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Abstract: Since the onset of the COVID-19 pandemic, there has been a significant shift in the lifestyle patterns

of the populace across various domains. Concerns surrounding COVID-19 have emerged as pivotal catalysts of change
in recreational habits with people giving a particular preference for environments with low population density and
increased openness. This trend has resulted in an uptick in excursions to natural reserves, coastlines, and parks.
However, during the peak of infectious outbreaks, widespread adherence to social distancing measures has precipitated
a steep decline in tourist footfall across natural recreation forests, exacerbating financial deficits to a considerable
extent. Thus, this research sought to compare and analyze the operational efficacy and productivity of national, public,
and private natural recreation forests pre- and post-COVID-19 pandemic by utilizing non-parametric methodologies,
such as data envelopment analysis and the Malmquist productivity index analysis. The objective was to identify the
factors contributing to the decreases in efficiency and productivity and ultimately offer nuanced recommendations
tailored to respective administrative bodies. This study's distinctive focus on the analysis of management efficiency
and productivity in natural recreation forests nationwide offers significant academic and practical relevance.
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Table 1. Basic statistics.

157

Unit: people, thousand won

Input factor

Output factor

Natural recreation forest Number of
(DMU) Labor costs  12xes and other  Management Income Visitors locations
expenses personnel
2019 average(pre-COVID-19)
National 300,406 256,043 98 436,491 174,742 44
Public 334,522 185,390 137 394,805 39,806 105
Incheon 890,250 246,448 252 904,356 47,350 1
Daejeon 692,589 326,047 214 330,983 25,475 2
Gyeonggi 332,054 315,239 156 461,967 49,499
Gangwon 250,607 204,621 91 303,393 24,948 13
Chungbuk 244,588 149,024 123 406,716 40,197 17
Chungnam 223,659 125,773 119 439,233 74,448 12
Jeonbuk 93,194 98,021 113 250,734 23,154 9
Jeonnam 221,042 132,123 114 284,425 27,338 12
Gyeongbuk 228,707 139,500 118 265,641 21,574 18
Gyeonnam 196,571 95,453 86 271,364 33,654 10
Jeju 306,478 207,042 118 424,046 70,230 2
Private 110,656 286,764 73 389,169 20,661 23
Mean 314,677 198,623 129 397,578 48,713
2020 average(post-COVID-19)
National 316,819 253,179 178 240,767 56,656 43
Public 275,624 164,499 137 186,210 35,904 108
Incheon 466,000 240,000 166 148,268 14,157 1
Daejeon 329,012 114,322 234 56,154 4,496 2
Gyeonggi 339,660 251,581 169 273,279 43,228 10
Gangwon 248,181 262,828 79 199,047 26,026 13
Chungbuk 260,233 125,427 134 227,291 30,519 17
Chungnam 233,534 121,007 155 200,470 50,710 12
Jeonbuk 129,228 114,191 75 166,518 23,065 8
Jeonnam 217,241 114,576 137 121,583 16,993 13
Gyeongbuk 203,225 131,963 93 153,534 33,389 19
Gyeonnam 234,619 88,055 101 168,715 35,721 11
Jeju 370,933 245,539 169 333,448 116,637 2
Private 107,300 123,378 43 175,500 18,204 21
Mean 265,845 168,157 133 189,583 36,139
Source: Rewritten using internal data from the Korea Forest Service
AAFFHY agAdol 12 =EHo|, 7P a4 A aeideS Holal glou, o] Qof diEe] XA A
oz yebgth S AR ARG Y] aesdo] A | AAFGHY a8 *2 Ae® Yehgth W, 4k
B 2 DEAS] 739 A4 aerdo] obd AHthd & 712 BCC 2# o] B2 CCR o) Hlaf tha =74 Yet
&7 S4oh=tl, Table 15 FAIskS o AA| AHAFS Wk A3 DMU 5 e 24419 AAFFHES] B+t
d F A AAFSHY AT AR es Aa, a4 aE/dol 1= mif- a4 O = UERaL, A71A9 ¢
thu] A|ZFo] Wol agAo] A Uehd 2oz deErh AAFGH A 0885302 AEdo] FdHS & o+ 3
AR & S5 A, AT AAFSES FHat o] oh R 55/ Bato] 0961 = =& 7o)l Bt
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Table 2. Efficiency analysis results for each natural recreation forest before COVID-19 (2019).

oS e S e ram o 008 00
(CCR) (BCC)V (SE) group (Income)  (Visitor)
National 1 1 1 1 CRS - -
Incheon 1 1 1 2 CRS - -
Dacejeon 0.3915 0.4329 0.9044 1,2,7 DRS 433,559 33,375
Gyeonggi 0.6982 0.8853 0.7887 2,7,13 DRS 59,850 6,415
Gangwon 0.7626 0.7751 0.9839 7,11,13 IRS 88,041 16,470
Chungbuk 0.8749 0.8901 0.9829 2,7,13 DRS 50,259 27,142
Public  Chungnam 1 1 1 7 CRS - -
Jeonbuk 1 1 1 8 CRS - -
Jeonnam 0.6654 0.6713 0.9912 7,11,13 IRS 139,273 41,095
Gyeongbuk 0.5983 0.5986 0.9995 2,7,13 DRS 178,071 48,519
Gyeonnam 0.8479 1 0.8479 11 IRS - -
Jeju 0.8814 0.8865 0.9942 1,2,7,13 DRS 54,308 8,996
Private 1 1 1 13 CRS - -
Geometric mean 0.825 0.857 0.961 77,182 14,001
2 agiSrleer Y AAFSE 5 uA, 471, A Hol dasir]. =3}, ZAA S AA] 5 gefet HEof
o A9 AAFFHEES AL 2o AAFIFHE 71&884 ALE S 88,0410 Q0] 59123} 16,470
of £& T BEHET DT Uk AOE tehith o o[§A2 FE BT 4 U AOR vehdrh
eoR A AAFYY F AN AR G4 AR o] F0204) AAFYY LGFAY B4 ¥
B Ee AAFYUS FUAGOE Uepdth x S5 A AuNTable 3), 71 EELA(CCR) B 0775, £47)
b kiS4 Vg BRHY AAFFHlT FAR  SESYBCO) FFL 0821, FE ARAYSE) BRS
Pl QAL FANGE Y D AERLY 2] Qo] 09382 Upeith ol ;R o] FolE AAFFAY vl
HEE A AAFFYTo] WANHIY PO Aotof  EfAol Fr ELHNTE V| EELA 1ATS & 5
she AAFFHolet: YAl Faste, glov], mut o] o] vjs) 7| EEEAol B ostEg)
FRAe) Zuold duuy, FY AAFFRY AS 2L ¥ 5 ek E3, CCR Fzo] 082521} o] H)e]
FRAAZRS) HEF TFEASOAFORS)OE ebd A 0775} ol )T Fastel, uEgH 5L 5
FUeol wob AAFFY RS AFIRE 2t 1 Uk AAFFo] OF 17%0)H 2% FBESE §
37} Qg 3to] o WS AALSHL QlTh FFRg=olA|zt = 4 Stk
(DRS)L & Yehd i, 371, 55, 35, AT A9 A4 AFA o g Am e, AHE7]E CCR 2o as3
FIH T 53] tidy A7) AY9S R aeAE A oz Ued 59, 38 5 A, A5 AdFgdEY 7]
oz gong 4 agAde P & e Aol saa/do] BollS & 4 Qth I FolA 53] XA
Zadh Zlow wokEnh 3, A, e, B A9 o AARdHY = AAFSH Teaed davt
TRFAASIRS) o2 Yebg=H, sid A AAFd A Yepgth vh, 224 o]l%, 3y AAFFH F
H2 2 s Skl agds SHAE o e 5 B, AFAS AARdHY asdrlesasd "
= sk Aol viA e Aor AohEh TR B SHE A= yelEth
| aedS 2T =Y 9 AR AAFSET AF, F2UH9 o|F, A AdFdd F =AU M= Sl
T, AE AAFSES AR B A AAFFHY A 7F 7P W AAFEES A AR e R, IR
SHEHES A EY, iAo AAFgdHe A £ 19 HAY o Bop Aglo] Ao R SYPH S o
TR 4335597 Ao ATt 33,3757 9 o8 = Utk ol AR Aol whet AR oA 4 71zt
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Table 3. Efficiency analysis results for each natural recreation forest after COVID-19 (2020).

o[t S e o O 0o
(CCR) (BCC)Y (SE) group (Income)  (Visitor)
National 0.679 0.7998 0.849 12,13 DRS 60,254 39,773
Incheon 0.3786 0.4523 0.8371 6,12,13 DRS 179,482 98,333
Daejeon 0.2564 0.2675 0.9585 6,11 DRS 153,734 27,569
Gyeonggi 0.7047 0.8683 0.8116 12,13 DRS 41,436 61,735
Gangwon 0.7026 0.9059 0.7756 12,13 DRS 20,678 19,739
Chungbuk 1 1 1 6 CRS - -
Public ~ Chungnam 1 1 1 7 CRS - -
Jeonbuk 0.9817 1 0.9817 8 IRS - -
Jeonnam 0.6079 0.6113 0.9944 6,11,13 IRS 77,303 12,080
Gyeongbuk 0.7641 0.7721 0.9896 8,11,12,13 IRS 46,689 9,851
Gyeonnam 1 1 1 11 CRS - -
Jeju 1 1 1 12 CRS - -
Private 1 1 1 13 CRS - -
Geometric 0.775 0.821 0.938 44,583 20,698
mean
£ AN AR A9 giidellon, o2 QI3 % Btk o]F thA] A5 FAIE Blon, 20204 2
o] 27} 7Izte R oAy wEolch ZUH9 8y 7)17E Bk AL oF 50%=2 A7 sl
HFrao] So A AR, F21LH9 gAY o] 3 Y o} 714 584 ¥ist AXTECDH= tA -7} tHIAI A
AAFFL QMRS FAFFEL Z2LH9 o]} olof] DMU7} o] Al st ibsg Aoz e Hos

ol
2o RO ZH(CRS)OA 5L

R, Y A AAFFYL
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Figure 1. 2016-2020 natural recreation forest MPI, TECI, TCI trends.

Table 4. 2016-2020 Average productivity index by natural recreation forest operator.

DMU MPI TCI TECI PECI SECI
National 0.7383 0.8133 0.9078 0.9098 0.9978
Incheon 0.6764 0.8624 0.7843 0.814 0.9635
Daejeon 0.7346 0.872 0.8424 0.9934 0.8479
Gyeonggi 0.8713 0.8506 1.0243 0.9447 1.0843
Gangwon 0.7783 0.853 0.9125 0.9409 0.9697
Chungbuk 0.9166 0.8464 1.0829 1.079 1.0036

Public Chungnam 0.8304 0.8304 1 1 1
Jeonbuk 0.8541 0.8517 1.0029 1 1.0029
Jeonnam 0.7449 0.8127 0.9166 0.9991 0.9174
Gyeongbuk 0.8929 0.854 1.0456 1.0678 0.9792
Gyeonnam 0.8785 0.868 1.0121 1.0065 1.0056
Jeju 0.9538 0.8771 1.0875 1.0263 1.0596

Private 0.9043 0.9043 1 1 1
Geometric mean 0.8246 0.8532 0.9665 0.9808 0.9854
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Figure 2. Changes in MPI before and after COVID-19 by natural recreation forest operator and region.
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