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ABSTRACT

The study of ecosystem service assessment has been actively researched and
developed from Millennium Ecosystem Assessment(MA) and The Economics of
Ecosystems and Biodiversity (TEEB). However, current assessments are limited to
monetary assessments of ecosystem function and do not account for the effects of
environmental factors and socioeconomic status. This study proposes methods to
evaluate ecosystem service based on environmental and socioeconomic factors. The
study assesses water yield function through the water yield model in InVEST Tool,
and evaluates the overall ecosystem service of water yield as reflected by the
amount of precipitation and population of the area. Results show that a difference
exists between spatial distributions of the ecosystem function of water yield derived
from natural conditions such as land cover and soil, and the spatial distribution of
the ecosystem service that accounts for climate and socioeconomic factors. The
value of ecosystem service increases for an area of higher population and lower
precipitation with similar water yield. Thus, the ecosystem service of water yield
should be evaluated not only by the water yield function, but also by climate and
socioeconomic factors. The evaluation process described for this study should also
be applicable to the evaluation of ecological services in other sectors.

KEYWORDS : Water Yield Function, Precipitation, Population, Ecosystem Service
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N 2 H|A= A7) 1A, QIFEe] Ehgef o3| W

= Zog <7k Qo] upel WHek = Qla

AR g e A el E3kE Edout AEAE viERE JZEe] ¥go] wHkjent
ARE oM AAES HAZH Azt 2 (Costanza et al., 1997; Fisher et al, 2009;
Au|AR o]f 7Fed AEHE dAskE ZEo] de Groot et al, 2010; Maes et al, 2012).
}(Costanza et al, 1997; de Groot et al., upeba] AEjA] Aul el gk A5 Al 5
2002; MA, 2005; TEEB, 2010). AFAAFAkS- 3, 7, W T AAEA 7l 7k Akl st

AENA )5 (ecosystem functlon) of ulz} H sl o3} A3t 9 AMu|A7)F I7F T ulx
7FE = Sl AEA s Jﬂrﬁ of 2¥& v Y% WAt St ok ARl st
o] ARl BA, 72 58 AA A5zt F9S I 3G (Collins et al., 2011).

& A3E ouisitt. YA 75> YREo® T 71 AEAl AulA F7lellA o
Al =2 QAN =A< S wet M T2 A&E Qlok. 77F oA
ds]o] AEjA] AMpAE Ao E Hiy A58 AYeA Au|AE H7FeE Frélichova et
AT e AE] AR JAAEHE & al.(2014) = AeiAl AuIAs AEAl 7162
3t 1}?1 71sole2t & 4 tH(Costanza et al., oz AAIBF o™, Y2l Ninan and Inoue
1997; de Groot et al, 2002; MA, 2005; (2013) 9] AFelXE AHelA 715wl A4
TEEB, 2010). THAE kel AEAl Auae R AlNEhs

Al AB]A(ecosystem service) = Q1ZF Aol LEbstth w3k =) Kim et al (2010)
ol QE FHAY] s A AT & o AT Est sl AHE dide =z AEA V)
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Ad 49 Be
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2013). wibA ABEjA] AMu| 28] 2 sE FrE
el ARRAEAE eAass FFHHeRE ofd
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(Chung and Kang, 2013; Song et al, 2016).
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[
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FIGURE 1. Study area and administrative district
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Input data | ‘Water yield capacity |
Precipitaﬁ_on 30 year Avg. InVEST Water Yield
(KMA, point) Model
Evapotranspiration .
(MODIS, raster) Nam:z;];‘l;nctlon
Depth to root
(raster) Water yield capacity
Plant available water Kriging (Water Conservarlon)

fraction (raster)

Land use

Environmental condition |

(raster)
Watersheds
(polygon)
Biophysical table
(polygon)

Seasonality factor
(table)

Precipitation
(raster)

Environmental Service
(ES)

Precipitation
(Drought and floods season)

Population

Social condition |

(SGIS, polygon) |
Weighting

Population density
(raster)

Environmental Social Service
(ESS)

Precipitation and population
weighted NF

FIGURE 2. Workflow to assess NF, ES, and ESS

2) A7 )5 (NF) A%

W Ao A= InVEST Water Yield B3
< o] A83 AFE MECE NFE 19
3tk InVEST Water Yield 532 AJeiA)
MuAS I ow Hrkelr] 95t R@ow
n)=ollA] ko] AT EYO R AFEI gl
th A R s P45 el
Q3 g F IHE 1 EA uet 7

TABLE 1. Input data of InVEST Water Yield

Am, =942, SRR HEska ok
2 AFeMe Ame 28440l e R
(sub—watersheds, results suffix) 2} Watersheds
9} FEER= Sub—Watersheds= A|2J8I9EHSharp
et al, 2014; Song et al., 2015).

2ol EXA InVEST Water Yield:= 373
79 Ry ow Ak 4= glow wepA] gk
o] FFAHIAE AlFd F e Ao

Classification Input data name Data from Description
Meteorological Precipitation Raster Precipitation
data Reference evapotranspiration Raster MODIS evapotranspitation

Depth to root restricting layer

Raster Root depth, soil depth

Physical Plant available water fraction Raster ~ Water porosity, soil map
data Land use Raster ~ Land cover map, forest type map
Watersheds Shape  Watersheds
Attribute Biophysical table Table INVEST sample data
data Seasonality factor Number 1

(Source: Song et al., 2015)




6 Evdluation of the Spatial Distribution of Water Yield Service based on Precipitation and Population

sAsflof & Zlot}, ¥bH Lee(2007), Kim et
al.(2010), Oh and Yeo(2011) 2] A4+ AH
AlgAelM e A+ AdE Ao R 59 3
HAlef] 7]wksl A&z 718 o=, ‘A a1y
o] AAFolep] Hrh= A AFFOZ Q14
stal Qe Apol7F Qlok whebs] 2 AFrelA=
A Muaz FAQF oz AleE 7 Qe
Al 71e@dE s eR Be g Ae
A o% InVEST E¥s &-&stHChoi et
al, 2014; Song et al., 2015).

S 7 A B A (ES) A1
Oﬂﬁhoﬂﬁb 20119% ¢k 2014d%2
‘1/ 1—3[:3&’ o7 H:]Q_o]_.‘: oﬂ)\g}_.
%73 QA5 WS ESY HHS RO
Ef& A7 BEshs Y-S gete]
Ll F3l F7tE wrgsiict A
oo WdskE A AHAEZE 7HA7E S
of 1& Hago= st 7leAE Hof
‘ﬁj RFE 1914 k Atel9] ks 7}
olx= A (D) o] Rojdrh
HDP Ao M e] e gholH,
7V E 2 = @ HAEL, Vs B
#kel FAgholth

e &

O
O
Ol-m o\l

|
-
—_]

Fl[‘éd

>4
é;wmﬁ
rlo =
=

[‘1[‘

ma

B

ﬁ<ﬁw$ﬁgL;%%

i, B

RF: (kil)/(wnawinnin) (V V

maxr )

k
o))

k a2 Therst 3 oA
A 7162 B7EFel il AYeiAl An) s
ol A71E wWskthar @ Aok 1Ey Z

QIAFES At A5 €71 ofHar AEiA A
Hxof st S Aoz dysh] oy
= AZE Slvk sHAIRE ARSI AIA @ 4E RE
Qe AENAl Au)2 F7tel]l Qlo] B F s
sgfots]ojop g Rio|th(Wilson and Hoehn,
2006; Ramirez—Andreotta et al., 2014). ™
ghA] Fgol= oheFeh WO R k g RO|H
ofol 3k Zlo|t}, E A= NF, ES, ESS
o] Zfol& fstr] fIst F7HA sEs &l

il

ek gos

ED

b

Sh= Flo] HEAolm® 200% 7FaAE ESel
FoI8k3ltt. 71 Song et al(2016) 9] O4‘?
M=l Aol 28-S AREAIR L

= WS Auja 24 A Esigion) &
TolA= o] ESelx g A8t 2o ES
= e A @ ol JigAeR Aol
7Fssttt

ES= NFXRF 2

4) AR RIA(ESS) A7

TR AHEE Sl A% SGISelA Al
Tl U EE B4 AlA Vo w I
sata o2 YAER AARAT. EA AN
A2 Aol BATRct ARsE AA
22 b w9lel FeR ) & QT AN
1 glon o)g 7t FelEel ha WHS HE
slo] ha QT4 MBst] A gale] k e
wolSkc RE 2 Qo] Q- e o)
o Adgt 223 2 BaeAe gol BE3
om ATl 150% 7FAE 7P k
S kel 4 33} gol olg3rt

ESS=ESx RF (€))

5) NF, ES, ESS &7kt 9 3] 74
B Ao A= NF, ES, ESS9 F7HEEA|
TE Al & EXTE, EERA 5
V8 AATM ) E(NF), 37HEEA T,
of ArEe 13 Fgstlrse 7N
AEIAES) FIREEAE, g o R 75—
- OL & @A s #9 eFlEe] 3
]

=5 A
Z.%}?\il:}. zt %{H‘i—gﬂ_&% Ah:Lv‘L R
i A2 Qi) olek @7 NF, ES, ESS zF
o IAE wA] fdll A5 ¥ Bk
5 A5 A7l wet delste] Zhzkel bk
A S velainh e -9k el o
St 7} JEFe e s A58



Y Y UTURNE O UM AL FURT Y/ RS SHT MY URE o4 7
o1 ZHu} ZostA veldth NFE= EAlo] zlom &b
FAFo] Wt oS FHoRE Fe O
-1 H 3T =
1. SUEE vebgth 5 AAoAe] RS TolA
1) AA7)H )5 (NF) B7HEE o AR 1y Az MgE o), Al

=3 AEA 715 NFO| A$ 98
o2 Yehfy, £ AFelN 4= 30d et
1,350mm(1985~2014) 7} #-g5 o], A
= 9ol 201193 20149 =

i
3L
i)
o
)
ot
X
12

w2 rlo

4n
o4
)
2
b

(c) ES 2011 (d) ES 2014
FIGURE 3. Spatial distribution of NF, ES, and ESS



8 Evaluation of the Spatial Distribution of Water Yield Service based on Precipitation and Population

3 Low: 0
ﬁ I T e B ]
! ] 10 w0

(e) ESS 2011

(f) ESS 2014

FIGURE 3. Continued

2) A7 1 J~(ES) ¥R
NF9} 7&—’? vt ESe] B7F A7)
2011d0= % 4_; Fdrt) 7F2gko] wk

2 &= Jﬂ7}ﬂn} A=A o2 1,600msE 7=
stelom, 53] FEdAYe B 1,900m7
=7 Yehdth 20119 239 ESE Ao
Hla] Aidos A veRsem, 2014d %
FEEe 890m=E FAsI oy FEHA ES
oJ[ds] 2> Zo® Yt ol FAIYI
Hlwg 749 201139 35 A w1} 20144
7Fa Al E?iZPU ES7F o =4 YR,
HI7F o] U A¢ Ao tist 7} o]
v S50 ES XMH "= "o, vzt
AA YE A Agor ESY dik= o}
A= Aoz et ok’ 3. (o), (d).

mlru rlr

3) ARRZIHPAHIA(ESS) M-
NE ¢} ‘#%k QIFFE 113t ESSE] 79l
= ESe} vlssdt A Holuh I e
EeA ESS7} o Aoz Uehgrh #01
20119 &5 Al B} 20149 7A€
TFYE A A7 O =2 lom BAHES)
=, o= BIZE AA WA 5 A5

Aol ESS7F Fo HolF+= AHolrh ke
ESe} Rlu S W T4 A= ES Ael7b 250
m JERO 7HEAY ES Aol 450mmE
/75 1HT A, AT AAM 2 A}

o7} Bxl A EAHIT(TH 3. (o), (D).

2. Y F7HAL 3 =M
gl tisk NF, ES, ESS9] A4l

TS A AT Sl wEr Ykl
CAdnkA o7 By }%ﬂﬂ 739 ESE A
a1, ko] 7Aasr - ESE FUlkeh= 4
< H3h olyst 35_4*— Aol <l
7b RkdE S 2 AolE BY Row

_g DA} FA B Aoa A

S
S
=
=
[

, 2014 7Had AAlEiA B
% Hel2 g7t 7Fssht o]
Fefof el skl wE F3kE B
NF, ES, ESSE] Fd3=(Ee Au|2 A

Hrlstel A=o] ok Wpeko g A4

N
~

off [ o rE o Ay oot O T oox
:Qm ¥ L
o o :%
o~
kQ 2

1o

2

D A7)
A7 1RE7 5l

(NF) #7}
N3t

TR 30d



O A . o . A . 0|0
2T S$EX YL HER T 9

ESS

T

Population T, Demand 1

}7‘% Seoul, 2011 ‘

Natural ,.‘ Precipitation T, Demand | | =| Population |, Demand | ‘
Ecosystem K
Function \"< Precipitation |, Demand T | —I Population 1,Demand T }7% Seoul, 2014 ‘

FIGURE 4. NF, ES, and ESS effects

It ;(]-g—g 1:]]—13—0 1:1943].01 o] rz:]-ﬁL 7V\
nl%stn A|dHel WAk QA A9HY
o] Z7to] WE NP FIHEE 4]
el kel ek N e
7kt AES Holal Qlth ol 30Wxke
BAks %%’3}0% NFE APgsgte] whet H#3}
2IpE R Zlow dvkEr

2) 7N (ES) 47}
i 94 S7bell wRE ESe] aihis A

2,400

Population |, Demand | ‘

on demand conditions

#e] S7Hell ES } dashs 2o ek
ol FEHW el wt Ak dedd
o] Grolxl o] HLO Zow AAARR] B
F ES @it ofwA AEEAE Hol s
Azt A7bEck a9 59 I 65 vlwshd

Z4A19 ES 7= 1,000~1,450mm G0l

7FEA18] ES &3 650~1,400mm 502 1
Zo| g2 HolAL oF 2= gt} o= JHE A

PR .E_/HOﬂ e} ES 5147} o ApEAow
TEHE A8 HolFEE Aol stkd)

o NF

® ES ESS ® NF Seoul xES_Seoul xESS_Seoul

2,200

2,000

1,600

1,400 . ——TT =

1,200

1,000 L]

800

‘Water Yield (Functional Quantification or Service Degree)

600

O Seoul Area

600

800

1,000

1,400 1,600 1,800 2,000 2,200

Spatial Distribution of Precipitation (2011yr)

FIGURE 5. Relationship between NF, ES and ESS (flood)
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