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ABSTRACT

This study examined the multi-functionality of an eco-pastoral system in alpine grassland and measured its economic value.
multi-functionality can be divided into three categories: direct-use value, indirect-use value, and heritage value.

The
Direct-use value

includes both extractive (forage and livestock production) and non-extractive (recreation and tourism) functions. Indirect-use value
includes the functions of water conservation, soil erosion control, atmospheric control, landscape, livestock-manure management, and

forest firebreaks. The heritage value includes the function of species diversity. The results showed that the annual value for 1 hectare
of the eco-pastoral system in alpine grassland’s direct use was estimated to be 21,090,874 Korean won; the indirect-use value was
15,562,203 won when the landscape in grassland system, and 16,018,224 won when the landscape comprised in silvopastoral system.
The value of the species diversity in heritage terms ranged from 767,273 to 1,578,845 won, depending on whether it included any
endangered species. The total value of multi-functionality of the eco-pastoral system in alpine grassland was estimated to be a
minimum of 37,420,350 won/ha and a maximum of 38,687,942 won/ha. The results of this study can provide useful insights for the
eco-pastoral system in alpine grassland policies in Republic of Korea.
(Key words: Eco-pastoral system in alpine grassland, Multi-functionality, Economic value, Ecosystem service)
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Table 1. Classification of multi-functionality of eco-pastoral system in alpine grassland

Category Multi-functionality Examples
Forage production Production of good quality roughage in mountainous meadow
Direct- Extractive . . Production of livestock using eco-pastoral system in alpine
Livestock production
use grassland
value ) Recreation and Activity of recreation and tourism in eco-pastoral system in alpine
Non-extractive .
tourism grassland
Water storage Prevent flooding by storing water in pasture soil pores
Wat Productivity Flood control prevents land submergence and increases land
ater . .
. maintenance productivity
conservation ) ) ) )
. . The eco-pastoral system in alpine grassland leaching nitrogen to
Water purification )
prevent groundwater inflow
Use ) ) Soil runoff prevention Pasture grabs the soil to prevent soil runoff
Soil erosion ) )
value . . Pasture grabs the soil and flows over a certain amount of water
control Landslide prevention . .
Indirect- prevent massive collapse of the soil
use Carbon dioxide . .. .
. Decomposing the carbon dioxide by photosynthesis
value Atmospheric absorbtion
control Oxygen production Composing the oxygen by photosynthesis
Air purification Purification of Sulfur dioxide and nitrogen dioxide
Obtained from aesthetic appreciation and emotional stability
Landscape . . .
looking at the eco-pastoral system in alpine grassland
Livestock-manure management Removal of eco-friendly livestock-manure

Eco-pastoral system in alpine grassland serves as a firebreaks to
Forest firebreaks

stop the spread of forest fire

Option
Pl Option value Related to future direct and indirect uses by human
value
Existence . The satisfaction of knowing that eco-pastoral system in alpine
Non- Existence value i
value grassland exists
use
People place on knowing that future generations will have the
value Bequest value . . . .
Bequest option to enjoy a eco-pastoral system in alpine grassland
value . L Preserve species diversity by maintaining unique species or
Species diversity . . .
populations of eco-pastoral system in alpine grassland
Bkt PN SHATE AR A A= 2 18
A7) ol ARERE AL 5 P FEA W W A G 2 et B8 24P Hol FHA FEL A
911 B8 U5 2As] S duiddy el nEe vt A Ak, @4k 8 (g )0l AllE =8 23 (type | extreme value
(HAE A 5 Slek o714 V= g4 (deterministic)  distribution)}llA  [ID(independently ~ and  identically
i, K FSEAE Y 22 S AEske] U HiE distributed)”}d S w2, P the-o] 2 (2)9} 7o) YERd
AR} SO Wl 54 Bael, Pz gy T AHHMaddala, 1983).
AR} ALg)- Qe 54, ¢, = 2HE ] A (stochastic) o] T
exp(V;)
Py=—=7—— — @
U;= I/ij(](;j’Pi)_'_Sij M Zexp(V )
t=1
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Table 2. Method for multi-functionality of eco-pastoral system in alpine grassland

Category

Multi-functionality

Method

) Extractive
Direct-use value

Forage production
. ) Replacement method
Livestock production

Non-extractive

Recreation and tourism Travel cost method

Water conservation

Water storage
Productivity maintenance

Water purification

Use value Soil erosion control

Soil runoff prevention
) ) Replacement method
Landslide prevention

Indirect-use value

Atmospheric control

Carbon dioxide absorbtion
Oxygen production

Air purification

Landscape Choice experiment

Livestock-manure management

Replacement method

Forest firebreaks

Non-use value Bequest value

Species diversity

Choice experiment

21(2)+= thaZ 4! 2.8 (multinomial logit model) .= e
lom, -9+ H(maximum likelihood estimation)®. %
753K Greene, 2012). MBS H O] A= 2211
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Table 3. Value of forage production

Function Method Value(won/ha/year) Reference
Subtropical livestock h institute, 2016
Forage production Replacement method 3,318,930 ubtropical fvestock fesearch Tstiute
Cheon et al., 2007
Table 4. Value of livestock production
Function Method Value(won/ha/year) Reference
Steers 972,047 KOSIS, 2015a
Livestock production Replacement method Cow 941,979 The value was calculated for 50% of the
Total 1,914,026 steers and cows, respectively

Table 5. Value of recreation and tourism

Consumer surplus of all
respondents(won/Vvisit)

Number of visits in eco-pastoral
system in alpine grassland

Total val
f) ? value Value(won/ha/year)
(million won)

47,729 11,446,620

546,336 15,857,918

2018). webA] AR AEISAE] AR A5 U] e
AR s 'Y e e 8 7)ol

B AT E Fabsvheo] T2 ARESHEA A olA Tk
T AAE T Qe exteeks, Ay dete] 1eks, E9
2518 3 2FE AREEITE 2]l A 3l 2
lha@ F AEARAF 10,894kg Aol 370 2E2] At Fhul
714 360/kgS w3FATE 71 AT} 1haT 25U 3,921,840
THCheon et al., 2007).
g HAFAAT L] 20160 AR AL
ol gl 2 skglem, Aake] FdE= tiara] vgel
&, BEY, W), FA, AF, FF So] E3He= VA &
1 u]g, H|gH|, TA] 5 A=t 714l 2 Qlg]
2 150,000 /ha/d, H]EH] 220,500 /ha/\d, A= 1ha
30kguE715  232,5009/ha/ 0% Thad H]E2] A=
603,000/ 02 AXE QT whEba] 2ARR AJake] dist
lhad 7} 3,318,930/ 0 & L}EFSITKTable 3).
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Table 6. Value of water storage

N
N T

o] MASHA] ol ThE A gle] AMEThE Wow
o]

TA45Fo] 2,9009 7 Eo|m, ojuj
A 2,590ha, QoF 2,090ha”} FEE| QL) o]
FHAAE 71selM =EH 1had 24 ¢
gt FEEAS A 0.0022ha, Yok
A A X 2 S
W2 1had EAEH] 2,422%
A7} o=, 3 1ha¥loke] v TAIA7E] 5%
91 8447 o= thAlete] AXFEFATtHKim et al., 2010). whe}
Al 1ha'd 4] AAAHITHAEA] 7R ] 745 5,429,

okl 91,5279 0% F 6,956 0 F LEFITHTable 7).
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d ARAE AAste] AT sol diE AT Faslkl
a1, ahe] EAfEtE R e FiEA 5o] rEE EHEo]
7F el A8 EE EuA A, YA T4, 5 A
Hlo} 38 o ® THXE ARESIGlth shAIRE =] 4]
A5 F509F Rybani¢ et al.(1999)0] EoFe] = AAN)E
FEAA Aslrz FHEol7ke AS BHshs 92s A1d

gk ATE QlEsto] AR 7S A8

Rybani¢ et al.(1999) FFol wet xte]7} QUA|RE F 3 1ha
G 0.5~2.4kgd =0 ATt AA 7hssi ol Hjgo® g
AFskd 161912 7F Ttk S8l o] Fes 20161
[}

& 1,283.309% 3AEPE 207,7669 0 2 LFEFSTH Table 8).

Function Method Value(won/ha/year) Reference
Water st Repl t method 2,160,787 Lee and Les, 194
r stor ment m
ater storage eplaceme etho ,160, NIFS, 2014
Table 7. Value of reduced productivity
Function Method Value(won/ha/year) Reference
Reduced productivity Replacement method 6,956 Kim et al., 2010
Table 8. Value of water purification
Function Method Value(won/ha/year) Reference
Water purification Replacement method 207,766 Rybani¢ et al., 1999
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stof ARKSIROR, e /b AR 915 ALt
A WA S AApEe 2 Asc
20141 AF 1had ARAFERS AR 72.638mE 5]
HHES 0997mE U AR A H A 72.857m 7}
EET, A7)l GA 9 EAFAT 0.55ton/hast 249 E
ZA19] 1had AbAFE} &1
ks #l3l 2014
FahH, AR %A ha' E

© 2 ERSTKTable 10).

ZZ(Soil erosion control)

2o
728 97 Wskel W R Qlsto] AbabEel 2
wA% 53 B frEo] A7 K wids] @Ak gl "

o AR A O] Aol st Hevt B

L 158 dlo] U] o8] A} GEo] W EE of TS 058ton/ha thlsh
so waiT) A AL 69.088m = AT d*b}x]

A5 A AR B BARERS s g 0 PVPEETH 109068 wd
23 712 B A2t EAA T, 240 Ao AFE- A 7HA = 753,474
H gk ARk EAEke] 7HA] @ikel=
5. tf7| Z=ZE(Atmospheric control)
5.1. O|MBIEIAE4 B A A
ol Ag T W AR S5k HE Tk
St SAlSh=t v e A @Sl W AEIA} 5
= o]gste] o|ikstetA SRkt A RS ARES, o
7o) RaAA e FUE B8 9 Ak AT o thAls)
o 7 Z At 24 1ha@ o)Abeleh S 588 9.1
B, AaAAt T8 6.558d 0 F B alEo] ¢l 9H(Cheon
et al., 2007), thAM S o]-&3to] FA7HA= A%Fststr] <1l
E, Ak
& AHEEFITHNIFS, 2014). o}
712 827,8829, Ak

s
¢ lhad 542 EAMFER 91542 EAL
|Abskar, o5 A
2 280.84m/do] ], o
2Rl =] 0.55
=

AH 9]
o Aeks
2= 9] X}EE Q183 tHEom et al., 2010; NIFS, 2014).
= A
Abed 20144 -om;pzu ﬂa}u 1€ 90,976/
F‘l‘

Function
Carbon dioxide absorption

Oxygen production

A&
= A A
el 7 5
FEFE 2olE &3l BEAMTE Aol E
r/]ljl Oﬂ?ﬂ—i T‘/Hiﬂa—o% 7-]}\4}:]] ]A}g]_oth_
20143 AH 1had BEARFZEUA S
71el 8735 Byl AAlE 1hald EAGA
=, 24 0.58 il st A¥} AR 2] €] 1hald EA
A FE 26631m/AC 2 ARt wEbA], A 24 EAL
FEUA T 266.31m/d 20143 APFRIAIFH] 10,169 /m ,
2 Foto] AR 2] 1had EAHTEEA] 7HA= 2,708,125€ &5
© 2 e TH(Table 9). B2 7H2 394,650
2hA] AR 24 1had Ol*@}
42. EAST X AL 7FA = 2,584,958 9 0. 2 LFEFSTHTable 11)
EARs A A EAMFEA 753 sds V)He R
= Zo®, Ao #¥Eshs Ao BEE F&ste] 5.2 HU|PSETE
EAF FARS TARAA BEAPE o R B EE 2E 2 A7} FRAE T o oSt T ot 7] Fo
of T 7 ikt o] & 18l AF O ARFEE A | o]4kEkEk(S0,), oA AN, T 2ol FrEtAY 1
A A ARE o] gate] A 249 FAY ARE ol = AYI= 7lee ok 2= etk Griinhage et al.(1994)°]
Table 9. Value of soil runoff prevention
Function Method Value(won/ha/year) Reference
E t al., 2010
Soil runoff prevention Replacement method 2,708,125 om et a
NIFS, 2014
Table 10. Value of landslide prevention
Function Method Value(won/ha/year) Reference
E t al., 2010
Landslide prevention Replacement method 753,474 om ¢t a
NIFS, 2014
Table 11. Value of carbon dioxide absorption and oxygen production
Method Value(won/ha/year) Reference
Replacement method 827,882 Cheon et al., 2007
Replacement method 2,584,958 NIFS, 2014
- 304 —




ATATE Uepd 7] T2 olitslso] Ao o3 17 ol&

o] 5= 9k 8kgha/'d ¥} Haby et al.(2006)2] A7+ A¥ 2 ARSE 25 2370 7S5 w2 A2 2] &-91]Ql 36,3009/=
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~222kg/ha/ A 2] BFEkQ! 151kgha/'dS AFE-SIATH o]

oliksls) Aeu)gel 1.653E e /kg oAk E YERITHTable 13).
A4 H2nlgel 67522 /keE ARSI, ©] 714 2014
W it #8 1,0509. 0% slshd o]akelE) 1,736 /ke olat
312 7,090 Wke0 2 ANSIGIEE web) AAEA ha) o g e
ke WS 13,8854, olAksd A A3 HA= 1,070,530
AEAGs 7HA= 1,084,415 0=

Kim et al.(2010)<

Aoz AXtsle, ui7]e
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air purification
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Reference

Sulfur dioxide purification

Nitrogen dioxide purification

Method Value(won/ha/year)
Replacement method Sulfur dioxide 13,885
Replacement method Nitrogen dioxide 1,070,530

Total 1,084,415

Griinhage et al., 1994
Haby et al., 2006

Table 13. Value of livestock-manure management

Method Value(won/ha/year) Reference
Choi and Shin, 1999
Livestock-manure management Replacement method 2,583,554 ol an M
ME, 2011
Table 14. Value of forest firebreaks

Method Value(won/ha/year) Reference

Bentley, 1967

Forest firebreaks Replacement method 85,313 AIFM, 2011

KOSIS, 2015b
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Table 15. Value of landscape
Function Method Value(won/ha/year) Reference
. . Pasture 2,558,967 . .
Landscape Choice experiment . Kim and Kim, 2018c
Pasture in forest 3,014,988
Table 16. Value of species diversity
Function Method Value(won/ha/year) Reference
225 1,578,845
Species diversity Choice experiment 200 1,170,992 Kim and Kim, 2018c
180 767,273
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Table 17. Total value of multi-functionality on an eco-pastoral system in alpine grassland

Category Multi-functionality Value(won/ha/year)
) Forage production 3,318,930
. Extractive . .
Direct-use value Livestock production 1,914,026
Non-extractive Recreation and tourism 15,857,918
Water storage 2,160,787
Water conservation Reduced productivity 6,956
Water purification 207,766
) . Soil runoff prevention 2,708,125
Soil erosion control ] .
Use value Landslide prevention 753,482
. Carbon dioxide absorbtion 827,882
Indirect-use value ) ]
Atmospheric control Oxygen production 2,584,958
Air purification 1,084,415
Pasture 2,558,967
Landscape .
Pasture in forest 3,014,988
Livestock-manure management 2,583,554
Forest firebreaks 85,313
225 1,578,845
Non-use value Bequest value Species diversity 200 1,170,992
180 767,273

Total

37,420,350~38,687,942
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