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ABSTRACT

A relocation procedure to initialize tropical cyclones wdgveloped to improve the representation of the initial étoras
and the track forecast for Panasonic Weather Solutionsidab@perational Forecasts. This scheme separates thexvort
perturbation and environment field from the first guess, tieéotates the initial vortex perturbations to the obsepasition
by merging them with the environment field.

The relationships of wind vector components with streanttion and velocity potential are used for separating the
vortex disturbance from first guess. For the separationalfss, a low-pass Barnes filter is employed. The irregiiapsd
relocation area corresponding to the specific initial cbads is determined by mapping the edge of the vortex radius i
36 directionsThen, the non-vortex perturbations in the relocation area@moved by a two-pass Barnes filter to retain the
vortex perturbations, while the variable fields outsidepgbameter of the modified vortex are kept identical to theioal
first guess.

The potential impacts of this scheme on track forecasts examined for three hurricane cases in the 2011-12 hurricane
season. The experimental results demonstrate that thedizdition scheme is able to effectively separate the wdiétd from
the environment field and maintain a relatively balancedsamdirate relocated first guess. As the initial track errcedsiced,
the following track forecasts are considerably improvelde 72-h average track forecast error was reduced by 32.68%€eor
cold-start cases, and by 38.4% when using the full-cycletg édssimilation because of the accumulated improvememnts f
the initialization scheme.
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1. Introduction initialization schemes to improve the representation ef th
Numerical weather prediction (NWP) of tropical Cy_\{ortex, mz‘a}lnly th,r’ough t_he use of nonconventional observa
. tions and “bogus” techniques. Zhu et al. (2002) and Weng et
clones (TCs) often relies on a short-term forecast of leas th . .
. ! : . I. (2007) reported improved representation of tempegatur
6 h as a first guess of the background field, which typical - L .
- . . T umidity and wind fields around the vortex core by verifying
originates from either a high-resolution limited-area relaxt L . .
: T ., . the potential impacts of microwave observations. Whereas,
a lower resolution global model. In both situations, thdigbi . . : . .
) since the impact is a function of flow-dependent observation
of the first guess to accurately resolve the center of thenstor . L . i
o . . . information from the definite satellite track and time (Pan e
is limited by either forecast error or too few grid points tgQ . . i
. o al., 2011), radiance observations alone are unable toerevis
properly resolve the vortex structure, especially witheek he track forecast at the assimilation and analysis timea As
circulations (Kurihara et al., 1993, 1995; Rappaport et ai y

2009). As a result of erratic movement during the initiaHrther practical technique, some studies have focusetien t
stages of prediction, the skill of the subsequent track-fo

r|n|tialization of the vortex by generating bogus obseimasi
R that meet the TC empirical structure. To construct thissitas
casts is significantly degraded. .
. . TC structure, there are two conventional methods that gre ty
Some past studies have done a good job at addressmaq : ; :
ically employed. The first directly introduces the new varte
(e.g., Kuriharaetal., 1990; Lord, 1991; Low-Nam and Davis,
* Corresponding Author: Feng GAO 2001); while the second, called the Bogus Data Assimilation
E-mail: fgao@ucar.edu (BDA) method, utilizes a variational framework (Xiao et,al.
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2000; Pu and Braun, 2001; Zhang et al., 2003). (NCEP) GFS (Liu et al., 2000). Instead of inserting a spun-
In the Low-Nam method (Low-Nam and Davis, 2001 )up vortex, this relocation method fetched the model-pttedic
the splitting process of the initial vortex meets the dyrmmvortex and directly moved it to the observed position. This r
and thermodynamics balance relationship. Since only the luced the false spin-up problems typically caused by incon-
gus axis-symmetry structure of the wind, mass and humidgistencies between the initial conditions and the model dy-
fields are presented, this scheme is largely used for testingmics and physics.
and rarely for real-time operational forecasts. Kuriharale This TC vortex relocation method was also implemented
(1990) and Lord (1991) specified a bogus vortex includirig the Weather Research and Forecasting model (WRF)-
both axisymmetric and asymmetric components. A criticAldvanced Research WRF (ARW) system at the Taiwan Cen-
issue in such an approach is the continuity of the vortex wittal Weather Bureau (Hsiao et al., 2010), where the process
the properties of the prediction model (Mathur, 1991). Xiat filter out the non-hurricane perturbations employed a two
et al. (2000), Pu and Braun (2001) and Zhang et al. (20Q%ss Barnes filter. Results indicated that the variablesitran
addressed this issue by using 3D/4D variational assimilatitioned smoothly at the vortex edges, and the track forecasts
methods to insert bogus sea-level pressure and wind data,sdeadily improved during the operational implementation.
rived from empirical functions, into the first guess. One of In summary, the vortex separation method in Kurihara
the advantages in this minimization procedure is that tihe syet al. (1995) has played a crucial role in track forecasting,
thetic vortex structure is introduced gradually into the inand many operational centers presently use variationdf th
tial conditions, which objectively satisfies the dynamiaanscheme. In this paper, an updated TC relocation scheme is
physical constraints for the model atmosphere. Howeverjrdroduced to improve the representation of the initialdien
limitation is that the bogus data are generated by empiri¢edns and TC forecast accuracy for Panasonic Weather Solu-
functions. These could be limited in their scope of suiigbil tions Tropical Operational Forecasts. The relocation sehe
across types and stages of TC systems and the surroundngased on a combination of the Kurihara et al. (1995) and
circulation structure—considering that the changeahteas Low-Nam and Davis (2001) separation methods, the Liu et
metric radius of maximum wind (RMW) in reality is a sensial. (2000) method for extracting the vortex structure fréwe t
tive parameter (Xiao et al., 2000). first guess, and the non-vortex perturbation filtering metho
Although the position of the TC center is not typicallyof Hsiao et al. (2010). The revised details are presented in
recognized by Global Forecast System (GFS) analysis, gh paper. In addition, the GFDL conditions have been re-
the intensity quite often becomes weaker because of the vised to adapt the scheme to cases surrounded by topography.
ability to resolve subgrid-scale convection with paramete The remainder of the paper is arranged as follows. In sec-
ized physics, the model can still capture the general flavon 2, the implementation of the initialization methodgyo
around the TC in the first-guess field. Using these consid-presented in detail. Section 3 sets out the experimental
erations, a practical method was developed by Kuriharaceinfiguration, and then the experimental results, inclgdin
al. (1993), at the Geophysical Fluid Dynamics Laboratoigformation on the process of relocation and track forecast
(GFDL), to reconstruct the initial vortex. In their studiiet statistics, are presented in section 4. Finally, conchssand
initial vortex in the GFS analysis was filtered out to derivplans for future work are discussed in section 5.
the asymmetric wind components. The axisymmetric vortex
came from the time integration of the axisymmetric hurrarp.  \/ortex initialization
prediction model, where the variables meet the dynamic and S )
thermal constraints dependent on the background during the 1€ Vortex initialization process can briefly be summa-
spin-up phase. Then, the symmetric and asymmetric floiiged by the following steps: o ,
were implanted into the environment field at the observed po- (1) Split a first guess into a basic field and a disturbance
sition. This technique ensures a smooth transition betwdi$ld that includes vortex circulation related to TC struc-
the environment and the structural consistency of the genti® and non-vortex circulation consisting of noise ateasi
ated vortex. During the initial phase, the environment fielj@velengths. The sum of the basic flleld”and non-vortex cir-
does not always capture features related to TC growth arglation is called the “environmental field”. ,
vortex intensity. Likewise, when the TC itself is weak, inca  (2) Filter out the vortex circulation within the irregular-

also lead to a less accurate prediction (Kurihara et al.5).9gShaped area corresponding to the specific environment by

To overcome this limitation, Kurihara et al. (1995) furMaPpPing the radius of the vortex edges in 36 directions.

ther improved the scheme by revising the environment field (3) Génerate the environment field. ,

to minimize the removal of important non-TC features near (4) Relocate the vortex to the observed location, and
the storm region. This enabled the environment field to mof&€T9e it with the environment field.

accurgtely resolve irregular patte_rns that are_inhe_red‘ein 21. Splitting of the disturbance field

veloping TC storm structure, which substantially improved
the ability to forecast the TC track. More recently, a simi- . o I

lar vortex relocation technique, based on the Kurihara.et glﬁgg? ?vsrlablé;'_ ﬁ;n _be split into the basic field4()
(1995) vortex separation method, was developed and impff'@- e disturbance field{):

mented in the National Centers for Environmental Predictio V=W+V. (1)

According to the vortex separation method of Kurihara et
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The disturbance consists of the vortex circulatignand the whereD;, j, = Fi, j, — Fif]l')n is the difference between the
non-vortex circulatioVnontc, Which mainly consists of noise variable field and the first estimate.

with various wavelengths: The disturbance fields for scalars are obtained by sub-
Vy = Vi 4V ?) tracting the first estimate from the first guess. The coefficie
d = Ve Torte - Ris defined as 1000. In the process of dealing with the non-
Thus, the environment field is expressed as vortex perturbation®R is defined as 300.
Ve =V —Vic = Vb + Vhontc - (3) 2.2. Determination of the vortex perturbation

In this study, the Low-Nam method (Low-Nam and Davis, The isolation of the vortex perturbati® from the dis-
2001) is used to split the disturbance field of wind vectaarbance field/y is accomplished by mapping the radial edge
components. Considering the relationship between wind ved the vortex perturbation. Kurihara et al. (1995) give an
tor components and the stream function, the equations arapirical condition to determine the vortex edge radius in
given as GFDL, which is based on the assumption that the disturbance

T2y — 4 wind is strong in the region of the storm.
w=2, ) i . .
N Generally, one or more indices, such as maximum vortic
vy = kx Oy, ®) ity, minimum radial wind magnitude, geopotential height at

wherekkis base vectony is the stream functiord, is relative 820 P&, 700 hPa, or sea-level pressure, are typically osed t

vorticity, andvy, is the non-divergent wind. ascertain the TC center position and track (Liu et al., 2000;
The computation of the divergent wind is similar to EqéTOW'Nam and Da_V|s, 290_1; Hsiao etal., _2010_)._Although the

(4) and (5): weighted center is sufficient for relocation, it is not neces
' ) sary to be the point of minimum radial wind magnitude when

0°x =29, (6) considering the different phase positions of TC structare i

vy = Oy, (7) the vertical profile. This can result in an inaccurate calcu-

_ ) o . lation of the maximum wind radius and vortex perturbation
wherey is the velocity potentiald is the divergence, ang, edges, especially for the weaker TC systems.
is the divergentwind. As shown above, the disturbance fields™  11is study, for the process of defining vortex edges, the

(V) of vector components are obtained from Eqs. (4)~(7). g50_hpa minimum radial wind magnitude is considered the

In the calculation of non-vortex perturbationéndntc), center for outward calculations of the radius of maximum ra-
two-pass Barnes filtering is employed, while scalar filgring;,| \yind magnitude. Furthermore, the tracker application
uses a Barnes Iow-pass_ filter (Barnes, 1994), as the first e(§I=!veloped by the Development Testbed Center (DTC) in the
mate for Eq. (8). The first estimate of the two-pass Bamggricane Weather Research and Forecasting (HWRF) model

filter is expressed as is used to obtain the hurricane center by weighting certain

N indices—in the first guess for the computation of relocation

) nglv"”':'nvjn distance and in the forecasts for track computation.
Fi =~ > (8) Considering the impacts of terrain and a weak TC sys-
> Wn tem, a revised condition is used in this study. The revised

n=1

GFDL condition is that of radial wind magnitud@qge and
whereF; |, is the variable field filteredr. " is the first esti- its gradient as follows:

ma_te fi_eld, ancN_ is the r_1umber of grid points calculated. The Vedge< 5.0 m st (12)
weighting functionw,, is

, —~OVedge/Or < 4x 106571, (13)
r
B —ﬁg 9 At 850 hPa, the condition is checked outward from the
Wh = € ’ ©) radius of maximum wind magnitude along 36 directions (one

wherer is the distance between the calculated and estimafe@int per 10) at an incremental resolution of 15 km. On the
grid point, and the constaftis chosen to fit a particular ap-third occasion this condition is met, ¥ggge< 3 m s%, the
plication of the scheme. In the second estimate, the findl gradius is assumed to contain the major portion of the vor-
point values are given by Eq. (10), and the updated weightitx circulation, and the relocation area is then defined by th

function is expressed in Eq. (11): edges. It is worth noting that Eq. (12) is a reasonable but not
N optimal criterion for all terrain cases, which should bedths
> WiDip i on long-term statistical results.
SIS E— 10
i =R+ ) (10) . _ _
W 2.3. Relocation of the vortex circulation
2

After defining the relocation area, the vortex perturbation
B V¢, including theu andv components, temperature, specific
w,=e 0.3RZ (11) humidity, and sea-level pressure, is separated by removing

ahttp://www.dtcenter.org/HurrWRF/users/docs/usguide/HWREUG_v3.4a.pdf
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Fig. 1. The operational forecast domain used for the experiments.

Table 1. Initialization time, intensities (minimum central seadépressure, CSLP) and the relocation distances of the tawses, which
developed and landed around the continental US in the 2@Liufricane season. The initialization time is the starhefforecast from
the analysis, which is the output from the data assimilatimtess after relocating. For the Isaac case, the realftimeemployed the
full-cycle implementation. The relocation distances ameoading to the sequence of cycle times.

Case name Initialization date Mi@SLP (hPa) Type category First guess generation Relo distigm)
IRENE 1200 UTC 25 Aug. 2011 942 Hurricane cold-start 335
RINA 0000 UTC 25 Oct. 2011 966 Hurricane cold-start 30.0
ISAAC 0000 UTC 27 Aug. 2012 968 Hurricane full-cycle 0, 54, 2%.2, 30

the non-vortex perturbatiovi,onic according to Eqs. (8)— produced for Irene. In the case of TC Isaac, a real-time full-
(11), and relocated to the observed position by mer§tag cycle implementation in the operational configuration was
with the environment field/e. In order to maintain balancerun, where the first guess was obtained from the 6-h forecast
within the model variables, the new potential temperaturef the previous analysis cycle. For comparison, the reloca-
specific humidity, and surface pressure are used to recalttan experiment used an identical configuration as the con-
late geopotential height and dry air mass, which follows thentional forecast, with the exception of the relocatedesor
methodology in Skamarock et al. (2008) and Hsiao et ah the first guess.
(2010). The observations used for the 3D variational (3D-Var)
data assimilation consisted of NCEP operational Global
) ) Telecommunication System (GTS) data (e.g., SYNOP,
3. Experimental design GEOAMYV, RAOB etc.). The time window for the data assim-

The assimilation and forecast experiments reported in this
paperwererunbasedonWRFDA(HuangetaL,2009;Wang/\ 30 L L L
and Huang, 2012; Barker et al., 2012) and the WRF modelg 1/ i
(Skamarock et al., 2008). A tropical operational forecastd — 25
main, which covered the continental United States (CONUS)-% 20
and tropical Atlantic Ocean area (Fig. 1), was mapped on a2
718x 373 horizontal grid with 15-km spacing and 43 ver- & 15
tical levels and a model top at 50 hPa. We analyze threeTE3

land-falling TCs from the 2011-12 hurricane season, whichg 10

contain a variety of conditions inherent to typical fordoas = 5

skill. The initialization time, intensity (i.e., minimuneatral =< ] .

Sea-levelpressure,CSLP),andthereIocationdistaneEsaﬂ:“ 0 T T T T T T T T T T T T T T T T T T T T T T T T T T ITTT]

presented for these cases in Table 1. 0 150 300 450 600 750
For the first two landing-hurricane cases, the cold-start Distance ( km)

scheme, which uses the 6-h forecast initialized from NCEP

GFS global analysis as the first guess, was employed foFig. 2. The radial wind magnitude in four directions®(®C,
avoiding the coarse resolution of the initial conditions | 180, 270°), centered at the position of minimum wind magni-
these cases, which employed the conventional methodologtde (0 km) at 850 hPa, in the case of Rina at 0000 UTC 25
(6-h cold-start but no relocation process), a poor track-for October 2011. The solid-circles are the edges of the retotat
cast was produced for Rina, and a slightly better forecast wa2réa in these directions.
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ilation was 2 h on either side of the analysis time. Although. Results
the assimilation variables for the conventional wind olaer 1
tions are not directly observed variables (Gao et al., 201‘5; ‘
Huang et a|" 2013), the Corresponding observation errers a For idealized Conditions, the relocation scheme requires
estimated in the default WRFDA table by long-term statssti¢he relocation distance (i.e., 6-h track forecast errorpeo
(Kalnay et al., 1996). The NMC method (Parrish and Delarge enough to necessitate relocation, while the backgtou
ber, 1992) was employed to generate the background er#6¥ supports a steady track. Rina, which can be considered
covariance by using past monthly statistics of differermes 2 typical major hurricane, formed in the western Caribbean
tween 24- and 12-h daily forecasts. The lateral boundary cé#d moved toward the Yucatan Peninsula on 24 October
ditions for the model forecasts were provided by the NCEaﬂll This was a difficult situation in terms of assimilation
GFS global forecasts. The Kain-Fritsch cumulus paramet@pd relocation because of sparse observations and the sur-
ization scheme was employed along with the Goddard clol@HMnding topography. The first guess contained an inaceurat
microphysics scheme, and the Yonsei University (YSU) plaMortex position of approximately 30 km. In the initial step,
etary boundary layer parameterization scheme. Finally,tlile disturbance fields are filtered from the first guess aecord
should be noted that an inherent requirement of the initidnd to Eg. (1) and Eqs. (4)—(7). Following this step, the ahdi
ization scheme is that the grid spacing must be less than Y¥§&d magnitude is calculated in 36 directions to determine

relocation distance (i.e., subgrid-scale relocationswatee- the edge of the vortex based on the criteria explained in sec-
solvable). tion 2.2. The radial wind magnitude and vortex perturbation

Implementation of relocation
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Fig. 3. The 850-hPa wind circulations of hurricane Rina at 0000 UBM2tober 2011. The red TC marker is
the initial track and the blue one in (d) is the relocatedirae., the observed TC center. The first guess (a) is
split into the environment field (b) and the vortex pertuidrafield (c); (d) is the total wind field after reloca-
tion. Thus, (a) is the input to data assimilation for the @mional forecasts, and (d) is that for the relocation
forecasts. The scale of wind vector arrows shown in (c) appb all panels. The solid circles and lines in (c)
are the edges of the vortex in the 36 directions, which smddbe relocation area. Outside the red lines, the
relocated first guess field is identical to the original finsess.
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o 1.0 ;;Lo\‘”_;‘)a‘ss‘ L1 ‘J,,.‘...‘-»‘»-‘ L1l ‘_‘_,‘__‘_‘-‘--‘—‘--“', edges from four pf these 36 directions (i.e., 05,91BC° and

S 08 Jtstpass T o 270) are shown in Fig. 2.

F 0.6 o--2ndpass e 2 At most operational centers (Liu et al., 2000; Hsiao et al.,
%’ 0.4 4 ;o7 - 2010), this case would be rejected for relocation because of
2 02 yd a the close proximity of the terrain, where the isolated vorte
%00 A ("" M structure could miss key vortex perturbation componengs du

1500 2000 2500 3000 to the friction force interaction. The influence of the témra
on the wind circulation and vortex intensity is evident ie th
180° and 270 transects, where the edges are more than 200
Fig. 4. The response function of low-, first- and second-passkrn clpser o the vortex penter When_(?ompar(?d tp th(_e other
Barnes filtering for separating the temperature, specifinitiu dlrecthns of 0 and QO(I_:Ig. 2). To mltlgate this S'tuat'(_)n'
ity and surface pressure disturbance and vortex fields frem t the revised GFDL criteria were applied to reduce the risk of
first guess. missing the vortex perturbation. The following experinant
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Fig. 5. The 850-hPa temperature (upper) and relative humidityt¢bot field of hurricane Rina at 0000 UTC
25 October 2011. The left column is the relocated first guessd as the input to data assimilation for the
relocation forecasts; the right column is the original fiqgéss. The blue TC marker is the relocated track, i.e.,
the observed TC center, and the red one is the initial trathdriirst guess.
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results support the hypothesis that the relocation scheme r —= : =
mains effective in its ability to improve the track forechst 1 a w i
these cases. 25N 7 Gulf of Mexico - g
The 850-hPa vortex circulation of hurricane Rina, valid |
at 0000 UTC 25 October 2011, is shown in Fig. 3. The first | B
guess (Fig. 3a) is separated into the environment field (Fig. 6
3b) and vortex perturbation field (Fig. 3c). The solid ciscle 2on
and lines in Fig. 3c are the edges of the vortex along 36 direc-
tions, which defines the relocation area. With the exception
of the vortex region, the relocated first guess field is identi MEXICO

cal to the original first guess. The two-pass Barnes ﬁlterinq5N ]
produces a smooth transition and diffuse gradientarovadth = | o pest tra) % convention relocation
edges in the new first guess. Figure 3d contains the first guess : — ~— : i I :

with the relocated vortex, which is used in the data assimila 95W 90w 85W SOW
tion. Itis also apparent that, in this initialization scherthe
storm intensity has no visible changes.

For the scalar variables (i.e., temperature, humidity and™ 7]
surface pressure), low-pass Barnes filtering was emplayred f
separating the disturbance field from the first guess, and the
the non-vortex perturbations over the vortex circulation d i
main, as a part of environmentfield, were filtered outfromthe
disturbance field by two-pass Barnes filtering. The responsesoN -
of the Barnes filtering of 850-hPa temperature and relative
humidity in hurricane Rina are shown in Fig. 4. In order to i
limit the noise from non-vortex-relative perturbationsileh Gulf
still retaining all perturbations relative to the vortexawe- 1 of
lengths smaller than 1200 km were first removed through th Mexico

o . i 9 TEEN =
low-pass filtering process. The disturbance field, which in- - {\ \
cludes the vortex perturbation, was the only difference be-
tween the first guess and the filtered (basic) field. Whereas,

for filtering oqt the nqn-vgrtex perturbation; 3'9”9 the esig Fig. 6. The 72-h track forecasts from the conventional predic-
of the vortex in 36 directions, a two-pass filtering was usedijon (biue line, crosses) and the relocation scheme (bliae |
by decreasing the coefficieRtin Eq. (10), which was able circles), as well as the best track (red line, squares). Fhe u
to calculate the localized (by the second-pass filter, wiéeh  per panel (a) is initialized at 0000 UTC 25 October 2011 for
covers some perturbations with the shorter wavelengths) buRina, where the skill of conventional forecasts is lackifiie
relatively smooth (by the first-pass filter) non-vortex pert ~ bottom one (b) is initialized at 1200 UTC 25 August 2011 for
bations. After this process of removing the non-vortexyrert ~ Irene, where conventional forecasts do sufficiently weteims
bations is complete, the vortex is relocated to the besktracf the landing position and track.

position.

The original and relocated first guess fields of 850-hiae grid spacing. The background flow supports a parallel
temperature and relative humidity for hurricane Rina, dzalimotion to the best track (Fig. 6), which suggests that the
at 0000 UTC 25 October 2011, are shown in Fig. 5. Thwediction model could produce a better track forecasti it
major parts related to the vortex in the first guess were surrovided with an accurate initial location.
cessfully relocated to the observed TC location, espgdiall The 72-h track forecast from the conventional prediction
specific humidity with a smooth gradient distributed arour@nd the relocation scheme, as well as the observed track (i.e
the topography. Whereas for temperature (Fig. 5a), an &est track) for Rina and Irene are shown in Fig. 6. For
treme heat along the topography was created from the coféna, the relocation forecast uses the best track in the first
sponding position in the original first guess. Actuallysiniot guess, which also provides an accurate location estimate fo
necessary for the heat center in the original first guess;twhthe following cycle in the operational implementation. Jhi
could have been influenced by local factors, to be relatedatoduces an average improvement in track forecast of 58 km
the vortex, and therefore should not be relocated. HowevEt?.46%) over 72 h. The new scheme also improves the track

further studies are needed to address this kind of problemforecast by 25.78% for Irene, which was fairly well fore-
casted by the conventional method, despite the boundary con

4.2. Track forecasts ditions and background flow causing the tracks to converge in
The conventional 6-h track forecast error from the GFBe longer-range forecast.

analysis for Rina, as shown in Table 1, is 30 km. As stated Although the same dataset and methodology were used,

above, the relocation distance is required to be greater tithe first guess relocation is closer to the true state of atmo-

North
Atlantic
Ocean

85W 80W 75W 70W
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sphere, so the defined observation errors will better reptestance is the 12-h forecast track error from the 1800 UTC 26
the real errors in the area of observation influence. In thsigust cycle. For this reason, the relocation distance of 54
sense, a more accurate relocation has a positive effecieonkim is much larger than those at any other cycle times (Table
general data assimilation process. For Rina, the landfallp 1).
tion error was also likely a function of the very sparse obser Although the relocation distance is large, the forecast
vations over this region of Mexico. The forward speed arfdom the new scheme appears to follow the conventional
under-forecasted intensity may have also influenced tlo& tracheme (Fig. 7a). Forecasts pointing to the best track at the
slightly. It is expected that nonconventional data would miinitial stage are responsible for this. Furthermore, itlsoa
igate this issue (Zhu et al., 2002; Weng et al., 2007), bt thikely that the relocation scheme does not alter the upstrea
is beyond the scope of the present paper. steering flow. However, the 6-h track forecast error at every
The track forecasts for Issac, which use the full-cyclingycle step is accumulated for the next cycle (Figs. 7b—d). De
operational configuration, are shown in Fig. 7. The first cgpite continuing to compound each cycle through data assim-
cleisinitialized at 0000 UTC 27 August 2012. The first guesktion, the conventional forecasts are not able to revise t
for the first cycle, initialized at 1800 UTC 26 August, has thanalysis track to the best track by the impacts of obsemstio
same vortex center grid point as the best track (Table 1; O lanly.
relocation distance), so that the initialization schemiémait The improvement in the track forecast corresponding to
run. This means that, for the second cycle, the relocatien diFig. 7 are shown in Fig. 8, where the forecast errors from the

4ON 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 4ON 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
1 D best track *kconvention e relocation [ ] l
35N — — 35N — —
A USA : . :
30N — — 30N — —
25N Gulf of Mexico - 2N ] Gulf of Mexico -
] e ] o
: [T S @Eucd |
20N > MEXIGO ooy e MEXIGO
100W 95W 90W 85W 80W 100W 95W 90W 85W 80W
4ON 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 4ON 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
35N — — 35N — —
30N — — 30N — —
25N Gulf of Mexico - 25N Gulf of Mexico -
: ] P
oY
20N > PEXIO L ooy e MEXIGO
100W 95W 90W 85W 80W 100W 95W 90W 85W 80W

Fig. 7. The real-time full-cycle 72-h track forecast from the camienal prediction (blue line, crosses) and the
relocation scheme (black line, circles), as well as the tvask (red line, squares) for Isaac. The panel (a) is
initialized at 0600 UTC 27 August 2012 as the second cycleeRab)—(d) represent the other three cycles
with 6-h intervals until 0000 UTC 28 August 2012.
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Fig. 8. The improvement of 72-h track forecast errors for Isaacasponding to
Fig. 7, calculated by subtracting the track error in the nelaese from that in
the conventional forecast. The initialization times in tbemat (UTC HH/DD)
are indicated. The solid line (Aver) is the average improsetfrom the four
cycles.

relocation scheme for hurricane Isaac are subtracted fiem vortex is left unaltered. This action allows for better gigb
conventional forecast errors. Since the error is not fuli;me in the new first guess because it produces a smooth gradient
pounded with each cycle, as stated above for the convemtioatathe edges.
method, the improvements by relocation increase with each The vortex in the first guess being relocated to the ob-
cycle step from 28.23% to 49.08%. The average improveerved position can also provide a more accurate first guess
ment before 36 h is around 50 km, after which the improvée-h forecast) for the following cycle. This has the added
ment increases significantly. However, given the study onbenefit of enabling better data assimilation of observation
used operational Global Telecommunication System (GT®8Ie vicinity of the storm, but unrelated to the observed vor-
data for assimilation, caution is warranted when extrapolaex position. The information accumulated over each cycle
ing these significant improvements to real operationaliapphelps the new scheme improve track forecasts significantly.
cations where some types of nonconventional observatidtewever, the track forecast is still subject to the limiats
are generally employed. of the background flow and boundary conditions. As demon-
strated in the full-cycle runs for Isaac, the relocationatise
increases with the number of cycles, and the landing posi-
5. Conclusions and outlook tions are similar, which, in this case, suggested that the up

Accurate track forecasting of TCs is one of the most instream steering current became a dominate factor lateein th

portant aspects of providing early warning for this type Jprecgst period. The q53|mllat|on of _addmonal Qbsem&ﬂ
public disaster. It is crucial for TC prediction to precigel €SPeCially nonconventional observation types with beéps
represent the initial conditions, including location, hese resentativeness, should improve the environmental flow and

large track forecast sensitivities exist around the vocax. € COre intensity. This initialization scheme focusesasmr
ter (Wang et al., 2011). Despite the initial inaccuracy @f tHn9 the position accuracy of the vortex center and the stabil

TC center, the first guess models the real-time circulation S01‘ the variable fields. Subsequent work will look at merging

rounding the vortex, which plays an important role in the g&€ refocation scheme with an intensity-fitting scheme, and
velopment and motion of the system. For this reason, an iMfill Pe tested in the operational configuration.
tialization scheme by vortex relocation was developed. ) o
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