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Try to Use a New Valuation Approach: Application of the Real Options

Pricing Method to an Aerospace Project
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<Abstract>

This article describes a methodology for evaluating huge aerospace R&D investments
using the real options pricing method. Option pricing has been proposed as a useful
approach for modeling investment in R&D. Two important features of R&D investments
are that an R&D project takes time to complete and that the outcome of R&D
investments is highly uncertain. This makes the analysis of R&D investments difficult.
Traditional tools for project evaluation, like IRR or the NPV, are inadequate for coping
with the high uncertainty. Hence, In this article 1 propose a log-transformed binomal
lattice method, and it will show that option pricing might be an adequate framework for

evaluating such types of aerospace investments.

Key Words: valuation, real options, real options pricing, big industry, real value,

LTBL, log-transformed binomial lattice method, growth option, intrinsic value, flexibility
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g Fo-FRol= AUANYBig Industry)Tol &30, B3 A=LHAF

o2 EFHEY Al 2344 FAHR AHBAATT F
o vlwste A - AA - ADY] BE SW
5 ATk 227 W) g AF E 1R
E A Aojtt 7EFH WES HEFHop e g Adzd Fo% TS
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AE7} dupyg 2 ZAH AXE A2 QEA gotrr] fstd, 7HXBIke AR
¢ wHel AE&A(the Real Options)d AEE ol &3txx ok 1970dd] Xut
SY-427} FEI =EVE A2 °l§ 2 AAH Qs AR S AP
o2& & ZIAHIIYe] HA R Jd A& EAE AAA HJLH, AF
ZQ NPV 7tX%7bH 9 “now or never” &AMZAA U A AGAE ol
QA el FAh AGY B FHIAH gAEAAY ARALHR FdA

(flexibility)o] &R =Actn & F AT

G &5 Foll LAk Bl 2ol A #XF A&EE AAsE A
o) JFoME Gebht djF A AJARJNIL A& o HPE A Foz IE H
of Azt AE9 HX7E 1729 82 +(D) 100094, 1/29] FE2 (&) 10007
o] Atz A FAEL FE H 10009HdS ¥wHA 52 dER A GO
W foh Fxi8ls GE 10090t 2t oAl Bl diF AAE HRA. ojulk: F
4] 1009 0] ot7Hl °]"d #2713 8 AL AMEE A =E Fojbg. ¢ FA
de FA49 F83 4288 F 298 Fa gk OA ZEE, v ZAvhEd
ol dig A2 S-S Y8 A AR HL AFE FASY o) 7 F
E /M F e BEE EoFE AH 2L Aok

FALE FALFANA wrld T2 wr]d oldd v A A (B
e AAY 22 F 5 ' AYES Foshy, B3 A&
198 203td & s 3. AEFAHIEL ols 2
Ao AAE AA ARFAN HEd Ao2A Tt tig AFHAHA
%) (strategic analysis and planning)& 3] AAAHo2 E2 AH) 23
2l oarARe] XY AE(real options)S FAE F AFAA #4(financial
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1) Black, F. and M. Scholes,”The Pricing of Options and Corporate Liabilities.” Journal of
Political Economy, 81(May-June 1973) 3 Merton, R.C.,"The Theory of Rational Option
Pricing.” Bell Journal of Economics and Management Science, 4,(Spring 1973).
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analysis)& 3 7139 7 E AFEetd & =Fq4 A48 MAEAHE 2
a9y o|gd B ¥ (LTBL: log-transformed binomial lattice) 2 0.2 A E:;-<&£=09)
A4 8 (continuous) A4 & ojatd (discrete) o2 WA WA dugE4de A
g4d =2 Oéi] A(accuracy or consistency), <A (stability), 282 ZEE&4
(efficiency)<& E'_-rr:— TNEA7)E 2ot
A 273NN E FEFF AQALY JegA 548

AAE FHE o&3F ZHXFEYY Z1EAHA 546 dis) 4mE F Al R4
AFE 2 ojdE IRl WA 2 HE o|IEI(LTBL: log-transformed
binomial lattice) 23S AHsIAT A 4FdAe dFZ2AE YA Y=
47452 (growth option)®] H7HE fd AESHS AHE 7MxH7 Al E B4
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R gozel AFugkel gk WEE Faa gt
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g, 53] old3% AFL 7le FFHA AFAE A3 o Ry Ao FH
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BARE7), BAMEYD B2, FTS

RS

P

=
Z WA, $FRE 2R, $FAAR, vg7] A 5o o AFe] HuI
&8 gF 2L AT AAAQ WAYZY ARl 2 o7} HE o
#7F HEE olg @ A4l - 714 H Bol4 BRYA QBT A% THAo] obd
Aolth. oW AN FFLFAYL JEFANN2 D BAH EHo] haf A
AREE FAT FTSF Z2AE AAAe Q2EARE Aedrldl A
G g 2 7149 E4L AHBE AL AERA AARPY AHge) DA o)
& A G D Aol

2

2) Steven E. Phelan, "The Role of Strategic Thinking in the Analysis of Hard Investment
Evaluation Problems.” , Paris, 1996.

3) Hobday, M.,"Product complexity, innovation and Industrial Organisation”, Research Policy
26, pp. 689~710, 1993
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7l fFEo. %3ty 8 33
71&9 EA44 o= 53 z 4%
71EE& Aste Aol AHIE . FEUes AANA AddA EFIE I
& A, 2%7)<(industrial technology), &3 7)< (public technology) @i 7]%
#}8}7]) 4 (basic science technology)® Wre WH3, B, 7|¢5FFS 22 ¥
F3le 9 7]=(advanced technology), %8 7l&(medium technology), L&8li 7|&
7)< (conventional technology)® W& ¥o] dch(2€ 13 29 2 F=F2)M

EUIIE. WYL, WYUK - NEINR E
HENS(ON BRI 82 &N ¥ :
WAIINR)
AR BM - 2EEQI0I2 8 :
&2 ey - paoIe '
(public 2N - PRI : !
JWNg : '
w2012 —E sz;;: =N E// 3 a2
g & ' ,
oA ) ' N
thasic pciance) seaw : ; '
BuAk 8 AT e
<™ 1> AANH g 7eRd <a¥g 2> 7)EFEd BE Jlewd Y
T T

S8 Yo FF-FAPL FPHQA F7F AFAYPLE SF4H L Q)
Az Hd7lE& 54 "Hed o8 7tx x7o] ‘T
AJAp st v1&FAz] AFA AN 71de] G T 5 fle WF AdE] 1
7Y Aojth ol8F ¢ vty FFHF Jleld FAL ds9 F UHA &
o7 AA3 Aol At AAE, FIEI 19763 29 AA FCapitalism,

Socialism and Democracys oA AAIZAY FFoz & 2899 7I€¥AL A4

4) o] g, “FIegdolg MW" A7 A4, 2000, pp.20~24
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A & Abgrel dsjxrt ofyet # AW 43 H3r|eA Fdod &) =2
ol AgHoz dojdri: Aoltkd EAle, F=L(Lundval)e Z7HAAA
(National Systems of Innovation)ol &g o]&e] 7|%2E& & Ao=2A, 7legAsn
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4o g2 AHoAvt.(Schumpeter, 1961) Atge FHAA T8 AR Jagild
Aol fBHR Y¥H FAN}E F Y A} ‘2 (imitation)' I B4t

5 olAL 19433 FHE ) 24 A HA FAQ VEHNL FRHeln AAAEE 7t
A 71 7tel 98] dojdtd (Schumpeter D AolA £3"H WHo2 7E&g st Lo o
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(diffusion)’ o] QT $8 vgte] FTSFAUAL HE S4X ‘A Y3
olgt= 3 olol MAFIE 2 MALxI|EEH 549 FHZ AR A7)
o] RAA ojme e Jojutm QA @tk a2y IFHo FAHQ o
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6) Ad REAVNXNES AWBEW FFI7 439%, AFA7 24.8%, AFET 36.9%, AGA}
51.0%2 FFFAAYPe] F st &ol B Add WE 9%3 ¥ Ae ¢ F U(=H
& - A8, 2002)
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JNEFA L HRIIA(S) Jltisls #2580 #IHW)
HAI7H2 (E) SRl (1)
SHTII(T) SRtorel Bk7|(T)
F7HAE4(0) Sxhot hxlel WS4 (o)
EREREETD 22/8 o|XtB(r)

do QPuss 3 AzAue AN WEAe) e AAF AR
2 ST

1712 AAZA: T4 d@ §4Y Aol @A FAY Ao
G, AgAMd] AEHE AoE o A4} FUD 54 AYE FAL 0§
s AAMAE S48 B AF o), Xehe AL 9Y98F AR X
Achn ARt FPFFE B XA Jl2ANe s GG FF F QA
= AR AR Age BT 192 999 el U ¢ A XA: A7
49 AAYAL YA 1390 siFetes 432 24 9 Aoldn ¥stn vk

7) McGrath(1997)= 19 =& IT ZT2AEZ dIEHE= Fdr]|add FAH GAAE
AZHA H/MH-& &4, IRRojY NPV ¥ F-°] ®Adsgde AME #Hdn U2
B, Benaroch®} Kauffman(1999)S @A oz tad ZaAdez AAsAN 2SS 3
HAA3 FA BAo] AAHA g P‘H AFZHR Adoke A& A U
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o]g 3 20| J15F AL XA YA v o]FEe] FYEr] WEeln, X
Atell wra] YAle @A AFA Ad"undes ARAA AEE M FHA7 9
Folt}, 22z AFdA AA dHolHE 7 £ YT B FAF 7149
S UEXE AEse FA4FE + o

B7) 244 e WEA: o] MFE AFd A APFHos Bo] BrhEdr] o
of JALHQ dolEu FAAYYEE o] &3t FAH ol Ak MFAHE AF
A 712 HAIHE AAY AAVA Ag2REH AMddE 437 F
Al (Historical Volatility)& o] €3le Wiz AlZdA #ASH A
NAAARY ) AT F, W5 dst ANFoEH 3
¥ % A (Implied Volatility)S ©] &35t Wio] st £9-
7tA3& WEAol dAS dFATEEE wEY JHAIAA
Zboll e} A (random)stAl W3t7] W&o o] 7142 v]EA
J#-& wolgith. 2 & Hull® White(1987) §4€ A7tsted FA4
(Stochastic Volatility)2 ©WF+ RS Al&dof dvxn LHIAY HE
| g 3= A7RA AE APFA AT HAAFT sttold
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, 538 v Mol xFEH deE HFY Z2AHE
AFHZ dgk 2AE 4A & & Jdve FHol Idoh
o] FHE LT YPL Cox-Ross-Rubinstein(1979)8] 7|12 EH o]dox 7|2A44e £
b 4EA Jxn AFFHAMAGE AL BE A" A ¥F o] Jhssid.
21838 o] ¥ 23 (Log-Transformed Binomial Lattice Approach:
LTBL)& X314 wo] wt=A] wEA|AC & A 714 84, & A 52 o
X)X (accuracy or consistency), ¢+ (stability), 281 & &4 (efficiency)S =T
2233 Jo. AFA EL& AX)A(accuracy or consistency) Alitel o]AE #HA
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8) Trigeorgis, L."Real options: Managerial Flexibility and Strategy in Resource
Allocation”, MIT Press, 1996 2 Trigeorgis, L., “A log-transformed binomial numerical
analysis method for valuing complex multi-option investments.” (Journal of financial
and quantitative analysis, vol.26, No.3, 1991) %31
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FAAoz LTBL B7HEe HES 49rd o33 2o 48549
NEARE FANAS)OE FE B, A ARFALOZREY GPFE
A7 NE B Z2Ae 7kX Ve Oen 2 dunge mega
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Y — adt+odz
g,
ZAEH AL AR N5 &
cASH AL B AN O 5ol B EEBA

t 2 K (at=K), X=lnV & AY3s1, arithmetic Brownian motiong @&
gz sz dPFdeeE a=r CFAFOIAE) olth. 229

AX=In( Viead V)

—(7’—7 o¥)at+ odz.

(AX~i.z'.d.[(r——% s¥at, aZAt])

VA k= otat @ W, aXE B(AX)—ph ValaX)=k (&, p=—T7— )

o 2¥2 weth 953 AFL o|NFer AFsY uEIH 2o
4

AFREZIGHY 717 TE NOog& Yo T=N °o HEE 34, ke dF
o’T/N o) At} Z} d9A7 B XE vlzE AP Y I (Markov random walk)E
wen HZEYURE pt=pz AX=H UF 93 LHolm, p =1-P 9 &

§2 olgiE 2RAY (AX=—H). olAd ulzr I}A(Markov Process)] 7|
@3 BAE g3 2.

E(aX)=P(+H)+(1-P)(-H)
=2PH—H

Varla X)=E(a X% — [E(aX)]?
=[P (+H*+(1-P) (-H?1— [2PH- H}?
= H?— [E(aX)]?
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ANY2AL DEFHAW A9 B} 2L o
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ZbAorstE g thgol AHEH ook dt.

2PH— H= pk,

s P=F(1+ b/ D)
e )

H*— (uk)’=k,
SH=V b+ (uB)? (=ph) 7} B (st. —1<pk/H<1)

Ag B4 A% WFES Rohiok 9 of AES A MBI A

HES WFNFE BAZ Bastth ARG 9RE FE V,r, o4 T, 12 A

J% F Arg 98 N& A¥h 1 9o FHH AF5F WY 52 A

o the BANAE 2 MFES SAALS A% WFE WPAAT time step
/4

k= (G=1.N) o’T/N ©SZEE drift u= 7——%%%1, TS state step HE

Vit (ul)lA, 2213 $§ Pe L(1+u/BDERE ANADT A WA gAs
J=NQ1 ZA$9 & Axd. 4 dA iXO=Xe+H)l 1z JHA)
Vd=e¢ ™" (JI3t8 X=lV= X,+iH 7} AX=EDT £ 2739 7}
(expanded NPV)E R@)=max[V(@),012Z%€ AMNIAd(F FR739 71A FG)=
ROz 3A) bl HA dACdAE sjFoiud 7HAY AFFE =H& 3
FgEE oy =234 (binomial dynamic-programming)¥ &

Algtch olZ2A £AHE 7HX R'DE B3 Zo] Zddh

R()= e ™ [PRG+1)+ (1—- PRGi—1D].
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STEP 1

STEP 2

STEP 3

STEP 4

Initial parameter specification

V. r, g% T, 0, N

3 Prél{ﬁiﬁgry calculation |
‘ K, u, H, P

s

’ Determin‘ation of terminai valu'es(at i=N)
for each state I, ;
asset(project) value: V(i)=e"
oppor tunity value: R(/)=max[V(/),0]

l;"

Backward iterative process

for each time step j(j=N,...., 1) and every second.

state |, calculate opportunity values

R()= e ™ “[PRG+D)+(1- PRG—D]

“x Adjustment for cash flows

‘% Adjustment for multiple real options

Iv. of

ot

< 28 5> LTBLES A4 &M=
A& Trigeorgis, 1996

=2HE JxHEI} oAl EA

1. AFNY FXtel 7ixE 7t

o =2

il

’5101 %Q”“’“ °Hﬂ°ﬂ"i«] EAer BA Zo ML 71 o]Hrhe
A o]t} (Schwartz and Moon(2000)).9

9) Schwartz $+ Moon(2000)2
process) &2 Q93
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H & 5Ad g A7 o]Fo Hox & 4 JATh HEH 22 Dienemann(1966)
o] EZEIFIER AEHAE o|8% vEEFHY FAH #T A7t doH,
LF A9 v gRdATF Gupta®t Altshuler(1989)
A v gAd e g A+7F Aok 2 e 3¢

FHEok AAHENA g AT EE 199639 FHEHI &R (FA] FEr)EA)FHL
z 2o AAZEN NEAF(ITFN R FFIT
AT7E)7E QgAY o] AFRIMAME LHHoR AEHoAH LA HE

5 2L

HRA, golZAlo]F HEEA, d37]/E v&E471'< Roskam, Raymer%

P& dis 71&stn i $FA2Hd s FE4EY, vERdd, v EFA 0

A WHE TF ol&dt] H&EFAd 2H]E #Fo AAAL BN E A= .
TEAE 2t7] &

F8E Z2AEE A YAF FL VIeg UE UHERRE 7Y
3T EAEE 7% o3 LS 8estE T¢ =2 A E(acquisition project)A T}
E

(development project)®] 4],

do
-z
An
=
L
o
i
(oL
2
I8
Al
)
oy
it
=
3
K
il
B

aga o] F JHA WS E§S 22 (two-staged project)?] A&  JTHIV(Z
36 Fa) B =fdAe dFFFAYEY gl 54 9 vEgst A=
2ad AL FAAHA 718 Ae Hol2 HAHQ HAolzdtes HE EFd Fu
T oA B2 VR EZZAEE ¥ o7 JXHILY AAHE EEdEH T d

v 4 (future payoffs), 22|11 &FolH &2 AFAEA(catastrophic event)
I #E g

10) olgd SAE Zte Z=RAEQ] JIXHItY HEFHAHES HE3} AF F Lukach,
Kort, and Plasmans(2002)¢] ‘Strategic Dynmanic R&D Investments’'t £3] 237 ¢
SHA 537 FAH FEE FAF F dFEe AFNEFEA digd AHo] HuEF
29t ZdF A A v e dFE dFEAT B v Lo ESAARET ol sugd
2o dig EFHY, g5 F FFIZFA g EFZHNE FAA g AdFE:E
Schwartz9} Moon(2000)2] <71 gt}

11) & olo|t]oj= Schuwartz®} Moon(2000)0] 259 =EdA AAE IT Z2AE] ¥
Ao FFF9 S 2A AP Aotk F APL & AFMNE v o] Yasd
e A3, 7led B84 2 e 98 2 a0 ©E AFEEY BEFUAe =
= oA FYd 5EAS JHA o 2y B =844 AAE ololdest T
F od ZEAEY YAdAE EF o TZ 3uYE ololdoE oY HE BIE
o},
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B RUTRHE (gcquisitl ion project) B4l
Invest
Receive C
' Wait *f A \J
| g
0 T
B OIS E2RE (deve lopment project) HHal
Starting Invest Invest(i<Im) Receive V
| Wait J', —- ~ |
| ' _
0 t T
B S8 2RE (two-staged project)ttA!
Receive C
- A -
Invest Invest (1< Im) Receive V
| Wait = A N |
l Y _ _ i
0 t T1 T2 T
F: Pz rAEE A A7 to] o]E w7 gy F Ko " gz AAFE L 7
%8 FQett 1 T TY AN7EG AF5E CE ZAYY dF9F A9 S dEF
ZEo] HAEA &2 A 7|erdo] o]FA F£x 9t F HA, /PELZZAEE YA
ZF tol] o278 FExd dizgh 2AS Ud & HJuEAH LA ImS EXEE HYUA E

. 1 71AR e ZEAEES AWER}ZE A E(Poneer Investment Project)@ i SHE 1
e gAs ALsltA A= 2 A E (Commercial Investment Project)dt & 4 S Aot}

EEYAY FaE R WAS T AAS TEA ¥ Aol

=

<39 6> FFsF TZAEQ

2. o

02t
|l

EHME @olAly 2A

— =

gEzzAes) vt ANTAY BAE AQ F 443E A% FAY
Az dolzr W Avtxez BaAHE mMd A5l RE AN IS
A(Growth Option)’ 2.2 Helstn ¥As) »A foh. AR AXPAEL 83
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ol 2 794 BEYF HL R LiE 500 “““P%‘EM 71
d5<t C=100 #rkde, C;=200 H-’if&%ai, Cs=300 #rta], C,=100 WY
Fitel E01717] A E A& M%‘EEHE TR &4 3uol fFste
23t (1,=1500 Wteke]) A F mde] AFEEFLS AW Eixﬂgﬂﬂﬂ AT 5
&9 3viztan.

o
i

Receive C
— 00—
A
Receive V
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, Iy
Receive C :
~ — ~! 300
300 ' 300 A
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M
100 100
T A
0 1 2 3 4 5 6 7 8
Pioneer project Commercial project
L J
500
Invest
: |
1500
Invest

<39 7> AASAUAE A oA 72
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= 444 Wuigeyl ®h 2222 NPVE Vo - Lo = 444-500 = - 56 Hgrdeyr}
g 232z AYEARZZAEE FxPe] gle FASe] HeE Zon. A=

HEQ} AFEE9 A ¥ 7t 2580 BAE Ao d=HE AYsw
B AFRE A B o] @ Aot A dA ZeAES H

AHoZ AR E SR 1,332 wWntdst " o] T2 A EJ)]
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Wtz Foh(RHEE[ S 20%) 2B ER o] ZRAEE AFstHE A9
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% &40 137 AP} He otk
2399 oA 4dd wANNY AT A e ANE LESHAE A
) Ads nA. o] ZzAsd WAHC YA AFEAL WI(r )7 4doln PAt

7}A(E)o] 1500 WehQl feigd FHHAH 2ok Je5AY & =REAs
A E erg WEAH(0)g 04022 7HHIE, FHFEIALEMS 10%E A}
olAl LTBLY & Al&3led TS A3y s 24 e e 7Y o
7 2o

Vs = 1,332 HH0tE 2] | EXN0O22H LMol= H2S5E2 4AEUAL &It

1 =1,500 SHOtey 4 ANBO HEE EXHIE

o= 0.40 Vo EEHX}

r = 10% 28 0 AsE
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