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Abstract This paper analyzes the effect of adoption and complementarity of production technology bundles in
horticultural greenhouse - more than 10m vinyl greenhouse ( 7;), polyolefin film ( 73), winding branch ventilation ( 73),
and more than 15 ounce lagging cover (7). The results are as follows: First, only using 7;, only using 7,, only
using 7;, only using 7, using 7, and 7;, and using 7, and 7, have a higher net return. Second, when 7; is used,
7, and 7, are complementary. Third, 7; and 7; are always complementary. Fourth, when 7, and 7, are not used,
7, and 7, are complementary. The results of this paper could contribute to government’s technology diffusion policies

and subsequent studies.

Keywords : Complementarity, Effect of Adoption, Horticultural Greenhouse, Production Technology Bundles

1. M 2 2o 25& F7HZITHA4]

[—
WAL BE BAQ ANSES AaE P
. .

BE
QU AR} 2714 o) e HAL A% 18}

AAks Bolgolv3], Aalvle o] Hede A

AJoko A B d(complementarity)< o8] 7FA] 7 A ADo|AY B ARl 7|£ES Melst 7o) 13
A &7|(incentive) T AT Q1A ARLd} 7] 7o) oz ojo] FTleAL Hlgo] Fadte] T & o
B2 AAVIES 7L, 7197k A 18 88 928 & Ak auR Ad)Ee Feavel B
A Aolel HAHL AT FYS FYIAULL EB 298 sk 9ol Daste
=
s

B =R TEAEFA ATARIAF-TAIN S PI01049501)9] Aol 9]3] o] Fojn RS

Correspondlng Author : Tae-Kyun Kim(Kyungpook National Univ.)

Tel: +82-53-950-5771 email: tkkim@knu.ac.kr

Received July 15, 2015 Revised (Ist August 10, 2015, 2nd September 2, 2015, 3rd September 5, 2015)
Accepted September 11, 2015 Published September 30, 2015

5906



AoNA Ar1&0) SemT} ey BA

12 2 oMe
o it
% k)
vy %0,
o
X
b
i ME
)
(e}
4
ofo
ol
i)
Mo
1%
rlo
Kuf
02
s
X

4 Homy e 0 Mool
o o
e o
L
( r_lig OFO
i o Bl
lo —\-_‘—l‘ T
" il
2 oo
o o
3o &
o X
® -
= ox
J— I'O{'
o
P op
m e
S 4t o
>
my ﬁ
o T
N

iy oo 32 10 ox

o
o
[>
o
my
o

[ ko

[13]. °] A= 7S Yehle %1#7}

ol w o]abgRl7bel whe} thE Al AnEct 7)ol
AWl A B

function)®] W2} HwW|Eo] &1 Af-olt} o]kl
A BE VEES B4

#he] F7hEo] 71EES T

- ghe) S7hee] Rk o 2 498 Slnlae, e
oPAPASE Bl 49 A%uSE Uehls 450
1o B el AT FUYel ARl &

W9 ATe) A% NS B sl s
3

28] A7), I5LE] T, WA, B2 so=

5907

w} 6.5mFE 11m7HA] 0.5m FEo =2
o

b, 252 Fao] Fo} ¥4
A

s

ol 10mel’d ]EO}OM} Fojubar
I ELE2 PELE

= -

) e %0
@71ehe SUslRn A 7S ol gshs A3
717} el e Vleolth B2E N 685
2222714 TS AREE AL Qlow, FATE FAE
FE B2EITF Holuh A 1584 o] HEWsle
T8l Sk 9l
FHeE Hebdol Aol Aol ket o5
71eEs Aol AgstaL glvk e H i
FAE 7 9le 10m o) tid Hldeke-~rt
HEEUA PORE, AHIY, 1582 o] B2
T AL Ve FUER Edshe At ksl 9

o, webd 10m o4 wdalg-29) PORE, 1),
1582 ol news) 5o B &5 ngge
CERE

HLES2 Bl ) AR )%e) FEET 9 wekd
48] 919 mae gee A0 2o Jepa
.

> o

= (X, T, Ty T, T,) =X B+a, T+, T,
tahitoita, T Ty+tagTiTy

t ooy N T +oay DTy +ay 1T +ay, 13T, (D
+ ooy LT+ o T 1 Ty + oy T T5T)

T ap LT+ T T 13T, +e

q7)olA yi= &5 Y/102)S YERNY, X 7]
Zol9] T2 ol e, AuAH, AuEa, P
S)elth T2 Hldske-29 A7), 10m o]

Ak 95 E SRS YEhlH, POZES] B
= T L=00th T 7
=1, AF717h }LJ%'



A& =R A6d A9E, 2015

%H Cda=d 7H

—£(X,1,0,0,0) — £(X.0,1,0,0) + f (X;0,0,0,0) = 0

( ( )
—f(X,1,0,1,0) — (X,0,1,1,0) + £(X;0,0,1,0) = 0
)

— £(X:1,0,0,1) — £( )
( ( )

F(X,0,1,0,1) + £(X,0,0,0,1) = 0

=
)
)
)

—£(X,1,0,1,1) — £(X,0,1,1,1) + £(X,0,0,1,1) = 0

[e)

+ Lﬂ Hdaﬁc T?,g} T,
7y RAE ojv|3ict
fe A2y Al Wsiste 7339 7,°] B
frestd thgel 2(3)% el vephdth

s &

o %

o

Qo
QT

©)

Qpy oy

v v IV IV
coc oo

QT Qg3 Ty Ty

AE)el webd 2de A1) FrE vl H@)et
T gulz MRl F4ala AR 4 oIS 3
Qs Qpp Ty, gyt oy, Gyt aggg oy, oy,
_g_f)-].o:] _‘?_iq_ _(,?rg]/H_Q_ 7—17(461— 2= 01]:]_
st A5 "Jﬂ:r”}*of T’\EEHJ‘(bootstrappmg)E
o) ey 49 9

o] Z=AX|E o]

T

y= X B+, T, ta, Ty ta, Ty +a,T,
+ 0‘12(T1T2+T1TQTBT4_T1T2T:5_T1T2Z1)
+ oo T Tyt o T Tt oy T Ty + oy, T, T
+ a347},T4+(a12+a123)(T1T2T3—
+ (au+au4)(T1TzT4—T1T2T3T4)
+ g T T+ o T, T4 T
+ (a12+a123+a124+a1234) T, T;T, +e

95k FAH WO e APIEe] ney 27
3} A4S AR AL FES 5 Ak T34 7,9 ue

o)
A4Es

SRR
93 Ty Jr0‘1234‘/]

o
A

3,

FAANE, T\% 7,9 g

a3t gy, g togg,

Qyy Tt 0y, Qyy t oy,

- Sl

Qys
ayytap tag tap, FEAE o8
2.2 Xt=&

AR £4S 99 A% B9 BhE wgw
F) 5 Az Al 5 A o] 50hao

AR 5, Aol Bl#H skl #
itk el AujH A o] 50ha o)F ]t

e, b, <3,
Qe e
%0l Tk 2014\d 7L RE 8974 27 Lol

FApskglom, A9

A

ol
ol
Q2

)

*c}

A
rr

)

=

oo
H=

ox

ol
-

(

i

H

= 7A@, skl
o]t} 16].
(5,029)2] 93
A 30055
17} 2}

ooe

3T
ar

23s
.6%

)

Table 1. Number of Samples by Region

Cultivation
area

3,398

398

270

243

126

90

Region Percentage

72.2
8.5
5.7
5.2
2.7
1.9

Seongju
Chilgok
Gimcheon

Dalseong

Haman

Goryeong

Andong 75 1.6

Yecheon 53

Gimhae 52

Total

4,705

T\ T, T,T,) (4)
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Table 2. Basic Statistics of Characteristic Variables 4, PORE, AFEY], 1522 o) HERlE &
— SAL=LT,=17,=1) 3% €l
Variable Mean .
deviation
Age (years) 56.49 10.21
Experience (years) 24.99 12.60
Area (M) 8,493.96 3,672.61 3 _E_ﬂ 7E4 J__I_I.
Average cost (1,000Won/10a) 8,108.73 779.45
Net return (1,000Won/10a) 4,027.35 2,517.26 _
=268, 3.1 &= &y
2(1)9] EARYES FA% A= th3-9 Table 49
mdates @AY (7)), Hdetss FEAE ER Zo] g9k} FEHHUSE 102 £5YS AHEEIH e
Zgllgl o =] ==
(T, S7IBH(T, BT v A e T SHRTEE R, A A, sl A
AR A Z==1. 7]E}=0) =2] /H EA] =9
EO]—,‘O‘]{] Zji_% ]%9] /\}%% %Table3]- 1—0]1,} g\_ ]“1(‘0'; 1,;]‘5} 0) © ] Ha;ﬁ o; 1_'1"]'10111
e ol Hdale-~ B8R 1)), PORE &80 T)),
-
AHZ] FEAR(TY), 15222 o) H2E &g
o 2o 5 ) 7R XS R o] FolR V|EXTES
Table 3. Composition of Technology Use T & H 7 A P Zgxdes
AHg-sksitt
Technology bundle Share (%)
No technology 27
d 2 Table 4. Regression Results
T 2
Variable Coefficient estimate
T 6 Constant 237417
7, 34 Age -18.86
T 1 Experience 10.04
L Arca 0.01
T\ Ty 1 Region” 708.13 ™"
7,7, 3 T 1488.00
P 3 T, 2602.83 ™
22 T, 1142.01
LI, 2 T, 1325.68
T,T, 9 T, -189.75
N1, 1 hT, 418047 7
LT, | T, 203035 7
T, T, 800.98
T, 2 T,T, -1312.85
LT, 5 T,T, -550.98
TTTT, 1 T, T 2138.08
Total 100 h1T, -197.98
T,: size of vinyl greenhouse (more than 10m=l, less than "7, -2038.20
Ty ooveion, material (polyolefin film=1, others=0) LTy 10359
}: covering material (polyolefin film=1, others=0), T
Ty: ventilation method (winding branch ventilation=1I, LT, T,T, 901.96
others=0), Adjusted R’ 0.55
T),: warming method (more than 15 ounce lagging cover=I, 1) Seongju=1, others=0.

less than 15 ounce lagging cover=0).
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(T, =1) A7} 34%= 7V B,
7)8} o

(T, =1,7,=1) %%, 43

2 1522 o]

152~
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% *xand * indicate statistical significance at 1%, 5%, and 10%,
respectively.

T;: size of vinyl greenhouse (more than 10m=1, less than 10m=0),

Ty

Ty:

T,

covering material (polyolefin film=1, others=0),
ventilation method (winding branch ventilation=1, others=0),

warming method (more than 15 ounce lagging cover=1, less

than 15 ounce lagging cover=0).
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Table 5. Results of the Complementarity Tests

Technology Coefficients Estimate
-147.75
gy
(-1436.53, 1711.72)
2149.48™
gyt oy (0.13, 5161.05)
7, & T, i -
-43.64
apt oy
(-2831.64, 1078.39)
appt oy 1015.06
+ oy gy (-615.40, 2611.54)
4183.49”
Qg3
(12.71, 5693.79)
6480.72"
13 ¥ iz (1.53, 8555.47)
T, & Ty . =
2143.15
apt oy
(927.37, 3272.08)
g 3201.85"
+ ooyt agy (1.82, 5099.98)
2063.09”
Ay
(1082.72, 3140.68)
2019.45
ayt o
T & T, (-930.42, 3020.84)
22.75
ayt o
(-3021.31, 447.24)
oyt oy -1259.42
+ayst (-2709.15, 34.62)

T: size of vinyl greenhouse (more than 10m=1, less than 10m=0),
T,: covering material (polyolefin film=1, others=0),

Ty: ventilation method (winding branch ventilation=1, others=0),
T;: warming method (more than 15 ounce lagging cover=1, less
than 15 ounce lagging cover=0).

™ indicates statistical significance at the 5% level.

Numbers in brackets are 95% confidence intervals from a
bootstrapped sample (number of replicates=2,000).

10meld HIEa-2( 7))%k 1522 o) B2y
(7)) BL o FHA7F %741”
= Ao® Yehdth Z 10mol vld
ol HTINT,T,) AT7EY 582 o%%% 7))
I} AFAMNT)E B 2838 § & s

Z7P710 o]y,

1215; 10mo]4} B &-$-229) 1522 o) a2y
& Al 258 o‘l‘oﬂ"f 0Z 53} ?i 3715 A}

S7FEXRTHE PE

8 E}Xl i

she b doR nitshe ol ¥
). st PEL S|y Swgr)e

o] =X gA|uk AjRlo g gjq ] ]_ =3 YTrdsst
{1 POBFoI AH 2719 4
b BAE) wEelt,

Qe HdsHs B )] S
BEHAL w5 vlE Eish neHE Fa
A6 A HeE oz RasGL wdss
2 HdER s A7), s RS EF, B
7, BT T AR A9 T2 ATT A
7) ol 10meld vldaks- 7

QokET AA, 10mo]A H]
1582 o] HEg7)e]

Aol HEOR 585U A9, 13 10mold H)

dahsh MABI19) A, 10moly 952t 15
22 ol newle ARl 25olel Fted
Frolo] F7he AL 10molat vldsks sl Adtka
51 9l0) 10mol4 Hldah-27k el e F7pv)ee
Fog aclow BAHG



FFAS & =B A6 A9B, 2015

A

bk mebd 10mel

[
>
0oz

2 ooy T

Ml ol

o
t

o
it

MR AL

4 4
ol i
o f

References
[1] P.M. Romer, "Endogenous Technical Change", Journal
of Political Economy, 98(5), S71-102, 1990.
DOI: http://dx.doi.org/10.1086/261725
S. Rosen, "Specialization and Human Capital", Journal
of Labor Economics, 1(1), 43-49, 1983.
DOL: http://dx.doi.org/10.1086/298003
W.E. Huffman, Capital:
Agriculture”, Handbook of Agricultural Economics, 1(1),
333-381, 2001.
DOI: http://dx.doi.org/10.1016/S1574-0072(01)10010-1
[4] L. Yu, T. Hurley, J. Kliebenstein, P. Orazem, “A Test

"Human Education and

5912

for Complementarities Among Multiple Technologies
that Avoids the Curse of Dimensionality”, Economics
Letters, 116(3), 354-357, 2012.

DOI: http://dx.doi.org/10.1016/j.econlet.2012.03.023

M. Caswell, D. Zilberman, "The Choices of Irrigation
of

[5]
Technologies in California", American Journal

Agricultural Economics, 67(2), 224-234, 1984.

S.J. Jo, P.S. Park, “Labor-saving and Cost-down Effects

of New Technology Introduction in Soybean Farms”,

Korea Soybean Digest, 18(2), 82-100, 2001.

AR. Lee, HS. Shin, D.G. Seo,

Satisfaction and Economic Results of Farm Household

[6]

[7] “Study on the
about Introduction of New Agricultural Technology-Case
Study: Fine Water Sprayer for Fruit Trees-”, Journal of
Agricultural, Life and Environmental Sciences, 23(4),
1-17, 2011.

[8] S. Athey, S. Stern, "An Empirical Framework for

Testing  Theories  about  Complementarity  in
Organizational Design", NBER Working Paper No.
6600. 1998.

[9] E. Caroli, J. Van Reenen, "Skill-biased Organizational

Change? Evidence from a Panel of British and French

Establishments", Quarterly Journal

116(4), 1449-1492, 2001.

DOI: http://dx.doi.org/10.1162/003355301753265624

T.F. Bresnahan, E. Brynjolfsson, L.M. Hitt, "Information

of Economics,

[10]
Technology, Workplace Organization, and the Demand
for Skilled Labor: Firm-Level Evidence", Quarterly
Journal of Economics, 117(1), 339-76, 2002.

DOI: http://dx.doi.org/10.1162/003355302753399526

H. An, "Complementarities in Production Technologies:

[11]
An Empirical Analysis of the Dairy Industry", selected
paper for presentation at Agricultural and Applied
Economics Association’s annual meeting, 2012.

D.W. Choi, D.C. Kim, JE. Lee,
Relationships Change Analysis due to Extension of
Anti-disaster Melon”,
Proceedings of the KSAM & KSBEC 2015 Spring
Conference, 359-360, 2015.

P. Milgrom, J. Roberts, "The Economics of Modern
Manufacturing: Technology, Strategy, and Organization",
American Economic Review, 80(3), 511-528, 1990.

M. Mazzanti, R. Zoboli,

Strategies and Environmental Innovations: Empirical

[12] “Technologies

Greenhouses in  Oriental

[13]

[14] "Complementarities, Firm
Evidence for a District Based Manufacturing System",
Environmental Sciences, 5(1), 17-40, 2008.

DOI: http://dx.doi.org/10.1080/15693430701859638
[15] M. Carree, B. Lokshin, R. Belderbos, "A Note on




AoNA Ar1&0) SemT} ey BA

Testing for Complementarity and Substitutability in the
Case of Multiple Practices", Journal of Productivity
Analysis, 35, 263-269, 2011.
DOI: http://dx.doi.org/10.1007/s11123-010-0189-8

[16] Statistics Korea, Census of Agriculture, 2010.

[17] Rural Development Administration, Manual and Guide
for Agricultural Income Survey, 2011.

Z| & S(Don-Woo Choi) [H3l§]

01998 8¢ : A& Hnko)sh
A TAAATIH A AT

020149 29 : ZAE ot dnhsh
A TAA AT AT

019961 2¢¥ ~ AA . ANEETF
J71Ed FAATAE

i)

Z Ef T(Tae-Kyun Kim) (A3

019899 129 : W= olo] e}
et ekl sk} (74 A st
)

©1990 39 ~ dA : AEdga
ERBA G}

<THFok
WA, AEFL, 5939

5913



