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K alm an F ilter E s t im at ion of a Com pany 's Int ang ible
A s s et s

Kih o Je on g 1)·Chunky ung Le e 2 )

A b s tra ct

A company ' s m arket v alu e- added, w hich equals th e ex cess of a
company ' s m arket capit alizat ion ov er it s book v alu e, is u sed as one of the
m easures for int an gible as set s v aluat ion in accountin g literature. One
problem w ith the approach is th at the v alu ation result s are affected by
sev ere fluctuation s in capit al m arket s . In this paper , w e propose an
approach u sing th e Kalm an filt er for intan gible asset s v alu at ion . W e apply
this m ethod to dat a of Korean electronic companies .

K ey w ord s : Intangible A sset s , Kalm an F ilter , V alu at ion

1. Introduction

A s intan gible asset s hav e become more import ant sources of v alue- added in this
era of kn ow ledge econ omy , sev eral v alu at ion m ethods hav e been dev eloped.
A mong them , th e m arket capit alization (M C) m ethod, the return on asset s (ROA )
m ethod and the direct int ellectual capit al (DIC) m eth od are common ex amples . See
W esph al ' s intern et sit e 3) for m ore discu s sion .

T h e M C m eth od b asically a ssum es th at a company ' s m arket v alu e- added
(MVA ), the differen ce betw een it s m arket v alue and book v alu e, is it s intellectual
capital. T h e approach is intuitiv e an d simple to calculate and apply , but it is
subj ect t o sev ere v olat ility du e to flu ctuat ion s in capit al m arket s . T h e ROA
m ethod assum es that the ex cess of a company ' s ROA ov er it s in du stry av erage
reflect s it s ex cess intangible a sset s . T his m ethod is also intuitiv e and easy to
apply , but it can only m easure a company ' s ex cess int an gible as set s ov er it s
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indu stry av erage , n ot the lev el of int angible as set s . T he DIC m ethod is based on
identifying v ariou s component s of a company ' s int an gible asset s an d then direct ly
ev alu at in g each compon ent . It is complex an d expen siv e to implem ent becau se a
large number of compon ent s hav e to be ident ified an d in dividu ally m easured.
A ddit ion ally , it r equires in side inform ation on targ et firm s for calculation .

A state space m odel, a generalizat ion of latent v ariable models to a dyn amic
fram ew ork , is th e only on e to allow statist ical inference on tim e series m odels
w ith un ob serv ed st ate v ariables . Since Harv ey (1981) introdu ced th e Kalm an
(1960) filt er t o econ omist s as the est im ation tool of st at e space models , th e stat e
space m odel and th e Kalm an filt er h av e foun d a w ide ran ge of applicat ion s in
econ om etrics . F or ex ample, th e Kalm an filter is u sed by En gle and W at son (1981)
for w age rat es , Anton cic (1986) for ex ante real int erest r at es 4), Burm eister and
W all (1982) an d Burneist er , W all, and Hamilton (1986) for ex pected inflat ion , Kim
and N elson (1989) for a t im e- v arying m onetary react ion of th e F ederal Reserv e,
Eng el and Kim (1999) for long - run real ex ch ang e rat e, and Lu ginbuhl an d V os
(1999) for GDP . F or more surv ey s , r efer to En gle an d W at son (1987), Harv ey
(1981,1989), T anizaki (1996), and Kim and N elson (1999), the last bein g a
particularly ex cellent source of clas sical and Gibb s - sampling approach es for
state- space m odels w ith M ark ov sw it ching .

T his paper proposes an approach u sin g a st at e space m odel an d th e Kalm an
filt er for intangible a sset s v aluat ion that ov ercom es th e w eaknes ses of th e
v alu at ion m eth ods st at ed ab ov e. Our m odel follow s the lin e of the M C m eth od.
H ow ev er , in stead of direct ly estim ating a company ' s MVA for int angible asset s
v alu at ion , th e m odel separat es MVA into a perm an ent and a tran sit ory compon ent
and identifies the compon ent s individually u sing th e Kalm an filt er . Becau se capital
m arket flu ctuat ion effect s are filtered out in the permanent component , the latt er
w ill allow m ore st able v alu ation s of int angible asset s . Besides , like the M C
m ethod, our approach is intuitiv e and simple to calculat e and apply . W e apply our
m ethod to dat a of Korean electronic companies . W e fin d that our approach result s
in reliable v aluation s of int angible asset s .

In the n ext sect ion , w e briefly describe the st at e space m odel for int an gible
a sset s v alu ation . In Sect ion 3, w e dem on strate the approach by applying it to
dat a of Korean electronic companies .

2 . M odel

A company ' s MVA (m arket v alu e- added ), q t , is as sumed to con sist of a

perm anent component , y t , an d a tran sit ory component , x t :

4. An ex ante real interest rate equals nominal interest rates minus an expected inflation
rate.
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q t = y t + x t .

F or th e tw o component s , w e con sider three m odels :

M odel 1: {y t = t y t - 1 + t
x t = t

M odel 2: {y t = 1t y t - 1 + 2 t y t - 2 + t

x t = t

M odel 3: {y t = t y t - 1 + t

x t = t x t - 1 + t

in w hich the n oise t erm s , t an d t , follow the proces s

( )t

t
~ i . i . d . N ( )( )0

0
, ( )

2 0
0 2

.

M odel 1 assum es AR (1) for a perm an ent compon ent and w hit e n oise process for
a tr an sit ory component . M odel 2 as sum es AR (2) an d w hit e n oise, respectiv ely .
M odel 3 assum es AR (1) for b oth compon ent s .

A state space m odel con sist s of tw o set of equat ion s : m ea surem ent equat ion s ,
w hich describe h ow th e ob serv at ion s are relat ed to th e stat e v ariables an d
tran sit ion equat ion s , w hich describe the ev olut ion of the state v ariables . M odels 1,
2 an d 3 are specified in the st at e space form as follow s :

M odel 1: {m easurem ent equat ion : q t = ( )1 0 ( )y t
y t - 1

+ t

t ran s it ion equat ion : ( )y t

y t - 1
= ( )t 0

1 0 ( )y t - 1

y t - 2
+ ( )1

0 t

M odel 2: {m easurem ent equat ion : q t = ( )1 0 ( )y t
y t - 1

+ t

t ran s it ion equat ion : ( )y t

y t - 1
= ( )1 t 2 t

1 0 ( )y t - 1

y t - 2
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0 t

M odel 3: {m easurem ent equat ion : q t = ( )1 1 ( )y t
x t

t ran s it ion equat ion : ( )y t

x t
= ( )t 0

0 t ( )y t - 1

x t - 1
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t

.

In application , one m odel w ill be selected for each company based on the log
lik elihood ratio.
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3 . E s tim ation

T h e m odel described in Sect ion 2 is applied to y early dat a of Korean electronic
companies . Companies th at h av e been list ed on the Seoul Stock Ex ch ang e for 10
or m ore y ear s w ere selected for application . T he number of select ed companies is
fift een . Each company ' s dat a period is from the list ed y ear to 1996. A company ' s
m arket v alue is defin ed as th e stock price t im es the number of issu ed stock s plu s
debt . Book v alu e is defin ed as the tot al v alu e of asset s listed in the company ' s
account book . T he stock prices u sed in th e calculation w ere based on the closin g
prices at sett lin g day .

T able 1 present s th e result s of the est im ation s , w h ere the best m odel is select ed
b ased on the log of likelihood. F or alm ost all companies , M odel 1 is the best
m odel am on g the three. M odel 3 is the b est model for tw o companies 5).

T o dem on strat e th e result s of int an gible as set s v aluat ion of the M C m ethod an d
our approach , w e plot t ed both v alu ation result s for three companies : Daew oo
Electronics ; M ax on T elecom ; an d Sam w ha Electric . F igures 1, 2 an d 3 show the
result s 6). In each figure, qt denotes the M C meth od ' s result s an d yt den otes our
result s . F or all three companies , the est im ated v alu es of int angible as set s sh ow
sm ooth er m ov em ent s in our approach th an in the M C meth od. T he sam e
b ehavior is ob serv ed in the other companies ' v alu ation s as w ell.

F rom the result s st ated abov e, a question m ay be raised that our approach
really separat es the perm an ent component an d th e tran sit ory component of the
MVA . In oth er w ords , does our approach really filt er out th e effect s of capit al
m arket fluctu ation , n ot ju st sm ooth th e result of the M C meth od? Unfortun at ely , it
is not possible to get a definit iv e an sw er to this question b ecau se w e do not hav e
ob serv ation s of companies ' in tan gible as set s v alues to compare. H ow ev er , w e sh all
present som e ev idence that our approach is , at lea st , plau sible. T o inv estigate the
qu est ion , w e set up a regres sion m odel

P t = o + 1 TA t + 2 y t + 3 ( q t - 1 - y t - 1 ) + e t , (1)

w h ere P t = P t - P t - 1 = ch ang e in stock price, TA t = chan ge in tangible

a sset s , y t = chan ge in int an gible as set s estim ated by our approach and

( q t - 1 - y t - 1 ) = th e differen ce betw een lagg ed v alu es of intangible asset s

est im ated by the M C m ethod and our approach . If our approach really filt er s out

5. T he three models show ed almost the sam e result s for intangible assets valuation for all
analyzed companies .

6. T he result s for the remaining companies are available at
ht tp :/ / bh .knu .ac.kr/ ~khjeong/ intangible.hw p
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the effect s of capital m arket flu ctu at ion , then th e la st regressor of equ at ion (1)
w ill m ea sure ex cess m arket v alu at ion of int an gible as set s in t im e t - 1, that is the
bubble, implyin g th at the coefficient 3 is negat iv e. T hu s , n egativ en ess of th e

coefficient 3 in direct ly v alidates our approach . T able 2 present s the estim ation

result s of the regression equ at ion (1). T he t able report s are th e t v alue of the

coefficient 3 and R 2 . W e note that the coefficient 3 is st at istically significant for

eight companies out of fift een an d is est im ated to be neg at iv e for almost all
ex cept tw o. T his indirectly v alidat es our approach as a w orthy v aluat ion process
of int an gible a sset s .

4 . Conclu s ion s

W e h av e introduced a new v alu at ion approach for a company ' s int an gible as set s .
Our approach is based on a stat e space m odel an d the Kalm an filt er , in w hich a
company ' s m arket v alu e- added (MVA ) is specified to con sist of a perm anent an d
a tran sitory compon ent . T he fir st component , identified u sin g the Kalm an filter , is
employ ed a s th e est im ated v alue of int angible as set s .

Compared w ith exist in g m eth ods , our approach has str ength s in that it requires
only inform ation readily av ailable, the v aluat ion procedure is intuitiv e and th e
effect s of capit al m arket fluctuation s are sm ooth . T o indirect ly v alidat e our
approach , w e est imate a stock price chan ge regression m odel, w h ere th e differen ce
b etw een the v alues of th e intangible asset s est im ated by th e M C m ethod an d our
approach is on e of regres sor s . F or the regres sor , w e fin d that the coefficient is
significantly neg at iv e , implying th e plau sibility of our approach .
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< Figure 1> Daew oo Electronics ' Int an gible A s set s (unit : thou sand w on )

q t : a company ' s MVA (m arket v alu e- added )

y t : a company ' s intangible asset s est im ated by our approach

< F igure 2> M ax on T elecom ' s Int an gible A s set s (unit : thou sand w on )

q t : a company ' s MVA (m arket v alu e- added )

y t : a company ' s intangible asset s est im ated by our approach
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< F igure 3> Sam w ha Electric ' s Int an gible A s set s (unit : thou sand w on )

q t : a company ' s MVA (m arket v alu e- added )

y t : a company ' s intangible asset s est im ated by our approach

< T able 1> M odel Selection Result s

Company
Number of

Ob serv at ion s
Selected
M odel

Log Likelihood
Ratio

Daew oo Electronics 13 1 - 268.681
Daew oo T elecom 10 1 - 195.975
M ax on T elecom 13 1 - 231.437

Sam sun g Electro- M ech anics 17 3 - 339.842
Sam sung SDI 17 1 - 344.910

Sam sung Electronics 17 1 - 389.411
Samy oun g Electronics 17 1 - 340.496

Sam w ha Electric 11 1 - 190.426
Sam w ha Electronics 10 1 - 171.738

Sunny Electronics 10 1 - 169.273
LG Electronics 17 1 - 369.725
Orion Electric 17 1 - 329.426

Ez.com 10 1 - 167.345
KE C 17 3 - 309.185

Etronics 11 1 - 94.734
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< T able 2> T est Result s of 3 in E qu ation (1)

Company t v alue p va lue

degr ee

of

f r eedom
R 2

Daew oo Electronics - 2 . 116 0 . 032 9 .875
Daew oo T elecom - 1.393 0 . 107 6 .483
M ax on T elecom - 0 .4 15 0 .346 9 .63 1

Sam sung Electro- M echanics - 2 . 126 0 . 039 13 .639
Sam sun g SDI - 0 . 784 0 . 23 1 13 .694

Sam sung Electronics 0 . 116 0 . 545 13 .984
Samy oung Electronics - 2 . 571 0 . 021 13 .421

Sam w ha Electric - 5 . 77 0 . 001 7 .983
Sam w h a Electronics - 14 . 998 0 . 000 6 .996

Sunny Electronics - 2 .364 0 . 028 6 .963
LG Electronics - 1. 856 0 . 056 13 .883
Orion Electric - 0 . 559 0 . 298 13 .306

Ez.com - 3 . 037 0 . 011 6 .929
KEC - 1.360 0 . 111 13 .357

Etronics 1. 632 0 . 93 1 7 .337

n ote : R 2 is coefficient of det ermin at ion .
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