑏𝑎2 −

1

2
𝜌𝛽2𝜎2                 (5) 

 

Derivation of (a) in (5)： 

 

  𝑎 =
𝛽𝜇𝑞

𝑏
                                    (6) 

 

Bring (4) and (6) into the objective function: 

 

max
a,β,t

q +
μ2q2β

b
−

μ2q2β2

2b
− ω −

1

2
ρβ2σ2                        (7) 

 

For the β in the (7) 
 

β =
μ2q2

μ2q2+bρσ2                                   (8) 

 

Bring (6) and (8) to (4) to get a fixed agency fee: 

 

𝜏 = 𝜔 − (
𝜇2𝑞2

𝜇2𝑞2 + 𝑏𝜌𝜎2
)2(

𝜇2𝑞2

2𝑏
−

𝜌𝜎2

2
) − 𝐴0𝑟0𝑞 −

𝜇2𝑞2𝐷

𝜇2𝑞2 + 𝑏𝜌𝜎2
 

 

Therefore, the owner’s expected income 

 

Eπ = r0q +
μ4q4

b(μ2q2 + bρσ2)
−

μ2q2 + bρσ2

2b
(

μ2q2

μ2q2 + bρσ2
)2 − ω 

4. MODEL ANALYSIS 

Suppose the owner pays the commission according to the usual practice, adopting the 
principle of “no-cure, no-pay”, the probability that the broker can pick up the goods is recorded 
as 𝜑1 and the owner can succeed if the owner gives a fixed remuneration and gives the benefit 
share, the probability of getting the goods is recorded as 𝜑2, therefore 𝜑2 ≥ 𝜑1. because the 
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incentives of the owners inspired the broker. Exploring changes in the income of brokers and 
owners in both cases, and whether owners will adopt a new type of principal-agent model. 

4.1. Broker's Income Change 

1. Benefits in the traditional mode: s1 = φ
1

A0r0q 

2. Income under the new reward model: s2 = φ
2

[τ + β(μaq + D) + A0r0q −
1

2
ba2] 

Bringing 𝑎 =
𝛽𝜇𝑞

𝑏
 into the two yield differences: 

s2 − s1 = (φ
2

− φ
1

)A0r0q + φ
2

[τ −
μ2q2β2

2b
+

μ2q2β2

b
+ βD] > 0 

That is to say, the profit of the broker is increased under the new reward model, and increases 
with the increase of the effort, indicating that the use of the benefit distribution model will have 
an incentive effect on the broker. 

4.2. Owner's Income Change 

1. Benefits in the traditional mode: 𝜋1 = 𝜑1（1 − 𝐴0)𝑟0𝑞 

2. Income under the new reward model: 𝜋2 = 𝜑2[（1 − 𝐴0)𝑟0𝑞 + 𝜇𝑎𝑞 + 𝐷 − 𝛽(𝜇𝑎𝑞 + 𝐷) −
𝜏] 

Because 𝜏 = 𝜔 − 𝛽(𝜇𝑎𝑞 + 𝐷) − 𝐴0𝑟0𝑞 +
1

2
𝑏𝑎2 +

1

2
𝜌𝛽2𝜎2 

Two kinds of income difference: 

𝜋2 − 𝜋1 = (𝜑2 − 𝜑1)(1 − 𝐴0)𝑟0𝑞 + 𝜑2[𝜇𝑎𝑞 + 𝐷 + 𝐴0𝑟0𝑞 − 𝜔 −
1

2
𝑏𝑎2 −

1

2
𝜌𝛽2𝜎2] 

Where 

μaq −
1

2
ba2 =

μ2q2β

b
−

μ2q2β2

2b
> 0; 

1

2
𝜌𝛽2𝜎2——the risk cost of income, which is the loss of income caused by external factors, 

when the risk cost reaches the maximum, the broker has no income, therefore 
1

2
𝜌𝛽2𝜎2 ≤ 𝐴0𝑟0𝑞; 

𝜔——retain utility for brokers, with smaller values. 

So could get that 𝜋2 − 𝜋1 > 0. 

It can be seen that the incentives given by the owner to the broker can increase their income 
and increase the success rate of the goods. 

5. NUMERICAL ANALYSIS 

In order to understand which factors affect the optimal excitation coefficient (β) and the 
degree of influence, the following numerical analysis is performed. When analyzing the 
influence of each parameter on the optimal excitation coefficient (β), other parameters are fixed, 
and only one parameter is changed. 

5.1. Situation 1 

The broker's effort cost coefficient (b) changes, let ρ=2, 𝜎2=100, μ=0.01, q=1000, 𝐴0=0.0375, 
b respectively take 0.1, 0.2 ... 0.9, 1 respectively into the formula (6) and formula (8) are 
available: 
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Table 1. Results of broker's effort cost coefficient (b) change 

b 𝛽 𝜎2 𝑎 ρ 

0.10  0.83  100 83.33  2 
0.20  0.71  100 35.71  2 
0.30  0.63  100 20.83  2 
0.40  0.56  100 13.89  2 
0.50  0.50  100 10.00  2 
0.60  0.45  100 7.58  2 
0.70  0.42  100 5.95  2 
0.80  0.38  100 4.81  2 
0.90  0.36  100 3.97  2 
1.00  0.33  100 3.33  2 

 

Table 1 shows that the incentive coefficient (β) given by the owner to the broker is negatively 
correlated with the broker's effort cost factor (b). When the effort cost factor (b) is higher, the 
broker's expected return is smaller, and then the broker's effort level (a) is reduced, so the 
owner reduces the incentive amount due to the decrease in the broker's efforts. 

5.2. Situation 2 

Broker risk preference degree (ρ) change, let 𝜎2=100, μ=0.01, q=10000, 𝐴0=0.0375, b=0.1, 
ρ respectively take 1, 2...9, 10 respectively into the equation (6) and equation (8) are available: 

 

Table 2. Results of broker risk aversion (ρ) change 

b 𝛽 𝜎2 𝑎 ρ 

0.20  1.00  100 499.00  1 
0.20  1.00  100 498.01  2 
0.20  0.99  100 497.02  3 
0.20  0.99  100 496.03  4 
0.20  0.99  100 495.05  5 
0.20  0.99  100 494.07  6 
0.20  0.99  100 493.10  7 
0.20  0.98  100 492.13  8 
0.20  0.98  100 491.16  9 
0.20  0.98  100 490.20  10 

 

Table 2 shows that the optimal excitation coefficient (β) decreases as the absolute risk 
aversion (ρ) of the broker increases. When the broker is more cautious about the risk, the less 
risk he can bear and the less effort, the more risk the owner bears and the income is uncertain, 
so the incentive coefficient that the owner will give to the broker is smaller. 

5.3. Situation 3 

The variance of the exogenous variable (𝜎2) changes, let μ=0.01, q=1000, 𝐴0=0.0375, b=0.1, 
ρ=2, 𝜎2take 200, 400, 600...1800, 2000 respectively Equations (6) and (8) are available: 
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Table 3. Results of changes in variance (𝝈𝟐) of exogenous variables 

b 𝛽 𝜎2 𝑎 ρ 

0.1 0.71429  200 71.4285  2 
0.1 0.62500  300 62.5000  2 
0.1 0.55556  400 55.5556  2 
0.1 0.50000  500 50.0000  2 
0.1 0.45455  600 45.4545  2 
0.1 0.41666  700 41.6666  2 
0.1 0.38461  800 38.4615  2 
0.1 0.35714  900 35.7142  2 
0.1 0.33333  1000 33.3333  2 
0.1 0.31250  1100 31.2500  2 

 

Table 3 shows that as the variance of the exogenous variable (𝜎2) increases, the incentive 
coefficient (β) given by the shipowner to the broker will decrease. The greater the influence of 
exogenous variables on the shipowner's income, the more cautious the shipowner is to benefit 
sharing, so the smaller the incentive amount can be given. When the shipping market is in a 
downturn,  the risk is uncertain, the owner will give certain incentives to encourage the broker 
to work hard to collect the goods, but the interests of the owner in each shipment are very thin, 
and even make ends meet, this situation will make the owner The incentives taken are small. 

6. CONCLUSION 

The article establishes a principal-agent model to analyze the principal-agent relationship 
between the shipowner and the broker. Based on the “no cure, no-pay” commission model 
adopted in the shipping charter market, the fixed agent fee and the result incentive reward are 
introduced into the principal-agent model. In the distribution of interests between shipowners 
and brokers, a new type of benefit distribution model consisting of fixed agency fees, incentive 
payments and traditional commission models was established. The relationship between the 
incentive coefficient and the broker's effort cost coefficient, the absolute risk avoidance degree 
and the variance of the exogenous variables are analyzed. It is concluded that in order to survive 
and develop in the sluggish dry bulk shipping market, shipowners must increase their efforts, 
and the timely incentives for brokers will have a positive effect. Therefore, in the broker and 
shipowners Incentives need to be considered in the issue of the distribution of benefits. 
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