RegCM3 Double -Nested System

The hydroclimatological response to global warming based on the dynamically downscaled climate change scenario
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@ven the discernable evidences of climate changes due to human activity, there Is a growing demand for the reliable climate c hange scenario in response to future emission forcing. One of the most
significant impacts of climate changes can be that on the hydrological process. Changes in the seasonality and increase in th e low and high rainfall extremes can severely influence the water balance of
river basin, with serious consequences for societies and ecosystems. In fact, recent studies have reported that East Asia inc luding the Korean peninsula is regarded to be a highly vulnerability region under
global warming, in particular for water resources. As an attempt to accurately assess the impact of climate change over Korea , we performed a downscaling of the ECAHMS5 - MPI/OM global projection under
the A1B emission scenario for the period 1971 -2100 using the RegCM3 one-way double - nested system. Physically based long -term (13 0 years) fine -scale (20 km) climate information is appropriate for
analyzing the detailed structure of the hydroclimatological response to climate change. Changes in temperature and precipitat lon are translated to the hydrological condition in a direct or indirect way. The
change in precipitation shows a distinct seasonal variations and a complicated spatial pattern. While changes in total precip itation do not show any relevant trend, the change patterns in daily
precipitation clearly show an enhancement of high intensity precipitation and a reduction of weak intensity precipitation. Th e Increase of temperature enhances the evapotranspiration, and hence the
actual water stress becomes more pronounced in the future climate. Precipitation, snow, and runoff changes show the relevant top ographical modulation under global warming. This study clearly
demonstrates the importance of a refined topography for improving the accuracy of the local climatology. Improved accuracy of regional climate projection could lead to an enhanced reliability of the

Interpretation of the warming effect, especially when viewed in the linkage climate change information and impact assessment studies.

Moisture Budget Change

U RegCM3(Regional Climate Model Ver.3) U Spatial distribution of precipi. minus evapotranspiration (P-E) change from RegCM3 mother domain simulation.
i Resolution: Mother domain 60 km / Nested domain 20 km DIF 1IA ANN -3» The P-E could be an indication of the water imbalance in atmospheric

U Integration Period :

(a) ECHAM5

Uncertainty of ECHAMS/MPI -OM __
(@) 17acs ::- As an attempt to justify the use of one GCM, we Investigate the Trend Of Temp- & PreClpl- & PDSI

(b) 3GCMs

moisture supply and demand at the surface. Here, the E Is computed from

1971-2100 (130yr) 5IPSOUIXBJUFT GPSNVMB #BTJDBMMZ
U Initial & Boundary Condition:. ECHAMS/MRIOM A1B (1.875)

change because moisture deficit depends on the precipitation amounts.

the precipitation increase does not catch up the moisture demand due to
enhanced evapotrasnpiration.
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g@m uncertainty of the ECHAMS - MPI/OM projection via assessing inter - model

: . L o o U Time- series of temperature, precipitation, and PDSI averaged over Korea
‘. ﬁj » comparison. This figure shows the spatial distribution of summer precipitation

.S» When looking at the regional average, all cases project the precipitation increase (a: 4.74%, b: 4.98%, c: 8.73%).
However, spatial distribution is quite different. All ensemble average projects precipitation increase across whole area wher eas
the ECHAMS MPI/OM exhibits a broad decrease over mostly land area. Even though the magnitude and region of reduced
precipitation do not exactly coincide with those of ECHAMS - MPI/OM, we found that negative areas are more expanded mostly
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However, there Is the negative region in spite of precipitation increase when

- change (2071- 2100 minus 1971- 2000) over East Asia from 17 AOGCMs .** The self - calibrating PDSI is calculated using
- '555 participating in the CMIP3 A1B projections. Left, middle, and right panels are the program of Wells et al. (2004). The PDSI
" from the ECHAMS5- MPI/OM alone, three GCMs average (ECHAMS tenas to follow the precipitation variation, and

MPI/OM, CNRM, CSIRO), and 17 CMIP3 participant GCMs average, respectively.
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of the PDSI is visible Iin future projection.

both the observed and simulated pattern during
the reference period shows overall increasing
trends with statistical significance at the 95%

confidence level. However, the relevant decline

over the land compared to all ensemble average pattern. ::- The much faster increasing rate of temperature in the future has more responsibility for the PDSI decreasing trend compare d
to the reference period. The downward trend of the PDSI Is mostly disappeared when the detrended temperature Is used for
Temperature & Precipitation Change calculationofthe PDSI,
U Time-series of potential evapotranspiration , potential runoff, and potential recharge averaged over Korea

U Spatial distribution of temp. and  precipi. change from ECHAMS- MPI/OM and RegCM3 mother domain simulation
ECHAMS Mother
(1.875) domain

(60km)

-S> For calculating the PDSI, the important value Is the departure of moisture from its climatological condition, and it Is de termined
by the excess or shortage of precipitation compared to climatological precipitation appropriate for existing conditions (CAFE C). This
figure displays the temporal evolution of potential evapotranspiration, potential runoff, and potential recharge, which are m ain

. variables for determining the CAFEC in PDSI computation. In case of using the detrended temperature as an input for PDSI, the re Is
> General feature of ECHAMS projection tends to be inherited by downscaled regional pattern. However, spatial details due no trend of potential evapotranspiration in correspondence of the temperature. Once evapotranspiration increases, more moistu re is
to local process appear to be mostly smoothed or disappeared in the coarse - grid GCM simulations. Hence, downscaled results deprived of avallable soil moisture, thus potential runoff becomes reduced. The behavior of potential recharge seems to be a mirror
tend to enhance the change signal at the local scale. The temperature Is projected to increase In all seasons over the entire of potential runoff because, if the potential recharge increases by absorption of soil, this in turn reduces the potential ru noff.
region. Warming Is reaching over 4 degree, with a different maximum position in the cold and warm season. The change of Therefore, both of them appear to be balanced in view of average sense during analysis period in contrast to the predominant
precipitation shows a distinct seasonal variation. Moreover, the pronounced regional differences are observed and the increasing trend of evapotranspiration. As a result, further increase of CAFEC brings the more pronounced actual water stress under
statistical significant regions are also restricted due to large natural variablility. The change in temperature and precipita tion | warmer climate condition.

lead to the alteration of the moisture budget of atmosphere.




