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Abstract In this study, the efficiency of apple farms using panel data from 2015 to 2020 was analyzed
using the Mamquist productivity index, productivity change, and a non-parametric approach. First, it
was found that the gap between farms was large in terms of change in technological efficiency, but the
gap was small in terms of the adoption of technological change. Second, while the productivity index
increased by an average of 2.6% per year, the technological efficiency increased by an average of 6.0%
per year, and the index of technological change decreased by an average of 3.2% per year. Third, the
pure technological efficiency change index increased by an average of 5.9% per year, and the scale
efficiency change index increased by an average of 0.1% per year. Fourth, the pure technological change
index decreased by an average of 4.6% per year on average, and the scale technology change index
increased by an average of 1.1% per year. The increase in technological efficiency was influenced by the
spread of high-density planting and the use of high-quality agricultural materials. The decrease in
technological change is believed to be due to differences in cultivation technology between farms,
extreme weather conditions, and differences in yields between regions.
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Table 1. Apple Cultivation Area and Proportion of
Area in Gyeongsangbuk-do by Year

(Unit: ha)
Apple Cultivation GX];;lzgSCﬁEBZE;iO
Year Area(A) Area(B) Share
Area Area Area Area o
Change Change

2003 26,398 - 16,778 - 0.636
2004 26,676 1.011 16,775 1.000 0.629
2005 26,907 1.009 16,774 1.000 0.623
2006 28,312 1.052 18,439 1.099 0.651
2007 29,358 1.037 19,050 1.033 0.649
2008 30,006 1.022 19,158 1.006 0.638
2009 30,451 1.015 19,339 1.009 0.635
2010 30,992 1.018 19,543 1.011 0.631
2011 31,167 1.006 19,470 0.996 0.625
2012 30,734 0.986 19,024 0.977 0.619
2013 30,449 0.991 18,895 0.993 0.621
2014 30,702 1.008 18,811 0.996 0.613
2015 31,620 1.030 19,247 1.023 0.609
2016 33,300 1.053 20,083 1.043 0.603
2017 33,601 1.009 20,178 1.005 0.601
2018 33,234 0.989 19,780 0.980 0.595
2019 32,954 0.992 19,462 0.984 0.591
2020 31,598 0.959 18,705 0.961 0.592
2021 34,359 1.087 20,955 1.120 0.610
Mean - 1.015 - 1.012 0.619

Source: Kosis.kr
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Table 2. Apple Production Amount and Agricultural
Industry Share by Year
(Unit: 100 million won)

YVear Apple Production Amount| Agricultural Industry
Value |Rate of Change| Share | Share Change
2003 2,930 - 0.9 -
2004 3,887 1.327 1 1.111
2005 4,671 1.202 1.3 1.300
2006 5,272 1.129 1.4 1.077
2007 5,143 0.976 1.4 1.000
2008 8,345 1.623 1.9 1.357
2009 8,530 1.022 1.8 0.947
2010 8,016 0.940 1.7 0.944
2011 7,412 0.925 1.6 0.941
2012 10,175 1.373 2 1.250
2013 13,153 1.293 2.6 1.300
2014 11,656 0.886 2.3 0.885
2015 14,484 1.243 2.9 1.261
2016 11,366 0.785 2.3 0.793
2017 11,103 0.977 2.2 0.957
2018 9,682 0.872 1.8 0.818
2019 10,772 1.113 2.1 1.167
2020 11,004 1.022 2.1 1.000
Mean - 1.081 - 1.051

Source: Kosis.kr
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Table 3. Profitability per unit area of apples by year
(Unit: thousand won/10a, %)

Gross Income Income Income
Year
Value |Value Change| Value |Value Change| Rate
2013 | 5,762 - 3,592 - 0.623
2014 | 5,566 0.966 3,417 0.951 0.614
2015 | 5,744 1.032 3,584 1.049 0.624
2016 | 5,510 0.959 3,118 0.870 0.566
2017 | 5,455 0.990 3,053 0.979 0.560
2018 | 5,574 1.022 3,040 0.996 0.545
2019 | 5,317 0.954 2,642 0.869 0.497
2020 | 6,217 1.169 3,216 1.217 0.517
Mean - 1.011 - 0.984 0.559
Source: Kosis.kr
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Table 4. Define input and output variables

Variables Unit
Farmland uf
Input
Variables Labor hour
Capital won
Output
Variable Gross Income won
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Table 5. Descriptive statistics on input and output
variables of apple farms by year
(Unit: n?, hour, thousand won)

Input Variables \Z 1r11t§ ;te
Category
Farmland | Labor Capital Irfz-c?rsr?e
Mean 18,599 3,060 44,185 96,193
STD. 9,125 1,485 28,115 63,462
2015 Min. 3,300 520 10,192 8,910
Max 42,900 7,263 120,327 328,601
Mean 18,184 2,556 33,810 90,820
2016 STD. 8,035 1,142 17,797 66,192
Min. 5,280 718 8,032 8,910
Max. 33,990 4,487 81,211 247,500
Mean 18,376 3,048 68,766 111,922
STD. 8,965 1,413 35,031 77,472
2017 Min. 5,000 912 15,123 17,078
Max 33,990 5,528 139,137 326,353
Mean 18,224 2,853 70,079 103,017
2018 STD. 8,535 1,938 39,612 92,240
Min. 3,960 784 17,293 9,900
Max. 33,000 9,836 180,300 371,250
Mean 18,793 3,044 34,622 91,393
2019 STD. 10,284 1,404 17,048 57,615
Min. 3,960 874 6,586 8,625
Max 49,500 6,213 80,052 265,320
Mean 18,991 2,441 38,264 111,513
2020 STD. 10,227 1,042 17,469 82,013
Min. 3,960 713 14,812 7,781
Max. 49,500 5,768 77,189 399.465
4, FEZ1L A oy

2015828 202097H] AR ES A7 &0 Al
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§g olgalo] 2% DMUE 6%t B LA A%
o} w84 W} A4 Table 63 2tk



At 57he] AV Wk A

Table 6. Average Productivity Index of Apple Farms

Apple Farm MPI TECI TCI
DMU1 0.972 1.000 0.972
DMU2 0.677 0.769 0.880
DMU3 1.013 1.044 0.970
DMU4 1.019 1.046 0.974
DMU5 1.134 1.157 0.980
DMUG 1.153 1.242 0.929
DMU7 1.095 1.058 1.035
DMU8 1.116 1.152 0.969
DMU9 0.993 1.018 0.975
DMU10 1.052 1.095 0.961
DMU11 1.081 1.110 0.974
DMU12 1.128 1.147 0.983
DMU13 1.038 1.100 0.944
DMU14 1.179 1.174 1.004
DMU15 0.761 0.819 0.929
DMU16 1.005 1.134 0.886
DMU17 0.911 0.988 0.922
DMU18 1.004 1.041 0.965
DMU19 1.121 1.140 0.983
DMU20 1.441 1.413 1.020
DMU21 1.142 1.147 0.996
DMU22 1.057 1.102 0.958
DMU23 0.854 0.941 0.907
DMU24 1.123 1.132 0.992
DMU25 0.958 0.929 1.031
DMU26 0.985 1.035 0.952
DMU27 0.967 0.945 1.023
DMU28 1.012 1.006 1.006
Mean 1.026 1.060 0.968

STD. 0.138 0.124 0.039
C.V. 0.134 0.117 0.041
Max. 1.441 1.413 1.035
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Table 7. Mamquist Productivity Index by Year

Index 15/16 16/17 17/18 18/19 19/20 Ge&‘;‘f:ic
Mean 0.979 0.869 0.958 1.196 1.166 1.026
MPI 95% confidence Lower 0.887 0.727 0.865 1.052 1.063 0.910
interval Upper 1.096 0.986 1.074 1.416 1.276 1.159
Mean 0.968 1.244 0.765 1.477 0.984 1.060
TECI 95% confidence Lower 0.632 0.999 0.541 1.129 0.786 0.788
interval Upper 1.429 1.753 0.998 1.971 1.248 1.438
Mean 1.012 0.698 1.252 0.809 1.185 0.968
TCI 95% confidence Lower 0.715 0.514 1.019 0.576 0.947 0.728
interval Upper 1.535 0.818 1.762 1.052 1.446 1.275
Mean 1.061 1.142 0.875 1.283 0.978 1.059
PECI 95% confidence Lower 0.636 0.821 0.576 0.975 0.687 0.726
interval Upper 1.626 1.822 1.228 1.865 1.322 1.551
Mean 0.912 1.089 0.874 1.151 1.006 1.001
SECI 95% confidence Lower 0.670 0.789 0.671 0.828 0.802 0.749
interval Upper 1.293 1.481 1.171 1.422 1.296 1.328
Mean 0.978 0.676 1.159 0.864 1.192 0.954
PTCI 95% confidence Lower 0.682 0.497 0.896 0.625 0.952 0.710
interval Upper 1.496 0.860 1.621 1.055 1.496 1.269
Mean 1.024 1.029 1.081 0.926 1.001 1.011
STCI 95% confidence Lower 0.836 0.817 0.938 0.799 0.878 0.852
interval Upper 1.275 1.205 1312 1.166 1.140 1.218
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