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Studies at the Short-term Prediction Research and Transition (SPoRT) Center have suggested
that the use of Moderate Resolution Imagmg Spectroradiometer (MODIS) sea-surface temperature
(SST) composites 1 regional weather forecast models can have a significant positive tmpact on
short-term numerical weather prediction in coastal regions. Recent work by LaCasse ef al. (2007,
Monthly Weather Review) highlights lower atmospheric differences m regional numerical
simulations over the Flonda offshore waters usmg 2-km SST composites derrved from the MODIS
mstrument aboard the polar-orbiting Aqua and Terra Earth Observing System satellites To help
quantify the value of this impact on NWS Weather Forecast Offices (WFOs), the SPoRT Center
and the NWS WFO at Miam, FL (MIA) are collaborating on a project to mvestigate the mmpact of
using the mgh-resolution MODIS SST ficlds within the Weather Research and Forecasting (WRF)
prediction system. The project’s goal 1s to determine whether more accurate specification of the
lower-baundary foremng withm WRF will result m improved land/sea fluxes and hence, more
accurate evolution of coastal mesoscale circulations and the associated sensible weather elements.

The NWS MIA 1s currently running WRF 1m real-time to support daily forecast operations,
using the National Centers for Environmental Prediction Nonhydrostatic Mesoscale Model
dynarucal core withm the NWS Science and Traming Resource Center’s Environmental Modeling
System (EMS) software. Twenty-seven hour forecasts are run daily mtialized at 0300, 0900, 1500,
and 2100 UTC on a domain with 4-km gnd spacing covering the southern half of Florda and
adjacent waters of the Gulf of Mexico and Atlantic Qcean. Each model run 1s imtialized using the
Local Analysis and Prediction System (LAPS) analyses available m AWIPS. The SSTs are
mtialized with the NCEP Real-Time Global (RTG) analyses at 1/12° resolution (~9 km}); however,
the RTG product does not exhibit fine-scale detatls consistent with its gnd resolution.

SPoRT is conducting parallel WRF EMS runs 1dentical to the operational runs at NWS MIA
except for the use of MODIS SST composites 1 place of the RTG product ag the mutial and
boundary conditions over water. The MODIS SST composites for mutializing the SPoRT WRF
runs are generated on a 2-km grid four times daily at 0400, 0700, 1600, and 1900 UTC, based on
the ttmes of the overhead passes of the Aqua and Terra satelirtes, The incorporation of the MODIS
SST data into the SPoRT WREF runs 1s staggered such that SSTs are updated with a new corposite
every six hours in each of the WRF runs. From mid-February to July 2007, over 500 parallel WRF
simulations have been collected for analysis and verification This paper will present venfication
results comparing the NWS MIA operational WRF runs to the SPoRT experimental runs, and
ghlight any substantial differences noted in the pred:cted mesoscale phenomena for specific cases.
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Atmosphere, Oceans, and Land Surface, New Orleans, LA, 20-24 January 2008
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1. INTRODUCTION

Studies at the NASA Short-term Prediction
Research and Transition (SPoRT) Center have
suggested that the use of Moderate Resolution Imaging
Spectroradiomster (MCDIS) sea-surface temperature
(SST) compasites in ragional weather forecast maodels
can have a significant positive impact on short-term
numerical weather prediction in coastal regions. Recent
work by LaCasse e&f al. (2007} highlights lower
atmesphertic  differences  in regional  numerical
simulations over the Flarida offshore waters using 2-km
SST composites derived from the MCDIS instrument
aboard the polar-orbiting Aqua and Terra Earth
Observing System satellites. To help quantify the value
of this impact on NWS Weather Forscast Offices
(WFOs), the SPoRT Center and the NWS WFO at
Miami, FL (MFL) are collaborating on a project fo
investigate the impact ot using the high-resalution
MODIS SST fields within the Weather Research and
Forecasting (WRF) prediction system.

The project's goal is to detarmine whether more
accurate specification of the lower-boundary forcing
within WRF will ragult in improved land/sea flLxes and
hence, more accurate evolution of coastal mesoscale
circulations and the associated sensible weather
elements over a multi-seasonal time frame. The
remainder of this paper is organized as follows. Section
2 described the operational WRF configuration as run
at NWS MFL. Section 3 provides a description of the
88T products used in Contral and experimental WRF
simulations. The experimental design is discussed in
Section 4 while preliminary results are presented in
Section 5. The paper concludes with future work,
acknowledgements, and references in Sections 8-8,
respectively.

2, OPERATIONAL WRF CONFIGURATION AT
NWS MFL

The NWS MFL is currently running the WRF
system in realtime to support daily forecast operations,
using the National Canters for Envirenmental Prediction
(NGEP} Nonhydrostatic Mesoscale Mode! (NMM, Janji¢
et al. 2001) dynamical core within the NWS Science
and Training Hesource Center's Environmental
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Modeling System (EMS} software. The EMS is a stand-
alone modeling system capable of downloading the
necessary dally datasets, and inhializing, rinning and
displaying WRF forecasts in the NWS Advanced
Weather Inferactive Processing System (AWIPS) with
litte intervention required by forecasters. More
information on the EMS software can be found in the
online user's guide at
hiip//stre.comet.ucar.edu/wrfwr userguide htm.

The model physics used within the NMM dynamicat
core in the NWS MFL runs consist of the modified Kain-
Friisch convective parameterization scheme (Kain
2004) for determining sub-grid scale convegtive
processes and the Ferier microphysics scheme as
used operationally in the NCEP North Amerncan
Mesoscale (NAM) model (Ferrder ef al 2002). The
Geophysical Fluid Dynamics Laboratory schemes are
used far computing shortwave (Lacis and Hansen 1974}
and longwave radiation processes (Fels and
Schrawzkopf 1975; Schwarzkopf and Fels 1985;
Schwarzkopf and Fels 1991). Planetary boundary layer
and turbulence pracesses are parameterized by the
Mellor-Yamada-Janji¢ scheme (Janjié 1990, 1996,
2002). The Noah land surface model (LSM, Ek ef al.
2003) is used o calculate energy exchanges betwesn
the land surface and the planetary boundary layer.
Surface-layer calculations of friction velocities and
exchange coefficients needed for the detarmination of
sensible and latent fluxes in the Noah LSM are provided
by the NCEP Eta similarty theary scheme (Janjié¢ 19986,
2002).

Twenty-seven hour forecasts are run deily with start
times of 0300, 0900, 1500, and 2100 UTC on a-domain
with 4-km hotizontal grid spacing covering the southern
half of Florida and the far western portions of the
Bahamas, the Florida Keys, the Straights of Florida,
and adjacent waters of the Qulf of Mexico and*Atlantic
Ocean (Figure 1). Each model run is initialized using
the Local Analysls and Prediction Sysiem (LAPS)
analyses avalable in AWIPS, invoking the diabatic “hot-
start” capability. In this WRF mbdel “hot-start®, the
LAPS-analyzed cloud and precipitation féatures are
converted into model microphysics fields with enhanced
vertical velacity profiles, eﬁectwely reducing the model
spin-up time required to predict plrempltatmn systems.
The S8Ts are initialized with the NCEP Real-Time
Global {RTG) analyses at 1/12°'resolution (*9 kmy);
however, the RTG product does hot exhibit fine-scale
details consistent with fts grid resalution.



3. SST COMPOSITE PRODUCTS

3.1 Real-ttme global (RTG) SST (Contro)

Currently, the highest-resolution, continuous global
SST products available consists of the 1/12° Real-Time
Global (RTG) product generated by the National
Centers for Environmental Prediction {(NCEP) (Thigbaux
et al. 2003) and the 1/20° Operahenal Sea Surface
Temperature and Sea lce Analysis (OSTIA) product
developed by the National Centre for Ocean
Forecasting (Stark et al. 2007). The operationa! EMS
software has the capability to download and interpolate
the 1/12° RTG product to initialize the WRF sea
surface; therefore, this dataset is the cne used in the
Control configuration of our experiment.

3.2 MODIS 88T Composite (Experimental)

A 1-km MODIS SST composite, produced at the
NASA SPoRT Center, was created by combining
multiple passes of the EOS MODIS SST data (Haines et
al. 2007). The compositing assumes that the day-to-day
variation of SST Is relatively small — the degree to
which this assumption is valid will likely vary spatially
and seasonzlly. Data from both the Terra and Agua
platforms were combined (o create separate day/night
composites. The composites were created using the
five most racent clear-sky SST values for each pixel.
Daytime (nighttime) passes through the composite
region occur at approximately 1600 and 1900 UTC.
(0400 and 0700 UTC), respectively. The compositing
method used the warmest three of the five pixels in
order to mitigate the impact of cloud contamination.
Prior to being interpolated to the WRF simulation grid,
each 1-km MODIS SST compaosite was sub-sampled to
a coarser grid with 2-km hortzontal grid spacing.

4. EXPERIMENT DESIGN

SPoRT conducted parallel WRF EMS runs identical
to the operaticnal configuration at NWS MFL except for
the use of MODIS S5T composites in place of the RTG
praduct as the Initial and boundary cenditions over
water. Alsc, due to problems in the initial temperature
fields from LAPS, the LAPS analyses were excluded for
this experiment entirely. Instead, the initial WRF fields
were darived entirely from the 3-h NCEP NAM forecasts
for both the Control and MODIS SS8T runs.

The incorporation of the MODIS SST composites
into the SPoRT WAF runs were staggered such that the
0400 UTC composite initializes the 0200 UTC WRF, the
0700 UTC composite initializes the 1500 UTC WRF, the
1600 UTC composite initializes the 2100 UTG WRF,
and the 1900 UTC composite initializes the 0300 UTC
WRF. From mid-February to August 2007, 733 paratlal
WHF simulations were coliected for analysis and
verification 189 at 0300 UTC, 184 at 0900 UTC, 182 at
1500 UTG, and 178 at 2100 UTC.

Surface verification stalistics will be calculated at
57 land stations and 19 manne stabons as shown in
Figure 1. Stafistics included root mean square error
(RMSE) and bias for the 2Z-m temperature, 2-m
dewpoint, 10-m wind speed, 10-m u- and v-wind
components, and sea surface temperature. The

statistics are to be computed separately for the land
and marine stations since the marine stations might
show mare impact than the land stations. The SST has
already been verified at the 6 buoy and C-MAN stations
depicted by the filled boxes in Figure 1.

in additon to the verification statistics, the
coauthors have begun to examine several individual
cases in which the MODIS 8ST fields might have the
most impact on the WRF predictions. The initial focus
has been on easterly flow regimes where rain showers
have developed offshore and mpacted the Mami
county warning region. The potential impacts of the
MORIS 3STs on predictions of tamperatures, moisture,
convergent boundaries, and precipitafion pattems are
being documented.

5. PRELIMINARY RESULTS

5.1 Sample SST and Latent Heat Flux Difference
Fields

Figure 2 and Figure 3 show plots of RTG S8Ts,
MODIS 55Ts, and latent heat flux differences from a
sample forecast during Spring (1500 UTC 21 March)
and late summer (1500 UTC 18 August}, respectively.
What becomes mmediately apparent is the difference
in the level of detall of the initial SST fields in both
examples. In the SST initialization from 21 March, the
ATG SST shows a smoothly-varying field with ~4°C
temperature increase from north to south off the west
coast of Florida and only ~1°C variation off the east
coast and little variation around the shallower waters of
the western Bahamas (Figure 2a}. In contrast io the
RTG plot, the MODIS-initialized SSTs show a very
distinctive gradient of 2-3°C over a short distance on
either side of the well-defined Guif Siream current from
the Florida Straits south of the Keys to the east of the
Florida east coast (Figure 2b). A narrow wedge of cocl
55Ts is found hugging the east coast to the north of
Lake Okeechobee, coinciding with the location of buoy
B1114 in Figure 1. Noticeably cooler MODIS SSTs are
also found in the shallows of the western Bahamas.

These differences in 8STs translate directly into
variations in the sensible and especially latent heat
fluxes aver the water grd peints. The difierence in the
12-hour simulated latent heat flux (Figure 2c¢) shows as
much as 100 W m™ or more reduction in the latent heat
flux over the cooler shelf waters near the Florida
peninsula and western Bahamas, along with a
simultanaous increase in latent heat tlux of comparable
magnitude over the well-defined Guif Stream region.
Such variabons in heat fluxes over small distances can
lead to simulated mesoscale circulations that may not
be resolved by pradictons initialized with the much
smoother RTG 83T fleld. The authors are beginning to
examine several different WRF simulations under
easterly flow/showery weather regimes to diagnose the
possible impacts of the MODIS SS8Ts throughout the
period of recaord.

In the 18 August comparisen given in Figure 3, the
MODIS 38T field (panel b} again shows more structure
than the RTG figld (panel a), although the differences
are not guite as substantial as in the 21 March example.
An examination of the difference field in 12-h simulated



latent heat flux shows a very similar pattern as in the 21
March example, except with the opposite sign in most
parts of the domain (Figure 3c). Over the shaliower
watars of the western Bahamas and off the southwest
coast of Florida, the MODIS SSTs are now warmer than
the RTG and the subsequent latent heat flux is larger.
Meanwhile, the MODIS SSTs are slightly cooler over
the Gulf Strsam current, contrary to the 21 March
example. The only exceptions to this sign change are
found over Lake Okeechobee and the immediate shelf
waters of the Florida east coast, noith of Lake
Okeechobes. In those locations, the MODIS $5Ts and
corresponding latent heat fluxes are still lower than the
simulation using the RTG SSTs.

These results suggest that the MODIS SST
composite is better able to capture the seasonal
variations in SST gradients, which are closely tied to the
relative depths of the ocean around the Florida
peninsula, Florida Keys, and western Bahamas. An
examination of weekly or monthly mean SS5Ts
throughout the period of record would help support this
claim, and will be one of the next steps in our analysis.

5.2 88T Verification

The MODIS composites improve upon the RTG
errors In nearly all months during the period of record
(February to August 2007) for the 0300 and 2100 UTG
WRF initialization times, which correspond to the 1600
UTC and 1800 UTC MODIS composite timss,
respectively. The initial SST RMSE is reduced the mast
substantially in February and July, but also impraves in
March, April, and August {Figure 4a and d). The spring
months from April to June tend to have little or no
reduction in the RMSE.

The largest improvements in initial SST BMSE is
found at buoy B1114, located within the region of cool
shelf waters fo the east of the central Florida east coast
(refer to location in Figure 1), In every month except for
May, the RMSE is reduced by as much as 1°C or more
in all model initialization times (Figure 4). The RMSE
impravement is directly atfributed 1o a reduction in the
posiive RTG bias at this station (Figure 5). In every
model cycle, the RTG SST is too warm at buoy B1114
and the MODIS 88T composite reduces this bias
(sometimes toa much as in the case of May and
especially in the 1500 UTGC forecast cycle)

There are & few instances when the MCDIS SST
AMSE increased over the RTG initialization. Beth the
0900 and 1500 UTGC forecast cycles had larger SST
RMSE (Figure # and ¢} and negative biases (Figure Sb
and c) from May to July, especiaily during the period
from mid-June to mid-July {not shown). The possible
causes of larger errors during these tmes and specific
maodel Initialization times could be as follows:

» Cloud contamination/latency problems in the
MCODIS  BS8T  compositing  technique,
particularly in the mid-June to mid-July time
frame (Hanes st al. 2007).

s+ The time difference between the MODIS
composite and the modet initlalization. The
0700 UTC composite in particular may not be
representative of the sea surface at the 1500

UTC model initialization time due to diurnal
fluctuations in the SST.

The possible latency/cloud contamination problem
during June and July can be inferred from the time
series of SST initializations at Long Key, FL (LONF1,
Figure B). From mid-June through 12 July, the MODIS
S8Ts are consistently toa cold compared 1o
observations and the RTG values, during a time of rapid
increase in SS5Ts. During this time frame, thare are
several-day periods when the MODIS SST is nearly
constant at LONF1, suggesting a latency problem
possibly caused by extensive cloudiness. The MODIS
SST compaosite “jumps” up to the observed values by 13
July, but still experiences nearly constant values during
the latter part of July.

The mean MODIS, RTG, and observed $8Ts, and
the RMSE and biases for the entire period of record are
summarized as a function of forecast cycle in Table 1.
The mean MODIS SST (FBAR MODIS) best matches
the mean chserved values (OBAR) In the 0300 UTGC
and 2100 UTC forecasts. In both of these forecast
cycles, the MODIS RMSE is slightly smalier than the
RTG. The MODIS SS8Ts do tend to be negatively
biased, however, in each forecast cycle except far the
0300 UTC cycle, probably partially due to the time lag
between the MODIS composite and the model
initialization time. As described earlier, the biggest cold
bias at 1500 UTC could be caused by the 0700 UTC
nighttime composite not being representative of the skin
temperatures at 1500 UTC. Because of the limitations
in overpass times of the MODIS satellites, an alternative
solution could be to consider other model initialization
times that better correspond to the overpass times of
MODIS. A Iimiting facter, however, is the time required
to produce the composite before it can be available to
initialize a model run.

6. FUTURE WORK

Our future efforts In this project will consist of
campleting the surface verffication of atmospheric
variables over land and water stations, including
accumulated precipitation. We will examing specific
cases throughout the period of record in which possible
forecast improvements can be discerned by using the
high-resolution MODIS 8ST composites. Finally, SPoRT
and NWS MFL seek to implement an operational
sclution of initializing WRF with the MODIS SST
composites at the Miami WFO, based on the results of
this study.
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Surface Verification Sites
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Figure 1. Surface stations used

for varification of WRF modsl

forecasts, including land stations [METAR, Florida Automated Weather
Network (FAWN), and South Florida Water Management District
(SFWMD)], and marine sites [buoys and Goastal-Marne Automated

Network (C-MAN)].



RTG SST (C) valid 070321/1500¥000 MODIS SST (C) valid 070321/1500V000

Figure2.  SSTs in the WRF simulation initialized at 1500 UTC 21 March 2007 for (a) the 1/12° RTG SST
product, and (b) the MODIS composite. (c) Difference in 12-hour forecast latent heat flux (W m™) between
the MODIS and RTG WRF simulations, valid at 0300 UTC 22 March 2007.
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Figure 3.  Same as in Figure 2, except showing the forecast initialized at 1500 UTC 18 August 2007.
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Figure 6. June—July 2007 time series of daily 0900 UTC observed S8Ts at
Long Key, FL (LONF1), dally RTG-initialized S8Ts, and MODIS-initelized
53S8Ts interpolated to station LONF1 from the 0400 UTC composite,
according o the legend provided.

Table 1. Summary of mean forecast SST (FBAR for MODIS and RTG), mean cbserved SST (OBAR),
RMSE, bias, and corresponding MODIS composite for all 6 marine sltes in each forecast cycie.

Forecast

MODIS FBAR FBAR RMSE RMSE Bias

Cydle  Composite MoDis RTG °°”R mopis Rt mobis DS RTG
0300UTC 1900UTC 269 270 268 1.1 12 01 0.1
0900UTC 040DUTC 258 267 263 13 13 05 0.4
1500UTC 0700UTC 257 270 267 16 13 09 0.3
2100UTC 1600UTC 264 267 269 12 14 06 D2






