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1. Introduction

East Asian summer monsoon (EASM) is a main component of the
Asian summer monsoon system and subtropical monsoon including
China, Korea and Japan (20°'N-45°N, 100°’E-140°E). The East Asian
summer monsoon plays crucial role on the weather and climate over
the regional as well as on a global scale that is quite a complicated
system (Xu and Wu 1999). Several studies have also explored that
EASM 1is associated with interannual—variability to changes in the
Eurasia or Tibetan Plateau snow cover and the- Pacific and Indian
Ocean Sea Surface Temperature (SST).

Especially’ in this study we deal with delayed impact of the Pacific
and Indian Ocean SST on East Asian summer monsoon. Many studies
have cited| the El Nifio Southern Oscillation (ENSQO) phenomenon as
the primary factor for the delayed impact on East Asian summer
monsoon. Summer rainfall over East Asia region is greatly influenced
by the western “North Pacific subtropical. hight (WNPSH) and the
intensity of the anomalous~WNPSH is a key factor in the EASM
variation (Lee et al. 2005). The anomalous Philippine Sea anticyclone
conveys impacts of El Nifio to East Asian climate during the mature
and decay of an El Nifio (Wang et al. 2001). However, recent studies
have examined influence of the Indian Ocean Dipole (I0OD) on EASM.
IOD 1s a coupled ocean—-atmosphere phenomenon in the Indian Ocean.
It is normally characterized by anomalous cooling of SST in the south

eastern equatorial Indian Ocean and anomalous warming of SST in the
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western equatorial Indian Ocean. (Saji et al., 1999; Webseter et al.,
1999; Behera et al.,1999). The different phases of the dipole that
different phases of the IOD mode change the intensity of the South
Asian High and the western North Pacific subtropical high in summer
(Li and Mu 2001). IOD generates a Rossby wave train that causes an
extremely hot and dry summer in eastern Asian countries (Guan et al.
2003). SST in the tropical Indian Ocean plays an important role in
prolonging the IOD impact on the atmospheric circulation over South
and East Asia (Yuan et al. 2008a).

In a follow—up study, Kripalani et al. 2010-is found that positive
dipole during autumn could suppress the following summer monsoon
activity over’ East Asia three seasons later in- particular over the
Korea—Japan sector. Additionally they emphasize that IOD has a
stronger relationship  with the  subsequent summer| monsoon
precipitation distribution over East-Asia western—-North Pacific region
than the ENSO phenomenon.. However, in previous study, /it is difficult
to explain the detailed precipitation information due to the limit of data
about coarse resolution. - Moreover | some - studies pointed out the
increase of the horizontal resolution is crucial for realistic climate
simulating using the AGCM. (Deque and Piedelievre, 1995; Stendel and
Rockner, 1998; Stratton, 1999).

In this study, we re—examine the relationship of I0OD and ENSO on
EASM using the global high resolution model GME. First, we have
analyzed the present climate simulation and performed sensitivity

experiment induced by variation of SST associated 10D and ENSO.



2. Present-day Climate simulation Analysis

2.1 Model description

The higher horizontal resolution has been chosen in order to
represent more realistically climate simulation that is supposed to play
a crucial role. In this study we have used the GME atmospheric
general circulation model (AGCM) (Majewski et al, 2002) with 40 km/
40 layers to investigate the relationship of Indian Ocean Dipole (IOD)
and El Nifio/Southern Oscillation (ENSO). on East Asia Summer
Monsoon.

GME 1i1s/ based' on an almost uniform icosahedral-hexagonal grid.
GME grid point approach also avoids the large amount of global
communication required by spectral transform techniques as well as
the large number of arithmetic operations normally associated with
Legendre transforms' at high spatial resolution. A major advantage of
the icosahedral - hexagonal grid is the avoidance -of the so-called pole
problem that exists in conventional latitude - longitude grids. The
singularities at the poles lead to a variety of numerical difficulties
including a severe limitation on the time step size unless special
measures are undertaken. These difficulties simply vanish for grids not
having such singularities. To generate the grid, a regular icosahedron
1s constructed inside the sphere such that 2 of its 12 vertices coincide

with the North and South Poles. Five of the other 10 vertices are



spaced at equal longitudinal intervals of 72°(=360°/5) along a latitude
circle at 26.565°N, the other 5 along a latitude circle at 26.565°S.
Connecting nearest neighbors among these 12 points with great circle
arcs divides the spherical surface into 20 equal spherical triangles (Fig.
2.1). Beginning from this grid of icosahedral triangles, a new finer grid
of triangles is generated by connecting midpoints of the spherical
triangle sides by an additional set of great circle arcs (Fig. 2.1b). This
process may be repeated until a grid of the desired resolution is
obtained (Fig. 2.1c and 2.1d). This construction procedure yields a grid
consisting of 10n+2 grid points (nodes) and 20n;” elementary spherical
triangles, where n; is the number of equal intervals into which each
side of the ~original icosahedral triangles is divided. Each of these
10n+2 grid points 1 is' surrounded by 6 nearest neighbors except for
the original 12 icosahedral vertices, which are surrounded by only 5.
We therefore refer to these 12 special points as pentagonal points. If
we place all. variables at the vertices of the triangles /(Arakawa A
grid), the dual ‘mesh 'consists exclusively of hexagons except for the

12 pentagons at the pentagonal points.
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In the wvertical direction, finite differences are applied in a hybrid
(sigma pressure) coordinate system to all prognostic variables. The
prognostic equations for horizontal velocities, temperature, and surface
pressure are solved using a semi-implicit Eulerian approach and for
two moisture fields using a semi-Lagrangian scheme to ensure
monotonicity and positivity. Prognostic variables are ps, u, v, T, qv,
qac, qi, Os. Geodesic Model GME generally employs the same methods
and procedures as applied in NWP(Numerical Weather Prediction) grid
schemes.

Different physical —parameterization methods- used in GME are

summarized in Table 2.1.

Radiation and clouds Ritter and Geleyn. (1992)
Grid—scale| precipitation Doems and Schattler (2003)
Convection Tiedtke (1989)

Turbulent fluxes in the~ABIl and the ' Muller (1981),.based on Louis (1979)

free atmosphere Mellor and Yamada (1974)
Soil Model Heise and Schorodin(2002)
SSo scheme Lott and Miller (1997)

Table 4.1 Summary of physical parameterization methods in GME



2.2 Data and methodology

The primary datasets used in this study include present-day climate
simulation data using the Global model GME. They provide 3 hourly
information of 0.4° (longitude and latitude) resolution, covering the time
period from 1979 to 2008. Daily climatological AMIPII Sea Surface
Temperature and Sea Ice observations have been used for the lower
boundary.

To classified the IOD and- ENSO,-we calculated the seasonal
standardized DMI (Dipole Mode Index) and Nifio3~index from 1979 to
2008. A year is counted as being a IOD year if the. seasonal time
series exceeds 0.5 for two or more consecutive months between and
including June and December. El Nifio(La Nifia) year is counted if the
seasonal time series is larger(smaller) than +0.5(-0.5) for two or more
consecutive ' months between and including June and February of the
following year. With these criterion, the years 1982, 1991, 1994, 1997,
2002, 2006, 2007 “are identified as positive 10OD..In a* similar way, the
yvears 1980, 1981, 1984, 1989, 1990,- 1992; 1993, 1996, 1998, 2001, 2005
are identified as negative events. The years of positive dipole events
associated with El Nifo are 1982, 1991, 1997 and the years of positive
dipole events associated with La Nifia are 1981, 1984, 1992, 1996, 1998.
The year of El Nifio without IOD events are 1987, 2002 and La Nifa
without IOD events are 1988, 1999 (Fig. 2.2). In addition some positive
10D events occur during the same year as El Nifio, and the same can

be said about negative IOD events and La Nifia.
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2.3 Rainfall variability over East Asia

To ascertain EASM inter—annual variability depending on 10D, we
analyze accumulated precipitation distribution over East Asia region
using the result of model simulation for 30 years period. To get a
broader perspective on the surrounding region, differences over the
East Asia domain lying between 15°N -40°N and 110°E - 145°E are
determined. In the discussions to follow, the suffix —1, 0 and +1 with
the seasons indicate the seasons for the preceding, concurrent and the
following year, respectively, associated with the dipole events.

The composite precipitation differences  between. positive and
negative dipole events for.the summer of the concurrent. year (JJAO)
and for the summer during the following year (JJA+1l) are shown in
Fig. 2.3. These composites also include ENSO-related years. Fig. 2.4.
1s same as! Fig. 2.3. but for the differences between El Nifio and La
Nifia events. These composites also include IOD-related years. Fig. 2.3.
reveals that the positive precipitation anomalies prevail over East Asia
domain during JJAO.

However, there is indication of negative precipitation anomalies over
Japan and positive anomalies over Korea region during the following
summer (JJA+1). Stronger positive precipitation anomalies prevail over
East Asia domain during JJA+1 than during JJAO (Fig. 2.3). Although
region of Korea and Japan is adjacent, the phases of anomaly show
opposite during JJA+1 (Fig. 2.4). Thus, in this study we especially

focus on Korea and Japan area over the East Asia.



Precipitation difference Positive dipole minus Negative dipole

(a) JJAD (b) JUA+1

Fig. 2.3 Composite accumulated precipitation anomalies in millimeters for the

positive minus negative dipole events; (a) the concurrent year summer (b)
following year summer
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Fig. 24 Same as Fig. 2.3. but for the El Nifio minus La Nifa

events; (a)
the concurrent year summer (b) following year summer
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To ascertain whether the coherent negative precipitation anomalies
prevailing over the Japan and positive anomalies over Korea can be
related with the IODM and/or ENSO phenomenon, a time series of
area—mean summer (JJA+1) precipitation over the sector occupied by
intense negative precipitation anomalies over the area A (36°N-40°N,
126°E-129°E) and positive precipitation anomalies over the area B
(32°N-38°N, 135°E-144°E) is prepared. Lead/lag CCs are computed
between this precipitation time series and indices of the IODM and
ENSO phenomena. Since IOD and ENSO sometimes co—occur, we have
used a partial correlation analysis to extract a-sole influence of 10D
and ENSO on East Asian summer monsoon.

The partial correlation measures the degree of association between
two random variables, with the effect of a set of controlling random
variables removed. Partial correlation coefficient is @ calculated by

Equation (1).

Txy~ TxzVyz
2 2

PCC,=Tryy .=

Txy + XversusYcorrelation
Ty, * Yversus Zcorrelation

Txy * ZversusXcorrelation

_11_



The partial correlation coefficient between the precipitation with the
IODM removing ENSO effect and the precipitation with the ENSO
mode removing IODM effect is also computed. For a sample of this
size the significant CC is ~0.3 at 909 confidence level.

The upper panel of Fig. 2.5 reveals positive relationship of IOD
index with subsequent summer monsoon rainfall over Korea.
Furthermore, the relation of autumn IOD index with subsequent
summer monsoon rainfall over Korea is still similar after the ENSO
effect is eliminated. But, this area is not relationship with ENSO.

On the other hand, the lower panel of Fig:-25 shows significant
negative relationship of ENSO index during SON “and IOD index
during DJF over Japan. (significant CE. at 90% confidence level is ~
0.3 for a sample of the size) This analysis shows that the IOD might
have a stronger relationship with the subsequent summer monsoon
precipitation distribution over EAWNP(East Asia-West Pacific) region

than the ENSO phenomenon:

_12_
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Fig. 2.8 Correlation coefficients “between -the seasonal IODM and
ENSO indices with area-mean summer precipitation; (a) Korea (b)
Japan IODM-ENSO (ENSO-IODM) illustrates the partial
correlation coefficient with IODM (ENSO) after removing the
effect of ENSO (IODM). The seasons on the left (light) of JJAO

indicate indices leading (lagging) summer monsoon precipitation.
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2.4 Relationship of IOD and ENSO upon snow depth

Atmospheric circulation associated with IOD and ENSO does not
have such a long memory. However, according to Corti et al. 2000, the
large scale long-lasting anomalous circulation system may determine
both winter and early spring snow depth anomalies over Eurasia, due
to persistence. Kripalani et al. 2005 suggest that delayed influence of
positive IOD could be carried by the Eurasian snow via the northern
hemisphere mid-latitudes.

Based on the discussion of the above-cited “studies, we speculate
relationship between snow depth and IOD to explain the delayed
impact of IOD and ENSO. The composite snow depth differences
between these two sets of extreme ' dipole events ‘for the following
winter and 'spring have been determined (Fig. 2.6). Positive snow
depth anomalies indicating heavy snow have been noted in the north
of Korea over the" region “b0°N 760°N, 130°E -140°E /and western
Eurasia over the. region 50°N - 60°N, 40°E - 100°E. during the winter
and spring season.

Thus this analysis suggests that IOD may be associated with the
winter and spring snow distribution over the north Korea and western
Eurasia region. In particular, the positive phase of the dipole during
summer/autumn may favour heavy snow during the following

winter/spring over north of the Korea and western Eurasia.

_14_
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Fig. 2.9 Composite snow depth anomalies in centimeters for the

positive minus negative dipole events; (a) DJF0, (bh) MAM+1
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Again the above composites also contain ENSO-related vyears.
Hence to further ascertain the possible role of the dipole mode on the
snow distribution over Korea and western Eurasia region area - mean
time series of snow depth during winter (DJF) and spring (MAM) are
prepared. (Fig. 2.7 central panel). Again lead/lag CCs are computed
between the snow depth time series and indices of the IODM and
ENSO phenomena as shown in Fig. 2.7.

To assess the role of the ENSO phenomena in these relations,
partial CCs of IODM index with snow depth are determined, after the
variance associated with ENSO phenomenon is removed. In DJF, snow
depth over area C (50°N -60°N, 40°E - 100°E) has larger positive
relationship with  ENSO than IOD (Fig. 2.7b), negative relationship
with IOD and ENSO.

On the other hand, snow depth over area D(50°N - 60°N, 130°E -
140°E) during  both "DJFO and MAM+1 is significant positive
relationship with IOD and “ENSO (significant CC at 909 confidence
level is ~ 0.3 for a-sample of the size). Also CCs of snow depth with
IOD is larger than- ENSO. Thus, the -composite and correlation
analyses suggests that the autumn IOD has a stronger relationship
with the subsequent winter and spring snow distribution over area D

than ENSO phenomenon.
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2.5 Relationship between snow depth and rainfall

Recently Wu and Kirtman (2007) examined the relationship between
winter and spring Eurasian snow with subsequent spring and summer
precipitation over East Asia. They suggested that snow and monsoon
variability could both be induced by ENSO forcing and the snow -
monsoon relationship could be a product of ENSO. They also
suggested that snow effects could also be independent of ENSO. To
examine this issue, the spring area - mean snow depth over the central
Asia and north of Korea and Japan is correlated with area - mean
summer precipitation over East asia. Table 2.2, Table-2.3 shows that
summer rainfall over both+Korea and Japan has no relationship with
snow depth over area C during the winter and spring. Table 2.4 also
shows that there is no relationship between snow depth over area D
summer rainfall over Korea region. But summer rainfall over Japan is
significant negative relationship with snow depth over area D in
MAM+1. The -correlation coefficient between the. spring snow and
summer precipitation 1s-—0.309. Once the"IOD.effect (or ENSO effect)
1s removed, the partial correlation coefficient is still similar.; significant

at 909 confidence level.
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Variablel Variable2 Control variable CCs (or PCCs)
Snow depth Snow depth
- -0.034
(DJFO) (MAM+1)
Snow depth Precipitation
- -0.128
(DJFO0) (JJA+1)
Snow depth Precipitation
ENSO -0.061
(DJFO0) (JJA+1)
Snow depth Precipitation
I0DM -0.188
(DJFO) (JJA+1)
Snow depth Precipitation
- 0.234
(MAM+1) (JJA+1)
Snow depth Precipitation
ENSO 0.224
(MAM-+1) (JJA+D)
Snow depth Precipitation
I0DM 0.212
(MAM+1) (JJA+D)

precipitation over area A

Table 2.2 Correlation coefficients between snow depth
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Variablel Variable2 Control variable CCs (or PCCs)
Snow depth Snow depth
- -0.034
(DJFO) (MAM+1)
Snow depth Precipitation
- 0.069
(DJFO0) (JJA+1)
Snow depth Precipitation
ENSO 0.042
(DJFO) (JJA+1)
Snow depth Precipitation
I0DM 0.063
(DJFO0) (JJA+1)
Snow depth Precipitation
- -0.122
(MAM+1) (JJA+1)
Snow depth Precipitation
ENSO -0.143
(MAM+1) (JJA+1)
Snow depth Precipitation
10DM —0.118
(MAM+1) (JJA+1)

Table 2.3 Correlation coefficients between snow depth over area C and

precipitation over area B
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Variablel Variable2 Control variable CCs (or PCCs)
Snow depth Snow depth
- 0.743
(DJFO) (MAM+1)
Snow depth Precipitation
- 0.055
(DJFO0) (JJA+1)
Snow depth Precipitation
ENSO 0.035
(DJFO) (JJA+1)
Snow depth Precipitation
I0DM 0.054
(DJFO0) (JJA+1)
Snow depth Precipitation
- 0.082
(MAM+1) (JJA+1)
Snow depth Precipitation
ENSO 0.112
(MAM+1) (JJA+1)
Snow depth Precipitation
10DM 0.082
(MAM+1) (JJA+1)

Table 2.4 Correlation coefficients between snow depth over area D and

precipitation over area A
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Variablel Variable2 Control variable CCs (or PCCs)
Snow depth Snow depth
- 0.743
(DJFO) (MAM+1)
Snow depth Precipitation
- -0.107
(DJFO0) (JJA+1)
Snow depth Precipitation
ENSO -0.056
(DJFO0) (JJA+1)
Snow depth Precipitation
I0DM -0.117
(DJFO) (JJA+1)
Snow depth Precipitation
- -0.309
(MAM+1) (JJA+1)
Snow depth Precipitation
ENSO -0.300
(MAM-+1) (JJA+D)
Snow depth Precipitation
I0DM -0.311
(MAM+1) (JJA+D)

precipitation over area B

Table 2.5 Correlation coefficients between snow depth over area D and
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2.6 Circulation associated with heavy snow

Recent studies suggest that the large-scale long-lasting anomalous
circulation systems and the winter and spring snow depth anomalies
over Eurasia are well connected (Ferranti and Molteni, 1999; Kripalani
and Kulkarni, 2001; Corti et al, 2000). Snow depth changes are more
indicative of changes in the large-scale mid-latitude circulation. This
could further affect the land temperature, land-sea temperature contrast
and subsequent monsoon strength (Meehl, 1994, 1997). The land-sea
temperature contrast-plays important role on monsoon. Shukla 1987
hypothesized that an excessive snowfall during the previous winter and
spring seasons can delay .the build up of the monsoonal temperature
gradient because part of the solar energy will be reflected and part
will be utilized for melting the snow or for evaporating the soil
moisture. A relatively small amount of energy will be left for warming
the surface and hence the atmosphere. Snow melting, soil hydrology,
change the meridional ‘gradient of' the temperature -of the land and
overlying atmosphere, ~and. in turn affect the development of the
following monsoon (Barnett et al. 1989).

In above analysis, the IOD shows significant relationship with snow
depth over area D. To examine the circulation patterns associated with
the snow depth over the above identified location, composite differences
are prepared for heavy minus light snow events. As shown Fig. 2.8 to
define the extreme snow events we standardized snow depth from

1979 to 2008 period. After that, we identify heavy (light) snow events
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if standardized value exceed +1.0 (-1.0) With this criterion, extreme
winter seasons with heavy snow (in the years 1994, 1996, 1997, 2002)
and light snow (in the years 1981, 1989, 2005) over area D are

identified.
Standardized Snow depth over area D and Rainfall over area B

3
2 -

g

.E 1 -

o

=]

&

g °]

(=}

(]

=]

2z -1 4

o

=

w
228 —8— Snow depth

O Rainfall
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year

Fig. 2.8 Standardize~ snow  depth® over the.area D and
Rainfall over area B-from 1979 to 2008
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To examine the circulation patterns associated with the snow depth
over the above identified location, composite differences are prepared
for heavy minus light snow events. Fig. 2.9 indicate 500 hPa
geopotential height differences for the heavy minus light snow events
(upper panel) and 850 hPa wind vector differences (lower panel). In
case of heavy snow events, 58830 line of geopotential height approach
towards Korea region. It means North Pacific Subtropical high is
intensified during summer. But there is negative geopotential height
differences north of Japan region unlike Korea. Fig. 2.9 (lower panel)
reveals that low-level -northerly winds over Japan and southerlies over
Korea are strong. This northerly winds suppress summer monsoon
over Japan since northerly winds over Japan will- inhibitthe moisture
supply towards Japan. On the contrary, southerly winds strengthen the
moisture supply towards Korea that intensified summer monsoon
rainfall over Korea.

Therefore “the circulation-anomalies indicate some signals of snow
effects. It is interesting to note that the main-inferences drawn from
Fig. 2.9 are similar to. the ones based ‘on -the composites of extreme
dipole events shown by Kripalani et al 2010. Thus, the similarity of
the anomalous mid-latitude circulation patterns associated with the
positive dipole mode over the Indian Ocean and heavy snow over area

D suggests that they may be inter-linked.
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(a) Composite differences of500hPa Geopotential
heights forthe extreme snow depth events (JJA+1)
Heavy minus Lightsnow

) .-//L“ Contour line : Light snow events
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(b) Composite differences of 850hPawind vector (m/s)
forthe extreme snow depth events (JJA+1)
Heavy minus Lightsnow
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Fig. 29 Composite seasonal differences of 500hPa
geopotential height in meters for the extreme now depth

events (heavy minus light snow over area D)
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2.7 Relationship of IOD and ENSO on surface

temperature

To ascertain whether the north-south land-sea contrast is an
important factor, a time series of area—mean surface temperature
anomalies over the East Asia is prepared. As in Fig. 2.5 and Fig. 2.7
correlation and partial correlation analysis of surface temperature over
Korea and Japan with the IODM and ENSO indices are presented in
Fig. 2.10. shows surface temperature over Korea is stronger positive
relationship with IOD in DJFO than ENSO. Over-Japan there is also
positive relationship with IOD in DJFO but, CCs is smaller than over
Korea.

The positive CCs imply that heavier snow could be associated with
higher temperatures over Korea and Japan. It is apparent that heavier
snow depth corresponds. to lower temperature. Thus /' the lower
temperatures ‘over the north and higher temperatures over the south
would increase the meridional temperature. gradient resulting in air

flow from the northern cooler region to the southern warmer region.
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(a)Area A (36°N-40°N 126°E-129°E), JJA+1
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Fig. 2.10- Correlation. coefficients between. the seasonal
IODM and ENSO indices with area-mean summer surface
temperature; (a) “Korea  (b) —7Japan IODM-ENSO
(ENSO-IODM) illustrates the partial correlation coefficient
with IODM (ENSO) after removing the effect of ENSO
(IODM)
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3. Sensitivity experiments

3.1 Experiment design

In this study nine sets of numerical experiments are performed by
GME model: the control run with climatological SSTs, and 8 sets of
sensitivity experiment with additional forcing from the composite
anomalies associated with IOD and ENSO. The nine sets of
experiments have been deseribed in Table-3.1. Sensitivity experiments
are composed by the runs with SSTs associated with only the positive
and only negative phase of the dipole mode (not in concurrence with
El Nifio/La Nifia), runs with SSTs associated with only El Nifio or La
Nifia (not in concurrence with IOD), runs with SSTs associated with
positive dipole in concurrence with El Nifio, runs with SST's associated
with positive dipole in ‘concurrence with La Nifla, runs with SSTs
associated with negative dipole in concurrence with El Nifio and runs
with SSTs associated~with--negative dipele in' concurrence with La
Nina.

To identify the sensitivity, we use the observed AMIPII
(Atmospheric Model Inter-comparison Project) SST from 1960 to 1999.
To determine the SST anomaly patterns associated with the positive
and negative phases of the dipole mode, time series of monthly Dipole
Mode Index (DMI) and Nifio3 has been examined. An index to
quantify the IOD has been proposed by Saji et al. (1999). This is the

difference in SST anomaly between the western Indian Ocean (50°E-70
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‘E, 10°S-10°N) and the southeast Indian Ocean (90°E-110°E, 10°

S-equator) and is denoted as DMI.

ENSO phenomenon is quantified by the Nifio3 Index that is

standardized SST anomalies over Nifio3 region (5°S-5'N 150"W-90°W).
The DMI and Niflo3 index calculated from 1960 to 1999 is shown in

Fig. 3.2.

DMI>0.5

-0.5<DMI<0.5

DMI<-0.5

(a) Positive TOD

(b) No_ Dipole

(c) Negative I0D

Nifio3>0.5
and El Nifio and El Nifio and El Nifo
(d) Positive I0D (f) Negative 10D
-0.5<Nifi03<0.5 (e) Climatology
and Neutral and Neutral
(g) Positive 10D (h) No Dipole (i) Negative 10D
Nifi03<-0.5

and La Nina

and La Nifa

and La Nifna

Table 3.1 Group of 10D “and ENSO using the Nifio37index and DMI
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The SST anomaly pattern (Fig. 3.3 upper panel, left) shows positive
anomalies west of 80°E and negative anomalies east of this meridian
for the positive phase of the dipole mode in equatorial Indian Ocean. A
reverse anomaly pattern is clearly visible for the negative phase of the
dipole phenomenon (Fig. 3.3 upper panel, right). (Fig. 3.3 central panel,
left) represents El Nifio. Significant positive Nifio3 SST anomalies are
visible in Pacific Ocean. Significant negative Nifio3 SST anomalies are
visible in Pacific Ocean indicating La Nifa (Fig. 3.3 central panel
right). These SST patterns (Fig. 3.3 central panel) associated with El
Nifio and La Nifia are independent of IODM. Fig. 3.3 (Lower panel,
left) depicts positive IODM event occurring with La Nifia. In this case,
SST anomaly «patterns (Fig: 3.3 lower - panel, “left)  show positive
anomalies west of 80°E, negative anomalies east of this meridian and
over the entire Pacific Ocean. Similarly a pattern for negative 10D and
El Nifio has been presented in Fig. 3.3 (Lower panel, right), showing
positive SST. anomalies east of 90°E, but with some weak negative

SST anomalies along 150°E.
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SST forcing : 8 Composite SST Anomalies (1960-1999, 40years)

(a) Positive Dlpole EI NII‘ID (b} El Nino Dnlg..r (c) Negative Dipole, El Nino

1999 (f) Negative Dipo -in ([H g‘llpofl'é! and La Nifia case (h)

La Nifia only case (i) Negatlve Dlpole and La Nma case
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These SST composites have been super-imposed on the
climatological SST patterns for the eight sensitivity experiment. Thus
control run is performed with only SST climatology from 1960 to 1999
, and the sensitivity experiments are carried out with additional forcing
from the composite anomalies associated with the extreme dipole
phases. IOD initiates in summer and peaks in autumn, so the
sensitivity experiment was designed in such a way that 50% SST
forcing was given in summer, full 100% forcing in autumn, 50%
forcing in winter and thereafter experiment continued with
climatological SST. (Fig. 3.4.)

Finally we apply to the middle each month, and daily SSTs were
obtained by linearly . interpolating between these monthly" mean values
for the boundary condition. After, to reduce the initial transients we
conducted procedure of spin-up for one month with initial condition
and boundary condition. Model simulation is performed from March for

two years.
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e SSTboundary condition

(a) Control run

1l MAMO JJAD SONO DJFO
start 0% . 0% . 0% i 0%
$ST Climatology SST Climatology $5T Climatology SST Climatology
MAM+1 JUA+1 SON+1 DJF+1
0% i 0% i 0% i 0% i
SST Climatology SST Climatology SST Climatology SST Climatology

(b) 8 cases sensitivity experiment (J.-H. Oh et al. 2005)

MAMO JJAD SONO DJFO
start 0% o 50% : 100% ks 50% 2
SST Climatology 5T forcing 50% S$ST forcing 100% S5T forcing 50%
55T Climatology 50% 55T Climatology 50%
MAM+1 JJA+ SON+1 DJF+1
0% 0% 0% 0%
SST Climatology 55T Climatology SST Climatology 55T Climatology

Fig. 3.4 Schematic” representation of design-—-of (a) Control run and (b)
sensitivity experiments.
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3.2 Result of experiments

3.2.1 Rainfall distribution over East Asia

Fig. 3.5 shows rainfall difference in millimeters during the following
summer (JJA+1) by present climate simulation (left panel) and
sensitivity experiments (right panel). Fig. 3.5a indicates Positive dipole
minus Negative 10D phase excluding ENSO and Fig. 3.5b shows El
Nifio minus La Nifia phase excluding IOD. As seen in Fig. 3.5a in
case of positive dipole phase present-day climate- simulation shows
negative anomalies over FEast Asia and similar with sensitivity
experiments,

However the strength of the negative anomalies during sensitivity
experiments appear to increase in particular over Korea. As seen in
Fig. 35b in case of El Nifio minus La Nifia excluding IOD
present-day climate .simulation shows positive anomalies over East
Asia. But in sensitivity: experiments we _see the positive and negative
anomalies, picture is not clear. Thus" with-the sensitivity experiments
it appear the IOD delayed impact is more than the delayed impact of
ENSO.
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(a) Positive IOD minus Negative IOD (excluding ENSQO)

Present-day climate Sensitivity
simulation experiments
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(b) El Nifio minus La Nifa (excluding I0D)

Present-day climate
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Fig. 35 Raié%ikdifference illimeters during the fol}a{zving summer
(JJA+1) by present c% simulation (left panel) a ensitivity experiments
(right panel); (a) Posi‘gh diﬁirmeg%‘lw excluding ENSO
(b) El Nifio minus La Nifia-p e ext _g_{_____.--"'f
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3.2.2 Snow depth distribution over East Asia

Fig. 3.6 shows snow depth difference in centimeter during the
winter and spring by sensitivity experiments. Upper panel indicates
Positive dipole minus Negative IOD phase excluding ENSO and lower
panel shows El Nifio minus La Nifia phase excluding I0D. Comparing
upper panel and lower panel we see that more snow 1s induced over
the NH mid-latitudes for the IODM case. If we focus on attention just
north of Korea-Japan, we -can see positive snow anomalies for the

IODM case, but for'the ENSO case results are notclear.
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Snow depth difference (cm) for the Positive minus Negative dipole events
(a) DJFO (b) MAM+1
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Snow depth difference (cm) for the events 5

(c) DJFO (d) MAM=+1 2

a

6

8

Fig. 3.6 Snow depth difference in centimeter during the winter and spring by sensitivity
experiments; Positive dipole minus Negative IOD phase excluding El Nifio (upper panel) and El

Nifio minus La Nifia phase excluding IOD (lower panel)
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3.2.3 Circulation associated with I0OD and ENSO

Fig. 37 shows 500 hPa geopotential height difference in meter
during the winter and spring by sensitivity experiments. Upper panel
indicates Positive dipole minus Negative IOD phase excluding ENSO
and lower panel shows El Nifio minus La Nifla phase excluding 10D.
In case of Positive dipole minus Negative IOD there exist positive
anomalies over Korea and negative anomalies over north of Japan
while in El Niflo minus La Nifia there are negative anomalies over
north of Korea and Japan.

Fig. 3.8 shows 850 hPa Wind vector difference in-m/s during the
winter and spring by sensitivity experiments. Upper panel indicates
Positive dipole minus Negative IOD phase excluding El Nifio and lower
panel shows El Nifio minus La Nifa phase excluding 1I0D! The flow
pattern for ‘positive IOD minus negative IOD shows weakening of low
level jet which will “inhibit “transport of moisture from pacific towards
Korea and Japan. This.may lead to less rainfall. No' such feature is

clearly seen for the ENSOrcase.
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(a) Positive 10D minus Negative IOD events
(excluding ENSO)

(b) El Nifio minus La Nifia events
{excluding IOD}

—40-F0-20-10010 20 ¥ 40

o

Fig. 3.7 500._ hPa ~geopotential héiéht ciifference in
meter during the Summer-by sensitivity experiments;
Positive dipole minus Negative IOD phase excluding
El Nifio (upper panel) and El Nifio minus La Nifia
phase excluding IOD (lower panel)
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(a) Differences of 850 hPa wind vector (m/s)
Positive IOD minus Negative 10D events (JJA+1)
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Fig. 3.8 80 hPa Wind vector difference in m/s
during the Summer by sensitivity experiments;
Positive dipole minus Negative IOD phase excluding
El Nifio (upper panel) and El Nifio minus La Nifia
phase excluding IOD (lower panel)
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4. Summary and Conclusions

In this study, we have re-examined the impact of IOD and ENSO
on East Asian summer monsoon, in particular over Korea and Japan.
First, we analyze present climate simulation for 1979-2008 to examine
relationship IOD and ENSO with EASM through climate model. 10D
during the winter shows negative relationship with the following
summer monsoon rainfall over Korea and positive relationship over
Japan. IOD has a stronger relationship—-than ENSO with snow depth
over the area D during winter. Snow depth over the area D has
positive relationship with summer precipitation. over Japan. IOD has
positive correlation’ with+ summer surface temperature ‘over Korea.
Model suggests that delayed impact of IOD be carried by the snow
distribution over area'D. This result in anomalous northerly winds
over north 'Japan 'during summer, which transports cold and dry air
towards Japan. Thus, that leads to suppressed rainfall over Japan.

In addition we. carried--out sensitivity .experiments to verify the
impact of SST variability related with IOD and/or ENSO on East Asia
summer monsoon. According to sensitivity experiments, IOD has
negative relationship with the following summer monsoon rainfall over
East Asia in particular Korea—Japan. IOD has a stronger relationship
than ENSO with snow depth over the northern hemisphere in
particular Korea—Japan during winter and spring. The heavy snow just
north of Korea—Japan will induce dry air from north towards

Korea—Japan. The weakening of cross—equatorial flow inhibit moisture
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supply from the Pacific. All these features could lead to less rainfall
activity over Korea—Japan sector.

Consequently high resolution climate model could explain possible
mechanism of delayed impact of IOD on East Asian summer monsoon
which is suggested by Kripalani et al 2010. But it has limit to verify
clearly impact of IOD and ENSO on East Asia summer monsoon only
with high resolution climate model. Thus, to improve our
understanding of physical mechanism about the result of climate model

simulation, various attempt is necessary.
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