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1.Introduction

Solomon Islands (SI) is the nation where tropical
cyclones (TCs) are frequently generated in the South
Pacific. History showed SI region has been
devastated by TCs where human lives lost with
property and agriculture severely damaged due to
extreme winds, torrential rain, and storm surges.
Small scattered Islands-pose high risk travelling by
small boats. Therefore, TC information is critically
important.

Several previous works have revealed the
characteristics of TCs in the South Pacific.
Climatology of TCs considers various natural
variabilities (e.g., Webster et al., 2005) mentioned
increasing number of intense TCs in the south-
western Pacific, may be related to the increasing sea
surface temperature (SST) by Emanuel (2005).
Vincent (2009) revealed that interannual variability
of the South Pacific Convergence Zone (SPCZ) may
have significance influence on TC genesis in the
South Pacific. Chand and Walsh (2009) focussed on
the Madden-Julian Oscillation (MJO)-TC activities
in the Fiji region. lizuka and Matsuura (2012)
investigated intra-seasonal and seasonal scale on TC
activities over Southern hemisphere.

Previous related studies basically address the
basin-scale characteristics. However, considering
decision making and disaster prevention in the SI
region, it is important to make sure if these
tendencies are evident for a nation-wide scale rather
than a basin scale.

Therefore, the main objectives of this study are (1)
to clarify the long-term trend of TCs, (2) to
understand the modulation of TCs by El Nino
Southern Oscillation (ENSO) and MJO with regards
to TC genesis and variability and (3) to see the
modulation and enhancement of TCs in relation to
large scale environmental conditions (e.g. sea
surface temperature, low level relative vorticity,
vertical wind shear, and upper level divergence) by
compositing with different ENSO conditions.
Finally, TC tracks in different motions were also
checked using composites of wind fields between
1000-200 hPa. This work helps reveal the basic
characteristics of TCs in the SI region and thus
contribute to the disaster prevention and mitigation
in the future.

Figure 1: Genesis locations of 81 TCs considered
in the analysis in black dots with map of Solomon
Islands showing the study domain area 4°- 20° S
and 150°- 175 E in red box.

2. Data and Methodology

This study is based on the southern hemisphere
TC season, 30-year period starting 1986-2016. A
season refers to the November 01% of a year to April
30™ the subsequent year. The first year for this study
was 1986/1987 TC season. The best track TC
datasets utilized for this study is from Fiji Met
Services (FMS) serving as the Regional Specialised
Meteorological center (RSMC) Nadi when a TC
centre is located to the east of 160E and Bureau of
Meteorology (BoM) serving as the Brisbane
Tropical Cyclone Warning center (TCWC) if the TC
centre is located to the west of 160E. This split
follows the framework of World Weather Watch
program of the World Meteorological Organization
(WMO).

The MJO and ENSO indexes are from BoM. The
zonal and meridional wind datasets are from
National Centres for Environmental Prediction
(NCEP) whereas the 850 relative vorticities, 200
hParelative divergence, SST and air temperature are
obtained from the Japanese 55—year Reanalysis
(JRA 55).
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Figure 2: Plots of all 81 TC tracks used in the
study.
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Figure 3: (a) Graph showing number of TC
frequency per year from 1986-2016. (b) Graph
showing average intensity per year from 1986-
2016.

3. Results and Discussion

3-1 Long-term trend

The first focus is on long-term trends of number
of TCs (NTC) and of average lifetime maximum
windspeed. The analysis showed that the frequency
of TCs has been decreasing (Fig 3. a) in this region
while average TC intensity becomes strong (Fig 3.
b).

One possible explanation of decreasing trend is
based on an experiment previously done by Sugi
(2012). The upper troposphere becomes warmer so
leads to atmospheric stability (no radiative cooling).
“The reduction in the upward max flux associated
with the convective updrafts leads to reduction in
global TC frequency”. However, Tsutsui (2012)

agued “global TC tendencies may not be the same
with regional TC tendencies due to different large-
scale circulations and spatial distributions of
thermodynamic conditions in the tropics”.

To check the tendencies of TC genesis and
intensity in a regional or nation-wide scale, trends
for the first 10-year period (1986-1996) and the last
10-year period (2006-2016) were compared. Thus,
the anomalies for sea surface temperature (SST),
low-level relative vorticity (850hPa), vertical wind
shear, upper-level divergence (200hPa) and upper
tropospheric temperature were checked. The
anomalous high SST changes over the recent 10
years is an indication that thermodynamic aspects
may have had a robust impact on TC intensity
changes (Fig 4. a-b). Likewise, the upper
tropospheric temperature difference at 850-200 hPa
was examined against mean state and result showed
about 0-1 degrees Celsius warmer positive anomaly
trend over the recent 10-years (2006-2016) period
compared to 1986-1996 (Fig 4. c-d). This result is
consistent with the perspective of global warming as
shown by previous study (Sugi et al.,2012). “From
thermodynamic perspective deep convection is
enhanced in terms of precipitation but reduced the
upward max flux leading to TC frequency reduction,
on the other hand is good for TC warm core
development leading to intense TC development”.

3-2 Influence of ENSO

As for the influence of ENSO, the results showed
that more TCs are generated by El Nino years
compared to La Nina and neutral years (Fig. 5). The
TC genesis locations during El Nino (La Nina)
period were significantly displaced to the north
(south) over SI region. It is also noted that more
(less) TCs generated during El Nino (La Nina)
conditions sustained average maximum windspeeds
of within the hurricane and storm intensity
categories.

The increase (decrease) and northerly (southerly)
shift of TC genesis in El Nino (La Nina) years is due
to large negative (positive) low-level vorticity
anomalies, warm (cold) SST anomalies, and
decrease (increase) of vertical wind shear (Fig. 6).

3-3 Influence of MJO

There were significant TC genesis patterns in the
MIJO-TC relationship over the SI region. The MJO
has sufficiently influenced TC activity in the SI
region with more genesis occurring in phases 6-8.
The genesis occurs most frequently in phase 6, in
which lowest outgoing longwave radiation (OLR) is
seen around SI region with enhanced convective
activity favourable for TC genesis. In contrast, TC
genesis occurs less frequently in phases 1, 2, and 5.
The amplitude of MJO has notable effect on TC
intensities. For example, relatively weak TCs in the
gale category was associated with the inactive
phases.



3-3 Steering flow around the SI region

The common flow patterns showed strong
relationship to mid tropospheric 700-400hPa mean
steering flow. However westward motion is not the
expected result and needs further investigation.

4. Summary

We clarified that the number of TCs has been
decreased but the mean intensity has become more
strong around the SI region. The decrease of TC
numbers is consistent with the increase of
atmospheric stability. Also, the generation location
is southerly displaced in La Nina years. MJO phase
is also a critical parameter in terms of TC genesis.
These findings are very important to think about the
nature of TCs around the SI region and thus
contribute to the disaster prevention and mitigation.
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Figure 4. 10-year difference for (a) SST anomaly

1986-1996 and (b) SST anomaly 2006-2016 (c¢)-(d)
same as (a)(b) but for upper tropospheric
temperature difference at 850-200 hPa.

O =

Figure 5. TC genesis during (a) El Nino and (b) La
Nina years in black dots over the SI region.
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Figure 6: Map of SI region in green box showing
large scale environmental conditions anomaly, (a)-
(d) SST, 850 hPa vorticity, vertical wind shear, and
200hPa divergence for El Nino years. (e)-(h) same
as (a)-(d) but for La Nina years.

Figure 7: Summary of TCs by MJO phases.



Figure 8: (a)-(d) eastward, south-eastward,
southward, and westward steering motions
respectively at (i)-(ii) 700-400hPa mean steering
flow pattern.
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I. Introduction

Kuroshio also called Japan Current, is
the strong surface current of the North Pacific
Ocean gyre, flowing past Taiwan and
Ryukyu Island in Japan. Lately, satellite
altimetry data with high resolution used
frequently to improve the understanding of
this phenomenon. High-Frequency Radar
(hereafter HF radar) is one of reliable
instrument which provide ocean currents data
by send radio waves and measure scattered
signal from the surface ocean (Hisaki, 2005).

Combination of these two instrument
expected to providing comprehensive
explanation of variability of the SLA and
Kuroshio. In this study, first we determine
speed of the Kuroshio and SLA in summer
and winter. seasonal averaged of the SLA
map present the tendency of eddy that to be
formed, particularly in the northeast and east
of Taiwan. Speed of the Kuroshio obtained
by HF radar and satellite altimetry.
Meanwhile, seasonal mean of the Kuroshio
reveals difference feature that will be
occurred during the season.

I1. Data
2.1. Sea Level Anomalies (SLA)
Copernicus  Marine Environment

Monitoring Service (CMEMS) distributing
delayed time SLA data which generated by
combination of several satellite altimetry
mission (JASON-1 and 2, ENVISAT, ERS-1
and 2). Computation of raw SLA, cross
validation, filtering and sub-sampling and
generation of by-products process, all have
been done in order to generating the SLA
product (CMEMS, 2016). Spatial resolution
of SLA data from January 2005 to December
2008 are 0.25° x 0.25°. The SLA derived
from the difference between sea surface
height (SSH) and mean sea surface height
(MSSH).

25

2.2. Surface Geostrophic Current

In this study, we use the along track
ADT dataset derived from the T/P, Jason-1/2,
Envisat, and GFO satellite altimeters. The
products are processed and distributed by
CMEMS. We used 15 years’ times series data
(1999-2013) with 0.25° x 0.25° spatial
resolution.
2.3. HF Radar

A pair of HF radar operated by The
National Institute of Information and
Communication (NICT) Japan, are placed in
Yonaguni and Ishigaki Island. These
instruments are aimed at monitoring surface
current in the upstream areas. The HF radar
produces surface current components with 7
km spatial interval. Eastward and northward
current component every  30-minutes
temporal interval from April 2005 to August
2008 are used.
2.4. Sea Level Data

The sea level data come from the
University of Hawaii Sea Level Center
(UHSLC). The daily data from tide station
Keelung (25.09°N, 121.45°E) between 2004
and 2008 as well as Ishigaki (24.20°N,
124.09°E). Sea level data will be used as
Kuroshio transport indicator, by finding the
difference between two tide station.

II1. Results

The combination of HF radar and
altimetry data shows seasonal variabilities of
the Kuroshio speed in the upstream areas, in
particular along 123.375°N. The Kuroshio
speed being faster in summer and slower in
winter. When the Kuroshio speed is faster (or
slower) in summer (winter), the Kuroshio
shifted southward (or northward) (Figure 1).
Northward and westward propagating SLA
are identified from their time displacement in
longitude. Positive SLA or warm eddy more



intense develop in summer, meanwhile
negative or cold eddy in winter.

The Kuroshio speed and SLA from
2005-2008 are plotted in figure 2. These two
are found to be well correlated, as the SLA is
higher (or lower) when the Kuroshio speed
become slower (or faster). Namely, the SLA
northeast of Taiwan seems to be lower (or
higher) in summer (or winter). However,
abnormal occurrence was happened in winter
2008 where the SLA has a tendency become
lower. The lowest state of the SLA was
happened in May 2007 and then followed by
January 2008 as the second.

In figure 3, we found that the
impinging positive (negative) SLA can

increase (decrease) the Kuroshio transport
based on the sea level data. In general, the
larger  (smaller)  Kuroshio  transport
coincidence with the appearances of positive
(negative) SLA. A S-years sea level
difference (S LD) time series from 2004-
2008 measured across the East Taiwan
Channel (ETC). Clearly, the maximum
Kuroshio transport based on sea level data
happened in summer and minimum of SLD
occurred in fall. Figure 4 also displays winter
as a second maximum SLD in the ETC.
Previous study shows the same result as
figure 4, the peak of Kuroshio transport in
ETC was developed between July and August
(Lee et al., 2001).
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Figure 1. Mean seasonal variabilities of the Kuroshio by geostrophic velocities of satellite altimetry in summer 2006
(a), 2007 (b), 2008 (c) and in winter 2006 (d), 2007 (e) and 2008 (f).
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Figure 2. Time series of the Kuroshio speed (black line) and SLA (red line) with 35-days running mean low pass
filtered. The Kuroshio speed is the mean of geostrophic velocity that across black line (123.375°E) in figure 6, whilst
the SLA derived from average value at broken line (122.375°E). Y-axis in the left (or right) indicates value of the
Kuroshio speed (or the SLA).

24°N |

FIN |

22°N

21°N

20°N

19°N

23N |

22°N
21°N
20°N

2000
1900
1800
1700
1600
1500

AN TN\ O~00 N — O\ el 0N
&w&&w&%&&&w&w&%&wﬁ@w&w w&g&w&t&&%&&

Vallallallalalla)a}la)

2007

[ .
SOV VOOOOODDD
SO0
AAANNAAANSSSANNNNAN

27

3VTT--TLT

1805

1800 A

ww

1795 A

1790 4

1785IIIIIIIIII
J FMAMIJ J A S OND

Figure 4. Annual cycles of SLD across
East Taiwan Channel (ETC) from 5-

years record (January 2004-December
2008).
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Figure 3. 10-days low passed filtered Sea Level
Difference (SLD) between Keelung and
Ishigaki (lower panel) and latitude-time plots of
variabilities of the SLA by satellite altimetry
from 2006-2008 for longitudes 128.125° to
122.125°E.
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