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Assessment of Environmental Flow Impacts for the Gosam Reservoir According to Climate Change
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Abstract

This study conducted a quantitative assessment on the environmental flows associated with climate change in the Gosam Reservoir, Korea. The
application of RCP 8.5 climate change scenario has found that the peak value of High Flow Pulses has increased by 36.0 % on average compared to
historical data (2001 ~2010), which is likely to cause disadvantage on flood control and management but the increase in peak value is expected to make
a positive impact on resolving the issue of green algal blooms, promoting vegetation in surrounding areas and encouraging spawning and providing
habitats for native species by releasing a larger amount of landslides as well as organic matters than the past. However, the decreasing pattern of the peak
value of High Flow Pulses is quite apparent with the trend of delay on the occurrence time of peak value, necessitating a long-term impact analysis. The
peak value of Large Floods shows a clear sign of decrease against climate change scenario, which is expected to lead to changes in fish species caused
by degraded quality of water and decreasing habitats. A quicker occurrence of Small Floods is also expected to make an impact on the growth cycle of
aquatic plants, and the reduction in occurrence frequency of Extreme Low Flows is to contribute to increasing the population of and raising the survival
rate of native fish, greatly improving the aquatic ecosystem. The results of this study are expected to be useful to establish the water environment and

ecological system in adapting or responding to climate change.
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Fig. 1 Basin Map of the Gosam Reservoir
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Table 1 Information of the Gosam Reservoir

Index Specifications
Basin Area
(km?) 7
Area Flood A
00! / rea 229
) (km”)
Reservoir Total
ota
16105
Storage (10° m’)
Volume Effective
i o m3) 15217
Type Earth—Cored Fill Dam
Levee Body Height (m) 171
Length (m) 174




Table 2 CMIP5 GCM Models

No. GCM Model Resolution Development Institution
1 HadGEM2-AO
2 HadGEM2—-ES 1.875 X 1,250 Met Office Hadley Centre (United Kingdom)
3 HadGEM2-CC
4 MICRO5 1,406 X 1,401 Atmosphere and Ocean Research Institute (The University of Tokyo)
5 BCC-CSM1—-1-M 1,125 X 1122
Beijing Climate Center, China Meteorological Administration
6 BCC—CSM1-1 2.813 X 2,791
7 CMCC-CM 0.750 X 0.748
Centro Euro—Mediterraneo per | Cambiamementi Climatici

8 CMCC-CMS 1.875 X 1,865
9 CNRM—CM5 1,406 < 1,401 Centre National de Recherches Meteorologiques
10 CanESM2 2.813 X 2,791 Canadian Centre for Climate Modelling and Analysis
11 GFDL-ESM2G ) ] )

2,500 X 2,023 Geophysical Fluid Dynamics Laboratory
12 GFDL-ESM2M
13 INM—-CM4 2.000 X 1,500 Institute for Numerical Mathematics
14 IPSL—CM5A-MR 2,500 < 1.268
15 IPSL-CM5A-LR Institut Pierre—Simon Laplace

3.750 X 1.895
16 IPSL-CM5B—LR
17 MIROC-ESM-CHEM Japan Agency for Marine—Earth Science and Technology,

2.813 X 2,791 Atmosphere and Ocean Research Institute (The University of Tokyo),
18 MIROC—ESM and National Institute for Environmental Studies
19 FGOALS—s2 2.813 X 1,659 LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences
20 MPI-ESM-LR

1.875 X 1,865 Max Planck Institute for Meteorology (MPI—M)
21 MPI-ESM-MR
22 MRI-CGCM3 1,125 X 1122 Meteorological Research Institute
23 CcCsm4
24 CESM1-BGC 1.250 X 0,942 National Center for Atmospheric Research
25 CESM1—CAM5
26 NorESM1-M 2,500 X 1,895 Norwegian Climate Centre
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Table 3 Information of Environmental Flow Components (EFCs)

EFC Type Hydrologic Parameters Ecosystem Influences
— Shape physical character of river channel, including
) ) pools riffles,
— Frequency of high flo Ises during each water year . .
quency 9 W pu uring W ¥ — Determine size of streambed substrates (sand, gravel,
or season
) . and cobble),
— Mean or median values of high flow pulse event L ) N
; — Prevent riparian vegetation from encroaching into
HFPs a) Duration (days)
) ) channel,
b) Peak flow (maximum flow during event) . "
o ) — Restore normal water quality conditions after prolonged
¢) Timing (Julian date of peak flow) )
) low flows, flushing away waste products and pollutants,
d) Rise and fall rates : ) -
— Aerate eggs in spawning gravels, prevent siltation,
— Maintain suitable salinity conditions in estuaries,
— Maintain balance of species in aquatic and riparian
— Frequency of large floods during each water year or communities,
season — Create sites for recruitment of colonizing plants,
— Mean or median values of large flood event — Shape physical habitats of floodplain
LFs a) Duration (days) — Deposit gravel and cobbles in spawning areas
b) Peak flow (maximum flow during event) — Flush organis materials (food) and wood debris (habitat
¢) Timing (Julian date of peak flow) structures) into channel,
d) Rise and fall rates — Purge invasive, introduced species from aquatic and
riparian communities,
— Frequency of small floods during each water year or — Provide migration and spawning cues for fish
season — Trigger new phase in life cycle
— Mean or median values of small flood event — Enable fish to spawn in floodplain, provide nursery area
SFs a) Duration (days) for juvenile fish,
b) Peak flow (maximum flow during event) — Provide new feeding opportunities for fish, waterfowl
¢) Timing (Julian date of peak flow) — Recharge floodplain water table
d) Rise and fall rates — Deposit nutrients on floodplain
— Frequency of extreme low flows during each water year
or season — Enable recruitment of certain floodplain plant species
ELFs — Mean or median values of extreme low flow event — Purge invasive, introduced species from aquatic and
a) Duration (days) riparian communities
b) Peak flow (maximum flow during event) — Concentrate prey into limited areas to benefit predators
¢) Timing (Julian date of peak flow)
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Source: TNC (2009)
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a. Q-Q plot b. Parameter Calibration (2001~2005)
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Fig. 2 Calibration and Validation of Tank Model Parameters (2001~2010)
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Table 4 Trend in Environmental Flow Components
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