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[1] Twa T-diy weather simulations were mide for South Amenca in July 2003 and
Fanuary 2004 {in the Southern Hemisphere summer and winter) Lo investgate the impacts
of using different so1l moisture imialization Nelds o the Fraomodel coupled o the
Simplificd Simple Biosphere (851B) land surface model, The altemative initial soil
muoisture tields were (1) the soil moisture climatology used operationally by the Centra de
Previsio do Tempo e bkswudos Climancos in Brazil and (2) the sol moisture Delds
senerated by a South Amernean Land Data Assimilavion System (SALDAS) based on
5518 When the SALDAS soil meisture fields were used. there was an increase in the
mirdel performance relatve o chmatelogy o the cguinable threa score caleulated with
respect o observed surface precipitation fields and a decrease (up to 533%) in the
root-mean-square error relative to the NCED analysis of the modeled geopotential heighe at
SO0 hPa and mean sea level pressure. However, there was small change in the maodel
skill in posiioning the primary South American weather systems hecause ol a change in
the upper troposphere circulation caused by SALDAS initialization, most noticeably 1o the

South Atlantic Convergence Aone,
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1. Introduction

(2] Soil mowsmre sigmficantly unpacts clunate and weather
simulations in numerical models by affecting the parmnoning
af energy between Latent and sensible heat due o differences in
the availabiliny of beat and water at the surface. I this way, the
itnial so8l mossture prescribed inoa model can affect not only
the near-surface air temperature and brmdity, But also local
atmosphieric cirolations and precipiaion

[3] Several studies: have invesnpated the sensivaty of

atmospheric models toosoml mowsture changes ar differens
timescales m both seasonal and shor-teom sumolations
Stk el Minez [T982] showed thal sunulated precipita-
oy inereases when using o owet mntabization sather than
dry mmitiaton of land surfices. By running a genersil
circulation model (GOMY Tor several thousands of years,

'Depanment of Hyvdrolomy and Water Resources, Linmersity ol Arimana,
Tucson, Arron, 1754

Siw il Hydmlezien] Beignves Brmeb, Code 8333 AN Cudilnd
Space Flght Center, Girenbely, Marviand, 1252

Centro de Presisio do Tempo ¢ Batudos Clmmenicos, lnstitalo N ol
die Pesguisas: Eamens, Catho2irn Paulisia, Sao Paulo, Brasil

Trepartrment of Geoemphy, Univeraty of Cahlomne Los Angeles,
Califmia, LsA

Center for Hesvarch on Environment and  Wiler, Crearoe Mison
Uneversity, {labeemon; Marvhand, 1I5A

"||}-.[r|‘:-|~-:_:'|ta.| Ssienges Branch, Code 6140, NASA Godidard Space
Flight Cemter. Greerhell, Marcland, USAL

Cogivripht 2008 By ! Smerican Geophysical Llnon
(TR A1 ZTAG 200 S F0W 03065400, 00

Koster of ol [2000] concluded shat predictions of precip-
itanion are most influgnced by soil momsmee in the ransi-
ton zones berween bummd and dry climares, Feamessy andd
Shuerler [2004] and, more recently, Zhang and Frederibsen
[20003] sugpested that including observed soll maoisiure
data o the mubal conditiens used moa model mproves
seasomal forceasts. AL reduced emporal and spatial seales,
it Tas been shown that the nunatnon of maist conveetion
can be mfluenced by the spanal distnbuatton of soil
moismare: [ Prefbe. 2000, Weaver wrd Avissar, 20005 Findell
pad Flakor, 2003a, 2003h] Kamgmasn et oof [2000]
mvestizaled the predictabiliny of sol memsture and temper-
atre i the NCEP scasonal Forpeast systent using climi-
telogical and NCEP-DOE reanalysis 2 and found
improved model skill over aeid and semiand regionsg where
inttsal sonl mossture conditions are crincal

[+] There has been consideralle propress i the method-
ology of soll mesngre data assiumlanon [Howser e al,
1998, Walker and Howser, 20001 Muorsndis ef al, 2002,
fefchle et ol | 2002 Reichle and Koster, 20030 Crow and
Wi, 2000, Sewffert e gf 0 2003], although the lack of
ohservanons 1 recions such as South Amenca stll com-
prommises numencal simulatons, Consequently, o South
Amenca the use of o Land Data Assimilanon Svstem
[Roddedl e ad . 2004 represents s promising aliematve for
ingestntg eround-based and satelhire observanonal data
products by using land surface modeling and daa assimi-
lation techniques to generate optimal felds of Jand surface
states anmd luxes and inibal Tields of sol moisture
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[3] Orvier the past fow vears, there has been an incréasing
effort to use regional models o betrer represent mesescale
processes, lopography, coastal geomeny, and land susface

of regional climate modeling such as resolunon, lateral
baundary conditions, inittahzaten, spin-up time, and model
variability remain poorly assessed [Grorei and Mearns,
1999 Wedsve ot of 2000, Tanajra, 1996, Tonafora and
Shukdy [20007 investigaied the mtluence of the Andes on
South American summer chimate usmg the i model
reintiadized every 48 hours, Chau er afl 20000 also used
the Emomodel over South Amenca o make s detailed
inviestigarion of forccasts made with the Centro de Previsio
de Tempo ¢ Estudos ClimaticosiCenler lor Ocean-Land.
Atmosphere Studies (CPTEC/COLA) GOM [Bonar, 1996]
durmg oppasile phases of the snnool precipitation cyele:
Sefpchy wroal, (2003 used the Etd model wostudy the
extremely dry warm wind that oceurs east of the Andes
Cordillera fealled the Zonda) that has an orogmaphic ongin
similar to that of the Foehn that blows i Germony and
Avstri and the Chimook that occurs eust of the Rocky

Mountmns, Chore ef af. [2002] made a validation study of

the B mmodel coupled with o simplilicd version of Selflers o
al s [ 1986] simplified Simple Biosphere model [(55iB)
e e a@l, 199 ] over South Amerien by performing |
month sunulabonsin the dry and wet seasons. This model s
hercaller referred tooas the “Ea-5518 model.™

[#] The present work investigates the mmpacts ot soil
mensture mitializaten in the Ela-S5%8 model operating
over south Amenca with 40 km spaual resolution, The
moel 15 imittalized wsing tan different soil conditions,
O 15 the sorl mcdsture climatology used operationally - at
CPTEC, the resulting runs being here: referred 10 @5 the
contrisl muns (CTR mns). The sccond used a prodoet
dermvied Trom a 3 year South American LIDAS nm made
with an offline version of 558 forced by the Global Data
Assimilation Svstem (GDAS) atmospheric fields for South
America, the resulting being here retemed. o as SALDAS
runs. Two 7 oday runs were pertormed duering the avstral
winter {in the dry Season, in July 20031 and summer (in
the wet season, i Janoary 2004 using these different
imittal sobl modstre conditions. The resulting 72 hours
forecasts woere then compared with each other and with
abservauons. The models used are descobed m sections 2
and 3 and the sol mensture nutialization procedures
secuon 4. Methods and analvsis are explaned oy secnon 3
and results presented inosection 6 Section 7 gives a
sunmany and the conclusions

2. Eta Maodel

[1] The Lia snodel s correnily used as the primary
regional madel ar CPTLEC and 15 widely wsed al severad
other research and weather forecast centers worldwide: The
version used al CPTLEC was onpimally derived from that
used ar the Nutonal Cenwrs Tor Environmental Prediction
(NCLEPY and ealeufates prognoste vanables (el tempera-
ture, specific humudiy, honzontal wind components, sur-
face pressure, trbulent kinete enerey and cloud water) ona
A0 K semmstaprered Arakawa E gnd [Arakawa and Lamb,
P97T] that covers muost ol South Amencz and adjacent
DCLHNS,

SO MOISTURE ON ETA SODEL 317102

[#] The Era Maodel has the charactenstic that il represents
mountams asosteps [Bevan, 1969 and it preserves all
mmportant conserved properties inoits fnite difference
schemes EWesinger o al, 1988] An improved Beus
Miller— Janjic scheme (BMUY [Betes, 1986; Berts and Miller,
LR Janjie, 1994 s cmploved o represent deep and
shallow convection, The [ormuobstion of the large-scale
condensalion 15 conventional in this wversion of the Ela
maodel, and meludes the evaporation of precipitation in
unsaturated lavers below the condensation level [Ranjic,
1990 ]. 1o the present shndy, the model was specified 1o have
24 levels, with the top of the awmesphere at 50 hla. The
verbival resolution is higzher near the ground and near the
tropopause, In the model mns, initial and lateral boundary
conditions were taken from NCEPAGOM analyses in the
form of spéctral coefficients with T62 mangular uncation
feguivalent to LA257 resalution) in both the meridional and
Fonal directions, The 28 vemical lavers wore updared every
& hours. Observed wecklyvaverage sca surface emperatiures
were used. The initial land surface albedo was also aken
from the scasonal climatology routingly used ar CPTEC,
with subsequent values then caleulated by S5iR,

3. S5iB Land Surface Scheme

[#] The Simplified Simple Bosphere land surface scheme
(SSIB) [N e af, 1990 used i the CPTEC Eta model 150
simplified version of the Simple Bwosphere model (S8}
[Seliers et ol 1986) 1L simulates Wophvsical processes by
madelmg vegesanon explicitly, The 5518 scheme hos three
soil Javers and one canopy laver, wish cight prognosiics
vartables (e, sol wetness mthree sotl lavers: the wmper-
amres of the canopy, ground surface, and deep soil lavers:
and rhe hgusd water stored on the canopy and snow stored
on e ground). The SSi1B forang varables {taken from the
fonwiest enodeled leved ol the Ela model) are precipitation,
downward short-wave radiation, downward long-wave
cadiation, temperature, hurmidity, and wind speed. The
oulpus varsables are surface albedo, the seosible heal fux.
latent heat flux (transpiraiion and evaporation [fom- inter-
cepted water and the soill, momentum Qux, ground heat
fuxes, sk wmperature, sarface runofl. groundwaler run-
ol carbon diosade Max, and net photosynthesis rate, S518
regiimes (he specification of 23 parameters for 13 coosys:
tems (e, browdleat-cverareen, broadieal deciduous rees,
e torest, peedleleal evergreen trees, necdleleul decid
dos trees, savanng, perenmial grasslund, brosdleal” shrubs
with cround cover, broadbeal shrubs with bare soil, tundra,
desert, crops. und permanent ice). In the present study, the
default values of the 23 parameters given by Nue or al
(1991 ] for cach coosystem were used. A recent shudy has
been canducted to improve the snow parmeterization
S5IB [ Sun ard Ve, 2000 X er al 2003 but this aspect
ol the medel 15 not used an this study.

4. Eta/SS5iB and s Surface Initialization
at CPTEC

[1] The present study wses the Eta model coupled 1o
S5 (Ea/SsSiB model). The couplmg methodoloay s
deseribed m o detail by Xne o af [2001], which study also
reports that L8518 produces more realistic monthly
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Figure 1.

ETA 7days T2k forecasts

Julyi03
ETA Vdays 72h forecasts

Diagram of the expenment dessgn for the studv showing how the injtial SALDAS ficlds were

generated for the two 72 hour Ee-5518 runs during July 2003 and January 2004,

precipitution gver United States than does the Bra model
with a “bucket model™ land surface scheme. The El/S5iB
muoidel evaluated over South Amenca by Clew er all | 2002
remams inuse at CPTEC with the mnal seal moisture states
in weather and climate simulations imterpolated; fora given
day, from monthly values in g vearly climatology | #3ffmon
et ol VRS Mtz and Serafind, 1981 1989, 1992 Afiniz
and Walker, 1993], This €limatlogy is based on o bucket
mode] [Manahe, 1969 with a Charniiovaite [ 1948 estimate
ol evaporation and preseribed precipiation. However,
Rebaek et al [1998] showed that this elimuatological data
sel s substantially differents 1o obscevabons and more
recenthy, Credcalves e al [2006] compared two 5518 oftline
mins, one mitalized by Mintz and Seralin soil moisture
climatology and other by S5113 spin up lields, and found
there were significant differences m the caleulated batent anid
sensible heat fluxes, parmicelacly i the semiarid resions of
South America,

50 Muethods and Analyvsis

[r] The sail moistere iminations used in the OTR mins
were those desertbed 1 the previons seclion. Sinee’ the
bucket model provides only o single soil laver: the wral
column mosmre 15 omterpolated 1o each af the 558 three
lavers in proportion to their depth The alternauve soil
mesisture initanon (n the SALDAS runs) were calenlbated
using @ S5iH-baced LIDNAS system set up over South
America (SALDAS) startng from soil moisture states aken
from a spin up experiment for the calendar year 2001
[Craneadves or al | 2006, with the SALDAS then continu-
ously forced by the NCER/GDAS aimospheric forcing
through 1o June 2004 Two 7 day experiments were then
venducted asing BradSHiHE o Juby 2003 and January 2004,
in the Southern Hemisphere summer and winter,
respectively, For cach month (Januwary and July), the Er
model was run over o period of seven days with a new mn
initiated each dav 1o pgive seven independent nums per
manth. Fach mn psed the 301l moisture felds calealated
offline teither climatological or derved Fom SATTIAS) a3
iniual condimons and the model provided 72h forecases with

g =

3aof

an putpul every 240 Figure 1 s 4 schematic dineram
illustrating the experiment design,

[12] Foreach 7 day expeniment, the 24 hour, 48 hour, and
72 hour forgcasts for the CTR and SALDAS tuns were
compared with daily precipiation and wemperaace {Tom
surtace stanons and the medeled seopotenual heghs a
S hPx and the mean sea level pressure with NCEP
GOM analysis: fields. Because diredl compunsen with the
limited upper air soundings avalable and scarce wpography-
dependent surface observanons 15 problematic, comparison
with analvzed NCEP/GCM fields derived from these and
other {eg remoely sensed) observations 1 considered
preferable. These analvzed fickds at lesst provide o broad
measure of the overall behavior of the aimosphere over large
areas, such as South Aanenca, For the purpose of making
companson, the South Amencan contiment was divided into
three regions swlected on the basis ol prevailing weather
systerms [Chow e gl 2002 and vegelation cover character-
Estics: the three areas, nerth (%), northeast (M), und south
(S asshown i Figure 2.

6. Results
B0, Initial Soil Moisture States

[12] In general, the differences berween the SALDAS and
CTR {chimatologicald soil moisture Helds (nes volumelnie
soil muisture 0 "o} in the three soil lavers are greater
January 2004, in the wet season, than m July 2003, in the
dey senson (Figure 300 In Janwary 2004 (Frgure 3a), the
Factionul wemess of the surface laver in the SALDAS
miutiation field is drier than climatology by up o 0.6 over
all of southessiern Brazil, and areas cast amd west of
Amazona, norch of Bolivia: and west of Peru. In the room
and deep soil lavess, the SALDAS field 5 doer than
climatology in similar areas. althoush there are significant
differences inchipding arcas wlong fatitude 1078 in nonhemn
Brazil. The SALDAS fields are higher than climatology in
all soil layers in the northem portion of the continenl, in
northeast Brazil and regions east of the Andes m Chile and
coastal Perw, and in southern and western Argenting. The
differences in the soil wemess i these areas are greatest in
the deep soil laver and reach 0.8 0 south central Arpenting,

14
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Figure 2. Vegelation cover classification for South
Amenica, Tvpe | s tropical raim forest type 2 is hroadlear
deciduous trees; type 3 is broadleaf and needleleal” trees:
type 4 s needleleat evergreen trees; type 5 s needlcleat
decidunus trees) tvpe 6 i broadlcal trees with artmd cover,
tvpee 7 1s grasstand; type 8 is broadleat shrubs with o
corver; tvpe 90 broadleat shrubs with Bare il type 10 is
dwarf trees with ground cover: type 11 is desent: type 12 43
craps. The regions where area average analyses were made
are M. NFE, amd 5.

[12] In July 2003 the surface layer shows most difference
in those arcas where the SALDAS ficld is drier than
climatology in all three soils layers. For the surface laver,
drier arcus include southeast Brazil, northern Amazonia, and
the eastern side of the Andes in Bolivig and Peru, with
differences ranging from less than 0.2 (in Amazonia and the
castern Andes) o 0.6 (in southeast Brazl), In the root laver,
there are differences prearer than (2 omly in small areas of
southeastern Brazil while, m the deep soil taver, there are no
argas whery the SALIIAS ficld is drier than climatology by
L2 Areas o ocentral Armazonia, north of northeastern
Brazil. Argentim Chile and coastal Peru are where the
surfave laver i the SALDAS ficld 15 wetter than climatol-
o with differences of up to 0.5 Areas where the SAL-
DAS field is wetter than chmatology in the root zone are
similar to those for the surface layer. excepl in central
Aamzonin (where the diflerences are small) and m nesth-
castern Brazil where there ure more areas with o differences
greater than 0.6, The SALDAS field is ereacr than elima-
tology in the deep sol laver in areas similar 10 those for the
rect zone except oo wventral Argentina where differenc
excecds 0.8 in some places,

6.2, Gridded Precipitation and Ouigoing
Long-Wave Radiation

[15] One source of observed precipitanon data available

for use lor comparison with modeled fields in this studsy is g

CSOHL MONSTURE ON ETA MODEL

vinz
I* = 17 gridded product provided from u collaborsition
hetween INMET und CPTEC, which was derived from
surface stations distnibuted over Sowth Amnerica mierpodated
using & madified Cressman |1939) scheme [Glabn er al.,
VO8RS Charbg et al, 1992] However, the disttibution of
surface stations s uneven m South Ameriea, and the density
of stations is low, especially in the Amazon. the Andes. und
central Brazil [Goncalves o al, 2006, Morcover, the
resolubon of the mterpolated gridded product 5 coarse
compared to the 40 km ba model resolution. Clearly, this
gnidded product therefore needs to be used with care.

[1o] In praciwe, the main difference in the modeled
precipitation in the CTR and LDAS runs is in the amount
of precipitation rather than its. locition.. A quantiiative
cornipurison between the precipitation ficlds calculated in
the CTR and SALDAS simubations is presented in the nexe
section using n situ (rather than gndded) precipitation
obscrvations. In this section, the interpolated previpitation
fields deseribed above are used o make 3 qualitative
investigation of the Eta model’s ability to simulate the
location of the primary precipitation systems. This investi-
gation is aided by use of the observed daily oulgaing long-
wave radiation (OLR) fields provided by NOAA-CIRES
that can be used to identily the approximate lovation of
cloud and, by inference, precipitation,

[17] The ohserved surface preciputation and daly outgo-
ing long-wave radiation {OLR) fields shown in Figures 4
(letty and 4 {nght) for the period 512 January 2004 supgest
precipitation was associated with two main production
mechanisms, namely, (1) precipitation wssociated with the
south Atlantic Convergence Zong (SACZ) | Kodama, 1992
Carvadfon et al. . 2002 which is here subjectively defined as
the zone of enhanced precipitation that extends from the
Amazon basin o the Sowmh Atantic Ocean passing above
southeastem Brazil | Sarvamurn er al, 199%; Liohmann o
P98 and () convection around 57N due o the
Intertropacal Convergenee Zone (ITCZ) visible in the oul-
gomg long-wave radation (OLR) field shown in Figire 4
iright) and observed by surface stations over the northern
eoast of the continent {Figure 4, lefl).

[=] Figure 4 (meddle) shows the average Era 72 hour
precipatation forecast durmg Janvary for the CTR mun, The
position ol the SACY over the contingnt was pradicied
correctly by the CTE mun although the LDAS run provided a
shightly better prediction of the location of the system. In the
next sechon it is shown that the LAY run also COMPRTes
better with surfce observations of precipiation.

[19] Figure %a shows the differcnce in precipitation be-
tween the SALDAS and CTR runs for the 72 hour forecasts
in Jasary 2004 The alternating pattemn of differcnces over
southeastern Brazil, which are oriented along the SACZ axis
indicate that the ficlds are out of phase (shified) rather than
hiaving different magmtude, In fact, the forecasts initialuzed
by the SALDAS soil moisture ficlds positioned the SACE
stightly south of CTR forecasts for the reasons described
below,

[20] Studies [ew. Ferretra ol al 20047 have shown that
the mechamsms that regulate precipitation wver South
Amenicy during the wet season can be better understood if
upper and lower troposphere dynanues are considercd
separately. Many mechamisis mfluence larze-scale crreula-
toa over South America, meluding ropical heating [Sitva

il
il
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(b) July (SALDAS — CPTEC)

Figure 3. Daflerence (a) m January 2004 and (h) in July 2003 herween the SALDAS and CTR initial
soil mossture fraction (in the range 010 1, for the deft) surface layer, (middie) root zone, and {right) deep

soil layes

Lhias et ol | V983 Candy and Getsfer, 19917, extratropical
corvection |Befessicana, 2000, und convection over remnle
cwreas suchoas the western and central Pacific und Africa
[Coancd and Silva Digy, 18], For the peried studied here,
the main memonal features of upper troposphene circulation
are the Bolivian High (BH), that can be defined as o middle/
upper level warm core annicvelone due o radiaional heat-
ing and latent heat release dunng miense convection [ Firs,

18 1], the evclomie vomex in the vicinity of nomheast Brazil
(CNNE) [Kowsay and Gon, 1981 Mishea eral, 2000 | and
the elinstolopical midlatmude mough (CT) located over
southeastern Brazil, The O occurs fromm November 1o
Muarch and‘splits the Subsropical Ridge into two parts, ane
over South Amierica, the other over Africa. Flow between
the CT and BIH contributes to precipitation in the region by
bringing surface and upper level disturhances info the area,

For 14
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For January 2004, (lefty interpolated surface observations of precipitation, (middle) 72 hour

Fra-S5i13 precipitation forgeast, and {right) outgeing long-wave radiation (OLR).

Thus the position of the: BH plays an important rele in
determpung the location and intensily of precipitabion over
mast ol the continent, including the SACZE

[z1] The authors suggest thal an merease inthe latent heat
Mux in the norhem Argenting and Paraguay and southem
Bohvia, where SALDAS iniual seil conditions are modster
than the CTR mitiation may cagsed a souwthwand shift in the
predicted SACE through o dyvmamical connection with the
BH in the upper troposphere. Figure: Sh chows the difter-
enee in thi laten: heat flux between the SALDAS and CTR
mans 0 January; clearly showing the regions with higher

SALDAS — CTR precipitation

ATF W W BEE B0 AW N 40 aTE IO MO

Figure 5,

differences wre in e semi anid portheast of Braal (where
there were no sizticant changes in the atmosphene cireu-
latton and precipianen and northern Argenuing and Para-
pugy and southern Bolivias Inereased latent heat o the
region wilh the SALDAS moster condiions cause a nwl
mnercase in the gtmosphenc wemperture between 000 HPa
ancd 500 BPa, causing the FEtemodel W predicl the warnm
core of the BH o be shifted lurther west i companison with
the CTR run, Conseguently, the CT trough in the SALDAS
run (and the associated divergence o the upper levels) s
predicted o be further w the southwest of the CT than m the

SALDAS - CTR latent heat flux

=T

Wm=

fim T Tow Rl e A W Al W INe 0w

Diflerence between 72 hour Eta model forecasts m January 2004 when using the SALDAS

indtiagtion relative o when esing the CTR initiation for (o) teme-averaged  precipitation inomm and

(B tme-gveraged latent beal m Wmm
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Figure 6. Time-averaged streamlines at 250 hPa in 72 hour Eta model Fia forecasts for January 2004
(2) for the CTR initatim and (h) for the SALDAS initiatons, illustrating the location: of the main uppir
troposphere cirenlanion patterns, namely, the Bolivia High (BH), the evelonie vortex over Brazl northeast
(CVNE} and the Atlantic Trough (C1), Nowethar €T s indicated as 3 dashied fne.

CTR min displacing the low-level convergence (SADZ)
southward, Figure 6 shows the 250 hlFa streambines for the
CTR run (Freure Ha) and for the SALDAS un (Figure tib)
along with the main eifculation patterns (BH, CT and
UVNE),

[22] Thi BH confipiranon in the Fry forgeasts inifialized
by the SALDAS ficlds also causes a change m the upper
trsposphere circulation over southermn South America, with a
second trough (associated with a new fromal system)
predicted 10 southwes: of s position in CTR rumn, and
therefore muodifving the precipitation pattern hetween
305 and 8. There 15 also the local influence of the
convective uetivity of the region due 1o the higher laten
heat flux between 355 and 405 (Figure 51 in the SALDAS
mitialization.

[21] Ovwer the Amazen region, the change in the upper
trapuisphiens cirenlation alse resulted inoa wet werease in the
comvergence gt 230 hPa (nod showny in the SALDAS run in
companson with the CTR run, susgesting a decresse i the
precipitation sencrated by deep convection

[24] Figure 7 shows similar resules for the drer period of
3 10 July 2003, The observed average precipitalion mainly
ocours m three reglons: southem Brazil, south of Chile, and
in the nerthemmost region of the continent associated with
convestion in the ITCZ, which 15 located turther nonth than
it s in January. In the southem region, precipitation is
produced, mainly, by frontal systems and topographic
effect, and the Fta-S5ib model was able 1o simulate the

postiion of this précipitation correetly. The model doos
seems o prodicn the posiion of masimum micnsity in the
ITCL o tew degrees south of observinons, although model
resulls 0 this ares may be influenced by the boundany
cerditions of the domain which are updated cvery 6 hours.
I the South Atlantic. minimn vilues of OLR agree with
the position of frontal precipitation predicted by the Ela-
55i8 maodel over southeast Brazil and near ocean. However,
the model was oot able w caprgre the (albeir hmited)
precipration acar the coust of northeast Brazil that may
be cavsed by easterlyowaves, which common in this area
June, July, and Aupust. The precipration m the SALDAS
and CTR runs show small differences: and these are mostly
in the amount rather than the position of the systems dunmg
this pertod. An analvsis of the quantitative: differences
between the two nums is given in the next section

f.3, Equitable Threat Score and Bias

[z2] The equitable threat score (ET5) measures the abality
ol the model to predict the area with precipitanon shove a
aven threshold [dnvhes e al, 1989, Mesinrer, 1996). 1t is
defined as:

W—CH

Hi—iCH

BT o —————
o+l

140

where Fois the number of pomts the model predicts above a
specified threshold. O is the number of ohservanons shove
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Analysis pregared it coliaboranion with
IWMET and CPTES

Dayly OLR data provided by the NCAA-CIRES
Climae Diagnasiics Center, Bowlder, Calorady,
UEA, from thair websie ar impswaww cdo neaa gov

Fipure 7. For July 2003, (left) interpolased surface observations of precipitation, (middie) 72 hour E-
8518 precipitation forecust, and (Aght) cutgaing long-wave radiation (OLR).

the same threshold, H 15 the number of model “hia™, C1 15
the number of peints comesponding o random " his™,
caleulated from

Id

where N is the number of pents m the verification doman.,
In this study, the TS was calewdated for the fallowing
precipatation thresholds: P O mm, Pz (hmm, P> 5 mm,
P 1 mme B o= 15 mon, B 20 mm, P2 30 mm,and P>
Al mm,

{z8) The biag score s defimed as

s
BIAS = 3
0 A

[27] ETH vanes from O 1, with higher values indicating
better simulations and ETH and B1AS are used in combi-
nation and a perfeer simulaiion would be equivatent o
ETS =1 amd BIAS = |.

[26f The man interest of this study was 1o investugaie
relatively chunges o model pertormance. Consequently,
poreentaae change in the ET%5 and BLAS arg caleulated for
the ™, NE and S regions shown m Figore 2 when using the
SALDAS initiation relative 1o when vsing the CTR nitia-
tion. Recognizing that performance is betier when ETS and
BIAS approaches unity, the percentage change in ETS, is
give by

— |ETSem - |

ETSsainas — |
PCprs = 100 % ——ie

wlile the percentage change in the BIAS score 15 caloulated
from.

) [BIASsaipay = || = [RIASere = 1] ..
i v LO0) 3 B B 5%
Lebias " TBIABuns s — 1] A

Note the sign of the BIAS is not being considered, riber
how close s value is o unity,

[24] Figure 8a shows the percentage change mn the 24h
ETS (Figure Sa, 1op) and BIAS (Figure 3a, bottom) m
lanuary 2004 1 the NE (line with stars), N (line with
crosses), and S (dashed ling) areas for the diflerent precip-
itation’ thresholds shown on the x axis (in mm). Nole tha
negative values of ETS imply an increase in the model
perlomiance when using the SALDAS initialization rather
than the chimatological initation. In the 23 hour forecast
the SALDAS imitabzation results show a better ETS than
does CTR mumaton for all regiens, with up w 23%
maprovement for hght precipitation, and up o 1% for all
the others thresholds: In the case of the BIAS (Figure Sa,
hottomy), lor precipilation values up w0 6.3 mm there i5 3
degradation in the forecass for the W region, but in the NE
there 15 4 25% increase in the perfarmsance and in the 5 the
performance increases by up o 8%, For the thresholds
ahove 6.3 mm. there s an mmprovement inoall regions up
toa threshold on 3% mm when there 15 a degradation of 5%
i the ™ and NE wreas. In Tigure 3a, the most significan
differences in the soil modsture i the N region are found in
the surfiace layer (the SALDAS is dever than CTR) suggest-
ing that in the first hours of simulation evapotranspiraion
mav he partially inhibited, therefore reducing precipitation
{12, incredsing the gccurrenee ol light precipitation) which
would degrade the BIAS ar low thresholds. However, the
maisture in the shallow surfuce layer will rapudly adjust so
the effect is mainly in the first 24h precipitation forecasts.

B oot 14
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Figure 8. {a) Percentage change in the 24 hour forgeast
ptopd ETS and (hotom) BLAS o January 2004 in NE (hine
with stars), ™ (hoe with erosses) and S {dashed line) for the
differemt precipuation thresholds shown on the € axis (mm),
i1} Percentage change in the 72 hour forecast (top) ETS and
(hottorny BEAS m Januarny 2004 in NE (line with smars), N
thoe with crossesy and 5 (dashed lney for the differen
precipitalion thresholds shown on the o axis (mm)

[#] Pegure &b s similar to Figure Ba but shows the
resulls for the 72 hour forecast i the same month
Hlanuary | In general, the percentage change in ETS shows
mereased performance (Figure Bh, top) although the pie-
ture s less consistend for the inereased forecast lead time,
There s an increase pertormance in the range (-253% in
the N oand NE régions. In the 'S region, there is a
masimum  decrease in performance of 20% for the

9.of

DE GONCATVES ET AL INITIAL SO MOISTURE OGN ETA MODEL

DiTing

14 min threshold and o maximun increase in performance
of 43% for the 234 mm threshold, In the case of the
BiAE, there s 2 5% deerease in porformance: for the NE
region tor thresholds of 6.3 mm, 254 mm and 381 mm,
but an 12% increase inoperformance for the 0.3 mm
threshold. [n the N and 5 areas, the behavier s broadly
simtlar, with inereased performance of 13% and  20%,
respectivedy, lor the 0.3 mm threshald, bur then progres-
stvely less improvement at higher thresholds, and degraded
perlfommanee for thresholds above 19 .

[#1] The ETS and BIAS performance analysis for the
Eta-5518 model for the deier month of July 2003 15 shown
in Figure %a for the 24 hour forceast and in Figure 9h for
the 72 hour forecast Because precipitation is geocrally
low aeross the whole continent in this month, only
precipitation: thresholds less 149 mm threshold are signili-
cunt. For thresholds lewer than 223 man, the 24 hour
torecasts show an improvement of up w 3% For thresh-
olds up to 6.3 mm (light rain) there 15 @ 3% inprovemen
n the NE anca, and 3% in the other areas, In the case ol
the ETS, in all regions there was less than 1% degradation
mn performance for thresholds of 6.3 and 12.7 mm. I the
case of the BIAS, the 23 hour forecast showed dearadarion
of up o 10% incall regions for thresholds up 0 6.3 mm.
For the 72 hour forecast (Fygure 98), in the NE aréa there
o performance increase i the TS performance of 18%
and 30%: for the 0.3 mmeand 2.3 wmm thresholds, bura
degradation of 20% for 3 254 mun threshold, The BIAS
was improved Tor thresholds lower than &3 mm for in
72 hour forgeast for July 2003, but degmdation for higher
threshaolds

6.4, Surface Temperature

[32] Tempersure comparisons are made using the 2 m
modeled temperature from Eta-55i8, this hemg the heipl
closest W that a1l which wemperature ohservations are usually
made a1 chmale statons, The modeled temperamres were
mterpolated to localions where ohservations were availahle,
the ditference taken, and contours drawn (Figure 107,
Figure 10a shows that the averase temperature in Jamsary
2004 extabats lintle varation for latitudes noh of 13%%5, the
viloe ts close to 28°0 cxcept over the Andes where the
vilugs drop rapidly with altitude’ As might be expected,
the wmperature also falls Aerther south sear the coast n
southesslern Brazil (24°C) and in Argenting where the
vilues fall ofl with Tutitude,

[3] In general, the CTR muns éaleulate a temperatire that
15 270 colder than the observations across the continent,
excepl lor a small area i northeast Brazl, where s 2°C
witrmner, and along the east cost south of 2375, where it s up
w 6°C colder than ohservations, The SALDAS run caleu-
lates wemperatures that show o larger srea with 6°C dilter-
ence néar the coast of sousheastemn Brazl, o and 4'C colder
than observied areas in the northeast and netth of the
connnent.

[#4] For July 2003, Figoee 11h shows that bath the CTR
and SALDAS mns are (on average) 4°C volder than
ohservations for lantudes: lower than 2375, For sume areas
in northeast Brazl and in the northem part of the conn-
nent, the differences in bath simulations are of up e 6°C
colder. The low emperatices over the semiand northeast
Brazil can be explained by the nighitme radiatve conling
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Figure 9. () Percentage change in the 24 hoor forecast
topt ETS and (botom) BIAS a0 July 2083 in NE (line with
starsh &N (hnge with crosses)h, and 5 {dashed ling) for the
ditferent precipitauon threshelds shown on the x axis {mmy),
(b)Y Percentage change in the 72 bour foreeast (lop) ETS and
(bottom) BIAS m July 2003 i NE (lneowith stars), N (line
with crosses), and 5 (dashed ling) for the different
precipitation thresholds shown on the ¥ axis (mm)

due 1o the Tow eloud cover (shown by the high values of

QLR and the presence of broadleal shruly as ground cover
i Figure 20

[35] Figure: 12 shows the difference in the surface
wmperature between runs with SALDAS and CTR
initinlizations for 72 hour forecasts in January 2004
{Figure 12a) and n July 2003 (Figure 13h) As expeoted,

CRONL MOISTURE ON ETA MODEL

M7z

i the regions where SALDDAS initiation 35 moister than
C'TH, the wemperatures are conler, e, in northeast Braeil,
central and southem regions of the contnent in January.
and northeast Brazil, the central continent and - along the
cast ceast from northern Chile to Peru in July. The cooler
tempartures result from the partitioning. between sensible
and larent heat in the arcas where the SALDAS is moister;
thigre 15 an increase in the latent heat ux and a equivalent
decrease in the sensibile heat, thus cooling the near surface
atmosphere, The CTR & significantly moister than 3AL-
A% only i southeast Hrazil in January (Figure 2a) and
soathem Brazil in July (Figure 2b). However, these ditfer-
ences ocour in the thin surface laver which adjusts in the
first hours of the run, with litle influencing o longer
forecasts (e.e,, 72h predictions).

6.5, Geopotential Height and Mean Sea Level Pressure

[16] Orver each area (N, NE; and 8), the arca-averaged
RMSE for the geopotential herghe at 500 hPa and mean sea
level pressure were caleulated bebween the CTR and SAL-
[3AS simulations and the NCEP analvsis. The resulis were
then compared as the pereentase chanee in order to diag-
nesse the improvement or degradation in the REML for the
SALDAS runs relative 1o the CTR runs. The perceniage
change (PC %) i each case was calenlated from

; ERE Al a5 EMSEgy
R Sbsnr nas

(TN (1]

[37] Fahle 1 shows. the percentage chanee in EMSE for
peopotential height ar 500 hPa and the mean sea level
pressore i January 2004 and July 2003 for the 24 hour,
4% hour, and T2 hetr forecasts. Megative values mean the
errors o the SALDAS mn are lower thun the errors in the
CTR run

fw] I Januany 2004, the percentage change 10 geo-
potential herghe 5 negative for all forecast penods in the ™
and % regrons, In WE region there are small percentage
changes (less than uniy) in the 24 hour forecast but the
RMSE for the SALIAS 48 hour run i approximately 7%
higher than for the CTR mun. The maximum percentage
change ocours for the 72 hour run o the N region where
BMSE for the CTR min is 3% higher than for SALDAS
o, The BMSE for the mean seg level pressure for the
CTR run s licher than for the SALDAS run for all
repions and forecast periods in Junuary 2004, and the
differences increase as the torecast hours increase, with a
maximum percentage chimge of 32% for the 72 hour un
in the S region.

3] In July 2003, the percentage change m the RMSE of
goopotential height is small and positive in all areas for the
24 hour forecast period. In the NE and S the maxunum
percentage change (- 9% and —2.6%, respectively ) oucurs
for the 4% hour foregast period while, in the ™ remon, the
masimum percentage change (2.8%) is Tor the 23 Do
forceast period. For the mean sea level pressure, the
percentage change in RMSE values decreases as the fore-
cast period mereases Tor all regions. For the mean sea level
pressurne, there 15 just one ocourrence of @ positive pereent-
age chanpe (~1%) for the 24 hour forccast m the Iy region,
while the maximum improvement resulling from use of the

10 af 14




7inz DE GONCALVES ET AL INITIAL S0IL MOISTURE ON ETA MODEL DT

Temperature — January 2004
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Figure 10, {a) Observed sarface tempersiure and differences (b hetween the temperature caleulated i
the CTR mun and observations and (c) berween the termperatine caleulared in the SALDAS mum and
observalions for the 72 hoter forecasts in Tamuury 2004,

SALDAS ficlds is a percentage change of 15.6% in the NE with boundary and mitial conditions taken from NCEP
region for the 72 hour foreeas: analysis. The model was initialized using rwo different soil
condimons; one, the sol moistore climarology used opera-
tonally at CPTEC: the other, the product of a 3 vear LDAS
run using SSiB forced by the GLDAS aunuspheric: fields,

[40] I this study. the Eta model coupled to SSiB was run Two 7 day nms were performed during the austral winter
over South Amenca with a gnd resolution of 40 km and

7. Summary and Conclusions

Temperature - July 2003
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Figure 11 {a) Observed surfiace temperalure and differences (b) between thie temperaturne caleulated in
the CTR run and observations and (¢) between the lemperature calentated mothe SALDAS mn and
observations for the 72 hour forecasts i July 2005
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for the SALDAS initistion relative to the CTR initiation for {a) January 2004 and (b July 2003

(the dry season, 1 July 20037 and summer (the wet seuson,
in January 20043 with these alternative mitial soil mosture
conditions. The resulbting forecasts of up 1o 72 hours were
compared against each other and against observations,

[41] The CTR soil morsure fields were, onaverage, drier
than the SALDAS soil momsture fields in both January and
July i northeastern Brazile the inner canhingnt, southerm
partions: of Amagoni, and in a4 region that extends (rom
southern Argeniina to norhem of Peru, with increasingly
ercaler differences at gréater depth. In Junusry, the 3AL-
DHAS soil mossture fields ure drier than the CTR fieldsan the
inrier continent and southeastern Brazil, espectally m the
surtace laver. Regardless of which imitial sonl maisture ficlds
were used, the Fra model was able o predict the general
lacation of pregipitation in both seasons reusonably wetl. In
particular, the model correctly predicted the convectiv
band from Peru 1o southeast Brazil and comectly located
the [TCZ in Junoary. In July, the Fia-S5iB misplaced the
precipiration associated with the TTCZ o some extent
compired to OLR fields, bur this may be due 1o the
inlluence of the model's lateral bowndary conditions. The

Tabile 1. Peiconage Change m the RMSE for Geopotential Heght ot

g

incresse o the latent heat Aux over aorth of Argentina,
Paraguay and Bolivia i the SALDIAS imitalization cansed
an incoease w the Jower troposphers temperature and as
consequence the Ela-SSiB model predicted the BH (u wann
core upper tropospheric evelonic vortex) west of the CTR
predictions, shitting the SACZ southward. wonetheless, the
Fra-55iB model generally did predict the posinen of the
precipitaton correctly over the contment quite well in July
although, when compared o the measured OLR, it appeared
to displace the convection assovated with the frontal
swstems sodthward,

[42] In January 2004, & gquanttative analyss of model
precipitalion againsl station obsgrvations shows that the
SALDAS ninalizanon viclds a berter ETS than the CTR
initiation for the 24 hour forecast for all regrons, with up (o
23%, improvement for light precipitanon and up 1o 10%
improvement forall others thresholds. There is degradation
of the BIAS for hight precipitation in the N region, but
improvement in atl other regions. With the SALIAS
initalization, e 72 hour forccasts also show an averall
irierease in FTS perlormance of 20% in all regions and for

300 bt amed Mean-Sea Level Prossure Between the SALLAS anid

the CTR Computed for Eqch Begivn 680 ME aml 5} tfor the 24, 44, and 72 bur Forecast Perods”

Cienpotential | Lepht at SO0 BE

Mean Sea Level Prossure

M B ~F ~ 5
(REATR Y
ik TR ] (074 0.3 a5 —ip i 2.8
430 T A | 1522 L3 6.3 W 1.66
T2h 1h2h 5345 (IR —|9.24 23.B0 3124
July
Tith 141 (.43 (26 1 15
Y -4 5] —2 63 L LE.fe 7.2%
T2h 498 {IIf 18,0k B8 97 [ES

"The pereentage change :5 caleulated for January 2004 and July 2003, Negntive vilues wmpl
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all thresholds. For the saume forecast peried, there s an
average increase in performance for BIAS of 10% for
thresholds lower than 19 mm bt degradatton i perfor
mance above this threshold. Because precipitation is low in
luly, omly the precipitation events. below the 19 mm
threshold are significant. For the 24 hour forecasts, there
Wwas an improvement of 3% in the ETS and a degradation of
around 5% m BIAS for all regions when the SALDAS
witiation fields were used. For the 72 hours forecasts, there
was an mprovement of ap to 30% in the ETS in the ™
region, but @ degradaton of around 5% in the BIAS,

[43] The differences between modeled surface lermper-
atures and observations ase similar for both initation Telds
and, on average, ahouwt 2°C colder in lanaary and 4°%C
colder in July. The SALDAS runs have larger areas with
temperatures colder than the CTR rung i January, particu-
larly near the east coast in southemn Brazil and Argenting. In
July, the CTR run s colder than the SALDAS mn o
sernianid and desert areas where the initial soil mojsiire is
drier and there 1s greater mishitime radiative cooling. When
comparing the surface tempersture prediciions berween the
tworuns, the areas where SALDAS fmnal soil momsture
lields are muister than CTR show lower temperatures due to
an inerease in the latent hear flox o the CIICTEY parmihoning,

[45] The 500 hPa geopotential height and mesn sea level
pressuce analvsis show o peneral improvement in the
pertormance of the model of up o 3% (in the N ures |
when dmtiwhzed by SALDAS soil mosiure fields, When-
ever there 15 degradation of performance in predicting the
geopoiential height or mean sea level pressurc, the percent-
age change is less than | (%,

[2:] I conchision, the Fra-$5i8 showed 2 general overall
tmprovement in performance for all the variables analyecd
i this study (precipitation, surface femperalure, seapoten-
ual height, and mean sea level pressure) when initialized by
the SALDAS rather than the CTR soil maisture fields
However. a more detailed small-seale analysis is Justified
for the imited regions where using SALDAS fields degrades
the medel simulanen in the prosent study, including arcas in
norsheastern Brazil and some southern areas where the
SALDAS ficlds are wetter than the TR fields Furiher
mvestigation of whether there are more significant diffor-
ences n the mesoscale atmospheric arcalatons modeled by
the Fra model operating at 40 km resolution is also Justified,
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