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Abstract

The WindSat/Coriolis satellite is the first polarithetric microwave radiometer used
fo measure ocean surface Wind speed 'arld dlr’ection. The Advanced SCATterometer
(ASCAT) instrumeut, on the European Meteerolegieal Operational (MetOp)' satellite
program’s — polar‘orbiting MetOp-A satellite, is a scattefemeter that has been primarily
designed to provide global ocean wind with exteud_ed coverage, anzi better accuracy in the
wind components‘tvhan previous cemparable-Satellites. In collaboration with NASA, the
United States Navy, NOAA and NCEP personnel, the Joint Center for Satellite Data |

" Assimilation (JCSDA) has been evaluating the forecast impact of assimilating WindSat
‘ andlASCAT data in the National rCenters» for Environmental Prediction (NCEP) Global
| Data Assimilatioh/Global Forecast System (GDAS/GFS) model.

Using the NCEP GDAS/GFS as the assimilation system and forecast model, the
objective of this thesis is to evaluate through forecast hour 168, the forecast impacts
associated with the assimilation of the WindSat aud ASCAT surface wind products into
the NCEP GDAS/GFS during two-season observing system experiments (OSEs).

The irupacts of assilhilating the ASCAT and WindSat surface wind products were
assessed by comparing the output through 168 hours.of control simulations utilizing all
the data types assimilated into the operational GDAS with e)tperimental simulations

- using these new surface vlrind products. Quality control procedures required to assimilate
the surface winds are discussed. Anorhaly correlations (AC) of geopotential height at

1000 and 500 hPa were evaluated for the control and experiment during both seasons.
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Sl
The geographical distribution of forecast impact on the 10m wind, 500 hPa wind,
1000hPa temperature, and 500 hPa temperature fields are also presented.

The results of theee studiee show that the assimilation of WindSat and ASCAT
surface? wind retrievals improves forecest skills: in terms of traditional anomaly
correlation. In addition to use NCEP",s verification software to quantify forecastim’pacts,
aﬂer_‘ the two season surface winds experiments ~were completed, we .compared the
attributes of forecasts using the ASCAT/WindSat data to a set -ef corxtrol bforecast
experiments by computing the geegraphic distribution of Forecast Irrlpact (F D). FI study is -
a useful tool to-diagnosis the short term forecast skill before the statistical results are
shown in the traditional anomely correlation curve. Positive forecast imeaets are noted of
wind and temperature field particularly in the tropics for 500hPa wind speed ﬁeld. starting
from 6 hour forecast and beyond.

In addition to the forecast impact results from assimilatiorl of the ocean surface
wind vectors, case assessments have been performed to investigate the surface winds
vectors’ impacts on"the development African easterly waves. Results of this study are

discussed.
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Chapter 1: Introduction

Sea surfape wind Qectors have been estiinatéd with active remote sénéing
instruments, such as" QuikSCAT (Yu and McPherson 1‘984) and the Advanced
SCATterometer (ASCAT) and with passiye‘_polarimetric ,microWéve radiometery,‘ such

~as WindSat (Bettgnhausen et al., 2006). The_aséimi‘laiion of these hcar—ocean _surface
wind vectors has been proven to have a positive inipact on NCEP global forecasts (Le
Marshall et al., 2006, Bi et ., 2008).

The primary application of spaceborne scatterometry is to provide estimates of
near-surface winds over thé ocean. The notion of metcorologiéal scatterometery has its
oﬁgins in some of the earliest uses of radar dliring World War II. At that time, the earliest

"~ measurements from radar the ’over oceans were found_ to be corrupted by sea clutter
(noise). It was not known that vthé noise could be attributed to the radar response to the‘ o
winds ‘(’)ver the oceans. Radar response was first related to wind in the late 1960's. The
first spacebomé scatterometer, which flew as part of the NASA Skylab»missions'in 1973
and 1974, demonstrated tbe feasibility of épacebome sqétt_erometry, .

Since 1991 ‘scattérometers‘ onboard satellites have provided continuous surface
wind speed and direction. estimates over the global oceans. Scatterometer sﬁrfacer wind

- products are widely used for bvarious scientiﬁ'c‘ ;'md. operational purposes. For instance, -
_scatterometer surface wind measurements have been used to enhance the determination

of the ocean cir¢u1ation model forcing function at global and regional scales. These wind
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products have been successfully assimilated in numeriéal weather prediction mo_d‘els‘ (e.g.
Figa etal., 2000). Numerous étﬁdies have demonstrated the posi_tive impact of
scatterometer wind itétrievals in pfedictiori and describing tropical cyclones (e.g. Le
Marshali et él., 2000; Katsaros et: al., 2001). All these studies contribute significantly to.
promoting the use- of remotely sensed winds and encourdge satellite orgariizations tov
’maintain surface observation systems from scaﬁeroniéters.

| As the only femoté sensing systems'able to provide acéurate, frequent, high-
resolﬁtic)n measurements of ocean surface wind speed and direction under both clear sky |
and cloudy conditions, SCatterémeters F'play an increasingly, imp_ottant role in
oceanog_raphic, meteorological,‘ and climatic studies. Scatterometers ﬁse' an indirect
technique to measure wind over the bcean, sihce the atmospheric motions themselves do
not substanﬁally affect the radiation émittéd and received b‘yrthe radar. Scatterometers
’transmit b'microwaf/e pulses and receive backscattered _pov;'er frqm the ocean surface.
Changes in wind velocity cause changes in o;:ean surface roughness, modifying the radar
cross-section of the ocean éﬂd the magnitude of the backscattered power. Scatteromgters
measure this backscatteréd power, allowing estimation of the nor'malized radar cross |
séction (o¢) of the sea surface. Béckscatter cross section varies with both wind speed and
direction when measured at moderate ihc'ideﬂce angles; | Multiple, collocated, neérly
simultaneous 0(; measuvrementsv-acql_lired from several d‘irect'ior.lsb can thus Be used to
retrieve (i.'e.\, sOlvev si'multaneously fof) wind speed and direction. |

Polarimetric microwave f_adiom_eters measufe passively the microwave radiation

emitted from the ocean surface and quantifies these measurements in terms of the
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brightness temperature. In microwaveb measﬁreﬁlent systems, the amoﬁnt-of radiation
detected dépends on the prdperties of the scene and the observation .frequency. Wind
roughening the surface of the ocean causes an increase in the brightness temperature of
the ‘microwave radiation emitted from the water's. surface. Airborné experiments -
conducted jointly by Naval Research Laboratory and the Jet Propulsion Laboratory have
indicated that there is a relationship between Wind speed and direction and the surfaéé
roughness. |

Tn this dissertation, we consider tiaree éatellite remote sensing\ systems,

QuickSCAT, ASCAT, and WindSat.

Thesis objectives and structure |
As the objectives of thjs thesis, two seasons of WindSat/ASCAT data have been |
assimilated into the NCEP GDAS/GFS model, the forecast impact of assimilating the
WindSat surface winds was assessed by comparing the forecast results with and without
assimilating‘the WindSat/ASCAT winds through i68 hours for the months of October
- 2006 and March 2007 for the WindSat experiment and months of August 2007 and ,
January 2008 for the ASCAT experimentf Quality control proéédﬁres required to
_ass_imil'ate}the surface winds are also discuésed andv'theb geographical distribution of the
| anomaly correlations and forecast impacts are presentéd. |
| | Tﬁe thesis is Structufcd as follqws. Chapter 2 briefly ’dcs;:ribés background
informatidn related to the National Centers for Environmental Prediction (NCEP) Global

Data Assimilation/Global Forecast System (GDAS/GFS)' version used for this study.
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Chapterr3 discusses the diagnostic tools used to evaluate the forecast impacts. .The results |
of the calculations the author perforrhed for the WindSaf experiments are found in
ehapter 4. These results were published in Le Marshall et al. (2006) prior to the defense
of this dissertation. Chapters 5 and 6 are intended to be stand—alene papers that will be
submitted to refereed journals following the defense. References cited in chapters 5 and 6
are found at the end of the 'dissertation. Chapter 5 presents the results for this WindSat
forecast impact study through 7 days of model foreeasts. Chapter 6 presents the fesults
for this WindSat forecast impact study through 7 days of model forecasts. Chapter 7
presents the results from case study and the investigation of how the surfaeei winds affect
the forecase development of African easterly waves. Chapter 8 summarizes the overall
- results ef these experiments and provides a critique of the experimenfel design used to

evaluate the usefulness of observations taken from new observational platforms.
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Chapter 2: Background information

| 2.1 0verviéw of ocean surface wind vector sensors

Oceanic near-surface wind vector is a key péramefer for shoﬁ-term wéa;her
forecasting, the issuing of timely ’w‘eather warning, and the gathering of general
climatological data. In addition, it affects a broad range of naval missions, including
strategic ship movement and positioning, aircraft carrier operations.Near surface wind
data, combined with other remotely éensed and in situ measurements help in
understanding mechanisms of global climatic change and weather. These measurements
will help to determine atmospheric forcing, bce_an response and air-sea interaction
mechanisms on various spatial and temporal scales. (QuikSCAT Science Data Product
User’s Manual, 2001) Wind stress is the single largest source 6f momentum to the upper
ocean, driving ocean mdtiohs @n scales ranging from surface waves to basin-wide current
systems. Winds over the ocean modulate' air-sea fluxes of hear, moisture, gases' and
pérticulatés, regulating the crucial coupling between aﬁnosphere and ocean ‘that‘
establishes and maintains global and ieéional climate. Measurements of surface wind
velocity can be assimilated into régional and global numerical weather and wave‘
'prediction models, potenﬁally improving thé -ability té preﬂict weather on longer time
~ scales. |

WindSat measurements will help researchers determine atmospheric forcing,

ocean response and air-sea interaction mechanisms on various spatial and temporal scales.

#
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Operational users w111 need to develop 1mproved methods of ass1m11at1ng w1nd data 1nto
numerlcal weather and wave—predlctlon models. -

Slnce 1991 scatterometers onboard satelhtes prov1de contlnuously valuable

, ‘~surface wind speed and direction _estimates_over global ocean. Scatterometer surface wind :

products are w1dely used for Varlous sc1ent1ﬁc and operatlonal purnoses For instance, | ‘

‘they were used to enhance the determmation of the ocean circulation model forcmg

function at global scale as well as at regional scales.vThey were successfully used within

: assimilation 'process, in niumericali weather prediction models. vNumerous studies

demonstrated, the povsitive impact_ of scatterometerv.wind retrievalsiri‘ prediction ‘and‘

) ‘ ' d1agnos1s of troplcal cyclone structure. All these studies contnbute s1gmﬁcantly to

'promote the ‘use of remotely sensed w1nds and encourage satelllte orgamzations to

- maintain surface observation systems from scatterome_ters.

2.1.1 Overviéw of QuikSCA T scattefometer.and measurement geometries

The SeaWinds on QuikSCAT rnission was flown as a “quick recovery” mission in
June 1999 to ﬁll the gap created' by the loss of data t‘i'orn the NASA Scatterometer
(NSCAT) in June 1997. The QuikSCAT satellite was:_launchedinto a sun-synchron‘ous,v
80'3-kilome'ter‘ icircular orbit with a locai equator crossing tirne at the ascending.‘node of
6: 00 AM :!:30 minutes. Table 2.1 lists the parameters that defines the nominal orbit for

. QuikSCAT
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Table 2.1. Nominal Orbital Parameters

Recurrent Period - | 4 days (57 orbits)

Orbital Period ‘- 101 minutes (14.25 orbits/day)
‘Local Sun time and Ascendingnode | 6:00A.M + 30 minutes
Altitude above Equator 803 km

Inclination | , 98.6160°

The SeaWinds insﬁument on QuikSCAT is an active micfowave radar ‘d‘esigned
to >measure' electromaghetic backscatter from wind roughed ocean surface and infer‘ “
subsequently the near-surface wind speed and direction under all weather and cioud
'éoﬁditions over Earth’s ocean. QuikSCAT uses a dual-beam, conically scanning rotating

. antenna that.samples the full range of azimuth angles during eaéh revolution. At.the
QuikSCAT orbital altitude o‘fv 803 km, the radii of the inner Iand. outer beams are about
700 and. 900km. In principle, thé QuikSCAT measurement approach therefore yields a
vsingle, contiguous swath of 1800-km Width centered on the satellite’s nadir suBtrack ovef
o'ceah; land, and ice. This approach allows for approximately 1.1 million daily dcean
surface wind estimates to be ‘obtained . |

Spaceborne scatterometers transmit microwave pulses'to the ocean surféce and .
rheasuré the backsqattered power received at the instrument. Since atmospheric motions
themselves do not éubétantially affebct thef,ra.diation 'emitted and receivéd by the radar,
scatterometers use an indirect tébhniqué to measure Willd veloéity over the ocean. Wind
stress over the ocean geﬁerétes ripples and small waves, Wﬁich rdugheh th'ev sea surface.
Thése waves modify the radar cross-seétion. (00).4 of the -oéean sufface and hehce the:
magnitude of backscattered power. In order t; retrieve wind vector estimates from these
measurements, the relationship between ‘oo and near-surface vwvinds, vknown. as tile

geophysical model function, must be develdped.
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The cross section o, varies with 'wind speed, wind direction relative to the antenna
azimuth, inc,idénce angle, polariZatiQn, ‘and radar ﬁedueﬁcy. Ne’ar—silﬁultaneous, "
cpllocated Co measﬁrements are acquired from different measurement geometries and

, polariZatiohs, allqwing wind bspe‘ed and direc;tic;n' to be retrieved in ground‘procesrsing "

- (Naderi évt al. 1991). The | scatt‘er'omete'rs. developed and dperafed Byr NASA acquire

vertic_:aily and horizontally polarized oy, measurements at Ku-band frequency (153.4 GHz) '

with apﬁrbxifﬁately 25-km resolutions. E R

| An accurate model ﬁlﬁcfion is ‘éssential to deriving ocean wind vectors from

scatterometers measurement. The initial poét-launch model function l;sed for QuikSCAT

- was the NSCAT-2 i‘nodel. Startiné with the version 2.0 of the data set, the model fuﬂction |

used was the QSCAT-1 model deVeloped during the QuikSCAT calibration/validation

phase. Finally, the recalibrated model function called QSCAT-1/F13 was :1Sed for ali

L2B processing staring July 2006. The SeaWinds wmd retneval algorlthm uses a

: max1mum—11kehhood estimator (MLE) as the objectlve functlon for determlmng wind
vector solutions. |

| The wind retrievals are calibrated to ‘the equivalenf neutral-stability wind at a

referehce height of 10m abbve the sea surface — that is, the lOml wind that wbuld be

associated with the observed surface stresé if the atmospheric boundary léyer were

neuti‘ally stratified (Liu and Tang 1996).

2.1.2 Overview of WindSat radiometry

(a) Mission Description
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The WindSat payload was launched on 6 January 2003 on the Coriolis satellite.
Coriolis was originally des1gned as'a 3 -year demonstratlon/vahdatlon mission sponsored
by the Department of Defense (DoD) Space Test Program (STP), the us Navy and the
National Polar-Orbiting Operational Environmental | Satellite - System (NPOESS) -
Integrated Program Office (IPO). The primary payioad, WindSat, is a multi—frequency

o poiarimetric microwave radiometer developed by the Nav_al Research Laooratory Remote
Sensing Division. WindSat is designed to demonstrate the viability of using polarimetric
microwave radiometry to measure the ocean surface wind vector from space.

Coriolis is in a 98.7° inclined orbit at an altitude of about 830km and with a local
ascending node' time near 1800 UTC. It vcomplete's abor_it 14 orbits per day with each orbit
‘requiring 102 minntes. WindSat records data on both the forward (fore) and back (aft)
side of each spin of the conically scanning feedhorn structure. The on-Earth fore- and aft-
viewing swath width encompasses 1025 and 356 km, respectively, as the sensor’s conical
scan spins counterclockwise (Gaiser et al., '2004). The nominal orbit for CORIOLIS is
defined by the following parameters lists in Table 2;2.' , |

Table 2.2. Nominal Orbital Parameters

Recurrent Period , 8 days
Orbital Period , | 102 minutes (14 orbits/day)
Local Sun time and Ascending node 6:00 P.M.
5 | Altitude above Equator L 840 km
Inclination 98.7"

(b) WindSat Sensor Overview and measurement geometries
The WindSat radiometer has polarimetric channels at 10.7, 18.7 and 37.0 GHz

and dual-polarization (vertical and horizontal) channels at 6.8 and 23.8 GHz. These
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-provide information related to surface wind vectors, sea surface temperature, atmospheric
' water vapor, integrated cloud li(iuid water and rain rate over the ocean. Measurements of
 the mpdiﬁed .Stokes vector pfovide sufficient information to bretri’eve the oc.ean wind
vectof. The 6.8GHz dual-polarized channel is sensitive to sea surface temperature (SST) |
and is used to determine effects due to vériations in SST. Similarly, the 23.8GHz dual-v
, polaﬁzed chénnel is highly sensitive to atrnospheric water vapor. Consequently,
measurements at 23.8 GHz hélp detenﬁine the effects of atmdspheric attenuation on
radiation from fhe jbceanvsurface. The WindSat instrument channel characteristics afe

summarized in Table 2.3.

Table 2.3. WindSat Characteristics

Frequency - | Bandwidth | Incidence Spatial
(GHz) Polanzatlon .| (MHz) = | Angle (deg) [ Resolution (km)
6.8 V.H .| 125 53.5 40x60
10.7 V,H,+45,L,R | 300 49.9 25x38.
18.7 : | V,Hx45,L,R | 750 55.3 16x27
23.8 { V.H 500 53.0 12x20
37.0 V,H,+45,L,R | 2000 53.0 | 8x13

NRL has developed a nonlinear iterative algorithm for simultanéous rgtrieval of
sea surface terriperature, colﬁmnar water vapor, columnar cloud liquid watér,»‘and the
ocean surface wind vector from WindSat measurements. The algorithm uses .a physically
based forward model for estimating the WindSat brightness tempefature. From the
radiation measurements of the modified Stokes vector, which includes fhe v¢rtical and
horizontal polarizations and the third and fourth Stokes parameters, wind speed aﬁd
direction can be retrieved (Bettenhausen et al., 2006). The ocean surface wind vectors

have been determined using a non-linear iterative optimal estimation method which
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employs a or_ie-layer atmospheric and a sea surface emissivity model. WindSat wind
speed retiieval,,precessirig also uses a median ﬁltering technique to smoeth the final wind
field and applies empirieal .correct‘ions to the vertically and liorizontally pele‘u'ized
brightness temperatulfe to the physically based mOdel.(Bettenhausen et al., 2006).

Various improvements to the WindSat wind vector i'etrieval, algorithm Were
ineorporated to derive the wind vectors (version'2) and used to generate the data in this
study (Peter ‘Gaiser, personal communication). The wind data weré delivered as
Environmental Data Records (EDRs) and put into Binary Universal Form for the
Representation of meteorological data (BUFR) format at the Nationai Oceanic e.nd

Atmospheric Administration’s (NOAA) NCEP in preparation for operational use.

2.1.3 Overview of ASCAT scatterometer
(a) Mission Descriétion
The ASCAT mission has been primarily‘designed to provide global ocean wind
vectors eperationally. The main ai)plicatien foreseen is the assimilation of those winds
into numerical weather prediction (NWP) models. Furthermore, its dense cmierage makes
the winds useful for direct use by operational weather forecasters when performing the
necessary real-time interpretation of NWP model results ;, to elaborate a forecast.
Requirements arising fro_m the use ef the data include (1) extended coverage; (2) better
accuracy in the win(i components; and (3) real-time data/ access.
| ASCAT is on the MetOP-A satellite which was lalinched on 19 October 2006.
- MetOp-A is the first in series of three satellites developed to provide meteorologieal data

until 2020. MetOp is in a circular orbit (near sun synchronous orbit) for a period of about
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101 minutes,»at ’ani inclinatiori of 98.599 and at 2 nominal .he'ight of 800l{1n with a 29-day

| repeat cycle. The ascendmg equatonal tlmes occur approx1mately at 09:30 p.m. local
“time for MetOp ASCAT has two swaths 550 km wide, located on each s1de of the
satelllte track separated by 700km It operates at 5 3 GHz (C band) (Bentamy, 2008).

" Besides ASCAT MHS, AVHRR, AMSU-A IASI and GOME 2 are also on board

' MetOp-A The nommal orblt for MetOp 1s deﬁned by the followmg parameters lists in

Table 24,

Table 2 4 Nommal Orbital Parameters
Recurrent Period . - 29 days
Orbital Period : 101 minutes (14 orbits/day)
Local Sun time and Ascending node 9:30P.M.
Altitude above Equator . 800 km
Inclination - 98.59"

(b) ASCAT Sensor Overview and measurement geometriési -

ASCAT vis a real aperture radar using vertically polarized antennas. It transmits a.
long pulse with a llnear frequency modulat1on or Chll‘p Ground echoes are received by

v the lnstrument and after de- chlrplng, the backscattered signal is spectrally analysed and

- detected. The ASCAT ‘beams measure normahzed radar cross sections wrth vertrcal
o polanzation, whlch are a dlmensmnless property of the surface, descnblng the ratio of the :
effective echomg area per unit area 1llum1nated The backscattered s1gna1 is spectrally
detected and analyzed. In the power spectrum, frequency can be mapped into slant range

provided the chirp rate and the Doppler 'ﬁ'equency‘are known. The above processing is in
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effect a pulse ~ -compression, - which »proVides range resolution

* (http://www knminl/scatterometer/publications/pd/ASCAT Product Manual.pdf).

Two sets of three antennas are used tb generate radar beams looking 45° forward,
| sidewéys, and 45° baci(wards with respeét to the' éatellite’s flight direction; on both sides
 of the satellite ground track. ‘These beams illuminate 550 km-widé swaths (separated by 

‘ babout 700km) as the satellite moves along its orbit, énd each provides measurements of
radar backscatter from tﬁe sea surface on a 25 km or 12.5 km grid. The result of three
independent backscatter measuréﬁlents fbt each wind vect‘or' cell are obtained ﬁsing the
three different viewing directiohs and separéted by a short time delay. As the backscatter
depends on the sea surface roughness as a function of the wind speed and direction at tﬁe
ocean surface, it is possible to calculate the surface wind speed and direction by‘ usihgv"v'

~these - “triplets’ | within ~~  a mathematical mbdel

(http://www knmi.nl/scatterometer/publications/pdf/ASCAT Product Manual.pdf).

The Koninklijk Nederlands M_etéorologisch Instituut (KNMI) (Royal Netherlands
Meteorolbgical Institute) processes and makes available surface wind vector data derived
from the ASCAT backscatter coefficient. For the KNMI ASCAT wind prbduct, the

s

CMODS5.5 geophysical - model function (GMF) o is ‘used

http://www .knmi.nl/scatterometer/publications/pdf/ASCAT Product Maﬁualpdﬂ. Thé
GMF has two unkﬁowﬁs, namely wind speed and wind direction, 50, if more than two
backscatter measurements are av»ailabll‘e then these two unknowns may by estimated using
;a maximum;likelihdéd estimator (MLE) as the objéctivé funétion for deterniining wiﬁd

vector : ‘ ' ‘ ; solutions
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http://www knmi.nl/scatterometer/ ublieationsl df/ASCAT Product Manual.pdf). The |

‘ solution‘ selection is perfoi'med based»on the 2D-VAR method (Stoffelen et al., 2002). |
- ASCAT wirld products (L2 b product) were declared pre-operational onv 10 October 2007

at the‘ en(l of the scatterometer calibration experiment using a groimd> transponder. | |
Tlle ASCAT data ﬂ'owz from the MetOp satellite to the National Oceanic vand
Atmespherie‘Admivnistraition’s (N OAA)_ processing sYstefn ahcl are convetted inte Binaty
Universal ‘Form for the Representation of,vr‘neteofologieal deta (BUFR) format_ at the

NOAA NCEP in pfeparation for operational use.

2.2 Overvtew of Global Data Assimilation System/Global Forecast System
Al anuary 2007 version of the Gridpoint Stat1st1ca1 Interpolation (GSI) routine
and GFS were used for the observing system experiments. The NCEP assimilation
system consists of a first or “early” cycle With a 2.5 hour cut-off. The analyses forl this
‘cycle are performed at times eentered on /OOOO, 0600, 1200 end 1-800 UTC and are
followed by a 384 hour forecast. Consisterlt with the eperational GDAS/GFS, a model
resolution of T382L64 (ie., spectral tn'angulal“ Vtru-neatien 382 with 64 layers) is used -
thtough 168 hours. For this study, only the 0000 UTC forecasts were run. The analysis
| "is repeated latter (+6 »hrs) te previde tlle “ﬁnal”vanalysis for the six hour forecast for the
netct early vcycle first guess. This “final” analysis includes data that had missed the
prevlous “early” data cut-ol’f. 7
Tlle vertical domain of GFS medel ranges from the surface to approximately 0.27 |
hPa and is divided into 64 unequelly spaced sigma levels w1th ‘enhanced resolution near

the bottom and top of the model domain. There are 15 layers below 800 hPa and 24
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layers above 100 hPa. The time iﬁtegration is leapﬁ'og fof nonlinear advection terms and
vseini-implicit for gravity waves and the zonal advection of .Vorticity and moisture.
Comprehensive documentétion of the GFS was 'completed by the National
Meteorological Center (NMC) (now NCEP), Development Division (1988) and can be |
found online at htgp://wwt.emc.ncep.noaa.go;//‘gr_nb/wd23]'a/doc/web2/tocold1.html.
Subsequeﬁt model devélopments >after corflpletioo/ of the' aboVe dooumentation have been
summarized by VKavtvnamitsu (1989), Kalnay (1990), and Kanamitsu et al. (1991j). More
recent updates to the radiation, oufface layer, vertical diffusion, gravity wave drag,
convective precipitation, shallow convection and non-conyective prec“_ipitation’ can be

found at http://sgi62.wwb.noaa.gov:8080/research/SONGYU/doc/p_hysmrfl .html. The

most recent information about the GFS atmospheric model (2003) is in NCEP Office

Note No. 442 or online at htgp://emc.nceg.noaa.gov/ofﬁcenotes/newemotes/OF442.pdf.

A summary of GFS changes and references up to and past the dates of this study are

available in  an  “updates” . log  of ohanges ~ online  at both -

http://www.emc.ncep.noaa.gov/gmb/moorthi/gam.html and

httb://www.emc.ncep.noaa.gov/gmb/STATS/html/model chonges.html.

The GDAS utilizes a three—dirpensional Variationall data‘assimilation (3DVAR)
scheme to obtaio an initi;l state that fits opﬁmally (in a least squares senso) the available
observations and a short-range (6 hour) forecast (background). In this study, we use
NCEP’s GSI (Derber et al. 1991; Wu et al. 2002; Derber et al. 2003) 3DVAR system.
With this type of analysis system, the incorporation of radiances directly into the analysis

and assimilation system has become practical. The analysis-becomes a 3D retrieval of
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mass, motnentum, and moisture fields derived from all available data inciuding the
radiances (Caplan et al. 1997).The GSI uses a thinning routine which identiﬁes the
optirﬁal radiance profile for each satellite sensor type (AMSU;’ HIRS, MSU, etc.) in a pre-
_ designated' grid box. The optimal radiance p‘roﬁlé is detérrhined by its departure from the
model backgfound temperature, distancé from thé center of the grid box, tempordl

departure from the assimilation time, and surface features (ocean, land, ‘and ice).
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Chapter 3 Diagnostics Tools

Several diagnostics were performed using the Control and WindSat/ASCAT
experiment analyses and forecaéts. In this section we briefly describe the diagnostics used

throughout this thesis.

3.1 Anomaly Corielaﬁ'on (AC) statistics
The anomaly correlation (AC). 1s the correlation betweén the forecast and
analyzed deviations from clirﬁate and can be regarded as a skill score with reférence to
the climate. In this study, fhe ACv statistics were performed using the traditional NCEP
algorithms (NWS 2006) which are commonly used by NWP centers worldwide. The
‘ computatidn pf all anomaly correlations for forecasts produced by the GFS are compléfed
using cdde devéioped' and maintained at NCEP. NCEP (NW S 2006) provides a
- description of the méthdd of computation while Lahoz (1999) provides an interpfetation
for the anomaly correlation statistic. The ‘reanalysis fields from the}National Center for
Atmospheric Research (NCEP/NCAR) (Kistler 2001) ére used for the climate componeht
of the anomaly‘ cofrelations. This reanalysis was run at a resolution of T62L28. The
output grids were reduced to 2.5° by 2.5° ‘horizontal resolution and to rawinsonde
mandafbry levels. vTo' éalcﬁlate anomaly correlations the -output grids from the control
and Both experiments werevreduced to this 2.5° by 2.5° horizontal résolutio_n using the
GFS post processor. The fields being evaluated usin‘g’anomaiy co’rrelétions are truhcated
to only include spectral wave numbers 1 thfough’20. These fields are algo limited to the

zonal bands of 20°-80° in each Hemisphere and a tropical belt within 20° of the equator

—
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The anomaly correlation eoetﬁc1ent is computed for 1nd1v1dua1 model forecasts

and the ensemble based on the method suggested by Brankovrc et al. (1990) Anomaly |

.‘correlatlon for forecast vanables is deﬁned as the correlatlon between the predlcted and »
analyzed anomahes ‘,-‘of the varlables Here anomalles -are dev1at10ns from the ‘mean

cl1matolog1cal values The followmg express1on is used for computmg the anomaly

correlat1on of geopotentlal height at SOtha | | ! 7
e -2)-@ Z)Il(z 7))
JZ[(Z -2)-@: Z, -2 Y|z -2)-@, -2 )]2

-[}He‘re suffix F__denotes forecast,.-s_ufﬁx C denotes'climatology and sufﬁx V stands for

ACC =

verifying analysis. Over bar is the arca mean and Z is the geopotential height at 500hPa.

3. 2 Geographtc Dtstrtbutwn of the AC
In addltlon to the trad1t10nal AC statlstlcs geographlc d1str1but1ons of the AC for‘
| the lOOOhPa and 500hPa geopotentlal helght fields are performed The ﬁeld bemg_
evaluated us1ng geographrc AC d1str1butrons include all spectral wave numbers. These .

| ,. ﬁelds are not limited to the zonal bands or the troplcal belt.

'3 3 Forecast Impact (FI)
Another dlagnostlc used here is the modlﬁed forecast impact (FI) Wthh 1s‘: |
| discussed further by Zapotocny et al. (2005).v For this study, a series of two-dlmensmnal

. Flresults are presented as the positive/negative impact provided by the experiment of a
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particular data type. The geographic’ distributions of FI are shown in section 4.b and are

evaluated using:

g Z(Ei —4)’

l - W

-4y [DE -4
U N

FI(x, y) =100 {[{|-=-

The “variables C and E are the control and exp‘éi'i‘ment'forecasts,Arespectivgly. The
variablé A is the Ob-hr GDAS;experiment analysis cohtaining all data types which is
~valid af the same time as the fdrecasts. Nis thé number .of diagnostic days. ' |
The area ratio weights the grid pbints_to acéo'unt' for the reduction in area as the

grid boxes approach the poles. The area ratio Weighﬁng is defined as

- A _ A
sin(g; +—) —sin(4; ——)
A = A x 2 “

1 i

- — @

2 sm(—2—)

* Where g¢is the latitude of grid point i and A is north/south resolution of the gﬁd box. The

' .numerator is the relative size of the grid box. The denominator is the relative size of a
gnd box af fhe equator. | |

. The vertical cross section plots shown in section 4.c are evaluated using:

Y€ -4y [NE-4) |

FI(t,z) =100

3)

Where X is the number of horizontal grid points. ‘, A’, C’ and E’ are the area ratio

J
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weighted Values of A, C and E deﬁned in (1). The first term on the rrght enclosed by
parentheses in (1) and (3) can be consrdered the error in the denied experiment The
second term enclosed by parentheses in (1) and (3) can be cons1dered the error in the
control forecast Dividing by the error of the control forecast normalizes the results.

- Multlplylng by 100 prov1des a percent 1mprovement/degradat10n w1th respect to the RMS
error of the control forecast. A positive forecast impact means the WmdSat forecast
Icompares more favorably to its corresponding analysis than the control.

" The Flis then averaged over the number of days by using:

ZFI(t 2) _
‘»FtL_—l_N__.,‘ “  _(4)
Where FI is from (3) and N is the number of dlagnostlc days
| All FI dlagnostlcs were computed from - grids generated by NCEP’s post
processing package. These grids have a 1° X 1° honzontal resolution and have 26
vertical isobaric surfaces. None of the fields ‘Were .s_moothed, during plotting. - The

forecast diagnostics for this paper were also terminated at 168 hours to concentrate on the

shorter term forecast impacts.:
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Chapter 4: WindSat Polarimetric Microwave Observations

Improve Southern Hemisphere Numerical Weather Prediction "

41 Introduction -
Measurement of global ocean surface wind vectors is important for short ahd
medium term weather forecasting, ecean foreeaeting, the issuing of timely warnihgs and
* for the elimate record. As a result WindSat, a space-based multi-freduency polarimetric
microwave radiometer (Gaiser et al., i004), was deveioped by ‘the Naval Research>
Laboratory for the U.S; Navy and the National Polar-orbiting Operatidnal Environmental
Satellite System (NPOESS) Integrated Progrem Office (IPO). It was designed to
demonstrate the capability of polarimetric microwav'e'. radidmetry to measure ocean
. surface wind vectors from space. Similar technology: has been planned for the NPOESS
Cenical Microwave Imager Sounder (CMIS) inétrument_. The Coriolis/WindSat satellite
~ was launched on 6 January 2003 into a 830-km V98.7-degfee orbit. It was designed

fora three-Year lifetime.

4.2 The WindSat Radiometer
The WindSat radionieter has polarimetric channels at 10.7, 18.7 and 37.0 GHz
and dual-polarization (vertical and horizontal) channels at 6.8 and 23.8 GHz. These .

provide information related to surface wind vectors as well as sea surface temperature,
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'atmospheric water vapor,.infegrated cloud quﬁid water and rain rate over the ocean. |

: Measurementsv of the modified stokes vector, which includes the vertical and horizontal -
vpo‘larizations and the third and _fourth st(;kes. parameters, provides sufﬁcieﬁt information
to retrieve the dcean Su}rface’ wind vector (Bettenhaus_é_n et al., 2006). The 6.8GHZ dual-
pélariiéd chahnel is more sensitive to sea suljfacé terﬁpefafure (SST) than to winds and is
used to determine effects due fo variations in SST. Similarly, the 23‘,8GH\z‘dua1“-porlarized

* channel is highly sensitive to atmospheric' water vépOr. Coﬁséquently, .rﬁeaSuréments at -
23.8 GHz help 'determine the éffecfs of atfnospheric vattenuationv on vv;r.adiation from the

ocean surface. The WindSat instrument characteristics are summarized in Table 4.1.

Table 4.1. WindSat instrument characteristics

Frequency Bandwidth Incidence Spatial
(GHz) Polarization (MHz) Angle (deg) Resolution (km)
6.8 V.H 125 53.5 40x60
10.7 V,H,+45,L, R 300 49.9 25x38
18.7 V,Hx45L,R | 750 553 16x27
23.8 V,H , 500 - 53.0 12x20
37.0 V,H,+45,L,R 2000 53.0. - 8x13

- The ocean surface wind vectors used in this study have been determined using a non-
linear iterative optimai estimation method (Rodgers, 2000). The method ‘also prO\"ide‘S
sea surface temperature, total water vapour, and cloud liquid water. Details of the

“scheme which uses a 6ne layer atmospheric model and a sea surface ‘émissivity mbdel is
found in Bettenhausen ét al., (2006). The Environmental Data Records (EDRs) generated
by this scheme have been put into BUFR format at NCEP in preparatibn for operational

use.
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4.3 Data selection and thinning

In relation to data selection, the wind vector ambiguity issue was addressed by
selecting the WindS\at wind vector closer to the NCEP model wihd ﬁelgl Which was used
iﬁ thé arhbiguity s‘el;action rb'utine in generating the EDRs. This approach is antiCibated
to change as newéf versions of the wind generaﬁon aigorithm have less .dependéncev bn
the model fields. Data 'thinnin'g was achieved using a éimilar technique to that used
operationally for QuikSCAT wind vectors, namely using super-obs. Tests were run to
deterrﬁine whether one degree or one- half degree létitude, longitude averaging boxes
were more effective and it was found that thé one degree boxes gave the best forecast
resulf. In teﬁns of quality control an accurate land sea mask was used to eliminate‘any
data that could be contaminated due to land effects. In additioﬂ the retrieval status of the
records used had to be flagged ok, and the confidence stétus df the record had to indicate
there were no problems in the retrieval process including those caused by rain, ice or land
contamination. A gross error check was also constructed for the dafa‘. Information from
N. Bettenhausen, A. Gaiser and J. Goerss, (Private Communications) assisted in the

_ establishment of quality control criteria.
4.4 Data assimilation

The effect of adding WindSat Version.2 wind vectors to the NCEP operational

forecast system, was. gauged usiﬁg a T254 64 level version of the Global Forecast System
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(Version, November, 2005). The satellite data used operationally with the NCEP Global

Forecast System in 2004 is shown in Table 4.2.

Table 4.2: The satellite data used operationally within the NCEP Global Forecast System in

HIRS sounder radiances
AMSU-A sounder radiances
AMSU-B sounder radiances
GOES sounder radiances

GOES, Meteosat

atmospheric motion vectors
GOES precipitation rate

SSM/1 ocean surface wind speeds
SSM/I precipitation rates

TRMM precipitation rates

ERS-2 ocean surface wind vectors
Quikscat ocean surface wind vectors
AVHRR SST

AVHRR vegetation fraction

AVHRR surface type

Multi-satellite snow cover
Multi-satellite sea ice

SBUV/2 ozone profile and total ozone

In the first two experiments a Control data base was established which contained

all operational data without QuikSCAT data.

The forecast performance using the

Control data base was compared to that of the same database with QuikSCAT data, in a

series of experiments to gauge the impact of QuikSCAT data over the Southern

Hemisphere. In a second experiment, forecasts from the Control data base were

compared to those generated using the control data base plus WindSat data. In a final

series of experiments forecasts from the full operational data base (which included

(QuikSCAT data) were compared to forecasts using the full operational data base plus

WindSat data.
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4.5 The forecasts

I’nr each of these experiments the NCEP operational systems was run from the 1 of
January to 15 pf February 2004. . The forecast model had a resolution T254 with 64 |
vertical levels. The ahalysis used was the NCEP‘ operational SSI 3D-VAR. (Derber and

7 'Wu, 1998; Derber et.al., 2003).

In the first series of experimehts, forecasts -'from the Control which contained the
operational data base without QuikSCAT data, .were cohtraSted with forecasts using the
full operat10na1 data base plus QuszCAT data The ‘results for this ‘experiment are
summanzed in F1g 4.1 where the 500 HPa geopotential Anomaly Correlations for the .
Control and the QuikSCAT runs-are recorded. It can be seen, as in past studies (see fqr
example, Yu and Gemmill, 2004), QuikSCAT has had a positive influence on Southern
.Hemlsphere forecasts for the NCEP system. | | | |

In a second series of expenments (Control) forecasts based on the operational
data base without QuikSCAT data, were contrasted with forecasts fr0n_1 the operational
system without QuikSCAT data but with the addition‘of WindSat data (MndSat). It can
be seen in these experiments (F ig. 4.2), the addition of WirrdSat data has had a positive
overall impact on the forecast skill, but of lesse_ri_'magni‘tude than that measuredb for
QuikSCAT data. |

In a final series of experiments forecasts _using the full operational data base

which includes QuikSCAT data (Ops) were contrasted with those obtained from the -
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oi)el"ational\ data base vincludin.g QuikSCAT data and wi.thvth'ev additiqn of WindSat data
‘(Ops4v-WindSat‘). It can be seen fforri the S:éuthem Hemisphere 500HPa Geopotential :
Anémaly (‘,‘_orréla»t;ion curves sﬁown in- Fig. 4.3, that for t'hev period studied, WindSat has
~had a modest but positive impact 6_n the forecast.

The results for lincl’uding WindSat data in the operational data base for the
quthcm Hemispher,e; (Fig 4.4) are similar to those for the Southern Hefnispheré énd‘ are

included here for completeness.

4.6 Conclusions
This is any early _r_epbrt of the poténtial benefit of WindSat pbolallrir‘netric( data to.". |
bperational numerical weather forecasting. For the period 1 January to 15 Februafy 2004,
the invlpact‘ of WindSat surface wind vec,tofs (NRL, Version._2' EDRs) obtained from
polarimetric micrdWave radiometer observations, : on the NCEP operational _forecasf
systém has been assessed. It was found, for the period studied and over the Southern
Hemispheré, that the WindSat data had a positive impact on the Global Forecast Sysfem |
when adc!ed to the full operationa’l data base without QﬁikSCAT data. It was alsd fpund
for the period studied and.over the Southern Hemisphere that the WindSat data had a
niqdést positive impact when added to the full opefaiional data base with QuikSCAT
data. For the period studied and over the Southerﬁ Hemisphere the impact of WindSat-
data wés not as large that of QuikSCAT, it was ‘also found however, that WindSat and

QuikSCAT together had larger impact that either by themselves. For completeness the |
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benefit ‘to Northern Hemisphere GFS forecasts fr'om including WindSat data in the
| operational data baSe was also shown. |

In conclusion,‘the potential benefit of using polarimetric imAicrowave observations
to estimate surface wind vecfors for operational application in the Southern Hemisphere
haé beén show/r}. These vectors couid be estimated th;qugh" a spéce based imaging and{
sounding payléad with polarirﬁetrié capability such as the Conceal Microwave Irﬁager/
S'oﬁnder (CMIS). This - polarimetric iﬁfonnation is not available through current
microwave imagers and sounders (otherr than WindSat), however 'some current
instruments do enable surface wind speed estimates (eg. in the case of the Spectrél Sensor
Microwave/Imager (SSM/I)) for operational analysis and forecasﬁng. In terms éf future
directions for these studies, a real time experiment during the.Northerh Hemi‘sphere‘
summer is well underway. This will later use.‘_wind 'vectors generated with newer
algorithms, lesbs dependent on the model first guess ﬁélds. An experiment involving the _

direct assimilation of radiances is also planned. It is anticipated these studies will allow

these data to be transitioned to operational use for the JCSDA Partners.
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Figure 4.1. The 500HPa Geopotential Anomaly Correlations versus forecast‘ period for
GFS forecasts using the operational data base without QuikSCAT data (Control) and

" using the operational database including QuikSCAT

Hemisphere.

data (QuikSCAT) over the Southern
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Figure 4.2. The 500HPa Geopotential Anomaly Correlations versus forecast period for
GFS forecasts using the operational data base without QuikSCAT data (Control) and
using the operational database without QuikSCAT data but with WlndSat data (WindSat)
over the Southern Hemisphere.
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Figure 4.3. The 500HPa Geopotential Anomaly Correlation versus forecast period for
GFS forecasts using the operational data base with QuikSCAT data (Ops) and for the
operational data base with QuikSCAT data and WindSat data (WindSat) over the
Southern Hemisphere.
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using the operational data base with QuikSCAT data (Ops) and for the operational data
base with QuikSCAT data and WlndSat data (Ops + WlndSat) over the Northern

Hemisphere.
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Chapter 5: A Two-Season Impact Study of the WindSat
Surface Wind Retrievals in the NCEP Global Data

Assimilation System |

5.1 Introduction

Sea surface wind vectors have been 'estimated' with active_‘ remote sensing
instruments, -such as QuikSCAT (Yu and McPherson 1984), and have been proven to
have a positive impact on forecasts. “ Passive polarimetric micvrowave/radiometry is being.
introduced as an alternative vector wind measurement appi'oach to active sensors (e.g.
" QuikSCAT) and other instruments. WindSat is a space-based multi—frequency
polarimetric microwave radiometer (Gaiser et al., 2004), that was deveioped by tlie Naval
‘Research Laboratory (NRL) for use by the U.S: Navy and the National Polar.-orbiting |

-Operational Env1ronmenta1 Satelllte System (NPOESS) Integrated Program Office (IPO)
One of the WmdSat missions was to demonstrate spaceborne remote sensmg of

ocean surface wind vectors (speed and udlrect_lon).v Wind roughemng of the ocean surface
causes an increase in the microwave radiation emitted by the water’s surface. Wind
| direction measurement with polarimetrio instruments, which sense the polarity of iight, '
also demonstrate how ocean surface properties.cliange with wind and boundary layer
conditions. WindSat also aids in "forecasting short-term weather events, issuing timely
warnings, and gathering general climate data. .WindSatwind vectors have been proven to -

‘have a positive impact on forecasts in the Southern Hemisphere (Le Marshall et al.,
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2006).

The paper is structured as follows. Section 2 briefly describes Background
informatiqn related to the WindSat instrument and the National Centers for
Environmental Predicbtion (NCEP) Globai Déta Assimilétion/Global Forecast System
(GDAS/GFS) version used for this study. Section 3 discussés thé diagnostic tools used to .
evaluafe the forecast impacts. Section 4 presents the res'uﬁs for tﬁis forecast impact study

through 7 days of model forecasts. Section 5 summarizes the overall experiment results. \

5.2 Background
“(a) WindSat
WindSat is on the Coriolis satellite which was launched on 6 January 2003.
Coﬁolis was designed to have a'three-year life spaﬁ. ACoriolisb is in> a 98.7° inclined orbit
at an altitude of about 830km and with a local ascending node time near 1800 UTC. It
~ completes about 14 orbits'per day with each orbit requiring 102 minutes. WindSat records
data on both fhe forward (fore) and back (aft) side of each spin of the conically scanning
feedhorn structure. The on;Earth fore- and aﬁ-viéWing swath width encompasses 1025
and 350 km, respectively, as‘th'e s‘ensor"s coniéal scan spins counterclockwise (Gaiser et
al., 2004). J | |
The WindSat radi_ometer has polarimetﬁc channels at 10.7, 18.'7, and 37.0 GHz
and dual-polarization (vertical and horizontal) channels at 6.8 and 23.8 GHz. Thése

provide information related to surface wind vectors, sea surface temperature, atmospheric

water vapor, integrated cloud liquid water and rain rate over the ocean. Measurements of ‘
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the rhodiﬁed Stokes vector provide sufficient information to retrieve the ocean wind
vector. The 6.8 GHz dual-polarized channel is sensiti\}e to sea surface temperature (SST)
and is useq to determine effects due to‘ variatidﬁs‘ in SST. Similarly, the 23.8 GHz dual-
polarized chapnei is highly sensitive to atmos’p_herie water vapor.  Consequently,
measurements at 23.8 Gﬁz hellp’ determine the effects of atmospheric atteﬁuation on
radiation from the eeean surface. The WindSat iﬂstrument channel characteristics are
summarized in Table 1. -

NRL hasv developed a .novnlinear itefative algorithm for simultaneous retrieval of
sea surface temperature, columnar water vapor, columnar cloud liquid water, and the
‘\o.cean surface wind vector from WindSat measurements. The algorithm uses a physically‘
based forward model fof estimating the WindSat brightness temperature. From the .
‘measurements of the modified Stokes vector, which includes the vertical and horizontal
poiarizations and the third and fourth Stokes parameters, wind speed and direction can be
retrieved (Bettenhausen et al., 2006). The ocean surface wind vectors have been
determiﬁed using a non-linear iterative optimal estimation method. This method uses a

~ one layer atr,n'ospherie ahd a sezi surface emissivity model which is explained in
Bettenﬁausen et al. (2006). WindSat wind speed retrieval processing also uses a median
ﬁltering technique to smooth tﬁe final wind field and applies erﬂpirical corrections to the
vertically and horizontally polarized brightnese temi)erature te thephysically based model
(Bettenhausen et al., (2006).
HVarious improvements to the Windset wind vector retrieval algorithm were

incorporated to derive the wind vectors (version 2) and used to generate the data in this

)
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study (Peter XGaiselr, personal comﬁmication). The wind data were delivered as "

' Environmental Data. Records (EDRs) and put into Binary Universal Form for the
Represehtation of mete'orelogical data (BUFR) format at the National Oceanic and

Atmospheric Administration’s (NOAA) NCEP in preparation for operational use.

V(b)‘ Global Data Assimilation System
A January 2007 version of the Gridpoint Statistical Interpolation (GSI) routine |
and GFS \Were used for these observing.sysfem experiments. - The NCEP aseimilatieh
system consists of a vﬁrst or “early” cycle with a 2.5 hour cut-off. The analyses for this
eycle are eentered on 0000, 0600, 1200. and 1800 UTCﬁand are followed by a 384 hour
forecast. Consistent with the operational GDAS/GFS, a model resolution of T382L64
- (i.e., epectral triangular truncation 382 with 64 layers) is used through 168 hours. For this
study, only the 0000 UTC forecasts were run. The analysis is repeated later (+6 hrs) to
provide the “final” analysis for the six hour forecast for the next early cycle first guess.
This “final” analysis includes data that had missed the previous “early” data cut-oft’."

The vertical domain of GFS model faﬁges from the surface to approximately 0.27
hPa and is divided into 64 unequally'spacedvsigma levels with enhancedv resolution near
the bottom end top of the model domain. There are 15 layers below 800 hi’a/ and 24
layers above 100 hPa. The time integration is leapfrog for nonlineaf advection terms and
semi-implicit for gra\;ity ‘'waves and the zonal advection of vorticity and moisture.

Comprehensive documentation of the GFS was completed by the National

Meteorological Center (NMC) (now NCEP) Development Division (1988) and can be
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found onllne | at http //wwt emc. ncep noaa. gov/gmb/wd231a/doc/web2/tocoldl .html.

| Subsequent model developments after completlon of the above documentatlon have been

_ summarlzed by Kanamltsu (1989) Kalnay (1990), and Kanamltsu et al. (1991) More

) : recent updates to the radlatlon surface layer vertlcal' d1ffus1on grav1ty wave drag, |
convectlve pre01p1tat10n shallow convectlon‘ and non;convectlve pre01p1tatlon can be’

» found at http: //sg162 wwb Nnoaa.gov: 8080/research/SONGYU/doc/phvsmrfl html The. ‘

most recent descrlptlon of the GFS atmospherlc model (2003) is in NCEP Ofﬁce Note
No. 442. A fsummary of GFS changes and references up to and past the dates of this
- study . are available in an ‘“updates” log cof changes online - at  both

http://wWw.emc.ncep.nOaa.-gov/gmb/moorthl/gam html | ' . and o

httpt//wWw.emc.ncep.noaa.gongrnb/STATS/hthmodel changes.html.
| ‘The. GDAS 'utili'zes a three-dimensional vvariational' data assimilation (3DVAR)
scheme to obtaln an optlmum 1n1t1a1 state that fits the available observatlons and a short-
range forecast (background) In this study, we use NCEP’s GSI (Derber et al 1991 Wuet
al 2002 Derber et al. 2003) 3DVAR system With thls type of analysis system ‘the
lncorporatlon of radlances d1rect1y into the analySIS and assrmllatlon system has become‘ o
practical. The analysis is a three-dlmenswnal retrleval- of mass, momentum, and moisture
" fields derived from all available data including the radiances (Caplan et al. 1997). The
| GSl .uses a thinning. routi.ne which‘ identifies the optimal radiance profile for each satellite | R
sensor type -(AMSU;, :HIRS, MSU, etc.) vivn a pre-designated'gn'd box. The optimal = -
radiance pro'file is deterrnined by its departure, from the model background temperature,

distance from the center of the grid box, temporal departure from the assimilation time, -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

and surface features (ocean, land, and ice).

| 5.3 _Experimental design

The complete NCEP operationél datébase of conventional and satellite data was

used for this experiment in a manner reﬂe¢tive of the real-time data cut-off cdnétraints for
the early and late assimilation cycles producéd at NCEP. The conv_eﬁﬁonal dafa ‘used
B i'ncludéd rawinsor'ldév temperature, relative humidity and wind, aircra;’t oBservations of
wind and teniﬁerature; land surface reportsvof sﬁrface pressure; and oceanic reports of .
surface pressure, temperature, hoﬁzoﬁtal Wind and specific hunﬁdity. The _éafellite
observations used in thi_S work include operatioflal Advanced Television Infrared
Observation Safellité (TIROS-N) (NOAA 2000), Operatibnal Vertical Sounder (TOVS) '
(Smith et al. 1979) radiances from the High Resolutioh Iﬁfrared Radiafion Sounder

~ (HIRS), the Microwave Sounding ‘Unit (MSU) (Spendér and Christy 1990), the Advanced
Microwave Sounding Um't‘ (AMSU-A and AMSU-B) sensors (NOAA 2005), ozone
i_nformati‘on from the S‘olar Eackécattef Ultraviolet (SBUV) sensors (Miller et al.‘ 1997);
Defense Meteorological Satellite Program (DMSP) Speéial Sensor MicroWéVe hnagér
(SSM/T) surface wind spéed (Alishousé et al. _1990); derived éurface winds from
QuikSCAT (Yu and McPherson 1984); atxnospheric mdtion Vecfbrs from geOStationaw
'{satéllites (Velden et al. 1997, Ménzel et al; 1998). Ke.yser. (2001a, 2001b, 2603) provides
an overview of data types providéd Vtyq‘NCEP: on a daily basis and used operationally for
the experiments of this study. The cohventional and sateliite data used in these

experiments are summarized in Tables 2 and 3, respectively.
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(a) Data thinning

Data thinning was achieved using a technique similar to that used operationally
for QuikSCAT wind vectors, namely the use of “super observations” (or “supér—obs”). A
super-ob is the average of all the observations in each ‘1°x1° thinning box with the
averaged vector located in the center of the box. Observations which have a low
confidence (determined by NRL) due to rain, ice, or land contamination are not used in
the super-obing. Tests were run to determine whether one degree or one- half degree
latitude, longitude averaging boxes were more effective. It was found that overall the one
degree boxes gave the best forecast results. Two seasons were used for this study; 15
September to 30 October 2006 and from 15 February to 30 March 2007. The first two
weeks‘of each time period were removed from these results to allow the assimilation

system and forecast model to adjust to the new data.

(b) Quality Control

Most of the Quality Control (QC) of the WindSat data was accomplished in the
retrieval process. Observations that fail the retrieval process or are flagged for rain, land,
sun glint, Radio Frequency Interference (RFI), or sea ice contaminatidn were flagged in
the EDRé and omitted from the super-obs.

The preliminary statistical results from the 20-day test experiment indicated that
there were problems associated with high wind speed. This contamination suggested there

were still quality control problems with the observations even after the quality control
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prpcedures were performed during the retrieval process. It is essential to investigate
additional quality control procedures before the WindSat data are assimilated to the GFS
syssem. Bases on the preliminary statistical results, a series of additional quality control

~procedures were added within GDAS/GFS. Additional quality control prbcedu_re's were
added within GDAS/GFS. Observations not within +/- 3 hours of the synoptjc time and
observations near coasts were not used. If the absolute value of the supsr-ob’d Wind |
component differs Afrom the corresponding background wind by mare than 6ms™ or the

wind speed was not between 4ms™ and 20ms'1,-thg super-ob wind vector removed.

(© Diaghostics
Several diagnostics were perfdrmed hsing the control and WindSat experimenf
analyses and forecasts. The anomaly correlationv statistics were perfprmed using the
traditional NCEP algorithms (NWS 2006) which aré sommonly used by other NWP
~ centers WsrldWide. The computation of all anomaly correlations for forecasts produced by
the GFS are completed using cods developed and maintained at NCEP. NCEP (NWS
. 2006) provides a description of the method of computation while Lahoz (1999) provides
an ‘interpretation for the anomaly. The reanalysis ﬁelds from thé National Center fof
Atmospheric Research (N CEP/NCAR) (Kistler 2001) ara uséd for the climate component
of the anomaly correlations. This reanalysis was run‘at a resoiution of T62L.28. The
output grids were reduced to 2.5° x 2.5‘7’> hoﬁzoﬁtal resalution oh mandatory rawinsonde |
levels. To calculate anomaly”', correlations the output grids from the control and both

: , /
experimerits were reduced to this 2.5° x 2.5° horizontal resolution using the GFS post-
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‘processor. The fields being evaluated using anomaiy correlations are truncated to only |
include spectral wave numbers 1 through 20. These ﬁeldé are also limited io the zonal
bands of 20°-80° in each hemisphere and a tropical belt within 20° of the equator (20°N
0 20°S). | :

Another diagnostic used here is the modified forecast iinpact (FD), which is =
discussed further by Zapotocny et al. (2005). For this study, a series of two-dimensional
FI results are presented as the positive/negativ¢ im[iact provided by the experiment of a
particular data type. The gecigraphié distributions of FI- are shown in section 4.b and are

evaluated using:

Z(C; _14,')2 Z_:(E' —Ai)2 Z(E’ _A,')2

_ i=1 _ /1) = oy
FI(x,y) = 100x{[| = = O

The variables C and E are the control and expei'iment forecasts, respectively. The
variablé A is the 00-hr GDAS experiment analysis containing all data types which is valid
at the same iime as the forecasts. N is ihe number of diagnostic vdays. |

| The area ratio weights the grid points to account for the reduction in area as the

grid boxes approach the poles. The area ratio weighting is defined as:

sin(g, + =) —sin(g, - =)

1] 1

(2)
2 sin(%)

Where ¢is the latitude of grid poiht i and A is north/south resolution of the grid box. The
numerator is the relative size of the grid box. The denominator is the relative size of a

grid box at the equator.
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The vertical cross section plots shown in section 4.c¢ are evaluated using:

| [re-ay [T -4y

FI(t,z) =100 X

€))

Wﬁere X is the number of horizontal grid points. _Af; C"i'a'nd E’ are the area ratio
weighted values of A, C and E defined in (1). The first term on the right enclosed ‘by
parentheses vin (1) and (3) can be considered the eﬁor in the denied experiment. The
s_econd term enclosed by parentheses in (1) and 1(3) can be censidered the error in the
co‘ntro.l forecast. Dividing by the error of the control ferecast normalizes the results.
Muitiplying by 100 provides a perceﬂt improvement/degfadation with respect to the RMS
error of the control forecast. A positive forecé,st.imbact means the WindSat forecast
compares more favorably to its corresponding anaiysis than the control.
The FI is then averéged over the number ef days by using: |
‘N
) FI(t2)
Fi=t=l— | | “)
Where FI is from (3) and N is the number of diagnostic days.
All FI diagnostics were computed from grids generated by NCEP’e post
proce;sing package. These grids have a 1° x 1° horizontal reselutiori on 26 vertical

~ isobaric surfaces. None of the fields were snioothed during plotting. The forecast

diagnostics for this paper were also terminated at 48 hours to concentrate on the short
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term forecast impacts.

| 5.4'.Resul:ts
- Assimilation experiments wereconductedto test and compare. the attributes 'of

using the WlndSat data. Forecast impact ‘comparisons are presented from a551m11at1ng

, >W1ndSat data to a benchmark or control experiment. Theb control contains all the
' operational l€d_ata used during"the p_eriod and includes all of the real time data }cutoff
' requirements; “ The impactof assimilating the WindSat data on the quality of fOrecasts
~ made by the GFS fortwo time periods are explored in detail.‘ The ﬁrst.tir"n_e period covers
1to 31 October 2006 the second covers 1 to 3‘0 March 2007. The selection ;oi' these time
periods enables the dlagnostics to sample two seasons in each hemisphere The ﬁelds
B dlagnosed consist of geopotentlal helght temperature and w1nd speed Underground grid
'pomts on 1sobar1c surfaces 1ntersect1ng the earth’s surface are not. 1ncluded in the

evaluation. :

(a) Data fi ttmg statistics
Flgure 5.1 d1splays a comparlson of the bias standard devratlon normahzed "
.observatlonv wmd speed h1stogram and wind speed 1nnoyat1on .h‘istogram for Wm_dSat. -
iFigvures '5.1(5)'— (d) show the analysis statistics for October and (e) .— (h) show the
analysis 'statiStics for_"MarCh;' While there are large biases and standard deviations' for
[obserVedwind speeds ‘greater .than'2()ms'1, theSe obser_vations account for less than '5% of

the total number of observations (Figs. 5.1d and 5.1 g), thus large biases are not a major
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‘concern. Béfore the WindSat experiment began, a 20-day test run was performed. Based
bon thev preliminary statistical results of this test},v observed wind speeds that éfe greéter
than 20ms™ have beeﬁ tossed. Figure 5.1a and 5.1e show4that there are large biase’s,and |
staﬁdard déviations for observed wind speeds greater than 20ms” and in some cases -
biases and sté.ﬁdard deViation for;ébsérvation minus analysis (O-A) are éven higher for
(Sbservation minus background (O-B), these observétioné are rejected by the assimilation
system;‘ In the GSI assimilation system,A theré are three outer itération loops; observations
which passed the first outer ldop may still be rejeétec_l in the second outer loop. The final -
ahalyses are results frorﬁ the third o;1ter loop. Figﬁres 5.1c and 5.1g show thaf the |
majority of the vcounts are located within the wind speed range of 5-10 ms™. In Figs. 5;1d
and 5.1h, the green curve shows the O-B and red curves répresents O—A. The O-B
histograms are skewed to the right for both seasons which suggésts WindSat speeds are |
faster than the model background. | |
Figure 5.2 displays the géographic distribution of bias and standard deviation‘t.’or
wind speed af 10 meter near the surface for both O-B and Q-A for Octbber (a-d) and
March (e-h). The largest biases ;avith tespect'to thg background are fqund over the'central
Pacific and Indian ‘Ocrear‘l (Figs. 5.2a and S.e). As expected‘the biaseé are »sigﬁiﬁcantly
reduced in most regions baﬁer assimilating the dafa (Fig. 5;2b and 5.2f) but larger bi;ises
z?ppear in the Southern Hemisphere near Aptafctica. The standard deviations of O-B are
quite similar for October (Fig. 5.2c) and March (Fig. 5.2g), large standard deviations are
~ found in the tropical western Pacific and near Antarctica. Again, after WindSat data have

been assimilated, decreases in the standard deviation are realized.
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(b Anomaly Correlatwns |
F1gure 5.3a and 5.3c present the m1d-1at1tude 500 hPa Northem Hem1sphere |

v geopotent1a1 he1ght anomaly correlatlons for days () to 7 for the WindSat and control
simnlations..during October 2006 and March 2007 .respectively.’ Figure 5.3b and 5t3cl

: show the 500 hPa Southem Hemisphere geopotentlal herght anomaly correlatlons for
days 0 to 7 for the WindSat and control srmulat1ons during October 2006 and March 2007
respectively. The blue line is the control simulation which closely replicates NCEP |
operations and incbludes all data routinely used by the GDAS/GFS. The magenta line is
the anomaly correlation 'diagnosed from the WindSat simulation. In these types_ﬁ of
experiments, the larger the separation between anomaly correlations i'or the experiment '
-and the control, the | greater the impact the WindSat data has on the Sirnulation. The Iresult‘s
indicate that the control simulation anomaly correlations are close to the WindSat
-experiment anomaly‘ correlations until day 6 tlien the improvements in the WindSat
experirnent become greater for both seasons and in most of the -case's. The greatest
bimprov‘ement in the anomaly correlations are achieved in the Northern Hemisplrere (500

hPa) during March 2007.

(c) Geographic distributions of forecast impacts
All the forecast impacts shown in this paper have been tested as significant
differences ‘between the control and experiment. The differences in the temperature and

wind fields shown here are statistically signiﬁcant with a confidence interval of 99% or
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- greater for forecasts as long as 36 hours. Figure 5.4 displays geographic distributions of

average foiecast impact, determined from using equation (1), | for the 10m Wind speed for |

. October 2006 at forecast hours (a) 6, 0)) 12, (c) 24, and (d) 48 and for March 2007 at
forecast hsurs (e) 6, (f) i2, (8) 24, and (h) 48. The range (if FI is from -50 to 100 percént.
The 6-h results (Fig. 5.4a) show the largest FIs ‘i1'1 Aﬁica, Western Peiciﬁc, South America
and Australia. By 12 hours (Fig. 5.4b), ‘thei FIs in the Squth Eastem Pacific are.reduce‘d,
with the largest FI siill realiéed over Africa, Ailst_ralia and South Americra.' The FIs‘ are

. generally small by 24 hovurs. (Fig.» 5.4c) and become mostly neutral by 48 hqurs (Fig. '

B 5.4d). Figurev 4e;h presents the March 2007 WindSat 10m wind speed FIs at forecast
hours 6, 12, 24, and 48 respectively. Consistent with the results in October, large positive
F Isv are seeri over Aﬁ_‘ica,' Australia, and South America at 6 hours (Fig. 4e), excepi over
the Western Pacific. By 12 hours (Fig. 5.4f), the largestb FIs are still fsund'over Afyica.
Again, thebFIs are generally small By 24 ilours (Fig. 5.4g5 and become mostly neutral by
48 hours (Fig. 5.4h).

The Fls for 500 hPa wind speed during October 2006 and March‘ 2007 are shown
in,Figure 5.5a-d and e-h respectively. The greatest FIs are realized in the iropics for both
seasoris as shown by the 6 and 12 hour forecasts. By 24 hours (Fig. 5.5¢ and Fig. 5.5g),
the. FIs are réducéd with small positive impacts still seen in-thé tropical region. By 48
hmirs (Fig. 5.5d and vFigf‘ S.Sh) the Fls are mostly neutral with some smzill positive
impacts remaining, Compairing Fig. 5.4 ‘and' 55 suggests that the WindSat data have a
greater positive impact ori the Wind speed field through the 24-h ’foi'scast at SOOhPa than

at 10m.
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: Figufe 5.6 presents the temperature geographic distribution of FI at 1000hPa for

the two seasonsb ét»forecast times 6, 12, 24 and 48 hours. All points diagnosed as
undérgroﬁnd, were not used and are shaded black. The 6-h results (Fig. 5.6%1 and ¢) show
the largest positive FIs in btrhe tropics. Small 'aféas of négativé FI'are noted near Antarctica
during bdth seasons. After 12 hotirs; large éreas of posifive FIs are still realized over ihc
Western Paciﬁc and South Atlantic (Fig. 5.6b and f). Similar to I,,the wind FIs at 48 hqurs
‘A;(Fig; 5.6d and h), the FIs are mostly neutral With small areas of positive and negative
impact remaining. | |
| The FIs for temperature at 500hPa during both periods are shown in Figure 5.7. .
Similar to the IOOOhPa temperature Fls, the largest impacts are found in tropi;:s in the 6-h

forecasts for both seasons (Fig. 5.7a and Fig. 5.7¢). There is a marked decrease in forecast

impact by 1'.2 hdur (Fig. 5.7b ‘and Fig.. 5.7F) With all of the largest ifﬁpacts still realized in
the tropics. The FIs are geﬁerally gmall‘ by 24 hours (Figs. 5.7c and g) aﬁd becomes
mo’stiy ﬁeutral by 48 hours (Figs. 5.7d and h). Compariﬁg Figs. 5.6 and 5;7 indicates that
the WindSat data have a rﬁarkédly more positive inipact in magrﬂtude on the temperatureb

| field through the 24-h period at 500hPa than at 1000hPa.

~ One poténtial explanation fof why the large impacts are seen in the tropics at
500hPa for both w»indv speed and temperature fields isv due to the deep convection
assoéiated with the convective scheme used in the GFS model which is based on
Arakawa and Schubert (1974) scherﬁe, in which mass fluxes induced in the convective
updraft and the downdraft are allowed to trarisport momentum. The momentum exchange

is calculated through the mass flux formulation in a manner similar to that for heat and
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moisture. Fig. 5.8 shows the geographic distribﬁtion‘of Outgoing Longwave Radiation
(OLR) [w/m"2] n'leanlusing NCEP/NCAR reanélysis for the ﬁohfh of (a) October 2006,
and of (c) March 2007. Fig. 5.8a indicate§ fhat‘there is deep convection locafed in easfern ,
Pacific north of /}Australia, and north of Afn'ca. along the tropics. Fi‘g. 5.8c shows similaf
pattef; The deep‘ convection along the tropics is consistent with the largest FI which is

\ along the tropics for SOOhPa wind speed ﬁgld (Fig. 5.5a and Fig. S.Se). Because of the
deep COﬁvectiOn transport,the momentum upWard, the surface wind analysis incremeﬁt |
iﬁfofmatiqn propagates upward into the middle and ‘upper—troposphere within the first 6

~ hours. Another approach is to look at the convective précipitatién plots, éeographic
distribution of bonVecti_ve preci‘pitationv scalé ovf 107 "[kg/m"2] from 0-6hr forecast of
WindSat assimilation for the month of (c) October 2006, and of (d)_March 2007., It is

~ clear that the convective precipitation band is realized aloﬂg tropics for both seasons, that
aléo explains why the largest Fls are seen along the tropics as early as 6 hour in the
middle and upperftroposphere. The 6-12hr, vl‘8-24hr, 42-48hr convective precipitatibn
‘plots have similar pattern as the 0-6hr ones, they are not showﬁ here.

Fi_gufe 59 presénts the vertical time sveries'vof the horizontally averéged Forecast
ﬁnpacts from both seasbns.‘ This figure was computed using equation (2) and area
weighted busing eqﬁation (3). Fdrecast impacts from the wind speed (Fig 5.9a and c), and
femperature (Fig 5.§b and d) fields are shown for both ‘seasons. Inspecfion of the plbts
reveals tﬁat ‘fhe largesf impacts are at the 500hPa level and is conéistent with the
geographic Forecast Impacts in Fig: 5.5. Large impacts arekalso shows atIIOOhPa. Similar

patterns are found in the temperature fields in Fig. 5.9b where the greatest Forecast
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Impacts are again at 500 and IOOhPa. All four panels display a systematic decfease of FI
with time. A final point about the vertical time series of Forecast Impact results is that
the 6-h temporal resolution of the GFS archive used for these experiments is ﬁot adequate
to resolve the rapid decrease in forecast impact that occurs in the first 12 h of these

simulations.

3.5 Summary

Observing system experiments were conducted during two seasons to quantify the
impacts of assimilating the surface wind retrievais from the WindSat microwave sensor
on the Coriolis satellite. A January 2007 version of the NCEP GDAS/GFS was used for
the assimilation system and forecast model. Tﬁese experiments were conducted at the
NCEP operational resolution of the time (T382 with 64 layers) and used the NCEP
operational observation database.

Several verification techniques were used to measure the impact the WindSat
wind retrievals made to the forecast. These techniques included: anorﬁaly correlations,
geographical forecast impact and vertical time series of forecast impact.

The results from the anomaly correlation show neutral to modest positive impacts
at mid- latitudes in both seasons for most of the cases. Results from a modified forecast
impact calculation reveals positive forecast impacts occurred in the wind, temperature
through 48 hours. The greatest forecast impacts occurred in the tropics and at 500 hPa

which appears to be attributable to the deep upward momentum transport in tropical
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convection. It was also found in this study that small, positive foreéast__impacts are noted

at all levels of the GFS through 48 hours.
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"Table 5.1 WindSat Characteristic_s

.50

Incidence

Spatial

Frequency Bandwidt
(GHz) Polarization | h (MHz) [ Angle (deg) Resolution (km)
6.8 V.H 125 53.5  40x60
10.7 V,H,+45,L, 300 49.9 25x38
18.7 V,H+45,L, 750 55.3 16x27
R , - . ‘
23.8 V.H 500 - 53.0 12x20
37.0 V,H, +45, L, 2000 53.0 8x13

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




51

Table 5.2 In-Situ data used within the NCEP Global Data Assimilation System for
this study. Mass observations (temperature and moisture) are shown in the left
column and wind observations are shown in the right column.

Rawinsonde temperature and humidity | Rawinsonde u and v

AIREP and PIREP aircraft temperatures | AIREP and PIREP aifc_réﬁ uandv

ASDAR aircraft temperatures | ASDAR aircraft u and v

Flight-level reconnaissance and Flight-level reconnaissance and

dropsonde temperature, humidity and dropsonde u and v

| MDCARS aircraft temperatures MDCARS aircraft u and v

Surface marine ship, buoy and c-man Surface marine ship, buoy and c-man u

temperature, humidity and station and v

Surface land synoptic and Metar

temperature, humidity and station | Surface land synoptic and.metar uand v

Ship temperature, humidity and station o
v | Wind Profileru and v-
pressure - .

NEXRAD Vertical Azimuth Display u

Pibal u and v .
and v
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Table 5.3 Satellite data used within the NCEP Global Data Assimilation System for

thls study
HIRS sounder radiances SBUYV ozone radiances ‘.
AIRS radiances - QuikSCAT surface winds
| AMSU-A radiances GOES atmospherigmotiori vectors

' . Atmospheric motion vectors from GMS-5

AMSU-B radiances i
o . until May 2003 than GOES-9

TRMM préCipitation rate METEOSAT atmospheric motion vcctors
SSM/I precipitatibn rate SSM/I surface wind speed
WindSat surface winds
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Figure 5.1. A comparison of the bias, standard deviation, normalized counts and WindSat
wind speed difference histogram for WindSat data. Panels (a) — (d) show the results from
October 2006 and panels (e) — (h) show the results from March 2007.
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Flgure 52.A comparison of the geographic distribution of bias, standard deviation (for
both O-B and O-A) for WindSat. Panels (a) — (d) show the results from October 2006 and
panels (e) — (h) show the results from March 2007
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(a) N. Homisphere 500 hPa AC Z (c) ’ N. Hemisphere 500 hPa AC Z
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Figure 5.3. Anomaly correlation for days 0 to 7 for 500 hPa geopotential height and day 5
anomaly correlation bar charts of geopotential height in the regions 20°-80° in the
Northern and Southern Hemisphere and for both seasons. Panels (a) and (b) show the
result from October 2006. Panels (c) and (d) show the result from March 2007. For all
panels the results have been truncated to only show results for waves 1 - 20.
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(a) 10MWKIND SPEED FCSTIMPACT 8-HRWINDSAT OCT 2006 (2) 10MWIND SPEED FCST IMPAC T6-HR WINDSAT MARCH 2007

®) 1DMWIND SPEED FCST IMPACT 12-HR YWINDSAT OCT 2006 ) 10MWIND SPEED FEST IMPACT 122HR WINDSAT MARCH 2007

-50.0 <303 =230 <123 12, 25,0 315  S0.0 6.5 150 81§ 1000

Figure 5.4. Geographic distribution of 10m Wind speed Forecast Impact (%) at forecast
hours (a) 6, (b) 12, (c) 24, and (d) 48 for October 2006 and forecast hours (e) 6, (f) 12, (g)
24, and (h) 48 for March 2007. The range of forecast impact is from -50 to +100.
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(a) 500hPa WIND SPEED FCST IMPACT B-HR WINDSAT OCT 2006 . (e) 500hPa WIND SPEED FCST IMPACT 6-HR WINDSAT MARCH 2007

v =500 -3.5 -25.0 -12.5 12.5 250 31.3 0.0 6.5 5.0 8.5  160.0
Figure 5.5. Geographic distribution of 500 hPa wind speed Forecast Impact (%) at
forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 for October 2006 and at forecast hours (€)
6, (f) 12, (g) 24 and (h) 48 for March 2007. The range of forecast impact is from -50 to
+100. - '
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(a) 1000hPa TBMP FCST MPACT 8-HR WINDSAT OCT 2008 . () 1000hPa TBMP FCST MPACT 8- HR WINDSAT MARCH 2007

Pa TBMP FCST IMPACT 24-HR ll‘Il.fINDSAT 0CT 2008 (9) 1000hPa TBMP FCST MPACT 24-HR WINDSAT MARCH 200

T

=50.0 313 250 125 128 25.0 NS 00 65 150 8.5 1000

Figure 5.6. Geographic distribution of 1000 hPa temperature Forecast Impact (%) at
forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 for October 2006 and at forecast hours (e)
6, (f) 12, (g) 24, and (h) 48 for March 2007. The range of forecast impact is from -50 to
+100. All points diagnosed as underground, were not used and are shaded black.
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(a) 500hPa TEMP FCST IMPACT 6-HR WINDSAT OCT 2006 B (e) 500hPa TEMP FCST IMPACT B-HR WINDSAT MARCH 2007
—_— ' = . e

e

-50.0 =-37.% -25.0 -12.8 ”ﬁ'.s 5.0 7.8 50.0 62.5 75.0 87.3 100.0
Figure 5.7. Geographic distribution of 500 hPa temperature Forecast Impact (%) at
forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 for October 2007 and at forecast hours (€)
6, (f) 12, (g) 24, and (h) 48 for March 2008. The range of forecast impact is from -50 to
+100. ' : »
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Figure 5.8. Geographic distribution of Outgoing Longwave Radiation (OLR) [w/m"2]
mean using NCEP/NCAR reanalysis for the month of (a) October 2006 and of (c) March |
2007. Geographic distribution of convective precipitation scale of* 10? [kg/m"2] from 0-
6hr forecast of WindSat assimilation for the month of (c) October 2006, and of (d)
March 2007. '
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- Figure 5.9. Vertical cross sections of Forecast Impact (%) on (a) wind speed and (b)

* temperature for October 2006 and Forecast Impact on (c) wind speed and (d) temperature
for March 2007 as a function of pressure (hPa) and forecast time (hr) averaged over the
globe. The colors have a uniform contour interval of 5%..

i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



62

Chapter 6: ASCAT Surface Wind Retrievals Impacts Study in
the NCEP Global Data Assimilation System

6.1 Introduction

Sea surface wind vectors have been estimated with active remote sensing
instruments, such as QuikSCAT (Yu and McPherson 1984), and with passive
polarimetric microwave radiometery, such as WindSat (Bettenhausen et al., 2006), and
have been proven to have a positive impact on NCEP global forecasts (L.e Marshall et al.,
2006, Zapotocny et al., 2008, Bi et al., 2009). The latest remotely sensed surface wind-
measuring instrument is the Advanced SCATterometer  (ASCAT)

(http://oiswww.cumetsat.ore/ WEBOPS/eps-pg/ASCAT/ASCAT-PG-index.htm). ASCAT

is one of the instruments on the Meteorological Operational (MetOp) polar satellites
launched by the European Space Agency (ESA) and operated by EUMETSAT. It is the
first in a series of such instruments dedicated to provide routine surface wind
observations over global oceans. ASCAT is an active microwave sensor designed to
retrieve ocean surface vector winds. The mission of ASCAT is to enhance the spatial and
temporal resolutions of surface winds at global and regional scales thereby allowing
better characterization of the air-sea interaction process as well as ocean wind forcing,
ASCAT surface wind data are used in daily weather forecast operations at the
European Centre for Medium-Range Weather Forecasts (ECMWF). Assimilation

experiments of ASCAT surface wind vectors in the ECMWF analysis and forecast system
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showed a positive effect on forecast skill over the Southern Hemisphere

(http ://www.ecmwf.int/gublicétions/newsletters/bdf/ 113.pd).

In this study, tWo seasons of ASCAT data have been as'siihila;ted'into the National
Centers for Envifonineﬁtal Prédictién (N CEP) Global Data ASsimilation/Global Forecaét _
‘System >(GDAS/GFS) model, the foreéast imﬁact of as:similafing the ASCAT surface = -
winds was assesséd by comparing the forecast results With'and Without' assimiléting the
.ASCAT ‘'winds through 168 hours fbr the mo'ntiis of August 2007 and Jénuary 2008.
Quality control procedures re(juired to aSsimilate the surface winds are diécussed. The
geographical distribﬁﬁon of the anomaly correlations and‘ forecast impacts are also
presentéd.v | | |

The paper is structured as follows. Section 2 briefly de$,cribe§ background
information relafed to the ASCAT instrument and the ﬁCEP GDAS/GFS version used for
this study. Section 3 discusses the diagnostic tobls used to evaluafe the forecast irﬁpacts.
Section 4 presents the results for this fdrecast impact sﬁdy through 7 days of model

forecasts. Section 5 summarizes the overall results of these experiments.

6.2 Background

- (a) ASCAT
ASCAT is a real aperture radar using vertically polarized antennas on the MetOP-
A satellite which was launched on 19 October 2006. MetOp-A is the first in series of

three satellites developed to provide meteorological data until 2020. MetOp is in a
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circular 'orbi’t (ﬂear sun synchronous orbit) for a period of about 101 minutes,\ at an
| inclination of 98.59° and at a nominal height bf 800km with a 29-day repeat cycle. The

ascending equatorial timég occuf approximately at 09:30 p.m. local time for MetOp.
 ASCAT hﬁs two swaths 550 ‘km wide, ‘loéatéd oﬁ each si(ble‘ of thé satellite track,
“separated by4 700km. It operates at 5.3 GHz (C band) (Benta#ly, 2068). '"

Two sets of tflree antennas are used to ‘generzla.te fadar beams looking 45° forWard, |
sideways, and 45° bacl;wards wifh respect to the satellite’s flight difection, on both sides
of the satellité ground track. These beam'sji-vlluminate 550 krﬁ-wide swaths (separated by
about 700km) as the satellitebmoves along its orbiti‘ and each provides measurements of

| radar baékscatter from the sea surface on a 25 km or 12.5 km grid. The ASCAT beams
measure normalized _radér cross sections with vertical polarization, which are a
dimensfonless prop'efty of the surface, describing the ratio of the effective echoing area
per unit area ill_umin#ted. The result of three indei)endént backscatter meéSuréments for
| each wind vector cell afe obtai;led using the three different vi_ewing directions separated
by a short tiine delay. As backscatter depends on the sea s;urface roughness asa funétion

of the wind speed and direction at the ocean surface, it is poséible to calculate the surface

wind ‘speed and direction by using these ‘triplets’ within a mathematical model

'(httn://Ww.kimi.nl/scattefometer/publications/pdf/ASCAT Produ;:t Manuai.bdf).

The Koninklijk Nederlands Meteorologisch Instituut (KNMI) (Royél Netherlands ‘
Meteorological Instituté) processes and makés available surface wind vector data derived
from the ASCAT backscatter coefficient. Fo; the KNMI ASCAT wind pfoduct, the

CMODS5.5 geophysical model function - (GMF) s used

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65

http://ww_w.knmi.nl/scattefometer/publications/pdf/ASCAT Product Manual.pdﬂ. The
GMF has two unknowns, namely wind speed and wind direction, so, if more than »}wo
backscatter measurements are available theﬂ theSe_two ﬁhknowns may by estimated using
a maximum-likelihood estimator (MLE) as the objecl:ti’v»eb func'tionn for determining wind
vector ) - . - | s§lutions
(htip' ://Ww.kmi.nl/scatteromet'er/puBlicatioﬁs/pdﬂASCAT_ Product Manual.pdf). Thé

MLE is defined by the squared difference of the misfit between the transformed

backscatter observations, oy, and the model backscatter values, o

J= (00 - a2%),
The local minimum of J corresponds to the wind vector solution. The three indepenflent
measuremeﬁts (fore, mid, and aft Beam), sample the azimuth variétion of the GMF so that |
at the wind direction ‘may be determined with ambiguity (tWo solutions). These
ambigui_tiés are removea by applying constraints on the spaﬁal characteristics of the
out[;ut wind field, such as on rotation and divergence. The solution selection is performed
, baééd oﬁ the 2D-VAR method (Stoffelen et al., 2002). |

vThe’ASCAT data flow from the MetOp satellite to the NatiOnal Oceanic and

Atmospheric'Admi'nistrétion’s (NOAA) processing system and are converted into the

Binary Universal Form for the Representation of meteorological data (BUFR) format at

the NOAA NCEP in preparation for operational use.

(b) Global ‘Data Assimilation System

The NCEP assimilation system consists of a first or “early” cycle with a 2.5 hour
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. _ .cut off The analys1s for this cycle is centered on 0000 0600 1200 and 1800 UTC and is
" -followed by a 384 hour forecast Cons1stent w1th the operatlonal GDAS/GFS a model
| resolutlon of T382L64 (1.e. spectral tnangular truncatlon. 382 »w1th 64 layers)‘~— 1s used
through 168 hours For thrs study, only the 0000 UT C forecasts were run and only out to
168 hours The analys1s is: repeated later (+6 hrs) to prov1de the “final” analysis for. the
six hour forecast for the next earlyv cycle first guess. . .Thls “final” analys1s includes data

- that had mlSsed‘-the previous “early” cut-off. | Lo | |
The ‘vert‘ical’domain of GFS model ranges from the surface to approximately 0.27
' hfa__and_is divided .into 64 unequally spaced sigma levels with enhanced res‘olution near -
the bottorn and top of the model domain. There are 15 layers belovv 800 hPa and 24‘
‘ layers above 100 hPa. The time integration is leapﬁ'og for nonlinear advection terms and
semi- 1mpllcrt for grav1ty waves and the zonal advection of vortrcrty and m01sture ‘
Comprehenswe documentatlon of -the GFS was. | completed - by the . National

“ ‘Meteorologlcal Center s (now NCEP’ s) Development D1v1s10n (1988) and can be found

. onlme at  http//wwt. emc: ncep noaa. gov/gmb/wd231a/doc/web2/tocold1 html ;

’ Subsequent model developments aﬁer’completlon of the above documentatlon have been

summanzed by Kanamitsu (1989) Kalnay (1990) and Kanamitsu et al. (1991). More

recent updates to the radlatlon surface layer vertlcal d1ffusron, gravity wave drag, -

convective prec1p1tatron shallow convectlon and non-convectlve prec1p1tatron can be -
found at http: //sg162 wwb 11022.20V: 8080/research/SONGYU/doc/ghysmrfl .html. The.

| most recent information about the global atmospherlc forecast model (2003) is in NCEP |

~ Office Note ~ No. 442' or" ' ~online .‘ Cat

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67

,httpi//emc.ncep.noaa.-gov/ofﬁcenotes/newernotes/OF442.pdf. A summary of model "

changes and references up to and past the dates of this study are available in an “updates”

log of changes online at both http://www.emc.ncep.noaa.gov/gmb/moorthi/gam.html and

http://www.emc.ncep.noaa.gov/gmb/STATS/html/model_changes.html.

The GDAS/GFS analysis utilizéé a three-dimensional variational data assimilation R
(3DVAR) schem¢ fo obtain an initial state that optimally fits the af)ailable obseﬁations '
and a short-rangeuforecast (background). In thié study, we used NCEP’s Gridpoint

| Statistical Interpolation (GSI) (Derber et al. 1991; Wu et al..'2002‘; Derber et 51. 2003) 
' 3DVAR system. With this tybe of analysis systgrh, ihe ,inqorporation of radiahces dil;ectly
intd the énalysis énd assimilétion sysfem has become pl;acfical.' The analysis is a 3D
- retrieval of ‘m,avss, momentum, and moisture fields derived frorh all available data |
L including the radiances (Caplan et al. 1997). The GSI uSes_ a thinning routin¢ whiéh
identifies the optimal rﬁdiaﬁce profile for each satellite sensor type (AMSU, HIRS, MSU,
v etd.) in a pre-designated grid box. The optimal radiance pl;oﬁle is determined by its
deﬁarture from the mod¢1 backgomd tempe%ture, distance from the center of th¢ grld
vbo.x‘,v temporal departure from the assimilation tihle, and surface feétu’res (ocean', land,’ aﬁd
ice). The December 2007 verSion of fhe GDAS/GFS was used fof these obseﬁ'ing system

experiments.

6.3 Experimental design

The complete NCEP operational database of conventional and satellite data was

used for this experiment. This reflected the real-time data cut-off constraints for the early
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and ‘late”ass.imilat.ion cycles prbduced at NCEP. The conventional data used included
rawinsonde temperafure,' relativé llumidity and wind, a_ircraﬁ*obser?étions of wind and
temperatufe; land and oceanic reports of surface ,pressuxe," témpefatﬁre; horizdntal wind,
and speciﬁc humidity; The satellite obsewatiéns uséd in this Work include the

- operational Advanced Television Infrafed ObéerVation :Satelllite (TIROS;N) (NOAA
2000), Oﬁerat_ion’al Vertical Sounder (TO\;/VS)' ('Smith et al. 1979) radiancés from the High v
Résolution Infrared Radiatidn Sqﬁnder (HiRS), fhe Micfo_wave Sounding Unit (MSU) |
(Spencer and' Chrlsty 1990)" the Advancéd Miprowave Sounding Unit (AMSU-A and
AMSU-B), sensoré (NOAA 2005), ozone inforfﬂatiqn from the ,Sbiar Backscatter
Ultraviolet (SBUV) sensors (Miller et al. 1997); Defense Metéorological S'atellitel - '
Progfam (DMSP) Special Sensor Micréwave vaager (SSM/T) surface ‘wind speed
(Alishouse et al. 1990); derived surface winds from Quikscat (Yu and McI_’herson 1984),
dérived surface winds ftbm WindSat (Betténhauéen é:t al. 2006), atmospheﬁc motiqn

| ve;ctors from geostatiqnary satellites (Velden et ‘al. 1997, Menzel et al. 1998)_. Keyser
(2001a, 2001b, 2003) provides an overview of data types provided to NCEP on a daily
basis and used ‘operationally for tﬁe experifnents of this study. The con_ventiorial and
Satellite.data used in these experiments are summarized in Tabies 2 and 3, respectively.

Parts of twb seasbns_ Wére used for this study; summer 2007 (15 July to 3VO} August
2007) and _wiﬁter' 2007/2008 (15 December 2007 to 30 mary ‘2008).‘ The first two

weeks of each time period were removed from these results to allow the assimilation

system and forecast model to adjust to the new data.
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(a) bata th;'hﬂing | |

Instead of using the thinning technique :that is used opefationelly for QuikSCAT
' rwind' and WindSat vectors, na'mely f_heu‘se of “super observatiens;7 (or “suber-ebe;;), a
new tﬁinning”technique wae used for ASCAT wmds V'I:‘he main idea of th1s thinning'

- technique is',thaf wind vectors which’afe- closest to the 'center_.of" >the :thihning de (IOOkm) '
are chosen over al_l others. In co_mpérisor_l, av":sup.erﬁ-ob: is fhe évefége of all the observatioﬁsb L
_ in each thinning‘ 1°* 1° box wifh tﬁe resulfiné eeseri?ation lovcated. in_the_cenﬁoid of the
‘ observatione. Observations which have a low eonﬁdenee (deteﬁnined by KNMI) due to
.‘ rain,b ice, or land coﬁtamination are not used 1n the super-ob. Te_sfs were run to deterrhine
iwhether 100km '017 SOkm thinniﬁg boxes wefe more effective. It Was found ihat overall
the 100km thinning box gave the best ‘forecast r,esullts‘ in terms of the anomaly ,correla_tion

1

scores.

(b) Quality Control )

Mo‘stef the quelity centrol'v(QC)'off the ASCAT dafaVWas accomplished in the
retrieval process. Observation_s that feil the retrieval process or are flagged for rain, land, -
or sea iee c‘ontaminatien.were ﬂag’gedvend omitted from the .obse'rvavtions as outlined iﬁ |

( httb://www.kmhi.nl/scatterometer/nubIications/pdf/ASCAT Product. Mamial.pdﬂ. '

The preliminary statistical results from the 20-day test experiment indicated that
there were' problems near the Antarctica regions which were contaminated by sea-ice.
 This contamination suggested there were still quality control problems with the

observat_iohs even after the quality control procedures were perfermed during the retrieval
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process. It is essential to investigate ,adciitional qualiiy control procedures before the
ASCAT dat.'a are assimilated fo ihe GFS system. Bases on the preliminary statistical
results, a series of additional quality control procedures were added within GDAS/GFS.
To remove additional data suspect of being contaxninated by sea ice; a Sea Surface
Temperature (SST) of 273K was used as a criteria . Observations near coastlines were

~also not used. If the absolute value of the thinned w1nd component differs from the

‘corresponding background wind by more than Sms”' or the observed or model |

background wind speeds were greater than 201ns'], the wind vector was removed.

(c) Diagnostics
Several diagnostics were pei'formed using the control and ASCAT experiment
,an_alyses‘ and forecasts. The anomaly correlation statisties were performed using the
‘traditional NCEP algorithms (NWS 2006) which are siniilar to those used by NWP
centers worldwide. NCEP (NW Sv 2006) provides a deseription of the meihod of
) eomputation while Lahoz (1999) provides an interpietation for the anomaly. Tne‘
reanalysis fields from the National Center for'Atmospheric Research (NCEP/NCAR)
(Kistler 2001) are used for the climate'com.ponent of the anomaly correlations. To
calculate anomaly correlations the output grids from the control and both ei:periments
‘were reduced to this 2.5° by 2.5° herizontal resolution and interpolated to mandatory
' 'rawinsonde leveis using the GFS post processor. The fields being evaluated using
anomaly correlations are then truncated to only includ_e spectral wave numbers 1 through

20. These fields are also limited to the zonal bands of 20°-80° in each Hemisphere and a
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tropiéal belt within 20° of tﬁe equator.

In addition to the traditionai AC statistics, géogr_aphic distributions of the AC for
the 1000hPa and 500hPa geopotential height fields are performed. The ﬁelds being
evaluated using géographié' AC distﬁbutions include all spectral wave riumbers. These
ﬁel;is are not limited to the zonal bands or‘thve tropical belt.

Another/ diagnostic used here is the modified -forgéast impéct (FD, Whiéh is
discussed further by Zapotocny ve’t al. (2005). For this stu-dy,v a series of two-dimensional
FI results are presented as the positive/negative impact provided by the expeﬁr;lent of é '
pal’ticular data type. The geographic distributions of FI are sﬁown in section 4.b and are

evaluated using:

D(C=4) Y (E -4)
N N

FI(x,y) =100x {[

The variables C and E are the controi and experiment forecasts, respectively. The
‘variable A is the OO-hf GDAS ”experiment analysis pontaining all data types which ié valid
at the same time as the forecasts. N is the nﬁmber of diagnostic days.vv
The area ratio weights the grid points to account for the reduction in area as the

grid _boxes approach the poles. The area ratio weighting is defined as:

. A . A
VSIn(¢i + E) —sin(g, — E)

)
2sin(—§—) *

Where ¢ is the latitude of /grid point i and A is north/south resolution of the grid box. The

numerator is the relative size of the grid box. The denominator is the relative size of a
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grid box at the equator.

The vertical cross section plots shown in section 4.c are evaluated using:

.

SC-Ay  [SE -4y

FI(t,z) =100 %

€)

Where X is the number of horizontal grid points. A’, C’ and E’ are the area ratio
weighted values of A, C and E defined in (1). The first term on the right enclosed by
parentheses in (1) and (3) can be considered the error in the denied experiment. The
second term enclo~sed by parentheses in (1) and (3) can be considered the error in the
control forecast. Dividing by the error of the control forecast normalizes the results.
Multiplying by 100 provides a percent improvement/degradation with respect to the RMS
error of the control forecast. A positive forecast impact means the WindSat forecast
compares more favorably to its corresponding analysis than the control.

The FI is then averaged over the number of days by using:

N
> FI(t,z)
Fi=t=l— | @
Where Fl is from (3) and N is the number of diagnostic days.
All FI diagnostics were computed from grids generated by' NCEP’s post

processing package. These grids have a 1° x 1° horizontal resolution on 26 vertical

isobaric surfaces. None of the fields were smoothed during plotting. The forecast
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diégnostics for this paper were also terminated at 48 hours to concentrate on the shorter

term forecast impacts.

6.4 Results
Aésimilation experiments were conduéted, to Itest émd compare the attributes of
using the ASCAT data. Forecast irﬁpaCt comi;aﬁsons aré pfes.ented from aSsimilating'the
ASCAT data to a benchmark ér -control ‘exp.e\rimeﬁt. "~ The 'control contains all  the
“operational . data usecllb during the period and jncludes allv' of the reai—time data cutoff
_ 'requiremeﬁts. The impact of aésimilating thé ASCAT data on the quality of forecasts
| made by the GFS for two time periods are explored in detail. The first time period cd?ers
1 fo 31 August 2007, the second covers 1 to 36 J ahuary 2008. The selectioﬁ of these time
_periods enables the diagnostics td sample the extreme seasons in éach hemisphere. The
fields diagﬁoséd cbnsist of geopotential height, temperature, and wind speed.
Underground grid points on isobaric surfaces intersecﬁng tﬁe earth’s surface are not

‘included in the evaluations.

(@) Analysis ‘statistics
Figure 6.1 dispiays a compaﬁson of the bias, standard deviation, ASCAT Wind-
| speed histogram and wind speed innovation histogram for ASCAT.'Figulfes 6.1 (a—-()
. show the analysis statistics for August and (e) — (h) show the analysis statisticé 'fdr
January. }While thefe are r¢latively large biases for obServéd wind smaller than 2ms™ for

both seasons, these ‘observations account for less than 5% of the total number of
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' obsery.atvions.,(Figs. 6.1d and 6.1 g), thus large biases are not é'mé.jor concern. Before the
ASCAT experiment began, a 20-day test run was perforfned. Based on the ‘preli‘mi.nary |
stati»stibal,’res‘ults of this test, observed wind speéds that are 'greatérl than 20ms™ have been |

~ tossed. Figuré 6.1a and 6.1e show that th_eré ar¢‘a1so large biase}s and étan’dard déviat‘i.ons
for obseﬁed- wind speeds greater than 20ms™ and in soiné cases biases and standard
deviation for ,observationv minus analysis (O-A) are even higher for obséryatjon 'minu’s-
_background (O-B), these observations are rejecfed by the‘assimiiation_systém.hl fhe GSI
assimilation syStem,b there are three outer iteration loops; obsewafion; which passed the

| ﬁrst outer loop may Still be rejected in the second outer loop. Thé final 'analyseé afe
- results from thé, third ?uter ldop. Figures 6.1c and 6.1g show that the majoﬁiy‘ of the
counts are locatéd within the wind spe‘éd range of 5-10 ms”. In Fiéure 6.1d and 6.1h, the
green curve shows the observation mi_nus background (O_;B) and red curves represénts the
obsérvation minﬁé analysis (O-A). Thé O-B histogramsare slightly Skewed to the left for
both seasons vs;hich suggests ASCAT speeds aré' a little siower than' the ‘m(‘)del :

Backgrouhd.

~ Figure 6.2 displays the geographic distribution of bias and standard deviation for

| wind specd at 10 meter near the-surféce for both O-B ahd -O-A fo‘r’ Aﬁgust (a-d) and
January (e-h). In the Aﬁgﬁst experiment, the largest biases with respect to the béckground
are found in the tropical Weste‘rn‘ Pacific, and | in bands extend westward from the
Mexican coast to the central Paciﬁc and to the Aeast-sOutheAast sbﬁth of central Ameriéa
(Fig. 6.2a). In the Jénuary experiment, the largest biases were“f"ound over thé central

Pacific and Indian Ocean (Fig. 6.2¢). As expected the biases are significantly reduced in
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most regions after assimilating the data (Fig." 6.2b and 6.2f) but large; biases appeér in the
Southern Heniisphéfe near Antarctica.v Thé_ standard deviations of O-B are quite similar to -

.t‘he‘ jaﬁuary experiment for Aughst (Fig. 6.2c), with the largest étandard deviations_ aré
found in thé' tropical western Pacific and near AntarctiCé. For the J anuary expeﬁment, thel_ w
largest standard deviations are found over the northern Pacific, in the topicai western
Pacific, and north Atlantic. Again, aﬁer ASCAT data have been ass.imil‘ated, decreases in

the standard deviation are realized.

b) | Geographié distribution ofAhomaly Correlations (AC)
Figures 6.3a and 6.3¢ bresent the élobal geographié distribution of - 1000 hPa
| geopotential height anomaly correlatiqns for the conﬁol simulations during August 2007
and Jaﬁuary 2008 reépectively. Figuré 6.3b-and 6.3f show the global geographic
distfibutiori ‘of 1000 hPa geopotential height anomély correlations for the ASCAT
.e*perime’nt simulations during August 2007 and January 2008 respectively. "II“he‘
geographic distribution of thé difference between the control and ASCAT experiment
»anomaly correlation are presented in Figure 6.3c and Figure 6.3g during August 2007 and
January 2008 .r,es’pectively. For the anomaly coﬁelation difference di_stﬁbution, the l#r_geSt
negative différence are realized over the Arctic and Antarctic , the largest positive
difference are located over Rﬁssia (Fig. 6.3c) for August. The patterns are Quifé different
for J anuary; with the largest positive difference realized over the western Ihdian Ocean
and thé large negative differences along the coasts of the Antarctic continent (Fig. 6.3g).

Figures 6.3d and h show the anomaly correlation for days 0 to 7 for 1000hPa
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| l geOpOtential height in the regions .’iOO- - 80° in the Southern Hemisp_here for Aagust and
Northern »Hemisphere for January respec,tively. The green line is’. the control sirnulation
' wh1ch closely rephcates NCEP operatlons and 1ncludes all data routinely used by the
GDAS/GFS The red line is the anomaly correlatlon dragnosed from the ASCAT
s_1mulat1on. In these types of expenments,‘ the larger the separatmn between anornaly
correlations for theb ekperiment and the ccnt__rol,fthe. greater the skill of the forecasts using
‘ASCAT data compared:with the control forecasts.; The resnlts indicate that",‘ the control
sirnulation anomaly —corr'elativons' are close to the ASCA’I‘“' ejrperiment “ andmaly
| ccrrelaticns until day 5, then the improvements in the ASCAT 'exnedment becorne greater ‘
for both seasons and 1n most of the cases.
As it is commonly presented, the AC is just a.single number representing the
vsl_(illfulness of a forecast relative to climatclogy. /By definition, AC scores-are calculated
- as the correlation between the predictedk' and analyzed-anomalies of the variables over,
region and over time. AC scoresvcannot reveal_ anything ahout how the skill is manifest:
(small improvements, on average each day, vs. a few large improvements related to a
particular event), the geographic distribution of forecast skill, or whether the diagnosed
skill is realized» in regions of low or high observed anontalies as calculated from the
NCEP/NCAR reanalysis data.TIn order to understand how the 'imvprov_ements‘ are realized
on a day to day basisv ina preliminary study, instead of calculating the time ‘mean of the
AC, the fractlon of daily AC score over the time mean has been calculated Th1s day by
day 1mprovement Vs. degraded forecast assessment prov1ded 1ns1ght 1nto whether the

factors gov‘emmg the average AC score are dominated by .greatly improved speclﬁc
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forecast busts or small improvement on average each day. Although not shown.in heie,
our study indieates that the governing factor of ‘AC score is dominated by‘ small
'imni'ovement on average each day.‘

In order to have a better understanding about the geographic distribution of AC '
and the correspondmg observed anomalles as calculated from the reanaly51s data, we
inspect the geographic d1str1but10n of AC along w1th the distribution of observed
anomahes. We 1dent1fy four pos51b1e scenarios or categorles: |

e (Category I: Large VAC coincides with small monthlymean anonialies. Results in
this category show good medidm range forecast skill in capturing small amplitude
| and/or low frequency anomalies as calculated from the climatology data.
‘o‘v Category II: Large' AC coincides with large anomalies. This is also a go;d
~ example shows the forecast is capable of foi'ecasting significant height anomalies
at the medium range. | |
e Category III Small AC coincides with small anomalies. Cases shoiavn- in this
“category indicate low forecast skill for small amplitude anomalies or lack of
medium range skill in transitions ’between weather regimes.

e Category IV: Small AC coincides with lai'ge anomalies. This is the scenario which
indicates regions with large anomalies report,as small AC coeffieicient. Based on
the assumption that the monthly mean anomalies is representative of daily
anomalies, it snggests that cases falling in this category lack medium range

forecast skill in predicting low frequency patterns.

F1gures 6.4a and ¢ show the geographic dlstrlbutlon of 500hPa geopotential helght
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’ anomaly usmg NCEP/NCAR reanalys1s for the month of (a) August 2007 and of (c) |
] anuary 2008 Panels (b) and (d) show the geographic distrlbutlon of anomaly correlatlon
of day 5 for 500hPa geopotent1a1 height from the ASCAT expenment from (b) August
20()7 and from (d) January 2008. Regions can be 1dent1ﬁed where large monthly mean
anomahes do not- c01nc1de w1th the regions of greatest forecast anomaly correlation ‘
‘_Figure 6. 4a can be compared w1th Flg 6 4b, same applles for Fig 6.4c and Fig. 6.4d.-In '
- 'Fig 6 4a the largest height anomahes for August 2007 are noted in AI'Cth Ocean and ina v'
| band in the south Pac1ﬁc off South Amenca In the two- d1mens1onal AC plot (Fig. 6. 4b),
it is seen that in the south Pac‘lﬁc regions, the AC scores ,are quite large with values close

to 09 Onthe other hand, the large observed anomalies_located‘ in the Arctic' 'north of
o , Alaska are in regions of low forecast skill as measured b‘y‘ the AC scores. (with‘srnall' ACY
| value,around 0.4). For the‘rnonth of January 2008, the largest anomalies were observed in
north Pacific, weStern Russ1an, and in the Arctic north of Siberia. The he_ight anomalies
over the Arctic and north Pacific coincided with high AC scores, while the‘ eastern most |
portion of -the pos_itive height anornaly'iin wéStern Russia was in a region of low forecast

skill.

\(c) Geographtc dtstnbutwns of forecast mtpacts
| All the forecast 1mpacts shown in th1s ‘paper have been tested as s1gmﬁcant
' differences between the control and expenment. The differences i in the temperature and
. w1nd fields shown here are‘statistically Signiﬁcant with a conﬁdence interVal of 99% or

- greater for forecasts out to 36 hours. Figure 6.5 displays geographic distributions of
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avgr’age forecast ilhpact,, determihed from using equation (1), for the 10m wind spé'ed for
 August 2007 at forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 and for January 2008 at
forecast hours (e) 6, (f) 12,. (g) 24, and (h) 48 The r#nge of FI is from‘ -60 t;) '200 percent.
The 6-h results (Fig. 6.5a) show the largest FlIs in At"fica, Westefn Pacific, South America
and China. By 12 hours (Fig. 6.55), fhe FIs in tﬁe Sdu@h America are reduced, with the
largest FI still realized over Africa and China._‘ The -FIs are génerélly émall by 24 hours
(F_ig. 6.50‘) and becomé mostly ﬁéutral by 48 hours (Fig. 6.5d). Figure‘ 4e-h presents the
January . 2008 ASCAT 10ﬁ1 Wind speed FlIs at foreg:agt 'houvrs 6, 12, 24, and 48
respectively. Large p0sitive FIs are seen over Aﬁ‘ic@Austi‘aiia, and Soufh America at 6
hours (Fig. 6.5¢). By 12 ﬁours (Fig; 6.5f), the largest Fls at;e st_ill found over Africa.

- Again, the FIs are generally sméllbb).i 24 hi;urs (F ig. 6.5_g) and become mostly neutral‘by
48 hours (Fig. 6.5h). o | )
The FIs for 500 hPa wind sﬁeed ‘during'vAlilgu.st 2007 and January 2008 are showﬁ
in Figure 6.6a-d and e-h respectivély. The gr‘eafest FIs are realized in the tropics for both

- seasons as> shown by»the 6 and 12 hour i’orecasts. By 24 hours (Fig. 6.6¢ and Fig. 6.6g),

- the FIs éfe i'educcf,d with small positive impacts still seen in the tropical region. By 48 |
hours (Fig. 6.6d and Fig. 6.6h) the FIs are mostly neutral With some small posi_tivé.

. impa@fs femaining. Comparirig Fig. 6.5 and 6.6 suggests that the ASCAT data havea
gl'eater positiveimpact on the ,wind speed,ﬁeid throﬁg’h-the 24;h forecast at 500hPa than
atiom o | |

Figure 6.7 preseﬁts the temperatilre geographic distriﬁﬁtion of FI at IOCOhPa'for

the two seasoné at forecast times 6, 12, 24‘ and 48 hours. All points diagnosed as
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underground, were not used an(i are shaded black. The 6-h results (Fig. 6.7a and €) shqw'
the largest positive FIs in thé tropics. Small areas of negafive‘FI are noted near Ahtarctica
during both seasons. After 12 hours, 1arée areas of ‘ﬁositive FIs,are still realized over the |
Western Paéiﬁc énd South Atlantic (Fig. 6.7b and t) | Silhilar tolthbé wind Fls at 48 houfs

- (Fig. 6.7d and h), the FIs are 'mostly neutrai 'with small areas of poSitive and negative.
impact remaining. With vfhe ex’éeption 6f the région arbund Antarética, the FI is rlbargely
positi?e or neutral Qver a éigniﬁéant portioh of .the globe_."
| The FIs for tempefature at SOOhPa during both periods ére s'vhlown' in. Fi-gure, 68

- Similar to the 1000hPa terr;peraturc? FIs, the largeva impacts are found in tropics in the 6-h
forecésts for both seasons (Fig.'6.8a and Fig.‘ 6.8¢). There is a marked ‘decrease in forecast
impact by 12 hour (F.ig. 6.SB and Fig. 6.8F) with all of the lafgest impacts still realized in
the tropics.’ The FlIs are generally small by 24 hours (Figs. 6.8c and g) and bécome,s
mbstly neutral by 48 hours (Figs. 6.8d and h). Comparing Flgs 6._‘7 and 6.8 indicates that

| the vASCAT data have a markedly more positiVé impact in magnitude on the te_mperatufe _ |
ﬁeid through the 24-h périod at 500hPa than at 1000th& :
One potential exblanation for why the la;ge impacts are seen in the tropics'at
SOOhPa for | bbth vv>vind speéd and temperature fields is due to the deep convection B |
associated with vthe convective scheme used in the .\GFS model QMch is in based on | _ |
Arékaiéva and Schubert (1974) scheme, in which mass fluxes induced in the convective
updraft and the‘ downdraft aré allowed to tfanéﬁort niomcntmn. Thg momentum exchange:
- is calculated th:dugh the "mass flux formulation in a manner similar to thét fof heat and

moisture. Fig. 6.9 shows the géographic distribution of Outgoing Longwave Radiation
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(OLR) [w/m”2] mean using NCEP/_NCAR reanalysis for the month of (a) August 2007,

and of (c) January 2008. Fig. 6.9a indicates that there fs deep éonvection located in

' Indién, an<}i eastern Pacific along the tropics. Eig. 6.9c shows deep convection 1ocated in

the north—;ast' of Australia in the pacific, Indian and _Soilth América. ‘The cieep convection

}along the tropics is consistent with the largest FI‘ Which is along the tropicé for 500hPa

wind speed field (Fig. 6.6a and Fig. 6.6¢). Becaﬁse_ of the deep 4convection‘tran‘s’port the ..

momentum ﬁpwzlird, the surface wind aﬁalysis inéremént ihforrﬁation propagates upward |

into the middle and upper-troposphere within thé first 6 hours. Another apprqach is to

look at the 'cc‘)nvectivev precipitation plots,‘ geographic distribution of convéctive '

" precipitation scale of 10 [kg/m”*2] from 0-6hr forécast»vof ASCAT assimilation for‘the
month of. (c) August 2007, and of (d) January 2008. It is clear that the convective

precipitation band is realiéed along tropics for both seasons, that also expléins why the |

| largest FIs are seen along' the tro;ﬁcs as early as 6 hour in the middle and upper-

‘troposphe‘ré. The 6-12hr, 18-24hr, 42-48hf con'.vectivek precipitation piots have similar

patte;ln as the 0-6hr ones, they ére not shown here.

Figure 6.10 presents the vertical time series of the horizontally averaged Forecast

Impacts ﬁom both seasons. ThlS figure was computed using equation (2) andr area

weighted using equation (3); Forecast impacts from _the Wind speed (Fig 6.10a‘ and

6.10c), and temperature (Fig 6.10b and d) fields are shown for both sea‘sion's. Inspection

of the plots reveals that the largest impacts are at thé 500hPa level and is consistent with

’ the geographic Féfecast Impaété'in Fig. 6.6.7 Large ifnpacts are also shows at 100hPa.

Similar patfems are found in the temperature fields in Flg 6.10b where the greatest
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Forecast Impacts are 'agaih at 500 and 100hPa. All four panels display a systeniatié
decrease of FI with tiiné, with the decreases bejng soméwhét slower in January than in
August.. ;A final point about the vertical time series of Forecast Impact results is that the
| | 6-h temporél resolution of the GES archive used for these e);periﬁlents is not adequate to
resolve the rapid decrease in forecast impact that | occurs in-the first 12 h of thesé.

sirflulaiions. | |

Figilre 6.11 presents kthc vertical time séries of the horizontally averaged forecast
iinpacts for both. seasons. Wind speed forecast impacts from the fields averaged for
Northern H;emisphere (NH) (Fig.. 6.11a and Fig. 6.1 ld), for Southem Hemisphere (SH)-
(Fig. 6.11b and Fig. 6.11¢), and for trdpics (Fig. 6.11c and Fig. 6.11f) are shown for bdth
seasons. Inspectjon of summer hemisphere plots (Fig. 6.11a and Fig. 6.11¢) reveals
similarities with maximuxﬁ impacts are found at SOOhPa‘rwit‘h amplitude of 25%.
Inspection of vwinter hemisphere plots (Fig. 6.11b and Fig. 6.1 id) also reveals similarities
with maximum impacts are found at SOOl;Pa wifh amplitude of 15%. An explanatibn for
the maximum FI realized at 500hPé is due to the upward 'n;omentum-transport in thé
parameferized convection of the GFS model. In general, the summer hemisphere has far |
. - more convective aétivity'than _the winter hemisphere, this explains why the amplitude of
FIs are greater in the summer hemisphere.: Comparing th¢ winter hemisphere plots (Fig.
6.11b and‘ Fig. 6.1 1d), it is also noted that for NH the ‘FIs are not seen in the surface after
12 hrs (Fig. 6.1 ld); for SH the Fls are still seen in the surface till 18 hrs (Fig. 6.11b). This
is because SH is daté sparse region, more new data _aésimilated in the ocean will lead to .

greater impacts. It is also noted that the greatest impacts are occurred in the tropics with
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the maximum magnitude over 100% (Fig. 6.11c and f). This is consistent with the largest
impacts we have seen along the trbpics. In‘ general, the ﬁlaxima in fractional area
coverage of the convectivé activity are typically céntered off the equator. Because of the
deep conveqtioh transport the momentum, upward, the surface wind analysis incrément

 information propagates upward into' the middle and ﬁpper—troposphere with ther'ﬁrst 6
hour. The surface afe within the bOundaryv layer, With'éll the mixing and ‘ﬁiction, the
inipacts get lost very soon. This may .explain why the" gfeatest impacts are hot seen near
the surface. All paneis reveals that th¢ FIs decrea§e With time‘very fast, by 24 hours; most

of the impacts are not seen.

6.5 Summary
Observing- system experiments were conducted 'duﬁ_ng two seasons tAo'quéntify the
impaéts- of assimilaﬁng the sﬁrface wind retrievals from the ASCAT microwave
scatterometer on the Met-Op satellite. A Dec.embcrr 2007 version of the NCEP
GDAS/GFS was used for the assimilatién system and forecast model. Thése expeﬁinents
were conductéd at the NCEP operatioﬂal fesolution of the time (T382 with 64 layers) and
- ..used the NCEP operational observation détabase. |
Several vériﬁcatidn techniques were used fov measure the impact the ASCAT wind
, retﬁevals made oh tﬁe forecast. ~ These techniques included: geographical anomaly
correlations, geographical forecast impact and vertical time series of forecas‘t impact.

The results from the anomaly correlation calculations show neutral to modest

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



84

_ improvements_in forecast }"skill in mid-latitudes in both seasons' for most of the cases. The
largest anomaly is consistent with where the anomaly .correlation score is high for the -
case of January 2()08, discrepancy occurs in Arctic ocean ‘for the case of August 2607.
Results from a modiﬁed forecast impact calculation' 'reveals positive forecast impacts for

~ the wmd temperature through 48’ hours. The greatest forecast 1mpacts occurred in the
' troplcs and at 500 hPa which appears to be attrlbutable to the deep upward momentum ‘ |

transport in troplcal convection. It ‘was also found in this study that small, posrtlve

forecast 1mpacts are realized at all levels of the GFS through 48 hours.
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Table 6.1. In-Situ data used within the NCEP Global Data Assimilation System for
~ this study. Mass observations (temperature and moisture) are shown in the left
column and wind observations are shown in the right column.

Rawinsonde temperature and humidity Rawinsondeuand v

AIREP and PIREP aircraft temperatures | AIREP and PIREP aircraft u and v

ASDAR aircraft temperatures ASDAR airdraﬁ uand v

Flight-level reconnaissance and dropsonde | Flight-level reéonnaissance ahd’

| temperature, humidity and station pressure drop_sonde uand v

MDCARS aircraft tcr_riperatures- MDCARS aircraft u and v

Surface marine 'shjp, buoy and c-man | Surface marine ship, buoy and c-man u

temperature, humidity and station pressure and v

Surface land synoptic and Metar )
o i | Surface land synoptic and metar u and v
| temperature, humidity and station pressure _ ‘-

Ship temperature, humidity and station | S
: , : ' Wind Profiler u and v
pressure S N

.| NEXRAD Vertical Azimuth Display u

| Pibal u and v
O : andv
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Table 6.2. Satellite data used within the NCEP Global Data Assimilation System for

" this study.
HIRS sounder radiances | SBUV ozone radiaricés ,
AIRS radiances =~ o | QuikSCAT surface winds |
AMSU-A radiances GOES aﬁndspheric motion vectors
' “ o Atmospheric motion vectors from GMS-5
AMSU-B radiances i - :
until May 2003 than GOES-9 (MTSAT)

TRMM precipitation rate - _METEOSAT étmospheric motion vectors

| SSM/I precipitation rate | SSM/I surface wind speed
WindSat surface winds , | | ASCAT surface winds
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‘Figure 6.1. A comparison of the bias, standard deviation, wind speed histogram and
~ ASCAT wind speed difference histogram for ASCAT data. Panels (a) — (d) show the
results from August 2007 and panels () — (h) show the results from January 2008.
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(a) ASCAT 100km expertment spd O-8 bias 1-31 Aug 2007 © ASCAT 100km experiment spd O-B bias 1-31 Jan 2008
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Figure 6.2. A comparison of the geographic distribution of bias, standard deviation (for
both O-B and O-A) for ASCAT. Panels (a) — (d) show the results from August 2007 and

panels (€) — (h) show the results from January 2008. :
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Figure 6.3. Panels (a) and (b) show the geographic distribution of anomaly correlation of

- day 5 for 1000hPa geopotential height from the control experiment and ASCAT
experiment from August 2007. Panel (c) shows the difference between panels (a) and (b)
using ASAT minus control. Panel (d) shows the anomaly correlation for days 0 to 7 for
1000 hPa geopotential height in the regions 20°-80° in the Southern Hemisphere. Panels
(e) — () show the results from January 2008. For panels (d) and (h) the results have been
truncated to only show results for waves 1 - 20.
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» - NCEP/NGAR Reandlysis ' NCEP/MCAR Reonclysis
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Figure 6 4. Panels (a) and (c) show the geographic distribution of 500hPa geopotentlal
height (m) anomaly using NCEP/NCAR reanalysis for the month of (a) August 2007,
and of (c) January 2008. Panels (b) and (d) show the geographic distribution of anomaly
correlation of day 5 for 500hPa geopotential height from the ASCAT experiment from (b)
August 2007 and from (d) J anuary 2008.
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PACT 6-HR ASCAT AU
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(f) 10M WIND SPEED FCST IMPACT 12-HR ASCAT JANUARY 20

e

(h) 10M WIND SPEED FCST IMPACT 48-HR ASCAT JANUARY 2008
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Figure 6.5. Geographic distribution of 10m wind speed Forecast Impact (%) at forecast
hours (a) 6, (b) 12, (c) 24, and (d) 48 for August 2007 and forecast hours (€) 6, (f) 12, (g)
24, and (h) 48 for January 2008. The range of forecast impact is from -60 to +200. '
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(a) 500hPa WIND SPEED FCST IMPACT 6:HR ASCAT AUGUST 2007 (e) 500hPa WIND SPEED FCST IMPACT 6-HR ASCAT JANUARY 2008

(b) 500hPa WIND SPEED FCST IMPACT 12-HR ASCAT AUGUST 2007 (f) 500hPa WIND SPEED FCST.IMPACT 12-HR ASCAT JANUARY 2008

-60 ~40 -20

Figure 6.6. Geographic distribution of 500 hPa windAspeed Forecast Impact (%) at
forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 for August 2007 and at forecast hours (¢) 6,

(® 12, (g) 24 and (h) 48 for January 2008. The range of forecast impact is from -60 to
+200.
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(e) 1000hPa TEMP FCST |
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Figure 6.7. Geographic distribution of 1000 hPa temperature Forecast Impact (%) at
forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 for August 2007 and at forecast hours (¢) 6,
() 12, (g) 24, and (h) 48 for January 2008. The range of forecast impact is from -60 to
+200.
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(b) 500hPa TEMP FCST IMPACT 12-HR ASCAT AUGUST 2007 (f) 500hPa TEMP FCST IMPACT 12-HR ASCAT JANUARY 2008
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(c) 500hPa TEMP FCST IMPACT 24-HR ASCAT AUGUST 2007 (g) 500hPa TEMP FCST IMPACT 24-HR ASCAT JANUARY 2008
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Figure 6.8. Geographic distribution of 500 hPa temperature Forecast Impact (%) at
forecast hours (a) 6, (b) 12, (c) 24, and (d) 48 for August 2007 and at forecast hours (¢) 6,
(f) 12, (g) 24, and (h) 48 for January 2008. The range of forecast impact is from -60 to
+200. : ‘
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‘ ' NCEP/NCAR Reoncysia R NCEP/NCAR Reanalysis
(a) QIR (W/m*2) Composite besn ‘ () R (#/m*2) Composite Mean
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~ Figure 6.9. Geographic distribution of Qutgoing Longwave Radiation (OLR) [w/m"2]
mean using NCEP/NCAR reanalysis for the month of (a) August 2007, and of (c) January
2008. Geographic distribution of convective precipitation scale of 10 [kg/m”2] from 0-
6hr forecast of ASCAT assimilation for the month of (c) August 2007, and of (d) January
2008. ’
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Fesi Hour

Figure 6. 10 Vemcal cross sections of Forecast Impact (%) on (a) wind speed-and (b)

temperature for August 2007 and Forecast Impact on (c) wind speed and (d) temperature
for January 2008 as a function of pressure (hPa) and forecast time (hr) averaged over the
globe. The colors have a uniform contour interval of 10%.
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~ Figure 6.11. Vertical cross sections of Forecast Impact (%) for wind speed field over (@

4110 -

. Northern Hemisphere for August 2007 and (d) Northern Hemisphere for January 2008;
(b) Southern Hemisphere for August 2007 and (¢) Southern Hemisphere for January
2008; (c) tropics for August 2007 and (f) tropics for January 2008 as a function of '

pressure (hPa) and forecast tlme (hr).
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Chapter 7: Case Assessments

-

In an operational setting, the evaluétion of the impaet of particular
observations on numerical weather prediction'model forecast skill must necessarily be
Viewed/through the prism of statisticel measures of forecast performance and not the -
data’s impact on fhe success or failure of an individual forecast. The standard means of
assessing a data set’s operational utility.involves calculating the statistical measures of
forecast perfofmance averaged over many time peﬁdds from parallel model runs in an
quasi-operational environment. The data to be evaluated in these assessments “competes”
with other operational data sets and the statistical diagnoses are used to determine
whether assimilation of the new dataset improves the skillfulness of fhe forecast. If these
statistical measures of forecast performance, like the anomaly eorrelationvcoefﬁcient or

| forecast impact suggest neutral or increased skill and positive impacty on prediction, the
data is added to the mix of observations to be assimilated — perhaps without cognizariee
of why thet data has the observed impact. The need to answer this questien is not purely
an academic one, as the answer could possibly suggest more 'efﬁcien't uses of the
oiaservational platform (i.e., reduced sampling), identify redundancies in the types of
observations being_ assimilated, inform instrument designers of deﬁciencies in‘ the

| observing syétem, or identify problems wifh fhe quality control_ and assimilation of the

observations.
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For this dissertation we attempted to perform’diagnestic case studies to assess the-
forecaet»impact of assimilation of various‘ data types for selected cases from the hundreds
of model assimilatien aﬁd forecast cycles considered in the earlier chapters of this

| ,dissertatioh. At the outset, the shear volume of output generated in.the \statistical
assessment of skill would suggest a unique o_pt;ortunity to study a number of cases in
considerable depth; however, as will be seen in this »chapter, the experimental_design of
the earlier work restricts our ability to directly determine how the assimilation of near-
surface wind data influences a particular forecast. Specifically, the principal‘ problem is
that each experiment is essentially a compariéon of two parallel runs of the GSI/GFS
system: one uSing the operational data streartl (the control), the other using the.
operational data stream ‘in addition to the new observation} (the experiment). The month-
long, parallel, 6-hourly cycling of the analysis/foreeast system virtually guarantees that
| the analyses and forecasts generated in the experiment are “saturated” With the new data.
Any forecast improvement detected after the runs have spun up cannot be traced readily
to the assimilation of a specific subset of observations. Moreover, eimple differences
between control and experiment analyses (and forece.sts) are not useful as the differences
represent not only dit’ferences in the differences between assimilated data but also
accumulated differences between the parallel control and experiment rutls. The denial of
a request for additional resources to conduct conventional case studies relegated the work
presented in this chapter to a limited assessment of forecast ibr‘npact.‘ |

We chose the August 2007 control and experimental forecasts for the ASCAT

near-surface winds study as the data set to use.. The phenomenon chosen was the African
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easterly wave. In this chapter we briefly describe the characteristics of these waves and
- why they would be a worthy phendmena to 'study. We then present two case assessments
of the forecast impact of ASCAT and conclude with recommendations for what sorts of 5\

further tests could be performed.

7.1 Background on African eastérly waves

Affican easterly waves (AEWs) are loWer-tropospheﬁc disturbances that

travel westward across Weste‘rn Africa and the tropical Atlantic durihg the Northern
Hemisphere summer. While these systems are widely believed to originéte ﬁoﬁ both

, .baro'tropic and baroclinic growth mechanisms within the West African Mid-tropospheric
™ . -Easterly Jet (Burpee 1972; Renniék 1976; Thorncroft and Hoskins 1994; and references
therein), more recent studies have suggested AEWs are in fact coherent vortical remﬁants
of organized mesoscale convective systems 6riginating ovef'north Africa. Radiosondeb
observations from Dakar, Senegal and global meteorological analyses from the ECMWF
'indit.:ate that these disturbances cross thé wést African coast approximately every 35
days (Burpee 1972; Reed et. al. 1988). Spectral énalysés of the meridional-wind variance
throughout the depth of the troposphére, based on time series at various radiosonde

~ stations across central and western Africa, suggest that the AEW amplitude is Strohgest
near 700 hPa and weékens with height (e.g., Burpee 1972). The ﬁeﬂdional width of the |
vorticity perturbations typically extends across 205 of latitude, while the zonal length»
scale of these perturbations is of order 1000 kmA (Reed et al. 1977). These waves are of

considerable importance as about 60% of the Atlantic tropical storms and minor
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' hurricgnes (Saffir-Simpson Scale categories 1 and 2) aﬁse ﬁ"om‘ easfer.ly Waves, and
i .nearly 85%. of ths infensé (or. majsr) Atlantic basin hurricanes have their origins from.
While an AEW is ideptiﬁed with»a‘.soh‘erent _(potentié.l)’ Vortipity maximum
located ét or ‘nearr 700 hPa,‘tlniéb WaV¢’s 1nﬂuence sxtenqs do@ fto.‘ the surface and is '
'fnanifest asa sea level pressure trough aﬁd c.onc.omit_ant surface vorticity maxilﬁum.- Tﬁe '
~ circulation must necéssaril& reach the surface as th_e only viable mechanism fof theseb
‘w'avbe's to s&engthen into tropical C’ycloi)es is thrdug_h an air-sea inte'r'ac‘tionr- as the winds - |
és'sociaféd " 'with the AEWs ‘access the sngrgy éxisting in -the thermodynamic
- disequilibrium between the ,oceéih sﬁrféc’e anci,the air just above the ocean surface. ‘G_iven_
‘the impbrtance of AEWs as seeds fof Atlantic tropical cyclones and AEW’s having a
signature 1n the surface _windf‘ﬁeld, AEWs "v‘vo‘u]d seelﬁ to be a. suitable candidaie
phenomen'a; to study the potential impact of assimilation of AS»CA'I“F '(and, other near-
surfa;:é wiﬁds). - | o
| We ekamine two case‘s of tropicai qyclbgenesis .arising frorh AEWs“ from
- August 2007: ‘the AEWs that eventually besame Hurricahés Dean and Felix. While there
are many analysis -and _fqrecast levels that cbuld be considered in this. assesSment, we
: choose toiwfoc'us on .ths surface (10 -m) wihds and associated xforﬁéit’y for reasons of
‘ brevity and because it is ahticipated that these»levels are most readily impacted in the“

analysis.
7.2 Hurricane Dean

D
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Major Hurricane Deén originated from a well-defined tropical wave - that

crossed the west coast of Africa on 11 August 2007.} The wave was associated with a
closed surface low evén before entering the Atlantic, but strong easterly sheér kept the
system’s conVection displaced from an eldngated circulatibn_ cehter for a couple\ of days.
. By about 0600 UTC 1_3’ August, however, the circulatiqﬁ -ha.d become better '}deﬁned and
sufﬁciently connected fo the deep convection for tije Naﬁoﬁal Hﬁrriqaﬂe Center (NHC) to
consider the low a tropical depression about 350 n mi west-so'u_fhwest of Praia in the '
Cape Verde Islands. bAt 0600 UTC 13 August, NHC;s “best traék” positioﬁ of the néwly
declared depressiofl was 12.2N, 28.9W with 2 minimum central pressure of 1006 hPa and
méximum sustained winds of 30 kts. We conéider three available analysis/forecasi cycles -
(0000 UTC! on 10, 11, and 12 August 2007) prior to tﬁe declaration of depressions status.
| Figure 7.1 shows the control (left panels) and eXpérimént énalys_és (right panels)

of surface (10 m) wind and vorticity calculated from that 10m wind for three separate
Ihodel initialiiations valid 0000 UTC 10 August, 0000 UTC 11 August, and 0000 ‘UTCV
12 August. Inspection of eaéh time reveals extremely srhall differences in wind speed and
direction over the domain shown. On 0000 11 August, at the time vthev ﬁopical wave
moved off the Wes’f African coast, the vorticity maximum‘ located at 10N 15 W defines
the wave position. The experimeﬁt analysis has a élightly more intense vortex at this time.

By 0000 UTC 12 August, the strengthened wave has moved westward to about 1 IN, 21.5

1 Recall that the experimental design only allows for forecast to be generated beyond 6
hours for the 0000 UTC analysis. All other forecasts are 6 hours in length to prov1de for
a background field for the next analysis cycle.
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W ‘Theré are slight differénces in thc positioﬁ of the vorticity maxifnum assoéiafed with
the robust wave. |
Tt is not obvious that the slight differencés_ in the analyses could be éttributed»to
_ differences iﬁ the data assimilated at the times shown in the Fig. 7.1. This is due to the
incipient cyclone vcentevr"s not being located in the data swath of | ASCAT. Figure 7.2
shows fhe distriﬁution bof wind vectors from ASCAT swaths for éll three ,énalysis times
shown in Fig. 7.1. In addition, the plots show the position of the wave on the 11" and 12th
. af OOOO UTC once it had moved bffshorc. It is clear from the position of the wave that the
AS‘CAT passes did not direcﬂy contribute to infofming'the analysis of the structure of the
waffe, but may have helped define _thl'e' environment surrounding the wéve. Unfor_tunately, -
there were no nearby QuickSCAT swaths at these times to compare Witﬁ the ASCAT
data. ) | |
The forecasts, all valid at 0600 UTC 13 August, from the énalyses in F1g 7.1 are -
shown in Fig. 73 The verifying analyses are shown in the Fig. 7.4 along with the NHC
" best track position of the newly declared depression. All of the forecasts move th e wave
' westWérd to near 12N, 30W. With the exceptioﬁ of the 78h. experimental (ASCAT).
forecast (Fig. 7.3d), all foreéasted surface vvo,rticity maximum are west of 30W by
declaration time. As the wave was juét erﬁerging»from .‘the African coast at 0000 UTC il B
August, it is interesting to note that the forebdst initialized at this time is an improvement
over thé forecast generated 24h earlier in terms of position and structure of the depreséion ‘
at}declaration time — even though the ASCAT surface wind data did not sample the full | ‘

structure of the wave (re'callv Fig. 7.2 b). We further note that the forecast generated
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forecasts with lead times shorter than 30h appeared to have the position of the depression

better than did the analyses at the declaration time.

: 7.3 Tropical Cyclone Felix

Felix formed from a tropical waye thaf moved. off the coaét of Africa on 24
August 2007. Accprding to the NHC’s Tropical' Cyc'l(')ne Reportv for ALO620Q7, the wave
moved westwérd aéréss the Atlantic for several days while producing a pérsistent area of
disorganized cloudiness arid showers. The shower activity increased in organization
beginning on 29 Augustv accdmpanjed by a gradual increase in low-level vorticity. It was
estimated that a tropical dépression formed arouﬁd 1200 UTC 31 August about 195 n mi

- east-southeast of Barbados. The “best track” statistics for the depression that became
~ Felix at declaration time placed the depfession at 11.5N, 56.6W with a central pressure of
1009 hPa and maximum sustained winds of 25 kts.

The wave that would eventually becbme Felix was far weaker than the wave
from which Dean developed. Figure 7.5 éhbws the sﬁrfaée winds and vorticity for the
wave at one day intervals several days prior to tropical cyclogenesis. The wind field
associated with the wave does not indicate an unambiguous closed circulatioﬁ in either‘
the control of experiment analysis (Figs. 7.5a and d). A day later, evidence for an
unambigﬁoﬁs increaéé in Qrganization is seen as va closed circulation and increase in
vorticity is seen (Figs. 7.5b and €). The wave loses its éloéed girculation but maintains its
intensity in the control ana.lysis; while it has weakened considerably in the experiment

analysis. (Figs. 7.5¢ and f).
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The data swaths of the ASCAT data assimilated into the experiment run are
shown in Fig. 7.6 for thé analysis times shown in Fig. 5. Extrapolating backWafd the
position of the vorticity maximum associated with the wave from the 29" and 3?0‘}‘
backward to 0000 UTC the 2:8“‘, places the wave near or within an‘ ASCAT data VQid. A
day later, the wa\fe remains aiong the edge of the data void, but east of the vorticity |
maximum thére is clear evidehce for cyclonic ﬂow’(Fig. 7.6b). By 0000 UTC 30 August\,v
the ASCAT and QUIKSCAT data swaths overlap. An inspection of the wind field in the
" swaths near the alleged vorticity maximum, reveals more of van open wave in the wind
field rather than a ciosed circulation. This data suggests that the ASCAT experiment
analysis is closer to éhe observations. In particular note the southerly winds south of the
control analysis vorticity maximum (Fig. 7.50) at 10N, 47W. Neither the QUH(SCAT hor
the ASCAT data support such a wind. | |
- The forééasts generated from the analysesv in Fig. 7.5 and valid at the time of
tropical cyclogenesis (1200 UTC 31 August) are shown in Fig. 77 The verifying
analyses are shown in Fig. 7.8. In generai, all forecasts improve in terms of wave
intensity and posifion as the lead time shortens. The control fore¢asts are generally more
~ intense than the verifying analysis. The 84h experiment forecast has no cycloné or .wave
at geﬁesis. At ﬁrst glance, it migh‘t‘ seem that the ASCAT data swath not resolving the
Wave af ,ihe initial time (recall Fig. 7.6a) led to this forecast “bust.” Recall however that
both forecasts, conﬁol and experiment, were injtialized_using the same observations, but
had a different background (because of the many prior analysis cycles). Thus, while not

conclusive, it may be that information from prior analysis cycles contributed to this poor
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forecast. Subsequent experiment forecasts show increasingly better agreement §vifh the
Verifying analysis (Fig. 7.8b). | o

‘Figure 7.8¢ shows the near-surféce Wind estimates from QUIKSCAT and
ASCAT. The portions of the data swaths that aplﬁear to b¢ missing observations are the
regions for which the observations were rej ectéd because of 'quality' control requirements
— most likely kduek to‘ rain contamination. The lack of data in précipitating (likely
convective) regions of the wave may reducé the usefﬁlness of scatterometer data for
deVeloping tropical cyclones as theﬂ circulation of the wave may hOt be weli sampled dué

to discarded, rain contaminated wind vectors.

7.4 Discussion
Comparisons between control and experiment analysés. for two cases of
tropical .cyclogenesis emerging from African eastérly waves reveals subtlé differences.l
From fﬁese subt.le.differences, forecast differences do emerge, and in some cases the |
differences are striking (e.g., Figs. 7.7 a and d). That these differences are small and
cannot be directly attributable to specific data assimilated during a pérticular,assimilatibn
timé suggests that synoptic diaghoses of forécast impact for particular events, using the
"’outputv from the skill/impact assessment experiments, remains a challenge. The queStioﬁé
| that one would like ‘to address is “How are the skill >improvements and forecast impacts
described in earlier chapters manifest for‘particular, weather systems?” and “What new
information does assimilation of the near sur_face winds bring to an analysis?” These data

collected in the evaluation of the WindsSat and ASCAT retﬁeved winds cannot answer
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tthese duestions; However, an excitihg "‘middle-ground” possibility exists: a seasonal
evaluation of* foreoa’st skill for tropical cyelogene_sis (measured by false alarm rate‘
statistics) vcollvlld be coﬁducted :to compare the skill of forecasts with and without the :
ASCAT data. The ex1st1ng data is ideal for such a statlstlcal study, but also prov1des
1nformat10n useful in looklng at an ensemble of real1zat10ns of troplcal cyclogenes1s -
Compos1tes of the foreca‘st ‘successes” and “busts " could be perfonned to determine the:

characteristics of the environment within which the trop1cal cyclones are favored (or not '
 favored) to form If adjomts of the GFS and GSI were to exist, one could use dlfferenoes
in the forecasts to track down differences in the analyses, and ultimately evaluate
'sensitivit‘y of the foreoast differences to the ihput data for a ;larticular assimilation time.
‘The small differetlce observed in the analyses will be see to be not necessarily be relevant
for the fOreeasts. Ultimately, however, if one wished to p.er:forma nteaningfdl syrloptie
dlagnosis of the impact of the near-sufface wind assiinilation,_ a data denial exoeriment
Would be required. It is recommended that computer resources be irlcreased modestly to

allow for proper case studies to be conducted.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



110

el

T sy

"
’
»
.

PPl SPOV RIS
PN

%W oW BZW 0w IBW 10w swo

b ASCAT wind vector observation 20070811 00Z t

o
BN
PP P
A g

10T N

N

W 30W  25W  20W  15W 10w sW

Figure 7.2 ASCAT wind vector estimates at (a) 0000 UTC 10 August 2007, i(b) 0000
UTC 11 August 2007, and (c) 0000 UTC 12 August 2007. The ‘L’ indicates the location
of the vorticity maxima associated with the easterly save in the analysis.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I

R

/

}

§

‘\\

[N

i

g

flie

\ CONTROL y | _Expsmmem
B U 1 s | S S
= J%f a2 Wmﬁﬁ Jié =
[ses : s pe’ / Lhiy

im0
z ffzﬁ”“f e %ﬁ = 7
' ooy “{M% dliS\ o e e
M&%gjj b/ I - o

j{}if/j, A
i

070813/0600v078 10 M VORWND (x10xxS53 F78

070813/0600v078 10 M

YORWND i%10a=S) F78

[?ff: 778

(17

N = 1
ot B/

DO

A AN
N b 4

=

Saaithbaiy

=

LT
e

N

AR L

"—\ /
.= A

v wﬁ%, y. 7] 7
w7 ﬁﬂ@ sl Wiz
Al e
e W | W

D70813/0600V054 10 M VORWND (x10%x3) F54 0708B13/0600VOS4 10 M VORKNO (x10%n31 F54
Ll it S} P oo L 1Y, W P AR
TN B N TN

B Al 7% S| oo it h s s | B >
gl e
AR gl smd\an e
IR ) P R
0708! 3706G0VC30 10 ™ VORRND»U‘IDI!S) F30 ‘ 070813/06800v030 10 ®  VORKND (xi0un5 F3o

111

Figufe 7.3. Control (left panels) and experiment (right panels) forecasts of 10m wind and
10m vorticity all valid for 0600 UTC 13 August 2007 initialized at (a) and (d) 0000 UTC

10 August 2007; (b) and (e) 0000 UTC 11 August 2007; and (c) and (f) 0000 UTC 12

August 2007.
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marks NHC position for tropical depression that would eventually become Dean.
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Figure 7.5. Control (left panels) and experiment (right .panels) analyses of 10m wind and
August 2007; (b) and () 29 August 2007;

10m vorticity at 0000 UTC on (a) and (d) 28
and (c) and (f) 30 August 2007. '
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Figure 7. 6. ASCAT wind vector estimates at (a) 0000 UTC 28 August 2007 (b) 0000 :
UTC 29 August 2007, and (c) 0000 UTC 30 August 2007. The ‘L’ indicates the location

. of the vorticity maximum in the experlment analysis, while in (c) the ‘L’ indicates the
location of the vortlclty maximum in the control analy51s. Dashed arrow used to
extrapolate wave position backward in tlme '
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Figure 7.7. Control (left panels) and experiment (right panels) forecasts of 10m wind and
10m vorticity all valid for 1200 UTC 31 August 2007 initialized at (a) and (d) 0000 UTC
28 August 2007; (b) and (€) 0000 UTC 29 August 2007; and (c) and (f) 0000 UTC 30
August 2007. g S
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Chapter 8 Summary and Conclusions )

8.1 Summary of ASCA T{WindSat Assimilation
We have worked with .TCSDA (Joint Center for Satéllite Daté Assimilation)
personnel to evaluate assimilatioh techniques and the forecast impact of assimilating
ASCAT' and WindSat data into the National Center for Environmental Prediction (NCEP)
Global Data Assimilation/Global Forecast System (GDAS/GFS). We have developed the
~ quality control (QC) procedures for the assimilation of ASCAT and WindSat data and
modified NCEP’s vGridpoint Statistical Interpolation (GSI) software to test a thinning ‘
routine forv‘the ASCAT w'inds._ We have conducted a two season ASCAT and WindSat
assimilation experiment, testing‘and comparing the attributes of using the ASCAT and
WindSat data. We have been working with J CSDA on th_inning resolution selection and
assimilation weights for the ASCAT and WindSat data. After the two season surface
-wihds experiments were'coﬁlpléted, we compared the attributes of forecasts using the
ASCAT and WindSat data to a set of control forecast éxperiments by computing the
geographic distribution of Forecast Impact (FI) in addition to using.NCEP’s verification
software to quantify forecast impacts. Ultimately thése efforts have lead to operational
implementétion of WindSat data in the NCEP wéathcr forecast models in the Fall 2008
GSI releasé and will lead to operational implgmgntation of ASCAT data in 'the NCEP

weather forecast models in the 2009 GSI release.
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8.2 Summary of Accomplishments
Procedures outlined by NCEP to transition new data types into operations were

- used 'vforn‘ the performed experiments. The transition steps are outlined as follows

e Identification for selection

. Cede/AlgorithIh assessment and/or development
o Interface with operatiOnai codes
e Level I: Preliminary testing (lower resolution)
e Level II: Preliminary testing (higher resolutien) !
e Environmental Modeling Center (EMC) pre—ifnplementation testing
(packaging/calibration) |
. NCEP Central Operations (NCO)'pre-ih;plementation testing
. Implementation/delivery
WindSat vand ASCAT sensors have been selected by NCEP as potential
substitutes for the QuikSCAT sensor. In this study, our efforts on the code assessment
and QC development‘ as well as the interface with operations codes have lead to the
‘operational implementatien of WindSat and ASCAT ’dabta in the ‘NCEP weather
forecasting model. We performed both level I (lower resolﬁtiori) and vlevel IT (higher
: resolutiens) experiments, all soﬁW_are used by theWindSat and ASCAT quality control
| and other work that help with the WindSat and ACSAT assimilation were made available

~ to NCEP for the purpose of EMC/NCO pre-implementation testing. As aforementioned,
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these efforts have lead to operational implementation of WindSat data in the Fall 2008
GSI release and wiil lead to operational implementation of ASCAT data in the 2009 GSI

release.

’I:he ~opérationa1 version of NCEP’s global fqreca_st | model at the current
operational resolution was used. The'Decemlb.er-ZOO’Z version -of NCEP’s GSI‘ and its
associatéd scripts weré modified to read, spatially thin, ahd' assimilate the ASCAT data _

- and January 2007 version for WindSat data. The control sihlulation contains all of _tﬁe
NCEP operational data. The eﬁperim_ent simulation contains all of the NCEP operational
data and inciudes the ASCAT/WindSat sea surface wind observations. Quaiify Control -
(QC) and thinning pfocedures were derived. These QC procedures for ASCAT and
WindSat data are similar; Most of the QC of the WindSat' and ASCAT data was
accomplished in the fgtr_i’eyal process. Qbservatiqps that fail the retrieval process or are |
ﬂagged‘ for rain, land, sun glint, Radio Frequency Interference (RFI), or séa ice
contamination §vere flagged in the ‘EDRs and omitted ﬁom the super-obs. Additional
quality contrbl procedl‘lres; Were édd'ed within GDAS/GFS aﬁd includes:

e Observations not within +/- 3 hours of the synoptic timé and observations near
céasts wcr? not used.
¢ For the WindSat winds, if the absolute value of the super-ob’(i wind component

differs from the corresponding background wind by more than 6ms™ or the wind

speed was not between 4ms' and 20ms™, the super ob wind vector was removed.
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B .. _’ For the ASCAT Wiuds; to remove additional data suspect of being ccutaulinated
by 'sea i'ce,:,a SeaSurface bTempe'rature (SST) of 273K was used as la“criteri-a..“‘ - |
_ Observations near_'ccastlineé Wéré also not used; A
e For tﬁe ASCAT wmds, 1f the abso.lute"\fallue of th’e thmned Wind component: ..

'differs frcm the correspouding backgrcund' wind by :Iuo're than 5ms'1 or the “

observed cr model background‘wind speeds Wet'e gr,eatet than 20ms1, the wind

vector was removed | . | | | |

The two penods used’ for these simulations were from 1 July to 31 August 2007 a
~and from 1 December to 31 January 2008 for the ASCAT experlment and from 1

- October to 31 October 2006 and from 1 March to 31 March 2007 for the WindSat
experiment.

For' WindSat winds assimilation, : data thinniug’_ was achieved using “super
observations;’ (or “super-obs”). Tests were run to dete‘rmine uvhether one degtee cr one-
half degree latitude, longitude averaging bcxes were mo_i'e 'effective.’ It was fouud that
voverall the oue degree boxes gave the best forecast results in terms of the ano'maly’
correlatioh statistics. The largest biases. w1th respect tc the backgrcund are found-over

" the Central Pacific and Indian Ocean, as expected the biases are signiﬁcantly reduced inj. o
" »most regicns aﬂer assimitatingv the data. J |
For ASCAT winds assimilation, data ttllnnlng experiments were conducted at 150;‘ '

" 100, and 50 km resolutlons ASCAT thlnned to 100 km had the best overall results
Large observaticnal erfors were found in the ASCAT data near coasts and in reg;_ons of

sea ice. ~These observations were rejected by our QC criteria. - Various assimilation
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vWeights were also tested. Observational errors of 3.5 ms™ produced the best overall
results. All software modifications ma&e to assimilate ASCAT are available to NCEP

and other operational centers.

8.3 Summdry of Findings
o Observing system experiments were coﬁdﬁc_ted duljing'two 4scasons to quantify the
impacts of assimilating the surface wind reuicvalc from the WindSat microwave sensor
on the Coriolis satellite. A january 2007 v\"e.rsion of the NCEP GDAS/GFS was used:for g
WindSat asSimilation and a December 2007 version was used for ASCAAT assimilation.
' Thcce experimenfs wefe conducted at the NCEP operational resolution cf the time (T3_82
with 64 laye;'s) énd ﬁsed the NCEP cperational obscrvation database.
The results of these experimehts were: | |
o Anom,cly corre,la‘tion‘ show neuﬁ‘al to modest increase in forecast skill at mid-
"la'tit‘udcs .in both seasons for wind and femperature ftom 6 hour forecaSt and
beyond. | |
e The SOOmb geopotential height mo’n‘t‘hly. anomaly plots for ASCAT August 2007
plots shows »the largest anomalies are noted in Arctic Ocean, a band iﬁ the soufh
v Paciﬁcﬂ off South America. The lérgest anomclies in the south Pacific fegion.
’coincide with 'the Alarge' values of AC in the samc regicn, while the" large
vanomalie»s do not coﬁcspond with the riarge,values in Arctic Ocean in .the 2D AC
plot. :For the month of January 2008, largest anomaly. is noted in north Pacific qnd .

east Russian, where the 2D AC plot also shows large AC.
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. Largé fdrecast impacts for both sensbrs océurred in the tropics and at 500 hPa for
fhé wind speed and temperaturé field. - | |

. Inspeétion of the vertical time series of the hQrizontally averaged forecast irﬂbacts

- from both seasons for WindSat and ASCAT experirﬁént reveals similar reéults. ,

| ‘Forecast impacts from the wind speed and terﬁperature fields are shown for b(')th_

' seas.ons. Inspection of the plots reveals that the largest impaéts are at the 500hPa

level arild' is cqnsistent with‘ the geogréphic Fo;'ccast Ilhpacts. Large impacts are -

also shows at 100hPa. All panels display a systematic dccrease of FI with time.

» The largest anomaly is consistent with where the anomaly correlation score is
high for the case of January 2008, discrepancy occurs in Arctic ocean for the case

of August 2007.
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8.4 Problems with this apprortch

~ There are pr‘oblerns/with this approach in terms of experimental‘ design. Due to the
very limited computer ‘resources in the NCEP machine, we are unable to perform
necessary denial experlments ‘(i.e., turning off all the other surface winds 1nclud1ng
QuikSCAT w1nds and near surface GOES w1nds) s0 that it is difficult to distinguish the
impacts from WindSat/ASCAT alone with the effects from QulkSCAT winds. Additional
computing resources have been requested to conduct a series of demal experlments We
think it would be a better approach to “turn off” all the other surface wind vectors
rincluding QuikSCAT and WindSat winds, to perform an imnact exoeriment with ASCAT
winds only. One of the major comments from the reviewers of our WindSat manuscript is
the requirement for synoptic case studies to directly assess the‘i‘mpact from assimilating
surface winds. It-is worthWhile to evaluate : the _rmpacts of the ASCAT winds in the
hun‘icane season by evaluating the impact:~ of assimilating AS'C.AT: data on tropical
cyclogenesis from Afrlcan easterly waves. Given' that easterly waves are lower
troposphenc features, and that some analysts have suggested that lower troposphenc
winds derived'from scatterometer data are helpful in tracking such disturbances, we feel |
that case studies evaluating the genesis of tropfcal cyclones from easterly waves. Inay -
allow us to understand the impact of vthese winds on the forecast fields of other variaoles
at other levels. | |

In the current set‘ up for the experiment desigrl, the ﬁrst two weeks of model spin-

up have been eliminated. This strategy works may be suitable for long term evaluation of
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model perfqrménce statistics for a. given data set, but are insufﬁcierit for e\}aluating and
. ﬁnderstanding the day to day impact of a given data :set ,bn forecast skill. Problems
associated with this two weeks model spin up time ié that for the purpose of case study,
‘si.nce we are not _rﬁnning a sihgle assimilation, _informatibn from the previous cyCles is -
carried over énd spread out. It is difﬁcult to distinguish impacts from assimilating wind
observations at a particular time and the impacts from previous assimilations. One_v
possible means to address this problem is by fuming off éll the other surface winds
observations, assimilate the ASCAT data two br thr‘eeb days before a particular syndptic
development (i.e., tropical depression genesis), rﬁnning the model forward until the time
of tropical storm dissipated. It will be ideal to have parallel runs suggested as follows: -
¢ Normal conﬁol rﬁns with ail the data inciﬁded from the operational database.
¢ Denial experimént witﬁout QuikSCAT data. |
o Denial experiment without QuikSCAT data and lower GOES winds.
e Experiment runs with éontrol database plus surface winds observations (ASCAT
or WindSat winds).
vBy performing the aforementioned parallel denial experiments, we can assess
’better what is the impact of assimilating ocean surface winds. observations from a
particﬁlar instrument on the GFS model. Analysis from each denial experiment can be
interpolated to the Qbservation location, O-A can be calcuvl'at_e»db for a»particular ii}strumen_t
" \without the iﬁﬂuencé of other sensors. Better quality control for the wind observations
can be evaluated after the proposed denial experiment? p‘roblenis " like wind spe¢d -

émbiguity renioval, land-sea flag can also be addressed and resolved better. By

y
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evaluating the influence of a particular sensor’s observation to the analysis can also aid
with the determination of observation error coefficient weighting and establish the bias

correction for each sensor.

8.5 Future work
We plan to éébomplish the)folIOWing tasle objectives in 2009:
We propose te _continue develeping the quality eontrol (QC) procedures for
- ASCAT lfetrieVed wiﬁds. From >our experience in working with QuikSCAT and Wihdset '
retrieved Winds, the cut-off criteria in the quality‘control for the retrieved winds should
be determined based on the statistical resulté of rms or bias of the inhovation (observation |
minus baekground) data. The results from our ASCAT assimilation indicated that it is
| essenfial to evaluate ’raw observations and perform rigerous data quality control before
the data are ingested into the assimilatioh system. The current quality control we used for
ASCAT winds is: if a retrieved wind 'deviates. from the corresponding backgrbund wind
field by more than 5ms, the wind vector will be rej ecfed; This QC removes the data that
deviates significantly from the'background ﬁeld. But there are‘ still problems wifh some
Wind vectofs. As an example, consider Fig. 8.1a which displays fhe ASCAT (in red) and
QuikSCAT (in green) wind vector Qbservations at 1200 UTC, 31 August ‘2007. The
retrieved '10 meter winds from ASCAT and QuikSCAT ere in geod agreement in terms of
wind speed and wind direction for most of the oveflai) tr_acks, bu‘t-discrepancies‘ occur in

the band of 55°-60° west and 5°-10° north. In this region, we find directional differences -
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'. - of as much as 90° ln CO-'locatedv ASCAT and QuikSCAT wind vectors. This time period is |

coincident with the 'genesis of va"tropical depression Which eventually became Hurricane

Felix. Some wind observations may be contammated by ram prox1m1ty to coast, etc.

Although there are quahty control procedures in the retneval process to reject some of
_ fthese data, it seems more QC should be used before the data are ass1m11ated o
Another 1mportant data quallty control problem for the ASCAT QuikSCAT, and .
;WlndSat retneved vector w1nds 1s removal of the w1nd directlon ambrgulty Currently, |
.. the amblgulty removal for the wind vector retrieval algonthm is based on the model '
: _forecast. In particular, the NCEP GFS forecast has been used for the arnblgulty removal-‘
| at the National Environmental Satellite, Data, and Infonnation Service (NESDIS). Figure
8.1b displays the analysis wind field at'10 meter for 1200 UTC 31 August 2007. In Fig.
‘8.1a the surface wind field from the ASCAT/QuikSCAT obseryation and GFS analysis
' agree well exceptin the "vvic‘inity .‘of the likelyyorticity maximum at 1>2°N‘ 56°W. ‘The -

analysis wind field shows southeasterly winds which.'converge to the center of the low, |

even along the coast line. There i is no clear southerly component of the w1nd from the o

ASCAT or QulkSCAT observations ﬁ'om 57°-60° west, 6°-10° north To have a better

understanding of this, ‘we propose to. look at all the wind vectors retrieved from the

- ASCAT' and Q‘ulkSCAT w1nd, and thereby ﬁnd an optimal way to gulde the wind vector
selectionl o | |

From our earlier work, it has been dernonstrated that the influence of assirnilation

of ASCAT surface winds propagates upward through the depth of the tropospherein the

'GFS. We will focus on identifying why this upward propagation occurs. If time permits,
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| as the next step 1»to better understanding how the surface wind irectors are assimilated into
the GSI system. We nropose tovwork on the GSI code to investigate if the interpolation
of the surface observation to the model background (both verticallsr and horizontally) is
working appropriately and vice versa. | |
We reqnest computing resourcejs" to conduc_t a 'series_of denial experiments. We
| "propose to turn off all the other surface wind~vectors including QuikSCAT and WindSat
winds, to perform animpact ‘experiment with ASCAT Winds only. We propose to
evaluate the impacts of the ASCAT winds in the hurricane season by evztluating the
impact of assimilating ASCAT data on tropical cyclogenesis from African easterly waves.
While we view making themost use of the retrieved scatterometer‘ winds and
evaluating and interpreting their impact on GFS forecasts as our highest priorities for -
future reseach, given sufﬁcient resources and time, we believe that the direct assimilation
-of scatterometer reflectivity measurements from ASCAT is a next important step in
extrécting the most from these sensor deta. |
At present, these measurements are not in BUFR format 'and considerable work
_ must be performed to prepare this data bet’ore‘work-onvassimilating tiiis datai can be . -
started. The',goalv for direct backscatter assimilation is to develop and implement a
forward model for simulating ASCAT measurements from GFS first guess and‘to
conduct assimilation experiments comparing results obtnined from the project retrieval
with the direct assimilations. There are several advantages of nsing direct backscatter
‘assimilation which includes that the consistent_ changes in near-surface wind induced

| “roughness and foam effects are produced through the forward models. Also, the improved
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quality control and observation efror specification comparing to the product assimilation
s anothér advantage for this.iﬁnovative idea. The backscatter assiinilatign cofnpbnent: '
V‘r'e'quires the developinent of the forward ;nd ‘its' adjoint models and it requires working
with NESDIS Center for Satellite Applications and‘Re"seétch'(STAR) closely. Depending
-on the time coqstraiht for operational miléstonés re_quiremeﬁt aﬂd.the gorﬁpatibility of the
GSI and JCSDA CRTM, this.component will reQuire §vork through 2010'
‘For all ofgthé data assimilatipn experiments presented hvere,'we pr.‘opose to use the
vlatest versions of NCEP’s GDAS/GFS when possible. The latest vérsion includes'using
| the GSI and the global forecést model in hybrid sigma-p coordinates.  As resources - N
permit we will ‘cor'iduct experiments during two seaédns at‘ fhe cuneﬁt operational
tesolution Qf T382L64. We have been upgrading our algorithms to work in the latest
releases of NCEP’s GSI an(i will continué to do so. JCSDA cdmputer resources capable
of running and archiving the GDAS/GFS at tﬁe operation;al 'resolufion will be required

during 2009 for all experiments outlined in this section.
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Figure 8.1. (a) ASCAT and QuikSCAT wind vector observation at 1200 UTC 31 August
2007 and (b) 10m wind from 1200 UTC 31 August 2007 GFS analysis.
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