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e Oral session ZFA : 0S1.7: Understanding the Indian
Ocean’s past,present and fugure
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o e Oral session &A : CL4.24: Dynamics and impacts of
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e Poster session &4 : 0S1.2: Changes in the Arctic Ocean,
sea ice and subarctic seas systems: Observations, Models
o= and Perspective
e Poster session FA : ITS3.8: The 2018 European drought-
scientific observations and societal implications
e Oral session ZFA : NP5.3: Advances in statistical post




processing for deterministic and ensemble forecast
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Oral session ZFA : CL4.25: Dynamics of the atmospheric
circulation in past, present and future climate
Oral session ZtA @ 0S1.4: South to North variability and

<A connectivity along the oceanic current systems from the
south atlantic to the north atlantic and into the arctic
ocean
Oral session &4 : AS 1.34: The global monsoons in
current future and paleoclimates and their role in extreme
Lok weather and climate

Oral session ZHA @ CL4.23: Detecting and attributing climate

change: trends, extreme evens, and impacts
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Two types of heat wave in Korea associated
with atmospheric circulation pattern

Sae-Rim Yeo m}% m’.
APEC Climate Center (sryeo@apcc2l.org)

NH1.9/AS4.31:Extreme heat events: processes, impacts and adaptation
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** Korean heat wave cases are classified into two types based on
large scale atmospheric circulation pattern
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% Zonal wave (Z-wave) type
- atmospheric wave across the Eurasian continent
- associated wave energy could originate from North Atlantic
- Z-wave resembles some part of CGT (Circumglobal
teleconnection) pattern

** Meridional wave (M-wave) type
- northward propagating wave train from subtropical western
North Pacific to East Asia
- triggered by convective activity over the subtropical
western North Pacific
- M-wave resembles some part of PJ(Pacific-Japan) pattern
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Introduction

2018 Summer Korean Heat Wave . . . .
< Atmospheric heat wave bring serious consequences for

society, economy, ecosystem and human health

AUGUST HIGHEST TEMPERATURES IN SEOUL % Most extreme heat waves in Korea occurred in recent

Wednesday years (August 2013, August 2016, July-August 2018)
an 8/2 8/3 8/4 8/5
32.4°¢| 31.1°c| 34.2°¢| 35.7°c| 36°¢c .

+» Considering increasing number of extreme heat waves
over Korea in recent years and their widespread impacts,

[ X _ g it is important to understand physical processes of heat
2T L2 1RO RA 3 |» R ceoroesCasus at pokot summer_|GENTER |8 waves in Korea and improve their predictability

(Source: Korea's Meteorological Administration)

Data

K/

+* Daily mean maximum temperature from 61 weather station in Korea 1979-2017 (KMA)
¢ Large scale atmospheric variables: NCEP Reanalysis 2

% NOAA OISST v2, OLR
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+»» Definition of Korean heat wave (KMA)
: a period of at least 2 consecutive days in which
the daily Tmax exceeds 33°C

Heatwave intensity & duration

Duration (bar)
|
—j— 4
T
Tmax (line)

Duration and intensity of Korean heat wave cases
29 cases of heat wave

long-lasting heat wave: 2016 (20days) 1994 (20days)
maximum intensity: 1994

There is no strong relationship between heat wave

duration and intensit

35




of heat waves in Korea
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Composite anomalies of 850hPa/200hPa GPH
and 2m air temperature

0

0

High pressure anomaly over Korea

— fundamental component for sustaining heat wave

— extending from northeastern China to Lake Baikal

— nearly barotropic structure

— flanked by negative anomaly to the south and north
constituting meridional wave like structure

— zonal wave like pattern across the Eurasian continent and
positive NAO like structure

2m temperature anomaly generally resembles the circulation
anomaly

Simple circulation indices are designed to capture the
dynamical features of Korean heat waves

— Z-wave index: Korea-Japan(30-40N,120-150E) — Middle
East(45-55N, 50-80E) + Europe(50-60N, 10-40E)

— M-wave index: Korea-Japan(30-40N,120-150E) — subtropical
WNP(15-25N, 120-150E)




M-wave

a)Z-wave & M-wave Index
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Scatter plot of normalized
Z-wave/M-wave indices

b)Temporal distribution Z-wave & M-wave
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Temporal distributions of
Z-wave/M-wave

Most heat wave cases are plotted where either
Z-wave or M-wave index is greater than zero
- Korean heat waves are generally related to
the large-scale atmospheric circulations
represented by Z-wave and M-wave indices

Z-wave type heat wave is defined by Z-wave
(M-wave) index being greater than 0.5 standard
deviation and being greater than M-wave
(Z-wave) index

M-wave type heat wave tends to occur more
frequently in recent years (2013, 2015, and 2016)
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Z-wave

— zonal wave train across Eurasian continent is obvious

— positive NAO-like structure

— nearly equivalent barotropic structure, except for the tilted
baroclinic structure over central Asia

—warm air T over Europe and Korea-Japan coincide with high
pressure anomaly

M-wave

— positive GPH over Korea-Japan and negative over subtropical WNP

— baroclinic structure in WNP —> low level circulation may be induced
by the heat related convective activities

60E  120E 180 120W  GOW o Composite of 850 hPa /200 hPa GPH and 2m Temp/850hPa Wind for Z-wave and M-wave
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Composite of SST and OLR for Z-wave and M-wave

60W

D)

» Z-wave and M-wave

— suppressed convection over Korea-Japan = increased
solar radiation via reduced cloud cover

— negative SST anomalies are commonly found over
tropical eastern Pacific

L)

D)

* Z-wave

— tripole SST pattern over North Atlantic = consistent with
positive NAO-like atmospheric structure

— enhanced convection over Bay of Bengal, south Asia,
Pakistan = Similar to CGT pattern

L)

< M-wave
— well organized enhanced convection over subtropical
WNP and suppressed convection over Korea-Japan =2
Similar to PJ pattern




Z-Wave M-Wave

Energy budget over Korea a)-U'dT/dx & UV’ b)-VdT/dy & UV’
F i1 60N 7 60N 60N 60N
40 4 [0 zwave [ 49
| - 0 mwae | /. F
= 3 L a0 40N 4/ 40N 40N 4 - 40N + -
L E e
£ 5 FZF e
g, A0 F20 &5 2w 20N 20N + ; "‘.(:’\”.///;r 20N . .
3 - O\E/ 80E 100E 120E 140E 160E 80E 100E 120E 140E 160E 80E 100E 120E 140E 160E 80E 100E 120E 140E 160E
o ks o
g o F10 o) UdT/dx & T d)-VaT/dy & T ¢)UdT/dx & T d)-VdT/dy & T
g L = 60N 77 N 60N " fr-u 60N 60N —
2 4] 00 Ny C Y et =54 & —
4 L 0. = S0 Vi~ > =l
10 4 E 10 40N A 40N ) 4N o ; %% [ 40N o y
il J T 1 T s 20N Lo . 20N ; . . son e ﬂ//o £ oo MK Y
el SH LH T2m S0Ei 100E 120B T40E WOOE: B0B: 100E 12050 1405 {60k 80E 100E 120E 140E 160E  80E 100E 120E 140E 160E
T T TR R T R R T SN 111111 [T [T —
. 19123 -1 0.75-0.5-0. 25:05 0.75 1 1.251. 45-1.25 -1 -0.75-05-0.25 0 025 05 0.75 1 1.25 1.5
Net surface heat flux (Positive fluxes are Kiday Kiday
defined to be directed downward) ion: —u' 9T /0 "oT /9 7 9T' /0 5 OT' /0
Thermal advection: —u' 0T /dx ,—v'dT/dy,—u dT'/dx, —v dT'/dy

¢ high pressure = clear sky 2 downward net
radiation flux
+¢+ dry condition = suppressed

% mean temperature advection by anomalous southerly wind (—v' aT /0y) largely
affects warming over west Korea for both Z-wave and M-wave

evapotranspiration = reduced latent cooling % Warming over Korea during heat wave event is mainly driven by the net surface
“* excessive net surface radiation flux and radiation flux and latent heat flux

reduced latent cooling lead to atmospheric

heating
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Temporal evolution of two types of Korean heat wave

Z-Wave 850hPa GPH & Wave Acticity Flux
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Wave propagation feature of Z-wave

horizontal wave activity flux following Takaya and Nakamura (2001)

—T-15: low pressure anomaly over North Atlantic = part of wave
train

—T-10: wave structure gets stronger

—T-5 : positive and negative anomaly over Europe and Russia
moves eastward and high pressure anomaly appears
over South of Korea

—TO : propagation of wave activity flux is evident across Eurasian
continent to East Asia

Z-wave : wave train started over North Atlantic Ocean and Europe
from about 15 days before the onset of heat wave

Previous studies also highlighted the role of North Atlantic Ocean in
affecting East Asian climate by triggering Rossby wave that
propagates east ward (Lin et al., 2016; Moneri et al., 2018; Wu et al., 2016)
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Wave propagation feature of M-wave

—T-15: enhanced convection appears over tropical western Pacific

—T-10: enhanced convection over subtropical WNP and suppressed
convection over Korea-Japan

—T-5 : low-pressure anomaly appears over subtropical WNP and
high pressure anomaly dominates over subtropical WNP
meridional propagation of wave activity flux from WNP
to Korea-Japan

—TO :strong and well organized enhanced convection over
subtropical WNP

Z-wave : anomalous convective heating over the subtropical WNP
leads atmospheric Rossby wave that propagates poleward and
forms M-wave Pattern, which is very similar to mechanism of PJ
pattern

Evolution of composite anomalies of 850GPH/OLR/ wave activity flux at 500hPa for M-wave



a)Z-Wave b)M-Wave
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Temporal evolution of Korean Temperature during day-10 to day +10

0

Z-wave generally occur during late-July to early-
August, while occurrence of M-wave shows large
inter-event spread from mid-July to mid-August

Z-wave generally sustains above the climatology
after the peak of heat wave, while M-wave
steeply decrease below the climatology within
10 days

Z-wave has stronger intensity than M-wave after
the peak phase of heat wave

M-wave exhibits larger amplitude before the
peak phase of heat wave

Z-wave type shows steeper temporal evolution
than M-wave type




Summary

+* Most of Korean heat waves for the period of 1979-2017 are classified into two types based on atmospheric
circulation features as Z-wave and M-wave

% Z-wave type is characterized by a pronounced zonal wave train across the Eurasian continent
The dynamical properties and circulation anomalies of Z-wave are similar to those of CGT pattern

% M-wave type is characterized by meridional dipole atmospheric structure over subtropical WNP and East Asia
It seems that northward propagation of Rossby waves induced by anomalous convective heating over the
subtropical WNP lead to the development of M-wave as in PJ pattern

» Downward net radiation flux and the reduced latent cooling are mainly responsible for the both types of
Korean heat wave

% Wave propagation across the Eurasian continent to East Asia started from North Atlantic Ocean about 15 days
before the occurrence of Z-wave

% The development of M-wave is accompanied by northward propagation of meridional dipole structure of
convective activity from tropical western Pacific to East Asia
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circulation for two types of heat wave
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Drought Predictions in the mid-latitude regions during recent decades

NAPCC
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Wet Season Droughts in S. Korea (SK) and California (CA)

v Droughts can cause significant damages to the environment as well as
society due to their long-term persistency over extensive areas.

v’ Socio-economic damages caused by droughts can be substantially
large, especially when meteorological droughts are developed into
agricultural and/or hydrological droughts.

v’ Severe wet-season droughts occurred in both SK (May-Oct, MtO) and
CA (Dec-Feb, DJF) in the consecutive years from 2013/14 and 2014/15.

v' Understanding and predicting wet-season droughts are critical for
agricultural productivity and water resource management under
global warming.

Objectives

The present study investigates precipitation variability of the wet seasons
of SK (MtO) and CA (DJF) and related large-scale circulations for the

recent 21 years (1994/95-2014/15) in order to develop drought
prediction models.

Data and Methodology

v Global/station surface temperature and precipitation data from Climate Research Unit,
CRU, US climate division data, and Korean Meteorological Administration

v" NCEP Reanalysis dataset for atmospheric variables,

v' NOAA SST (extended, v4) and OLR (monthly interpolated)

v Research Period: 1975-2015 (41 years) focusing on 1995-2015 (21 years)

v’ Perform statistical analyses including EOF (Empirical Orthogonal Function), linear
correlation, regression, and composite analyses.

v Long-term trends were removed.

Boksoon Myoung?, Jinyoung Rhee!, Sang-Wook Yeh?, Jinwon Kim3, Changhyun Yoo* and Menas Kafatos?

LAPEC Climate Center, Busan, South Korea

’Dept. of Marine Sciences and Convergent Technology, Hanyang University, Ansan, South Korea
3Center of Excellence in Earth Systems Modeling and Observations, Chapman Univ., USA
“Dept. of Climate and Energy Systems Engineering, Ewha Womans University, Seoul, South Korea

Contact Information: bmyoung@apcc21.org
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Main Conclusions

v’ Primary meteorological causes of the precipitation deficits and
droughts are persistent geopotential height anomalies in the
neighboring oceans; for CA, anti-cyclonic circulations in the
northeastern Pacific and for S. Korea, cyclonic circulations in the east
of Japan. The height anomalies tend to be pronounced in weak ENSO
years.

v The former is associated with warm western-cool eastern tropical
Pacific and the latter is so with cold Norway Sea and warm Barents Sea.

v’ The North Atlantic and polar SST pattern (NA_dipole)in winter affects
the May-Oct precipitation variability in S. Korea via Rossby wave-like
teleconnections, as well as changes in sea-ice and snow depth in
Eurasia.

v’ The linkages above show significant decadal changes, in particular,
since the mid-1990s.

Correlation coefficients (21-year running) btw
the DJF precipitation and WTP_diff (red solid

Reference: Myoung, B., Yeh, S. W,, Kim, J., & Kafatos, M. (2018). Impacts of Pacific SSTs on
Atmospheric Circulations Leading to California Winter Precipitation Variability: A Diagnostic
Modeling. Atmosphere, 9(11), 455.

WTP_diff (=WTP-SNINO12) is tightly correlated
with DJF precipitation (r=0.70).

California Drought (Wet Season: Dec-Feb)
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(Left) Time series of DJF mean precipitation (1975-2016) and (right) reversed correlations with
atmospheric/SST variables (1995-2015) : Anti-cyclonic circulation in the NE Pacific is directly

responsible for dry winters in CA.
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(Left) EOF1/PC1 and EOF2/PC2 of 500 hPa geopotential height and (right) correlations of PC2

with atmospheric/SST variables (1995-2015): EOF2 is more important to DJF precipitation

variability than EOF1 (right figure and table). :
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R? values of precipitation estimation using
WTP_diff in each climate division of CA.

South Korea Drought (Wet Season: May-Oct)

a) HGT_500 b) HGT_850 with Winds
SPI6 in Oct
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(Left) Time series of SPI6 in Oct (1975-2014) and (right) 6-month (May-Oct) mean composites
in the dry years (1996, 2001, 2008, 2013, 2014): Cyclonic (anti-cyclonic) circulation in the east
of Japan (Korea) is directly responsible for dry wet seasons in SK.

., 2) Snow Depth (JEM) . . ., D) Snow Depth (MAM)
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Correlation map of SPI6_Oct with (left) May-Oct T s b o e

and (right) Jan-Mar averaged SST, OLR, and HGT at  (Top) Correlations of NA_dipole index with
500 hPa for the 21 years (1995-2015): Among the ~ snow depthin JFM and MAM and
potential predictors (black boxes), NA_dipole (down) with sea-ice concentration in JFM,
(=NS-BS) is tightly correlated with SPI6 in Oct MAM, MJJ, and ASO.
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NA dipole from 1995 to 2017
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i ,.
e scale forecasts(S2S) between weather and climate models have shown that'a empty
nstrucnon of the seamless numerical forgcastmg system. Due to its high spatial and

bon, it cannot be used immediately in hydrological or other applrcatlonﬁé fields.
¢ evaluated the accuracy o%SZS forecast data, which is increasing.in recent importance
of seamless weather and climate “forecast information, and evaluated’i icability to
ially change of water elevation i in river “based on Long- Short-Term Memiory (LSTM)
As the result of the sttidy, if the LSTM model is constructed by using the S28 prediction data

water elevation, the river good risk .cah be grasped in terms of disaster preparedl}gs. @ : Input layer
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where, N is number of datay, is
prediction valuey, is observation value
and,,  is average value of observation

8 water elevation
observation stations

20 rainfall observation
stations
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