r3rd Asia-Pacific Climate Change Adaptation Forum;

R AR

Modelling the impact of climate

. change on water supply in a
complex water allocation system

o 2013. 3. 19.
gnment Assessment Group
Jin Hee Lee




Contents of the Study

Contents of the Study

e Construction of Water Allocation Model

- Survey of domestic and industrial water use

- Estimation of agricultural water demand (consumptive use model)

- Analysis of water resource infrastructures (multiporpose dams, agricultural dams)
- Simulation of natural flow by SWAT model

« Construction of KModSim network (current water right system, reservoir operation practices)

e Assessment of Climate Change Vulnerability on Water Resource System

- Downscaling of climate change scenarios by GCM (General Circulation Model)
- Simulation of natural flow by climate change scenarios

- Evaluation of water shortages

e Impact of Four River Restoration Project

- Newly installed water resource infrastructures (including mutlpurpose weirs)

« Agricultural dam raise
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Construction of Water Allocation Model

Study Area — Nakdong River Basin

e Characteristics of Nakdong-river basin

Geographic Information

= | ocation:

Latitude 35°03"to 37° 13
Longitude 127° 29" to 129° 18’
= Watershed Area: 23,384.21 km?

= Stream Length: 510.36 km

Hydrological Information

= Average Annual Precipitation: 1,255 mm
Korean Average 1,274 mm

—— Upstream of Nakdong-river  1,188.7 mm

Ve’ Downstream of Nakdong-river 1,321.0 mm
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Construction of Water Allocation Model

Construction of KModSim Network

e KModSim Network Structure (41 TMDL unit)

- Complex water allocation model of Nakdong river basin is developed.

- The model simulates complex water right system with reservoir operation.

- Assessment of future water supply security with climate change and the four river restoration project.
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Construction of Water Allocation Model

Construction of KModSim Network
e KModSim Network Structure (41 TMDL unit)
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Construction of Water Allocation Model

Construction of KModSim Network

e Domestic and Industrial Water Use Data Collection

» Use historical data (2007) Wastewater treatment plant Aé\

* Return point and amount Water treatment plant<— ¥ C

e Return flow rate
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Construction of Water Allocation Model

Construction of KModSim Network

e Estimation of agricultural water use

» No diversion data available
» Consumptive use model (HOMERS) used

* Agricultural area was estimated from 2007 land use gis data

Land use
Hl Faddy
I Upland
I Orchard

20 Q 20 40 Kilometers
e
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Construction of Water Allocation Model

Natural Flow Generation

e Runoff Simulation by climate change (SWAT model)

Input / Output Data

SWAT Input | ! SWAT \ | SWAT OQutput ‘

Aevap. from roostion 1o | Precipitation '
1..3:‘,".“.,, Shallow Aquifer sal:eunmu:m / ‘ i Runoff!Soil erosion/ \
\ Temperature | Water quality for HRU
o \ ¥
2 | WindSpeed ] Daily
5
& | SolarRadiation | : .
= Runofi/Soil erosion/
S | RelativeHumidity | Waterqualty | Monthly
E : for Subwatershed
il DEM ]
= Reservoir data
5— Land Use map ‘ ‘ : Yearly
_ Point source | Runof/Soil erosion/
_ Soil map | pollutant load Water quality
"""" ' Topography | Fertilizer ‘ l\ foriseach eagment

Routing
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Stream flow (m*/s)

Main stream 5.03-20.13 0.62-0.92 0.64-0.95 2.37 - 526.26
Tributary 2.20-33.3 0.56-0.91 0.64-0.95 3.03-70.95

Construction of Water Allocation Model

Natural Flow Generation

e Runoff simulation by climate change (SWAT model)

Verification Calibration
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Construction of Water Allocation Model

Construction of KModSim Network

e Reservoir Operations (Zone based guide curve)
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Construction of Water Allocation Model

Construction of KModSim Network

e Water Right System and Allocation of Water

* Priority of natural flow is upstream to downstream

 Storage water is protected from natural flow demand usage

Release water
by contract or
obligation

Streamflow water rigl
and storage ownershi

1t
o]

contract is separated
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Construction of Water Allocation Model

i

Construction of KModSim Network

e Agricultural dam operation

» Over 7,000 agricultural dam (2007)

» Aggrigate agricultural reservoir according to the TMDL unit

Intake

Distribute the inflear ;= &
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Agricultd
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Climate Change Vulnerability Assessment

12

Climate Change Scenarios

e GCMs selection and simulation for future climate changes scenarios

« Used IPCC AR4 17 out of 23 GCMs simulation

- Using CNCM, CSMK, CT63, MPEH model which are well reproduced Climate characteristics of the
Korean Peninsula, rainfall and temperature changes are predicted.

- Catchment-scale impacts from the potential change of climatic conditions in the region are identified
in the study according to the IPCC SRES A2, A1B and B2 change scenarios.

-)I Bias(0.35) I—

Seasonality(0.35)

- Kernal Smoothing Method Ranklng
- Quantile Mapping
- RMSE

\ Variability(0.3) ‘
- Taylor Diagram
- Coefficient of Variance

Observed data

GCMs data
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Climate Change Vulnerability Assessment

13

Climate Change Impact on hydrology

e Change in annual and seasonal precipitation by 2100

- The annual mean precipitation and temperature were expected to increase
- The seasonal mean precipitation were expected to increase in spring and summer

- The levels of flooding and drought are expected to worsen
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Climate Change Vulnerability Assessment

Climate Change Impact on hydrology

 Change in Natural streamflow

e GCM model: CNCM, CSMK, CT63, MPEH E
« GHG senarios : A1B, A2, Bl % |
» Periods : 1980~2009(Present), 2011~2040(Futurel), 2 CT63 / A2
2041~2070(Future2), 2071~2100(Future3) | | | |
e Flows fr duration curve : Q95, Q185, Q275, Q35_ = ot Days F “‘t&d‘%’ it
,(ix\%ﬁ Q95, Q Q Q
* oy i i T ER—
Nl | o el o
S d
@F 5
CSMK / A2 - ks MPEH /Bl DR SOV [
o = %ercent?[)avsi‘f:w Exc:‘:’;ed(%;‘;% - - e o 20 3‘;;:‘““14&?0“5 :T:fw Exc:fr:lad{%]m% so s 200

||» Period of 2071~2100 is greater streamflow
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Climate Change Vulnerability Assessment
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Climate Change Impact on Agriculture Water Demand

 Higher fluctuation and higher water demand

* More changes in tributary
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Climate Change Vulnerability Assessment
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 Result of reservoir operation
Andogn-dam Hapcheon dam
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Climate Change Vulnerability Assessment
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» Water Shortage (instremflow)
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Climate Change Vulnerability Assessment
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» Water shortage (Agricultural
water) HCA NGA
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Climate Change Vulnerability Assessment
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» Water shortage (Agricultural

water)

Shartaga rate
|:|U-4%
E4-8%
- 12%
I 12-16 %
1620 %

<Present(1980~2009)> <Futurel(2011~2040)> <Future2(2041~2070)> <Future3(2071~2100)>

Groundwater usage is accounted after simulation
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Climate Change Vulnerability Assessment

* Water shortage (Domestic and Industrial
water)

I 161 - 400

1994~1995 2001

Frequency of D&l Water shortage

(1980~2100) Historical domestic water shortage area
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Climate Change Vulnerability Assessment

orl:

» Vulnerability of drinking water intake

LR - : .
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Climate Change Vulnerability Assessment

22

» Frequency of instreamflow shortage and
amount
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Four River Restoration Project

and Its Impact

New Dam Built (Youngju dam)

* Objective: Provide instream flow
in main stem of Nakdong river

 Result: Increase downstream flow
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Four River Restoration Project

and Its Impact

Irrigation Dam Raise

» Result: No protection will little

Increase in downstream flow ﬂ |ﬁ \@’—x gE
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Four River Restoration Project

and Its Impact
Waterway for Andong and Imha dam A
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Four River Restoration Project
and Its Impact
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Four River Restoration Project

and Its Impact

Installation of multipurpose movable weirs

Levee

Flood levet \ Usable water

Normal water level

Low water leve
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Conclusion

Climate change assessment can include the following source of uncertainty
- Climate change projections (emissions scenarios, GCMs, downscaling techniques)

- Inability of models to represent future conditions perfectly (future water demand
and land use etc.)

Climate change has implications for many aspects of water management

- The water availability in river basin, the future level of demand, the design and
operation of hydrologic structure

Water resources planning should be modified to incorporate not only the drought
events from long historical records but also the full range of climate variability by
GHG emission scenarios

Climate change adaptation as well as construction of basin-wide water allocation
model need integrated watershed-scale collaborations

Advanced technologies and new setting of institutional frameworks policies for
reallocation of water needed after four river restoration project completed
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