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ABSTRACT

Forest ecosystems generate variety of important goods and services for human well-being. As a
growing concern of climate change and water shortage, it is necessary to quantify, model and map
water balance in forest. In this study, we have analyzed 11 overseas forest water supply models (AIM,
ATEAM, CENTURY, (E)SWAT, GUMBO, InVEST, PLM, SAVANNA, WaSSI, WaterGAP, WBM)
and compared their scale, input and out data, availability of the models and analyzed the applicability
of the models to Korea. As a result, INVEST and WaterGAP model appeared to be applicable for
quantifying water provisioning services in Korea. A systematic approach for applying to evaluate water

balance in forest was suggested based on our quantification approach.
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Table 1. Characteristics of the models for water provisioning services.

Model Characteristic Analysis Type Country Year Developer
.. . AIM
AIM - Assess effects of policies on climate change .
(Water) and resource suppl D I Tapan 1996 Project
PPy Team
Link between ecosystem service provision ATEAM
ATEAM v V' prov L R EU 2004 Project
and land use
Team
-C, N, P, and S dynamics through an annual
CENTURY cycle over time scales of centuries and Eq B USA 1987 Parton et al.
millennia
USDA
(E)SWAT Sc.ale (.)f sub-watersheds calculation and Em H USA 1998 Agricultural
daily time steps Research
Service
GUMBO Integra‘ted earth system s1'mulat10n aTld D I USA 2000 Boumans et al.
dynamics, ecosystem services valuation
Natural
IVEST Enat.)les global asse§sment (.)f ecosystem Em R USA 2008 Capital
services and resolution flexible Project
Team
PLM - Lfmd use effe(.:ts on ecos;istem services D R USA 1997 Villa
(linked ecological economic model)
-M i 1 hrubl
SAVANNA ~Management in grassland, shrubland, P B USA 1992  Coughenour
savanna and forested ecosystems
WasSI Predicts the ava.ﬂablhty of water and other P I USA 2011 UsS F(.)rest
ecosystem services (Web-based model) Service
WaterGAP Used in various global and continental Em H  Germany 1996 CESR
resource assessment
Water
WBM Water cycle calculatlon.and daily time steps, Em H USA 1998 Systenll
output on annual basis Analysis
Group

B: Biogeochemical model, D: Dynamic systems model, Em: Empirical-statistical model, Eq: Equilibrium model,
G: Growth based model, H: Hydrological model, I: Integrated assessment model, L: Land use meta-model, P: Process
based model, R: Regional model
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Table 2. Input and output factors of the models.

Model Input factors Output factors Scale Resolution Reference
- Coverage (%)
- Water supply capacity (m?d)
- Initial cost
- O ti 1 Maint t
pera 101.1a and. AmIEnance oSt \atershed water stress
- Managerial efficiency
Water qualit (%) AIM
AIM q . v . . . - Water Availability: river o Project
- Use consistent with socioeconomic . G 0.5
(Water) . discharge, groundwater Team
scenarios
.. recharge (1996)
- Governmental policies .
. . - Water withdrawals
- Climatic factors: air temperature,
specific humidity, air pressure, wind
speed, shortwave radiation, long
wave radiation, precipitation
- Socioeconomic factors
- Atmospheric greenhouse gas
concentrations - Water supply vulnerability
- Climatic factors map: change in average ATEAM
ATEAM Land use . annual runoff, drought R 10° Project
- Runoff quantity runoff Team
- Runoff seasonality - Mean monthly runoff (2004)
- Water resources per capity (km3/mon)
- Drought runoff
- Flood runoff
- Water bal:
- Climatic factors: monthly average e.ler alance
. .. . - Soil water
maximum, minimum air ..
temperature, monthly precipitation - Decomposition
Sitepcon diti’ons Y precip - Soil Organic Carbon N Not Parton
CENTURY . . (SOC) ’ spatially et al.
- Land use/management (including R . .
. e e - Grass, tree and crop explicit (1987)
fire, grazing, fertilization, irrigation, .
crop rotations, tillage practices) production
P o a8 -CO, flux, C, N, P and S
- Water table depth
balance
- Land use (including details on
management), Arnold
-T h t al.
Szﬁograp Y - Runoff sub- (61: 9 938)
(E)SWAT o - Sediment yield R water- L
- Sub-hourly precipitation o Neitsch
o - Deep aquifier recharge sheds
- Infiltration et al.
- Runoff (2004)
- Erosion loss
-Land and water use data Dynamics of 11 maior
- Human population and GWP ec}(I)I; stem 2oods angl Not Boumans
GUMBO economic goods and services y g G spatially et al.
.. services for each of the ..
changes (economic investments, explicit (2002)

consumption)

biomes
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Table 2. Continued.
Model Input factors Output factors Scale Resolution Reference
- Land use/land cover (LULC)
- Mean annual precipitation
- Mean annual reference .
. - Mean annual water yield .
evapotranspiration - Mean annual water vield N National
InVEST - Plant available water content . Y > 30m Capital
o . available for hydropower R .
- Evapotranspiration coefficient . Project
production
- Root depth
- Effective soil depth
- Seasonality factor
- Land use pattern
- Human land use policies - Water .quahty ..
. . - Net primary productivity
(socio-economic) (NPP) Villa et al
PLM - Land management (N input) R 200m ’
. s - Water cycle (2004)
- Climatic factors: precipitation, . .
temperature, wind speed, humidity Soil nutrients
perature, w peec, Y _Land prices based on
surroundings
- Elevation map
- Soil map
- Climatic factor: monthly precipitation 100~ Coughenou
- Vegetation type - Water cycling (runoff N, 1,000 &
SAVANNA . . r
- Topology deep drainage) R grid (1992)
- Human management (stocking cells
densities)
- Fire
- Sol Propeme§ I Sun et al.
- Land cover distribution (2008)
- Leaf Area Index (LAI) ’
. - Water Balance Lockaby
- Mean Watershed Elevation ..
. - Ecosystem Productivity N, County et al.
WaSSI - Total Withdrawals
. - Water Supply and R format (2011),
- Groundwater Withdrawals
Demand (US only) Averyt
- Return Flow Percentage
. et al.
- Climatic data 2011)
- Impervious Cover
- Climatic factors: precipitation, - Water withdawal
temperature, radiation - Water availability Alcamo
- Irrigated areas (discharge, annual and
- Land cover(livestock density, area renewable water G, Henrichs
WatertGAP ., ’ N, 0.5°
irrigated) resources) L (2002),
- Population size - Annual water availability Doll,
- National estimates of domestic and  (surface runoff and total (2002)
industrial use dis-charge)
- Climatic factors: precipitation,
temperature, relative humidity, wind - Sustainable water use
speed, diffuse solar radiation, cloud - Water use/withdrawl Vordsmarty
WBM cover (agriculture, domestic, G 0.5° et al
- Surface cover industry) vs water (1989)
- Population discharge

- Irrigated area

G: Global, N: National, R: Regional. L: Local
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Table 3. Availability of input data for quantifying water storage function to Korea.

Class Applicable input factors Possibility Source
- Atmospheric pressure (6] Aerial photography
- Cloud cover O KMA
- GHG (0] KECO
- Humidity (0] KMA, NIMR, WAMIS
Atmospheric
- Precipitation () KMA, NIMR, WAMIS
- Radiation (0] KMA, NIMR, WAMIS
- Temperature (0] KMA, NIMR, WAMIS
- Wind speed (0] KMA, NIMR, WAMIS
Natural hazard - Fire (0] KOSIS, KFS
- Aspect (¢} NGII
Topography - Land cover o MEV
- Slope (¢ NGII
- Erosion loss (0] KFS, RDA
- Evapotranspiration (0} Aerial photography, KMA
- Infiltration (0] NAAS, USDA
Soil -Root depth 0 KFS
- Runoff O WIS
- Soll ° Horslslest’ ;?2)’10)
Water - Water availability (o) Kimlifsgl.lélgg);hgo 10)
- Water table depth (6] KRC
- Electricity production (¢} WB
- GWP (0] Statista Inc., WB
- Human management o KOSIS
Management
- Land use management O MEV
- Population (0] KOSIS
- Socioeconomic scenarios (0] KMA, Lee et al.(2011)

FAO: Food and Agriculture Organization, KECO: Korea Environment Corporation, KFS: Korea Forest Service,
KIGAM: Korean Institute of Geoscience and Mineral Resources, KMA: Korea Meteorological Administration,
MEV: Ministry of Environment, KOSIS: Korean Statistical Information System, KRC: Korea Rural Community
Corporation, NAAS: National Academy of Agricultural Science under Rural Development Administration, NGII:
National Geographic Information Institute, NIMR: National Institute of Meteorological Research, RDA: Rural
Development Administration, SGIS: Soil Groundwater Information System under Ministry of Environment, USDA:
U.S. Department of Agriculture, WAMIS: Water Management Information System, WB: World Bank, WIS: Water
Information System
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Table 4. Applicability of the models for ecosystem services quantification to Korea.

Model Data availability ES classification ES coverage Economic valuation
Provisioni
AIM (Water) x x fovisioning, x
regulating
ATEAM “ " Provisi?ning, regu.lating, y
habitat/supporting
CENTURY A X Provisioning X
(E)SWAT A X Provisioning X
GUMBO “ " All Marginal produc.t of
ecosystem services
InVEST @) MA, TEEB All Per hectare market values
Aesthetic val
PLM x X Provisioning, cultural esthetic Ya ue
(house prices)
SAVANNA x x Provisioning, supporting X
WaterGAP o MA Provisioning Water scarcity
WBM A " Provisioning Costs and beneflts. of
management practices
x: poor available, A: partially available, O: good available
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