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A Study on the Multiple Real Option Model for Evaluating Values based on Real Estate
Development Scenario

Jang, Mikyoung', Ku, Yohwan', Choi, Hyemi', Kwon, Tae—Hwan', Kim, Juhyung’, Kim, Jaejun

"Department of Architectural Engineering

Abstract : Real estate development requires significant amount of capital investment, The project duration has been
increased according to its enlarged size, For this reason, cost overrun and time delay are important risk factors that
should be managed properly. As a method to hedge the risk, various real option methods have been presented, However,
conventional project value assesment methods such as NPV(Net Present Value) have weakness to support decision
making by reflecting dynamic situations in terms of variation of cost and time, Furthermore, the decision making
process is serious of actions rather than discrete event, The purpose of this paper is to present a multiple real option
valuation method to overcome the deterministic aspect of real option presented in previous research and practice, The
method is developed as following: firstly, to select the model that can be applied in the real estate development project
through a survey from previous literature on real options analysis; secondly, to apply data from office development
case in order to verify the model by applying conventional real option and multiple real option valuation, According to
analysis result, multiple real option provides enhanced values comparing to NPV and single real option,
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Fig. 1. Uncertainty and Valuation(Park 2009)
7]122] NPV(Net Present Valuel4ol A ol2jet <l

39] 7Hx|e} MR 7IAE aresA] oAl qlo] ARe] 71
= A H7lsHA ok, Trigeogis(2005)+= ROVE} NPVRS]

stEzAMBaIEE =24 xied x5z 205 98 115



HojZ 7R - 260l - HeNE - 2FE - AN

FM

PAE thaa ol F3staL Qiet
ENPV = NPV + ROV
ENPV(Expanded or Strategic Net Present Value)
DA e S AR
NPV(Net Present value)
DA s R AE A AR
ROV(Real Option Value)
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Table 1. Types of Real Option(Trigeogis 2005, Yeon et al. 2014)

; Applicable
e Hcauny Industries
An option that can lease or purchase Real estate

Deferral valuable land and resources and can also| development,
Option defer an investment till a favorable time Agricultural
emerges industry
An option that can abandon the
project halfway if new information is R&D clustered
Phased disadvantageous to the project. Each industry,
Option phase is regarded as an option for value Medicine
of the next phase and It can be valuated development
by complex option
, An option that can expand production Natural
Operation
Scale scale or accelerate resource use. resources
. Reversely, operation scale can be industry,
Alteration : » )
Obtion reduced if market conditions are Industrial real
P disadvantageous than expected estate
An option that if market conditions are Airport, Railways
) severely depressed, management can Launching new
Abandoning ) ) .
Option permanently abandon current operation |items in markets

and secure sales value of assets other with uncertain
than capital goods in secondhand market | financial service

An option that can alter production

Replacement o o ) Alters a product,
. combination of facilities according to

Option Alters an input

supply and demand

An option that initial investment is High
Growth necessary or is connected to project technology,
Obtion chains that initial investments are R&D,
b mutually affiliated. It offers future growth Multinational
opportunity operation
Multiple An option that a value of option can alter | Actual projects
Interaction | if option exists complexly than when related to all of
Option option exists independently industries
222 AEZE EE A 1A
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Table 2. Comparison of financial option variable and real option variable

Financial option Variables Real option
Underlying asset S Present value of expected cash flow
Volatility o Property value volatility
Strike price X Investment
Risk—free interest rate r Money value of time
Expiration date T Time to investment opportunity
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Fig. 2. Binomial Lattice model(Park et al. 2014)
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Fig. 3. Binomial Lattice model excel sheet(Park et al. 2014)
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Fig. 4. Investment Scenario of real estate development
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Table 3. Binomial lattice of project value on the total investment

t=0 t=1 t=2 t=3 t=4 t=5
100 116.18 134.98 156.82 182.19 211.67
86.07 99.99 116.18 134.97 156.81
74.08 86.07 99.99 116.18
63.76 74.08 86.07
54.88 63.76
47.23




Table 4. Binomial lattice of project value on the initial investment

t=0 t=1 t=2 t=3 t=4 t=5
50 58.1 67.5 78.4 91.1 105.9
43.0 50 58.1 67.5 78.4
37.0 43.0 50 58.1
31.9 37.0 43.0
27.4 31.9
23.6

e AR i Ml
£ Table 3¢} 721, 12} BA2 Qg AFEE52] 7| HA =
Table 49} At}

Table 5. Binomial lattice of the deferral/composite option valuation
(the secondary option)

t=0 t=1 t=2 t=3 t=4 t=5
45.63 57.12 71.79 90.01 111.97 137.87
32.23 39.83 50.45 64.76 83.01
23.64 27.10 32.84 42.38
21 21 21
21 21
21

Table 6. Binomial lattice of the deferral/composite option valuation
(the primary option)

t=0 t=1 t=2 t=3 t=4 =5
4.286 7.12 - - - -

Table 7. Binomial lattice of the deferral/composite option valuation
(integration of the primary and secondary option)

3.3 HE Al 4

ATl A] ARRE 7| ZALEE Park et al, (2010)0]14] -
A AR} o] ZER 7o) o]t ZRAEAC] AR o] 7]
Zsal Qo o AEgA A 918l Table 83} o] -
datsdet.

Table 8. The Revenue analysis of A project using DCF(Park et al. 2010)

Classification t=0 t=1 t=2 | t=3 | t=4 | t=5 | t=6
Rent 121.15]126.00|131.04|136.28| 141.73
Management
Total 44.76| 46.55| 48.41| 50.37| 52.36
expenses
income
Sale price 2233.33
Total 165.91|172.55|179.45|186.65|2427.42
Property
purchase 756.70
price
Construction

Total & incidental 331.04| 329.56
expenditure | €xpenses

Loan interest 127.56|127.56|127.56|127.56|127.56| 127.56

Management
26.33| 27.38| 28.47| 29.61| 30.79
expenses

Total 1087.74| 457.12|153.89|154.94|156.03|157.17| 158.35

Net operating profit —1087.74|-457.12| 12.02| 17.62| 23.42| 29.48|2269.07

Rate of discount —1087.74|—431.24| 10.70| 14.79] 18.55| 22.02(1599.60

NPV 146.68

12} Bxjof| gt ExH| 8-S EX|u}u]g0 g2 ymHz] &
A2 22} FApHg- 02 7HYslott, 1A £ALE E7st
RS o] A2 A= EA]E-9] 30%2 7PYsIEeH, 14 &
Aol gt &47)17Hn,) S 2d 02 61911 23} Fxjol| thsh
|4A717Hny)2 4902 7Hslect, ofof tigt 4k Table 9
o} tt,

Table 9. The Variable of Binomial lattice model

Variable value
t=0 t=1 t=2 t=3 t=4 t=5 Present value S |2286.94(100 million won)
4.286 7.12 71.79 90.01 111.97 137.87 Present value on the initial investment S1| 756.70(100 million won)
0 39.83 50.45 64.76 83.01 Present value on the secondary investment | S2 | 1530.24(100 million won)
23.64 27.10 32.84 42.38 Investment expense X 12140.26(100 million won)
21 21 21 Investment expense on the initial investment | X1 | 756.70(100 million won)
21 21
Investment ex.pense on the secondary %2 | 1383.56(100 million won)
21 investment
Volatility e 10.25%
- - o Risk free rate R 5%
A1), @4 2), (4] 3)ol] ofste] 22 T4} 34 7H2| Time i Tyoars
= 5L A
7} o8FAR= Table 5@} o] FFak 4= )1, o|& 7|Hto g Up coefficient u 1.1079
(A 4), (G4 HE o83t 12} BEA}F &4 71AH 7} o]8kA Down coefficient d 0.9026
X]"E Table 6«‘"’—} 251.7_" %1:} o]% é@%}‘%ﬂ Table 7;,_]_ 2 % similar Probability p 0.7241
- o= - - Earnings E -
RIS ZRT B 428601, 0|} o] HFHOZ BE S
Investment period on the initial investment | n1 2years
¥ Fo ) A= = By
%— E%A‘TL} NPV%/\ H]‘”—O]‘O:‘ EE 7E-l] \:!I S} ﬂ— 7H = }\]—Od Investment period on the secondary o ayears

o] 75715 AT,

investment
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Table 10. Binomial lattice of project value on the total investment
(100 million won)

t=0 =1 t=2 t=3 t=4 =5
2286.94 | 2533.70 | 2807.09 | 3109.98 | 344554 | 3817.32
2064.19 | 2286.94 | 2533.70 | 2807.09 | 3109.98
1863.14 | 2064.19 | 2286.94 | 2533.70
1681.67 | 1863.14 | 2064.19
1517.88 | 1681.67
1370.03

Table 11. Binomial lattice of project value on the initial investment
(100 million won)

t=0 t=1 =2 t=3 t=4 t=5
756.70 838.35 928.81 1029.02 | 1140.05 | 1263.07
683.00 756.70 838.35 928.81 1029.02

616.48 683.00 756.70 838.35
556.43 616.48 683.00
502.23 556.43
453.32

B Ao RS T AEA 240 Z-gshH 23}
F2F A4 7HAH 7 o|gAAF A= Table 12, 1} £AF &
A 712 H 7} o] & AR AR Table 137 23l 0|2 Aglshd
Table 142} o] EZHTY,

Table 12. Binomial lattice of the deferral/composite option valuation
(the secondary option)

t=0 =1 t=2 t=3 t=4 t=5

961.85 | 1189.91 1393.69 | 1624.42 | 1884.22 | 2176.46
731.82 877.29 | 1048.42 | 1245.92 | 1469.12
486.71 591.99 725.90 892.84
301.32 351.08 423.33
227.01 227.01
227.01

Table 13. Binomial lattice of the deferral/composite option valuation
(the primary option)

t=0 t=1 t=2 t=3 t=4 t=5
298.32 433.21 - - - -
O — — — —_

120 s=zspeiss =22 diea H5s 20154 o8
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Table 14. Integrated binomial lattice of option valuation

t=0 t=1 t=2 t=3 t=4 t=5
298.32 433.21 1393.69 | 1624.42 1884.22 | 2176.46
0 877.29 | 1048.42 1245.92 | 1469.12

486.71 591.99 725.90 892.84
301.32 351.08 423.33
227.01 227.01
227.01

Al og 22 AE O 2 B 298,329 Holm NPVEE
146,682 3} Hlwsle] 151,649 €o] ROVE 2 HE &
22 oJth NPV 84 A3} 0Hct Ana Z2AEL 1) =
Apefe 7}A]7F QIekar ekt 4= Qlek, shANE wlefe] £k
31} ojatEA o] GANS TEate] Ty AERA 7HE 7t
£ AAJshH 298,329 o2 717} o AR-ES & = Uk

4.1
Y FAE BAg BB AL A A1) 2
A1) sfol ufet Aj9le] afrt 2-957] uize A

of A2pel 74 viejo] ofglm, mjee] B4l ool
£ 2540l DOFE o}g31e] Al elgae Bble
%It olo] 2 QoA AEAR) DOFe] 3H1S g}
vlefe] BeHAel thst] Sta) Al A 7HmE 71
2 g3jo] S5Ak A1) 7S B lskan shich

3 QAo BEAT A AlQlellA 7] APt WA
Zo] sk, W - ol ebguisle] njet £410] @7l
Tejshd) EAQ) oA S S5t 1,23 FAA
7] et E71g 0] 8 H T S B Ak}
3 015 Q35 ARl B 851l HES AT,

AakH o AEA DOFS o] 8% NPV 146,639 9
o] AR £ AT ANT T A4 mEg A
£81918 T ENPV= 298 320] 9102 ESEI3Ic,

3 Aol ThE AEgA0) 7417 DORe) ZHA et
7 Ul oz ARgHo) wislel ne} thaa 4 gl g4
A7 WgEIol] whEolT) e el AREHS g3}
e uEeh B G4 L NGB ORN UF ABS
o) 717 8 0] A4S A8 S vt o 27
LSl olefet AlgSlo] Tk gelie] Al A 71N
7ol A1) 7H1E BT o 4 Qlglet, ket 2

Mo kI _@ mot

2] 90} QAR ZRA s T} ARS8 nElS A g3to
W oA AA 0] 9L Wk =] 4= 91 Ao & TirhE )

H 93L9] B Park et al, (2010)3} R IR 2 HEA
T} Ts) 7H MEdS el eua QohRjael 2
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