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ABSTRACT

Late afternoon thunderstorms are an almost-daily occurrence in Florida summers,
particularly in peninsular Florida (PF). The almost-daily afternoon rains have an abrupt onset in
May or June and an abrupt demise in September or October. These routine thunderstorms
typically result from the afternoon sea breezes, a feature of the diurnal cycle. Indeed, the portion
of summer rainfall that is explained by the diurnal cycle is larger for PF than anywhere else in
the southeast US. PF owes this distinction to its peninsular geography in the subtropical latitudes.
The peninsula promotes the formation of two opposing seas breeze cells which often merge in
the late afternoon, amplifying convection.

There are three main objectives of the dissertation. The first objective is to characterize
the phase and amplitude of the diurnal cycle variations of surface meteorology variables at 30
observational stations in the Florida Automated Weather Network (FAWN). This diurnal cycle
analysis employs Ensemble Empirical Mode Decomposition (EEMD) to isolate the diurnal mode
of variability. Results toward this objective consistently show the famous late-afternoon
maximum in precipitation during the summer months. The second objective of the dissertation is
to verify the diurnal cycle variations in the 102-year dynamically downscaled Florida Climate
Institute-Florida State University Land-Atmosphere Reanalysis for the Southeastern United
States (FLAReS1.0) at 10 km grid resolution using the diurnal cycle variations observed in
FAWN as the verification data. This verification reveals strengths of FLAReS1.0 as well as
biases regarding the Florida diurnal cycle.

The dissertation culminates in an analysis of the low frequency variability of the diurnal
cycle over the 20™ century in FLAReS1.0. The diurnal cycle is analyzed over the phases of
ENSO, the strengthening and weakening of the North Atlantic Subtropical High or so-called
Bermuda High, and the Atlantic-Pacific inter-basin SST contrast. We find strong associations
between these interannual climate modes and the diurnal amplitudes of surface temperature,

specific humidity, and precipitation across Florida.
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CHAPTER ONE

INTRODUCTION

1.1 Florida summer precipitation

Peninsular Florida (PF) experiences a distinct wet season during boreal summer. Each
spring there is an abrupt onset marked by relatively higher daily rain rates which are sustained
through the summer and have an abrupt demise in autumn (Misra et al. 2018). Low-level
horizontal convergence resulting from the afternoon sea breezes on the east and west sides of PF
accounts for much of the almost-daily summer afternoon thunderstorm activity (Byers and
Rodebush 1948; Frank et al. 1967). Plus, outflows from previous storms frequently trigger new
growth (Cooper et al. 1982). Bastola and Misra (2013) show that the diurnal variations explain a
large portion of the boreal summer and fall precipitation in PF, and particularly in south Florida.
Additionally, an analysis of the diurnal cycle of rainfall by Schwartz and Bosart (1979) revealed
afternoon maxima across most of PF.

The southeast US, which includes PF, has the strongest local diurnal maximum of rainfall
in CONUS (Carbone and Tuttle 2008). Dai et al. (1999) show that the pattern of diurnal cycle
precipitation in the southeast US during summer is characterized by a strong late afternoon
maximum. They also find that the pattern of diurnal cycle precipitation during summer is stable
interannually throughout the US, whereas diurnal cycle winter precipitation has high interannual
variability. So, late afternoon rain events in summer are common across the southeast US and are
not unique to Florida. However, PF is uniquely positioned to boost its diurnal scale precipitation.
The peninsular geography of PF plays a role in amplifying convection from the sea breezes. Xian
and Pielke (1991) simulated sea breeze circulations in a two-dimensional hydrostatic model with
different-sized landmasses. They found that the optimal width of a strip of land to maximize sea
breeze convergence is 150 km. At this width, the two sea breeze cells from the two sides of the
land merge together in the late afternoon. Coincidentally, the width of most of PF is not much
larger than 150 km, and the merging of the east and west coast sea breeze fronts does occur,
amplifying convection. Blanchard and Lopez (1985) classified three types of summer convection

in south Florida, all involving the merging of the east and west coast sea breeze fronts. For two



of the types, convection becomes strongest at 1500—1800 EDT. In the third type, convection
peaks earlier in the day.

Similarly, panhandle Florida also experience sea breeze thunderstorms aligned along its
coast (Misra et al. 2011). These thunderstorms like over PF peak in the afternoon. The
positioning of the Bermuda High in the boreal summer season that shifts further to the west and
slightly equatorward compared to the annual mean (Davis et al. 1997) sets up the background
wind in the panhandle region to be southerly or southwesterly. As the temperature contrast
between the warm land surface and comparatively cooler Gulf of Mexico builds up during the
day, these thunderstorms mature from the convergence of this background flow along the
panhandle Florida coast in late afternoon (~1600 LST; Misra et al. 2011).

1.2 Diurnal variations

Diurnal variability includes semidiurnal oscillations as well as diurnal oscillations. Dai
and Wang (1999) identified the semidiurnal and diurnal pressure oscillations using global surface
pressure data from 7500 land stations from 1976-1997. They found that in some regions, the
diurnal oscillation (24-hour harmonic) dominates, and the semidiurnal oscillation (12-hour
harmonic) dominates in others. The spatial variations of the diurnal pressure oscillation correlate
significantly with the spatial variations in the diurnal temperature range at the surface, suggesting
that sensible heating from the land surface is a major forcing for the diurnal pressure oscillation.
Forcings responsible for the semidiurnal tides include downward propagation of longwave
radiation from tropospheric water vapor and stratospheric ozone, clouds’ reflection and
absorption of solar radiation, and latent heating in convective precipitation.

Dai et al. (1999) studied the diurnal cycles of precipitation, surface pressure, and static
energy over the contiguous United States in observations and a regional climate model
simulation. Over the time period 1963—1993, the summertime diurnal maximum of
precipitation in the southeast US occurs around 1800 LST, on average. In Florida, the
summertime diurnal maximum of precipitation occurs slightly earlier, around 1700 or 1600 LST,
and the amplitude of the precipitation is considerably larger, on average, than it is in the rest of
the southeast US. Watters and Battaglia (2019) fit harmonics to the diurnal cycle of precipitation
in the Integrated Multi-satellitE Retrievals for GPM (IMERG) precipitation product derived from
the Global Precipitation Measurement (GPM) constellation, which has 0.1°x 0.1° and half-hour

resolution. They found that the summertime diurnal cycles of precipitation occurrence and



accumulation over land are dominated by the 24-hour harmonic. In Florida, during all seasons of
the year except December-February, the phase of the 24-hour harmonic is 15-18 LST and the
amplitude is high. In December-February, diurnal precipitation has peaks at morning and night
and the amplitude is low.

1.3 Large-scale influences and predictability of Florida seasonal variations

Over Florida, the diurnal variations of precipitation dominate in the boreal summer
season relative to other parts of the year (Bastola and Misra 2013). However, their study also
identifies that the diurnal variations of precipitation contribute significantly to the seasonal
precipitation throughout the year. However, the background winds and the SST of the
surrounding oceans play a significant role in the modulation of the diurnal cycle. A clear
evidence of this is in the seasonal variations of the diurnal cycle (Bastola and Misra 2013). Many
observational and numerical modeling studies have also demonstrated the large-scale influence
on the diurnal variations (Augustine and Caracena 1994; Tuttle and Davis 2006; Misra et al.
2011; Trier et al. 2017).

The North Atlantic Subtropical High (NASH), also known as the Bermuda High or the
Azores High, plays a crucial role in shaping the regional climate of the Southeastern United
States (SEUS; Misra et al. 2011; Misra 2020). This high-pressure system is a semi-permanent
feature in the Earth's atmospheric circulation. During the boreal winter season, the NASH is
commonly referred to as the Azores High, as it is typically centered around the Azores Islands.
In contrast, during the boreal summer season, it is known as the Bermuda High, as its center
shifts westward towards Bermuda. Despite these seasonal variations in position, the subtropical
high remains present throughout the year. While the NASH is considered permanent due to its
year-round presence, it exhibits significant seasonal variability in terms of size and intensity.
This variability makes the NASH a semi-permanent or quasi-permanent feature in the
atmosphere.

The seasonal cycle of the NASH is depicted in Figure 1.1, showcasing the varying
structure of this feature throughout the year. During the boreal summer season, a single maximum
central pressure is observed over the North Atlantic (Figure 1.1c¢). In contrast, during the winter
season, the high pressure system splits into dual maxima, with one located over the eastern US
and the other over the eastern Atlantic and North Africa. Research by Davis et al. (1997)

highlights the asymmetric nature of the seasonal evolution of NASH. For instance, the center of



the Azores High shifts significantly westward from January to March (within 2 months), while it
gradually moves eastward from July to January (over 6 months). Additionally, the secondary
maximum of high pressure in the eastern US tends to migrate southwestward from August to
January of the following year. Davis et al. (1997) also note that the most significant movement
occurs as the center of this secondary maximum shifts from southwestern Pennsylvania to
northern Georgia between late October and early November. Figure 1.1 further illustrates the
presence of closed subtropical Mean Sea Level Pressure (MSLP) contours throughout the year.
The Sea Surface Temperature (SST) also exhibits distinct seasonality, with meridional gradients
prevailing in the winter (Figure 1.1a) and spring (Figure 1.1b) seasons. Conversely, in the boreal
summer (Figure 1.1c) and fall (Figure 1.1d) seasons, the zonal SST gradient becomes more

prominent compared to other times of the year.
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Figure 1.1.1. The climatological mean sea level pressure (contoured; hPa) and SST (°C); shaded
for (A) DJF, (B) MAM, (C) JJA, and (D) SON seasons. The data is from the Climate Forecast
System Reanalysis (CFSR; Saha et al., 2010) and the climatology is computed over the

period of 1980-2009. From Misra (2020).



Although El Nifio and the Southern Oscillation (ENSO) has an overbearing impact on the
winter season in Florida (Ropelewski and Halpert 1986, 1987; Misra et al. 2017), its influence in
the boreal summer season is comparatively weaker (Misra and DiNapoli 2013). However, the
significant influence of ENSO on the seasonal Atlantic tropical cyclone activity cannot be
ignored. The tropical Atlantic basin is impacted by ENSO in a remote manner through changes
in its vertical shear, which is influenced by the shift in the Walker circulation. During El Nifio
years, the Walker circulation shifts slightly eastward and weakens, leading to an increase in
upper-level westerlies over the tropical Atlantic. This intensified upper-level westerlies during El
Nifio, combined with low-level easterlies, further enhances the vertical wind shear in the tropical
Atlantic, ultimately reducing tropical cyclone (TC) activity in the season (Gray 1984).
Specifically, over the Caribbean region west of 60W, the low-level easterly trade winds
strengthen compared to La Nifia years, intensifying the vertical shear and impacting TC activity
in the region during El Nifio years (Klotzbach 2011). Interestingly, ENSO has minimal influence
on the low-level trade winds in the eastern tropical Atlantic (east of 60W). On the other hand, La
Nifia years are associated with an increased likelihood of an active TC season due to reduced
vertical shear from the modulation of upper-level westerlies. In contrast, Misra and DiNapoli
(2013) found minimal influence on the wet season variations of Florida that coincide with the
boreal summer season.

Several studies have demonstrated that tropical Pacific SST anomalies (SSTAs) can
impact U.S. precipitation variability, east of the Rockies during the boreal summer season through
changes in the Walker circulation. For example, Weaver et al. (2009) and Krishnamurthy et al.
(2015) have highlighted that the interannual variation of the North American Low-Level Jet
(NALLJ), a key driver of U.S. warm-season (April-September) rainfall variability, can be
influenced by tropical Pacific SSTAs from mid-summer to early fall (July-September).
Additionally, Mo et al. (2009) found that the decadal frequency of U.S. drought in mid-summer
to early fall is significantly affected by tropical Pacific SSTAs, with the influence of Atlantic
SSTAs being relatively minor. Several studies have suggested that variability in the Atlantic
Warm Pool (AWP) and associated Sea Surface Temperature Anomalies (SSTAs) in the Gulf of
Mexico (GoM), Caribbean Sea (CS), and western tropical North Atlantic could be significant

drivers of U.S. summer to mid-fall precipitation variability, particularly in the southern United



States. These studies have examined both interannual and decadal timescales, highlighting the
impact of warm AWP SSTAs on precipitation patterns. Research by Wang et al. (2006, 2008),
Wang & Lee (2007), Misra et al. (2011), Misra & Li (2014), Liu et al. (2015), and others has
shown that warm AWP SSTAs can lead to decreased precipitation in the southern United States,
while cold AWP SSTAs have the opposite effect. This relationship is attributed to the weakening
of the NASH during periods of warm AWP SSTAs, causing a shift in the NASH that reduces the
supply of warm and moist air from the Gulf of Mexico into the United States.

Overall, the variation of the summer to fall season US hydroclimate, east of the Rockies
is a response to the complex interactions between the tropical Pacific and Atlantic SSTs. Kim et
al. (2017) suggests that the US precipitation in late summer to midfall (August-October) is a result
of the Gill type atmospheric response to convective activity in the Caribbean region. They further
suggest that this convective activity in the Caribbean Sea is triggered by the contrast between the
inter-ocean basin gradient of SST between tropical Atlantic and the Pacific. This SST gradient
influences both the Caribbean LLJ and the North American LLJ, thus affecting the hydroclimate
over US, east of the Rockies.

Although the diurnal variations explain much of the summer precipitation during the
Peninsular Florida wet season (PFWS), the larger scales also influence the PFWS. Large-scale
circulations in the atmosphere and ocean dictate the onset and demise of the PFWS. For instance,
an analysis of the seasonal cycle of the upper ocean circulations and upper ocean heat content of
PF’s surrounding oceans using ocean heat transport, SST, and the depth of the 26°C isotherm
showed that the onset of the PFWS accompanies the seasonal warming of the surrounding oceans
and the strengthening of the Loop Current (Misra et al. 2018). Likewise, the demise of the PFWS
occurs with a weakening of the Loop Current and a reduction in upper ocean heat content (Misra
et al. 2018). Although the Loop current is irregular, Hall and Leben (2016) show that the Loop
current shedding events are most likely to occur in August and September, with another smaller
seasonal peak in February and March. Through bathymetry sensitivity experiments with models,
Misra and Mishra (2016) show the profound influence of the strengths of the Loop and Florida
currents on the duration of the PFWS and its total seasonal precipitation; a weaker current
system reduces the duration of the wet season and its seasonal precipitation accumulation.
Additionally, tropical cyclones contribute to PFWS rainfall and may sometimes trigger the

abrupt demise of the PFWS (Misra et al. 2018). An analysis of the wind field revealed a shift in



wind patterns at the onset and demise of the PFWS as well. At and prior to onset date, the 850
hPa level winds over PF are mostly northerlies and northwesterlies, but during the PFWS, the
southerlies and southwesterlies that comprise the western edge of the North Atlantic subtropical
high (NASH) prevail over PF (Misra et al. 2018).

The climatological onset and demise dates of the PFWS over 1948-2005 are May 21st
and October 10th, respectively (Misra et al. 2018). These dates have large interannual variability;
the standard deviation for the onset and demise dates are 15 and 16 days, respectively (Misra et
al. 2018). As a result of this, there is considerable interannual variability in the length of the
PFWS. Seasons with early onset dates, late demise dates, or that are longer than normal tend to
correspond with positive seasonal rainfall anomalies (Misra et al. 2018). Therefore, predicting
the onset and demise dates of the PFWS is useful for anticipating seasonal rainfall anomalies.

1.4 Can models simulate the diurnal cycle in Florida?

There are several studies that have examined the diurnal variations of the CMIP6 models
(e.g., Wuetal. 2019; Wang and Clow 2020; Christopolous and Schneider 2021, Tang et al. 2021,
Watters and Battaglia 2019, Wang et al. 2021; Lee and Wang 2021; Chen et al. 2022). Across
generations of model development, three persistent errors with diurnal variation of precipitation
have been observed: 1) too-early precipitation peak over ocean with the observed peak in the early
morning, 2) too-early precipitation peak over land with the observed peak in the late afternoon,
and 3) missing nocturnal precipitation peak over some regions. This is also observed in the CMIP6
models (Lee and Wang 2021). However, some modest improvement of CMIP6 relative to CMIP5
is noted (Tang et al. 2021; Lee and Wang 2021). For example, the phase lag between diurnal peak
of precipitation and insolation has improved. Furthermore, better treatments of interactions
between convection and boundary layer processes, convective triggering and closure functions
have led to better simulation of nocturnal peak in precipitation over certain regions (Tang et al.
2021).

Watters et al. (2021) examined the fidelity of the representation of the June-August
diurnal cycle of precipitation in the ERAS reanalysis as well as three climate models: NCAR-
CESM2, CNRM-CM6.1, and CNRM-ESM2.1. They found that ERAS overestimates the diurnal
amplitude of summertime precipitation over land in comparison to IMERG precipitation
observations coarsened to the spatial and hourly resolution of ERAS and the CMIP6 models. Dai

and Trenberth (2004) evaluated the performance of version 2 of the Community Climate System



Model (CCSM2) in simulating the diurnal cycle globally using 3-hourly data. They found that
CCSM2 captures the diurnal amplitude and phase (peak time of day) of surface air temperature
over land and simulates a realistic pattern of rainy days over land during the warm season.
However, in these simulations, warm season daytime moist convection over land starts
prematurely and plateaus in the afternoon when it should be peaking according to observations.
The premature start of convection reduces the intensity of the convection while extending its
duration. Similarly, Dai et al. (1999) found that the NCAR regional climate model (RegCM)
overestimates precipitation frequency and underestimates precipitation intensity. This study
evaluated the RegCM using three cumulus schemes (Grell, Kuo, and CCM3), and found that
moist convection starts too early and occurs too often in all three schemes. Liang et al.

(2004) demonstrate the importance of cumulus schemes in climate model simulations of the
diurnal cycle of US summer precipitation. The late-afternoon peaks in precipitation in the
southeast US are best depicted in model simulations that use the Kain-Fritsch scheme rather than
the Grell scheme, which performs better in some other regions. The Kain-Fritsch scheme works
well for the southeast US where convection is largely governed by the near-surface forcing.

It is important and relevant to understand the diurnal variations of precipitation over Florida
given that diurnal variability represents a fundamental mode of climate variability (Yang and
Slingo 2001) and the fact that Florida shows a very strong diurnal cycle, persistent throughout the
year but strongest in the summer (Bastola and Misra 2013). The ubiquity of the diurnal variations
in the global tropics and at higher latitudes in the summer season fit with the importance of the
diurnal scales to the global climate. This study examines the diurnal variations from in-situ
observations followed by an analysis of the diurnal cycle over Florida from a 103-year dynamically
downscaled data at 10 km grid resolution forced by atmospheric reanalysis and observed SST
(Misra and DiNapoli 2012). The findings of this study could be used to understand the deficiencies
in the diurnal cycle of precipitation in the model and potential ways to rectify them. It may be
argued that although the results of this study are specific to Florida, the fundamental processes of

the diurnal cycle could still be generally applicable to other regions.



CHAPTER TWO

OBJECTIVES

This research work is motivated by the availability of high temporal resolution in situ
data across Florida that resolves both diurnal and semi-diurnal variations of some surface
meteorological variables. Given the paucity of such high quality observations the analysis of this
unique set of observations for the diurnal variations over Florida for a period of 16 years by the
Florida Automated Weather Network (FAWN) provides a good opportunity to understand the
diurnal variations. Furthermore, given the robust seasonal hydroclimate of Florida that is
representative of similar regimes spread across the trade wind belt region, some of the
conclusions drawn from the study could be made broadly applicable. Similarly, the availability
of 102 years of dynamically downscaled data in the form of Florida Climate Institute-Florida
State University Land-Atmosphere Reanalysis for the Southeastern United States at 10-km
resolution (FLAReS1.0) offers an opportunity to verify with FAWN and explore low-frequency
variations associated with NASH, ENSO, and inter-ocean basin SST variations. Therefore, the
three primary objectives of this dissertation are:

1. Characterizing the diurnal variations of surface meteorology from station data across

Florida from 2005-2020

2. Validation of the diurnal variations in the dynamically downscaled Florida Climate
Institute-Florida State University Land-Atmosphere Reanalysis for the Southeastern
United States at 10-km resolution (FLAReS1.0)

3. Characterize the interannual variability of the diurnal cycle in Florida over the 20th

century.

Objective 1 is concerned with diagnosing the phase (peak time of day) and amplitude
(magnitude of the variable at its peak time) of the diurnal mode in seven surface meteorology
variables at each of the 30 Florida Automated Weather Network (FAWN) sites that were in
operation for the period 2005-2020. Ensemble Empirical Mode Decomposition (EEMD) is
performed on 1-month periods of 15-minute observations of each variable from the FAWN data.
Thereafter, the lead/lag relationships between the variables are computed, and the peak times are

diagnosed for each variable. Additionally, the amplitudes of the variables at their peak times are



computed. This work demonstrates the seasonality of the diurnal cycle in Florida and illuminates
differences in the diurnal cycle amongst regions within Florida. This analysis is performed for
the diurnal component alone, and for the combined diurnal component plus the semi-diurnal
component as well.

The diurnal scale variations represent a fundamental mode of variability of our climate
system. Diurnal variations are generated from diurnally varying solar heating that affects near the
surface, through the depths of the troposphere and in the stratosphere that manifest as pronounced
oscillations with periods of 24 h (diurnal) and 12 h (semi-diurnal). These periodic oscillations that
appear in the upper atmosphere are also called atmospheric tides (Chapman and Lindzen 1970).
Often, the fidelity of climate models and reanalyses is assessed in its ability to represent the diurnal
scales owing to its feature of being a fundamental mode of variation of the climate system (e.g.,
Lin et al. 2000, Trenberth et al. 2003, Dai and Trenberth 2004, Lee et al. 2007).

Although solar radiation is the primary driver of these oscillations, the proper interaction
of land-atmosphere-ocean-cryosphere is essential for achieving correct amplitude and phase of
these oscillations (Yang and Slingo 2001). For example, owing to different heat capacities of land
and ocean, the diurnal variability over these surfaces acquires very different characteristics. Many
earlier studies showed that the convective or precipitation maximum tended to occur in the early
morning over the open oceans and in the late afternoon/early evening over land (e.g., Gray and
Jacobson 1977; McGarry and Reed 1978; Albright et al. 1981). However, some studies also
showed an afternoon maximum in precipitation and cloudiness over the oceans (e.g., McGarry and
Reed 1978; Augustine 1984; Shin et al. 1990). One of the earliest studies of diurnal variations of
convection in the global tropics was conducted based on brightness temperature over a period of
~16 years (Yang and Slingo 2001). This study confirmed the findings of many of the earlier,
regional studies conducted over a limited time interval. But the study also highlighted significant
spatial heterogeneity in diurnal variations, with ocean and land diurnal variation of brightness
temperature contrast leading these differences.

In this study we validate the FLAReS1.0 using FAWN as the validation dataset (Objective
2). This is a prelude to Objective 3, which examines the low-frequency variability of the diurnal
scales in FLAReS1.0.

In contrast to validation studies of diurnal variations of precipitation, there are far fewer

studies that examine the low frequency variations of the diurnal scales. This is partly because of
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the absence of long periods of data sets at hourly or sub-hourly scales until recently. Now, with
many of the satellite based precipitation datasets available at least at hourly or less time interval
for nearly two decades, there is some uptick in some of these studies of low frequency modulation
of diurnal precipitation (e.g., Rauniyar and Walsh 2011; Peatman et al. 2014; Bai and Schumacher
2022). Many of these studies suggest the modulation of MJO on the diurnal scales and vice versa.
For example, Tian et al. (2006) found that diurnal amplitude of convective cloud amount increases
or decreases both over land and ocean during the active or suppressed phases of the MJO. But
Rauniyar and Walsh (2011) indicate that rainfall during the active or suppressed MJO peaks two
hours later or earlier than the diurnal cycle of precipitation in the boreal winter. Bai and
Schumacher (2022) find that the diurnal rainfall anomalies during MJO are asymmetrical around
the topography of the Maritime Continent region because of the corresponding asymmetrical
convergence by the MJO winds. There are however much fewer studies that examine the
interannual variability of diurnal variations (e.g., Qian et al. 2010; Misra 2010; Misra 2009;
Surendra and Walsh 2013). These studies are either model based or on an extremely limited time-
period of rainfall datasets resolving diurnal scales, which questions the robustness of their results.
Given that diurnal scales, especially in the tropics is so dominant it is easy to conceive their
importance in the local manifestation of global teleconnections. Misra (2010) show from a multi-
decadal global model integration that there is a local amplification of the remote ENSO signal over
equatorial Africa by the additive influence caused by phase locking of the local diurnal cycle with
the seasonal cycle and the interannual signal associated with ENSO. Similarly, over equatorial
Amazon, Misra (2009) finds there is a local amplification of the ENSO signal by the local
modulation of the diurnal variation of moisture flux convergence. Surendra and Walsh (2013)
suggest from their observational work that oceanic regions display an increase in the mean rainfall
of the Maritime Continent region in correspondence with an increased diurnal amplitude of rainfall
during La Nifa seasons. However, the precipitation in the islands of the Maritime Continent
display a very heterogeneous response with many of them displaying more rainfall during El Nifio.
They attribute this feature to corresponding variations in the diurnal variation of rainfall.

In this study, we are using the hourly data from FLAReS1.0 to isolate the diurnal scales
and examine its low frequency variation with regard to ENSO variability, variability of the
Bermuda High, and the inter-basin SST gradient between the tropical Atlantic and tropical Pacific

Ocean.
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CHAPTER THREE

DATASETS

3.1 Florida Automated Weather Network (FAWN)

The Florida Automated Weather Network (FAWN) is a network of surface meteorology
observing stations in Florida. In 1996, the National Weather Service discontinued the service of
collecting data in rural locations and issuing agricultural forecasts and advisories to Florida
growers. The lack of rural weather data contributed to an apparent warm bias in temperature
forecasts. FAWN was initiated in 1997 in response to a freeze event that caught Florida growers
by surprise and cost an estimated $300 million in damage (Lucien and Love 1997). Sites were
established quickly, and by 2002 the network was comprised of 33 stations (Lusher et al. 2009).
In 2025, FAWN is comprised of 47 stations that continue to provide representative weather data
to Florida growers.

At each FAWN site, several parameters are measured, including air temperature at 2 and
10m AGL, soil temperature at 10 and 60cm below the surface, pressure, solar radiation, wind
speed and direction, and rainfall amount. This data is collected every 15-minutes, retrieved, and
stored on data servers at the University of Florida. The collected data are compared to a standard

range of acceptable values before becoming accessible via the FAWN website:

http://fawn.ifas.ufl.edu/tour/tech_info.php.

We use data provided by Peeling et al. (2023) that follows from the observations made in
30 FAWN stations across Florida that were operational throughout 2005-2020 (Figure 3.1). We
analyze seven surface meteorological variables observed in these stations: downwelling solar
radiation (W /m?), 2 m air temperature (K), 10 m air temperature (K), relative humidity (%),
wind speed (mph), dew point temperature (K), and precipitation (mm). The temporal gaps in the
observational data are filled in a variety of ways depending on the length of the gap following
Peeling et al. (2023). These data filling techniques range from linear interpolation for short gaps
(< 6 hours) to replacing with outside data source such as the hourly Automated Surface
Observing System (ASOS) station data provided by the National Centers for Environmental
Information (Peeling et al. 2023). If the ASOS station data are not available for a particular
location, then the data gaps are filled using the data from the closest FAWN station. Peeling et al.

(2023) have conducted extensive validation tests of the gap filled dataset to confirm insignificant
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differences in the differential statistics between the raw and the filled FAWN datasets over these

30 stations across Florida.
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Figure 3.1.1. The distribution of the Florida Automated Weather Network (FAWN) stations across
Florida. From Peeling et al. (2023).

3.2 Florida Climate Institute-Florida State University Land-Atmosphere Reanalysis for the
Southeastern United States at 10-km resolution (FLAReS1.0)

FLAReS1.0 is a high-resolution dataset created by dynamically downscaling the 20th
Century Reanalysis (20CR; Compo et al. 2010) to produce a 10-km dataset covering the
southeastern United States (DiNapoli and Misra 2012; Misra et al. 2012). This process involves
using a regional climate model with global reanalysis data as boundary conditions and applying

scale selective bias correction (Kanamaru and Kanamitsu 2007).
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Specifically, the Regional Spectral Model (RSM) was utilized as the regional climate
model for FLAReS1.0, with UK Met Office daily SST boundary conditions as lower boundary
forcing. The scale selective bias correction in RSM adjusts the rotational component of the wind
spectrally for wavelengths > 500km and ensures that the average temperature perturbation over
the regional domain is zero at each time step, reducing climate drift in the model. The 20CR
forcing at the lateral boundaries was updated every 6 hours.

FLAReS1.0 was generated in three streams with a 5-year overlap to prevent spin-up issues
for the period of 1901-2005. The domain of FLAReS1.0 can be seen in Figure 3.2.1, and further
details on the RSM configuration and model physics for FLAReS1.0 are available in DiNapoli
and Misra (2012). Extensive verification of FLAReS1.0 has shown that the dataset has reasonable
climatological bias, accurately representing the seasonality of surface meteorological variables
and various weather extremes such as tropical cyclones, cold frontal passages, and sea breeze

events (DiNapoli and Misra 2012).

98W 93IW 90W BIW B4W S1W 78W

Figure 3.2.1. The domain of FLAReS1.0. From DiNapoli and Misra (2012).
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CHAPTER FOUR

METHODOLOGY

4.1 Diurnal analysis of observations

Characterizing the diurnal cycle of meteorological variables requires first decomposing
the timeseries into its constituent modes of variability and isolating the diurnal mode. To
accomplish this, we employ Ensemble Empirical Mode Decomposition (EEMD), a noise-assisted
data analysis method introduced by Wu and Huang (2009). EEMD is an effective technique for
separating a signal into its component scales. The technique involves perturbing the data with
white noise for several trials and sifting to make the different scale signals sort into several
Intrinsic Mode Functions (IMFs). IMF1 isolates the highest frequency scale followed by IMF2,
which has the second highest frequency scale in the time series and so on. The added white noise
does not survive the averaging process involved in EEMD, leaving only the discrete oscillatory
components of the original timeseries. An example of an original timeseries and its
decomposition into IMFs is shown in Figure 4.1. The input data to the EEMD are 15-minute
observations of the seven surface meteorology variables: solar radiation down, 2 m air
temperature, 10 m air temperature, wind speed, dew point temperature, relative humidity, and
precipitation from the gap filled datatsets following Peeling et al. (2023).

Performing the EEMD technique on a month of 15-minute observations reveals that the
diurnal mode is represented by IMF5 and the semi-diurnal mode is represented by IMF4 (Figure
4.2). The following analysis is performed on the IMF5 signal alone, as well as on the sum
IMF4+IMFS. For ease of explanation, the methodology is described using the IMFS5 signal alone.
The results of both analyses are discussed in Chapter 5.

The next step after conducting the EEMD and isolating the diurnal and semi-diurnal
modes is to identify the lead/lag relationships between the seven variables. This is accomplished
by computing the correlations of the IMF5 component of all variables with each other at lead/lag
times ranging from +3 days to -3 days (Figure 4.3). The x-locations of the peaks in the
correlation plot (marked with red dashed lines) mark the lead/lag time between the two variables.
The magnitudes of the peaks in the correlation plots are correlation values that represent the
strengths of the lead/lag relationships between the two variables. Table 1 is the illustration of the

lead/lag relationships obtained from such an exercise and their corresponding correlation values
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(i.e., the strength of the relationships). We note that these lead/lag relationships do not imply
causal relationships but merely illuminate the timings of the variables in the diurnal cycle in

relation to each other.
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Figure 4.1.1. An illustration of the Ensemble Empirical Mode Decomposition (EEMD) showing
a) the original timeseries at 15-minute intervals at FAWN Citra in July 2020 and b-l) its
decomposition to constituent Intrinsic Mode Functions (IMFs).
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IMF4
IMF5

Day

Figure 4.1.2. The semidiurnal component (IMF4) and the diurnal component (IMF5) of 2 m
Temperature at FAWN Citra on 1--5 July 2020. The IMF4 and IMFS5 signals were obtained by
performing Ensemble Empirical Mode Decomposition on the 2 m Temperature observations at
FAWN Citra over the entire month of July 2020.

Variable 2 Lag Time between | Correlation value
Variable 1 Variables 1 and 2
(hours)

2 m Temperature 10 m Temperature 0 0.993
10 m Temperature Solar Radiation 2 0.947
2 m Temperature Solar Radiation 1.5 0.943
Solar Radiation Relative Humidity 9.5 0.941
10 m Temperature Relative Humidity 11.5 0.934
2 m Temperature Relative Humidity 11.5 0.928
Wind Speed Solar Radiation 2 0.892
Wind Speed Relative Humidity 12 0.877
Wind Speed 2 m Temperature 0.5 0.872
Wind Speed 10 m Temperature 0.5 0.871
10 m Temperature Dew Point 4 0.643
2 m Temperature Dew Point 4 0.638
Solar Radiation Dew Point 2.5 0.614
Wind Speed Dew Point 4.5 0.587
Dew Point Relative Humidity 7 0.583
Precipitation Wind Speed 3 0.153
Precipitation 10 m Temperature 4 0.127
Precipitation 2 m Temperature 4 0.121
Precipitation Solar Radiation 4 0.089
Precipitation Dew Point 6 0.085
Relative Humidity Precipitation 4.5 0.082

Table 1. The lead/lag time between each pair of variables and the relative strengths of their

relationships from July 2020 at FAWN Citra station.
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Figure 4.1.3. Correlations between the IMF5 components (i.e., the diurnal mode) of each pair of
variables at lead/lag times ranging from -3 days to +3 days from July 2020 at FAWN Citra station.
Red dashed lines mark the lead/lag time between the pair of variables. All 21 pairs of the seven
variables are plotted.
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Equipped with the lead/lag relationships between the variables and the relative strengths
of these relationships, we diagnose the diurnal phase of each variable at a particular FAWN
station during a month of the year. This is performed by identifying the time of day (in local
solar time) of the diurnal peak of each variable. The focus of this study is on the timing of the
diurnal maxima. Because we have isolated the diurnal scale using EEMD, the diurnal variations
follow a sinusoidal pattern, meaning that the diurnal minima occur twelve hours before and after
the diurnal maxima, and to plot them would be to provide redundant information. The procedure
begins by recognizing that solar radiation peaks at solar noon at the station during the time
period. Next, we identify the variable with the strongest lead/lag relationship (i.e., highest
correlation coefficient) with solar radiation. If the variable lags solar radiation, we add the lag
time to the solar radiation peak time. If the variable leads solar radiation, we subtract the lag time
from the solar radiation peak time. At this point in the procedure, the peak time of two out of
seven variables have been diagnosed. To diagnose a third variable, we identify the variable with
the strongest lead/lag relationship (i.e., highest correlation coefficient) to the variable that was
just previously diagnosed, and then diagnose its peak time by adding or subtracting the lag time
appropriately. The same steps are then repeated to diagnose the peak time of a fourth variable. At
this point, three variables remain undiagnosed. For each of these three undiagnosed variables, we
find its strongest (i.e., highest correlation value) lead/lag relationship to any already-diagnosed
variable, and then diagnose its peak time by adding or subtracting the lag time appropriately. The
result of this procedure is a depiction of the time of diurnal maximum (i.e., the phase) of each
variable at a particular FAWN station during a particular time period; Figure 4.4 is shown as an

example of this.
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Figure 4.1.4. A depiction of the time of diurnal maximum of each variable from July 2020 at
FAWN Citra station.

We diagnose the amplitude of the diurnal maximum of each variable with the following
procedure. The first step is to calculate the mean of the raw data over the selected month. The
next step is to identify the amplitude of each peak in the IMF5 timeseries for the selected month.
The number of peaks in the IMFS5 signal is equal to the number of days in the month. We average
the amplitudes of the IMF5 peaks, and then add this value to the mean of the raw data from the
selected month.

To summarize the diurnal cycle at a single station over several years, we calculate the
climatological circular mean over 16 years of the phase and the climatological mean of the
amplitude of each variable at its diurnal maximum. The phase climatology must be computed
using a circular mean rather than a simple mean due to the circular nature of the diurnal phase
data. The formula for circular mean is as follows:

Given n angle observations xy, . . ., x, measured in radians, their circular mean is:

Arg ((1/71) eixk>

Where i is the imaginary unit and Arg z gives the principal value of the argument of complex
number z, restricted to the range [0,27].
These climatological values are plotted using quiver arrows; the direction of the arrow

represents the phase (time of day) of the diurnal maximum, and the magnitude of the arrow
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represents the amplitude of the variable at its diurnal maximum. The amplitudes have been
normalized over all months and all stations in the analysis to enable inter-seasonal and inter-

station comparisons. The normalization formula is as follows:

zi = (Xxi — min(x)) / (max(x) — min(x))
where:

e 7 The i normalized value in the dataset

o xi: The i" value in the dataset

e min(x): The minimum value in the dataset
e max(x): The maximum value in the dataset

In addition, the variances over the 16 years of data of the phase and of the amplitude are
calculated at each station for each month for each variable. Results for relative humidity and 10
m Temperature are not shown here due to their strong relationships to 2 m Temperature. Solar
radiation is not shown because, in the calculation of the phase relationships between the
variables, it simply reaches its diurnal maximum at solar noon.

4.2 Validation of downscaled data

To isolate the diurnal variability over Florida in FLAReS1.0, we employ the methodology
following Misra and Jayasankar (2024), which is a variant of the Multi-dimensional Ensemble
Empirical Mode Decomposition following Wu et al. (2009). This methodology is described below:

A dataset like X(z,s) that varies in space (s) and time (¢) can be decomposed into m modes

of Empirical Orthogonal Functions (EOFs) as:
K

X(5) = ) rn(S)an(®
m

Where 1, and g, are EOFs and Principal Components (PCs). In the case of precipitation, we choose
to retain the first 10 (=K) PCs as the variance explained by successive EOFs began to asymptote.

We then conduct an EEMD on the first 10 PCs. EEMD is a data adaptive signal processing
technique, where it decomposes the timeseries into complete sets of near orthogonal components
called Intrinsic Mode Functions (IMFs).

We then use these diurnal IMF (component 3) of the PCs to obtain the diurnal anomalies

(X'(t,s)) as:
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K

X'(65)= ) tn()a(®)
m=1

Where, qfn (t) = IME2(t). This reconstructed surface temperature anomaly (X') is shown for a
sample grid point for one month to show the isolation of the diurnal component in Figure 4.2.1.

These reconstructed anomalies were computed month by month for the most recent 15-
year period of the FLAReS1.0 dataset (1990-2004). From the reconstructed hourly diurnal
anomalies, the diurnal maxima and minima are identified, including their amplitude and phase.
To prevent any blips in the reconstructed anomalies from having undue influence on the analysis,
diurnal maxima or minima whose amplitudes are below the 20" percentile of the entire year are
excluded from the analysis. Of the diurnal maxima and minima whose amplitudes exceed the
20" percentile, the phase (time of day of the diurnal maximum or minimum) is stored and sorted
into bins of 2-hour width (i.e., 00:00—2:00 LST, 2:00—4:00 LST, ..., 20:00—22:00 LST,
22:00—24:00 LST). The monthly mode of the diurnal phase is computed, and stored only if its
count is greater than three. This monthly diurnal phase is identified for the diurnal maxima and
minima of surface temperature, specific humidity, and precipitation. Of the diurnal maxima and
minima whose amplitudes exceed the 20" percentile, the monthly mean is computed and then
added to the monthly mean of the variable itself. Specific humidity is converted to dew point
temperature using the following empirical formula introduced by Bolton (1980), which is

accurate to within 0.1% over the temperature range -30°C < T < 35°C:

17671,
es(T) = 611.2 eTc+2435

Where e4(T) is the saturation vapor pressure in Pascals, and Tc is the temperature in °C. Before
using the Bolton formula, the ambient vapor pressure e is computed using the formula:
Ee

1= p—(1—8&e
Where ¢ is the specific humidity, p is the ambient air pressure, and £€=0.622 is the ratio between
the gas constant of dry air and the gas constant of water vapor. The dew point temperature is the
temperature which one has to plug into the Bolton (1980) formula to yield a saturation vapor
pressure equal to the actual vapor pressure. Therefore, with a known vapor pressure (which was

obtained from a known specific humidity and a known air pressure), we solve the Bolton (1980)
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formula for Tc, which is the dew point temperature. The hourly air pressure data comes from
FLAReS1.0.

The phase and amplitudes of the diurnal maxima and minima of surface temperature, dew
point temperature, and precipitation from FLAReS1.0 are compared to their observed
counterparts. Specifically, they are computed at the grid points containing each of the 30 FAWN
stations and directly compared to the diurnal cycle at each of the FAWN stations. Correlation,

root-mean-square error (RMSE), and interannual standard deviations are computed as well.
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Figure 4.2.1. Reconstructed diurnal anomalies of 2 m temperature at a single grid point in July
1990 from FLAReS1.0.

4.3 Low frequency variability of diurnal variation in FLAReS1.0
Like the methodology for the FLAReS1.0 validation against FAWN station observations,
we isolate the diurnal variability over Florida in FLAReS1.0 over 1903—2004 by employing the
methodology following Misra and Jayasankar (2024), which is a variant of the Multi-
dimensional Ensemble Empirical Mode Decomposition following Wu et al. (2009). The

methodology is comprised of EOF analysis and performing EEMD on the Principal Components.

23



The hourly diurnal anomalies are reconstructed using IMF3 from the EEMD analysis. Figure 4.6
shows these reconstructed diurnal anomalies of precipitation over five days at (28.5052°N,
278.6532°E), which is Orlando, Florida.

The reconstructed diurnal anomalies are converted from UTC time to LST time at each
grid point using the longitude at that point. Local maxima and minima are then located in the
time series. Local maxima and minima are stored only if their amplitude exceeds the 20™
percentile. The diurnal phase of these local maxima and minima are sorted into 2-hour bins (i.e.,
00:00—2:00 LST, 2:00—4:00 LST, ..., 20:00—22:00 LST, 22:00—24:00 LST). Of the bins,
the monthly mode is computed, and it is stored as the diurnal phase only if its count is greater
than three. For diurnal amplitude, we take the mean of the amplitudes above the 20™ percentile
for each variable and month.

To identify associations between interannual climate modes and the diurnal cycle in
Florida, correlations are computed between each climate mode index and the diurnal maximum
and minimum phase and amplitude of surface temperature, specific humidity, and precipitation.
The interannual climate modes used in this analysis are ENSO, the Atlantic-Pacific interbasin
SST gradient (following Kim et al. 2020), and the Bermuda High Index. For ENSO, we use the
Nino3.4 SST index from the NOAA Extended Reconstructed SST V5 dataset (ERSSTvS; Huang
et al. 2017). The Nino3.4 SST index is the most strongly ENSO-related SST region with respect
to its strength of association with other ENSO-related anomalies and to its teleconnections to
remote climate anomalies (Bamston et al. 1997). The Atlantic-Pacific interbasin SST gradient is
the area-averaged SST in the tropical Atlantic (80°W to 40°W and 10°N to 25°N) minus the
area-averaged SST in the tropical Pacific (160°E to 160°W and 0°N to 10°N). The SST dataset
used is ERSSTvS5 (Huang et al. 2017). The Bermuda High Index is the MSLP difference between
90°W, 30°N (near New Orleans, Louisiana) and 78°W, 30°N (a marine location east of
Jacksonville, Florida) from FLAReS1.0. Motivated by the notion that there is noise in the
Nino3.4 SST index (Hanley et al. 2003), we isolate the interannual component of all three
climate modes using EEMD, and then compute the correlations between the interannual
component of each climate mode index and each of the diurnal cycle characteristics (i.e., the
diurnal maximum and minimum phase and amplitude of surface temperature, specific humidity,
and precipitation). By computing these correlations with the raw climate mode indices as well as

the interannual components of the climate mode indices, we determine which responses of the
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Florida diurnal cycle are associated with the interannual scale and which responses are
influenced by other scales of variability.

In months when and regions of Florida where the diurnal maximum amplitude is
positively correlated to an index like ENSO or BHI, and the diurnal minimum amplitude is
negatively correlated to the same index, we say that the diurnal amplitudes of that variable are
enhanced. Likewise, in months when and regions of Florida where the diurnal maximum
amplitude is negatively correlated to an index, and the diurnal minimum amplitude is positively
correlated to the index, we say that the diurnal amplitudes are suppressed. Similarly, for diurnal
phase, if both the diurnal maximum and diurnal minimum phase are positively correlated to a
climate mode index, that is strong evidence that the diurnal cycle gets shifted later when that

index is high, and that the diurnal cycle gets shifted earlier when that index is low.
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Figure 4.6. Reconstructed diurnal anomalies of precipitation rate from FLAReS1.0 in July 6—
10, 1950, at Orlando, Florida. The diurnal peak amplitude, diurnal minimum amplitude, diurnal
peak phase, and diurnal minimum phase are labeled.
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CHAPTER FIVE

RESULTS

5.1 Characterizing the diurnal cycle at FAWN stations
5.1.1 The diurnal mode (IMF5)

At all stations and all times of the year, the climatological diurnal peak of temperature is
in mid-afternoon, usually around 14:30 Local Solar Time (LST; Figures 5.1.1-12). The variance
of this time of temperature’s diurnal peak across the sixteen years 2005-2020 is small; only a
few minutes (Figure 5.1.13a). The variance across 2005-2020 of the amplitude of temperature at
its diurnal peak is small during summer and larger in winter (Figure 5.1.14a).

Wind speed tends to have its diurnal peak in the early afternoon, an hour or two before
the diurnal peak of temperature, at most stations during autumn, winter, and spring (Figures
5.1.1-4 and 5.1.10-12). The exceptions to this rule include some stations in panhandle Florida
which have wind speed reaching its diurnal maximum in the morning in autumn and winter
(5.1.10-12). In summer (Figures 5.1.6-8), wind speed peaks in the mid-afternoon to either
coincide with the diurnal peak of temperature or occur shortly after it. The variance of the
diurnal phase of wind speed is less than three square hours at all stations in all months (Figure
5.1.13b). The variance of the amplitude of wind speed at its diurnal peak varies between stations,
but at most stations, it is lowest during August—-December, and slightly higher during January--
June (Figure 5.1.14).

Dew point temperature, a measure of water vapor content, has its diurnal maximum at
varying times of day through the annual cycle. In winter, at most stations, dew point temperature
reaches its diurnal maximum in the mid-afternoon, coinciding with the diurnal peak of surface
temperature (Figures 5.1.1 and 5.1.11--12). In February, this remains true at most stations across
Florida, except for some in central Florida (Figure 5.1.2). In spring, dew point temperature
reaches its diurnal maximum in the pre-dawn morning at many stations in central Florida, and
mid- to late-morning in south-central Florida, while there is no clear signal in north Florida nor
south Florida (Figures 5.1.3--5). In summer, dew point temperature reaches its diurnal maximum
in the morning across Florida, with large amplitude at all stations (Figures 5.1.6--8). The diurnal
peak of dew point temperature occurs earlier in the morning in parts of central Florida than the

rest of Florida during summer (Figures 5.1.6--8). As the summer evolves, the diurnal peak of
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dew point temperature shifts slightly later across Florida (Figures 5.1.6—38). In August, the peak
time of dew point temperature is still mid-morning in central Florida but occurs in the early
afternoon at many other stations (Figure 5.1.8). In September, the diurnal peak amplitude of dew
point temperature is still as large as it was in summer, before noticeably reducing in October
(Figures 5.1.6—10). However, in September, the diurnal maximum phase and amplitude look
homogeneous across north Florida for the first time since February (Figure 5.1.2--9). In October,
the diurnal maximum of dew point temperature occurs in the mid-afternoon in north Florida and
the early afternoon in most of peninsular Florida, except for a few stations in central Florida that
have the diurnal maximum of dew point temperature in the morning (Figure 5.1.10). Finally, in
November, the diurnal peak occurs in the afternoon across Florida, but slightly earlier in the
afternoon in south Florida (Figure 5.1.11). The interannual variance of the phase of the diurnal
peak of dew point is large at some stations, particularly in the winter and spring (Figure 5.1.13c),
suggesting that the window for the diurnal peak of dew point temperature spans several hours
during winter and spring. Amongst most stations, the variance of the phase of the diurnal peak of
dew point is lowest during the summer (Figure 5.1.13c¢), suggesting a summertime narrowing of
the window for the diurnal peak of dew point temperature. The seasonality of the variance of the
amplitude of the dew point at its diurnal peak is remarkably consistent across stations; the
variance is quite low from May—September, is higher in autumn, winter, and spring, and is
largest in February (Figure 5.1.14c¢).

Precipitation has a large amplitude at its diurnal peak in June-September (Figure 5.1.6-9),
and a much smaller diurnal amplitude during the other times of year (Figures 5.1.1-5 and Figures
5.1.10-12). In June-September, precipitation has its diurnal peak in the late afternoon (17:00-
18:00 LST) at most stations (Figures 5.1.6-9). A notable exception is Carabelle, on the panhandle
coast, which has its summertime diurnal maximum precipitation occurring at various times of the
day and night throughout the summer (Figures 5.1.6-9). The variance of the diurnal phase is
relatively low in June—September, compared to the other times of year, during which it is
remarkably high (Figure 5.1.13d). This suggests that in June—September, precipitation is likely to
arrive predictably around the same time each day. In the other months of the year, the variance of
the phase is high, suggesting that if precipitation occurs on a particular day, it may occur at
nearly any time. The variance of the amplitude of precipitation at its diurnal peak is largest in

June—September at most stations (Figure 5.1.14). The amplitude of the diurnal scale precipitation
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is quite small outside of the summer season (Figures 5.1.1-5 and 5.1.10-12), suggesting that the

precipitation that does occur during these months may not be captured by the diurnal mode.

January Climatological Diurnal Cycle
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Figure 5.1. The January climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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February Climatological Diurnal Cycle
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Figure 5.2. The February climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component

(IMF5).
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March Climatological Diurnal Cycle
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Figure 5.3. The March climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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April Climatological Diurnal Cycle
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Figure 5.4. The April climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the diurnal component (IMF5).
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May Climatological Diurnal Cycle
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Figure 5.5. The May climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the diurnal component (IMF5).
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June Climatological Diurnal Cycle
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Figure 5.6. The June climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the diurnal component (IMF5).
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July Climatological Diurnal Cycle
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Figure 5.7. The July climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the diurnal component (IMF5).
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August Climatological Diurnal Cycle
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Figure 5.8. The August climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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September Climatological Diurnal Cycle

\.
o

)

BN Temperature X’

B Wind Speed \

Bl Dew Point !

B Precipitation

¢ \
\E \
12:00 LST

=

N\
| + | b\& 7 Ql

24:00

Figure 5.9. The September climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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October Climatological Diurnal Cycle

BN Temperature
B Wind Speed
Il Dew Point

B Precipitation

12:00 LST

06:00 + 18:00

24:00

Figure 5.10. The October climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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November Climatological Diurnal Cycle

< U

BN Temperature
B Wind Speed
Il Dew Point

B Precipitation

12:00 LST

06:00 + 18:00

24:00

Figure 5.11. The November climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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December Climatological Diurnal Cycle
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Figure 5.12. The December climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the diurnal component
(IMF5).
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Figure 5.13. The variances of the phase (time of day) of the diurnal maxima of IMF5 (the diurnal
component) of temperature (red), wind speed (green), dew point temperature (magenta), and
precipitation (blue) during each month of the year. Each line represents one station.
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Figure 5.14. The variances of the amplitude of the diurnal maxima of IMF5 (the diurnal
component) of temperature (red), wind speed (green), dew point temperature (magenta), and
precipitation (blue) during each month of the year. Each line represents one station.

5.1.2 The semidiurnal mode + the diurnal mode (IMF4+IMF5)

The analyses for IMF4+IMF5 show that the climatological diurnal peak of temperature is in
the early to mid-afternoon around 14:00 LST, and slightly earlier during summer. (Figures
5.1.15-26). This is slightly earlier than the results from IMF5 alone (Figures 5.1.1-12). The
variance of the time of temperature’s diurnal peak across the sixteen years 2005-2020 is very
small for most stations and most months; only a few minutes (Figure 5.1.27a), which is
consistent with the results from IMF5 alone (Figure 5.1.13a). The variance across 2005-2020 of
the amplitude of temperature at its diurnal peak is small during summer and larger in winter
(Figure 5.1.28a), which is also consistent with the results from IMF5 (Figure 5.1.14a).

In all months of the year and all regions of Florida, the diurnal phase and amplitude of
wind speed from IMF4+IMFS5 are nearly identical to those of IMFS5 alone (Figures 5.1.15-26).
For the IMF4+IMF5 analysis, the variance across 2005-2020 of the diurnal phase of wind speed
is less than three square hours at all stations in all months (Figure 5.1.27b), which is consistent

with the IMF5 analysis. Similarly, the variance of the amplitude of wind speed at its diurnal
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maximum is lowest during August-December at most stations (Figure 5.1.28b), which is
consistent with the IMF5 analysis.

The diurnal cycle of dew point temperature as represented by IMF4+IMFS5 is generally
like that of IMF5 alone. However, there are some differences. Notably, from the IMF4+IMF5
analysis, some stations have the diurnal maximum of dew point temperature overnight, whereas
the diurnal maximum occurred during the day in the IMF5 counterpart. This is the case at
stations in central Florida in February and March, and in north Florida in March, April, and May
(Figures 5.1.16-19). In most months of the year, there are minor shifts (i.e., 1-3 hours) of the
diurnal peak time of dew point temperature at a few stations. The only month that has no
substantial differences between the IMF5 version and the IMF4+IMFS5 version of the diurnal
cycle of dew point temperature is June (Figure 5.1.20). The interannual variance of the diurnal
phase of dew point temperature is higher at most stations in July—December in the IMF4+IMF5
analysis (Figure 5.1.27¢c) compared to the IMFS5 analysis (Figure 5.1.13¢). Surprisingly, there is a
systematic shift in the climatological circular mean peak phase of dew point temperature during
those months to be slightly earlier in the IMF4+IMFS5 analysis (Figures 5.1.21-26) compared to
the IMF5 analysis (Figures 5.1.7-12).

For precipitation, there are marked differences between the results of the analysis of
IMF4+IMFS5 and the analysis of IMFS5 alone. Most notably, the interannual variance of the phase
of precipitation during June--September is much higher at several stations in the IMF4+IMF5
analysis (Figure 5.1.27d) compared to that of the IMF5 analysis (Figure 5.1.13d). Therefore, the
climatological circular means shown in Figures 5.1.20-23 become less meaningful. With that
caveat in mind, the June-September circular means of the diurnal phase of precipitation from the
IMF4+IMFS5 analysis show minor (i.e., 1-3 hours) shifts (Figures 5.1.20-23) compared to those
from the IMF5 analysis (Figures 5.1.6-9). In June, at several stations, the diurnal peak of
precipitation occurs 2-3 hours later in the evening in the IMF4+IMFS5 analysis (Figure 5.1.20)
compared to the corresponding IMF5 analysis (Figure 5.1.6). In July, at several stations, the shift
is only one hour later in the afternoon or evening in the IMF4+IMFS5 analysis (Figure 5.1.21)
compared to the IMF5 analysis (Figure 5.1.7). In August and September, the diurnal maximum
of precipitation occurs about one hour earlier in the afternoon at several stations across Florida in

the IMF4+IMFS5 analysis (Figures 5.1.22-23) compared to the IMFS5 analysis (Figures 5.1.7-8).
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Additionally, the summertime diurnal maximum amplitude of precipitation is suppressed in the

IMF4+IMFS5 analysis (Figure 5.1.28d) compared to the IMF5 analysis (Figure 5.1.14d).
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Figure 5.15. The January climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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February Climatological Diurnal Cycle
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Figure 5.16. The February climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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March Climatological Diurnal Cycle
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Figure 5.17. The March climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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April Climatological Diurnal Cycle
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Figure 5.18. The April climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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May Climatological Diurnal Cycle
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Figure 5.19. The May climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the sum of the semidiurnal and
diurnal components (IMF4+IMFS5).
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June Climatological Diurnal Cycle
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Figure 5.20. The June climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the sum of the semidiurnal and
diurnal components (IMF4+IMFS5).
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July Climatological Diurnal Cycle
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Figure 5.21. The July climatological phase (direction of arrow; Local Solar Time) and amplitude
(length of arrow) of the diurnal maxima of surface temperature (red), wind speed (green), dew
point temperature (magenta), and precipitation (blue) from the sum of the semidiurnal and
diurnal components (IMF4+IMFS5).
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August Climatological Diurnal Cycle
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Figure 5.22. The August climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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September Climatological Diurnal Cycle
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Figure 5.23. The September climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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October Climatological Diurnal Cycle
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Figure 5.24. The October climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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November Climatological Diurnal Cycle
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Figure 5.25. The November climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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December Climatological Diurnal Cycle
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Figure 5.26. The December climatological phase (direction of arrow; Local Solar Time) and
amplitude (length of arrow) of the diurnal maxima of surface temperature (red), wind speed

(green), dew point temperature (magenta), and precipitation (blue) from the sum of the
semidiurnal and diurnal components (IMF4+IMF5).
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Figure 5.27. The variances of the phase (time of day) of the diurnal maxima of IMF4+IMF5 (the
sum of the semidiurnal and diurnal components) of temperature (red), wind speed (green), dew

point temperature (magenta), and precipitation (blue) during each month of the year. Each line
represents one station.
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Figure 5.28. The variances of the amplitude of the diurnal maxima of IMF4+IMFS5 (the sum of the
semidiurnal and diurnal components) of temperature (red), wind speed (green), dew point

temperature (magenta), and precipitation (blue) during each month of the year. Each line represents
one station.

5.2 Validating FLAReS1.0 on the diurnal cycle of surface meteorology in Florida

5.2.1 The diurnal amplitude

The diurnal maximum amplitude of surface temperature is very well-represented by
FLAReS1.0 at western Florida panhandle stations (Jay, Marianna, Quincy, and Carabelle; Figure
5.2.1). At each of these stations, RMSE is less than 1.4°C and correlation is greater than 0.99.
The diurnal maximum amplitude of surface temperature is also very well-represented at the
coastal south Florida stations (Homestead and Ft. Lauderdale), with correlations above 0.95 and
RMSE less than 1.0°C (Figure 5.2.1). Overall, the diurnal maximum is well-represented across
Florida in FLAReS1.0, although there is a cold bias of 1.76°C to 2.85°C at most stations (Figure
5.2.1). All correlation values are inflated by the ability of FLAReS1.0 to capture the annual cycle
of surface temperature. The interannual variability of the diurnal peak amplitude of surface

temperature validates well in FLAReS1.0 at all stations (Figure 5.2.2). However, at the western
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Florida panhandle stations, FLAReS1.0 overestimates the interannual variability in December.
The diurnal minimum temperature validates best in FLAReS1.0 at the central Florida stations
Lake Alfred, Avalon, and Apopka, and the south Florida station Ft. Lauderdale, as the RMSE
values are lowest at these stations (Figure 5.2.3). Across most of Florida, FLAReS1.0 has a
warm bias for the diurnal minimum surface temperature throughout the annual cycle (Figure
5.2.3). At the western panhandle stations, FLAReS1.0 has a strong warm bias for diurnal minima
of surface temperature in June—November (Figure 5.2.3). FLAReS1.0 captures the interannual
variability of the diurnal minimum of surface temperature throughout the annual cycle (Figure
5.2.4).

The diurnal peak amplitude of dew point temperature validates very well in FLAReS1.0
(Figure 5.2.5). The correlation between the diurnal peak amplitudes in FLAReS1.0 and FAWN
IMFS5 is above 0.97 at every station across Florida. However, FLAReS1.0 tends to underestimate
the diurnal peak amplitude of dew point temperature in summer, especially in August in north
Florida (Figure 5.2.5). The interannual variability of the diurnal peak amplitude of dew point
temperature is generally well-captured by FLAReS1.0, except that FLAReS1.0 does not
reproduce the January dip in interannual variance of the diurnal peak amplitude of dew point
temperature (Figure 5.3.6). As for the diurnal minimum amplitude of dew point temperature,
FLAReS1.0 captures it very well in summer and fall across Florida. In January—March,
however, FLAReS1.0 tends to have a moist bias when it comes to the diurnal minimum of dew
point temperature (Figure 5.3.7). FLAReS1.0 generally does well to capture the interannual
variability of the diurnal minimum amplitude of dew point temperature, although, again,
FLAReS1.0 fails to capture the January dip in interannual variance of the amplitude of dew point
temperature exhibited in the FAWN station observations (Figure 5.2.8).

In most regions of Florida, FLAreS1.0 captures the summertime increase in the diurnal
amplitude of precipitation (Figure 5.2.9). Across most of Florida, the FLAReS1.0 reproduces the
observed diurnal peak amplitudes of precipitation during summer and fall (Figure 5.2.9).
However, in January—April, FLAReS1.0 overestimates the diurnal peak amplitude of
precipitation across Florida (Figure 5.2.9). In south Florida, FLAReS1.0 also overestimates the

diurnal peak amplitude of precipitation in summer (Figure 5.2.9).
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Figure 5.29. Diurnal peak amplitude of surface temperature in FAWN IMF5 (orange squares)
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and FAWN IMF4+IMFS5 (green triangles) at 30 FAWN observational stations, and in

FLAReS1.0 (blue circles) at the grid points closest to each FAWN station. The correlation and
RMSE between the FLAReS1.0 diurnal amplitudes and the FAWN IMFS5 diurnal amplitudes are

listed in each panel.

58




Jay Marianng Quincy Manticello Live Oak

D 35 35 E 15
RIS T IS AN INTS TN INTS - TAUNINTS
e BN INFIVES e ENON M1+ IVFS e BN IMFAIES e EAYIN ML IIFS e BN IMEAIFS
20] LReS 204 LaRes 204 - M 204 L 10 - s

25
g £ £ 220
H H H 318
] ] ] 2
10
0s- os- 25+ s
a e 3 2 0.
e Ma | May L st e way L o an w0 s e M M W sep  ow 1an W W S v
Carabelle " Alachua Macclenny s Putnam Hall B Hastings
AN IS - Ee s s
e ENRELIES e EAN M e RN MRS
30- e TS s0- —e- MLaacs 10

2 2 2 g s
8 2 f 3 H
10
s
0o °
0 Me | Ma o L s Mo o e way o PR RS e Mee W Sep ew B b Mee W S hes
Bronson " Citra " Ocklawsha " Umatilla L Piarson
- F IS - FAN IS - EN IS - FAIN M5 - Fk NP5
Al e BN IME IS e BN MR e BN N e BN IME IR
30+ Res 300 LaRes s0- rLaaes 30- —e- MLeacs 10 a5

<

g g
g2 ]
FRS s

e s s
0o e X
o Ma | May L sm o o MM o lan Ma e 0 s e lan M Mee W sen e B b Mey W sep  hes
" Dover " Okahumpka ” Lake Alfred ” walon » Apopka
- FAI9FS - AN 9P - AN IS ) AN IMES - AN M5
e BRI e AN R e AN I e RN e b MR
Res 30- LaRes s0- e s 30- —o- fLeds 10 s

2 2
g:n §20 %20 %2,0 220
H H H H H
e 21 21 S1s S1s
3 : H 8 H
1 " 10 1 10
as o =5 s os
as . . o
[T T M AT e DT S Y LTI T "™ [ T T T [N - Ta—
" " Ona ” Arcadia Setring . Kenansville
= pes = o o e
e o s Tt s o T et s i v e s
200 Ui s0d X s 50 s s0d X s o s
s
i “ “
10
us
0 . .
lan May 1 B How lan May o 20 How lan Mar sy et How lan Mar My Jur sep o lan Var May 0 Sep hov
. mmoaiee . Poimee , Bete Glade .. Homestead .. Ft Louderdare
o = s o s = e s
o s S s o Tt s o e s Vi et s
X s a0d X e 50 s s0d Yo o s

H

E

e

. R . o
Hov nCoMar o mey 0 st ey

Figure 5.30. Standard deviations of the diurnal peak amplitude of surface temperature by month
in FAWN IMF5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30 FAWN
observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN

station.
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Figure 5.31. Diurnal minimum amplitude of surface temperature in FAWN IMF5 (orange
squares) and FAWN IMF4+IMF5 (green triangles) at 30 FAWN observational stations, and in
FLAReS1.0 (blue circles) at the grid points closest to each FAWN station. The correlation and
RMSE between the FLAReS1.0 diurnal amplitudes and the FAWN IMFS5 diurnal amplitudes are
listed in each panel.
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Figure 5.32. Standard deviations of the diurnal minimum amplitude of surface temperature by
month in FAWN IMF5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30 FAWN
observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN
station.
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Figure 5.33. Diurnal peak amplitude of surface dew point temperature in FAWN IMFS5 (orange
squares) and FAWN IMF4+IMF5 (green triangles) at 30 FAWN observational stations, and in
FLAReS1.0 (blue circles) at the grid points closest to each FAWN station. The correlation and
RMSE between the FLAReS1.0 diurnal amplitudes and the FAWN IMFS5 diurnal amplitudes are
listed in each panel.
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Figure 5.34. Standard deviations of the diurnal peak amplitude of surface dew point temperature
by month in FAWN IMFS5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30
FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each
FAWN station.
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Figure 5.35. Diurnal minimum amplitude of surface dew point temperature in FAWN IMF5
(orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30 FAWN observational stations,
and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN station. The correlation
and RMSE between the FLAReS1.0 diurnal amplitudes and the FAWN IMF5 diurnal amplitudes
are listed in each panel.
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Figure 5.36. Standard deviations of the diurnal minimum amplitude of surface dew point
temperature by month in FAWN IMF5 (orange squares) and FAWN IMF4+IMF5 (green
triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points
closest to each FAWN station.
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Figure 5.37. Diurnal peak amplitude of precipitation in FAWN IMF5 (orange squares) and
FAWN IMF4+IMFS5 (green triangles) at 30 FAWN observational stations, and in FLAReS1.0
(blue circles) at the grid points closest to each FAWN station. The correlation and RMSE
between the FLAReS1.0 diurnal amplitudes and the FAWN IMF5 diurnal amplitudes are listed
in each panel.
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Figure 5.38. Standard deviations of the diurnal peak amplitude of precipitation by month in
FAWN IMFS5 (orange squares) and FAWN IMF4+IMF5 (green triangles) at 30 FAWN
observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN
station.
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5.2.2 The diurnal phase

The observed diurnal peak phase of surface temperature is around 15:00 LST at all
FAWN stations across Florida, with the diurnal peak of surface temperature occurring
slightly earlier during the summer months (Figure 5.2.11). In north Florida, FLAReS1.0
reproduces this gentle annual cycle decently well, albeit with a 1-2 hour early-bias. In all of
Florida, FLAReS1.0 reproduces the diurnal peak phase of surface temperature, albeit with
the 1-2 hour early bias, during May—September (Figure 5.2.11-12). However, during
October—Anpril, FLAReS1.0 does not capture the diurnal peak phase of surface temperature
at any peninsular Florida station (Figure 5.2.11). With few exceptions, the observed
interannual variance of the diurnal peak phase of surface temperature is near zero. In general,
FLAReS1.0 overestimates the interannual variance of the diurnal peak phase of surface
temperature (Figure 5.2.13). The observed diurnal minimum phase of surface temperature
across Florida is around 2:00 LST in summer and fall, and 3:00 LST in winter and spring
(Figure 5.2.14). Generally, in north Florida, FLAReS1.0 reproduces an early-morning diurnal
minimum phase of surface temperature (Figure 5.2.14). It also does so in April—September
across all of Florida (Figure 5.2.14). In October—March, however, FLAReS1.0 does not
capture the diurnal minimum phase of surface temperature (Figure 5.2.14). The observed
interannual variance of the diurnal minimum phase of surface temperature is near zero across
all Florida stations and throughout the annual cycle (Figure 5.2.16). At most stations across
Florida, throughout most of the annual cycle, FLAReS1.0 overestimates this interannual
variance. However, interestingly, FLAReS1.0 shows this small interannual variance in
September across all stations in north and central Florida (Figure 5.2.16).

The diurnal peak phase of surface dew point temperature is represented poorly in
FLAReS1.0 (Figure 5.2.17-18). The interannual variance of the diurnal peak phase of surface
dew point temperature is overestimated in FLAReS1.0 (Figure 5.2.19). The diurnal minimum
phase of surface dew point temperature represented poorly in FLAReS1.0, too (Figure
5.2.20-21). The observed interannual variance of the diurnal minimum phase of surface dew
point temperature is relatively high in north Florida, and lower in south Florida (Figure
5.2.22). FLAReS1.0 tends to capture the high variance in north Florida and overestimate it in
south Florida (Figure 5.2.22).
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The diurnal peak phase of precipitation is represented poorly in FLAReS1.0 (Figure
5.2.23-24). The observed interannual variance of the peak phase of precipitation is relatively
high across Florida, and FLAReS1.0 generally represents this well (Figure 5.2.25). The
observed diurnal minimum phase of precipitation is in the early morning, and FLAReS1.0
generally represents that well (Figure 5.2.26-27). FLAReS1.0 also does well to represent the

interannual variance of the diurnal minimum phase of precipitation (Figure 5.2.28).
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Figure 5.39. Diurnal peak phase (time of diurnal maximum; Local Solar Time (LST)) of surface
temperature in FAWN IMF5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30
FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each
FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase and the
FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.40. May—September diurnal peak phase (time of diurnal maximum; Local Solar Time
(LST)) of surface temperature in FAWN IMF5 (orange squares) and FAWN IMF4+IMF5 (green
triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points
closest to each FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase
and the FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.41. Standard deviations of the diurnal peak phase of surface temperature by month in
FAWN IMFS5 (orange squares) and FAWN IMF4+IMF5 (green triangles) at 30 FAWN

observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN

station.
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Figure 5.42. Diurnal minimum phase (time of diurnal minimum; Local Solar Time (LST)) of
surface temperature in FAWN IMF5 (orange squares) and FAWN IMF4+IMFS5 (green triangles)
at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to
each FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase and the
FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.43. May—September diurnal minimum phase (time of diurnal minimum; Local Solar
Time (LST)) of surface temperature in FAWN IMF5 (orange squares) and FAWN IMF4+IMF5
(green triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid
points closest to each FAWN station. The correlation and RMSE between the FLAReS1.0
diurnal phase and the FAWN IMF5 diurnal phase are listed in each panel.
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Figure 5.44. Standard deviations of the diurnal minimum phase of surface temperature by month
in FAWN IMF5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30 FAWN
observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN
station.
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Figure 5.45. Diurnal peak phase (time of diurnal maximum; Local Solar Time (LST)) of surface
dew point temperature in FAWN IMF5 (orange squares) and FAWN IMF4+IMF5 (green
triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points
closest to each FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase
and the FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.46. May—September diurnal peak phase (time of diurnal maximum; Local Solar Time
(LST)) of surface dew point temperature in FAWN IMFS5 (orange squares) and FAWN
IMF4+IMFS5 (green triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue
circles) at the grid points closest to each FAWN station. The correlation and RMSE between the
FLAReS1.0 diurnal phase and the FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.47. Standard deviations of the diurnal peak phase of surface rdew point tempe
month in FAWN IMF5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30 FAWN
observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each FAWN
station.
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Figure 5.48. Diurnal minimum phase (time of diurnal minimum; Local Solar Time (LST)) of
surface dew point temperature in FAWN IMFS5 (orange squares) and FAWN IMF4+IMF5 (green
triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points
closest to each FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase
and the FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.49. May—September diurnal minimum phase (time of diurnal minimum; Local Solar

Time (LST)) of surface dew point temperature in FAWN IMF5 (orange squares) and FAWN
IMF4+IMFS5 (green triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue

circles) at the grid points closest to each FAWN station. The correlation and RMSE between the

FLAReS1.0 diurnal phase and the FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.50. Standard deviations of the diurnal minimum phase of surface dew point temperature
by month in FAWN IMFS5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30
FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each
FAWN station.
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Figure 5.51. Diurnal peak phase (time of diurnal maximum; Local Solar Time (LST)) of
precipitation in FAWN IMFS5 (orange squares) and FAWN IMF4+IMFS5 (green triangles) at 30
FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points closest to each
FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase and the
FAWN IMFS5 diurnal phase are listed in each panel.
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Figure 5.52. May—September diurnal peak phase (time of diurnal maximum; Local Solar Time
(LST)) of precipitation in FAWN IMF5 (orange squares) and FAWN IMF4+IMF5 (green
triangles) at 30 FAWN observational stations, and in FLAReS1.0 (blue circles) at the grid points
closest to each FAWN station. The correlation and RMSE between the FLAReS1.0 diurnal phase
and the FAWN IMFS5 diurnal phase are listed in each panel.
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