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ABSTRACT

This study aims to analyze global wave climateprasent and
future time by using the WAM model. The analysip&formed

based on wind climate data from the JMA/MRI-AGCM3.2

climate change projection. We analyze two 6-howlgd data
sets, covering two periods: the present climategiren from

1979-2003 and future climate extending from 207920These
wind data are used to implement the WAM model fardpcing
the outputs of wave characteristics. Subsequettg, outputs
from each period were used to study global wavaaté in the
future. The analysis showed that the wave climatetiongly
dependent on the geographical position of regioas fmid to
high latitude and low latitude. This includes ragiowhere the
climate induced changes for present to future ¢émahe largest
increases of significant wave height which reachggroximately
5% occur in the southern parts of the Indian, Raeifid Atlantic
Oceans and in the Antarctic Ocean. The decreas#seisame
magnitude around 5% occur especially in the Northtaric

Ocean.

KEY WORDS: Climate Change, Wind Climate, Wave
Climate, WAM

1.0INTRODUCTION

Waves and the general conditions of the oceanstaffeastal
regions and marine activities on a daily basis lridg impacts
for all over the world. It is increasingly appardhiat human
activity is affecting not only the atmospheric dita, but also the
characteristics of our oceans. As the compositidn thee
atmosphere changes and the concentration of gmesehgases
increases, the whole environment gets the impacts.

The ocean climate is affected by the increasingotgatures
in many different ways. A static side-effect of lggd warming,
for example, causes thermal expansion in the ocshith raises
sea levels. The effects of this phenomenon camadrbe seen in
many coastal regions, where coastal erosion anmudations are
becoming the common problems. According to IPCQ@Ghe
sea-level has risen for 1.7 + 0.3 mm/year sincestoond half of
the 19th century. This rising rate seems to haeeeased during
the last decade as reported by Church and Whit@g)2

The dynamic side-effects of the warming climate are

predictable changes of the behavior of ocean watesn surges
and other extreme events (IPCC, 2007). Reporth@imtcreasing
extreme climate in many parts of the world hightighe

importance of understanding and assessing thetefééclimate
change. Today, these reports put more concern ereffiect of

climate greater than in the past. The numbers aisted and
marine activities which are dependent on relialvié Bong-term
information about wind term and wave climate asmaonstantly
increasing. Therefore, studies on predicting amddasting future
development are required. There have been numestuies

performed to assess the effects of future climagnge. These
studies analyze both, the static effects such adesel rise and
the dynamic side-effects. These effects include dhange of
wave climates. A large part of these studies foguse the
development of future extreme events, such asdabptorms and
cyclones (Caires., et al., (2006), Weisse and vioncB (2009),
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Murakami et al. (2011), Kitoh et al (2009)). Howevihere are
still very few studies conducted on the global sceffects of
climate change on ocean waves.

One of these studies is presented by Mori et 8l1Q2 Mori
et al. (2010) used the wind fields simulated by KMRIA-
AGCM3.1 to model the past, close future and fuawerage and
extreme wave in the SWAN model. After comparingdkeraged
values of the significant wave height over the qasiof 1979-
2003, 2015-2031 and 2075-2099, Mori et al. (201 that the
changes in wave climate over the observed timeateia strong
latitude dependency. The findings show that the meave
heights will increase both in the mid-latitudesasreand in the
Antarctic Ocean, while the equatorial region arel ¢bastal areas
in Japan will experience decreasing average wavghtse
However, in the proximity of the Japanese islantis area is
predicted to experience increasing magnitudes tEme waves
because of tropical cyclones.

Another study analyzing the future developmentigiificant
wave height is conducted by Wang et al. (2004).yTéeply a
statistical model to the output of the CGCM2 (CaaadCentre
for Climate Modelling and Analysis) coupled atmospiocean
model for three different emission scenarios. Tlagialysis was
limited to the future wave fields of the North Attac Ocean. It is
found that the monthly wave height in the northteaiantic
Ocean and in the south-western North Atlantic viiltrease
towards the end of the 21st. It is projected that rnid-latitudes
will experience some decreases.

The aim of this present study is to evaluate tHect$ of
climate change and compare wave climates betweesnlations
for the present and the future climate. The wawaukitions are
analyzed on the basis of a global scale, with tlannfocus on
observing the evolution of the average wave fieldbjch is
affected by the changing climate. The wave prealictithat are
used for the analysis is modeled by WAM numericav@model
and wusing input wind fields from JMA/MRI-AGCM3.2.
JMA/MRI-AGCM3.2 is an Atmospheric General Circutati
Model, from which the second version was recentlyatoped
through the collaboration between Japanese Metagioall
Agency, JMA and Meteorological Research InstitM&|.

20WIND CLIMATE DATA

This study projected future wind fields by adoptilidA/MRI-

AGCM3.2. It is used as the input for developing WAhbdel to
simulate wave fields within the periods of 1979-2Ghd 2075-
2099. The AGCM3.2 is the most recent version of tedel

developed by Meteorological Research Institute (MR

collaboration with Japanese Metrological Agency AJMThis

model is designed for simulating climate and prédicweather
(Mizuta, et al., 2006). The model can, for exampepvide
information on possible future changes of tropicgtlones, the
East Asian Monsoon, extreme events and other clkangeced
by global warming (Mizuta, et al., 2011).

JMA/MRI-AGCM3.1 was the previous version of IMA/MRI
AGCM3.2. It was the first climate model that cowslind long-
time integration while being able to conserve masd simulate
realistic high-resolution global climate. This mbdan simulate
global climate with a horizontal grid size of ardu®0 km, a grid
size which is normally only employed for RegionatdGlation

Models (RCMs) (Mizuta, et al., 2011). One advantagth a
high-resolution global model is that problems withteral
boundary conditions can be avoided. Moreover, tHeCM
provides information on regions that cannot be joled by a
RCM simulation (Mizuta, et al., 2006). The MRI- AG3.2
were simulated under Special Report on Emissiorsn&@s
(SRES) A1B for the IPCC Fifth Assessment Report AR
which computations were covering two periods: thespnt
climate ranging from 1979-2003 and future climaiteerding
from 2075-2099. (Kitoh etal.,2009).

The first version of the model, 3.1, was develofrech IMA
operational numerical weather prediction model sTibdel was
constructed based on observed Sea Surface Temge(&8T).
In the second version, 3.2, only smaller changeduding new
parameterization schemes, were made in order t®ase the
accuracy of the model performance (Mizuta, et 2011). As
reported by Mizuta et al (2011), the results of &xperiments
showed that the AGCM, especially the current vers2, can
simulate the global climate in a realistic manmdter comparing
the models standard deviations and correlation ficterits to
those of an observed climatology, it is found taist variables
were better in the AGCM3.2.

3.0 WAM MODEL

The numerical model used in this study is the thederation
wave prediction system, called WAM model (WAMDI Gm
1988, Komen et al., 1994). The model was developita the
purpose of operational prediction of waves overwhele globe,
making it well suited for this global climate stu(Banssen, et al,
1994). The WAM model is based on the following gyer
balance balance equation read as follows:

9 19 TSN
ot O G @CoFF ¥ MF ¥ s O FSa (1)

where F(f,8,¢,At) is the wave spectrum described by the
frequencyf and the wave directio@ as function of latitude and
longitude on the spherical earth aBds the source term given by

Sot =Sn *+ Su *+ Sis (2)

where the terms on the right hand side represenphliysics of
wind input, nonlinear wave-wave interaction andsifiation due
to whitecapping, respectively

In this study, WAM model operates on regular
longitude/latitude global grid with a fixed restan of 1 degree,
extending from 7% south to 6% north. The spectral domain is
discretized in 25 frequency bins from 0.041 Hz #1Q Hz, and
in the direction-space, a full circle is used witisolution of 15,
WAM model is run in deep water mode and bottomidittis
disregarded. WAM model is run in every 6 hours gssea
surface wind field at 10 m height above the sedasarfrom
JMA/MRI-AGCM3.2.
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40RESULTS

The following chapter presents the results of thba analysis
and the comparison between present and future wiavates.
The aim of this assessment is to give an overviewhe spatial
patterns related to the global distribution of #igant wave
height, and to evaluate and locate possible chabgwgeen the
present and future climate.

Figure 1 presents the period averaged distributain
significant wave height numerically is modeled byAMW model.
The top part represents the present period anddkiem part
presents the future climate. Figure 1 clearly fHates a strong
latitude dependence of the distribution of the agersignificant

wave height distribution. The largest significanawe height
(approximately 5 m and above) occurs in the higitdide regions.
These regions extend approximately within the raohd®N-
60°N and 40S-70S respectively. These regions include the
Southern Indian, Pacific and Atlantic Oceans asl w&elin the
Antarctic Ocean. The average significant wave heigtthe mid-
latitude regions, both north and south, are shghhaller than in
the high latitude regionghey range from 1-1.5 m. The calmest
averaged wind conditions are found in the equdtoegion: e.g.
around the Indonesian archipelago and of the wastal region
of Central America.

1979-2003-ave

latitude (deg)

200 250 300 350

longtitude (deg)

2075-2099-ave

latitude (deg)

longtitude (deg)

Figure 1: Global distribution of significant waveight (m), simulated by the WAM model. The ressalbased on the 25-year average for

the periods 1979-2003 (top) and 2075-2099 (bottom).
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Figure 2: Change of the 25-year average of gloigaificant wave height between climate simulatiolusing present period (1979-2003)
and future period (2075-2099). The upper figurenghthe change, which is measured in meters, antbther figure is the normalized

change between the two periods, measured in pagent

Figure 2 shows that the overall spatial distributgattern of
the averaged significant wave height from the dergimulation
of the present period is relatively similar to tbeerall spatial
distribution of the future period. However, the migdes of the
averaged significant wave height change in manggaldetween
the two periods. To explain these quantitativedfammations of
the wave climate, the change between the two peii®glotted
and represented in Figure 2. The change is meashotd in
meters (the upper figure) and percentages (thermdigure).

The largest increases occur in the Southern Adaiidian
and parts of the Pacific Ocean and in the Antar@@zan. In
these regions, the changes in average significamevineight for
the local scope increases up to 5%, and 2.5% airxviidely
spreaded (relating to changes of average wave thefgh.1-0.2

m). Compared to the change in wind speed, the avkaee large
increases occur considerably more extensive.dtsis found that
the large area of significantly lower future wawsdhts includes
the North Atlantic Ocean. A greater part of thigiom shows
decreases of 5% and above.

Interestingly, the north western region of the Radcean,
the tropical cyclone intense area off the coastgian of Japan,
shows a significant decrease in the mean signifieseave height.
This is relevant to the earlier discussion, whickntions that
tropical storms are likely to increase in the regiin warmer
climate in the future. Therefore, it is importaot highlight the
fundamental differences of the processes for crgatfe daily
average climate and the processes behind extresrgsevihus,
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these phenomena should always be analyzed and ats@lu

separately.

5.0 CONCLUSION

This study presented projected future changes abagl wave
climate fields derived from the wind field output tMA/MRI-
AGCM3.2 model. The wave fields are numerically medeby
WAM model for a resolution of 1 degree. This stadiys to give
an overview of forthcoming changes in wave climdtem
present to future which focuses on the effectsliofate change.
The results shows that there is no unanimous triendhe
increasing or decreasing wave height since theuéwal of the
wave climate is very strongly related to locatidthe regions
which experience significant future changes of welmate are
found to be in the mid- to high latitudes. This rsfigant
increases reaches 5%, in the Southern Hemispheatelogal
regions of the northern Pacific Ocean. The deceeasthe same
magnitude occurs especially in North Atlantic Ocdaarge parts
of the world appear to be unaffected by the pregatlimate
change. Therefore, It is important to remember thit analysis
is mostly limited to the average wave climate. Tdtigly does not
taken into account the possible changes in thetgwehich are
outside the range of normal climate conditions.
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