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A Bayesian Stochastic Frontier Estimation of Efficiencies for
Strawberry and Tomato Farming : Effect of Environmentally
Friendly Farming

Park, Ho-Jeong * Yang, Seung-Ryong

There are growing interests in environmental friendly cultivation for the matter of
health concern. This study analyzes an economic efficiency of strawberry and
tomato farming by considering the role of environmentally friendly cultivation. The
Database of Rural Development Administration is used for strawberry and tomato
farming households. We adopt a Bayesian stochastic frontier model to resolve a
small sample property of the data. Empirical finding is that environmentally
friendly cultivation improves the revenue of farming but the effect on net profit is
not conclusive which calls for future research.

Key words : strawberry, tomato, Bayesian stochastic frontier, economic efficiency

I. M =
2 ZRMAES} A7l B3 AnREe Q1Ao] FUSIHA 8 T4k i 87}
S7FetaL Atk 20149 V1% fElueke] A EAE AFTEE 2% 42219 o £
Ao g HWrtdAth &% A FLE AL A5t A5 HAAZ JAA A5S AR
Z|9E 201799 2% 6292 HolA] 20240l = 4% o] Y& FEE A& AAAE B




356 5. ofsg

A Ao 2 HAYHTHKIm et al., 2015).
A s4ES AL2 QA FaF7te

HT
—Ll
9#
=
P
riot
o
off
hind
oz
R
N
1z
rlo
&
rH
lll
o)
Ko

B A= ) F F A 7Fo® Hud e uES 2Asa Qs B9 Enf
EES tdo 2 A8AA I A4t %

W20 2 A= WA FabE

| 50% ooz A Jbg AW, 1
D)ot BEnfEE o] F AARFE BREH Al ojo] AAF F 137 A AY 50
713 %2 EFEo|tH(Ministry of Agriculture, Food and Rural Affairs, 2013).
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2§ 2+73 Al (production frontier)= Fo1 EUEZ A4t 73k HUl 4FEES YERAT o]
AA7A miRto 2 A4kt 9ol vl Eggdo]l EAS=H], Aigner 5(1977)0l 23 )
TE FEAA Y2 ANBARTEHEY ATt oA FEaddel FFS e F A
O Aol Zbstar k. AtasAdd FaFe vixe A gl tigk 42 YLk
A7y A Ao 7 Qe 71dadH BEsler 22 AAH Faol NEd l"&:O]: of| A
oS FElsith G547 R3S 8849 e FAFCE HST F Avkes HolA
DEA (Data Envelopment Analysis)®} T25= &4 =3 zka Qo)

FABk= vk}t o), FEAA R A= F F7Y FELlle] A=, stve
HEA 9] =4 © XK measurement error)©] 1, &= TFE sl Bl G840 FEEXO B3 %
o FEAARY WHES THRGAA FasH HAFH

A w) H8ahe F3xol AT 7ol 2719 Eol = A& (exponential distribu-
tion)W WA F5-3Z (half-normal distribution)E- 2835} 2. (Meeusen and van den Broeck, 1977;
Aigner et al., 1977), o] H|E &4 o] &9 #S ZHA ¥EF A 75 E(truncated Normal

distribution) & AH&3t= HI7HA] S AT

MEEAS) BEE ot BA FANA HRA A4EA T 5 YES WS
MEo] L] AR e Adsd e B Peolith, B3] FEAARGNAE A
g W gRst nadon F40y vagde] Bt NesoR F4st R

T2 WS FHslal Ytk(Park et al., 1998; Adams et al., 1999; Sickles et al., 2002).

B =Ro AR Ao by Haslr] 9 =271 32l Van den Broeck 5
(1994)°] 2703 Hlo] A FELZARY S A Let=s rt 7| 2A o= A HHE o]
BolA FART FEZEE HulolEs| ok st=H, olgk 22 HojAAd F4 Aol A
273 Al FHFHEZ(MCMC: Markov Chain Monte Carlo)E AH8-3FCH(Griffin and Steel,
2007). Hlo)A A FE2IA ] Fx] A Fo] BxA wFof nf2ax A2 EH7EZE (Markov
Chain Monte Carlo)2} 22 dg]Eo] &85 =0, £3] Koop 5(1995)°1A4 33 Hlolg =
S u#3 32 AWEZF(Gibbs sampling) 2} o] A5 o] &-Ht}2)

2) #AG AZEYAZE WinBUGS 71 A|7F Bo] AREE AT B Ao A= Griffin and Steel(2004)
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Table 1. Cost specifications

Production cost

Management cost
Cost of self-employed
Intermediate cost Rental cost Labor cost

Organic fertilizer, non-organic . . Opportunity

. . . Machine, facility, Empployed Cost from
fertilizer, pesticide, electricity, cost of

. land labor self-employed

heat, maintenance etc. owned-land

AufE7ke] A5E Z2FYolA AIHE A AR AR, 5ol 25U A

AHE ARt Ao 2 HoH). Br] 9 EnfEAbETte] 4 o%‘%ﬂ]% Table 29} Table
30 AElEe] Ak E7]e] YRkAul(non-ENV) &7} XIZFAE(ENV) 7R 259
ojyf o] & Z|Eo 2 B At AH] EA A F714 ¥lEB](organic fertilizer)= 3137 A
Hj F7F7F dubAei R o 12 o2 2AEA oM, FdH](heat & electricity) Al X138
A oA O =U4Th A7FeF Y (self-employed cost)7} XIZF Ao A o] =& o] F= X
37 oA =Ego] iAo ¢ 87| wEl AoE AIRHTH

Table 2. Summary statistics of strawberry farming (2012)

Land Interme- Non- Organic
Revenue Price 2 . Seeds organic g Pesticide
(m”) diate " fertilizer
fertilizer
T\(I;r:ﬁg;] 19381.55 5.93 4.70 6805.45 | 1869.42 339.69 355.88 238.48
ENV
(N=98) 20635.98 6.73 421 7146.22 | 1730.54 335.19 436.53 91.52
Heat & Manage- Prc?duc- Self- Profit rate| Value-
L ment tion employed | Income Profit
electricity (%) added
cost cost cost
T\(I;r:ﬁg;] 630.00 8287.26 | 11999.97 | 3204.54 | 11094.29 | 7381.58 0.03 12576.10
ENV
(N=98) 707.91 8635.07 | 12512.08 | 3353.89 | 12000.91 | 8123.91 0.04 13489.76

* All units are thousand Korean won based on 300 Pyeong unless otherwise specified.

P, ErES] A9 @AM 2ol o] o] UnkA R HrhHow
ket @ Auete tled o Erige] WaAA WHo] nkAunc B 2

d, 7714 BlEHlE 2 Aot fle 2oz UERT. BlZH| s 2 AolE HolA

o =
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QAT okl AFAAN I} AubAEe] 60% 23] AOE ZAHYT FANE 2
A A 7L QAT @A ),

Table 3. Summary statistics of tomato farming

Land Interme- Non- Organic
Revenue Price 2 . Seeds organic ga Pesticide
(m°) diate e fertilizer
fertilizer
NOIIENV 17728.95 2.33 0.30 7787.64 930.27 418.30 363.83 132.31
(N=135)
ENV
(N=119) 20436.29 2.86 4.36 9079.38 951.28 410.93 364.02 80.52
Heat & Manage- Prc?duc- Self- Profit rate| Value-
L. ment tion employed | Income Profit
electricity (%) added
cost cost cost
N(;IZF;I;/ 2481.51 | 8768.73 | 12666.51 | 3355.89 | 8960.22 | 5062.44 0.02 9941.31
ENV
(N=119) 2856.18 | 10284.62 | 14115.13 | 3157.97 | 10151.67 | 6321.16 0.03 11356.9

* All units are thousand Korean won based on 300 Pyeong unless otherwise specified.

x10" Strawberry %10 Tomato

Revenue
Revenue

Management Cost x10" Management Cost x10°

Fig. 1. Relationship between revenue and management cost.

FXAH By B BEulE ZARAEE H EE m® B9 AHA L AQstas yHA
Azl dlolBl= 25 300% 9= FHol 7] wiEel, ol daE BAFUT. 27
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A 4 Aol A E AHESH, &2l e Afole AiHE A &5t HolAAd FE
BARF S Ao Sol71r] Aol w7+ &3 A Fn] 1t 3’&74]7‘::— A B Fig, 13
Fig. 29} 2t} 24 (revenue)¥ 7d ¥ Hl(management cost)= (+)2] Bl&|&AI 7} EA) 5= 1+
™, < (profit) ‘gﬁﬂ]%(productlon cost)Zte] A= EA3HA RS dE AR T
ZET D7) A e Agnlel vl =Y HATL AA UEE o, EntE Aufo
I 74919 %747} Z Aol Hl8) el Hlg e B8 o] Br]9f EvtEY
E7o] FElo] FEEA AT

>

Profit
Profit

0 1 2 3 4 o 1 2 3 4 5
Management Cost x10" Management Cost x10°

Fig. 2. Relationship between profit and production cost.

Sk Hol A A7 Ho]X A FEAARY S 0|83t B9t EnfE Auje] A4taEA
S BEA3IAT ZFY@revenue) T =5 (profit) = FTHHFZ ZH7] AN S W] 58
A EAS G o, dAte] Aol AGuE, SR AV EHE S A

dHHTE FHSAT A2 MEH A A5 5008 2] HHEof A —%% FEES 2HA|
. -

(burn-in)3tR o.M, o] F FZ FRE o] &3t AZEEE TEHATH
A 2FUe FAZAIE Table 4014 B vpel 2o J@RG A o] tirE YEh=
eco M ool BEE AWHss 28 Ao FAHARST g2 gEAe ot
Zsdol ek AP Ao g2 Br]9) 9 1.32%, ErtEE 118%% A= F74
At} Bl-§ W (cost), AMAEA W (size), 718 W (price) BF 25U (1) £



Table 4. Estimation of Bayesian stochastic frontier model (Revenue)
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Strawberry (y =revenue)

Constant (3 Eco 3, Cost 3, Size 3, Price (3,
Mean 2.5176 0.0132 0.5603 0.3162 0.0002
Max 25.3506 1.1460 0.9253 2.0056 0.0001
Min 0.8858 -0.2393 -2.6759 -0.1263 -0.0008
95% 4.6799 0.1249 0.8801 0.5474 0.0001
confidence 0.3553 -0.0984 0.2405 0.0851 -0.0001
Tomato (y =revenue)
Constant (3, Eco 3, Cost 3, Size (3 Price 3,
Mean 1.5181 0.0118 0.5744 0.4906 0.0001
Max 2.3203 0.0699 0.8635 0.7435 0.0001
Min 0.0454 -0.0583 0.3324 0.3349 0.0000
959 1.9100 0.0444 0.6537 0.5815 0.0001
confidence 1.1262 -0.0208 0.4950 0.3997 0.0000
Byin strawberry (Revenue) [51 in tomato (Revenue)
035 : 025 . . : ;
[ R T e T e PP TP EERE e -
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Fig. 3. Bayesian estimation of /3; in revenue function estimation.

Number of simulations
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Fig. 3-& 27]¢} BErlEe] A A M a5 dsts B4 5,9 AEY AolA A
A B B2 ARE HAFED VY ErlE BF 02 7Eo2 Dol ZAAD, ()
o] = AF Zh= A0 2 U 95% AlE Tl A E o JSF A @A DY

o R AR DA AT, EHE A ul%&%ﬁw 0.457)] 4+
B0 AA vl gl Z/hEHE Eegol gadhe fd0] BASE A FAT & Ut
(Fig. 4).
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itk 2y 18] §94L BU]E 046%E oo (He] ARE AU, E
MFEE -081%2 (1) BF4E zhe Aoz FAHJT. uetA EvtEe] I8 A7 25
Y FHAAE FAA oI, FoE BAstE FHAME Tt A =] HA F= A
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Table 5. Estimation of Bayesian stochastic frontier model (Profit)
Strawberry (y =profit)
Constant (3, Eco 3, Cost 3, Size 3, Price 3,
Mean 4.6057 0.0046 -0.0961 0.8531 0.0001
Max 8.6091 0.2268 0.8442 1.6783 0.0001
Min -0.4125 -0.2485 -0.9459 0.0746 0.0000
95% 7.3341 0.1557 0.4536 1.4233 0.0001
confidence 0.8774 -0.1464 -0.6458 0.2829 0.0000
Tomato (y =profit)
Constant (3, Eco (3, Cost 3, Size Price (3,
Mean 2.7460 -0.0081 0.0649 1.0495 0.0001
Max 4.4333 0.1623 0.4324 1.4705 0.0002
Min 0.8142 -0.1518 -0.2927 0.6333 0.0000
95% 3.9644 0.0915 0.3128 1.3483 0.0002
confidence 1.5276 -0.1076 -0.1830 0.7507 0.0001
Tomato
0.99 - S — S f}?ﬁﬁ'?gfr ,,,,,,,,,,,,,,,,,,,,, Y T,
0988 -------- : -------- ‘@' ---------- :- --------------------- 0.99
< 0.956—---------5 ---------- ° -------- --------------------- g
£ IR G g0 :
2 gosalitiga 80 b el 2
g i o g@afo o S oosl.9% E :
c ; & : c 1
] iooZm® od 2 i
3 0082~ L Y A E 8 i
£ “oif¥mdo | £ pars
iy I hhd oy i
A LS
h] o o@ ¢ b4 : E 097 :
|-|J 0.9?8_ """bé‘(;‘)'o@ """""""""""""""""" E
g oto g°
oo i i i 0965
0.9?6—----(-3-5% 5
IR T . . . o | . z
0,9?6195 0.9|55 0.I96 0.Q|65 U.:_:l? 0 9:75 0 gg a5 O_IQS U.:_‘ﬂ’ 0 :33

Efficiency in profit function

Efficiency in profit function

Fig. 5. Relationship between efficiencies in revenue and profit estimation.
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B ATE ARAFAE F vind AU FEIb 2 B9 EpES tgos A
$7ke] WAE RS BARAT FEATH) AuA B ABAAN 7t ZAANEE
Fgstgon, £EEY AL AB] 9iste] wlolNY HEAARY L AstAT B
Ast, ABRARE BIPR 25U 259 Fojol AT YA, ErkEe] Fe
e 259 Frhols JleshAR w5l te Edt BERSAT SEA LD
249 aeA N gTe] AVWAE WA EvpEe] AAEEHS FUNS) 1as
s ol AE FUY 5 AL ACE stk AnkAuie] vls) ABAA B AA
gol ATAOT we FH B, 55 A% Afol &e oUIX ALgu ol F5
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de AgHon ARAL ZHh ol Mg Aws} RN Fahr] WA, FF
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[Submitted, July. 14, 2016 ; Revised, August. 5, 2016 ; Accepted, August. 22, 2016]
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