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An Analysis of Economic Efficiency of Environmental Friendly
Farms and Conventional Farms :
the Case of Strawberries and Tomatoes farms

Han Byeol - Yang, Sung-Bum

This study analyzes an economic efficiency of environmental friendly farm and
conventional farm using the data envelopment analysis (DEA). We compare the
economic efficiency of Environmental Friendly farm and Conventional farm. We
also analyze the effects of some explanatory variables on allocative efficiency
(AE), pure technology efficiency (PTE) and scale efficiency (SE). In the case of
strawberries farm, environmental friendly farm has higher overall efficiency (OE)
than conventional farm. But tomatoes farm has higher overall efficiency (OE) than
conventional farm. And We measure returns to scale of farms. Most strawberries
and tomatoes farms showed Increasing to Scale (IRS).
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Table 1. Output and inputs

Items

Output * Quantities of main product production excluding sub-product production

Labor | * Labor hours adding up employment labor and home labor hours

Variable| QOther * Chemical and organic Fertilizers cost, Pesticides cost
Input | variable | * Farming light and heat energy cost Material cost, Other fees

Input * Commission farming cost, Cost of variable capital

Inputs
Land * Acreage

Fixed | Other * Small agricultural implements cost, Repair cost
Input Fixed * Agricultural machinery expense, Farming facilities expense

Input * Agricultural facilities rent, Orchard development cost, Cost of fixed capital

Table 2. Statistics of inputs for strawberries and tomatoes

Strawberries Tomatoes
Mean Max Min S.D | Mean Max Min S.D
. Labor (h) 508 | 4482 | 213129 450| 3,306 16| 270
Variable
Inputs | Other variable Input |- ¢ 5, 1 ) ¢o9 | 535 | 1476 | 6789 | 44161 | 757 | 4.174
An (a thousand won)
Input | Land (nf) 4368 | 68,727 | 591 3,004 | 4,148 19,734 | 891 |52,110
Fixed
Inputs | Other Fixed Input | ¢ o503 000 | 549 | 2456 | 1,859 | 18.902 16 | 1,664
(a thousand won)




ABAETh BB AGEEA BE AT B9} EHES FHoE 685

Strawberries Tomatoes
Mean | Max Min S.D | Mean | Max Min S.D
Variabl Labor (won) 6,647 | 20,294 | 1,260 | 1,495 | 7,220 | 34,434 465 | 1,784
ariable
Other variable Input
: Inputs p
Price p (a thousand won) 1 1 1 0 1 1 1 0
of
input | Fixed Land (nf) 495 | 7,546 69 526 484 | 37,400 80 | 1,133
ixe
Other Fixed Input
Inputs p
P (a thousand won) ! ! ! 0 ! ! ! 0

Source: Farm Income survey by Rural Development Administration. Data for farm of strawberries and tomatoes
in 2010-2015 are from National Statistical Office.
Note: S.D =standard deviation

E}TH(Table 3).

Table 3. Basic statistics for inputs by strawberries

Acreage Farming facilities Labor Income Number
(nd) expense (%) (%) (a thousand won) | of farm
mean 1,474 4.6 24.0 9,917
Conventional | max 5,550 229 65.8 39,904
farm min 300 0.0 0.7 -932 7
S.D 816 33 8.9 5,147
mean 1,192 4.9 22.7 11,467
Pesticide-free | max 3,606 20.8 50.4 26,133
farm min 360 0.0 0.9 0 "
SD 639 3.6 8.4 5,179
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Acreage Farming facilities Labor Income Number
() expense (%) (%) (a thousand won) | of farm
mean 1,236 3.8 28.0 11,341
Organic max 2,703 15.4 45.7 22,507 s
farm min 400 0.0 6.7 2,007
SD 589 2.7 7.6 5,024

Source: Farm Income survey by Rural Development Administration. Data for farm of strawberries and tomatoes
in 2010-2015 are from National Statistical Office.
Note: S.D = standard deviation

EvE Auisrtel B B Auh o] b W w7k FeeksrtE UEhstew
e RFE 471877 53%E 7P B e B0 HFe) A9 B3
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7t M w5 A5e T e AR YERRTH(Table 4).

Table 4. Basic statistics for inputs by tomatoes

Acreage Farming facilities Labor Income Number
(nd) expense (%) (%) (a thousand won) | of farm
mean 1,126 5.0 25.0 8,196
Conventional | max 5,000 229 44.6 50,566
farm min 300 0.0 0.7 36 8
S.D. 825 3.5 8.3 5,716
mean 1,204 47 239 9,788
Pesticide-free | max 4,500 20.8 65.8 27,949
farm min 160 0.0 22 467 .
S.D. 821 34 9.6 5,242
mean 1,557 53 22.7 8,998
max 3,030 11.4 39.1 21,549
Organic farm 45
min 360 0.0 4.0 676
S.D. 870 2.9 8.3 5,004

Source: Farm Income survey by Rural Development Administration. Data for farm of strawberries and tomatoes
in 2010-2015 are from National Statistical Office.
Note: S.D =standard deviation
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Table 5. Results of yield, product cost, operation cost for strawberries farms

Yield Product cost Operation cost
(kg/10a) (a thousand won/10a) (a thousand won/10a)
CF PFF OF CF PFF OF CF PFF OF

2010 15,358 | 13,723 16,573 9,929 8,667 | 11,016 6,676 6,314 7,427

2011 16,743 | 18,618 | 18,552 | 10,895 | 11,842 | 11,973 | 7,062 | 8254 | 8417

2012 18,465 | 20,473 18,509 | 11,750 | 12,945 12,132 7,809 9,155 8,523

2013 15,733 | 14,017 | 16,572 | 10,099 8,811 11,016 6,920 6,516 7,427

2014 | 23,175 | 21,665 | 19,076 | 14,933 | 13,872 | 12,563 | 9858 | 9,308 | 8,726

2015 22,895 | 20,874 | 20,865 | 14,842 | 13,219 | 14,004 | 10,031 9,249 9,720

AGR (%) 10.1 13.0 5.1 10.2 133 53 9.8 11.0 6.1

All (%) 9.4 9.6 9.0

Source: Farm Income survey by Rural Development Administration. Data for farm of strawberries and tomatoes
in 2010-2015 are from National Statistical Office.

Notel: AGR = Annual growth rate

Note2: CF =Conventional farm, PFF = Pesticide-free farm, OF = Organic farm
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Table 6. Results of yield, product cost, operation cost for tomatoes farms

Yield Product cost Operation cost
(kg/10a) (a thousand won/10a) (a thousand won/10a)
CF PFF OF CF PFF OF CF PFF OF

2010 8,181 | 6,773 | 8,887 | 11,023 | 10,858 | 12,453 | 6,533 5968 | 8,569

2011 8,082 7,037 7,333 11,480 | 11,477 | 13,692 6,476 6,706 9,567

2012 8742 | 6,676 | 7,522 | 13,651 | 15073 | 17,112 | 7,679 8,249 | 11,721

2013 8,626 7,260 7,285 15,876 | 16,927 | 16,030 9,878 10,255 | 12,186

2014 8,978 6,399 5,757 14,762 | 15,429 | 12,350 8,901 9,401 8,161

2015 8,100 | 6573 | 8,756 | 14,690 | 15,148 | 18,204 | 8,804 9224 | 13,185

AGR (%) | -0.01 -0.32 2.61 6.37 7.73 10.61 7.07 9.90 13.33

All (%) 0.8 8.2 10.1

Source: Farm Income survey by Rural Development Administration. Data for farm of strawberries and tomatoes
in 2010-2015 are from National Statistical Office.

Notel: AGR = Annual growth rate

Note2: CF = Conventional farm, PFF = Pesticide-free farm, OF = Organic farm
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Table 7. Results of DEA overall efficiency, technical efficiency, allocative efficiency for
strawberries farms

Strawberries

OE TE AE

All CF PFF OF All CF PFF OF All CF PFF OF

2010 0.351 | 0.347 | 0.355 | 0.296 | 0.386 | 0.375 | 0.390 | 0.318 | 0.917 | 0.933 | 0.916 | 0.924

2011 0.348 | 0.362 | 0.342 | 0.429 | 0.392 | 0.399 | 0.400 | 0.435 | 0.899 | 0.917 | 0.858 | 0.985

2012 0.309 | 0.320 | 0.277 | 0.354 | 0.364 | 0.377 | 0.347 | 0.380 | 0.867 | 0.874 | 0.805 | 0.934

2013 0.347 | 0.338 | 0.350 | 0.296 | 0.383 | 0.367 | 0.382 | 0.318 | 0.915 | 0.931 | 0.920 | 0.924

2014 0.285 | 0.288 | 0.263 | 0.309 | 0.365 | 0.374 | 0.328 | 0.366 | 0.805 | 0.800 | 0.800 | 0.881

2015 0.268 | 0.265 | 0.280 | 0.301 | 0.330 | 0.328 | 0.332 | 0.356 | 0.828 | 0.823 | 0.849 | 0.860

AGR (%) | -4.7 -4.9 -2.9 2.6 -2.9 -2.4 -2.7 4.0 -1.8 2.2 -1.0 -13

Notel: AGR = Annual growth rate

Note2: CF =Conventional farm, PFF = Pesticide-free farm, OF = Organic farm

Note3: OE = Opverall efficiency, TE = Technical efficiency, AE = Allocative efficiency,
PTE =Pure technical efficiency, SE =scale efficiency

cr7|E8E4Y A V1% A%T o 0.7% SRSk, e ekETtet ddE
= 27 3.4%, 2.1% ARSI o= e7HFEER Yl i Azt sloke S 9
g T °F 03% oy, #E

Table 8. Results of DEA pure technical efficiency, scale efficiency for strawberries farms

Strawberries
PTE SE
All CF PFF OF All CF PFF OF
2010 0.576 0.560 0.650 0.510 0.673 0.679 0.595 0.618
2011 0.561 0.579 0.560 0.529 0.704 0.699 0.721 0.808
2012 0.551 0.569 0.535 0.480 0.663 0.660 0.667 0.789
2013 0.572 0.553 0.644 0.510 0.674 0.676 0.590 0.618
2014 0.528 0.530 0.514 0.534 0.695 0.706 0.651 0.693




690 3. ok
Strawberries
PTE SE
All CF PFF OF All CF PFF OF
2015 0.506 0.503 0.521 0.524 0.668 0.666 0.666 0.695
AGR (%) 2.5 -2.1 -34 0.7 -0.1 -0.3 3.0 3.8

Notel: AGR = Annual growth rate

Note2: CF = Conventional farm, PFF = Pesticide-free farm, OF = Organic farm

Note3: OE =Overall efficiency, TE = Technical efficiency, AE = Allocative efficiency,
PTE = Pure technical efficiency, SE =scale efficiency

ErntE AulErte] AA FE284L 20103 0= 0287914 2015W@ 0.292F A HF oF
0.4% Z7}stAtHTable 9). ¥l 57t} F5oksrte TEEAH S |37 AY gloy /7]
E7ke) FEEAL 20101 0.2640014 201513 0.274% 9F 2.6% 7154t 718849 A
BAs7t= oF 2.1% LR oy Fseksrtet frlE e A4 0.3%, 04% SVt
AE7te] 71E8E&4 SUHEol #AEIte] v =A Yelgth slEEsde] 4
5 < B Z7leHAh ol E7] w7kl Hla|
EUlE AujsrtolA H2n 8025 e AE HH3] 23t Juhs AS or|git)
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Table 9. Results of DEA overall efficiency, technical efficiency, allocative efficiency for
tomatoes farms

Tomatoes

OE TE AE

All CF PFF OF All CF PFF OF All CF PFF OF

2010 0.287 | 0.304 | 0.295 | 0.264 | 0.450 | 0.488 | 0.420 | 0.460 | 0.646 | 0.627 | 0.700 | 0.599

2011 0.300 | 0.334 | 0.284 | 0.211 | 0.456 | 0.520 | 0.391 | 0.364 | 0.667 | 0.645 | 0.724 | 0.609

2012 0.288 | 0.327 | 0.224 | 0.181 | 0.446 | 0.514 | 0.323 | 0.304 | 0.660 | 0.643 | 0.716 | 0.623

2013 0.276 | 0.304 | 0.224 | 0.178 | 0.430 | 0.477 | 0.339 | 0.360 | 0.657 | 0.650 | 0.672 | 0.570

2014 0.279 | 0.306 | 0.198 | 0.237 | 0.437 | 0.476 | 0.318 | 0.316 | 0.661 | 0.668 | 0.652 | 0.593

2015 0.292 | 0.304 | 0.269 | 0.274 | 0.423 | 0.436 | 0.404 | 0.420 | 0.701 | 0.704 | 0.685 | 0.681

AGR (%) | 04 0.1 -0.1 2.6 -1.2 | 21 0.3 0.4 1.7 24 -0.3 29

Notel: AGR = Annual growth rate

Note2: CF = Conventional farm, PFF = Pesticide-free farm, OF = Organic farm

Note3: OE =Overall efficiency, TE = Technical efficiency, AE = Allocative efficiency,
PTE = Pure technical efficiency, SE =scale efficiency
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Table 10. Results of DEA pure technical efficiency, scale efficiency for tomatoes farms

Tomatoes
PTE SE

All CF PFF OF All CF PFF OF
2010 0.546 0.585 0.552 0.502 0.829 0.834 0.765 0.909
2011 0.573 0.651 0.521 0.474 0.803 0.805 0.761 0.805
2012 0.548 0.620 0.454 0.409 0.817 0.842 0.701 0.819
2013 0.542 0.589 0.450 0.466 0.792 0.801 0.759 0.798
2014 0.564 0.593 0.480 0.460 0.768 0.805 0.665 0.650
2015 0.565 0.593 0.500 0.661 0.754 0.746 0.788 0.620

AGR (%) 0.7 0.4 -1.7 7.4 -1.9 -2.1 1.2 -7.1

Notel: AGR = Annual growth rate

Note2: CF = Conventional farm, PFF = Pesticide-free farm, OF = Organic farm

Note3: OE = Opverall efficiency, TE = Technical efficiency, AE = Allocative efficiency,
PTE = Pure technical efficiency, SE =scale efficiency
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Table 11. Trends of returns to scale by strawberries and tomatoes

Strawberries Tomatoes
All CRS DRS IRS All CRS DRS IRS
CF 0 0 112 3 6 60
(0.0) (0.0) (80.6) (3.5) (7.1) (70.6)
139 0 0 18 85 0 0 11
2010 PFF (100.0) (0.0) (0.0) (13.0) (100.0) (0.0) (0.0) (12.9)
OF 0 0 9 0 2 5
(0.0) (0.0) (6.4) (0.0) 2.4) (5.9)
CF 0 2 95 6 13 65
(0.0) (1.3) (63.3) (4.8) (10.3) (51.6)
150 0 0 49 126 0 3 29
2011 PFF (100.0) (0.0) (0.0) (32.7) (100.0) (0.0) 24 (23.0)
OF 0 0 4 0 2 8
(0.0) (0.0) 2.7 (0.0) (1.6) (6.3)
CF 0 0 100 5 15 68
(0.0) (0.0) (66.2) 4.1) (12.3) (55.7)
151 0 0 46 122 0 1 24
2012 PFF (100.0) (0.0) (0.0) (30.5) (100.0) (0.0) (0.8) (19.7)
OF 0 0 5 0 0 9
0.0) (0.0) (3.3) (0.0) (0.0) (7.4)
CF 0 0 92 6 14 68
(0.0) (0.0) (78.0) (4.6) (10.7) (55.7)
118 0 0 17 131 0 1 35
2013 PEF (100.0) (0.0) (0.0) (14.4) (100.0) (0.0) (0.8) (26.7)
OF 0 0 9 0 1 6
(0.0) (0.0) (7.6) (0.0) (0.8) (4.6)
CF 0 0 148 5 21 81
(0.0) (0.0) (77.1) (3.4) (14.1) (81.0)
192 0 0 34 149 1 1 33
2014 PFF (100.0) (0.0) (0.0) 17.7) (100.0) (0.7) 0.7) (22.1)
OF 0 0 10 0 0 7
(0.0) (0.0) (5.2) (0.0) (0.0) 4.7)
CF 0 0 154 1 17 84
(0.0) (0.0) (81.9) (0.7) (11.3) (56.0)
188 0 0 24 150 2 5 36
2015 PFF (100.0) (0.0) (0.0) (12.8) (100.0) (1.3) (3.3) (24.0)
OF 0 0 10 0 1 4
(0.0) (0.0) (5.3) (0.0) 0.7) 2.7)
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Table 12. Effects of explanatory variable on the allocative, pure technical, scale efficiency
by strawberries

AE PTE SE
Coefficient Coefficient Coefficient
(t-value) (t-value) (t-value)
Constant 0.7591" 0.7983" 0.5808"
(33.2594) (30.8221) (20.6381)
. iy 0.0001 -0.0038 -0.0024"
0,
Farming facilities expense (%) (0.1086) (-3.5980) (-2.0948)
0.0034° -0.0019 0.0009"
0,
Labor (%) (9.4777) (-4.7872) (2.1085)
Acerage (Pyeong) 0.0116 -0.0107" 0.0067"
ge (fyeong (12.0827) (-10.6425) (5.4048)
Environmental Pesticide-free farm -0.0071 -0.0105 0.0053
ol o (-0.8710) (-1.1357) (0.5308)
-1riens
(base: conventional farm) ; -0.0088 0.0257 0.0039
Organic farm (-0.6372) (1.6304) (0.2300)
R 0.28 0.18 0.15

Notel: single, double, and triple asterisks (*) denote significance at 10%, 5%, and 1% level respectively
Note2: OE =Overall efficiency, TE = Technical efficiency, AE = Allocative efficiency, PTE = Pure technical
efficiency, SE =scale efficiency
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Table 13. Effects of explanatory variable on the allocative, pure technical, scale efficiency

by tomatoes

AE PTE SE
Coefficient Coefficient Coefficient

(t-value) (t-value) (t-value)

Constant 0.5044" 0.9155" 0.8744"

(31.1587) (37.5302) (36.6341)

. . 0.0006 -0.0095" -0.0039°

0,
Farming facilities expense (%) (1.0862) (-10.1782) (-4.2857)
0.0035° -0.0001" -0.0001
0,

Labor (%) (14.0969) (-4.7152) (-0.5149)

Acerage (Pyeong) 0.0095"" 0.0195™" -0.0002

ge (Fycong (10.0489) (-12.7429) (-1.1415)

' Pesticide-free farm -0.0199” -0.1042" -0.0532"
Environmental (-2.5067) (-8.7077) (-4.5483)
-friendly farm ” "

(base: conventional farm) : 0.0313 0.0161 -0.0580
Organic farm (0.0379) (0.7073) (-2.6055)

R’ 0.24 0.36 0.15

Notel: single, double, and triple asterisks (*) denote significance at 10%,

5%, and 1% level respectively

Note2: OE =Overall efficiency, TE = Technical efficiency, AE = Allocative efficiency, PTE = Pure technical

efficiency, SE =scale efficiency
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