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Abstract

The BTO-a projects is the types, which has a demand risk among the type of PPP projects in Korea. When
demand risk is realized, private investor encounters financial difficulties due to lower revenue than its
expectation and the government may also have a problem in stable infrastructure operation. In this regards,
the government has applied various risk sharing policies in response to demand risk. However, the amount of
government's risk sharing is the government's contingent liabilities as a result of demand uncertainty, and it
fails to be quantified by the conventional NPV method of expressing in the text of the concession agreement.
The purpose of this study is to estimate the value of investment risk sharing by the government considering
the demand risk in the profit sharing system (BTO-a) introduced in 2015 as one of the demand risk sharing
policy. The investment risk sharing will take the form of options in finance. Private investors have the right to
claim subsidies from the government when their revenue declines, while the government has the obligation to
pay subsidies under certain conditions. In this study, we have established a methodology for estimating the
value of investment risk sharing by using the Black - Scholes option pricing model and examined the
appropriateness of the results through case studies. As a result of the analysis, the value of investment risk
sharing is estimated to be 12 billion won, which is about 4% of the investment cost of the private investment.
In other words, it can be seen that the government will invest 12 billion won in financial support by sharing
the investment risk. The option value when assuming the traffic volume risk as a random variable from the
case studies is derived as an average of 12.2 billion won and a standard deviation of 3.67 billion won. As a
result of the cumulative distribution, the option value of the 90% probability interval will be determined
within the range of 6.9 to 18.8 billion won. The method proposed in this study is expected to help
government and private investors understand the better risk analysis and economic value of better for
investment risk sharing under the uncertainty of future demand.
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Figure 1. Revenue distribution structure of BTO-a
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Table 2. Case study project overview

Category Description Category Description
Title OO-AA highway Inflation Rate 2%
Construction period 5 years(2017-2022) Treasury Bond Yields 1.52%
Weighted—Average (5-year treasury bonds
yields observed during 2016)
Operation period 30 years Risk Premium 1.5%
Total private investment (current) 300 Bil.Won Government’s Risk—Sharing ~ 70%
Total operation cost 193 Bil.Won(for 30 years) Government Attribution ratio 30%
Total operation revenue 833 Bil.Won(for 30 years) Project’s Rate of Return 2.50%
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Table 3. Cost and operation cost data for the model application
Unit: Hundred Million Won Sum 2025 2026 2027 2028 2051 2052 2053 2054
Operation revenue 8,330 200 204 208 213 345 352 359 366
Criteria for gov't risk share(A+B+C) 5,349 144 150 146 151 213 229 170 185
A. Fixed operation cost 1,933 23 30 26 32 105 121 63 78
B. Principal reimbursement of private 3503 1097 197 197 107 107 107 107 107

investment covered by Gov't risk share
C. Interest of private investment not

covered by Gov't risk share 213 14 13 13 12 2 ! ! 0
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Table 4. Variables for valuation of risk share liability in BTO-a

o (Volatility of

S (Underlying asset price) X (exercise price)  r (Risk—free interest rate) 7" (Expiry date) .
operation revenue)

Operation revenue in year i .GOVt R.ISk share cost 1.52% 1 34%
in year i

Table 5. Cases used to estimate volatility of traffic volume

Opening Year Operating Periods (years)  Volatility (using Equation 10)
Cases A 2000-12-05 15 0.49
Cases B 2002-12-23 13 0.42
Cases C 2006-02-12 10 0.44
Cases D 2006-06-29 10 0.24
Cases E 2008-12-01 7 0.49
Cases F 2009-07-01 7 0.23
Cases G 2009-07-15 7 0.23
Cases H 2009-11-01 7 0.28
Cases [ 2009-10-01 7 0.26
Average - - 0.34
Standard deviation - - 0.116
Black—Scholes &7F4 47 RS o83t AAl O] Mid e 34 7149 2718 4% 43 3097

mlm _lg

= BTO-a §A41& Addeto 24 TIZARIAA| oF 1209¢19] 714

1209190 2 A=A tHTable 6). &
A A DSEaL Tkl B 4= 9l.om, o] o] F 7] gizto] TR A Eof Ex}sh= wIZHERR] Q1 3,000 tiH] oF
Kel

195 AT, EEY FEAVAL 3R YPIA FF 44 FRRAFYo] AAGLRI TR 700k
oFd Ao st SR EFY 2715 ] 91k, 20323} 20409 {A7HH7H A 417
ol f BAHAo] obaly] R, ARl thAo] AT dER FAFEDIES 5 DL
7H g EI91] wholet,
A TAHY R D0 AT BFH@E A2 J2 M0lck S o] A5 07 ¢
Q1 oA, Felel 2 A7) AAte) FEAHTRE B S e wrehA,
2 7PgelT 218 WA Astel TEF oI5 g0l e %@_M x

W r
)

?

ru{m

o mEe] WEAL B TLES s E%@%,% o] 2 Blol 12 A EAfS] Aa1e]
(RANDO) @424 o] 2me| =X EA F@sHg.0n, Aol 8L 3,00081% Sdsksich
FA0 A BF 12200908 ARG oM, BERAE 36791902 Uetdth Ageol4 Avte] 54
e A1 69910l 4 1889199 Mgl A A9 8ol 90%E A

370

Journal of Korean Society of Transportation Vol.35 No.4 August 2017



KU, Sukmo - LEE, Sunghoon - LEE, Seungjae Article

Table 6. Results: Gov't risk share value in the BTO-a case (unit: Hundred Million Won)
Year 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
S 199.6 204.0 208.3 212.8 217.3 222.1 2275 2328 238.3 2443 2499 2559 2619 268.6 2749

X 1437 1499 1458 150.8 146.6 1525 169.5 208.2 166.3 157.5 166.9 1582 161.3 198.3 163.3
Value 4.1 47 3.5 3.9 2.9 33 58 164 4.0 2.4 3.1 1.8 1.8 6.4 1.5
Year 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054
S 281.2 286.2 291.2 296.2 301.4 306.5 3126 3189 3252 331.7 3384 3451 3521 359.1 366.3
X 2619 160.5 187.3 1622 197.3 205.6 1663 171.1 2422 1723 186.1 2135 2288 170.5 185.2
Value  24.3 1.0 2.8 0.8 3.3 3.9 0.7 0.7 8.2 0.6 1.0 2.5 3.6 0.3 0.5
2P 119.7

*: See Table 1 for the definitions of S and X.
**: Value refers Gov't risk share value.

Table 7. Summary statistics (unit: Hundred Million Won)
Mean 122.9 Histogram of Monte Carlo Simulation Results
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