LU c c Land Use and Climate Change Interactions
in Central Vietham

LUCCi Climate Cluster Progress:

1. LUCCI climate data: Availability, reliability, usage
2. Coupled hydrological-economical modeling system

Patrick Laux & Thinh Dang
Karlsruhe Institute of Technology (KIT)

Institute of Meteorology and Climate Research
Department of Atmospheric Environmental Research (IMK-IFU)



http://www.lucci-vietnam.info/
http://www.lucci-vietnam.info/
http://www.lucci-vietnam.info/

Long-term regional climate projections

Population Growth, Economic Development & 50, concantrations
Technological Progress 100 T s

!

Emission Scenarios
Greenhouse Gas Concentrations

e}
I Year

Global Climate Models

i

Global Climate Scenarios

¥

Downscaling Methods

l’ Atmosphere &

Regional Climate Scenarios Ocean
Ax = 300...100km



http://www.lucci-vietnam.info/

Weather Research and Forecast model UCC

Atmosphere: GCM provides
lateral boundary conditions

Rsdelbil  Surface & subsurface: SVAT model

between columns of

momentum, heat as lower boundary conditions

and moisture

Umnufied Noah Land Surface Model
(Pan and Malut, 1987 Chen et al., 1997; Chen and Dudlia, 2001,
Eketal., 2003)

g 66 A\ Canopy Water
6 A 6 Transpiration  Evaporation Turbulent Heat Flux to/from

Snowpack/Son \Plam Canopy

Precipitation
Condensation on
> | vegetati Deposition/
3 Direct Soil Sublimation
X to/from
Evaporation
snowpack
4 B
4
Evaporation v 4 o

from Open Water }/

Sm\:h:‘l\\
(s

Runoff

Soil lee &
FrozenSail Processes

- WRF model: Joint atmospheric-terrestrial water budget calculations
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LUCCi: Downscaling setup LUCC

 Domainl

D01
— horizontal: 99 x 99 grid points with
a resolution of 45 km

— vertical: 50 layers up to 50 hPa
— time step: 180 s

* Domain 2

— horizontal: 142 x 145 grid points
with a resolution of 15 km

— vertical: 50 layers up to 50 hPa
— timestep: 120 s

 Domain3

— horizontal: 66 x 75 grid points with
a resolution of 5 km

— vertical: 50 layers up to 50 hPa
— time step: 30s

95°E 100°E 105°E 110°E 115°E 120°E 125°E

= ~ 2 Mio CPU h on HPC cluster to finalize simulations (2 years real time)
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VGTB: Expected rainfall change LUCC
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VGTB: Expected temperature change
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Performance gain of downscaling LUCC

D2 @ 15 km

D3 @ 5 km
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- D2: Seasonality not well captured, high deviations from observations
= D3: Improved seasonality, acceptable deviations
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Further refinement: Bias correction
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Calibration Validation

Observations: Precipitation data obtained by IMHEN
WRF-ERA40: WRF simulation driven by ERA40 reanalysis (ECMWF)

—> Various bias correction methods (mean correction, g-q mapping, Copula
approach) applied and validated
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Overview: Bias correction methods LUCC
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Focus on rainfall peaks: Performance? LUCC
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—> Suitable methods to bring the model results closer to observations
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Improvement: yes or no?
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Agricultural application: Erosive Rains
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Take Home

1. WRF long-term climate simulations (T, P, Rad, RH, etc.)
finished, available, and ready to be used for impact studies

—> Daily resolution, but also 6h or even 1h is available for
selected variables

2. D3 suitable for CC impact studies, further refinement by bias
correction methods (will be uploaded to RBIS soon)

3. Specific tailor-made information (e.g. agricultural risk maps)
can be delivered on request (Email me: patrick.laux@kit.edu)
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Ongoing work: LUCCi |

» Statistical Downscaling for uncertainty estimation of selected variables (T,
P, etc.) coming from other GCMs and additional emission scenarios (next 6-
12 months)

* Impacts of land use change on meteorological surface variables using
updated LU maps in the climate simulations (PhD thesis of Nguyen Phuong,
LUCCi)

... beyond LUCCi

* Improved seasonal climate predictions to assist farmers with cropping
strategies (planting date, choice of crops/varieties, locations) in cooperation
with Prof. Van Tan, HUS

* |dentification of optimized cultivation strategies (rice, cash crop) and
sustainable water management strategies in the VGTB river basin using
coupled WaSim - Gams simulations (PhD thesis Dang Thinh, DAAD scholar)
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Optimized agricultural management
strategies for the VGTB basin

Objectives

—To investigate regional interdependencies between economy and
hydrology in VGTB

— To derive optimized cultivation strategies and sustainable water
management strategies in the basin
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Coupled hydrological — economic modeling system LUCC

Climate
data

Land
use, Soail, GAMS-ECIM

DEM

Optimal
cultivated
strategy

WaSim model: Physically distributed hydrological catchment model to simulate the water
cycle above and below the land surface
GAMS-ECIM model: Non-linear mathematical optimization model
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Hydro-met data

Data requirements

Climate data (daily)

Reanalysis data (WRF-

ERA40)

Reservoir and dam

Topographic data

DEM

Soil map

Economic data

.......
-----
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Cultivated area

Water demand

for various crops

Productivity,
production, crop
price, cost...
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First model calibration results LUCC

Precipitation Nash-Sutcliffe

Measured 0.75 1.03

No-bias correction

(WRF-ERA40) 0.33 1.74

Bias correction

(WRF-ERA40) On going
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Validation: Nong Son

Observed and simulated flows with different ramfall inputs at Nong Son
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Next steps

Finalize calibration of WaSim (manually, PEST) based on
observations as well as bias corrected WRF-ERA40 data

Set up GAMS-ECIM with most important economic drivers

Coupling GAMS-ECIM to WaSim to derive spatially
distributed optimized agriculture management strategies
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