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Abstract—[Purpose] In order to address the problem of pricing 
public infrastructure project based on the binary tree model. 
[Method] By the real option binary tree model. [Conclusions] 
This article makes a pricing research on public infrastructure 
projects to. At the same time, this article makes policy 
recommendations for the investment powers and the 
government respectively.  
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I.  INTRODUCTION 

With the rapid economic development, public 
infrastructure has increasingly strong demand, and the trend 
for large scale investment projects is becoming increasingly 
apparent. Public infrastructure is a kind of public good that 
provides services for the whole community. And it is also an 
indispensable hardware in the process of economic 
development. Only government financial expenditure can not 
solve the fundamental problem of the construction of public 
infrastructure.  

Public infrastructure investments have a long 
construction period, high-risk and a huge capital demand. Its 
value is precisely decided by this uncertainty. Investor can 
determine the value of the development project again with 
continuous-obtained information after the start of the project. 
As a basis to make the decision to continue to invest or 
abandon investment, investor can get effective risk aversion. 
The net present value as the main representative of the 
project investment decisions largely ignored the opportunity 
cost of the investment flexibility and investment decisions 
have been unable to adapt to the needs of the current 
investment. 

II. THE APPLICATION OF BINARY TREE OPTION PRICING 

MODEL 

A. Determination of the variable 

(1) The current value of the assets of the investment in 

infrastructure projects ( 0S
). That the execution of the option 

prices 
(2) Option exercise price(X). The option exercise price of 

the investment in infrastructure projects generally is the sum 
of the current cost of the investment in the project life cycle. 

(3) Interval of each of options (t). 

(4) The options useful life of the infrastructure projects 
(T). The life of the general project options is 3-6 months. But 
due to some external factors in the real world, options need 
time long enough to eliminate the uncertainty. As a result we 
delay the options life of the project to 15 months. 

(5) Volatility of the value of the investment in 
infrastructure projects(σ). The variable measures the 
variability of the total value of its assets related projects in 
the life of its option. Calculating volatility already reached a 
consensus approach to decision making. The volatility is 
calculated through management optimistic estimate 

( optS
)and pessimistic estimate( pesS

)of the expected return, 
and the given life cycle of the project (T), the formula is: 

/
ln

4
opt pesS S

T
σ =

 
(6) The necessary yield or the risk-free rate of return of 

all necessary infrastructure projects owners yield or risk-free 
rate of return is r. 

(7) The value of the infrastructure projects may raise u or 
may drop d. In the binary tree option pricing model, the 
underlying value is the expectation resulting from risk 
neutral probability p in the high state and low state of the 
future. Then the discounted present value discounted at the 
risk-free rate r. 

At the end of the period T, the expectation of the price-
changing rate of the infrastructure projects is: 

( 1) (1 )( 1) 1rtp u p d e− + − − = −  
We can get the price-changing rate of the value of the 

underlying assets in a period: 
rte d

p
u d

−=
−  

And 
tu eσ= ，

1 td e
u

σ−= =
 

(8) The infrastructure project value at the end of each 
period is δ times over the value at the time. (We assume that 
all the owners of infrastructure projects are rational).  

Using risk-neutral pricing method, the binary tree of the 
value of the infrastructure projects is as shown on figure 1.. 
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Figure 1.  The binary tree of the value of the infrastructure projects 

B. The calculation of the options value 

The options value on each node in the binary tree can be 
calculated by backward induction method. And decision-
making rules apply to each node, starting from the right side 
of the binary tree, choose the best decision. Calculating the 

waiting option value 
2 2

0(1 ) u Sδ−  needs to be carried out in 
accordance with the following steps: 

Step 1: 

{ }2 2 3 3 3 2
0 0 0(1 ) (1 ) (1 ) (1 ) r tu S p u S p u dS eδ δ δ − Δ   − = − + − −   

； 

Step 2: 
2 2 2 2

0 0(1 ) max((1 ) ,0)u S u S Xδ δ− = − − , For the 
call options; 

        
2 2 2 2

0 0(1 ) max( (1 ) ,0)u S X u Sδ δ− = − − , For the put 
option. 

Select the highest value between step 1 and step 2, and 
identify the option value. The same process is repeated until 

we start to get the project's equity price ( 0S
). 

Assuming that an infrastructure projects option that will 
expire after T years can be purchased. 

First, the analysis of the call option value: 

(1)When (1 )uδ− ＜1, Call option is worthless 

(2)When (1 )uδ− ≥ 1, Call option is valuable only in the 
case that the value of two infrastructure projects is up. And 
there are two cases: 

First, when

2 2(1 ) 1

(1 ) 1
T

u p
e

u

δ
δ

 − −  ≥
− − , the power method of 

call option will wait for the options to expire and choose 
whether to perform instead of exercising the option in 
advance. The value of the options at this time 

is
2 2 2 2

0(1 ) 1 Tu e p Sδ − − −  . 

Second, when 

2 2(1 ) 1

(1 ) 1
T

u p
e

u

δ
δ

 − −  <
− − , the power method 

of call option will choose to exercise the option in advance. 

The value of the options at this time is[ ] 0(1 ) 1 Tu e pSδ −− −
 

At the same time, the analysis of the value of the put 
option: 

(1)When (1 )uδ− ≥ 1, Put option is worthless only in the 
case that the value of two infrastructure projects is up. And 
there are two cases: 

First, when 

2 2 21 (1 ) (1 )

1 (1 )
T

p d p
e

d

δ δ
δ

 + − − −  ≥
− − , The power 

method of put option will wait for the options to expire and 
choose whether to perform instead of exercising the option in 
advance. The value of the options at this time 

is{ }2 2 2 2 2
02 (1 ) 1 (1 ) (1 ) Tp p d p e Sδ δ − − + − − −   

Second, when 

2 2 21 (1 ) (1 )

1 (1 )
T

p d p
e

d

δ δ
δ

 + − − −  <
− − , in the 

case of a decline in the infrastructure projects value in the 
first phase , the power method of put option will choose to 
exercise the option in advance. The value of the options at 

this time is
[ ]{ }2 2

01 (1 ) (1 ) (1 )T Td e p p p e Sδ δ− −− − − + −
 

(2)When (1 )uδ− < 1, regardless of how changes in the 
value of the two infrastructure projects, put option has the 
value. And there are three cases: 

First, when

2 2 21 (1 ) (1 )

1 (1 )
T

p d p
e

d

δ δ
δ

 + − − −  ≥
− − , The power 

method of put option will wait for the options to expire and 
choose whether to perform instead of exercising the option in 
advance. The value of the options at this time 

is{ }2 2 2 2 2 2 2 2
02 (1 ) 1 (1 ) (1 ) 1 (1 ) Tp p d p u p e Sδ δ δ −   − + − − − + − −    ; 

Second, 

when

2 2 21 (1 ) (1 )

1 (1 )
T

p d p
e

d

δ δ
δ

 + − − −  <
− − and

2 2 2(1 ) 1 (1 )

1 (1 )
T

p u p
e

u

δ δ
δ

 − + − −  ≥
− − , in the case of a decline in the 

infrastructure projects value in the first phase, the power 
method of put option will choose to exercise the option in 
advance. The value of the options at this time 

is[ ] { }2 2 2 2 2 2
0 01 (1 ) (1 ) (1 ) 1 (1 )T T Td e p S p p e u p e Sδ δ δ− − − − − − + − + − −  ; 

Third, when

2 2 2(1 ) 1 (1 )

1 (1 )
T

p u p
e

u

δ δ
δ

 − + − −  <
− − , the power 

method of put option will choose to exercise the option in 
advance, regardless of the value of the infrastructure projects 
in the first phase up or down. The value of the options at this 

time is:
[ ] [ ]{ } 01 (1 ) (1 ) 1 (1 ) Td p u p e Sδ δ −− − − + − −

. 

III. THE POLICY RECOMMENDATIONS 

A. The powers side investment recommendations 

(1)When infrastructure investment powers use valuation 
binary tree model of the real options to price, first of all they 
need to make a judgment of their own decision-making and 
its development process to determine its compliance with the 
process structure of the binary tree model.  

(2)The powers of the infrastructure investment side need 
to make predictions in response to market demand trends.  
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(3) In order to calculate the real options value of 
infrastructure projects, infrastructure investment powers need 
to estimate future earnings as accurate as possible.  

(4) For the powers of the infrastructure investment, there 
will be a bottom line of an acceptable rate of return on 
investment in accordance with the risk-free rate of return (r) 
in the real options binary tree pricing model.  

B. Government's policy recommendations 

(1) Reasonable control of the structure of the urban 
infrastructure investment.  

(2) Adjust the space layout and construction sequence of 
city infrastructure investment. 

(3) Make a stage grasp of the city infrastructure 
investment. 

(4) Make a recognition for the effect of different types of 
city infrastructure investment. 

(5) Reasonable control of the scale of investment. 
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