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Diewert(1976)2] 74 A o] &% # (econometric theoretic approach)
olelef et FA| EAgTE o]H =FAAME FF AT S5
TE 55t @A A, vleEE g A
A

o7 FEl* A 4o]#(axiomatic index theory)

Q(QVIZL‘) ( .
Q(qu) s:

DMU9| s7] FZHME, ¢, mH# DMUS 7] 3 E)E Lowe
Ae-2 IS 45 e 2 & (commonsense) 77HA 2] A

+ zeE F594 A

ODonnell(2012b)el]  wWaw, FegA4 o = 1 )

Al @z (monotonicity) &2 A= FEFHEH ¢ o FAHLL7)
S7hekel wel SrkskaL, g8 8T SUFgel whet HAgo
A2. A8 Fx4 (linear homogeneity) &@l: ¢, 7} vBlEHoz F7}
(proportionate increase)¥ 79, AF% g HE&=2 F7hg
A3. 4 A4 (identity) &2t ¢, =g, 85 FEATE 1ot

A4. 02+ &3 (homogeneity of degree zero) &el: ¢,9 ¢ ol &2
el et wall A A, Aol gels WMo
A5, @93 T Y (commensurability) &2 A WHIrt A
o Fholl YIS 7AA &=

A6. B ¥4 (proportionality) &l ¢ 7} gl was=E 4%, A9
zke nl# Ab<=(factor of proportionality)$} #Zolzith.

A7. o] A (transitivity) & 2]: 7|+=HE} HuWHE ZHFH H s}
Ao @2 SHHEE AA ALtE AF5 sdd @s AW

g0
oy

SuY

ghastolels, s, WA, BANAE ¥a-FolxE Lowe A5
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Alol A A67FA 9] &8 & wrEelx|at o] F ATS WEEE=

=
T+ Lowe A|F8o]7] wjol, T2AA4H 9

§317] Adsth 1o Lowe AFE FEHE F% A% A
& el T8 4B Lowe 744 ASE A5 FE F A3
A, ACIADE SHAA ol A9l WS 2 e

1 22404 A5 1=

2310 4= ODonnell(2012b)e] W &S 28-319], Lowe A F=
T4 gk S99 TS AsEHEEA(Data
Envelopment Analysis, DEA)S o]&3& &

H (Linear Programming, LP)¢|gt= A3} 7|HS ALE35te] 53
St dHE JFASHA ¥ AR 9

Z\_j

=4 (nonparametric method) #4] & slU=, &ool A AJA}Eh=
ukel ol #EFA e VP npgE oI s Eeiie AAlE =9
Wi WS gust(d A, 2019). olge WS B8 =Ed &
EAARES 7EHoE AAN e E&420 DMU diH] a3
DMU®| 91X & wlawgth, DEAE =% ZAE Blous JHE
7l=A BlEeA R e HER A S HA= gE
Al S nEsHA FeEve GRS Ado 2y 49 A
g fEo] FoAAA WstE U 284 Az wtE
g = Ak Ado] Aol (O'Donnell, 2008) o] Aol F=
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(K, L, A, Mo 455 T%8d o2 ugrow 1o &8 4
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5

LAY AFE FFEA A AR Ae 2 A2 U
5} g
_ TFPmL‘_ mt/ mt Yllsmt
TFPIZSml‘ - TF})[g Y;S/‘X}S X[lsmt (33)

(YT, sd= (A9 g 1 dE mAge 252 2o]E Yeue
NEE Y AT

p Ym

Y]Z\smt ° d (34)
b0 i

(py: A W 2EE 7]F7F4 (time-invariant reference output

X[lsmt = (35)

0 Lis
(we: AIZF =W F9dE  7]F7H4 (time-invariant reference input

price) W¥)

-‘?494 ATE F5o= AodA =8vs= Lowe 7% A9 542,
= DMU¢t 2= < =
thoojw g 7HA A A
o mEAE 7E71H4 ’éxé
g ol Fastth Lowe =% A9 &1l Geary-Khamis
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He 77t e F59 A S AgFoew vro] Al
A Ak ole g kA ALt AS GK WU E(GK method) el 2faz

op ot r
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SUh(HIl, 2010). GK % Alg AF& A2 4] 36)3% 22, Ht

744 plsk w7bd ppriE =E87] 181 GK WHES AMEEL

i 7 DMUZF AWshs 7hAa& gatste] 7le7hA4s dAshe
W= itk O'Donnell(2012b)oll /1= DMU®W 2 =% binary
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sk, O’Donnell(2010; 2012a; 2012b)& 9] H A

=]
(multiplicatively-complete)S Zt5 = AMAA A9 A9 7]+
Wslol gt g8 WIE I 245 HEs B £ deS
S SFoke Agole A, Zgx

wel wh gleh ole @ el shulA

gpol# 2, M, BARAE AF o] Uty A, HIHIE Fan
A3 RHA G ol wo SIS FHeA HotEE T8
A %6113 AEst7loll= FAgeE FWo]  JrHODonnell,
2010). olwl, j AakAre] 7] FL AWM (TFP)S AEE 7]E A
HE o8 S w2 (38), (39 #o] HaAlT + o

= = I/}f/‘xfffzﬁx Yi/X,  Y/X
"TorEr T Y/x Y, WX Y/X

Jt

= OTE, x OSE, x RME

TFP, Y.,/X, Y, Y, Y.,/X
TFPE, = ——= 20— o A L0 (39)
TFR Y/X Y, ¥, Y/X

Jt

= OTE, x OME, x ROSE;

A Ao v(), x()= 47 Lowe A 15 WS =9iste] A
g T A= Aok T FY AFE vk, ¥159(non-negative),
H| 7+ 4 8= (non-decreasing), 413 &l (linearly-homogeneous)q! 3
o] tHO'Donnell, 2012a). §H, AlA 0OTE,= A& 71€=2&A
(output-oriented technical efficiency), OSE,+= At& TEEEA
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(output-oriented scale efficiency), RME,+ 7o Z3&84
(residual mix efficiency), OME,= 1t& &3 2 &7 (output-oriented
mix efficiency), ROSE,~ A& 2t R E & (residual
output-oriented scale efficiency)= 2|7 gt}
AFZ 714 &84 (technical efficiency, OTE)°ol& o]%& 2 (3.10)]
L= LPEAY a9 A=A, AEE AT s on s
ol AtEE WE Y 7 HFo] 1A H U= F
AE(X,) stellA, slld A=melAe] A F A=2(y,) e A&
T A==y Hles Yr| gt
&84 (scale efficiency, SE)& 7|&€&28AS T W LPE
Aol A FE G2 5 (constant returns to scale)?] 7}AHE F7}
gk 7HA el = rRFEH Asbeke]l HA AL R
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7Hgo]l WEEH ATHALA, 2019). o] & AEE VIFEoR
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% 7% FEdAe HAd 7rp(Y/X) v, #58 F B §ds)
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g AE VEEEAAY s TEREEAY woeRNH AE TR
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OSE, =min, o{2 't dy;, < Y8: X0 < 2,54, > 0}/ OTE, (3.11)

Y.,/X 'y
S slope 04 _ L Po e < VO XO< 2.500=1,40=0
Y}f/X/f slope0V bz J
(3.12)
Y.,)Y
_ gt gt
OME;, = OTE, (3.13)

TFP = max, ., {pz: 2 < Y0: X0 < viw/v=1:0c=1:0,z,v >0} (3.14)

(v:4x1¥H)

Ao APFAGHAE F 97/Me] DMUOM #9)7 EAsHH, #
AR ~E AFR FE5 5/ Y AEEM e, AHAE, LT,
Hd 2 52 F4h)3 AHE(K), =5(0), EAA), SHAM) 4719
FAd=o] AHEHET o]E g dPALHE Lowe A T2 AFT T8
2 E Fellste AAC AREETT o] F (3.10), (3.12), (3.14)
A Z3E =12 AA7IEo] WE 2 ¢ (variable returns to

o, 91 Aloke]l AgHE 49 A
<

= St S Il o] AlekS AFT A5 A7
&= TFETY EW (constant returns to scale, CRS)o] ¥ a1, Akl
5385 B55E uE 40c<1), AES FRFgH S}

(non-increasing returns to scale, NIRS)7} ¥ t}.
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<% 4-3> A9-A=H TFPE

A= 7471 e FE FE AR dAd AR AYd AF A9EHT
2003 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2004 0.85 0.56 0.83 0.79 0.92 1.00 0.82 0.69 0.96 0.82
2005 0.68 0.49 0.72 0.70 0.78 0.78 0.81 0.61 1.00 0.73
2006 0.76 0.50 0.79 0.78 0.85 0.88 0.92 0.66 1.00 0.79
2007 0.71 0.50 0.76 0.78 0.86 0.86 0.97 0.67 1.00 0.79
2008 0.70 0.30 0.68 0.53 0.65 0.80 0.75 0.64 1.00 0.67
2009 0.55 0.28 0.54 0.49 0.60 0.67 0.63 0.44 1.00 0.58
2010 0.51 0.28 0.55 0.54 0.54 0.73 0.61 0.47 1.00 0.58
2011 0.67 0.40 0.77 0.86 0.76 1.00 0.79 0.55 0.99 0.75
2012 0.72 0.31 0.80 0.93 0.72 1.00  0.85 0.62 0.91 0.76
2013 0.57 0.40 0.74 1.00 0.76 0.85 0.78 0.65 0.74 0.72
2014 0.58 0.38 0.62 100 0.58 0.71 0.73 0.54 0.64 0.64
2015 0.51 0.34 0.64 1.00  0.62 0.76 0.76 0.60 0.54 0.64
2016 0.53 0.34 0.68 1.00 065 0.77 0.81 0.61 0.50 0.65
2017 0.60 0.38 0.73 1.00 0.69 0.81 0.86 0.67 0.58 0.70
AG 0.66 0.43 0.72 0.83 0.73 0.84 0.81 0.63 0.86
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<% 4-4> A9E A, wgx

’

PROF= TTx TFP TT TFP TFP" TFPE= TFP/TFP’
77) 4.05% 3.99% 0.06% 3.66% —-3.35%
Al 0.20% 3.51% -3.31% 3.66% —6.50%
=5 5.23% 3.86% 1.38% 3.66% -2.13%
e 7.33% 3.67% 3.66% 3.66% 0.00%
A% 4.98% 4.00% 0.98% 3.66% -2.50%
Eik=s 6.08% 3.92% 2.16% 3.66% -1.40%
G 6.43% 3.82% 2.61% 3.66% —0.98%
A 4.77% 3.95% 0.82% 3.66% —2.65%
A= 4.63% 4.92% —-0.29% 3.66% —-3.68%
ot 4.86% 3.96% 0.90% 3.66% —2.58%
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TFPE OTE OME ROSE

2003 2017 A 2003 2017 A 2003 2017 A 2003 2017 A

1.00 0.60 —3.6% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.60 —3.4%
1.00 0.38 —=7.0% 1.00 0.99 —-0.1% 1.00 0.70  —2.5% 1.00 0.54 —4.1%
1.00 0.73 —2.3% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.73 —2.1%
1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 1.00 0.0%
1.00 0.69 —2.7% 1.00 1.00 0.0% 1.00 0.94 -0.4% 1.00 0.73 —2.1%
1.00 0.81 —-1.5% 1.00 1.00 0.0% 1.00 0.96 —-0.3% 1.00 0.84 -1.2%
1.00 0.86 —1.0% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.86 -1.0%
1.00 0.67 —2.8% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.67 —2.6%
1.00 0.58 —3.9% 1.00 1.00 0.0% 1.00 0.97 -0.2% 1.00 0.59 —3.5%
1.00 0.70 —2.8% 1.00 1.00 0.0% 1.00 0.95 -04% 1.00 0.73 —2.2%
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2013~2017

2008~2012

2003~2007

TFP"

OME  ROSE

TFP"  OTE

TFP

TFP" OTE OME  ROSE

OME  ROSE TFP

OTE

TFP

0.0 1.5

0.0

1.7

3.3

—-3.2 0.0 0.0 0.7

—2.5

—3.1 5.5 0.0 0.0 —8.6

7371

—3.2

2.8 -1.2

1.7

0.2

—8.8 —2.8 —3.2 1.9 0.6 —2.1

—6.3

—2.1

1.7 0.0 0.0 —0.3

1.4

—3.2 0.0 0.0 4.1

0.9

0.0 0.0 —6.7

5.5

-1.2

T
Ao

1.7 0.0 0.0 0.0

1.7
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1.5

-3.2

o

—

5.5 -09 =27 -24

—0.6

e

R
No

-0.9

1.7 0.0 -1.6

-0.7

-3.2 0.4 4.7 —2.6

-0.7

0.0 0.0 —3.6

5.5
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0.6

—3.2 0.0 0.0 5.5
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0.0 0.0 —2.3

5.5

-1.3

An

X

2.4

0.0 0.2

1.7

4.3

-3.2 0.0 1.9 1.1

-0.2

5.5 0.0 0.0 -0.8

4.7

T
ﬂo

0.1

1.0

1.7 0.0

2.8

-3.2 0.0 0.0 -0.6

-3.8

5.5 0.0 0.0 -9.9

—4.3

n
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0.0 -0.8 =55

1.7

—4.5

0.0 0.0 —2.5

—3.2

—5.7

5.5 5.5 0.0 0.0 0.0

A

1.7 0.3 -04 —-0.7

1.0
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TFPE ITE IME RISE

2003 2017 A 2003 2017 A 2003 2017 A 2003 2017 A
1.00 0.60 —3.6% 1.00 1.00 0.0% 1.00 0.75 —2.1% 1.00 0.81 —-1.5%
1.00 0.38 —7.0% 1.00 0.99 —0.1% 1.00 0.65 -3.1% 1.00 0.59 —3.8%
1.00 0.73 —2.3% 1.00 1.00 0.0% 1.00 0.93 -0.5% 1.00 0.78 —-1.8%
1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 1.00 0.0%
1.00 0.69 —2.7% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.69 —2.7%
1.00 0.81 —1.5% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.81 —1.5%
5= 1.00 0.86 —1.0% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.86 —1.1%
A 1.00 0.67 —2.8% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.67 —2.8%
A7 1.00 0.58 —3.9% 1.00 1.00 0.0% 1.00 1.00 0.0% 1.00 0.58 —-3.9%
ot 1.00 0.70 —2.8% 1.00 1.00 0.0% 1.00 0.93 —0.6% 1.00 0.75 —2.1%
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3}-5(%)

4-10> 7|7+

<3

2013~2017

2008~2012

2003~2007

TFP ITE IME RISE

TFP

TFP ITE IME RISE

TFP

TFP ITE IME RISE

TFP

0.4

-3.2 0.0 -1.4 2.1 3.3 1.7 0.0 1.2

—2.5

-3.1 5.5 0.0 —4.0 —4.7

7371

1.0 —0.2 —2.3

1.7

0.2

—3.2 0.3 0.2 —0.1

—2.8

5.5 -0.9 —-9.4 —6.9

—-11.7

o
=0

1.7 0.0 0.9 -1.2

1.4

-3.2 0.0 2.2 1.9
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—3.2 0.4
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5%
<HFE 1> A FAMAE FEA]4(2003=1)

A= | A7 e | FE | SE | AR Ag | BE | A" | AF
2003 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2004 1.06 1.06 1.10 1.11 1.16 1.09 1.19 1.19 1.55
2005 1.02 1.08 1.04 1.07 1.07 1.04 1.14 1.13 1.45
2006 0.97 0.99 1.00 1.07 1.11 1.01 1.11 1.14 1.20
2007 0.91 0.97 0.93 1.01 1.03 0.92 1.08 1.10 1.34
2008 0.99 1.03 1.01 1.11 1.14 1.02 1.19 1.23 1.38
2009 0.98 1.09 1.01 1.13 1.19 1.03 1.23 1.21 2.04
2010 0.81 0.92 0.89 0.98 1.03 0.96 1.07 1.05 1.47
2011 0.79 0.89 0.87 1.00 1.02 0.94 1.03 1.02 0.58
2012 0.82 0.85 0.85 0.97 0.93 0.79 1.02 1.00 0.52
2013 0.79 0.83 0.88 1.02 1.02 0.93 1.04 1.02 0.44
2014 0.83 0.92 0.86 1.03 1.01 0.92 1.03 0.98 0.32
2015 0.82 0.90 0.86 1.02 1.05 0.98 1.07 1.01 0.23
2016 0.81 0.86 0.80 0.96 1.03 0.96 1.04 0.96 0.18
2017 0.74 0.77 0.72 0.89 0.98 0.94 0.99 0.94 0.16
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<HE 2> AgE JAad2E F3X4(2003=1)
Ax | A7 | AL | R | B | A% | A | A% | A9 | AF
2003 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2004 1.07 1.09 1.11 1.12 1.18 1.10 1.21 1.19 1.26
2005 1.04 1.15 1.09 1.09 1.11 1.07 1.19 1.15 1.61
2006 0.99 1.02 1.03 1.08 1.12 1.01 1.15 1.14 1.51
2007 0.94 1.00 0.96 1.02 1.05 0.94 1.10 1.10 1.08
2008 1.01 1.06 1.06 1.12 1.16 1.01 1.21 1.21 1.26
2009 0.99 1.09 1.07 1.15 1.20 1.03 1.25 1.19 1.36
2010 0.83 0.98 0.95 1.00 1.04 0.94 1.08 1.03 1.16
2011 0.79 0.90 1.00 0.99 1.04 0.92 1.10 1.02 1.12
2012 0.84 0.94 0.98 1.00 1.01 0.80 1.10 0.98 0.88
2013 0.85 0.95 1.08 1.06 1.07 0.93 1.15 1.01 1.06
2014 0.88 0.98 1.02 1.07 1.08 0.91 1.09 0.98 0.78
2015 0.83 0.96 0.93 1.04 1.09 0.96 1.09 0.99 0.75
2016 0.84 0.92 0.88 0.98 1.06 0.94 1.06 0.94 0.81
2017 0.77 0.79 0.80 0.91 1.04 0.92 1.00 0.92 0.74
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<HE 3> Aad BaH2E 34 9(2003=1)
A= | A7 | AY | FE | | AE | A9 | A5 | A9 | AF
2003 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2004 1.22 0.97 1.06 1.05 1.22 1.20 1.11 1.12 0.90
2005 0.98 0.83 0.89 0.88 0.93 0.94 0.95 1.12 1.18
2006 1.04 0.99 0.87 0.94 0.92 1.02 0.99 1.06 1.22
2007 0.85 1.00 0.81 0.83 0.79 0.89 0.97 0.98 1.27
2008 0.92 0.98 0.89 0.94 0.81 0.91 1.00 0.95 1.57
2009 0.91 0.84 0.80 0.87 0.82 0.84 0.99 0.91 1.56
2010 0.61 0.73 0.64 0.79 0.68 0.78 0.85 0.86 1.96
2011 0.84 0.93 0.73 0.97 0.91 0.84 0.86 0.95 1.84
2012 0.63 0.86 0.59 0.90 0.71 0.73 0.85 0.81 1.43
2013 0.71 0.86 0.67 0.88 0.93 0.85 0.89 0.87 1.63
2014 0.82 1.04 0.61 0.98 0.78 0.81 0.79 0.78 2.44
2015 0.75 0.86 0.61 0.96 0.72 0.77 0.78 0.74 2.07
2016 0.61 0.86 0.68 0.75 0.68 0.72 0.74 0.83 1.64
2017 0.64 0.99 0.81 0.73 0.71 0.75 0.83 0.92 1.76
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<HE 4> Y 9 5 "gAan2E FA9(2003=1)
A= | A7 | BAY | FE | OB | A5 | A9 | AE | A9 | AF
2003 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2004 1.19 0.91 1.03 1.09 1.20 1.20 1.05 1.18 0.89
2005 0.95 0.74 0.91 0.82 0.84 0.87 0.96 1.26 1.10
2006 1.06 0.96 0.94 0.84 0.89 1.05 1.02 1.16 1.12
2007 0.84 0.96 0.85 0.74 0.68 0.80 1.01 1.09 1.26
2008 0.93 1.03 0.98 0.78 0.77 0.96 1.09 1.17 1.36
2009 0.90 0.78 0.81 0.75 0.69 0.70 0.94 0.93 1.44
2010 0.53 0.64 0.72 0.55 0.58 0.63 0.87 0.78 1.58
2011 0.73 0.97 0.74 0.89 0.87 0.77 0.85 0.93 1.53
2012 0.56 0.81 0.59 0.60 0.63 0.58 0.85 0.78 1.28
2013 0.63 0.79 0.65 0.64 0.90 0.69 0.93 0.89 1.40
2014 0.71 0.86 0.60 0.70 0.68 0.62 0.93 0.89 1.96
2015 0.71 0.80 0.64 0.81 0.59 0.65 1.04 0.95 1.73
2016 0.54 0.93 0.67 0.63 0.57 0.62 1.08 0.73 1.38
2017 0.59 1.00 0.79 0.67 0.67 0.66 1.09 0.95 1.42
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<H-3E 5> FAF fAn2E FEA4(2003=1)
A= | A7 | BAY | FE | OB | A5 | A9 | AE | A9 | AF
2003 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2004 0.99 0.75 1.04 0.99 1.05 1.07 1.04 1.04 1.05
2005 1.00 0.61 1.05 1.05 1.08 1.14 1.10 1.07 1.05
2006 1.02 0.52 1.07 1.11 1.14 1.20 1.16 1.11 1.10
2007 1.03 0.49 1.10 1.18 1.23 1.28 1.20 1.17 1.12
2008 1.06 0.45 1.08 1.18 1.26 1.32 1.23 1.15 1.26
2009 1.11 0.44 1.13 1.25 1.35 1.39 1.26 1.18 1.29
2010 1.12 0.46 1.18 1.35 1.41 1.50 1.33 1.27 1.30
2011 0.81 0.35 0.99 1.32 1.44 1.55 1.24 1.25 1.29
2012 1.08 0.43 1.17 1.43 1.43 1.61 1.34 1.25 1.37
2013 1.13 0.44 1.21 1.43 1.44 1.58 1.37 1.23 1.38
2014 1.11 0.44 1.09 1.41 1.34 1.41 1.35 1.17 1.37
2015 1.12 0.44 1.15 1.44 1.42 1.49 1.36 1.20 1.38
2016 1.11 0.45 1.14 1.45 1.43 1.50 1.35 1.19 1.41
2017 1.09 0.47 1.06 1.43 1.45 1.48 1.44 1.26 1.41
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Abstract

Measurement and
Decomposition of Regional
Productivity Changes in

Korean Agriculture:

Based on Nonparametric Estimation Using

Lowe Index

Jiyoung Lee
Dept. of Agricultural Economics and Rural Development
The Graduate School

Seoul National University

Korea has experienced rapid industrial growth for half a
century, but its agricultural competitiveness has lagged far
behind. Agricultural growth is essential to achieve sustainable
national economic development. Therefore, it is necessary to look
for a way to enhance the growth of the agriculture sector. And

the first thing for this is to accurately measure the productivity
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of the entire Korean agriculture industry and determine the cause
of the fluctuation.

This study measures the total factor productivity(TFP) of
Korean agriculture in nine regions (Gyeonggi, Gangwon,
Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk,
Gyeongnam, Jeju) from 2003 to 2017 and to determine the cause
of the change in TFP using efficiency measures corresponding to
the Lowe TFP index. In this article, there are five outputs (rice,
food crops, vegetables, fruits and specialties, livestock) and four
inputs (capital, labor, land, and intermediate goods) constructed
using Torngvist indexes in each of the nine regions. A Lowe
TFP index is estimated based on these constructed five outputs
and four inputs to calculate profitability index and terms-of-trade
index in each region. Next, based on the five outputs and four
inputs derived above, the output and input distance functions are
estimated using linear programming. Consequently, the associated
efficlency measures such as maximum total factor productivity,
technology efficiency, mix efficiency, and scale efficiency are
derived.

The analysis showed that the main driver of the profitability
change from 2003 to 2017 is the change in terms-of-trade rather
than total factor productivity. The growth of total factor
productivity in 2003-2007 was mainly affected by the other
measures other than the maximum total factor productivity.
Gangwon showed the lowest TFP growth among regions in
2003-2007, due to Gangwon’s low mix efficiency growth. On the
other hand, the decrease in maximum total factor productivity
seems to have had been the main reason for the negative growth
rate of total factor productivity in 2008-2012 and 2013-2017.

- 84 - -":l‘w_i '|~'1..:



Meanwhile, technology efficiency and scale efficiency were high

throughout the entire period and region.

keywords : Lowe index, Total factor productivity,

Technical efficiency, Mix efficiency, DEA,
Torngvist index
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