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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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Prediction of Korean heat wave variability is a scientific challenge of practical importance. This
study investigates the variability of heat waves in South Korea in terms of frequency, duration,
and intensity over the past 40 years (1973-2012). Daily maximum temperatures were used to
define the indices of extreme months based on the number of days that crossed the thresholds.
Empirical orthogonal function (EOF) analysis was applied to the monthly indices. Correlation
between the EOF principal components and the time series of other fields allows for plotting
maps that highlight the anomalies in the large scale circulation and in the SSTs that are associated
with the occurrence of Korean heat waves.

A noteworthy feature exhibited in the results is the north-south dipole mode that dominates
the variability of the South China Sea, with opposite signs at the East Asian sector. The positive
correlation of the vorticity at 150hPa in the East China Sea induces more convection and diabatic
heating, which in turn becomes a source of a Rossby wave-train along the southerly wind that
generates positive geo-potential height anomalies around Korea. It can be concluded that Rossby
waves are generated by the heat source, with positive correlation to vorticity over South China
during July-August.

To investigate the mechanisms behind the circulation changes, we calculated the heat budget
correlation map for July-August using thermodynamic equations. Over Korea, the adiabatic
atmospheric warming due to the anomalous downward motion of air is dominant. On the other
hand, we found a positive correlation between the cyclonic circulation and Korean heat wave from
the Tropical Western Pacific to the southern part of China.

This circulation change facilitates the convective activity in the region but it weakens the moist
transport from the South China Sea to the eastern part of Korea. Anomalous meridional circulation
associated with the Korean heat wave links with the anomalous downward motion over the tropical
ocean and the anomalous ascent of air at about 20°N. This leads to extreme (hot and dry) conditions
over Korea. The observed adiabatic warming around Korea indicates that the strong positive SST
correlation around East Asia is not the primary cause of the Korean heat wave.

Korea experienced extraordinary heat waves in the summers of 1983, 1994 and 2012 with high
maximum temperatures. This may be linked to the strong positive 0D index just to the south
of Korea. To identify the dynamical evolution and features associated with the Korean heat wave,
composites of the dynamical fields (wind, vorticity, and GPH) were tested for the three extreme
events (1983, 1994, and 2012). We have calculated the SSTA for July-August (JA) and its standard
deviation using the Indian Ocean Dipole Mode Index (I0D). The 10D indices for the abnormal summer
years of 1983, 1994, and 2012 show variances of about 1.20 , 2.80 , and 1.43¢ , respectively.
We also show that the Korean hot summer patterns were influenced by the IOD. A cyclonic anomaly
was found to the east of the vorticity source region. A Rossby wave train was excited by the vorticity
source, propagating northward from southern China.

The 10D-induced cyclonic circulation over the southern part of China and the Western Pacific
weakened the seasonal northward wind from the Bay of Bengal, the South China Sea, and the
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Tropical Western Pacific, prohibiting Korea from receiving the normal moisture from these tropical
regions. The anomalously hot summer climate over Korea is explained as a result of the anomalous
dynamic heating around Korea and diabatic heating over the eastern part of China. Therefore,
the sea surface temperature (SST) anomaly in the Indian Ocean played an important role in forming
the Korean heat wave intensity.

As the Korean heat wave event started around early June, the associated downdraft induced
adiabatic atmospheric warming and drying through entrainment of dry air from the upper
atmosphere. This warmer and drier air reduced precipitation and total cloud amount and decreased
soil moisture. The reduced total cloud amount increased downward surface solar radiation with
a mean anomaly magnitude of approximately 10 W m” over South Korea. Therefore, the maximum
temperature at the surface rose.

The decreased soil moisture contributed to a decrease in latent heat flux from the land to
the atmosphere. The drier land, increased surface shortwave radiation, and decreased latent heat
flux all contributed to the rapid warming of the surface air and land. The large increases in the
sensible heat flux (about 6.2 Wm™?) and longwave radiation (about 1.2Wm?) reflected the increasing
surface temperatures. Also shown is evidence that the Korean heat wave was amplified by positive

feedback through changes in surface energy fluxes between the atmospheric high pressure pattern
and soil moisture.

Keywords: Korean heat wave, Rossby wave, heat source, adiabatic warming, convective activity
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The KMA observational stations in Korea used for this study.
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Table 1 Definition of Heat wave (KMA)

Type Advisory Warning
Maximum temperature exceeding the 33C Maximum temperature exceeding the 35C
Heat waves
for at least two days for at least two days
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Figure 2 Climatological heat wave a) frequency (#), b) duration (day), and (c] intensity (C) over Korea.
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integrated moisture flux and moisture conversion, only those exceed the 95% confidence level are plotted.
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Figure 10  Correlation between PC1 and (a) U-wind at the 200 hPa and (b) longitude cross section of eddy
height at 40°N. In a), shading represents the u-wind greater than 25 m s .
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Figure 11 Correlation between PC1 and 500hPa Geopotential Height (gpm). Shading exceeds the 95%
confidence level.
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Figure 12 Correlation between PC1 and a) 150hPa Vorticity and b) Meridional-vertical circulation(vector) and
Temperature (shading) over 110-135E. Shading exceeds the 95% confidence level.
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Figure 13 Correlation between PC1 and a) diabatic heating rate, b) moisture , ¢ adiabatic heating rate,

and d) horizontal advection. All these quantities are vertically averaged over pressure from surface to 100hPa.
Shading exceeds the 95% confidence level.
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Figure 14 Correlation between PC1 and SST for July-August. Shading exceeds the 95% confidence level.
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Dipole) 2} A/ AI5HITE. 10D= Saji et al.(1999)0f] 2l8fl sith7] 2et K=
ANt 9F9] IOD+:  tropical western Indian Ocean(WIO, 50°E~70°E,
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Table 2 Averaged July-August SST anomalies in strong Korean Heat wave year (1983, 1994, 2012) and Standard
deviation from 1982 through 2011 for different Tropical Region.

Year Regions |ODMI WIO SIO Nino 3.4

1983 SSTA 0.54 0.54 -0.00 0.93

1994 SSTA 1.37 0.04 -1.33 -0.36

2012 SSTA 0.70 0.36 -0.34 0.81
1982-2011 o 0.49 0.26 0.42 0.83
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oF 2,80 gh Holu, 2012\0]= 1,430 ZF2 UERHL l 2219940 oF 8711 F<t
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Figure 15 July-August SSTA from climatology: a) 1983, b) 1994, c] 2012 and d] composite.
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Figure 16 a) JA 850hPa anomaly, and b) vertically integrated moisture flux (vector], and moisture

convergence (shading) anomalies.
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Figure 17  a) JA 150hPa vorticity anomaly and b) pressure-latitude section aged over 110E-130E(-100*pa/s,
shading). The vectors show the vertical-meridional velocity. The vertical motion has been multiplied by ~100.

Table 3 List in chronological order of ten major warm events occurred in Korea during 1973-2012.

July August

Year
Start time End time Duration | Intensity |  Start time End time Duration | Intensity

1973 | 5 July 1973 | 29 July 1973 24 34.1 |4 August 1973 |16 August1973 22 34.0

1977 | 20 July 1977 | 31 July 1977 12 34.4 |1 August 1977 | 4 August 1977 4 34.4

1983 | 25 July 1983 | 31 July 1983 7 34.2 |1 August 1983 |18 August 1983 16 34.4

1984 | 25 July 1984 | 31 July 1984 7 340 |1 August 1983 |13 August 1984 13 34.4
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July August
Year
Start time End time Duration | Intensity | Start time End time Duration | Intensity
1990 | 21 July 1990 | 31 July 1990 11 34.0 |1 August 1990 |26 August 1990 26 335
1994 | 1 July 1994 | 31 July 199 31 35.1 |2 August 1994 |9 August 1994 8 34.6
1996 | 17 July 1996 | 31 July 1996 15 341 |1 August 199623 August 1996 23 34.2
2004 | 18 July 2004 | 31 July 2004 14 34.4 |1 August 2004 |14 August 2004 14 34.1
2006 | 28 July 2006 | 31 July 2006 4 33.9 |1 August 2006 |17 August 2006 17 344
2012 | 19 July 2012 | 31 July 2012 13 342 |1 August 2012 |12 August 2012 12 34.8
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Figure 19 Distribution of a) 500hPa GPH (m), b) total cloud fraction (%], c) downward shortwave radiation
(W/m?) and d) 2m temperature(<) anomalies. Shading areas indicates statistically significant regions the 98%
confidence level.
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Figure 20 Area mean NCEP shortwave (SW) and longwave (LW) radiation, latent heat(LH) and sensible heat
(SH) flux, net flux(net) at the surface, and 0~10cm soil moisture (SM1) and 10~200cm soil moisture (SM2) over
south Korea. Units are W m ~ for fluxes, C for surface temperature, and faction (x100) for soil moisture.
Red(blue) color denotes warming(cooling) of the land surface.
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Deep convective activity over South China
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Figure 21 Schematic diagram showing the fast response and feedback process in the water and energy
cycle. (Adopted from Lau and Bua, 1998)
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