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Typhoon with extreme rainfall

° Increase in extreme events in recent decade

Typhoon with extreme rainfall in Taiwan
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Impacts of Heavy Rainfall (Duration, Intensity)

Typhoon Fanapi (2010) Typhoon Megi (2010)
| 2010.10.21 Suao station hourly rainfall

150 : - ~600 mm/6hr — 1500 ‘ ‘

= ¢ |s this really a trend?

2 * Do we have enough capability to

<« understand, simulate, and forecast?

= * Will more extreme events and larger
|mpacts occur in the warmmg future?
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Consortium for Climate Change Study (CCIiCS/MOST)

Climate Modeling - Global Period: 2011/2012-2015/2016

Taiwan Climate Change Information and Projection
Platform (TCCIP/MOST)

Dynamical Downscaling - Regional Period: 2010-2012, 2013-2016
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Dynamical Downscaling - Urban Period: 2013-2015




From Global to Urban

> Earth System Model CESM1/NCAR - TaiESM

B “Complete” Earth System, coarser resolution: 100-200km

» High-res. Atmospheric General Cir. Model HIRAM/GFDL

Bl Ability to resolve extreme weather events, 23km, atmosphere
only

» Regional Model WRF/NCAR

M Regional downscaling to 5-10km

» Urban Canopy Model UCM/Tsukuba U.
B Urban downscaling: 0.5-1km
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Figure 1. Model representation of a watershed.



CESM1/NCAR - TaiESM v1 (Taiwan Earth System Model)

Changes in the atmosphere Changes in the
composition, circulation hydrological cycle
Changes in Cumulus parameterization
solar inputs (ZMMOD, Wang et a. 2015)
-> diurnal
WIVUuD
Atmosphere et g |
N,, O, Ar, Cloud fraction-GTS macrophysics
H.,0, CO,, CH,, N.O, O, etc. Volcanic activity (Wang et al, Shiu et al.)
Aerosols p -> Energy budget, water content
SNAP aerosol scheme Atmosphere-biosphere
Atmosphere- (Chen et al. 2013) interaction
ice Precipitation -> aerosol :
inte?ctjon evaporation Urban heat island
Terrestrial
radiation
Heat  Wind oo S ’ | Ice sheet
exchange stress 3-D solar radiation surface Glacier LS ¥ . \ e
- Absorption (Lee et al, Land-
~ o
I 2011, 2013) —~—-s Biosphere aitmosphu%re
-> surface engery, snow, runoff nteraction
SiT ocean mixed-layer model né/i . BerY, I . Soil-biosphere v
(Tsuang et al, Tseng et al. 2014) Al interaction Land surface
- MJO
Ice-ocean coupling Hydrosphere Changes in thg cry_osphere '
rivers & lakes snow, frozen ground, sea ice, ice sheets, glaciers |
;
Changes in the ocean Changes in/on the land surface
circulation, sea level, biogeochemistry orography, land use, vegetation, ecosystems {'|
Irrigation (Wey et al. 2015) =
- Terrestrial forcing : -



Improved simulation of diurnal rainfall propagation
over the Borneo Island

(3—3N,100—130E)
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Implementation of warm cloud microphysics to
deep convection: Improvement of cloud LWP

A two-moment warm cloud parameterization (Chen and Liu 2004) is
implemented into the deep convection scheme of CAMS5 for treatment of
conversion of cloud liquid to rain. (Chein-Jung Shiu and Jen-Ping Chen)
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Madden-Julian Oscillation (MJO)

in the Tropical Pacific Ocean
Enhanced Subtropical Jet Stream
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Tropical Storm Bav
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Coupling 1-D (TKE) ocean mixed layer model (SIT) to ECHAMbS

- Significant improvement in MJO simulation
(joint effort with Noel Keenlyside, B.J. Tsuang)

Similar improvements seen in two different models.

(a) OBS. (b) Coupled run (c) Uncoupled run
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Phytoplankton enhances convection in typhoon

No phytoplankton With Phytoplankton

Date/Time: 2007-08-17_01:00:00 Date/Time: 2007-08-17_01:00:00

SNow grauple rain




Earth System Model (100-200km) =
High-resolution Global Atmospheric Model

(HIRAM, GFDL/NOAA, 23km)
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A “TC” in HIRAM

C384 wnp olr 2001-11-05-00Z
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High-res. Simulation and Projection of Climate Change

HiRAM: 1979-2008, 2075-2100 (RCP8.5)
(C.-Y. Tu, P.-J. Chiu, Lex Chang, S.-J. Lin)
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HiRAM_c384tw_amip GB Typhoon Tracking Present 1979-2003
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ﬂAM (1979-2003) Changes in typhoon frequency
J 086 and strength

(b) HIRAM 1979-2003 Rainfall [mm/day]
max 393.02 mean 94.1868
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CMIP: Understanding past, present and future climate

One thing changes everything

Human activities like burning coal, oil and gas to ~ »
power our homes, factories and transport have A
released huge quantities of carbon dioxide into

the atmosphere, causing an enhanced greenhouse -~ '
effect. This causes an imbalance in the energy

cycle that, in turn, impacts the water cycle, . .
atmospheric circulation and ocean currents, Phy5|ca| climate

leading to changes in weather and climate, ~ Virect and

The Earth System

Greenhouse g,

Ecosystems

Chemistry



Bird view of Taiwan in different scales
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Purpose: To increase spatial resolution

Climate Models 20km
Climate Models

400 km

Regional models

5 km
Regional models

25 km

For US, downscaling to few For Taiwan, we need to downscale to few
tens of km may be enough. km or even finer scale.




Downscaling using fine-res. dynamical model
Global = Regional (HiIRAM-WRF)
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Downscaling using WRF model

. Driven by 23 km HiRAM AGCM
dom1: Ax=5km 380x400

grids

36 vertical layers

20-layer buffer zone :

L4




TCCIP1/TCCIP2 Dynamical Downscaling:

25km(AGCM) > 5km(WRF)

Models: MRI-AGCM with 20km resolution
HiRAM with ~25km resolution

Time-Slice Experiments

CAMS5 with ~25km resolution

CMIP5 AOGCMs |:> 20~30 km AGCM |:> 5 km RCM
Projected
Projected circulation
SST Atmosphere and 55T
Atmosphere
Initial, Lateral
 Ocean SST & Lower B.C.
Lower
B.C.
CMIP3
\ SST setting For each grid and each month aoGcwm
SST in AGCM S Trana
CMIP3
Present (1979-2003) Obsarved SST AL AOGCM ATE /J‘{ Warming
the observed sea surface temperature (SST) and AOGCM P 7:7«»\/\/‘/\}\
sea-ice concentration oA
1979 2003 2075 2099
Future (2075-2099) 25 years 25 years
the SST and sea-ice anomalies of the CMIP5 Projected Kusunoki et al. (2011)
; warming by CMIP3 AOGCM Detrended observed
multi-model ensemble mean are added to P Model trend 2075  SST 1979~2003
. a0 ~2089 B
the observations, retaining the present ’f‘iﬁw + + . —
interannual variability :

(2075~2009) — (1979~2003)




Typhoon Precipitation: Effect of downscaling

MRI 200505 HiRAM 199701

> TCswere weII S|mulated by super hlgh resolution AGCM.
2 RCM can provide more realistic and detailed information.



Typhoon Rainfall simulation
driven by three AGCMs

HIRAM CAM5

150
140
130
120
110
100

Simple Day Intensity Index (SDIl, mm/day) of
typhoon precipitation is comparable to observation



Projected Future Change in Typhoon Rainfall (RCP8.5)
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Pseudo Global Warming Experiment for Historical Typhoons
- Typhoon Morakot (2009) in the end of 215t Century

Superposition circulations of future change and historical events
Cpew = Chistory (¢ future —

Cpresent)
C : Climatology of 30 day mean; C=7 RH UV~ @ ~ §5T

(a) Historical run; Mean of 48 members

Consider circulation change of MRI-AGCM3.2S in 2075-2099 under A1B scenario and 2009
typhoon Morakot (top rainfall record : 3000 mm in 5 days)

48 ensemble runs.

(c) Difference due to PGW
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Global Warming vs. Historical Land Use Changes

- Taipei as an example
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Regional to Urban

Local scale
Regional scale Jomsoa T S

Urban scale Urban Canopy Effects

Q Dynamic Effggts

— turbulence production
radiation
enuation :

——
radiation l
rapping /

Thermal effects

heating &
cooling

anthropogenic

heating urban thermal

properties



WRF-Noah-UCM modeling system

Chun-Yao Lin

Urban Canopy model (UCM) (1) isnadouiond (1) lnadow> foac

(Kusaka et al. 2004) ; SD | .
Ta Ta . . .
SR ¥ . Ta is the air temperature at reference height z . /
a TR the building roof temperature, ' '
§ T ! TW the building wall temperature, T
Ts Hr @ TG the road temperature, and . Ihefght
TS the temperature defined at zT +d. :
i |- - - His the sensible heat exchange -
H . - - —
W at the reference height. Ishadow Iroad
| T . Ha is the sensible heat flux from the canyon Fig 2. Radiation of the singlel
- W e— ig. 2. adiation o e single-layer ur-
ZT +d = SPace to the atmosphere, ban canopy model. Sp is the direct solar
HW is from wall to the canyon space, radiation incident on a horizontal sur-
T H~ HG isfrom road to the canyon space, face. lrond i5 the normalized road width
G G . and h. is the normalized building
HR is from roof to the atmosphere

height (loof + lroad = 1). Lihadow is the
normalized shadow length on the road.
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Model Improvement:
land use (vegetation)

2« MODIS
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improves afternoon

Observation
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Using realistic land use

thunderstorm simulation
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(Lin et al. 2011, JAMC)
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§O Combined effect of urban development and global warming
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1,000 wind farm to be installed in Taiwan Strait
» Environmental impacts?
» Efficiency and prediction of wind power?
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Cross—-scale Climate Modeling System

Earth scale — TaiESM
(100-200km)

Global-Regional-Urban (Climate Modeling

Global scale (20km)

Chugus o154 smcopete Changes in the
hydrological cycle
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Thank you for Your Attention




Computing & Storage Demand (Basic)
(ALPS: 177 T-Flops, 25,600 CPUs, 225M SU/yr)

MIPs Model Computing Storage
CMIP6 TailESM 1° 4.31M SU 60TB
(DECK) 991 model years (8*544 SUlyr) (60GB/yr)

HighResMIP HIRAM C192 & C384 4.84M SU 370TB
66 model years (Tier 1 only, no DECK) (73,344 SUlyr) ((4.6+1)TB/yr)
PMIP TailESM 1° 0.87M SU 12TB
200 model years
CFMIP TailESM 1° 0.76M SU 10.4TB
174 model years
AerChemMIP TailESM 1° 8.11M SU 112.4TB
600 yrs AMIP+1274 yrs coupled
GMMIP TailESM 1° 0.63M SU 0.86TB
144 yrs AMIP
GMMIP HIRAM C192 0.68M SU 80 TB
80 yrs extra from HighResMIP (8,448 SUlyr) (1TBlyr)
Total GMMIP - TaiESM 1° 19.52M SU 566TB
(GMMIP - HIRAM C192) (19.57M SU) (645TB)




