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I General concept of diurnal rainfall variation

e ¢ The local land sea breeze (LSB) is
B. Night ‘ induced by land-sea differential

latent heating release

Ai( coo!ed by ~ @ The local LSB along the coastline
‘ adiabatic expansi  typically spans < 100 km

& Cool air

sinks at
night

Warmer
air rises
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(c) Convergence of air

Tmax of S1 of Surface Wind Dlvergnce Dai and Deser (1999
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S1: Diurnal component




Il Does the large-scale LSB circulation exist?
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TYPICAL
SCALE SIZE
A T >
Global
scale 5000 km
Macroscale- - = = = — = - - =

Synoptic
scale 2000 km
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20 km
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Land/Sea breeze
Chinook wind

Thunderstorms Sania Anawing

Tornadoes
Waterspouts
Dust devils

Mesoscale
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|

Small turbulent
eddies

e

Hurricanes
Tropical storms
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Longwaves in the
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pressure areas
Weather fronts
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SCIENTIFIC QUESTIONS :

e What is the impact of land-sea breezes at different

scales on the diurnal rainfall in Taiwan? (Huang and Wang,
2014)

 Modulated by the large-scale circulation changes, does

the diurnal rainfall in Taiwan consist of trend signal?
(Huang and Chen, 2015)

* Does the long-term variation of diurnal rainfall in
Taiwan consist of regional differences? (Huanget al., 2015)



SCIENTIFIC QUESTIONS :

* Has the relationship between the diurnal rainfall in
Taiwan and the sea surface temperature over the

Nino3.4 region changed over past sixty years? (Huang et
al., 2018; Huang et al., 2019)

e How the characteristics of diurnal rainfall events in

Taiwan to be modulated by the BSISO features? (Huang
and Chang, 2018)

 What is the projected change of diurnal rainfall
convection and other types of rainfall in Taiwan in the
future? (Huang et al., 2016; Huang and Wang, 2017)



What is the impact of land-sea
breezes at different scales on
the diurnal rainfall in Taiwan?



B Characteristics of diurnal rainfall in Taiwan
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B Literature review

The formation mechanism of diurnal rainfall in Taiwan is
commonly recognized as a result of local forcing involving solar
thermal heating and island-scale land-sea breeze (LSB)
interacting with orography.

Problem: This mechanism alone cannot explain the observed
regional differences of diurnal rainfall in Taiwan
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B Spatial - temporal varlatlon of P(TRMM)

P(TRMM)
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B Diurnal (S1) of east-west circulation; 02-11 h
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B Diurnal (S1) of east-west circulation; 14-23 h
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Does the diurnal rainfall in
Taiwan consist of trend signal?



B Diurnal rainfall vs. Frontal rainfall

(a) Frontal convection event (b) Diurnal convection event
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B Quantifying weather systems
 JMA weather maps, station observation, TRMM 3B42

and Gridded Satellite infrared brightness temperature
(GSBT); 1982-2012 May and June



B Trend in DC and FC

days

Occurrence frequency

251

----- FC event
DC event

1985 1990 1995 2000 2005 2010

Occurrence | Rainfall
frequency | Intensity
Taiwan Taiwan
(Southeast | (Southeast
China) China)

FC -20.3%* -12.1%
A (-16.3%)* (-11.5%)
DC +19.6%*  +48.2%**
S0 (+15.6%)* (+40.8%)**
+3.1% +10.3%
event (+4.7%) (+11.2%)

* significant at 90% confidence intervals
** significant at 99% confidence intervals



B Cause of increase in DC days

T(925hPa) DC event B i o

30°N

20°N|=. ¢

 Land-sea thermal contrast change?
 Land-sea breeze change?
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B Cause of increase in DC intensity

Climatological Mean Trend
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Does the long-term variation of
diurnal rainfall in Taiwan consist
of regional differences?



B Low-frequency variations of diurnal rainfall

(d) CAR rate; Taiwan

(a) Stations

& |
KL
25°NH S -
/j;
24°NH— HL -1
>
23°N =
m
% 3000
S 2000
. 1000
22°N|- 500 =

CAR: Convective Afternoon Rainfall

=> Low-frequency
variations of CAR
activity over Taiwan are
modulated by long-term

trend & 10-20 year
variations

normalized

normalized

0

(a) CAR frequency ; Taiwan

— 11yr running average
Trend during 1961-2012
Trend during 1982-2012

1.2 1.2
1 E 14
0.8 0.8
lS)l'?O 1980 1990 2000 yr 1970 1980 1990 ‘ 2000 y.r
(b) CAR frequency ; Taiwan (e) CAR rate; Taiwan
- 10-20 yr cycles
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(c) Power spectrum of CAR frequency

1970 1980 1990 2000 yr

(f) Power spectrum of CAR rate

30 20 10 8 4 yr/cycle



(a) CAR frequency (North Plains) (d) CAR rate (North Plains)

B Regional

m—11yr running average 164
------ Trend during 1961-2012
1.4 Trend during 1982-2012
1.4

differences

normalized
normalized

0.6 1
06 1 1 | | 1 L L 1 1 1 | 1

b) CAR frequency (SC Plains) (e) CAR rate (SC Plains)
1.44 1.4+

For intensity,
the change is
more like a
linear trend

For frequency, the

change is more like »
interdecadal change (i.e.
differences between

two periods: 1992~2012

and 1961~1981) Lt

(c) CAR frequency (Mountain Range) (f) CAR rate (Mountain Range)
1.4

normalized
normalized

1l L L i 1 1 1 1 1 1 1

1.24

normalized
normalized

0.8+

0.8

1 1 L 1 1 1 1 1 | 1 1 1 1 1
1970 1980 1990 2000 yr 1970 1980 1990 2000 yr



B Regional differences in trend of diurnal rainfall

25°N

24°N

23°N

R2R2°N

CAR: Convective Afternoon Rainfall

(a) Trends in CAR frequency; 1961-2012
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(b) Trends in CAR rate; 1961-2012
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=>The trend in CAR
activity consists of
regional differences



B Cause of interdecadal change in diurnal frequency
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(a) AVs (11LT) for JJA mean
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B Cause of interdecadal change in diurnal frequency

(a) Interdecadal change in (-dT/dz) 925hPa

vy

iy /

hPa pif/ —
28°Np) L

0.04
23°N

270,08

G

Pt

18°N———1

A1 15°E | 120°E 125°E

 Thermal instability change
explains the regional
differences in diurnal

frequency (i.e.Fg ~ L= 5R)

(b) Interdecadal change in (-dT/dz) at 25°N

hPa % o
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(c) Interdecadal change in (-dT/dz) at 23.5°N
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B Cause of trend in diurnal rain rate

(a) Trend in (-V-Q)

RB°NE "
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hPa hPa
700 - \|[. | 700
‘ |
Stable : |||
800 - \/ 800
X )
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(c) Trend in (-d6,/dz) at 925 hPa

T WP T

-0.2

115°E 120°E

LS

J “
|

i 18°N

(b) Trend in (-V -Vg) at 23.5°N
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(d) Trend in (-d6,/dz) at 23.5°N
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Changes in moisture flux and moist instability explain the change in diurnal intensity



B Cause of 10-20 yr variations of diurnal frequency

=>» Cause of 10-20 year
variations of CAR frequency is
related to the quasi-decadal
oscillation of sea surface
temperature over NINO4 region



Has the relationship between the
diurnal rainfall in Taiwan and the sea
surface temperature over the Nino3.4
region changed over past sixty years?
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B Interannual variation

SCIENTIFIC REPg}RTS

Relationship between the
Interannual Variations of
Summer Convective Afternoon
e Rainfall Activity in Taiwan and
- SSTA(NiIR03.4) during 1961-2012:
Characteristics and Mechanisms

Wan-Ru Huang @), Ya-Hui Chang & Po-Han Huang

Running correlation between filtered CAR frequency and filtered CAR intensity
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(a) CAR frequency in Taiwan

—— '4 to 8 yr cycles ""‘
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(c) CAR intensity in Taiwan
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(a) Correlation between 4-to-8-year filtered CAR frequency and SSTA during 1961-2012 JJAs
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(a) Climatological JJA mean of g_vint (b) Composited q_vint; for (act.-inact.) of CAR intensity
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(a) Composited [yq, (—V-Q)]; for (cold-warm) of SSTA(Nifi03.4) (c) Composited (vg, —w); (cold-warm)
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(a) Pre-1985; Circulation & Thermal Changes (b) Post-1990; Circulation & Thermal Changes
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(c) Pre-1985; Moisture Flux Changes (d) Post-1990; Moisture Flux Changes
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Figure 8. Schematic diagrams of the maintenance mechanisms of the interannual variation of CAR frequency
in Taiwan during two periods: (a) pre-1985 and (b) post-1990. (¢,d) correspond to (a,b) but for the interannual
variation of CAR intensity in Taiwan. In (c,d), the green, red and blue arrows denote the directions of the
horizontal moisture transport, upward motion and downward motion, respectively. The meanings of the other
symbols are given below (c,d).



How the characteristics of diurnal
rainfall events in Taiwan to be
modulated by the BSISO features?



B Intraseasonal variation
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Impact of boreal summer intra-seasonal oscillations on warm
season diurnal convection activity in Taiwan
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(a) IR cloud |mage (3 Aug 2007, 17 h) (b) Monthly mean of diurnal rainfall variability
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1982-2012, MIJIAS

(a) ; Days of BSISO1 phases (b) . Days of BSISO2 phases
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Figure 2. Phase diagram of (a) BSISO1 and (b) BSISO2, following Lee er al. (2013, figure 6). The value inside the parentheses represents the number

of days counted for each phase of (a) BSISOI1 and (b) BSISO2 over the time period from May to September (hereafter MIJAS), 19822012, Details

for how to identify the phase and the propagation of BSISO1 and BSISO2 are referred to in Lee et al. (2013). [Colour figure can be viewed at
wileyonlinelibrary.com].
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(a) Daily anomalies (V, y) 850 hPa; BSISO1  (b) Daily anomalies (V, y) 850 hPa; BSISO2
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(a) Schematic diagram illustrating the propagation of low-level anticyclonic circulation

BSISO1 BSISO2

- l:/z~411 - D JA;A“

Phase 3 of BSISO1 (phase 7 of BSISO2) presents a high system moving over eastern Taiwan; this leads to increases in
the southerly winds over western Taiwan, which provides greater lifting forces for the formation of DC events.

(b) Schematic diagram illustrating the propagation of moisture convergence

BSISO1 BSISO2

In phase 1 of BSISO1 (phase 3 of BSISO2), the moisture convergence line propagates northward over the latitudinal
zone of Taiwan, which leads to increases in the moisture supply for the maintenance of the DC rainfall intensity.

Figure 11. (a) Schematic diagram illustrating the propagation of the anticyclonic circulation (‘H” denotes the high system, number denotes the phase

of related BSISOs) that is important to the modulation of DC occurrence frequency. (b) Schematic diagram illustrating the propagation of the moisture

convergence line (*C” denotes the convergence, number denotes the phase of related BSISOs, circle denotes the convergence centre of y, in Figure 9)
that is important to the modulation of DC rainfall intensity. [Colour figure can be viewed at wileyonlinelibrary.com].



What is the projected change of
diurnal rainfall convection and
other types of rainfall in Taiwan
in the future?
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RESEARCH ARTICLE
10.1002/2016JD025643

Key Points:

« The dynamical downscaling
simulation using WRF improves the
simulation of different types of rain
events over Taiwan

« The change in total summer rainfall in
Taiwan under a warmer climate is
mainly dominated by the change in
light rainfall events

« Heavy rainfall events will become
fewer, but more intense, in Taiwan as

(a) Tropical Cyclone

12Z July 29, 2001

*

B Future changes

cf’

Dynamical downscaling simulation and future projection
of summer rainfall in Taiwan: Contributions
from different types of rain events

Wan-Ru Huang' (), Ya-Hui Chang' (", Huang-Hsiung Hsu? (), Chao-Tzuen Cheng® (",

and Chia-Ying Tu?

1Depa rtment of Earth Sciences, National Taiwan Normal University, Taipei, Taiwan, “Research Center for Environmental
Changes, Academia Sinica, Taipei, Taiwan, *National Science and Technology Center for Disaster Reduction, New Taipei

City, Taiwan
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Introduction

In this study, we accessed the present-day simulation (1979—-
2003) and future projection (2075-2099, the RCP 8.5 scenario)
of rainfall in Taiwan by using the regional WRF model driven by
the High Resolution Atmospheric Model (HiRAM).

This investigation focuses on the contribution of the four types

of rain events to the total summer rainfall in Taiwan during a
warmer future.
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Data and Method-Models

(a) Topography; HIRAM

HiRAM 17;
30N
» Horizontal resolution ~25km -
» 32 vertical layers and model top at 1 hPa ¥
> [Zhao et al. 2009] S
20N .
WRF-HiRAM 15N4 Q . ) H.,;?
> Horizontal resolution ~ 5 km 1108 IR AR o
> 36 vertical layers from surface to 50 hPa (b) Topography; WRF'HiRAM‘E
» WRF version 3.5.1 [Skamarock et al., 2008] o8- . o
) /.
25N
Time Periods
» Historical run : 1979-2003 20N~ g -
> Future run: 2075-2099 (RCP 8.5) ; H;‘g
15N - S ol
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Results-Present Day-

3-hourly rainfall area-averaged over Taiwan

mm-h-’

0.8 A _Hi
WRF-HIRAM HIRAM

0.6 -

0.4 -

Observation

0.2 1 1 1 1 1 1 1 1
2 5 8 11 14 17 20 23 (LT)

*  WRF-HIRAM can successfully depict the appearance of maximum diurnal
rainfall at 17 h local time, while HIRAM cannot.
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Results-Present Day-

(a) Observation; Contribution from four types of rainy events

 WRF-HIRAM also has better
ability than HIRAM in
capturing the contribution of

DC TC FC SC

% % % % each type of rain events to
gg §§ §§ ig the total rain events.
30 40 20 8
25 35 15 6
20 30 10 4

Q Q

(b) HIRAM; Contribution from four types of rainy events

aQ aQ

TE

Because WRF-HiRAM is more
capable than HiRAM in simulating
the contributions of different
types of rainfall to total summer
rainfall in Taiwan, we only focus
on the future changes projected

” sc by WRF-HiRAM

%
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(c) WRF-HiRAM; Contribution from four types of rainy events
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Results-Projected Changes-

- Future mmus Present
WRF-HIRAM z" ; ;;f >

27N

mm, per JJA

24N {12

mm, per JJA

400
300 400
200 300

21N 100 200
0 100
-100 0
200 -100

18N —300%a, -200
—400 L T —300

- " -400

‘mL4441

114E 117E 120E 123E 126E. 128E

Shaded: Summer mean precipitation
Vectors: 850 hPa wind circulation changes
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Results-Projected Changes-

(a) Difference in rainfall amount (future minus present); WRF-HiRAM

=>» Results show that SC events contribute the most to the projected change in summer
rainfall in most of Taiwan. 61



Results-Projected Changes-

Y YV V

Frequency

Decrease: DC & FC
Increase: SC
No significant changes: FC

Intensity

All increases

(a) Difference in rainfall frequency (future minus present); WRF-HiRAM
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Results-Explanation for projected changes in

WRF-HiRAM'’s present-day simulation of selected fields
(@) T (c) Vand —(V-V) at 850hPa

v

2m

(e) Vand Z at 500hPa
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WRF-HiRAM'’s projected changes (A: future minus present) in selected fields
(b) AT, (d) A[V and —(V-V)] SOhPa (f) A[V and Z] at 500hPa
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» Decrease in local thermal instability * Decrease in (-V-V) over Taiwan (fewer DC) « Southwest extension of subtropical
(fewer DC) * Increase in (-V-V) over ocean (more SC) high (unfavorable for TCs
» Southwesterly wind enhanced (favorable moving toward Taiwan)

for SC moving into Taiwan) 63



Results-Explanation for projected changes in

(a) Aq(700-hPa); DC (c) Aq(700-hPa); FC
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(d) Aq(700-hPa); SC
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* Increase in atmospheric moisture is found for all types of rain events.
* Among the four types, TC events have the largest increase in atmospheric moisture near
Taiwan, while DC events have the smallest increase. 64
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