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Abstract

A tripolar climate anomaly pattern with the centers located around Philippines,
China/Japan, and east Siberia frequently appears in summer climate variations
over East Asia. For example, Wang et al. (2001) shows such a tripolar pattern as
interannual variability that has statistically a significant correlation with ENSO.
Using a climate model, Kimoto (2005) obtained climatic response to doubled COx,
which is reminiscent of the tripolar pattern. In this study, such a tripolar pattern
is extracted as a first mode of a singular value decomposition (SVD) and an em-
pirical orthogonal function analysis for interanual variations of precipitation and
500hPa geopotential height (Z500) over East Asia. Similar tripolar patterns can
also be obtained by an analysis over the globe and an analysis of interseasonal vari-
ations. Therefore the tripolar climate anomaly pattern is dominant interseasonal
and interannual variations over the globe.

Previous studies show that the tripolar anomaly pattern is related to various
kinds of external factors for atmospheric variations, such as SST and CO, concen-
tration. In this study, the tripolar pattern is extracted as a dominant mode by
EOF and SVD analysis. These results suggest that the tripolar anomaly pattern is
a dynamical mode-like pattern, which appears frequently associated with internal
processes of the atmospheric circulation. In order to verify this idea, a numeri-
cal experiment is carried out using a linear primitive equation model with moist
process. Responses to 206 external forcing located uniformly over the Northern
Hemisphere are calculated. Using these 206 responses, SVD analysis of precipita-
tion and Z500 is performed to obtain a dominant response. The dominant response

shows a tripolar pattern similar to that observed. Therefore, the tripolar pattern



over East Asia is a dominant pattern associated with internal processes, even if
external factors of atmospheric variations were distributed uniformly.

Internal processes associated with the tripolar pattern are investigated. Pre-
cipitation anomalies are identified around Philippines and China/Japan, and a
corresponding stretching term associated with condensation heating reinforces the
circulation anomalies in the lower atmosphere. Wave activity flux, which shows
propagation of Rossby wave, directs northward from the lower troposphere around
Philippines and southeastward from the upper troposphere around east Siberia. A
nonlinear term of vorticity is also observed around east Siberia, which is related to
transient eddies with period shorter than 9.2 days and rossby waves with period of
9.2 days to 3 months. Energy conversion, which shows energy supply to anomalies
from climate field (defined as the 1979-2005 average), are identified around east
Siberia, Philippines, and the upper troposphere of Japan. This energy conversion
is associated with wind and temperature of the climate field.

These processes mentioned above seem to be related to effects from tropics and
high latitudes. In a linear response of the model to forcings around Philippines,
the northward wave activity flux (WAF) from Philippines, the energy conversion
around Philippines and Japan are identified. Furthermore, a stretching term,
which is associated with temperature and vorticity advection, contributes to a
high pressure anomaly over the Sea of Okhotsk. On the other hand, in a linear
response to forcings around east Siberia, the southeastward WAF from east Siberia
and corresponding negative-positive-negative anomalies are identified in the upper
troposphere.

Both of these effects from Philippines and east Siberia form 3 south-north
anomalies over East Asia and contribute to the tripolar pattern (SVD1). However,
these anomalies oriented from southwest to northeast in the effect from Philippines,
while northwest to southeast in the effect from east Siberia. The difference in lo-

cation of these anomalies suggests that the anomalies of 1984 and 1998, which



have the two largest contribution to SVD1 in the 27 years, represent the effect of
tropics and higher latitudes respectively.

Additional experiment is carried out without moist process. While the dominant
response in the dry model has also a tripolar structure in East Asia, the vorticity
response at 850hPa is weaker and shifts northward compared to the moist exper-
iment. This result indicates the importance of moist process for the location and
strength of anomalies in the lower troposphere.

In this study, the tripolar anomaly pattern is referred to as a dynamical mode-
like pattern, which appears frequently associated with the internal processes of the
atmosphere. The tripolar anomaly pattern of previous studies maybe considered

as an enforcement of this pattern by external factors of atmospheric variability,

such as SST and COs,.
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Fig. 1.1: JJA climatology. Precipitation [mm/day| (shade), Z500 deviations from
zonal mean [m] (red line), vertically integrated moisture flux [kg/(mOs)] (vector),
2m specific humidity gradients stronger than —4.5 x 10~?[kg/ (kg m)] (net).
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gradients [K/1000km] (blue line), meridional gradients of potential vorticity
(107! /(ms)] (shade) and horizontal wind [m/s]| (vector) at 300hPa.
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Fig. 1.5: A composite difference of JJA Z500 [m] between years of cyclonic and
anticyclonic circulation around Philippines (1948-1997). Contour intervals are 4
[m]. Shades show a significance level of 95%. Adopted from Wang et al. (2001).
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Fig. 1.6: A regression map of 1958-2002 JJA stream function at 850hPa with
respect to March-April-May SST over the Indian ocean (50 ° ~120 ° E,20 ° S-20 °
N). Shades show a significance level of 95%. Adopted from Endo (2005).
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Fig. 1.7: A correlation map of 1958-2002 6/11-7/20 Z500 with respect to a index
which shows the Baiu front is distinct or obscure. Shades show a significance level
of 95%. Adopted from Tagami and Niino (2005).
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Fig. 1.8: A regressed patters of EOF1 with Z500[m]. EOF analysis is performed
over (80° —160° E, 20 ° —70° N) using 1979-1998 JJA Z500 [m]. Adopted from
Arai and Kimoto (2007).
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Fig. 1.9: A difference between present-day climate simulations and simulations
with doubled COs. JJA precipitation [mm/day] (shade), Z500 [m] (contour), and
horizontal wind at 850hPa [m/s| (vector). Adopted from Kimoto (2005).
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Fig. 1.10: A linear climate trend of June precipitaion [mm/day(/25yr)] during
1979-2005. Black lines show a significance level of 95%. Adopted from Hirota et
al. (2005).
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Fig. 1.11: A schematic diagram of the
PJ pattern showing relationship between
convective activities around Philippines
and anomalous atmospheric circulation.
Adopted from Nitta (1987).
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Fig. 1.12: Stream-function after an ini-
tial negative disturbance at (130E, 20N)
is integrated 4 days using a linear bra-
clinic model. August climatology is pre-
scribed as a basic field in this model.
Adopted from Tsuyuki and Kurihara
(1989).
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Fig. 3.1: (a) Time sequences of SVDI1 of precipitation (solid black line), Z500
(broken black line), March-April-May SST over the Indian Ocean (50° ~120°
E,20 ° S-20 ° N; red line), and Nino3.4 of December-January-Febuary (blue line)
[nomalized using a standard deviation]. A regression map of (b) precipitation
[mm/day] and (c) Z500 [m] with respect to the SVD1 (anomaly field). Gray lines
in (b) and (c) show a significance level of 95%. SVD analysis performed on a
correlation matrix of JJA precipitation and Z500 anomalies over East Asia (70 °
E-170° W, 0° -90° N).
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Fig. 3.2: A regression map of surface temperature with respect to the SVD1 of
7500 and precipitation. Gray lines show a significance level of 95%.
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Fig. 3.3: A vertical axis shows auto correlation coefficients for time sequences of
the SVD1 (black), SST over Indian Ocean, and Nino3.4 (blue) shown in Fig.3.1a.
A horizontal axis shows time lag [year].
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1979 0.19
1980 0.12
1981 -0.92
1982 0.11
1983 0.18
1984 2.31
1985 -0.38
1986 0.01
1987 0.18
1988 -0.38
1989 0.78
1990 0.31
1991 -0.51
1992 -0.33
1993 -0.21
1994 -0.05
1995 -0.49
1996 -0.11
1997 -0.49
1998 -1.18
1999 -0.33
2000 -0.11
2001 0.07
2002 0.30
2003 -0.12
2004 -1.23
2005 0.06

0 3.1: s00hPa0 000000 ODOODO

0000000000 (100-170° E,0-90°
N)O O [m?/s?]0

Table 3.1: Zonal wind times meridional
wind of the anomaly field averaged over
(100-170° E,0-90° N) at 500hPa[m?/s?].
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Fig. 3.5: Z500 anomalies of each year. A vertical axis shows a regional average
around east Siberia (125° -150° E, 55° =70 ° N), and a horizontal axis shows a

regional average around Philippines (100 ° -150° E, 5° —25° N). A red line shows
a regression line.
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Fig. 3.6: Same as Fig.3.1c, but a regression map of Z500 with respect to (a) an
EOF1 of precipitation and (b) an EOF1 of Z500.
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Fig. 3.7: Same as Fig.3.1c, but SVD and EOF analysis is performed on a covari-
ance matrix. A regression map of Z500[m| with respect to (a) a SVDI and (b) a
SVD2 of precipitation and 7500, (c¢) an EOF1 and (d) an EOF2 of precipitation,
(e) an EOF1 and (f) an EOF3 of Z500.
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Fig. 3.8: Same as Fig.3.1c, but SVD analysis is performed over the Northern
Hemisphere.
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Fig. 3.9: Same as Fig.3.1, but SVD analysis is using June precipitation and Z500.
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Fig. 4.20: Anomalous energy production by diabatic heating associated at 400
hPa [J/(kgO s)]. Anomaly field is defined as a regression coefficient with respect
to the SVD1 of interannual and interseasonal variations.
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Fig. 5.5: Moist responses of Z500 to the forcings shown in Fig. 5.3 at (a) (62 ° E,
15° N), (b) (174° W, 15° N), (c) (166 ° E, 65° N) [m].
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Fig. 5.6: Same as (a) Fig. 5.4b, (b) Fig. 5.4d, (c¢) Fig. 5.4c, but SVD analysis is
performed over the Northern Hemisphere.
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Fig. 5.8: Same as Fig. 5.4, but dry response (without moist process). Precipita-
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tion, moisture flux, and moisture convergence are not shown.
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Fig. 5.9: A moist response to the forcings around Philippines. (a) Z500 [m],
vorticity [107%/s] and WAF [m?/s?] (vector) at (b) 850hPa and (c) 300hPa, (d)
energy conversion [107%J/(kg0 s)] of (120-150E), (e) precipitation [mm /day].
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Fig. 6.1: A schematic diagram of processes associated with formation of tripolar
climate anomaly.
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Fig. 6.2: Deviations of Z500[m] from the climatology. The year of 1994.
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Fig. 6.3: Deviations of Z500[m] from the climatology. The year of 1985.
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