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Abstract

The study of the Earthodés climate relies on the ¢
scales. The diurnatycle is one of the mostundamental temporal modes of the global climate system,
associated mainly ta well-definedvariationin the solar forcing. This thesis wodims to assess the daily
cycles of differentnearsurface atmospheric and oceanographic parametess the Equatorial Pacific
Ocean. To this purpose, arrayof high-frequency (1@minutes)in situ observations isedected, i.e. the TAO
array. The determination of the diurnal cycles performedby assessinghe daily anomalieof each
parametefexcept precipitationthusremovingthe effect of climatic variations with periods greatentid
hours on the mean stabf thesystem Instead, precipitation inspected by determining the counts and
frequency of rainfall events at each hour of the dde variation of the daily cyclesunderdistinct local
meteorological conditions, i.e. sunny, cloudy, windy and calyjnsla and di f f er e-scale ibac|
climatic conditions, i.eEl Nifio and La Nifiais also assesselloreover, the evolution of the diurnal cycles
over a multiyearly scale isexamined addressingparticularly the variation of the cycles unddifferent
parameter@regimes.
Frequently, the findings of this thesis work agrees with the results of previous stsidisgardshe entity
and geographic variation of thtBurnal cycles of wind speed, sea surface temperd88a&)and sea level
pressure Most of the variables are not distinctly altered by the different climatic and meteorological
conditions, except the air temperature &&T.
Overall few noteworthyand originalaspectare distinguished
- The air temperature maagments of the equatorial TAO buoys are affected by an error caused by
the heating of the naturally ventilated shield covering the sensor.
- Thediurnal variation of precipitation is not clearly consistent with previous results. In addition,
anomalous routine activityf the precipitation sensds detected
- Thewind speed controlsoth the diurnal and annual variability of air temperature®dmostly in
the Equatorial Eastern and Central Pacific Ocean.
- The air temperature and S&fe hfluenced by avarming process during nigtime hours.
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1. Introduction

This thesis provides an assessment of the observed daily cycles of different climatic parameters in the
Tropical Pacific Ocean and the variability of such evolutions. The diurnal evolutions constitute fundamental
information needed to estimate the ldlgn climatic variability of our planet. This chapter constitutes an
introduction to the subject, describing the main issues and the consolidated knowledge related to this theme.
It is structured as follows: Section 1.1 presents the topic of climate chadgbeaimportance of diurnal
climatic studies for wunderstanding climateb6s vari
the studied area, i.e. the Tropical Pacific Ocean; in particular, the focus is drawn on the main characteristics
and dimatic processes defining the interested region. Section 1.3 reports previous works regarding the
assessment of diurnal cycles in tropical oceanic regions, with a particular focus on the Pacific Ocean. Section
1.4 details the specific purposes and thectbjes of this thesis work.

1.1 Climate change and the study of the diurnal cycle

The Earthdéds climate identifies a group of average
compartments: the atmosphere, hydrosphere, cryosphere, lithosphere and biosphere, which interact with each
other by means of physical, chemicadamiological processes. The synergies evolving in and among the
different compartments cause the system to change its characteristics continuously at all timescales.
Paleoclimate reconstructions showed the existence of a number of characteristic-tdenadtahillennial

cycles, which are linked to astronomical and natural forcings.

During the last two centuries, climate observations have reported an increase in the averaged global near
surface air temperature. Moreover, since 1950s the observed variadien characterised by an
unprecedentedate of change (Stocker et al., 2013). The atmosphere and the oceans have warmed, the sea
level has risen and the volume of snow and ice have decreased. Specifically, the combined land and ocean
surface temperatureah increased of 0.85 [0.8506] °C since 1880s (Stocker et al., 2013). Currently, the
majority of <climate scientists agree that the hun
these changes. The continuous emission of greenhouse gasasraeswls along with the change in land
surface properties are affecting the Earthoés ener
climate has been associated with changes in different extreme weather and climatic events observed since
1950s. The occurrence of heat waves along with the frequency and intensity of heavy precipitation events
havelikely increased in different regions of the Earth (Stocker et al., 2013). On a global scale, the number of
cold days and nights has decreasethirour of the number of warm days and nights. Moreover, the latter
decades have been registered as the warmest in the available records (Stocker et al., 2013). Glaciers arounc
the world have been experienced a net ice loss, estimated to be ZBL[IRtyr within the period 1971 to

2009. Moreover, the snow cover extent of the northern hemisphere has decreased since the 1950s (Stocker ef
al., 2013). Oceans are the storage compartment of the increased energy within the climate system. The
energy stored inhie oceans is estimated to account for the 90% of the total energy accumulated between
1971 and 2010. Specifically, scientists estimated that the 60% is stored in the upper 700m of the ocean, while
the remaining 30% below 700m. Global warming has affeatefbpndly the sea surface, heating the upper

75m of the ocean by 0.11 [0@913] per decade within the period 192009. It islikely that the ocean
temperature has increased at higher depths, although the small amount of available data rendets difficult
estimate this change (Stocker et al., 2013).



Climate change science is firstly devoted to the examination of long temporal variability and trends in the
atmosphere and oceans. The implementation of general circulation models (GCMs) has become of major
importance for dealing with these purposes. GCMs are complex mathematical models attempting to simulate
climate dynamics and are largely involved in the climate change field of work. Accordingly, these models
are run to examine the processes occurringiéncdlimate system and to predict future changes in climate
under several scenarios. These scenarios feature different possible future impacts resulting from human and
natural drivers. The parameterisation of climatic processes occurring on a long tinediaded on the
understanding and reproduction of the processes taking place on smaller time periods. The diurnal time scale
is certainly among the finest time scales for the occurrence of waathtrd processes. Dai and Trenberth
(2004) stressed thenportance of parameterising diurnal variations in surface and atmospheric layers to
reproduce variations in energyodos fluxes and preci
dependence of clouds on surface conditions. Furthermore, clonmfgylg interact with longwave and
shortwave radiation altering surface and atmospheric heating. Rainfall events are related to diurnal cycles in
local atmospheric and surface conditions as well (Trenberth et al., 2008). Therefore, the improvement in the
quality of climate models heavily relies on observations concerning the diurnal cycles of different physical
parameters to simulate accurately lgegiods phenomena. Moreover, understanding the causes and
consequences of these cycles could lead to a baterpretation of the relations existing between the
numerous elements composing the climate system. Nowadays, climate simulations base on coupled models
of ocean and atmosphere because of the important roles of the oceans. Oceanic processes, thmalugh ther
and dynamic inertia, play a primary role in regulating climate changes on a long temporal scale (Bigg et al.,
2003). Moreover, during the | ast three decades, I
in understanding and predictingrolite changes. Therefore, a better comprehension of diurnal cycles over
the ocean is directly related to a more complete knowledge of the climatic system and its possible future
changes.



1.2 The Tropical Pacific Ocean

This section aims to describe tlgeneral characteristics of the studied area. Figure 1.1 illustrates the
geography of the Pacific Ocean.
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Figure 1.1: The Pacific Ocean.
Source: Encyclogdia Britannica (2017)

The Tropical Pacific Ocean spans from 30°N to 30°S and is surrounded dsnthel and southern America

on the eastern part and by Australia and the islands of-sasthAsia on the western part. The Tropical
Pacific presents just a few volcanic islands. In this region, trade winds originating at low latitudes on the
margins ofhigh pressure cells over the northeast and southeast Pacific domBeatgsapd Chorley, 2009;
Encyclopaedia Britannica, 20l 7Trade winds have generally a constant direction and velocity. Winds blow
northrwestward in the southern hemisphere and saat$tward in the northern hemisphere, with an average
speed of about 7 m/s (Barry and Chorley, 2009). However, winds tend to be stronger in the Eastern Pacific.
Air converges in theequatorial Troughof low pressure promoting the enhancement of calm conditio
(Encyclopeedia Britannica, 20L7Trade winds in the Eastern Pacific convey cool air toward the equator,
which modifies air humidity and lapse rate. In the west coast of the American continents, trade winds cause
upwelling of col d botomeBarsy arfd rChoney, t2008; Ercyclepaedia Britannica,
2017. The Western equatorial Pacific features conditions of calm and sudden variable winds (Barry and
Chorley, 2009). The tendency of trade winds originated in the two hemispheres to convetge egeator

in the Central Pacific triggers the development of theaed InterTropical Convergence Zone (ITCZ).

The ITCZ is defined by Waliser and Gautier (1993) aseatlsolid convective cloud band encircling the



earth near the equator'Furthermoe, other studies identified the ITCZ as a tropical belt of maximum time
mean precipitations (Schneider et al., 2014). Over the Pacific Ocean the ITCZ is located north of the equator,
moving seasonally between 4°N in Makpril and 8°N in September. Moreer, during the boreal
summer, the ITCZ becomes stronger across the Pacific Ocean (Barry and Chorley, 2009). However, the
dynamics of the ITCZ and the associated rainfall intensities have not been completely understood (Schneider
et al., 2014). The air corrgence over the Western equatorial Pacific triggers the formation of the South
Pacific Convergence Zone (SPCZ). The SPCZ identifies an area of maximum cloudiness extending from
Papua New Guinea to 30°S and shares common characteristics with the ITC3PTHelocation and
development exhibit seasonal and inter annual variability. During the boreal summer the SPCZ is poorly

developed, while it grows during the austral summer. Moreover, after April the SPCZ moves westward and

equatorward. The inteannual wariation of the SPCZ is mostly linked with the phase of the El Nifio Southern

Oscillati on
year are shown in Figure 1.2.
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Figure 1.2: Mean monthly ITCZ and SPCZ
structure for months: January, April, July,
October. Values represent the number of
days per months during which the given grid
point was covered by largecale deep
convective system. These images were
computed fronl7 years of highly reflective
cloud satellite images sampled once a day.
Source: Waliser and Gautier (1993).
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ENSO is the most important climatic phenomenon occurring in the Pacific Ocean. It consists in an irregular
variation in atmospheric masadpressure associated with exchanges of air between the subtropieal high
pressure cell over the Eastern south Pacific and the west Pacifforésaure region (Barry and Chorley,
2009). In the west coast of the American continents, trade winds causdingpwekold waters from the

oceanos

b ot t oHEncy¢lopddiadmiannica, 2@LBtarting from December of each year, warm

waters directed southward substitute surface cold waters. During most of the years, this phenomenon ends

after few weeks ah weather patterns returns to normality (Ahrens, 2012). However, every two to seven

years, warm waters interrupt entirely the oceanic upwelling. Experts agree that the weakening of Pacific
trade winds caused by changes in surface atmospheric pressunespiaitgers this phenomenon. Others
emphasise also the role of nsarface temperature variations in the Tropical Pacific in generating the El



Nifio event (Barry and Chorley, 2009). During normal conditions, surface waters are cooler in the Eastern
equateial Pacific and warmer in the Western equatorial Pacific. In addition, trade winds move surface water
westward, thus lowering the sea level in the Eastern Pacific and increasing it in the Western Pacific (Ahrens,
2012). Due to the presence of a strong elpng, the thermocline reaches lower depths in the Eastern Pacific
compared to the Western Pacific. During an El Nifio event, the westward gradient of sea surface
temperatures across the Pacific i s i nAmerritceadd sa ncdo ac
and surrounding the equator is formed. The occurrence of these conditions activates a positive feedback in
the atmospherecean system of the Eastern Pacific, modifying the Walker circulation. Over the Western
Tropical Pacific, the area of mianum sea surface temperatures tends to move eastward toward the Central
Pacific due to the changes in the Walker circulation. As a result, the Western Pacific experiences lower sea
surface temperatures than usual. The thermocline over the easterniPa@ficessed, further avoiding cold

waters to reach the surface. During normal conditions, rising air and associated convective activities are
mostly located over the western Pacific. During El Nifilo conditions, rising air and convection phenomena are
shifted eastward, following the change in sea surface temperature (Barry and Chorley, 2006). The
atmospheric pressure increases over the Western Pacific and decreases over the Eastern Pacific. As a result
sinking air and dry conditions occur in the WesternifRacwhereas air convergence and convection
phenomena occurs in the Central and Eastern Pacific. This variation in surface pressure condition at opposite
sides of the Pacific Ocean is named the Southern Oscillation (Ahrens, 2012). Near the end offan El Ni
event, the normal pressure gradient between west and east Pacific is restored. In addition, trade winds over
the Eastern Pacific return to be stable (Ahrens, 2012). Very strong winds cause the development of La Nifia.
It occurs when cold waters spreadra the Eastern and Central Tropical Pacific due to increased upwelling
near the South American coasts and the stronger action of trade winds. Therefore, sea surface temperatures
become colder in the Eastern and Central Pacific and warm waters are #epfadhest west side of the

Pacific Ocean. La Nifia conditions strength the high pressure over the eastern Pacific and the convective
conditions over the western Pacific (Barry and Chorley, 2009). Figure 1.3 schematises the anomalous
conditions associatdd El Nifio and La Nifia events.

El Nino
@ dry, sinking air
D warmer than average
I:l cooler than average
La Nina

Pacific Ocean

Figure 1.3: El Nifio and La Nifia conditions over the world.
Source: NOAA (2017a).



El Ni fo and La Nifa are wusually referred to as t
intensity of ENSO is measured by the Southern Oscillation Index (SOIl). This index is based on the
comparison between the sea level pressure observedhdti TCentral Tropical Pacific) and Darwin
(Northern Australia). Prolonged periods of negative (positive) SOI values are linked to abnormally warm
(cold) ocean surface temperature over the Eastern Pacific typical of El Nifio (La Nifia) episodes (NOAA,
20179. The importance of ENSO resides particularly in its effects on the global weather patterns. The
oceanatmosphere interactions between sea surface temperature and weather patterns in a distant part of the
worl d are called fiteleconnectionso.
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1.3 The dailycyclesin the Tropical Pacific Ocean

In the following suksections, aspects of the consolidated knowledge regarding the tropical daily cycle are
explained. Sutsection 1.3.1 describes the different types of measurements used by researchers to examine
the tropical daily cycle during the years, among which the source of data utilised in this stuehgec8ab

1.3.2 illustrates the major forcing affecting the rearface air temperature cycle during the day.-Sdiion

1.3.3 examines the presence of arrein the air temperature measurements made by naturally ventilated
sensors. Subections 1.3.4 to 1.3.7 present previous findings concerning the diurnal cycle of barometric
pressure, wind speed and direction, sea surface temperature and convectiohrapittad Pacific. In this
section, the terms Adiurnal 6 and Adailyo cycle it
withinthe 24hour peri od. I nstead, the term fAisemidiurnal
and two minima ocurring within the 24our period.

1.3.1 Description of the datasets

The first observational studies on the climate in the Tropical Pacific Ocean used data coming mainly from
research vessels and merchant ships in addition to measurements performed on island stations. Ships
provided mainlyin situ measurements of the ocetamperature along with weather reports describing
qualitatively the weather conditions. Island stations gave detailed precipitation information. During the
second part of the twentieth century, more and more clinetdted data have been acquired to stilndy

climate characterising different regions of the globe. In particular, starting mainly from late 1970s and the
early 1980s, satellite observations have been utilised to examine the meteorological conditions all over the
Eart hds sur f adaabecBmeerthe man ssuece of climagic and oceanographic information for

the tropical Pacific. The satellite data products used in the studies illustrated-8e&idns 1.3.5 to 1.3.7

are described as follows. The Tropical Rainfall Measuring MissioMMNRis a joint mission of NASA and

the Japan Aerospace Exploration Agency (JAXA) aiming to study rainfall characteristics for weather and
climate research (NASA, 2017). Launched in November 1997, TRMM is equipped with a precipitation radar
(PR), a microwag imager (TMI) and a visible and infrared scanner (VIRS). Another remote sensing data
source is the Geostationary Operational Environmental Satellite (GOES), managed by NOAA, collecting
data for weather monitoring and forecasting (NOAAb, 2017). Theseaiinstits have been operating since

1974. Researchers inferred convective activities over the interested areas through different types of satellite
data, such as images reporting cloud temperature, fractional cloud coverage and scattering due to presence of
water droplets in the atmosphere. Remote sensing observations have different characteristics compared to
situ data. Satellite data are characterised by a great spatial coverage and a coarse spatial resolution (often
ranging between 1° and 2° for latitualed longitude). Moreover, satellites often acquired images a few times

per day. Therefore, satellite images are extremely useful for examining and comparing different areas. On
the other hand, the small number of images acquired during the day limitsaifaeterisation of the diurnal

cycles. To surpass this limitation, starting from #hRBOs, researchers started using buoy data to study the
surface conditions of the oceans. Buoys acquire point data at a high temporal frequency. The TOGA COARE
array is me of the first observational schemes involving moored buoys acquiring weather and climate data
for climate research. However, the TOGA COARE project involved other sources of data i.e. ships
observations and remote sensing. After this project, other onimgjtnetworks using moored buoys have

been designed such as the Tropical Atmosphere Ocean (TAO) monitoring scheme developed in the Tropical
Pacific. Nowadays, the most important buoy dataset is the Global Tropical Moored Buoy Array (GTMBA)

11



involving threemonitoring programs distributed over the tropical oceans: the TAO array, the PIRATA array

in the Atlantic Ocean and the RAMA array in the Indian Ocean. This study uses data retrieved by the TAO
array. A description of the GTMBA and TAO arrays is providedection 2.1. A large part of the studies
reported in sections 3.1.2 to 3.1.7 uses remote sensing data to infer the daily cycles of different parameters
over a large spatial area. Instesdsitu observations depict only the local conditions, which imaylifferent

from the large scale conditions. Bowman et al. (2006) performed a comparison between the cenvection
related parameters of buoy (TAO array) and satellite (TRMM instruments) sources. They analysed time
averaged values fr oml sgaceveragded sadelite data aonobtaint tiwvontemparable
datasets. Results show a greater correlation as the time window average of buoy data increases around the
time of satellite image acquisition. The correlation between the two data sources issstwrege satellite

data of 1°x1° and buoy data averaged over a period between 2 and 10 hours are considered. Instead, taking
into account coarser time and spatial averages results in lower correlation values between the two data
sources. Despite these dipancies, over the years different data were used in a variety of studies to
describe the daily cycle of convection and conveetaated variables in the Tropical Pacific Ocean.
Overall, results outlined by several researchers are similar despiteféierdisources of data.

1.3.2 Nearsurface air temperature

The diurnal cycle of the neaurface air temperature over the ocean is affected by several factors, such as
incoming solar radiation, heat exchange between air and water, occurrence and sfreaigtfalls and

wind. Above all, the solar radiation is the major driver affecting the behaviour of several physical parameters
on a daily scale. Indeed, a large fraction of the globally averaged solar energy variance is concentrated in the
daily frequencyband, especially at the tropics (Bergman and Salby, 1996). Along the equator, the annual
evolution of solar radiation is characterised by the absence of a noticeable seasonal cycle and by the steady
sunrise and sunset local times throughout the yeagti@® and 18 local time. Moreover, equatorial regions
receive the highest amount of sun solar radiation over the whole year (Barry and Chorley, 2009; Ahrens,
2012). Ahrens (2012) provided a simple description of the air temperature cycle above lanasameas
function of the incoming solar radiation. As t he
Consequently, the ground starts to warm the air above through conduction. As the air temperature warms,
convection starts and redistributeée heat in the lower atmosphere. The Sun continues to rise in the sky and
reaches the maximum elevation at noon. After noon, as the Sun elevation decreases, the incoming radiation
becomes less intense, although it still exceeds the outgoing heat emengyh& surface. The outgoing
longwave radiation resulting from the cooling of the ground equals the incoming shortwave radiation at,
approximately, 15 local time. At this point, the air temperature starts decreasing. Therefore, there is a lag
between theime of maximum solar heating and the time of maximum air temperature above the surface.
Figure 1.4 describes the diurnal cycles of the incoming radiation, outgoing radiation arstinfesze air
temperature in ofand locations.

12
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Scientific literature lacks studies concerning the diurnal-segrace air temperature cycle over the oceans.

The oceanic neaurface air temperature may have a different diurnal cycle compared to the one described
previously. Indeed, the presence of &awhich is a weak heat conductor and changes temperature slowly,
influences differently the air temperature due to its thermal inertia. The presence of clouds as well as
precipitation events exert a strong influence on the diurnal temperature cyclds @Gédlect the incoming

solar radiation and prevent the solar energy to reach the surface. Moreover, clouds contain water particles
that absorb the Earthdéds infrared radiation and r e
clouds limtsbot h t he warming and <cooling of the Earth
temperature variations. In addition, precipitation phenomena lower the ambient temperature near the surface
(Ahrens, 2012). As further explained in ssdction 1.3.5, alsthe winds can modify the neaurface air
temperature daily cycle.

1.3.3 The radiative heating error

This study examines neaurface atmospheric and oceanographic data acquired by the TAO array. The TAO
buoys are equipped with a naturally ventilatediatioh shield protecting the air temperature sensor. The
shield is illustrated in Figure 1.5, along with the major heating and cooling processes.
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Solar Heating

Figure 1.5:The major heating and cooling
e > processes affecting a naturally ventilatediiation
ooling .
shield.
Source: Anderson and Baumgartner (1998).

SN

The naturally ventilated radiation shield is composed of 10 to 12 plates, placed one above the other. The
height of the shield is 20.3 cm, whereas its diameter is drh.gCampbell Scientific2018. The shield

protects the sensor from solar heating and precipitation. The particular shape of this shield allows the air to
pass through the openings between the plates. A convective cooling process is triggered resulting in a heat
loss, which shdd equal the solar heating. Anderson and Baumgartner (1998) found that air temperature
measurements obtained through this naturally ventilated shield are affected by an error. This error is
associated to the heating of the air temperature sensor shigldsbeof solar heating and lack of air
refreshing within the shield. Despite these authors examined buoy data coming from TOGA COARE and
observational projects in the Arab Sea, they speculated that even the TAO data may be affected by the same
error as th&d AO buoys mount the same naturally ventilated shield. Anderson and Baumgartner revealed the
existence of the error by comparing the air temperature measurements coming from two different sources.
The first source was the air temperature sensor installiaihvé naturally ventilated radiation shield, as the

one reported in Figure 1.5. The second source was a sensor measuring the temperature of the air aspirated by
a pump working only in dalight hours. The two sensors were equipped on three different chboigys

during the early 1990s, two located in the Arab Sea and one in the Tropical Western Pacific (TOGA
COARE). The authors analysed more than five months of data collected in the Western Pacific and
approximately one year of data collected in the Arab.$-igure 1.6 shows the different air temperature
mean daily cycles computed using observations fro
the aspired air temperatur e, whereas the €didy anda
naturally ventilated sensors.
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Figure 1.6:Mean diurnal cycles in air temperature and sea surface temperature retrieved from data acquired in the
Arab Sea (gb) and in the Western Pacific (c).
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Source: Anderson and Baumgartner (1998).

The air temperature measured by naturally ventilated sensors is constantly higher than the aspirated
temperature throughout the day. During night, the pump has been turned off. Accordingly, the two sensors
reported the same temperature values approximbétiyeen 18 and 06 local time. The authors recognised

that the shape of the mean diurnal cycle is significantly altered by the presence of a radiative heating error.
During daytime hours, the aspirated temperatures show only one peak occurring betd®daca? time.

Instead, naturally ventilated sensors report two peaks occurring arouasamichg and mieafternoon,
respectively. Because of shield geometry, naturally ventilated shields experience maximum heating with a
Sun elevation between 40° and {8hderson and Baumgartner, 1998). The elevated difference between the
aspirated and standalone air temperatures is absent in the Western Pacific buoy. Anderson and Baumgartner
pointed out the dependence of the radiative heating error on meteorologiadibosnreater errors occur

with higher solar radiation and low wind speed. In fact, solar insolation heats directly the shield, thus
warming the air inside the chamber. On the other hand, increasing wind horizontal velocities enhance
convective coolinghence lowering the error. Anderson and Baumgartner estimated different error thresholds
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according to the wind conditions. Errors of £1 °C are associated to winds stronger than 5 m/s, £2 °C to winds
of 2-5 m/s and £3 °C to winds betweer20n/s. Eventuallythe authors argued that their findings may reveal
the presence of an error in the TAO air temperature observations as well.

1.3.4 Barometric Pressure

The diurnal variation of the barometric pressure variation on a daily temporal resolution is ofted teferre

as the AAtmospheric Tided (Chapman and Lindzen, 1
authors, both through theoretical studies and observational works, claimed the existence of a semidiurnal
cycle (12 hours period) in the surface aiegsure. This cycle is characterised by two maxima and two
minima occurring approximately at the same local time each day, depending on the location (LeBlancq,
2011). The causes of this variation are not fully understood (LeBlancq, 2011), but, as suggdxuet

(1987), the solar radiation shall be a dominant component. In the upper atmosphere, diurnal pressure waves
are risen by the diurnal heating cycle. However, the semidiurnal harmonic prevails because of the dynamic
structure of the atmosphere (Pu@Bg87). The absorption of UV light by ozone in the upper atmosphere and
water vapour in the lower atmosphere causes the photodissociation of these compounds, therefore heating the
nearby air (Cooper, 1982; Ahrens, 2012). The consecutive warming and cobtimg air creates density
oscillations, call ed also ATher mal Tidesd (Ahrens
is greatest, the diurnal pressure variation is most noticeable, reaching ~3 mb. The variation has a regular
sinusoidal pttern characterised by two maxima at approximately 10 and 22 local time and two minima at
approximately 4 and 16 local time (Le Blancq, 2011; Ahrens, 2012).

1.3.5 Wind

All observational studies concerning naarrface wind velocity and direction over the Tropical Pacific used

data coming from the same data array of this thesis work, i.e. the TAO array. In tsisctioh, the term
fzonal 06 refers totwitrodswelsltqgqwiorg vfirceem veea s a . Si mi |
winds blowing from north to south, or vice versa. Through the analysis of hourly wind data acquired by 14
moorings near the equator during summer 1992, Deser et al. (1994) found esidérsemidiurnal and

diurnal cycles. The phase of the semidiurnal component is homogeneous across the domain, characterised by
westerly winds peaking at 03 and 15 local time and reaching maximum values varying by a few tenths of
m/s. Instead, the diurnalycle is dominated by the daily march of the meridional wind component, with a
variation range of ~0-6.8 m/s. The flow is generally southward across the equator at night, relative to the
daily mean. Deser and Smith (1997) utilised data coming from 60 Bd@s acquired during a 3 years

period to document the largeale pattern of daily variations in the ldewel atmospheric circulation. Deser

and Smith (1997) confirmed the previous finding of Deser et al. (1994). The semidiurnal cycle in wind
velocity acounts for much of the mean daily variance of the zonal wind component, while the diurnal cycle
explains much of the mean daily variance of the meridional wind component. Again, the characteristics of
the zonal wind variation are practically uniform asrtise basin. Its amplitude and phase are 0.15 + 0.04 m/s

and 03:10 (and 15:10) £ 00:30 local time. The wind diurnal variation in the equatorial zone exhibits a
maximum at 07 local time, with a general pattern of southerly flow. Deser and Smith (1997)afound
interesting variation in the diurnal meridional winds from the east to the west Pacific. Specifically, the
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diurnal cycle at the equator is larger in the Eastern Pacific and negligible in the Western Pacific. Ueyama and
Deser (2008) based their study data coming from 51 TAO buoys over a 12 years period. These authors
confirmed the previous findings described above and added few considerations: the meridional wind
variability is mainly diurnal, with maximum southerly wind anomalies around 07 local ant€N and

around 19 local time at 5°S over the Western Pacific. Instead, the equatorial Eastern Pacific shows a
southerly wind anomaly maximum at noon. Moreover, these authors found that during the cold season the
diurnal mean wind variation is largerath in the warm season. Overall, the listed studies detected
approximately the same behaviour in the Tropical Pacific. Equatorial winds present a semidiurnal component
majorly characterised by air currents flowing westward and peaking around 03 and l8&nmecalhe
amplitude of this component is small, reaching only 0.1/0.2 m/s. The semidiurnal zonal cycle is considered
to be consistent with the diurnal pressure wave p
equatorial winds show a dial component defined by a southerly flow maximum at 07 local time.
However, Ueyama and Deser (2008) indicated a different pattern in the equatorial eastern Pacific composed
by a maximum at noon. Moreover, previous works suggested the greater importdheedfrnal cycle
compared to the semidiurnal cycle, sometimes even negligible as in the case of the Western Tropical Pacific.

1.3.6 Sea Surface Temperature (SST)

The daily cycle of the sea surface temperature has been studied since high temporarreisolsitu
measurements) became available in the last century (Kawai and Wanda, 2007). Moreover, the development
of remote sensing systems has permitted the acquisition of data with large spatial coverage and high
temporal frequencies (usually four dailyeasurements). The SST diurnal cycle has an almost sinusoidal
shape. Temperature peaks in the early afternoon, arowid l&cal time, while the minimum occurs
between 06 and 08 local time. The phase of the cycle is approximately the same throughwut all t
considered studies reviewed by Kawai and Wanda (2007). Both in the tropical regions (Fairall et al., 1996;
Webster et al., 1996; Soloviev and Lukas, 1997; Tanahashi et al., 2003; Clayson and Weitlich, 2007) and at
higher latitudes (Stommel et al., 196%9alpern and Reed, 1976; Deschamps and Frouin, 1984; Price et al.,
1986), it has been noted that the daily temperature range of the ocean surface (hereafter referred also as daily
PSST or amplitude) i s principalligd The gbsorptibe of solaro Nt
radiation by the neeasurface ocean layer causes diurnal warming of the SSTs. More specifically, 60% of the
incident solar radiation is absorbed in the first meter of the ocean (Soloviev and Lukas, 2006), which trigger
thetemgr at ureds rise. The SST warming is hampered b
enhance mechanical mixing of surface waters and the latent heat exchange between sea and air. High wind
speeds keep the upper part of ocean well mixed, whwenind speeds permit a strong stratification, hence
leaving the warmest layers confined near the surface (Gentemann et al., 2003; Kawai and Wanda, 2007).
Moreover, high wind velocities enhance the latent heat exchange between air and water, caussagithe oc
water to lose heat. The SST is cooled also by precipitation (Wester et al. 1996; Tanahashi et al., 2003), with
the strongest cooling occurring during nigime (Webster et al., 1996). Overall, previous studies pointed to

the occurrence of high SSTudnal warming under high levels of incoming solar radiation and low wind
velocities. The largest SST diurnal warming measured at the tropics reaches maximum values of up to 3°C
(Gentemann et al., 2003; Kawai and Wanda, 2007). Tanahashi et al. (2003tetidlgat the greatest SST

diurnal warming occurs in tropical coastal areas due to the larger heat radiation caused by the surrounding
land. Focusing specifically to the Tropical Pacific region, several studies noted few new characteristics.
Webster et al(1996) found the largest amplitudes of the SST diurnal cycle in regions with the greatest
insolation. On the other hand, wind speeds greater than 10 m/s can effectively suppress the SST daily
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variation, regardless of insolation and precipitation regimAssa result, the amplitude of the SST diurnal
variations increases with the formation of a fresh and stable layer at the surface, which favours surface
heating. Gentemann et al. (2003) highlighted the higher susceptibility of the SST to the diurnal warming
the Western Pacific. Clayson and Weitlich (2007) analysed the difference between the daytime SST peak
value and nightime SST minimum over the global tropics using satellite (ISCCP and SMIi/I)nasitu
(TAO/TRITON and PIRATA) measurements. They fduthat wind speed variations explain better the

SSTés diurnal variation rather than changes in t1l
vary greatly at the tropics. By considering all the available data, Clayson and Weitlich (20Q¥ api@unage

wind speeds of about84 m/ s i n areas of ®@SST measuring 0.7 A
associated to a @SST smaller than 0.2 AC. Deser

revealed that the diurnal SST amplitupieesents a local maximum over the cold surface waters in the
Eastern equatorial Pacific. Furthermore, they found that the largest amplitudes occur between boreal winter
and spring. Cronin and Kessler (2002) and Kawai and Kawamure (2005) studied thecenftieENSO

events on the diurnal SST variation. They found that the different surface conditions existing during an
ENSO event could change the spatial and temporal variations of the diurnal SST warming. The impact of
daily @®@SST on t hetfullg undeoswoqd {Kawaeand Wanda,2007).yDifferent researchers
suggested that a large diurnal SST variation must be coupled to the presence of weak winds, which in turn
suppresses the turbulent heat transfer between water and air (Kawai and Wand&,i2@7ay result in a
condition of suppressed convection.

1.3.7 Convection and precipitation

The diurnal cycle of convection in the Tropical Pacific Ocean has been studied by several authors during the
latter 50 years. Earlier studies were based on ship observations and precipitation datasitostations,

whereas recent studies used remetasisng data and rain gauges deployed on moored buoys. Works using
inferred cloud properties through remote sensing data to investigate convection are based on measurements
of different variables, including cloud top radiating temperature, cloud coveragmiarowave radiation
temperature of water droplets. The general results of these studies are mostly in agreement with each other,
despite the different types of measurement and sgatiporal resolutions of the data. Overall, researchers
indicate the preence of one clear peak in the tropical convective activity over oceanic regions in the early
morning, before dawn. Here, previous observational studies are described. Gray and Jacobson (1977)
analysed hourly precipitation data acquired by few stationstddcon small and large islands over the
Western and Central Pacific. They found an early morning maximum aroufé @fal time and an
evening minimum between 48 local time. The differences between maxima and minima are more
prominent on small islandkan on larger islands. Small islands more likely reproduce the true conditions
over the open ocean than large islands. Furthermore, Gray and Jacobson (1977) distinguished precipitation
data into different rainfall categories. They found that, while Irgit does not show a variation during the

day, heavy rain dominates in the morning. Therefore, deep convective activity seems to peak in the morning.
Kraus (1963) and Trent and Gathman (1972) found similar evidences. Moreover, Ruprecht and Gray (1976)
studied tropical cloud clusters over the Western Pacific Ocean. They reported that rainfall amounts from
cloud clusters are twice as much in the morningl®7ocal time) as in the evening (28 local time).
Augustine (1984) used satellite infrared imageBve locations along the equatorial Pacific Ocean (180°W,
165°W, 150°W, 135°W and 120°W). In contrast with previous findings, he discovered a primary maximum

in the midafternoon and a secondary maximum near dawn at four locations (180°W, 165°W, 136°W an
120°W). However, the author examined only data retrieved on August 1979. Thus, results concerns a limited
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period that is possibly not representative of lortgem behaviours. In agreement with Augustine, Albright

et al. (1985) examined the diurnal védiba in deep convection and precipitation in the Central Tropical
Pacific during a limited period (January and February 1979). They used infrared satellite of 1.5°x1.5° spatial
resolution to assess the spat i alhreshads 86°G-g°C)as c!l| o
indicators of deep convective activity. These authors found different diurnal behaviours in the fractional
coverage of cold clouds top characterising severategions. The western side of the SPCZ region shows a
maximum coveage in the evening. Besides, the eastern part of the SPCZ shows an afternoon peak. Cloud
cover in the ITCZ region peaks near sunrise, while in the region south of the ITCZ, approximately along the
eqguator, an early morning peak is identified. In additAdhright et al. (1985) studied the atmospheric levels
reached by clouds founding a common characteristic among the differenégsoiis. Deep convective

clouds with tops reaching a corresponding height of2%8® mb exhibit a peak around sunrise. Heiadle,

these evidences pointed to a pronounced diurnal cycle in deep atmospheric convection over the Tropical
Pacific Ocean. Meisner and Arkin (1987) investigated the spatial patterns of the annual variation of the
diurnal cycle in cold cloudiness fractionabverage over a three year period (December 198dvember
1984) . Infrared satellite data were used to estin
compared to previous studies, suggemaintheglPdlocalonv ec
time than in the 0A2 local time period. Janowiak et al. (1994) examined the diurnal fluctuations in the
frequency of occurrence of cold clouds in the tropical regions through satellite infrared and microwave data.
Infrared data were at egori sed into three g88C@d&C and58€.In cl o0 u
addition, they analysed precipitation data coming from ship and buoy observations. Satellite data revealed a
diurnal cycle peaking during morning. In particular, topéder than-38°C have a maximum near local

noon, between 089 local time for tops colder than8°C and generally earlier than 06 local time for tops
colder than58°C. Over the Pacific Ocean, these authors distinguished a daily peak in convectiomn @6 abou
local time, with a minimum around 18 local tima.situ observations seem to confirm these findings. Ship
records suggest a diurnal rainfall preference for th®®6ocal time interval. Buoy data were used to
distinguish between heavy, medium arghtirainfalls. The three categories occur most frequently near 03
local time with a probability of occurrence much higher than any period except around 06 and 21 local time.
Heavy rainfall events are relatively less frequent but have a disproportionabotion to the total rainfall

over oceanic regions. Finally, Janowiak et al. (1994) compared rainfall categories and satellite data. They
highlighted the correspondence between the occurrence of heavy rainfall events and deep convection. Yang
and Slingo 2001) confirmed that deep oceanic convection typically peaks in the early morning. Moreover,
they suggest that the strong diurnal cycle on land may spread to the surrounding ocean, therefore modifying
the diurnal convection processes over the ocean. SeddIcPhaden (2004) examined the diurnal rainfall
variability over the Tropical Pacific Ocean. They used rain gauge observations obtained by moored buoys
(TAO/TRITON array). Then, data were distinguished based on accumulation, intensity and frequency of
rainfalls. Each parameter shows a diurnal cycle with a maximum in between 04 and 08 local time and a
minimum around 18 local time. Furthermore, data also suggest the presence of a semidiurnal cycle peaking
near sunrise and afternoon/early evening. The diwné semidiurnal harmonics explain much of the data
variability. Furthermore, these cycles vary significantly with region and season. Serra and McPhaden (2004)
concluded that the rainfall maximum occurring during afternoon and late evening identifiegnifiestation

of small and unorganised systems. On the other hand, the early morning peak marks the occurrence of deep
and organised convective systems. Bowman et al. (2005) performed an examination of the diurnal cycle in
tropical precipitation considemnboth satellite (TRMM) and in situ (TAO array) data. They individuated a
diurnal harmonic indicating the occurrence of maximum rainfall between 03 and 06 local time. The
amplitude of this harmonic is greater in areas of large mean rain rates, namelgsteenv¥Pacific and north

of the equator near the ITCZ. Kikuchi and Wang (2008) used two kinds of satellite (TRMM) datasets to
analyse the diurnal precipitation regimes in the tropics. They distinguished three different regimes: coastal,
continental and o@mic. In oceanic regions, the diurnal precipitation cycle shows a moderate amplitude and
an early morning peak between 06 and 09 local time.
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In general, literature presents a high number of observational studies concerning the diurnal cycle of tropical
rainfall and convective activity. Researchers distinguished a clear morning maximum in convection over the
Tropical Pacific Ocean. Most of the times, this maximum is related to the occurrence of deep convection
leading to the formation of high altitude claudnd resulting in heavy rainfall events. Light and medium
rainfalls are not bound to a particular period of the day, but tends to occur mostly in the early evening,
around 18 local time. In addition, previous studies reported the higher variabikitgitf data, i.e. ships and
buoysd observations, than remote sensing dat a.

Still, a convincing explanation to the diurnal behaviour of convection lacks. During the years, different
mechanisms have been proposed based on the retrieved evidences. Krausrg@&B)that radiative
cooling at the clouds top during night triggers a destabilisation process ending in rainfall events. On the other
hand, solar heating stabilises clouds top during the day. Randall et al. (1991) reinforces the hypothesis of
Kraus utilsing a global climate model. They found that the stabilization of the atmosphere through the
absorption of solar radiation by clouds is a dominant factor for the convective diurnal cycle. During the day,
solar radiation warms the higher levels of clougishancing stability and restricting convective activity.
During the night, cloud tops are destabilised due to radiative cooling. Chen and Houze (1997) theorised a
complex mechanism involving surfackudradiation interactions. These authors highlightee tir
temperature and the SST as important surface thermal variables affecting the convection mechanism. These
variables reach their daily maxima in the afternoon, and then the system starts cooling. This cooling is
intended to favour the beginning of a@attive processes, which grow throughout the rest of the day and the
following morning. Chen and Houze (1997) considered also the life cycle of cloud systems as an important
factor affecting the diurnal variability of convection. Since deep convectiveoptesra tend to decrease the
moiststatic energy and lead to the formation of a cloud canopy preventing the solar radiation to reach the
surface, surface conditions at the end of the convective process do not facilitate again widespread convective
processesHence, it is claimed that convection will occur in nearby regions unaffected by previous
convective events.
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1.4 General aim and objectives of the thesis work

As presented in Section 1.3, several observational studies regarding the analysis of daily surface and
atmospheric cycles in the Tropical Pacific Ocean are available in the scientific literature. Above all, sea
surface temperature and convection are thetretudied variables, whereas satellite observations are the
most used source of data. Nonetheless, the deployment of the next generation ATLAS buoys during early
1990s and the development of the TAO array has led to the acquisition of point data ¢bedasyea high

temporal resolution. Buoys, deployed in several tropical locations, have constantly monitored the evolution
of surface oceanic and atmospheric conditions throughout the day over the last 20 years. Therefore, this kind
of array constitutes aextraordinary opportunity to investigate the daily cycles of different atmospheric and
oceanographic variables.

This study aims to assess the daily cycles of different physical parameters over the Tropical Pacific Ocean,
taking advantage of the uniquepmptunity given by the availability of the TAO array.

The first objective of this work is the characterisation of the diurnal behaviour of several physical
parameters, i.e. solar radiation, wind speed, air temperature, sea surface temperature, rekseeifand
humidity, sea level pressure, wind direction and precipitation. Three buoys have been selected to describe the
daily cycles in the Eastern, Western and Central Equatorial Pacific Ocean. Their locations are, respectively:
0°N 95°W, 0°N 140°W, 0°NL65°E. The second objective of this work is the examination of daily cycle
variations under different background local meteorological conditions, i.e. during sunny, cloudy, windy and
calm days. Above all, this differentiation is used to evaluate the meessard magnitude of a radiative
heating error in the air temperature measurements. Second, this study inspects the dependency of daily cycles
on Abackgersocuan ded cllarngget i ¢ conditions. To this purpc
fi ¢ o | NBO® phBses are compared to highlight any influence of this climatic mode on the diurnal cycles.
Another objective consists in the characterisation of the variation of daily cycles on theeriong
highlighting the variability of the cycles under differgparameters regimes. The fourth objective of this

work is to examining the relations existing between the different physical parameters on a daily time scale.
The findings of this thesis work are compared with the existing results provided by the sditatitiure.
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2. Data, methods and software description

This chapter is dedicated to the description of the methodology adopted in this thesis work. Specifically,
section 2.1 describes the characteristics of the TAO array as well as the specific data used in this thesis.
Section 2.2 illustrates the methods isél in the data elaboration to accomplish the objectives listed in
section 1.4. Finally, section 2.2 delineates the software utilised for the data analysis and the creation of the
graphics.

2.1 Data

This thesis uses atmospheric and oceanographasumements acquired by moored buoys deployed in the
Tropical Pacific Ocean. The&e situ observations constitute the Tropical Atmosphere Ocean (TAO) dataset.
The buoys are managed by the Pacific Marine Environmental Laboratory (PMEL), which is part of the
National Oceanic and Atmospheric Administration (NOAA) agency of the United States of America. Data
are publicly available and can be retrieved from the PMEL web page, at:
https://www.pmel.noaa.gétao/drupal/disdel/

This section describes different aspects of the dataset utilised in this study. First, a general overview of the
TAO project and its development over the years is reported, starting from early 1980s to the present (sub
section2.1.1) Then, the structure of the moorings,- buoy:
section 2.1.2). Finally, the specific data used i
operating periods (sukection 2.1.3).

2.1.1 The evolution of the TAO project

The TAO project was designed in response to growing needs of monitoring, understanding and predicting
the El Nifio events and related phenomena during the 1980s. The lack of a quick detection of-88EI982

Nifio, the strongest climatic event in the TicgiPacific in over a hundred years, motivated the demand for
anin situ observing system capable of sending kigiality data in real time (McPhaden et al., 1998). Ship
based observations of the ocean surface were available at that time but they aolesesimall portion of

the total Tropical Pacific area (Hayes et al., 1991). Overall, ship measurements were not able to describe
different regions of the ocean continuously in time. Between 1985 and 1994, PMEL deployed an array of
approximately 70 buoysn the Tropical Pacific Ocean between 8°N and 8°S, 95°W and 137°E to
systematically monitoring ENSO and to provide a better interpretation of HBIS@d phenomena
(McPhaden, 1995). The array was named Tropical Atmosphere Ocean (TAO) array. Accordaihaa®h

et al. (1998), the major advantage of the TAO array is its ability to acquire data at high frequency (from
hourly to 2minutes) for several key parameters such as winds and ocean and atmospheric temperatures. In
January 2000, the array was renaréd®/TRITON array in recognition of the contribution of theahgle
TransOcean Buoy Network (TRITON) moorings to the observations of the western side of the Tropical
Pacific Ocean. TRITON moorings are still managed by the Japan Agency for Marnithe Scénce and
Technology (JAMSTEC). The success of timagjor effort prompted the deployment of similar moored buoy
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arrays in other ocean basins during the yearsPtiediction and Research Moored Array in the Atlantic
(PIRATA) and the Research Moored Array fafrican-AsianAustralian Monsoon Analysis and Prediction
(RAMA). Thesearrays constitute the Global Tropical Moored Buoy Array (GTMBRWEL, 2017) Figure
2.1 illustrates the buoys composing the GTMBA and their characteristics.

Global Tropical Moored Buoy Array
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Figure 2.1: The Gloal Tropical Moored Buoy Array. This study uses data coming from the TAO array in the Pacific
Ocean. Source: PMEL (2017).

The GTMBA contributes to the advancement of the Global Ocean Observing System (GOOS), the Global
Climate Observing System (GCOS), ahé Global Earth Observing System of Systems (GEOSS) (PMEL,
2017).

212Moorings6 specifications

The TAO array is currently composed by the Next Generation AT ABonomous Temperature Line
Acquisition System)moorings. Next Generation systems emgd the standard ATLAS moorings, deployed
between 1984 and mi@ls. The transition to Next Generation systems began in May 1996 and ended in
November 2001 (PMEL, 2017). The standard ATLAS moorings were designed and tested by PMEL in
NOAA laboratories inlie early 80s (NDBC, 2016b). These buoys measured surface winds, air temperature,
relative humidity, sea surface temperature and subsurface temperatures at different depths. Daily mean data
were telemetered t o s h o rositing sdellites andl SetvicemegosyvHowrly ddt® A A 6 s
were recorded internally and available after mooring recovery (NDBC, 2016b). In tH@Omidhe Next
Generation ATLAS moorings were designed to improve several characteristics of the array. The efforts were
made toenhance data quality, add new sensors, increase temporal resolution of internally recorded data,

i mprove Ssystemso l'i feti me, simplify fabrication
Generation ATLAS moorings use as many components and proceditinesolder systems as possible. New
sensors were added for measuring rainfall, dgeimg shortwave and longwave radiation, barometric
pressure, salinity and currents. Moreover, most measurements began to be acquired at a sampling rate of 10
minutes, egept for precipitation (1 minute), longwave and shortwave radiation (2 minutes) and barometric
pressure (1 hour). Precipitation measurements are filtered with-poid6 Hanning filter to produce
smoothed 1éminutes data (Serra et al., 2001). These dngblution data are recorder internally and
available after recovery of the mooring (NDBC, 2016b). Daily and lower frequency data are telemetered
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through satellites to PMEL laboratories. Figure 2.2 illustrates a model of the Next Generation ATLAS
mooring.

Next Generation ATLAS Mooring

Figure 2.2: A model of the Next Generation ATLAS Mooring. Source: NDBC (2016b).

The Next Generation ATLAS buoy has a toroidal shape of a 2.3 m diameter. It is made of filrgtass
foam, with an aluminium tower and a stainlsssel bridle. It weighsipproximately 660 kg and has an
overall height of 4.9 m. The buoy is anchored at the sea bottom througkretatimg wire rope in the upper
700 m to guard from fish bite damage and the remainder by a nylon line with an anchor at the end.

Mo o r i n gian® have a@epthg ranging from 1500 to 6000 m (PMEL, 2017). The height of the sensors
above the sea level are listed in the Table 2.1.

Table 2.1: Height above the sea level of Next Generation ATLAS mooring sensors.

. Shortwave s Air Relative Barometric | Sea Surface
Sensor Wind L Precipitation .
radiation Temperature | Humidity Pressure | Temperature
Height 4 35 35 3 3 3 1
(m)

24



The negative height value for the sea surface temperature indicates that the sensor is located at 1 meter depth
For a completelescription of the sensors, including sensors specifications, the reader is referred to Appendix
A of this thesis. Figure 2.3 schematises the proc
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Figure 2.3: TAO data management description. Sauxi2BC (2016a).

In brief, daily TAO measurements are telemetered in-resgdtime via Service Argos through NOAA polar

orbiting satellite. High frequency TAO measurements (10-ori2Znut es) ar e made avail
recovery. The data are then processed by th® Pkoject at PMEL, when calibration coefficients and
guality controls are performed. Finally, data are distributed to the general public and to the international
scientific community. Sensors are calibreover bef
(NDBC, 2016a).

2.1.3 Data used in this study

This study uses data from selected TAO moorings positioned along the equator representative of different
key regions of the Tropical Pacific Ocean: the Western Pacific Warm Pool in the westepampste

Central Pacific, and the Cold Tongue in the Eastern Pacific. Representative buoys are selected based on the
amount of data available at the highest possible time resolution. Therefore, the buoys considered in this study
are those located at 0°N59V, 0°N 140°W and 0°N 165°E (see Figure 2.4). The three buoys are
denominated with their location throughout the remainder of the text. The choice of the equator as latitudinal
reference for all the studied buoys was motivated by the desire of mininpsiegtial biases in the
monitored parameters linked to the annual seasonal cycle, i.e. the asymmetric alternation of a warm and cold
season. Another important reason is the following: at the equatorial latitude the daylight period is constant
throughout tle year. It lasts twelve hours, starting at 06 and ending at 18 local time. Figure 2.4 illustrates the
whole TAO array and the buoys selected in this study.
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Figure 2.4: Location of the TAO buoys composing the TAO array (blue dots). The red dotsntefpetzcation of the
buoys used in this studiyg. at 0°N 95°W, 0°N 140°W and 0°N 165°E).
Source: NOAA/PMEL

The physical parameters considered in this study and their associated maximum monitoring frequency are
reported in the Table 2.2.

Table 2.2 Variables used in this study and maximum available time resolution.

Variable Time Resolution

Air Temperature 10 minutes
Sea Surface Temperature 10 minutes
Wind (speed and direction) 10 minutes
Relative Humidity 10 minutes
Precipitation 10 minutes

Sea Level Pressure Hourly
Downgoing Shortwave Radiatio 2 minutes

This study uses all the available data measured at the time resolution reported in Table 2.2, but, as discussed
in section 2.2 (Methods), the sea level pressure and shortwave radatioarel prgprocessed to allow the
analyses to be conducted on aridute time resolution. Teminute and Zninute data have been acquired

since the end of 1990s, while hourly sea level pressure data are available since the year 2000. The data
periods, ttal number of recorded days and percent of data coverage for the three reference buoys are shown
in the Tables 2.3, 2.4 and 2.5.
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Table 2.3: Data availability for the different variable measured by 0°N 95°W.

Start date and

End date and

Total number of

Percent data

Variable time (UTC time (UTC recordgd days coverage
format) format) (approximated)
Air Temperature 123%1010%7 288912%%8 2480 0.62
sese | i | WS [ e | om
Relative Humidity 128%%%%7 2(1);:7'1%%208 2502 0.37
Precipitation 138%%%%7 Zggit%? 2184 0.55
Stomae | LT | mmm |,
Radiation
wagel | amom | menn [ o | o

Table 2.4: Data availability for the different variable measured by 0°N 140°W.

Start date and

End date and

Total number of

Percent data

Variable time (UTC time (UTC recordgd days coverage
format) format) (approximated)
Air Temperature 123%%5;)101 221?;%%203 5090 0.92
sesace | iomets |2z [ | oo
niGrendand dgmiein | Bl e | oo
Relative Humidity 128%%%101 28411:7;%%108 6014 0.85
Precipitation 1235;%56101 22174206108 5063 0.71
S | SIS |BBOE g | s
Radiation
e o B B
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Table 2.5: Data availability for the different variable measured by 0°N 165°E.

Start date and End date and Total number of Percent data
Variable time (UTC time (UTC recorded days
. coverage
format) format) (approximated)
: 199801-08 201301-15
Air Temperature 00-00-00 14-00:00 3719 0.68
Sea Surface 199807-11 2011-02-28
Temperature 00:00:00 11:00:00 3676 0.80
Wind (speed and 199801-08 201301-15
direction) 00:00:00 14:00:00 3684 0.67
. - 199801-08 20171018
Relative Humidity 00-00-00 13:50:00 4391 0.61
o 199801-08 201212-27
Precipitation 00-00-00 13:40:00 3481 0.64
Downgoing
199801-08 201301-15
Shortwave 00:00:00 14:08:00 3128 0.68
Radiation
Sea Level 200607-12 201301-15
Pressure 00:00:00 11:00:00 1816 0.76

Tables report that records present different gaps from buoy to buoy. Therefore, this study uses different
periods according to the type of the analysis. The characterisation of the daily cycles is based on all the
available data for each variable and eacioy; instead, the assessment of relations between parameters,
where homogeneous sampling is necessary, bases on overlapping recorded periods of the different
parameters for each buoy.
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2.2 Methods

This section describes the data analysis methods ag@@process the data (sugection 2.2.1), determine

the daily cycles (subection 2.2.2), cluster the data based on climatological-dsciion 2.2.3) and
meteorological (susection 2.2.4) conditions, determine the diurnal cycle variation over theplemod
(subsection 2.2.5), data smoothing (ssdxtion 2.2.6) and assess the relations between the variables on a
diurnal time scale (subection 2.2.7).

2.2.1 Data preprocessing

This subsection is divided into different parts: homogenizationmfedi s er i esd frequency,
correction and treatment, wind direction data tra

The main analysis is conducted on time series with sampling rate-winl@e. Downgoing shortwave
radiation data are available at a higher frequenen(@utes, see Table 2.2), hence, they shall be rescaled.
Terrminute time series are obtained by selecting those measurements acquired during minutes 00, 10, 20, 30,
40 and 50 of each hour, corresponding to thm@ing time for the reference finute data. Sea level
pressure data are available at a lower frequency (hourly, see Table 2.2) and they shall be rescaled as well.
The original data are available for every 00 minutes of each hour. The other requiesdatatinutes 10,

20, 30, 40, 50 are created by linear interpolation between each couple of originally available values for
consecutive hours.

Precipitation data are acquired using s@hhoning rain gauges fabricated by R. M. Young Co. Serra et al.
(2001) discussed the different sources of potential errors affecting precipitation measurements. In particular,

| arge errors surrounds a fAsiphon evento. A sipho
capacity of 0.5 | and water is expelled tlgh a siphon tube. Siphoning occurs over a 30 seconds period and

it is recognised by a sharp decrease in measured volumeddpdayment data processing removes the
obviously erroneous data and averages the acquingidute data. However, siphon events eharacterised

by errors averaging 1.8 mm/hr for the-hinutes data whereas typical errors unrelated to siphon events
averages 0.4 mm/hr. Therefore, siphon events remain affected by large errors desfitecpesing.
Evaporation leads to errors inetlorder of 0.2 mm/day. Sensor drift and sea spray produce negligible errors.
The expected greatest source of error is undercatchment due to wind. Serra et al. (2001) analysed different
possible correction schemes for rain gauge data, eventually recomméneliestimate of the actual rain

rates as in Koschmieder (1934). Koschmieder examined the percent rain undercatchingegiven wind

speedwn. These quantities are related by the following empirical equation:

[&Yi) WPV MIHW OO TP TP T

In this study, precipitation data are corrected to account for wind undercatchment using wind speed data
acquired by the same buoy. The correction is performed only in those periods characterised by wind speed
data availability. Wind undercatchment correwtis not performed in periods characterised by missing wind
speed values. Once the percent rain undercatctoanimet is estimated, the correct precipitation intensity
estimateP at timet is calculated as in the following equation:
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In this equationt represents the uncorrected rain intensity at time

Precipitation data are treated with anothergnecessing step as follows. Rain gauges devices installed on
ATLAS buoys register rain rates occurring during the diagependently from the presence or absence of
rainfalls. As a result, a large part of precipitation data are composed byemeaneasures representing dry
conditions. Therefore, data are handled to identify rainfall events and exclude noisy data dingXehm

the analysis precipitation rates smaller than 0.5 mm/hr, as implemented by Serra and McPhaden (2004).
Subsequently, Xninutes data are grouped together according to the associated hour. Furthermore, rainfall
events are divided into three magudiucategories: light (0:8 mm/hr), medium (0 mm/hr) and heavy

(>10 mm/hr) events. Finally, extreme rainfalls are examined by selecting only those values greater than the
98" percentile of the distribution of the rain rates values associated to Iraigats for each different buoy.

The percentiles values are 17.34 mm/hr for 0°N 95°W, 13.26 mm/hr for 0°N 140°W and 43.98 mm/hr for 0°
165°E.

Wind direction data measuring the wibtbwing angle spans in the interv@t36C°. This range can
potentially nduce a bias in the calculation of the mean values, whighntroduced in subection 2.2.2,
consequently affects the determination of the diurnal cycle. Intleedngles at thextremes of the 8360°
intervalare assumed to indicat@posite directins, whereas this is not true. For example, the simple average
between two values such as 3%Md 10°is 188, when, i ntuiteangldiyQ° (ont3BPe AT e ¢
Hence, wind direction data are transformed accounting for the specific data ti@tritaw each buoy to

allow a more correct computation of the mean. The distribution of the wind direction data is examined and
the frequencies of each nsemements in the interval 360° are calculated. The angle with the highest
frequency is flagged. ©m, a new angle is computed by subtracting 180 to the flagged angle. Finally, the
observations measuring less than the resulting angle are ad®léd@c. The #Atransf or med?od
do not range anymore in the380° interval, but assume largerwes i.e. approximately from 100° to 500°.
However, all the new intervals measure 360°. This procedusprpoesses the wind direction data to allow

a more accurate estimation of the wind direction diurnal cycle.

Raw data report observations alongwdttat e and time in the AUTCO f or ma
transformed into local time to allow the main analyses to be conducted. Shortwave radiation values are used
as local time estimator for all the other variables. Specifically, the mean shenagiation diurnal cycle is

centred at 12 local time and the time value correspondent to midnight is flagged. Therefore, the other time
series are shifted accordingly to the flagged time value.

2.2.2 Diurnal cycle determination

The different variablegexcept precipitation)are firstly examined through a spectral analysis. This
assessment aims to determine the presence of a diurnal periodicity in the analysed time series. The spectral
analysis computes the sped densityto deermine themost relevanfrequencies composing a time series.

The spectral density is smoothed with a Daniell running filter with a interval of 21 valwesesults of the

spectral analysis are reported in one periodogram for each variable, whichtiésigtre smoothed spectral
densities of the data retrieved by the three selected bUdws.periodograms presented in chapter 3
incorporate a vertical black dashed line indicating the frequency corresponding to a daily periodicity. This
vertical line is dpicted to facilitate the identification of a diurnal periodicity in the time series. The spectral
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analysis is conducted on periods spanmipgroximately half a yeawhich must exclude missing dafehe
choice of this length isnotivatedby the presencefdrequent missing observations in the raw dathich
reduces the maximum length of consecutive observed measureffentstarting and ending dates of each
period as well théotal number ofmeasurements composing the periads reported in each sgledion of
chapter 3Since three smoothegpectral densitieare illustrated in the same figure, the length of the periods
must be equal

The determination of the diurnal cycle is conducted considering both absolute data and relative anomalies.
The anomal is defined as the deviation in a quantity from its expected value (Wilks, 2011). In simple terms,

it is equivalent to the difference between a measurement and the mean over a time interval. In this study, the
term daily anomalyrefers to the differenceelbbween the measurements taken in a day and the mean of all
those measurements. Anomalies are computed over theu2d period in order to remove the effect of
climatic variations with periods greater than 24 hours on the mean stte $fstem. These viations

include seasonalities, interannual variations (e.g. linked to ENSO) and decadal and interdecadal trends.
Therefore, resulting anomalies highlight the observed diurnal cycles without the influence -of non
stationarities arising from periodicitiesdatrends. Anomalies are computed for all the variables except for
shortwave radiation and precipitation data.

Diurnal cycles are assessed through the determination of the anomaly and absolute mean values for each
time interval, i.e. every ten minutes.dddition, the B and the 9‘3p ercentiles of valuesb®é6
time interval are calculated to observe the robustness of the mean.

The diurnal cycle of precipitation is examined by considering the number of observations of rainfall events
during each hour of the day. The amounts of rainfall events lying in the same hour are summed together,
regardless the minute of the hour. Moreover, precipitation data are further analysed to examine the frequency
of rainfall events over the 2dours period.The frequency is computed by dividing the number of
observations of rainfall events for a given hour over the total number of precipitation observations collected
for that hour. The graphics presented in the Data Elaboration (chapter 3) report the oesuaneth
frequencies of the total rainfall events as well as each rainfall category i.e. light, medium and heavy rainfalls.

2.2.3 Distinction according to thbackground climatic conditions

As part of the main analysis, data are clustered to dissindietween days observed during El Nifio and La

Ni fa events (also called Awarmd and fcoldd phase
assumed by the monthly Southern Oscillation Index (SOI). Specifically, days observed in months with SOI
values greater than 1.5 are grouped indblel phase clasDays observed in months with SOI value less
than-1.3 are clustered in th@arm phase classThe particular threshold values are chosen to allow the
selection of at least one month of data, depenon theavailable data of each analysed variable. The SOI

time series is retrieved from the web page of NOAA, at
https://www.ncdc.noaa.gov/teleconnections/enso/indicators/gagure 2.6 shows the evolution of the

monthly SOI index in time, over the latter 20 years. The horizontal lines represent threshold values used to
differentiate the observed months between the cold and warm class.
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Figure 2.6: Monthly Southern Oscillation Index (SOI) calculated by NOAA in the period between 1996 and 2018. The
blue line identifies the threshold for the cold phase class while the red line indicates the threshold for the warm phase
class.

Strong EINifio events occurred during 199898 and 201:2017. Strong La Nifia events occurred during
19981999, 19922000, 20072008, 201e2011. The differentiation distinguishes also days observed during
moderate events such as 2005 and for El Nifio and 2D01-2012 for La Nifia. The selected months
are listed in Table 2.8 and 2.9.

Table 2.8: List of months selected in the warm phase Table 2.9: List of months selected in the cold phase
class. class.
Warm ENSO phase Cold ENSO phase
Year Month(s) Year Month(s)
2005 February; 1999 January
2010 February; 2000 February; November
August;
' 2001 Februar
2015 September; y
October 2006 January; March
2016 January; February
2007 December
2008 January; February
2009 February
July; August;
2010 September; October
December
January; February;
2011 March; April;
December
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The assessment of the diurnal cycle under dhef fere
variables except the shortwave radiation.

2.2.4 Assessment of the diurnal cycle according to different meteorological and
climatological conditions

As part of the main analysis, data are clustered together to distinguish between the diféelatiorin
conditions of each single day. Hence, a classification method able to distinguish between sunny and cloudy
days is produced. The classification is based on the downgoing shortwave radiation measurements acquired
during the 24hours period of theay. All the shortwave radiation measurements acquired in the selected
time interval are added together to produce one single value per day. It is assumed that the highest values
represent sunny days characterised by a strong insolation, while the lolsest idantify days with little
insolation that reaches the surface due to clouds reflection. Four insolation categories are created, which are
based on the distribution of shortwave radiation suBasiny daygresent radiation sum values above the
80"per centile of the s wlosdaydpresentradistiontsunowalues betowe thé 20 s
percentile of the same distribution. Two intermediate classes (nanoelgratecloudyand moderatesunny

day9 are defined in between the two end classesgpported in Table 2.6.

Table 2.6: Classes names and boundaries percentiles for the distinction based on different insolation regimes.

Classes names Boundaries
Cloudy-days 0™ percentile 20" percentile
Moderate cloudydays | 20"percentile 50" percentile
Moderate sunryglays | 50" percentile 80" percentile
Sunnydays 80"percentile | 100"percentile

The Cloudydaysand Sunnydaysclasses are used to analyse the behaviour of the variables under conditions
of strong and poor insolatiomnstead, all classes are used to assess the radiative heating error in the air
temperature data, specifically to distinguish any relation between the magnitude of the error and the amount
of insolation.

As part of the main analysis, data are clusteradiditinguish between the different wind regimes, i.e. weak,
moderate and strong, of each single day. Hence, a classification method able to distinguish between windy
and calm days is produced. The classification is based on the wind velocity measuremered daring

the 24 hours period of the day. Three wind classes are created and each day is labelled according to its wind
speed values measured in the specific time interval. A day is assigned to a wind class if it has at least the
85% of the windspeed bser vati ons | ying in between the speci
the name of the wind classes and the defined boundaries.
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Table 2.7: Class names and boundaries percentiles for the distinction of days based on different wind regimes.

Wind classes names | Wind velocity intervals

Wind class 1 0-3 m/s
Wind class 2 3-6 m/s
Wind class 3 >6 m/s

Wind class Jandwind class 2are used to examine the behaviour of the different variables under conditions

of weak and strong winds, respectively. Instead, all the wind classes are used in the analysis of the air
temperature data to distinguish any relation between the magnitutie odidiative heating error and the

wind speed conditions. All the wind classes are used also in the assessment of the mean diurnal cycle of
wind speed under different wind regimes.

2.2.5 Assessment of the diurnal cycle variation over the long period

Anomaly data are examined to determine the variation of the diurnal cycle over the long period. Hourly time
series are used to accomplish this task. Daily anomalies are computed from themawt&8 data. Then,
anomalies are averaged considering skii@utes values centred at each hour of the day to produce hourly
anomalies. Hourly anomalies are smoothed with a linear filter (sesestibn 2.2.6) to produce smoothed
hourly anomalies. The 24 resulting time series are plotted together in time wétlewtif€olours according to

the period of the day. A second plot representing the smoothed absolute values of each time series is
produced. The diurnal cycle variation over the long period is examined through the comparison between the
two plots. Specificdy, the behaviour of the smoothed hourly anomalies are analysed considering the
different regimes of the specific physical parameter. The sea level pressure parameter is examined with a
different method. Instead of the hourly smoothed values, only the @akimum and minimum values are
considered. The data smoothing technique is described #&iton 2.2.6.

2.2.6 Data smoothing

All the analysed variables are displayed in a tgages graphic at the beginning of each section of chapter 3.

In addition to the raw data, smoothing lines are superimposed to the time series. Smoothing values are
computed using a linear moving averadeif with bandwidth equal to the number of observation taken in

20 days.

The assessment of the diurnal cycle variation over the long period is performed through the representation of
24 smoothed time series. These time series are smoothed utilisingaa fnoving average filter with
bandwidth equal to 21, i.e. considering 21 consecutive values. Thus, each value of the smoothing lines
represents the average computed over 21 days.
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2.2.7 Assessment of the relationships between physical parameterswna dcale

The assessment of the relationships between the different physical parameters on a diurnal scale is
implemented through the application of the crosgelation function. The cros®rrelation analysis is
performed on diurnal anomaly valuekeaach variable except the shortwave radiatian the raw data are
used.The cross correlation analysis examines the strength of the linear relation between two variables as the
first variable is lagged in time. The maximum lags considered in thissisae +72, since the number of
10-minutes observations retrieved in one day is 144. Only those pairs of variables exhibiting a maximum
correlation higher than 0.4, thus suggesting the existence of a significant linear relation, are reported in
section 2.
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2.3 Description of the utilised software

The software used for all data analyses is R. R is an open source software used for statistical elaborations and
graphicsé creation. R is constantly wupdated and &
libraries of functions are createby users to perform specific tasks, e.g. performing special statistical
analysis, creating complex graphics or handling different data types. This thesis work has been performed
with the help of two | ibraries: DRi&MeThedRxEde writentb i n c
elaborate the data (as reported in section 2.2) and to produce different graphics (presented in chapter 3) is
reported in Appendix B. The R software and supporting informatioaaiéable atvww.r-project.org
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3. Data elaboration

This chapter presents and comments the elaboration performed on the data, as described in section 2.2.
Sections 3.1 to 3.7 are dedicated to the analysis of the following variables, individually: downgoing
shortwave radiation (section 3.1), wind velocitedson 3.2), air temperature (section 3.3), sea surface
temperature (section 3.4), relative humidity (section 3.5), sea level pressure (section 3.6), wind direction
(section 3.7) and precipitation (section 3.8). Each section presents the diurnal cybles doa each

par ameter . Mor eover, sections 3.2 t o 3.8 prese
met eor ol ogi cal and fAbackgroundod climatic conditi
relationships between the different vatebh In this chapter, figureflustrating the daily cycles of the
different variables reports thecal timein hours. The buoys considered in this study are those located at 0°N
95°W, 0°N 140°W and 0°N 165°E (see Figure 2.4). The three buoys are detamhvirith their geographic
locations.

3.1 Downgoing Shortwave Radiation

Figure 3.1 illustrates the time series of downgoing shortwave radiation acquired by the three buoys. The grey
lines represent the corresponding smoothed values.
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Figure 3.1:Shortwave radiation time series retrieved by buoys 0°N 95°W, 0°N 140°W and 0°N 165°E. The grey lines
represent smoothed values.
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Periods of missing data are present in all the buoys, ranging from a few months to approximately one year.
The time series retrieved at 0°N 95°W contains 4 years of data, a period considerably shorter compared to
the one associated to the other two timeese which spans over almost 10 years. In all series, maximum
values range between 1000 and 120®& , sometimes even reaching 13@0fG . As indicated by the

grey lines, the variation on a multiannual time scale is rather sématlothed values of 0°N 140°W fluctuate

with a period of less than one year. Yet, this fluctuation is not detected in the evolutions of the other two
smoothing lines.

The assessment of the diurnal cycle of all the analysed variables followsetheds decribed in ection

2.2.2. A spectral analysis is performed on the raw data to detect the most important periodicities. Then, the
observed daily anomalies are displayed together with the mean anfiahd 5%' percentiles calculated at

each time step.

Table 3.1 reports the periods ahé totalnumber ofmeasurementstilised in the spectral analysis.

Table 3.1: Periods antbtal number oimeasurementstilised in the spectral analysis.

Period start Period end Total number of

measurements
0°N 95°W 199811-07 00:4€:00 | 199905-06 15:00:00 26007
0°N 140°W 2002:09-11 01:4:00 | 200203-10 16:®:00 26007
0°N 165°E 200002-2900:10:00 | 200008-27 14:30:00 26007

Figure 3.2 illustrates the smoothed periodogram of the shortwave radiation time series.
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All the three buoys exhibit the presence of a dominant diurnal periodicity in the shortwave radiation
measurements.

Figure 3.3 presents the shortwave radiation daily cycles retrieved by the three buoys.
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The shortwave radiation diurnal cycle featuresimagividual daily peak few minutes after noon. The
incoming solar radiation starts to increase some minutes before 06 and reaches the maximum around 12.
Then, radiation decreases and reaches zero few minutes after 18. Duringmeghte. from 18 to 06,
radiation remains stable to zero although sometimes values increase up to a fewutdias pfis can be

seen in 0°N 95°W and 0°N 165°E. The mean daily maximum value of 0°N 95°W mean radiation is
quantified to 8630 7& , whereas the maximum values of Bleand 9% percentiles reach, respectively, at
436 w fa& and 1088w f& . The daily mean maximum radiation value of 0°N 140°W rises up to 972
w7Ta , whereas the™and 9%' percentiles reach, respectively, 608f& and 11170 7& . The mean
maximum radiation value of 0°N 165°E measures @ , whereas the'sand 9%’ percentiles reach 241

w7Tad and 11250 F& . Thus, the data point out that solar radiation reaches on average the highest value at
0°N 140°W. The 98 percentilevalues vary slightly across the buoys, whereas theebcentile values are
notably different. Overall, Figure 3.3 shows that 0°N 165°W experiences the greatest variability, as
confirmed by the range of the two percentiles. In addition, during daylightsh some days feature
downgoing shortwave radiation values close to zero for 0°N 165°W and close to 7t00 for the other

two buoys.

Shortwave radiation is used to distinguish between different meteorological conditions (see section 2.2.4).
To this purpose, days are selected according to the sum of their shortwave radiation values calculated over
the whole day. Figure 3.4 shows the distribution of the sums associated to the shortwave radiation values.
The 2d" and 86' percentiles, used as thresholdsdistinguishingcloudyandsunnydays, are highlighted by

the horizontal blue dashed lines.
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Figure 3.4: Distribution of the cumulative sums of the shortwave radiation values measured over the whole day for the
three buoys.

The 2¢" and 80 percentiles of 0°N 95°W measure approximately 29800 41000 & , respectively.

The two percentiles calculated for 0°N 140°W measure approximately 38500 and é@4@00 The
percentiles computed for 0°N 165°W amount to approximately 30500 and 42880 for, respectively,

the 20" and 8¢ percentiles.

The differentiation based on shortwave radiation sum values is performed on radiation data to distinguish the
different solar radiation diurnal cycles under the four insolation conditions mentioned-$edidn 2.2.4,
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i.e. cloudy, moderateloudy, moderge-sunny and sunny. The number of selected days for each class is
displayed in Table 3.2.

Table 3.2: Number of days selected for each insolation class based on the total amount of solar radiation received by
the surface of the ocean over the day.

0°N 95°W 0°N 140°W 0°N 165°E
Cloudy days 267 905 733
Moderatecloudy days 401 1360 1100
Moderatesunny days 400 1359 1099
Sunny days 268 907 734

Figures 3.5, 3.6 and 3.7 display the downgoing shortwave radiation daily cycles according to the four
insolation classes for the three buoys.
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Figure 3.5: Shortwave radiation daily cycles divided according to the insolation classes for buoy 0°N 95°W.
Black lines represent individual daily evolutions. The red line represents the mean valdle (aly mean cycle)
while green lines depict thé"and 95" percentiles of the distribution.
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Figure 3.6: Shortwave radiation daily cycles divided according to the insolation classes for buoy 0°N 140°W.
Black lines represent individual daigvolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict thé"and 93" percentiles of the distribution.
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Figure 3.7: Shortwave radiation daily cycles divided according to the insolation classmsoy 0°N 165°E.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict thé"&nd 95" percentiles of the distribution.

The three buoys share a common behavidhe mean daily maximum of the shortwave radiation mean
value grows fromcloudy to sunny days However, differences emerge beyond this common general
behaviour Cloudydaysfeature a lower peak value in 0°N 95°W and 0°N 165°E, respectively ah 786

and 748w ¥a , compared to 0°N 140°W, showing a mean peak value reaching 385 . During sunny

days the mean daily maximum of the three buoys amounts to 954, 1032 andfi72, respectively. Ta

diurnal evolutions of the "5 and 9%' percentiles a similar between sunny and cloudy conditions,
considering all the buoys. Figure 3.7 confirms the higher variation of the solar radiation diurnal cycle for 0°N
165°E, as previously observed.
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3.2 Wind Velocity

Figure 3.8 illustrates the wingklocity time series acquired by the three selected buoys. Green lines represent
the smoothed values.
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Figure 3.8: Wind velocity time series retrieved by buoys 0°N 95°W, 0°N 140°W and 0°N 165°E. The green lines
represent smoothed values.

Wind velocity displays a different behaviour among the three buoys. At 0°N 95°W, velocity varies between

0 and 11 m/s. Data reveal the presence of an annual seasonal cycle although its characterisation is preventec
by the presence of large periods affeddydmissing values. The smoothed values range between 2 and 6
m/s. Wind velocity at 0°N 140°W shows the presence of an annual seasonal cycle characterised by
maximum values in the boreal spring and minimum values in boreal summer. The seasonal vematios r
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rather constant throughout the analysed period. The raw wind speed values span from 0 to more than 12 m/s,
while smoothed values range from 3.5 to 8 m/s. The lowest raw wind speed values are enclosed nearby
seasonal minima, while the highest valaes found throughout the entire time series. 0°N 165°W displays a
highly variable wind velocity during the recorded period. This buoy is characterised by the highest number
of low wind observations amongst the three considered moorings even though semetichblows at 15

m/s. Smoothed values ranges around 5 m/s and indicate the presence of a weak annual seasonal cycle.
Indeed, the highest wind velocities are found generally between boreal winter and spring. Overall, even if not
defined accurately, the md speed annual cycle seems to be consistent among the different buoys, featuring

a small period dominated by high velocities almost at the beginning of the year, while the lowest velocities
are found in boreal summer and fall.

The assessment of the diaf cycle is performed according to the methods described in Section 2.2.2. A
spectral analysis is performed on the raw data to detect the most important periodicities. Then, the observed
daily anomalies are displayed together with the mean and"tard®5" percentiles calculated at each time

step.

Table 3.3 reports the periods aothl number of measuremenislised in the spectral analysis.

Table 3.3: Periods antbtal number of measuremenislised in the spectral analysis.

Period start Period end Total number of

measurements
0°N 95°W 2001:11-26 21:40:00, 200206-09 15:00:00 28023
0°N 140°W 2001:11-26 21:40:00 200203-24 15:20:00 28023
0°N 165°E 200003-01 01:00:00; 200009-11 15:20:00 28023

Figure 3.9 illustrates the smoothed periodogram of the wind velocity time series.
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Figure 3.9: Smoothed periodogram of wind
velocity measurements for each buoy. The vertical

f black dashed line identifies the daily frequency.
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0°N 95°W show a peak in the spectral density around the daily frequency, thus suggesting the presence of a
diurnal periodicity. Yet, 0°N 140°W and 0°N 1658Eenot characterised by a clear diurnal periodicity.
Figure 3.10 reports the diurnal cycles of wind velofitythe three buoys.
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Figure 3.10: Wind velocity daily anomaly cycles.
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The averaged daily cycle of wind velocity is almost flat in all the three buoys, exhibiting a mean diurnal
amplitude ranging less than 1 m/s. 0°N 95°W displays a mean diurnal cycle characterised by an amplitude
ranging betweerd.3and +0.3 m/s. The other two buoys feature lower amplitudes, ranging be@eamd

+0.1 m/s for 0°N 140°W aneD.1 and +0.1 m/s for 0°N 165°E. For the three buoys, the evolutions of daily
percentiles maintain the shape of the mean cycles. 0°N 165°&ngiks differ up to 2 m/s in respect to the

mean, while the other two buoys measures less than 1.5 m/s. The mean wind velocity anomaly peaks around
13:30 for 0°N 95°W. The minimum is located some minutes before midnight. For 0°N 140°W and 0°N
165°E, the werage daily maximum is located between 08 and 09, whereas two minima occur at 01 and 16.

Wind velocity is further analysed according to wind conditions of the day. Data from each buoy are divided
in three wind classes as describe in subsection 2.2.3diffeeentiation is based on the wind speed values
characterising each day. A day pertains to a certain class if it has at least 85% of the observations lying in
that wind class interval. Table 3.4 reports the number of days lying in each wind classydoey.

46



Table 3.4: Number days pertaining to each wind class, for every buoy.

0°N 95°W 0°N 140°W 0°N 165°E
Wind Class 1 (<3 m/s) 98 16 123
Wind Class 2 (&6 m/s) 232 744 308
Wind Class 3 (>6 m/s) 89 1344 286

0°N 95°W shows a predominance for diurnal wind velocities in betwegmss. Instead, 0°N 140°W is
dominated by days with overall strong winds. In 0°N 165°E, wind classes have more than a hundred days
each anavind class ds the most represented class.

Figure 3.11 displays the mean daily cycles calculated for the different wind regimes. Here, the diurnal cycles
are computed from absolute data and not from anomalies. The mean diurnal cycles observed during different
wind regimes are displayed togetherdach single buoy to allow a more direct comparison.
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Figure 3.11: Mean daily cycles of wind velocity
calculated for the three wind regimes individually, for
each buoy. The blue lines wind class 1 (weak winds); the
green lines represent wirdlass 2 (moderate winds); the
red lines represent wind class 3 (strong winds).

mis

14 16 18 20 445 455 465 475 F6 78 80 &2

a o
[
=

[ g 10 12 14 16 18 20 2z 24
Local Time

The mean diurnal cycles obtained for the different wind regimes vary within a range of a few decimals, as
previously noticed. The diurnal cycle of days characterisedvwyimds does not show the same behaviour
among the three buoys. 0°N 95°W has high mean values in between 07 and 15, with a maximum near 14,
and during the last few hours of the day. On the other hand, the lowest values are located near 17 and
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midnight. 0°N140°W exhibits a higher probability to find high values during the second part of the day,
where different peaks are present, than during the first part of the day. Minima occur near 04 and 22. 0°N
165°E reports lower mean values during daylight hourshagiaer values close to midnight. However, this

mean cycle is calculated using only 16 days, i.e. only 16 measurements at each time step, and, therefore, it
should be considered cautiously. The mean cycles feature an amplitude of 0.3 m/s for 0°N 9&\&/f@.6

0°N 165°E and 0.8 for 0°N 140°WVind class Zeatures a clear daily peak during morning for 0°N 140°W

and 0°N 165°E, respectively around-08 and 10. In contrast, 0°N 95°W reports a maximum peak in the
early afternoon, near 14. Minima occur betwe22 and 24 for 0°N 95°W, near 03 and 19 for 0°N 140°W

and around 15 and midnight for 0°N 165°E. The mean cycles observed under moderate winds feature an
amplitude of 0.15 m/s for 0°N 140°W and 0.3 m/s for 0°N 95°W and 0°N 165°E. Regd¥ifidgclass 3,

0°N 140°E and 0°N 165°E have a distinguishable daily peak during morning hours in between 07 and 09,
while 0°N 95°W features higher values from 08 to 14. Minimum values are located nearby midnight for all
the buoys. The amplitude of the cycles observed usitleng winds measures 0.3 m/s for 0°N 140°W and

0.6 m/s for 0°N 95°W and 0°N 165°E.

Wind velocity data are examined according to the background climatic conditions, as explained in sub
section 2.2.3. Table 3.5 reports the number of days lying in eade gif ENSO for each of the three buoys.

Table 3.5: Number of wind speed recorded days during the two ENSO phases for each buoy.

0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 91 495 292
Warm ENSO phase 30 117 224
Figure 3.12 shows the wind speed diurnal cycles u
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Figure 3.12: Daily cycles of wind velocity calcul ated
phases.

Black lines represent individlidaily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict thé"&nd 95" percentiles of the distribution.

The diurnal cycles of wind velocity observed during both ENSO phases show a similar timing of minimum
and maximum values compared to those reported in Figure 3.10. 0°N 95°W displays similar diurnal cycles
between the two ENSO phases. During El Nifio eveh&swind speed typically drops from the maximum

value occurring around 15 to the minimum value near 20. The amplitude of the cycles is small under both
cold and warm ENSO phases, measuring 0.7 and 1 m/s, respectively. As regards 0°N 140°W, the amplitude
of the mean diurnal cycle under the warm ENSO phase is higher than under the cold phase, measuring
respectively 0.3 and 0.5 m/s, while timing and shape are similar. The cold phase displays higher values
during daylight hours than during nigtiine hours. Orthe contrary, the warm phase presents a peak around

08 and a minimum around 16. After reaching its minimum, the mean wind velocity tends to reach the daily
mean value and remains stable until 04. Regarding 0°N 165°E, the mean daily cycle under coloagleases
distinct peak during the early morning, around 08. In this case, the mean wind velocity anomaly grows from
-0.1 to 0.3 m/s and then descends again to the daily mean, remaining approximately stable from 12 to 03. On
the other hand, the mean diurngtle under the warm phase has an amplitude of 0.4 m/s. Maxima values are
encountered after 06, while minima values occur around 22. Daytime hours appear to be characterised by
higher values compared to nigiithe hours.
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The diurnal cycle of the wind spéés examined according to the local insolation conditions, as described in
subsection 2.2.4. Two classes are considectmlidyandsunny daysTable 3.6 presents the number of days
selected in theloudyandsunny dayslasses.

Table 3.6: Number of wd speed recorded days lying in the Cloudy and Sunny days classes.

0°N 95°W 0°N 140°W 0°N 165°E
Cloudy Days 271 905 725
Sunny Days 272 907 694

Figure 3.13 illustrates the diurnal cycles of the wind speed anomaly for the three buoys calculated for the
different meteorological conditions.
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Figure 3.13: Daily cycles of wind velocity calcul a

Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict thé"&nd 95" percentiles of the distribution.

Mean anomalies o€loudy and sunnydays share similar characteristics with the mean anomaly cycles
analysed previously. 0°N 95°W exhibits a very similar diurnal anomaly cycle in both conditions peaking
around 13, wh#¢ minima values occur during night, near midnight. The amplitude of the mean daily anomaly
measures 0.9 m/s fatoudy daysand 0.7 m/s fosunny daysPercentiles follow the variation of the mean
along the day. 0°N 140°W displays similar mean anomalyesyfdrcloudyandsunnydays. Values peak in

the morning around 08 and then decrease until night, where minima are found around midnight. The
amplitude of the cycles measures approximately 0.3 m/s. 0°N 165°E presents different mean anomaly cycles
for the wo classesCloudy daysdisplay a flat cycle lacking of maxima and minima peaks. On the other
hand, sunnydays have a maximum peak during morning between 07 and 09 reaching almost 0.2 m/s.
Minima values occur near 16 and reaBt2 m/s. After this periodhe mean anomaly increases and remains
steady until 05. Overall, the variation of the anomaly values during the day are still very high in both
conditions for all the buoys.

The assessment of the diurnal cycle variation is conducted as delineatedsattiub 2.2.5. Figure 3.14

shows the coupled evolution of the wind speed smoothed hourly anomaly time series along with the wind
speed smoothed time series. Each graph is distinguished into two parts: the upper part reports the hourly
anomaly time series gieted with 4 different colors according to the period of the day. The legend reports
the time periods and the associated colors. The lower part displays the wind velocity conditions averaged
over a period of 21 days.
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Figure 3.14: Variations ofhe diurnal cycle of wind speed over the long period.
For each buoy, the upper panel reports the hourly wind speed anomaly time series, while the lower panel shows the
wind speed absolute smoothed values.
Red lines correspond to hours between 00 and 0O&efslines correspond to hours between 06 and 11. Blue lines
correspond to hours between 12 and 17. Light blue lines correspond to hours between 18 and 23.

The lowest values of 0°N 95°W are constantly those retrieved duringtimghthours while the hhest

values are those retrieved during daytime hours. This feature is consistent with the characteristics observed
in the analysis of the diurnal cycle. 0°N 140°W does not display a clear distinction between day and night
hours even though the highest Hguamomalies are often associated with thel@8ime period. On the other

hand, the lowest values are reached in measurements belonging to the other thpeeidilee 0°N 165°E

shows common features in respect to 0°N 140°W. The fourpanieds appeao be unrelated to both high

or low wind speed anomalies. Again, values related to th&l06meperiod are often the highest of the
peri od. Overall, wind speed hourly values do not
for the thredlifferent buoys.
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3.3 Nearsurface air Temperature

Figure 3.15 illustrates the different air temperature time series acquired by the three selected buoys and the
associated smoothing lines.
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Figure 3.15: Neassurface air temperature tinmgeries retrieved by buoys 0°N 95°W, 0°N 140°W and 0°N 165°E. The
red lines represent smoothed values.

The air temperature shows different behaviours among the three selected buoys. The air temperature varies
between 18 and 30 °C in 0°N 95°W. Moreovérdisplays a clear annual seasonal variation. The annual
maximum occurs in the early boreal spring, while minima are found in the late boreal fall. Over the years,
the yearly average temperature remains steady. 0°N 140°W displays a seasonal cycle thtbaghou
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recorded periods. Air temperature varies between ~ 20 and 28 °C; however, the amplitude of the seasonal
cycle is smaller than this range, amounting to approximately 3°C. Between 1998 and 2003, the yearly
average temperature shows a linear increaster 2003, the mean temperature remains constant. Air
temperature in 0°N 165°W shows maximum values near 32 °C and minimum values near 23°C. In this
location, the presence of a seasonal cycle is not apparent and the high frequency variation is greater than
the other two locations. As in 0°N 140°W, an increasing trend in the average temperature in the earliest
portion of the record is clearly apparent, despite the numerous missing data.

The assessment of the diurnal cycle is performed according todtimas described in section 2.2.2. A
spectral analysis is performed on the raw data to detect the most important periodicities. Then, the observed
daily anomalies are displayed together with the mean and"theds9%' percentiles calculated at each time

step.

Table 3.7 reports periods atatal number of measuremenitilised in the spectral analysis.

Table 3.7: Periods antbtal number of measuremenislised in the spectral analysis

Period start Period end Total number of

measurements
0°N 95°W 200411-06 07:50:00; 200506-06 01:D:00 30510
0°N 140°W 200805-10 05:20:00; 200812-08 ®2:20:00 30510
0°N 165°E 200607-12 02:20:00; 2007#02-08 19:9:00 30510

Figure 3.16 shows the smoothed periodogram of the three air temperature time series.
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Figure 3.16: Smoothed periodogram of air
temperature measurements for each buoy. The
vertical black dashed line identifies the daily
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The smoothed periodogram shows that all the time series contain a strong signal, corresponding to the
diurnal periodicity.

Figure 3.17 illustrates the air temperature diurnal cycles retrieved by the three buoys.
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Figure 3.17: Daily cycle of neasurface air temperature
O o 4 anomaly in the three selected buoys.

Black lines represent individual daigvolutions. The red
line represents the mean values (i.e. the daily mean
cycle) while green lines depict th® &nd 95" percentiles
of the distribution.
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Figure 3.17 shows that the three buoys are characterised by a very similar mean anomeygldailshe

cycles includes two peaks, occurring at smidrning and miehfternoon. After sunrise, i.e. after 06, the air
temperature increases sharply reaching a peak few minutes before 08. During this time interval, temperature
increases by 0.40 °C. Thethe air temperature remains approximately constant until 12, except for 0°N
95°W. Observations retrieved from this buoy indicate that temperature continues to rise gently of 0.12 °C
after 08. After 12, temperature starts again to increase sharply unher? it reaches its daily maximum.

During this time interval, the measured values increase between 0.15 and 0.30 °C. The maximum diurnal air
temperature measures 0.40 °C for buoys 0°N 95°W and 0°N 140°W, and 0.30 °C for buoy 0°N 165°E. Then,
temperature dips sharply until 18, reaching approximately the same values registered arotded/nidter

sunset, the air temperature decreases gently throughout the evening and night until 03. During the night, the
average temperature drops of 0.5 °C for 0°N 95°W, °@ for 0°N 140°W, and 0.37 °C for 0°N 165°E.
Finally, the temperature stabilises before 04 and remains constant until dawn. The diurnal mean temperature
anomaly ranges between 0.39 °C a@d °C for 0°N 95°W, 0.38 °C an@®.33 °C for 0°N 140°W, 0.31 °C
and-0.38 °C for 0°N 165°E. The variability of the '9percentiles resembles the mean diurnal evolution. On

the contrary, the "5 percentiles have a different shape compared to the mean anomalies, except for 0°N
140°W. The difference between mean anomalies and the two considered percentiles is highest during the
mid-afternoon peak and lower during the rest of day.

The diurnal cycleof air temperature data is further analysed by differentiating between measurements
retrieved wunder both #Awarmod and feddnd®.3 Jdoe8€és of
summarises the number of recorded days for each ENSO phase.
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Table 3.7: Nimber of days used to derive the daily cycle of 1seface air during the warm and cold ENSO phase for

every buoy.
0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 96 465 292
Warm ENSO phase 87 117 224

Figure 3.18 shows the air temperature daily anomaly cycles retrieved during El Nifio and La Nifia periods.
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Figure 3.18: Daily cycle of neasurface air temperature anomaly in the three selected buoys retrieved during both the

cold and warm ENSO phases.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. theasadyate¢
while green lines depict thé"and 95" percentiles of the distribution.

Warm and cold ENSO phases of 0°N 95°W share a similar mean diurnal cycle shape.-ft@mngd and
mid-afternoon peaks are still distinguishable. The main difference between the two phases mostly consists in
the amplitudes of the observed cycles, whicltasoee 1.07 °C for the cold phase and 0.75 °C for the warm
phase. A similar behaviour is observed for 0°N 140°W, whose main difference regards the amplitude of the
observed diurnal cycles, which reaches 0.7 °C during the cold phase and 0.61 °C duringntiphase. In
contrast, 0°N 165°E features very similar mean diurnal cycles as well as similar mean amplitudes under the
two ENSO conditions, featuring 0.62 °C for the cold phase and 0.57 °C for the warm phase.

The diurnal cycle of neasurface air tempature is further analysed by examining measurements retrieved

under different insolation and wind conditions. Table 3.9 summarizes the number of days lying in the
different meteorological classes.

Table 3.9: Number of days lying in the wind and insolatilasses for the different buoys.

0°N 95°W 0°N 140°W 0°N 165°E

Cloudy days 271 908 742
MOder:;?SOUdy 408 1364 1114
Moderatesunny days 407 1363 1113
Sunny days 272 910 743
Wind class 1 143 32 219
Wind class 2 414 1064 524
Wind class 3 132 1598 360

Figure 3.19 represents the air temperature daily cycles according to the four insolation classes for buoy 0°N
95°W.
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Figure 3.19: Daily cycle of neasurface air temperature anomaly for buoy 0°N 95°W according to the four solar
radiation classes.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict thé"&nd 95" percentiles of the distribution.

The air temperature cycle changes with the ingmlatonditions. The mean cycle under cloudy days is
characterised by the presence of just one peak, occurring in thefteridoon. Temperature starts to increase

after sunrise and reaches the maximum anomaly value of 0.32 °C near 16. Temperature decd=sys
between 17 and 18; then it decreases more gently. Finally, approximately between 03 and 06, the air
temperature remains almost stable. The mean diurnal temperature variation is about 0.66 °C. As insolation
increases, the twpeaks shape become®m and more prominent. Sunny days are characterised by two
marked peaks occurring before 08 and around 17, respectively. After 18, the air temperature decreases until
sunrise. The amplitude of the mean diurnal cycle during sunny days grows to 1°C.

Figure 3.20 illustrates the air temperature daily cycles observed during the four insolation conditions for
buoy 0°N 140°W.
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Figure 3.20: Daily cycle of neasurface air temperature anomaly for buoy 0°N 140°W according to the four solar
radiation classes
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict thé"&nd 93" percentiles of the distribution.

Figure 3.20 reveals the clear presence of a double peak in this buoy under all insolation conditions. The
amplitude of the mean diurnal cycle remains approximately steady as insolation increases, spanning from
0.71 °C forcloudy daygo 0.74 °C forsunny @ys The temperature in the pdawn hours, i.e. from 03 to 06,
remains approximately stable in all the analysed conditions for 0°N 140°W.

Figure 3.21 illustrates the air temperature daily cycles according to the four insolation classes for buoy 0°N
165°E.
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Figure 3.21: Daily cycle of neasurface air temperature anomaly for buoy 0°N 165°E according to the four solar
radiation classes.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycl
while green lines depict thé"&nd 95" percentiles of the distribution.

According to the figure, the gaps between percentiles and mean values diminishes as the insolation increases.
Thus, as insolation increases, the variability of the individual daily evolutions diminishes. The amplitude of
the mean diurnal cycles expandgtass solar radiation increases, which largely results from the amplification

of the midafternoon peakCloudy daydeature an almost constant temperature between 08 and 17. Instead,

as insolation increases, the mean diurnal cycle features a more promniteatternoon peak. The
amplitudes of the diurnal cycles, ordered frolmudyto sunny daysmeasure 0.59 °C, 0.69 °C, 0.78 °C and
0.74°C. 0°N 165°E features a clearly increasing temperature in tiapre hours ircloudyandmoderate

cloudy dayswhereasemperature remains stable in the remaining two classes.

Overall, the differentiation based on insolation conditions reveals common characteristics in the air
temperature diurnal cycle among the three buoys. First, the height of theamithg and mieafternoon

peak is considerably reduced duriotpudy days Furthermore, the two peaks grow as the insolation
increases. The amplitude of the diurnal air temperature is markedly lowered under cloudy conditions, while it
grows as the insolation increasemafly, as recognised before in Figure 3.17, the air temperature is stable in
the early morning, i.e. from 03 to 06, and sometimes even increases.

Figure 3.22 shows the air temperature daily cycles according to the three wind classes for buoy 0°N 95°W.
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The air temperature diurnal cycles retrieved by 0°N 95°W present thpeaks shape already observed, but
they are noticeably affected by the local wind conditions. The amplitutthe afycle diminishes as the wind
velocity increases i.e. fromind class 1o wind class 3Amplitudes measure 1.81 °C for low winds, 0.69 °C
for moderate winds, and 0.41 °C for strong winds. The height of the peaks, especially-#ftemibn one,

is considerably reduced as wind velocities increase. Under strong winds, thaftemitbon peak is even
lower than the migmorning peak, causing the temperature to be approximately stable between 09 and 17.
Figure 3.23 represents the air temperature dailjesyobserved under the three wind conditions for buoy
0°N 140°W.
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The amplitudes of the mean anomaly cycles are 1.59 °C for weak winds, 0.88 °C for moderate winds, and
0.54 °C for srong winds. Hence, as the wind velocity increases, the diurnalsndace air temperature

range decreases. The two peaks are present in all wind classes although the air temperature exhibit a different
behaviour in between these two peadkénd class lseems to feature a gentle, approximately constant mean
temperature increment. However, the limited number of days lyingnid class Idoes not allow conclusive
statementsWind class 4s characterised by stable temperature between 08 and 12; afteritvhedgns to
increaseWind class 3eatures even a decreasing temperature from 08 to 12, followed by growing values.

Figure 3.24 shows the air temperature daily cycles belonging to the three wind classes for buoy 0°N 165°E.
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The mean neasurface air temperature cycles at 0°N 165°E show the presence of the two peaks under all
wind conditions. In between the two spikes, the mean temperature remains stainle atass 1while it

slightly decreases favind class 2and3. The amplitudes of the mean cycles are 1.37 °Gvfod class 1

0.73 °C forwind class 2and 0.57 °C fowind class 3Hence, as the wind velocity increases, the amplitude

of the mean diurnal cycle decreases.

The differentiation based on wind classes shows two major features common to the three buoys. First, the
amplitude of the mean diurnal cycle is largely reducediad velocity increases. Second, even under strong
wind conditions, the mean diurnal cycles display a-maning and a migfternoon peak. As recognised
previously, the air temperature is almost constant in thelgna hour, from approximately 03 to Qé)der

almost all the considered wind conditions and buoys.

The evolution of the diurnal cycle of the nearface air temperature over the long period is assessed in

Figure 3.25. This figureshows the evolution of the air temperature smoothed hourly alr@smin
comparison with the air temperature smoothed time series.
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Figure 3.25: Variations of the diurnal cycle of nesurface air temperature over the long period.
For each buoy, the upper panel reports the hourly reaface air temperature anwaly time series, while the lower
panel shows the neaurface air temperature absolute smoothed values.

Red lines correspond to hours between 00 and 05. Green lines correspond to hours between 06 and 11. Blue lines
correspond to hours between 12 and light blue lines correspond to hours between 18 and 23.
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Figure 3.25 displays the variation of the diurnal cycle in time throughout the entire periods of record.
Similarly in all the buoys, hourly averages between 6 and 11 exhibit the lowest valuefiouhiyeaverages

between 12 and 17 constitute the highest values throughout the whole time series. Anomalies lying between
18 and 23 are close to zero. Particularly in the case of buoys 0°N 95°W and 0°N 140°W, a comparison
between hourly anomaly averageslabsolute smoothed values reveals an interesting feature. The diurnal
temperature range increases regularly under regimes of warmer temperatures. Instead, 0°N 165°E does not
display a similar pattern.
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3.4 Sea Surface Temperature

Figure 3.26 illustrees the sea surface temperature (SST) time series acquired by the three selected buoys and
the associated smoothing lines.
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Figure 3.26: Sea surface temperature time series retrieved by buoys 0°N 95°W, 0°N 140°W and 0°N 165°E. The orange
linesrepresent smoothed values.

The SST evolution over the entire period shares several common aspects with tearfaear air
temperature evolution. 0°N 95°W features a strong yearly seasonal cycle characterised by an amplitude of
approximately 10 °C. Théme series seems to be stable over the years as it does not show presence of a
distinguishable trend. 0°N 140°W displays a yearly seasonal cycle with an amplitude of approxirbately 4
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°C. The yearly averaged SST increases from the beginning of the teudr@002, then it stabilises. In
between 2007 and 2011, the amplitude of the seasonal cycle increases. Unlike the other two buoys, 0°N
165°E does not show a strong annual cycle. The time series features an increasing trend in late 1990s and
early 2000s iad a decreasing trend from 2005 to 2010. 0°N 165°E features highefrdagiency variability
compared to the other buoys.

The spectral analysis introduces the assessment of the diurnal cycle.
Table 3.10 reports the periods g@othl number of measurentsmitilised in the spectral analysis.

Table 3.10: Period antbtal number of measurementslised in the spectral analysis.

Period start Period end Number of total

measurements
0°N 95°W 200411-05 07:10:00; 200505-09 15:40:00 26692
0°N 140°W 200805-10 05:20:00; 200811-11 13:50:00 26692
0°N 165°E 200809-10 00:10:00; 200903-14 08:40:00 26692

Figure 3.27 illustrates the periodogram of the SST time series.
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The smoothed periodogram reveals the presence of a diurnal periodicity within each time series. Moreover, a
small peak can be distinguished on the right side of Figure 3.26 indicating a periodicity of half a day.
Figure 3.28 illustrates the diurnal cycl&#sSST retrieved by the three buoys.
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The diurnal cycle of SST is similar among the three buoys. The minima values of the mean daily cycle are
located few minutes after 07, while the maximum values occur betife@md 16. The amplitudes of the
mean cycles are 0.55 °C for 0°N 95°W, 0.39 °C for 0°N 140°W and 0.41 °C for 0°N 165°E. The diurnal
a&SST is similar amongst the different buoys. Th& @8&rcentile indicates that measurements observed
nearby the diurnal ské are skewed toward positive values in all the buoys.

The SST diurnal cycle is assessed during the occurrence of El Nifio and La Nifia events.
Table 3.11 reports the number of days in which the sea surface temperature was recorded during the warm
and cold phases of ENSO.

Table 3.11: Number of sea surface temperature recorded days during the two ENSO phase for every buoy.

0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 96 465 292
Warm ENSO phase 89 117 224

Figure 3.29 illustrates the diurnal cycles retrieved during the warm and cold phases for all the buoys.

67



0°N 95°W - "Warm" ENSO phase

)

C)_ C)_
W] ]
(o] (]
o <2 o 2 |
g o ° [=]
w w
N S
o | 2 |
[ T T T T T T T T T T T 1
o 2 4 6 8 10 12 14 16 18 20 22 24 0o 2 4 6 8 10 12 14 16 18 20 22 24
Local Time Local Time
= _
(o]
N_
[=)
o 2 |
a (=1
]
o
I
o -
o 2 4 6 8 10 12 14 16 18 20 22 24 o 2 4 6 8 10 12 14 16 18 20 22 24
Local Time Local Time
0°N 165°E - "Warm" ENSO phase 0°N 165°E - "Cold" ENSO p
i y b ©« 1T
h-.. ‘ll o s
. Ha’*\‘ .J
[=] \ -
itk
8- i o
(]
L o
o o |
(=T [=]
™
o
[}
o -
=
S -
o 2 4 6 8 10 12 14 16 18 20 22 24 0o 2 4 6 8 10 12 14 16 18 20 22 24
Local Time Local Time

Figure 3.29: Daily cycle of sea surface temperature anomaly in the three selected buoys retrieved during both the cold
and warm ENSO phases.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the dailci@ean cy
while green lines depict thé"&nd 95" percentiles of the distribution.

The shape of the diurnal cycles observed during
from the diurnal cycles observed over the entire periods of study and reported in Figure 3.27. The mean
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diurnal cycles observed at 0°N 95°W are cheedsed by an amplitude of 0.62 °C during the warm phase

and 0.75 °C during the cold phase. 0°N 140°W features a diurnal amplitude of 0.38 °C during the warm
phase and 0.44 AC during the cold phase. Bh°€ diur
for the warm and cold phases, respectively. Percentiles appear to follow the mean diurnal evolution and vary
similarly among the different buoys. Overall, La

Table 3.12 reports the number of daysdyin the different wind and insolation classes.

Table 3.12: Number of days lying in the wind and insolation classes according to the different buoys.

0°N 95°W 0°N 140°W 0°N 165°E
Cloudy days 271 908 569
Sunny days 272 910 570
Wind class 1 128 31 176
Wind class 3 105 1607 244

Figure 3.30 illustrates the SST diurnal cycle under different insolation conditions.
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Figure 3.30: Daily cycle of sea surface temperature anomaly observed during cloudy and sunny days in the three
buoys.
Blacklines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.

Meteorological conditions do not significantly affect shape aingng of the SST diurnal cycles.
Nevertheless, the diurnal cycle amplitude is lower duciogdy dayghan duringsunny daysCloudy days
feature an amplitude of 0.33 °C for 0°N 95°W, 0.33 °C for 0°N 140°W and 0.34 °C for 0°N 1%4iky
daysare associad to amplitudes of 0.94 °C for 0°N 95°W, 0.47 °C for 0°N 140°W and 0.49 °C for O°N
165°E.

Figure 3.31 illustrates the SST daily cycles under conditions of weak and strong winds.
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Figure 3.31: Daily cycle of sea surface temperature anomatpmling to different wind conditions (weak and strong
winds) for the three buoys.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict the 5th and 95th percentifehe distribution.

The average shape of the diurnal cycle does not change during days characterised by the presence o
strong and weak winds. Nonet hel ess, l arger wi
Wind class 3s linked to amplitudes measuring 0.52 °C for 0°N 95°W, 0.27 °C for 0°N 140°W and
0.16 °C for 0°N 165°E. Insteadind class Features amplitudes of 1.14 °C for 0°N 95°W, 0.81 °C

for 0°N 140°W and 0.95 °C for 0°N 165°E. Percentiles behave similarly antwio different

classes. Strong winds limit the difference between the mean and both percentiles while weak winds
feature larger differences. Days recorded during strong wind conditions by buoy 0°N 95°W show a
particular behaviour. The SST mean diurnalleyattains the maximum anomaly value at midnight

and ends with the minimum value. This observation is consistent with a constantly decreasing SST
during the selected days.

Figure 3.30 displays the hourly smoothed SST anomalies and the smoothed absolute SST values for the three
buoys.
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Figure 3.30:Variations of the diurnal cycle of sea surface temperature over the long period.
For each buoy, the upper panel repattie hourly sea surface temperature anomaly time series, while the lower panel
shows the sea surface temperature absolute smoothed values.
Red lines correspond to hours between 00 and 05. Green lines correspond to hours between 06 and 11. Blue lines
corregpond to hours between 12 and 17. Light blue lines correspond to hours between 18 and 23.
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The hourly SST time series show a similar behaviour compared to theunksre air temperature. The

di urnal &SST exhibits a periodic increase in phas
be observed also for 0°N 165°E though it dogsoeour in each warm SST regime. The time period between

12 and 17 appears to be the warmest in each analysed buoy. The lowest SSTs are constantly the those
observed between 00 and 11, with a preference for the Beriod. Hours between 18 and 23 exhibit
anomalies near zero.
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3.5 Relative Humidity

Figure 3.33 illustrates the different relative humidity time series acquired by the three selected buoys and the
associated smoothing lines.
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Relative humidity time series retrievedbgys 0°N 95°W, 0°N 140°W and 0°N 165°E. The violet lines
represent smoothed values.

0°N 95°W exhibits the presence of long periods of missing data. The time series is characterised by a high
variability, with minimum values reaching almost 60% and marimwalues outranging 100%. The
associated smoothing line oscillates between 80% and 100%; moreover, it does not reveal the presence of a
clear periodic oscillation. 0°N 140°W displays longer recorded time periods. Time series values range
between 65% and 09, while smoothed values oscillate between 75% and 95%. The examined time period
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shows the occurrence of more humid conditions at the beginning of the record. Then, the yearly averaged
humidity decreases until 2002. From 2003, averaged values becometatnesthroughout the years even
though a clear yearly periodicity is not present. 0°N 140°W exhibits the presence of an annual cycle. 0°N
165°E shows the greatest high frequency variation in local humidity conditions among the three buoys.
Measures rangeom less than 60% to 100% while averaged values fluctuate around 80%. Moreover, data do
not exhibit the presence of a strong yearly seasonal cycle.

The diurnal cycle of relative humidity is firstly assessed through a spectral analysis. Then, the daily

arnomalies are displayed to allow the characterisation of the diurnal cycle.

Table 3.13 reports the periods g@othl number of measurementtlised in the spectral analysis.

Table 3.13: Periods antbtal number of measurementtlised in the spectranalysis.

Period start Period end Number of total

measurements
0°N 95°W 200604-23 02:30:00 200610-23 02:20:00 26352
0°N 140°W 200805-10 12:30:00 200811-09 05:10:00 26352
0°N 165°E 200607-12 02:30:00 2007-01-11 02:20:00 26352

Figure 3.34llustrates the smoothed periodogram of the analysed time series.
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Figure 3.34: Smoothed periodogram of relative
humidity measurements for each buoy. The
vertical black dashed line identifies the daily
frequency.
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Each one of the three buogxhibits a clear peak in power spectrum indicating the presence of daily
periodicity within the data.
Figure 3.35 illustrates the relative humidity diurnal cycle for the three buoys.
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Figure 3.35: Relative humidity anomaly daily cycles.
Blacklines represent individual daily anomaly cycles.
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The shape and timing of the three mean diurnal cycles is cons@steng the three buoys. Humidity
remains approximately stable during night and maxima values occur between 03 and 04. After sunrise,
humidity decreases rapidly until before 08 when it starts to decrease more gently and reaches minimum
values around 167. Between 17 and 18, humidity increases sharply. Finally, after sunset, humidity
increases slowly until midnight. Between 00 and 06, the relative humidity remains approximately constant in
0°N 95°W and 0°N 165°E, whereas it slightly decreases in 0°N 140h&/ .amplitudes of the three mean

diurnal cycles are 3.4 % for 0°N 95°W, 3.1 % for 0°N 140°W and 2.9 % for 0°N 165°E. Percentiles display a
general consistence with the mean values. The difference between percentiles and mean values is the greates
for 0°N 165°E and the lowest for 0°N 140°W.

The diurnal cycle of relative humidity is examined under the occurrence of the warm and cold ENSO phases.
Table 3.14 reports the number of recorded days observed during the El Nifio and La Nifia events.
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Table3.14: Number of relative humidity recorded days observed during the cold and warm phases of ENSO.

0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 96 495 292
Warm ENSO phase 27 137 183

Figure 3.36 illustrates the different diurnal cycles according tavélren and cold phases of ENSO.
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Figure 3.36: Relative humidity anomaly daily cycles for the three buoys retrieved during warm and cold phases of
ENSO.

Black lines represent individual daily evolutions. The red line represents the mean(izalubg daily mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.

Figure 3.36 indicates that ENSO6s warm and col d
diurnal cycle. 0°N 95°W features a diurtmaimidity amplitude of 4.8 % during El Nifio and 5.5 % during La

Nifia. The amplitudes of the diurnal cycles observed by 0°N 140°W measure 3.1 % for the warm phase and 3
% for the cold phase. The diurnal cycles at 0°N 165°W have an amplitude of 3.3 % duxifigp Bnd 2.4

% during La Nifia. Overall, the relative humidity cycle is similar amongst the two phases.

Table 3.15 presents the number of days selected according to the differentiation based on wind speed and
insolation.

Table 3.15: Number of days g in wind and insolation classes according to the different buoys.

0°N 95°W 0°N 140°W 0°N 165°E
Cloudy days 271 908 742
Sunny days 272 910 743
Wind class 1 122 32 216
Wind class 3 126 1598 360

Figure 3.37 illustrates the relative humidity diurnal cycles under different insolation conditions (cloudy and
sunny) for all the buoys.
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Figure 3.37: Daily cycle of relative humidity anomaly observed during cloudy and sunny days in tHmityse
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.

The relative humidity mean diurnal cycle is not digantly different duringsunnyandcloudydays.Sunny
daysshow the presence of a prominent double minima period arou8 86d 16€18. Instead¢cloudy days
feature more limited minimum peaks in the midrning and mieafternoon. The amplitude of the mean
cycle undersunny daysmeasures 5 % for 0°N 95°W, 3.5 % for 0°N 140°W and 3.2 % for 0°N 165°E.
Instead cloudy daysxhibit an amplitude of 2.7 % for 0°N 9&/, 3.1 % for 0°N 140°W and 2.7 % for O°N
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165°E. The diurnal evolution of the percentiles indicate the lowest variance for 0°N 140°W and the highest
one for 0°N 165°E.

Figure 3.38 illustrates the relative humidity diurnal cycles according to differedteeimditions for each

buoy.
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Figure 3.38: Daily cycle of relative humidity anomaly according to different wind conditions (weak and strong winds)
for the three buoys.
Black lines represent individual daily evolutions. The red line represeatmean values (i.e. the daily mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.
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Wind conditions influence the amplitude of the mean diurnal cycles. Under conditions of weak winds, the
range of the mean diurnal cycliss9.2 % for 0°N 95°W, 8.2 % for 0°N 140°W and 6.1 % for 0°N 165°E.
Instead, the occurrence of strong winds are associated to lower amplitudes: 2.5 % for 0°N 95°W, 2.5 % for
0°N 140°W and 2.6 % for 0°N 165°E. Moreover, weak winds feature lower valuegyde midafternoon
minimum period than strong winds.

The assessment of the diurnal cycle variation is conducted as delineatedsacsoi 2.2.5. Figure 3.39
shows the coupled evolution of the relative humidty smoothed hourly anomalies along withative
humidity smoothed time series.
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Figure 3.39: Variations of the diurnal cycle of relative humidity over the long period.

For each buoy, the upper panel reports the hourly relative humidity anomaly time series, while the lower panel shows

the relative humidity absolute smoothed values.

Red lines correspond to hours between 00 and 05. Green lines correspond to hours between 06 and 11. Blue lines

correspond to hours between 12 and 17. Light blue lines correspond to hours between 18 and 23.
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The hourly time series show the same behaviour for all the buoys. Hours between 00 and 05 exhibit the
highest values of the day. On the other hand, the lowest values are regularly present ih7thmedad.
Intermediate values ranging around zero amestantly found between 18 and 23. 0°N 95°W features the
highest mean diurnal variation with averaged values ranging bet#e¥#nand 4 %. The other two buoys
display a more limited variation. A noteworthy characteristic is the higher variation assunexliiy
smoothed values during regimes of high relative humidity. This aspect is present in 0°N 95°W, while 0°N
140°W shows this behaviour only at the beginning of the time series. Differently, 0°N 165°E does not clearly
exhibit the same tendency. Periodshigh variation of the hourly anomaly are characterised by another
peculiarity present in all buoys: maxima and minima anomalies reach asymmetric values indicating a
tendency for deeper negative values. For instance, 0°N 95°W displays periods of l@tgenveaturing
maxima anomalies reaching +4 %, while negative anomalies outbdu¥td Accordingly, periods of high
variation at 0°N 140°W are characterised by maxima anomalies between +2 and +3 %, while negative
anomalies reacht %. A similar behavioucan be detected also for 0°N 165°E.
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3.6 Sea Level Pressure

Figure 3.36 illustrates the different sea level pressure (SLP) time series acquired by the three selected buoys.
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Figure 3.36: Sea level pressure time series retrieved by fidy95°W, 0°N 140°W and 0°N 165°E. The yellow lines
represent smoothed values.

0°N 95°W is characterised by a yearly seasonal cycle composed by maxima values encountered in late boreal
summer and minima values occurring in boreal spring. The seasaf@bayiation measures approximately

4 hPa. Sea level pressure values span around the smoothing line within the 1.5 hPa interval. 0°N 140°W
features a yearly seasonal cycle characterised by a similar timing and amplitude of 0°N 95°W. Instead, 0°N
165°E de@s not exhibit the presence of a strong yearly periodicity. The three smoothing lines highlight the
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presence of a monthly cycle in the sea level pressure time series. Figure 3.36 shows a progressive westward
shift of the SLP time series toward lower valuesleed, smoothed values at 0°N 95°W varies between 1010
and 1014 hPa, around 1010 hPa for 0°N 140°W and between 1006 and 1010 hPa for 0°N 165°E.

The assessment of the SLP diurnal cycle considers the spectral analysis and the characterisation of the

diurnal evolutions. Table 3.16 reports the periods tatal number of measurementslised in the spectral
analysis.

Table 3.16: Periods antbtal number of measurementtlised in the spectral analysis.

Period start Period end Total number of

measurements
0°N 95°W 200210-18 18:00:00 | 200310-18 16:00:00 26197
0°N 140°W 200805-10 04:30:00; 200811-08 04:00:00 26197
0°N 165°E 2011:02-28 21:00:00] 2011-08-29 23:00:00 26197

Figure 3.37 illustrates the smoothed periodograms computed for the three time series.
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Figure 3.38: Smoothed periodogram of sea level pressure
measurements for each buoy. The vertical black dashed
7 line identifies the daily frequency.
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The SLP smoothed periodograms reveal the presence of two peaks indicating the existence of a diurnal as
well as semidiurnal periodicity. However, the semidiurnal component is more prominent compared to the
diurnal component.

Figure 3.38 displays the Sldturnal cycle.
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Figure 3.38: Sea level pressure anomaly daily cycles.
Black lines represent individual daily evolutions. The red
line represents the mean values (i.e. the daily mean cycle)

while green lines depict the 5th and 95th percentfes
the distribution.
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The SLP diurnal cycle is almost identical among the different buoy. The diurnal cycle resembles a sinusoidal
evolution featuring two maxima and two minima. 0°N 95°W, 0°N 140°W and 0°N 165°E exhibit a primary
peak around 090. The secondary maximum occurs nearby221 The two minima periods occur at-03

and 1516. The variability of the individual SLP daily anomalies is extremely low, which indicates the
occurrence of almost the same cycle almost every day of the recordiffEnendes between the primary
maximum and minimum points are 3.5 hPa for 0°N 95°W, 3.6 hPa for 0°N 140°W and 3.2 hPa for 0°N
165°E. The difference between the two diurnal maxima and minima measures 0.4 and 0.9 hPa for 0°N 95°W,
0.5 and 1.1 hPa for 0°N 12 and 0.1 and 0.9 hPa for 0°N 165°E. One notable aspect is the similar height
of the two maxima peaks in 0°N 165°E. Overall, data point to the occurrence of the same diurnal cycle
throughout the whole study periods.

The SLP diurnal cycle is observedring the occurrence of El Nifio and La Nifia events. Table 3.17 reports
the number of recorded days retrieved during the warm and cold ENSO phases.

Table 3.17: Number of days retrieved during the warm and cold phases of ENSO

0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 4 362 211
Warm ENSO phase 0 48 52
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Figure 3.39 illustrates the SLP diurnal cycles retrieved during the warm and cold phases of ENSO.

0°N 95°W - "Cold" ENSO phase
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0°N 95°W features only 4 recorded days during the cold ENSO phase and zero during the warm phase.
Therefore, results will not be commentsithce they are not representati¥N 140°W and 0°N 165°E
features an almost equal diurnal cycle during both conditions. The diurnal cycles are characterised by two
maxima and minima occurring with the same timing as identified previously. During El Nifio days, the
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difference between the primamaximum and minimum measures 4 hPa for 0°N 140°W and 3.4 hPa for 0°N
165°E. During La Nifa days, the difference measures 3.7 hPa for 0°N 140°W and 3.3 hPa for 0°N 165°E.

The SLP diurnal cycle under different local meteorological conditiorassessed. Table 3.18 reports the
number of days divided according to the different meteorological conditions for the three buoys.

Table 3.18: Number of days lying in wind and insolation classes according to the different buoys.

0°N 95°W 0°N 140°W 0°N 165°E
Cloudy days 170 363 362
Sunny days 170 363 363
Wind class 1 25 11 93
Wind class 3 54 649 235

Figure 3.40 displays the SLP diurnal cycles retrieved dulmgdyandsunny day$or each buoy.
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Figure 3.40: Daily cycle of sea levptessure anomaly observed during cloudy and sunny days in the three buoys.
Black lines represent individual daily evolutions. The red line represents the mean values (i.e. the daily mean cycle)
while green lines depict the 5th and 95th percentiles ofligtebution.

The SLP diurnal cycle seems to be unaffected by the different meteorological conditions. douithg

days the difference between the primary maximum and minimum measures 3.49 hPa for 0°N 95°W, 3.50
hPa for 0°N 140°W and 3.17 hPa for 0°52E. Undersunnyconditions, the difference between the
primary maximum and minimum measures 3.46 for 0°N 95°W, 3.88 for 0°N 140°W and 3.40 for 0°N 165°E.
Figure 3.41 represents the different diurnal cycles occurring during weak and strong windsreonditio
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0°N 165°E - Wind Class 1
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Figure 3.41: Daily cycle of sea level pressure anomaly according to different wind conditions (weak and strong winds)
for the three buoys.
Black lines represent individual daily evolutions. The red line represents the mean valdlke (aly mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.
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The diurnal cycles represented in Figure 3.39 are similar to the ones illustrated in Figure 3.37. Overall, the
different wind conditions appear to not atfélte SLP diurnal cycle. Days observediimd class Feature a
difference between the primary maximum and minimum measuring 3.58 hPa for 0°N 95°W, 3.35 hPa for
0°N 140°W and 3.23 hPa for 0°N 165°E. Days observed during the occurrence of strong winds have
difference between the primary maximum and minimum measuring 3.41 hPa for 0°N 95°W, 3.76 hPa for

0°N 140°W and 3.33 hPa for 0°N 165°E.

The assessment of the SLP diurnal cycle variation over the long term is performed by considering the
average evolutin of the daily maximum and minimum. Figure 3.42 shows the evolutions of the SLP daily
maximum (red line) and minimum (green line) in time. The lower part of the each graph displays the

smoothed original time series.
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Figure 3.42: Variations ofhe diurnal cycle of sea level pressure over the long period.
For each buoy, the upper panel reports sea level pressure maximum (red line) and minimum (green line) anomaly time
series for all the buoys, while the lower panel shows the absolute smeathed.

The evolutions of the daily maximum and minimum anomalies are almost constant over the entire recorded
periods. Hence, the diurnal SLP range is constant in time. The daily SLP maxima and minima do not show
any particular relations with the SLRyime.
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3.7 Wind Direction

Figure 3.43 illustrates the wind direction time series, transformed as explained$e&un 2.2.1.
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Figure 3.43: Wind direction time series retrieved by buoys 0°N 95°W, 0°N 140°W and 0°N 165°E. The lightblue lin
represents smoothed values.

Winds at 0°N 95°W are mainly directed nowtlestward. Occasionally, the averaged values drops te 150
200°, indicating a temporary wind direction toward south and seagh This change in wind direction
regime seems to oac during boreal winter, after the beginning of the year. However, recorded periods
feature a very high variability. 0°N 140°W is characterised by the presence of winds constantly directed
northrwestward. Averaged values range from 250° to 300° and thetigaris contained during almost the
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whole time period. As previously noted for 0°N 95°W, the averaged wind direction changes periodically
during boreal winter to lower values indicating a westward flow. During the occurrence of these events, the
variation in wind direction values increases. 0°N 165°E features the highest wind direction variation. The
whole period is not characterised by constant smoothed values, which varies between 270° and 100°.
However, smoothed values show a preference for angle2b@ai.e. almost westward.

The wind direction data are examined to detect the presence of a diurnal signal and determine the wind
direction diurnal cycle. Table 3.19 reports the periods and number of days utilised in the frequency analysis.

Table 3.19: Periods antbtal number oimeasurementstilised in the frequency analysis.

Period start Period end Number of days
0°N 95°W 200210-18 20:30:00 200303-26 09:00:00 22828
0°N 140°W 200805-10 12:10:00 200810-16 00:40:00 22828
0°N 165°E 2012:03-01 03:00:00 2011-08-06 15:30:00 22828

Figure 3.44 illustrates the smoothed periodograms of the analysed time series.
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Figure 3.44: Smoothed periodogram of wind

direction measurements for each buoy. The
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frequency.
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The smoothed periodogram reveals the absence of a clear diurnal periodicity in each of the three wind
direction time series.

Figure 3.45 illustrates the wind direction diurnal cycles for the three different bllbgsdaily cycles are
computed utilising th&vind direction data transformed as described insadtion 2.2.1.
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The wind direction anomaly cycles are characterised by a very high variability. The shape of the mean
diurnal cycles are not cleartlistinguishable. Thus, the mean diurnal anomaly variation is evaluated through
Figures 3.46 and 3.47, reporting the mean diurnal cycles and the density of the different directions observed
by the different buoys.

Figure 3.46: Mean diurnal cycled aind
direction for all the buoys.
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Wind direction measurements displayed in Figure 3.47 reveal that each buoy is characterised by the
predominance of a clear wind direction. In particular, the wind blows more frequently toward north in 0°N
95°W and westward in 0°N 140°W and 0°N 165°E. Tledwndirection shifts from north to west as we move
westward along the equator. As represented in Figure 3.46, the mean diurnal cycle shape of 0°N 95°W is
characterised by two peaks encountered near 09 and 20, while minima values are found between.02 and 04
The mean diurnal cycle of 0°N 140°W features a peak at 09 and another at 22. 0°N 165°E presents one peak
before noon. The amplitudes of the wind direction mean diurnal cycles measure 20° for 0°N 95°W, 5° for
0°N 140°W and 8° for 0°N 165°E. Overall, datdicate that wind does not considerably change its direction

in the three analysed buoys.

The wind direction diurnal cycle is assessed during the occurrence of El Nifio and La Nifia events. Table
3.20 reports the number of recorded days observed dugngaim and cold phases of ENSO.

Table 3.20: Number of wind direction recorded days observed during the cold and warm phases of ENSO.

0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 91 524 274
Warm ENSO phase 31 118 224
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Figure 3.48 illustrates the wind direction diurnal cycles retrieved during the two phases of ENSO.
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Figure 3.48: Wind direction anomaly daily cycles for the three buoys retrieved during warm and cold phases of ENSO.

Black lines represent inddual daily anomaly cycles. The red line represents the mean anomaly values, while green
lines depicttheBand 98'per centi |l es of

Wind direction measurements present a high degree of variability. El Nifio conditions are linked to a steady
diurnal cycle and the absence of a notable amplitude. Instead, La Nifia conditions feature similar mean

the anomal i esb
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diurnal cycles compared to the ones compuisidg the entire datasets. However, all the graphs point to the
occurrence of an almost steady diurnal cycle for each buoy in each period.

Table 3.21 summarises the number of days divided according to the distinction based on meteorological
conditions.

Table 3.21: Number of days lying in each class for all the buoys.

0°N 95°W 0°N 140°W 0°N 165°E
Cloudy days 275 1018 734
Sunny days 276 1019 734
Wind class 1 143 36 190
Wind class 3 133 1610 388

Figure 3.49 illustrates the wind direction diurngtles under cloudgind sunnyonditions.
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Figure 4.49: Daily cycle of wind direction anomaly observed during cloudy and sunny days in the three buoys.
Black lines represent individual daily evolutions. The red line represents the mean(ielubg daily mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.

Thesunnyandcloudyconditions feature almost equal cycles amongst the different buoys, hence pointing out
the lack of a strong influence of diffetemsolation conditions on the wind direction diurnal cycle.
Compared to Figure 4.44, the shape and timing of the mean diurnal cycles of the different buoys are not
remarkably influenced.

Figure 4.50 shows the wind direction diurnal cycle during strowigraeak winds.
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Figure 3.51: Daily cycle of wind direction anomaly according to different wind conditions (weak and strong winds) for
the three buoys.
Black lines represent individual daily evolutions. The red line represents the meas (f&lutihe daily mean cycle)
while green lines depict the 5th and 95th percentiles of the distribution.

Strong wind conditions lead to the occurrence of similar diurnal cycles compared to those calculated using
the whole time series. Instead, weak wauhditions are linked to the occurrence of a mean diurnal cycle
fluctuating around zero i.e. the daily mean. A notable aspect involves thaliimmal variation of the
anomalies. In fact, the"sand 98 percentiles outbound the +100° intervamiind class whereas, irwind

class 3 the differences between the mean and percentiles differ less than 20°. Thus, weak winds feature a
more variable direction, while strong winds are linked to much less variable directions.

The assessment of the didrregcle variation is conducted as delineated in-settion 2.2.5. Figure 3.51

shows the evolution of the wind direction smoothed hourly anomalies and relative humidity smoothed time
series for each buoy.
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Figure 3.51: Variations of the diurnalycle of relative humidity over the long period.
For each buoy, the upper panel reports the hourly relative humidity anomaly time series, while the lower panel shows
the relative humidity absolute smoothed values.
Red lines correspond to hours between 00 @5. Green lines correspond to hours between 06 and 11. Blue lines
correspond to hours between 12 and 17. Light blue lines correspond to hours between 18 and 23.

300

200

The hourly time series vary differently among the three buoys. As highlighted previo&siyre 3.42, 0°N

140°W presents the lowest variability. As regards all the buoys, hours between 18 and 5 assume often
negative anomalies while hours between 06 and 17 are likely associated with the occurrence of positive
anomalies. The hourly time sesidisplay some peaks, but they do not appear to match any particular wind
direction regime. In addition, smoothed anomalies spread between the £20 ° interval.
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3.8 Precipitation

Figure 3.50 illustrates the different precipitation time series acquired by the three selected buoys.
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Figure 3.52: Precipitatiorintensitytime series retrieved by buoys 0°N 95°W, 0°N 140°W and 0°N 165°E.

The time series report several rainfall intensity peaks during the recorded periods. 0°N 95°E is characterised
by the presence of several measurements exceeding the 1 mm/hr and reaching 30 mm/hr. 0°N 140°W
presents a short period of intensive precipitaierceeding the 200 mm/hr in 2007. Nevertheless, this buoy
displays several periods characterised by rainfall intensities outbounding the 10 mm/hr. 0°N 165°E shows
several measurements beyond the 10 mm/hr threshold. Indeed, almost each recorded pessss @bdeast
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one observation reaching the 50 mm/hr. Overall, the largest presence of high rainfall intensities occurs at

0°N 165°E.

Figure 3.53 reports the rainfall diurnal cycletbé totalrainfall events (8.5 mm/hr)for the three buoys
composed plight events (0.838 mm/hr), medium eventsB mm/hr) and heavy events (>10 mm/hr).
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The three graphs show the presence of an individual dominant peak in rainfall and light events occurring at
different hours. Thepeak occurs at 17 for 0°N 95°W, at 14 for 0°N 140°W and at 10 for 0°N 165°E. Yet,
medium and heavy rainfall intensities do not assume the same behaviour. The presence of an individual
dominant peak during a single hour is probably caused by an errordattheampling. Without considering
the contribution of the individual dominant peaks, buoys point to similar results. Rainfalls are principally
composed by light events in 0°N 95°W and 0°N 140°W whereas 0°N 165°E display a higher contribution of
medium ad large rainfalls to the total rainfalls. The occurrence of light events is more likely during the early
morning hours for all buoys. However, the number of counts does not vary greatly over the day in all the
three buoys. As regards 0°N 140°W and 0°N E5hedium and heavy rainfalls remain almost steady over
the day and do not show a preference for a particular period. Instead, 0°N 95°W features a peak in the
medium and heavy rainfalls in the eamrning at 04.

Figure 3.54 displays the extreme raihthurnal cycle for each buoy.
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Extreme rainfall occurrences
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The number of extreme rainfall occurrences at 0°N 95°W spans between 0 and 6. 0°N 95°W displays the
greatest counts at 13 even thougllaes not exhibit a preference for a particular period of the day. 0°N
140°W is characterised by counts ranging from 0 to 10 and averaging 3.5. It shows larger counts during
nightime hours, in particular at 23, 01, 03 and 04. The extreme rainfall occwran®éN 165°E range
between 5 and 28 with a mean values of 14. The highest values occur in the early morning be@Ween 03
and early afternoon between-13. The lowest values occur in the morning at 08, 09 and late afternoon
evening at 17, 19, 21 and 24.

Rainfall events are examined during the occurrendel &fifio and La NifiaTable 3.22 reports the number
of recorded days observed durithg warm and cold ENSO phases.

Table 3.22: Number of wind direction recorded days observed during the cold amdplases of ENSO.

0°N 95°W 0°N 140°W 0°N 165°E
Cold ENSO phase 91 486 292
Warm ENSO phase 59 118 202

Figure 3.55 reports the rainfall occurrences recorded during both warm and cold ENSO phases for the three
different buoys.

0°N 95°W - "Warm" ENSO phase 0°N 95°W - "Cold" ENSO phase
= =1
& o oo =] o 2
w =1
-8 w _
C:. =
v =
— = o ] [=]
S
= 5 -8
o T w24 o oo S
i o ¢ £ 5
c o = S 3
S = o o a oo o o o 2 2 = =
o T 8 2
6] o o o T
o w \) e
. LS
o w o EE = =
o o o\ o
=1 -
o L
=
o o oo
/@P/ \,O\ o, ZO\ Ylog
= = o Jdoooo eoovceococe ovoocococoo - g
Dfoooooooooooooooooooooooo—g I : I I : : I : I : : : o
0 2 4 6 & 10 12 14 16 18 20 22

0 2 4 6 8 10 12 14 16 18 20 22

Local Time Local Time

101



0°N 140°W - "Warm" ENSO phase 0°N 140°W - "Cold" ENSO phase

(e]
o
o - o Q
[ (e ] [
Y] D —
2 - r S
— o
= o
w | o & 7
2 |8 L8
o (=N
p) [7e} E‘ *g E N 5
C [ = © =1 5
3 (=T o 3 o < o
8 - c g o o 2
[=] I 8 — (=T
o = -
o] o o
VT N A 1 I T T
o [s] [s) o e . 2, o
VYR L A > | g o J88,88502338888c0se0le88oL 8
O — 0 Q0000 0CQ0Q0Q Q0 Q0 Q0OCQO0OQQ0CQCQOO0C0O0C0QC0C Lo (o]
| — : : : — — 2 | — L — — T T T T
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Local Time
Local Time
0°N 165°E - "Warm" ENSO phase 0°N 165°E - "Cold" ENSO phase
o
@© 7 o © o
/\ — O (=]
o, (=] (S
e w
o [+] o - o
&1 v/ / \ = 8 4 o
5 =4
\o o s %0 o O\ s /L& o
" L / PO c &, © 2y
& & a c & 3 C
c o _| o @ c Lo g
3 = © 3 3 o 3
[=] o =3 - o T o o _| (=3
O / AN o & 0O ® 5]
o a0 o [ L
¢ / \ o o'O o L8 o
(=] =} @ ° L= RN 8 ° (=] = 7 [ g
o~ o, .o Yoog a0 / LT o
=] 8 =] — [s) [s]
oo 078/0 ¢ a oo 8 8\ i e, /8 S & 2 a0 2 e 0/0 O/O§8 o
e e o o =3P oo g . o0 . .
© © © & g S % legso ‘o"g. g
o - —8 o—@8@880‘998\0/()%'@808%8&80‘880—8
T T T T T T T T T T 1 = T T T T T T T T T T 1 =
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Local Time Local Time

Figure 3.55:Total hourly precipitation intensities and frequencies associated to rainfall events (black points), light
rainfall events (red points), medium rainfall events (green points) and heavy rainfall events (blue points). Precipitation
measurements have beerrréete ved during the fAwarmodo and Acol do

The warm phase of 0°N 95°W and 0°N 140°W is characterised by the presence of few rainfall occurrences.
On the other hand, during the cold phase the two buoys report higher occurrences. The cold phase of 0°
95°W shows the presence of two peaks, one occurring in the early morning hours and the other around
sunset. The early morning peak is characterised by higher occurrences for all the rainfall categories
compared to the sunset peak. 0°N 140°W displaysptiesence of a dominant peak at 14, the same
previously recognised in Figure 3.53. Without considering this peak, rainfall and light events show a
preference for the G06 interval during La Nifia events. 0°N 165°E exhibits higher occurrences during El
Nifio periods than during La Nifia periods. The warm phase is characterised by a preference for the morning
hours by rainfall and light events, especially at 06. On the other hand, medium and heavy events do not show
a propensity for any particular time periodh€l cold phase features a dominant peak at 10, the same
previously recognised in Figure 3.52. Without considering this peak, rainfall and light events show a
preference for the nighime hours, especially in the P2 interval. Medium and heavy rainfalleanot

linked to a particular time period. The different frequencies reported in Figure 3.55 highlights the different
rainfall regimes occurring during the two ENSO phases. Neglecting the individual dominant peaks, the
highest frequency of all the rainfalategories is attained by the warm ENSO phase at 0°N 165°W. Overall,
0°N 95°W and 0°N 140°W assume the highest frequencies during La Nifia periods. Yet, 0°N 165°W shows
the opposite behaviour.
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Precipitation data are examined according to the local winditons. Table 3.23 reports the number of
days divided according to the differentiation based on wind conditions.

Table 3.23: Number of precipitation recorded days lying wind class 1 and 2.

0°N 95°W 0°N 140°W 0°N 165°E
Wind class 1 121 30 208
Wind class 3 124 1387 372

Figure 3.56 shows the precipitation diurnal cycle during different wind conditions.
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0°N 165°E - Wind class 1 0°N 165°E - Wind class 3
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Figure 3.56: Total hourly precipitation intensities and frequencies associated to rainfall events (black points), light
rainfall events (red points), medium rainfall events (green points) and heavy rainfall events (blue points). Precipitation
measurements have been observed during days classified as calm (wind class 1) and windy (wind class 3).

0°N 95°W displays low rainfall occtences during the presence of both strong and weak winds. However,
without considering the dominant peak, the three rainfall categories occur more often during the morning
than during the rest of the day. 0°N 140°W does not exhibit a preference forcalpagieriod of the day

during weak winds, even though the early morning period from 00 to 06 is characterised by the almost total
absence of rainfall events. As regards strong winds, a dominant peak is present at 14, similar to the one
recognised previolls However, without considering this peak, rainfall and light events show a preference
for the early morning hours. Medium and heavy events do not exhibit a clear preference for any period of the
day. 0°N 165°W shows the presence of the dominant pedk asIpreviously recognised, under both wind
conditions. The total rainfalls and light events show a similar behaviour under both conditions. They exhibit
higher values during night with maxima at 22 and 02, and minima between-@&id@rval. During sbng

wind conditions, the occurrences of all rainfall categories is generally lower from 08 to 20.

Considering all the buoysyind class 1lis characterised by a preference for nigjime hours for medium

rainfall and a preference for afternoon hoursHeavy rainfall. Instead, wd class 3hows a preference for
nighttime hours (from 22 to 06) for both medium and heavy rainfalls.
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3.9 Relations between variables

The relations between variables are assesses through theamatation analysigzigure 3.57 illustrates the
crosscorrelograms computeamongthe variables retrieved by 0°N 95°W. THiest variableis the series
lagged in time. Only crossorrelograms with the maximum correlation coefficient reaching at least £0.4 are

considered.
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Figure 3.57: Crossorrelograms representing

significant correlations occurring on a diurnal scale

between different variables for buoy 0°N 95°W.
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Figure 3.57 reports the presence of few significant relations amongst the different variables in 0°N 95°W.
The cross correlation between the reaiface air temperature and the SST is maximum a#lageasuring

0.55. Then, correlation values decreasagproximately-0.4 for increasing and decreasing lags. This value

is encounterect lags-72 and +68 indicating the existence of a weak negative relationship between the two
variables. The correlation between the rmaface air temperature and thedative humidity reaches a
maximum at lag O measurin@.76. Then, the correlation coefficients increases for increasing and decreasing
lags, exceeding 0.4 for lags +72. The crosgelation function computed between the rmaface air
temperature anthe shortwave radiation assumes the maximum value at lamedsuring 0.5. On the other
hand, the minimum value occurs at @ and measure9.56. The SST exhibits a significant correlation
with the shortwave radiation. The maximum correlation coefficoccurs at lag +24 and measures 0.53. The
minimum correlation coefficient takes place at{a§ and measure8.45.

Figure 3.58 illustrates the cressrrelograms computed between the rmaface air temperature and the
other variables for 0°N 140°W.
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Figure 3.58: Crossorrelograms representing significant correlations between different variables for buoy 0°N 140°W.

0°N 140°W features similar relationships as those recognised in 0°N 95°W. The correlation coefficients
between the air temperature and SST is maximum a4lgg.57) and minimum at lag +680(56). The
correlation between the air temperature and relativmidity is the highest at lag +30(67). Then,
correlation increases reaching positive values around 0.4 at the extreme lags £72. The air temperature shows
a moderate positive correlation with the shortwave radiation. The maximum value occurs at kgl+19
measures 0.56 while the minimum value occur atf&gmeasuring0.64. The correlation between the SST

and the shortwave radiation follows a similar behaviour, peaking at lag +20 (0.7) and3& (#g58). The

SST and SLP show evidences of a negatelation peaking at la@g (-0.45). The SST and relative humidity
present the maximum correlation value at-Big measuring 0.42.

Figure 3.59 illustrates the cressrrelograms computed between the rmaface air temperature and the
other variable$or 0°N 165°E.
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Figure 3.59: Crossorrelograms representing significant correlations between different variables for buoy 0°N 165°E.

0°N 165°E features few significant correlations. The air temperature and the relative humidity show a similar
relation as previously recognised for the other buoys. The maximum correlation occurs at lag 0 and measures
-0.79. The SST and shortwave radiation exhibit the maximum positive correlation at lag +13 (0.63) and the
minimum value at lag37 (-0.49). A notal® aspect is the absence of strong correlations recognised
previously in the other buoys between the air temperature and SST and between the air temperature and
shortwave radiation.
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4. Discussion

This chapter discusses the elaboration of the TAO dasepted in chapter 3. Section 4.1 focuses on the
characterisation of the diurnal cycles of the different parameters in the Eastern, Central and Western
Equatorial Pacific. Section 4.2 examines the variation of the diurnal cycle according tedalgelinatic
conditions. Section 4.3 analyses the variation of the diurnal cycle under different local meteorological
conditions. Section 4.4 assesses the variation of the diurnal cycle over the long period. Section 4.5 targets to
define the main relationshipsisting on a diurnal scale between the different variables. Finally, section 4.6
discusses the possible limitation of this thesis and provides recommendations for futurd herfiksdings

of this work are compared with previous results reported in sektdon

4.1 The diurnal cycles of the different variables observed in the Eastern,
Central and Western Equatorial Pacific

The downgoing shortwave radiation presents a single daily peak at all locations. Figure 3.3 shows that the
parameter starts tmcrease some minutes before 06 local time, reaching the peak around 12, and then
decreases until a few minutes after 18. During righé hours, the downgoing shortwave radiation remains
close to zero. The Central Equatorial Pacific receives higher amotlsolar radiation compared to the other

two regions, as confirmed by the higher maximum reached by the mean cycle compared to those occurring in
the Eastern and Western Pacific. In additibie, €entral Equatorial Pacific is characterised by the ozccer

of homogenous sunny conditions during most of the period of study, as indicated by several evidences. First,
the shortwave radiation diurnal values are located closer to the average cycle compared to the other two
buoys. The distribution of the shodwe radiation sums of the Central Pacific illustrated in Figure 3.4
presents a smaller variation around the mean compared to the other locations. Moreover, Figure 3.4 displays
also the highest values assumed by the shortwave radiation sums compareattwitieo locations.

Finally, the frequency of rainfall events characterising the Central Pacific is the lowest, as reported in Figure
3.53. On the other hand, data indicate a large variability in the insolation conditions occurring in the Western
Equatoral Pacific. Indeed, the low values assumed by theeBcentile in Figure 3.3 indicate the occurrence

of many days characterised by a covered sky. The Eastern Pacific features similar conditions to those of the
Western Pacific, as indicated by the simiatues assumed by the distribution of the shortwave radiation
sums and by the mean daily evolutions.

The frequency analysis reported in Figure 3.9 reveals the absence of a wind speed diurnal variation in the
Centraland WesterrPacific whereas it indicatethe presence of a weak wind speed daily cycle in the
Eastern Pacific. Generally, the wind shows higher velocities during morning hours around 08, as illustrated
in Figure 3.10, although the Eastern Pacific features the maximum mete daily cycle around 13 local

time. Then, wind speed displays lower velocities during Hiighe hours, with the minimum value occurring
around midnight. The amplitudes of the wind speed diurnal cycles measure 0.6 m/s in the Eastern Pacific and
0.2 m/sin the Central and Western Pacific. The results of the analysis examining the wind speed diurnal
cycle broadly agree with previous findings. The low amplitude of the diurnal signals is consistent with the
estimates of Deser et al. (1994), Deser and S(#97) and Ueyama and Deser (2007). Results confirm
another feature reported in the study of Deser and Smith (1997), where a geographic variation of the diurnal
amplitude of wind speed over the ocean was identified. In fact, the diurnal amplitude ohdhepeed daily
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cycle is the largest in the Eastern Pacific and becomes negligible moving toward the Western Pacific.
However, these results shall be considered cautiously: the wind speed anomalies undergo diurnal variations
much larger than the amplitudétbe mean daily cycles.

The mean diurnal cycle of neaurface air temperature displays a doyg®ak shape in all regions. The two

peaks occur in the michorning around 008 and in the migfternoon around 167. As illustrated in

Figure 3.17, the teperature of the air starts to increase sharply after sunset by almost 0.5 °C. Then, it
stabilises in the Central and Western Pacific, while it increases more slowly in the Eastern Pacific. After 12,
again the neasurface air temperature begins to incraagadly and reaches the daily maximum around 17.
Afterwards, the air temperature decreases with different rates: firstly, it falls suddenly by almost 0.25 °C
until 18 and then it cools more gently until dawn. An interest feature is the constant airatemepduring

the latter hours of the night, i.e. in between 03 and 06 local time. Therefore, during-tiaavprlours, the

thermal radiative cooling must be balanced by another process that maintains a stationary air temperature.
Another interesting eleme is the evolution of the air temperature mean cycle in the evening hours in the
Western Pacific. In fact, Figure 3.17 reports a steady air temperature in between l8ratid2fbcation

while it starts to decrease gently right after 18 in the EastairCentral Pacific. The observed diurnal cycle

of the neaisurface air temperature does not agree with the description given by Ahrens (2012) and illustrated
in subsection 1.3.2 indicating a constantly increasing temperature in between sunrise -aftdrmidn and

a constantly decreasing temperature from-aftdrnoon to dawn. The amplitude of the mean diurnal cycle of

air temperature presents a geographical variation, being larger in thRde#&t and smaller in the West

Pacific. As reported in Fige 3.17, the individual daily evolutions spread differently around the mean daily
cycle among the three locations. In particular, the evolution of the percentiles indicates that the Western
Pacific features the highest variability, whereas the Centrdi®presents the lowest one.

The diurnal cycles observed in the three locations are characterised by the occurrence of two different peaks
during daylight hours in each investigated location. This finding may indicate the influence of convective
phenomenaon the neasurface air temperature daily cycle. The stable air temperature occurring
approximately between 10 and 14 may be caused by the presence of clouds, which prevent the solar radiation
to reach the ocean surface and the consequent warming ok#reurface atmospheric layer. Clouds
disappear in the earlyfternoon and the air temperature returns to warm. However, the analysis of the
diurnal cycle of precipitation does not identify a clear midrning peak in any of théhree rainfall
categories.Instead the observed neaurface air temperature diurnal cycles share similarities with the
erroneous air temperature daily cycle examined by Anderson and Baumgartner (1998) and reported in Figure
1.6. Such correspondences are: #gimpe of the diurnalvelution, characterised by the presence of two
peaks,and the timings of ttee peaks Hence, data seems to confirm that the TAO measurements of air
temperatureetrieved by the three buoys (0°N 95°W, 0°N 140°W and 0°N 165°E) are affected by a radiative
heding error associated to the naturally ventilated shield covering the sensor. The presence of the same error
in the other equatorial buoys of the TAO array is assessed in Figure 4.1. This figure reports the mean diurnal
cycle of neassurface air temperatarcomputed using daily anomaly data of all the remaining equatorial
buoys of the TAO array (0°N 110°W, 0°N 125°W, 0°N 155°W, 0°N 170°W, 0°N 180°W, 0°N 156°E and
0°N 147°E).
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The two peaks in the diurnal cycle of air temperature occur at almost the same tiimdhéneguatorial
moorings, indicating that they are all affected by the radiative heating error. Nonetheless, the error exhibits
an apparent geographical variation. Indeed, the height reached by tmeomitg peak grows westward,

being the smallest inumys deployed in the EaBacific (0°N 110°W and 0°N 125°W) and the largest in the
buoys located in the WeBtacific (0°N 147°E and 0°N 156°E). On the contrary, the height of the mid
afternoon peak grows eastward, reaching the smallest values in the M\Restdic and the largest ones in

the Eastern Pacific.

As explained in suisection 1.3.3, the magnitude of the error is dependent on the local meteorological
conditions, mainly the amount of the solar radiation reaching the surface and wind speseiti®ula.3
discusses the variation of the observed air temperature diurnal cycles under different local meteorological
conditions to analyse the variation of the magnitude of the radiative heating error.

The analysis of the SST diurnal cycle shows simiémults among the different locations. The SST starts
increasing after 08 local time, reaches its maximum ne&k618nd then decreases until the following
morning. The SST starts to warm later compared to thesuetace air temperature due the largeritnal
capacity of the water compared to the air. The di
and minimum, is similar in the Central (0.39 °C) and Western Pacific (0.41°C), while it is larger in the
Eastern Pacific (0.55 °CYhus,hed ur nal PSST foll ows a si misurface geoc
air temperature, being the largest in the Eastern Pacific and similar in the Cedtkéleatern Pacific, as
observed also by Deser and Smith (1998) and Clayson and Weitlich (2006).

As indicated by the variation of the percentiles around the mean reported in Figure 3.28, the Central Pacific
features a more homogeneous diurnal cycle than the other locations. Overall, the observed SST diurnal cycle
is consistent with previous findings deibed in suksection 1.3.6.

The SST tends to cool at different rates once the daily peak is reached. In particular, Figure 3.28 reveals that
the water temperature declines faster during the last two daylight hours (from 16 to 18 local time) than
during nighttime hours (after 19 lot@ime). This observation points to the possible presence of an heating
process operated by deeper waters. Assuming thegustdre ocean layers are not significantly influenced

by the diurnal solar radiation cycle and their temperature remains stablthevaay, upward heat transfer

from such layers may limit the cooling of surface waters. However, ignoring circulation factors, the water
temperature generally decreases as the depth increases. Hence, the superficial layers of the ocean are usuall
warmerthan deeper layers. Therefore, it is unlikely that the deeper layers warm the superficial layers unless
the SST becomes colder than the temperature of the deeper layers. Another possible explanation to this
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observation is the occurrence of mechanical mgixprocesses caused by stronger winds, which mix
superficial waters and deeper waters. The process affecting the SST diurnal cooling rate in turns affects the
di urnal PSST by slightly increasing the radiation mum t
and wind speed, other factors may contribute regulating the diurnal SST amplitude. Future studies should
investigate the entity of this process and asses
assessment of the diurnal varatiin the temperature of the sabrface mixed layer shall reveal important
information concerning this process.

The relative humidity displays an analogous diurnal cycle among the different locations. As illustrated in
Figure 3.35, the cycle is composég two daily minima located around @B and 16-17 local time.
Humidity reaches higher values during nigime hours than during ddight hours. Overall, relative
humidity appears to be strictly correlated with the air temperature, as a growing aratmg corresponds

to a decreasing relative humidity and vice versa. Indeed, the relative humidity is defined as the ratio of the
amount of atmospheric moisture over the amount that would be present if the air were saturated (NOAA,
2009), and the lattemattor is dependent on the air temperature. The comparison between the mean diurnal
relative humidity and the mean daily nearface air temperature reveals that the diurnal evolution of the
first variable is largely explained by the second one over ttimarcorded period. Hence, the presence of
other phenomena significantly affecting the relative humidity should be excluded. However, the existence of
an error in the neaurface air temperature measurements in turn affects the relative humidity nmeagtare

The analysis of the SLP diurnal cycle reveals the dominance of a semidiurnal component. Indeed, the diurnal
cycle is constituted by two maxima and two minima composing a sinusoidal evolution. Maxima and minima
occur every six hours. The diurnalriaion of the anomalies strictly follows the mean cycle indicating the
occurrence of the same SLP daily evolution over the entire periods of study. The phase of the cycle is
consistent among the three locations, with maxima occurring near 10 and 24nand anound 04 and 16.

The observed SLP diurnal cycle reflects previous findings (LeBlancq, 2011; Ahrens, 2012) illustrated in sub
section 1. 3. 4. |l ndeed, this observed SLP diurnal

There is noappreciable diurnal signal in wind direction. This is confirmed by the results of the spectral
analysis reported in Figure 3.44 and by the daily cycles of wind direction illustrated in Figure 3.45 spanning
around zero with small deviations. Thereforefe¢his a stable wind direction throughout the day. As shown

by Figure 3.47, the wind blows predominantly toward north in the Eastern Pacific and toward west in the
Central and Western Pacific. These findings do not completely agree with the geatralitds pattern
explained in sction 1.2, since the Eastern Pacific shows a clear dominance for winds directed northward and
not westward.

The diurnal cycle of precipitation is characterised by one dominant peak in light rainfalls at each location.
Considemg thatprecipitation in the nearby hours is on average, this dominant peak unlikely represents the
occurrence of several precipitation events at the same hour. Instead, this recursive phenomenon is linked
with the presence of an error, which could beteelao the occurrence of a siphon event (seessahion

2.2.1). The dominant peaks are encountered at 17 in 0°N 95°W, 14 in 0°N 140°W and 10 in 0°N 165°E. The
presence of the same error in the other equatorial TAO moorings not used in the main aredgsissed

here. Figure 4.2 reports the diurnal cycle of rainfall events, i.e. the counts of precipitation intensities
exceeding 0.5 mm/hr for each hour, for each of these additional equatorial TAO buoys.
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All the equatorial buoys except 0°N 110°W exhibit extraordinary high occurrences of rainfall events in one
specific hour,similarly to the three buoys examined in this study. The dominant peaks occur at different
hours of the day i.e. at 15 for 0°N 125°W, 2 for 0°N 155°W, 12 for 0°N 170°W and 11 for 0°N 180°W.
Hence, almost all the equatorial buoys are affected by a simitariie the precipitation measurements.

Overall, the dominant peaks are omitted in the assessshéme precipitation diurnal cycle in the Eastern,
Central and Western Pacific.

Precipitation data suggest the occurrence of a similar cycle among theexame@ed locations. Light
rainfall events display higher counts values occurring in the morning hours (from 00 to 08 local time) than
over the rest of the day. The probability of occurrence of medium and heavy rainfalls seems to remain
constant across tt#t-hours period. The tot@lounts ofrainfall events are largelyonstitutedoy light events

in the Eastern and Central Pacific. Instead, light events in the Western Pacific compose almost half of the
total rainfall events. Overall, the elaboration of ta¢a do not identify a clear eaftyorning peak in rainfall

events as found by several authors described in susection 1.3.7. Indeed, only light events exhibit a little
higher probability of occurrence in the early morning.

The three regions of the &fic Ocean are characterised by different pattern in the extreme rainfall events.
Figure 3.53 illustrates that thextreme events in thieastern Pacific are not clearly associated to a particular
period of the day. The extreme rainfall counts in the @éRtacific are almost double during some of the
nighttime hours, specifically at 23, 01, 03 and 04. The Western Pacific features a clear peak in the early
morning hours and the lowest counts in the -miakning from 08 and 12. Unlike the assessment of the
precipitation diurnal cycle, extreme rainfalls in the Central and Western Pacific exhibit a preference for the
early-morning.

The rainfall patterns characterising the three locations are further analysed here by estimating the likelihood
of rainfall events to occur at each hour of the day (i.e. the return period). Hourly precipitation intensities are
computed from 10ninutes data and only hourly precipitation averages greater than 0.5 mm/hr,
corresponding to (at least) six observE@minutes rainfall intensities 00.5 mm/hr in one hour, are
considered. Figure 4.3 reports the return period of rainfall events occurring at eacicbording to the

three examined locations.
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In the Central and Eastern Equatorial Pacific, early morning fexarience a rainfall event approximately

every 125300 days, whereas rainfalls during dight hours are more sporadic. Late afternoon and evening
return periods are similar to early morning ones in the Eastern Pacific, while they are larger in thle Centr
Pacific. Overall, the return periods observed in the Eastern Pacific vary more in the course of the day than
the ones observed in the Central Pacific. The Western Equatorial Pacific is characterised by much shorter
return periods. In this location, ealebur experiences a rainfall event almost every 20 days. Overall, the west
Pacific is the region featuring the most Arainyo
rainfalls frequencies are pr ob adidgtinguishes this rgioa.tDatd t o
related to the Eastern and Central Pacific indicates that the central hours of the day are the driest.
Furthermore, as the i@inutes precipitation intensities are averaged into hourly measurements, the
dominant peaks recagsed before disappear. Thus, futumdrks examining precipitation data should
average 18ninutes data into hourly intensities to obtain accurate results.
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42 The diurnal cycles observed duri
ENSO

The analysis of thevi nd vel ocity diurnal cycle occurring dur
occurrence of almost the same shape, timing and amplitudes of the cycles observed throughout the entire
time series. Hence, this analysis excludes the existence oemsayist and noticeable impact of El Nifio and

La Nifia events on the wind speed diurnal cycle.

The ENSO6s warm and col d ph a ssarfacediotempearatureaitirfakecgcte. t h e
The doublepeak evolution is present in each buoy. Figure 4.4 reports the amplitudes of the mean air
temperature cycle observed over the entire dembperiods, and during the warm and cold ENSO phases.

Air temperature mean diurnal amplitudes
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Figure 4.4: Air temperature mean diurnal
amplitudes observed in the three locations over
the entire time series, and during both the warm

and cold ENSO phases.
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The air temperaturmeasurements retrieved during El Nifio and La Nifia events show a common tendency
among the different buoys. La Nifia conditions features higher diurnal amplitudes than during El Nifio
conditions. The difference between the mean amplitudes observed durimgrthend cold phase is largest

in the Eastern Pacific and smallest in the Western Pacific. Moreover, the mean diurnal amplitudes observed
during La Nifia and El Nifio periods are generally larger in the Eastern and lower in the Western Pacific, as
the correponding mean amplitudes observed over the entire time series. The highest mean diurnal air
temperature amplitude is observed in the Eastern Pacific during the occurrence of La Nifia events. However,
this observation is not consistent with the general mel®gical conditions occurring during the cold ENSO
phase. Indeedhe cold ENSO phase is associated with a strengthening of the trade winds over the Eastern
Pacific (Barry and Chorley,2006 Ahrens 2012) As a result, the presence of strong winds should
considerably lower the mean diurnal amplitude of air temperatsi@skanowledged in section 4.3

The shape and timing of the mean diurnal cycle of SST are not altered by the concomitance with an El Nifio

or La Nifia events. However, the SST diurnal amglieu, i . e. the mSST, is infl
climatic conditions in a similar pattern as the air temperature. Figure 4.5 summarises the mean diurnal

pSSTs observed over the entire recorded periods,
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The amplitudes of the mean SST diurnal cycles are larger during the cold than during the warm ENSO phase
Unl i ke for the air temperature, the difference be
La Nifa is larger in the WestellBquatorialPacific than in the Eastern Pacifithe diurnalgpS ST i n t h
Eastern Pacifialisplays similar charactetiss to theair temperature, as recognised aboVke stronger

winds occurring in this region during La Ni¢fa eve
S ST dhercadrENSO phade the largest
The comparison between the diurnal PSST retrieve

analysis (see Figure 4.5) reveals different behaviours among the three locations. In the Eastern Pacific, both
ENSO phases feat ur e durmg theewholedtimai semes. Instegus B situatiorais the
opposite for the Western Pacific featuring smaller amplitudes during both ENSO phases than when
considering the whole dataset. The CentrdtheBPaci fi
Nifio diurnal cycles, while La Nifia generates a slightly larger amplitude. Overall, Figure 4.5 indicates that
both ENSO phases enhance the SST diurnal amplitude in the Eastern Pacific and lower it in the Western
Pacific.

The assessment of theatve humidity diurnal cycle observed during the warm and cold phases of ENSO
reveals that the diurnal periodicity of this variable is not profoundly affected by the background climatic
conditions. As observed before, the diurnal cycle of relative humgdill largely influenced by the diurnal
cycle of neassurface air temperature also under El Nifio and La Nifia conditions.

The analysis of the SLP diurnal cycle during both
due to a lack of measurements during the selected days in this region. However, as regards the other two
locations, the SLP diurnal cycle is not saterably altered by the occurrence of El Nifio and La Nifia events,
since the shape, timing and variability of the diurnal cycle are mostly the same as those computed over the
full period of analysis.

The wind direction measurements retrieved during SO phases indicate that the wind blows toward

the same direction over the entire day, irrespective of the state of ENSO. Presumably, wind direction
preserves the same orientation illustrated in Figure 3.47, i.e. toward north in the Eastern Pacifiaahd to
west in the Central and Western Pacific. Hence, the mean diurnal cycle of wind direction is not altered by
ENSO. The only notable difference regards the variability of this quantity around the mean diurnal cycle.
Figure 4.6 displays the diurnal evabri of the range between th& &nd 95" percentiles of the distribution

of the wind direction anomalies observed at each time interval of the day.
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La Nifia months in the Eastern Pacific and El Nifio months in the Western Pacific feature a large variation,
even larger than that observed in the diurnal cycle analysis of the whole time series. On the other hand, El
Nifio events in the Eastern Pacific anal Nifia events in the Western Pacific feature a smaller diurnal range
measuring in both cases approximately 70°. On the other hand, both ENSO phases reduces consistently the
diurnal variability of the wind direction in the Central Pacific, which is congilstesmaller than the range
observed during the whole dataset.

The results of the analysis of the precipitation diurnal cycles during the warm and cold ENSO phases reveals
different characteristics among the different regions. In the Eastern Pacifeyaidall events occur during

La Nifia events than during El Nifio events. This difference agrees well with the rainfall conditions occurring
during the two ENSO phases described in Barry and Chorley (2006) and Ahrens (2012). Indeed, the South
American conhent experiences wetter conditions during La Nifia events. Over almost 60 days of
measurements during El Nifio periods, the Eastern Pacific is characterised by rare precipitation events.
Instead, over 90 days of measurements during La Nifia events, thenExstiic reported the occurrence of
several rainfall and light events in the-02 and in the 120 local time intervals. As regards La Nifia events,
medium and heavy rainfalls occur more frequently in the early morning between 02 and 08. The Central
Equaorial Pacific features a dominant peak at 14 local time both during El Nifio and La Nifia events.
Overall, the Central Equatorial Pacific experiences a lower number of precipitation events during El Nifio
than during La Nifa. During both the warm and cold SEN phases, precipitation data indicate the
occurrence of just light events preferring nighte hours, i.e. from 18 to 06. Overall, the Central Pacific is
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characterised by similar rainfalls frequencies for both ENSO phases. This finding does not dgBsanyit

and Chorley (2006) and Ahrens (2012) reporting the enhancement of convective phenomena in the Central
Pacific during the warm ENSO phase, which should result in higher precipitation frequencies during El Nifio
than during La Nifa. In the Western Edorial Pacific region, El Nifio events are characterised by a higher
probability of occurrence of light events during-@® local time compared to the rest of the day. Instead,
medium and heavy rainfalls are not associated to any particular period aiythButing La Nifia events,

data shows higher occurrences of light events during-tiiglet hours (i.e. from 18 to 06), whereas medium

and heavy rainfalls are not bounded to any specific time period.

Overall, the highest rainfall frequencies take plac¢hin Western Pacific during the warm ENSO phase.
However, as described by Barry and Chorley (2006) and Ahrens (2012), the Western Pacific features general
clearsky conditions during El Nifio periods. Hence, TAO data does not agree with the generatét#tiQD
meteorological conditions. Overall, the low number of observations recorded during the warm ENSO phase
by 0°N 95°W and 0°N 140°W does not allow a robust comparison.

We have seen that El Nifio and La Nifia events affect differently the mean daily of/¢hes analysed
variables. Some of them are not much altered by the different background climatic conditions. These
variables are the wind speed, relative humidity, sea level pressure and wind direction. The air temperature
and the sea surface temperatditgnal cycles, instead, exhibit a markedly altered amplitude, whereas shape
and timing remains mostly unchanged. The two variables show a similar amplitude variation according to the
type of the event and the geographic location. In particular, the nmeglitiades of the two variables are

larger during La Nifla events than during El Nifio in all locations. Moreover, the difference between the mean
amplitudes observed during warm and cold ENSO events is highest in the Eastern Pacific for the air
temperaturerad similar in the Eastern andestern Pacific for the sea surface temperature. The mean diurnal
range of the air and sea surface temperature observed during both ENSO phases are larger in the Eastern
almost equal in the Central and lower in the Westexifieahan the mean diurnal ranges observed during

the whole time series. As regards precipitation, light rainfall events display a general preference-for night
time occurrences, whereas medium and heavy events are rare and not associated to a jpaididdbthe

day. Precipitation data shows a common interesting characteristic shared by the different locations: the
frequencies of the different rainfall classes are considerably greater than the frequencies computed over the
entire precipitation time sies. However, often precipitation data do not agree with the description of the
general ENSO conditions provided in ssdrction 1.2.
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4.3 The diurnal cycles observed under different local meteorological
conditions

This section discusses the resullgstrating the analysis of the daily cycles of the different parameters
observed during different local meteorological conditions, i.e. sunny and cloudy days, windy and calm days.
The analysis of the neaurface air temperature is intended to assessatiation in the magnitude of the
radiative heating error.

The differentiation irsunny, moderatsunny, moderateloudyandcloudydaysis performed considering the

sum of the shortwave radiation values observed during the day. Figures 3.4, 3.5, 3.6 ardutilised to

assess the goodness of this distinctiés. reported in Figure 3.4, the distributions of the sums span
differently among the three buoys. In fact, the lower sums of the Eastern and Western distributions reach
smaller values compared the lower sums of the Central Pacific. The Central Pacific distribution is more
restricted and sparbetween larger values. Therefore, data indicate that the Central Pacific experiences more
homogeneous conditions than the other two regions, which pyobedgmble a cleasky mode since the
shortwave radiation sums reablgh values. Instead, the Eastern and Western Pacific are characterised by
lower amounts of incoming solar radiation, which may indicate the occurrence of more frequent-skyered
condiions. The mean diurnainaximum ofshortwave radiation increases by approximately@7@ from
cloudyto sunny daysn the Eastern Pacific, whereas it grows by 22%a in the Western Pacific. As
regards the Central Pacific, the difference in the mean maximum radiation of the two classesfts 97
Figures 3.5, 3.6, 3.7 illustrate another common aspect: as highlighted by the evalutienpercentileghe

width of the daily distribution of the shortwave radiation values is largeslandy than insunny days
Therefore,cloudy daysexperience a highly variable insolation during theh®dirs period, pointing to the
probable presence of both clesky days and covedesky days in this class. Probably, covesky days

occur far more rarely than expected. The frequencies of rainfall events examined in section 4.1 (see Figure
4.3) helps assessing this differentiation. The Easter and Central Pacific are the regianeriseardy the

least frequent precipitation events, while the Western Pacific features more rainy conditions. The Central and
Western Pacific are respectively, the most dry and wet regions, as indicated by the distribution of the solar
radiation sums anthe frequency of rainfall events. On the other hand, the Eastern Pacific resembles a more
variable pattern. Although the distribution of the solar radiation sums is similar to the one of the Western
Pacific, the frequency of the precipitation events apgrea the one characterising the Central Pacific.
Accordingly, the Eastern Pacific probably experiences frequent cloudy conditions, which do not convert in
rainfall events.

Thediurnal cycle ofwind speeds analysed according to the different wind regimes. days characterised

by strong (> 6 m/s), moderate-§3m/s) and weak (< 3 m/s) windss represented in Figure 3.11, the diurnal
variation in strong and moderate winds appears to be similar among the different locations. Instead, weak
winds featuremore noisy daily cycles. The Eastern Pacific exhibits a peak in strong winds around noon and
minima values around midnight. Moderate winds peak in the early afternoon, while the lowest velocities
occur during the latter hours of the day. The Central andt&ke Pacific feature a spike in strong and
moderate winds occurring in the morning around 08, while the lowest values are fountinmeghthe

number of days selected according to each wind class reported in Table 3.3 can be used to assess the wind
speeddaily regime in the different locations. The Central Pacific is dominated by the presence of strong
winds, as suggested by the higher number of days lyimgnd class 3compared to the other classes. The
Eastern Pacific shows a preference for moderate wonditions, while the Western Pacific features more
likely strong and moderate wind conditions. The wind speed diurnal amplitudes of strong and moderate
winds show a marked geographic variation. In fact, the diurnal amplitude is relatively large Eagtezn
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Pacific and smaller in the Central and Eastern Pacific. This finding agrees with the results concerning the
diurnal analysi®f wind speedand with the findings of Deser and Smith (1997). Moreover, the timing of the
wind speed diurnal cycles of strong and moderate winds in the Eastern Pacific are consistent with the timing
of the diurnal component detected by Ueyama and Deser (2007).

The wird speed daily cycles are further differentiated accordirsyitmyandcloudyconditions. The diurnal

cycles in the Eastern and Central Pacific do not show a substantial difference baiwegand cloudy

days Hence, the two different meteorological citimths do not influence on the mean diurnal cycle of wind
speed. Instead, the Western Pacific features an almost steady diurnal cycleldudygdayswhile sunny
daysresemble the diurnal cycle observed over the entire wind speed time series.

As repated in subsection 4.1, the analysis of the nearface air temperature diurnal cycle reveals the
presence of the radiative heating error in the TAO buoy measurements. All the four insolation classes and the
three wind classes are considered to assdsaustively the variation of the magnitude variation of the
radiative heating error according to the different meteorological conditions.

The analysis of the diurnal cycle associated to the different insolation classes reveals that, as the insolation
increases froncloudyto sunny daysthe neassurface air temperature features more and more prominent
peaks in the miginorning and mieafternoon. Among the different conditions, ttleudy daysclass is the

one that features a nesurface air temperature dnal cycles resembling more similarly the nearface air
tempeature daily cycle described in by Ahrens (2QX2jaracterised by a constantly increasing temperature
from sunrise to miehfternoon and a constantly decreasing temperature frorafiteichoon & sunrise(see
subsection 1.3.2 Thus,cloudy daysncorporate the lowest error among all the considered local conditions.
However, consideringloudy daysthe Central and Western Pacific still display the presence of the double
peak, characterising aidgden increase and decrease in the air temperature nearby th®midg and mid
afternoon peaks. Instead, the Eastern Pacific exhibits an increasirgurfaae air temperature from sunrise

to mid-afternoon.Sunny dayslisplay the most prominent midoming and midafternoon peaks in each
examined region. The highest amount of incoming solar radiation triggers an air temperature increase of
almost 0.5 °C in between @B in each region. The height of the second peak is maximum in the Eastern
Pacific andminimum in the Western Pacifidoderatecloudyandmoderatesunnydays show intermediate
conditions featuring almost the same errords mag
temperature observed during different meteorological conditame compared in Figure 4.7 for each
analysed location.

Mean diurnal air temperature amplitudes
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