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ABSTRACT

A data assimilation study was performed 1o assess the impact of observations from the South American
Low-Level Jel Experiment (SALLJEX) on analyses in the region east of the Andes Mountains from
western Brazil to central Argentina. The Climate Data Assimilation Systems (CDAS)-1 and -2 and
the Global Data Assimilation System (GDAS) were run with and without the additional SALLIEX
rawinsondes and pilot balloon observations, The cxperiments for each data assimilalion system revealed
similar features. with a stronger low-level [low cast of the Andes when SALLIEX data were included,
GIDAS had the strongest low-leve] jel (LLI} when compared with observations. In the cxperiments that
used additional rawinsonde and pilot balloon data, the T.LT was displaced westward in comparison Lo the
analyses run without the SALLIEX data. The vertical structure of the meridional wind in the analyvses was
much closer 1o observed rawinsonde profiles in the experiments that included SALLIEX data than in the
control cxperiments, and the results show that, although there are more pilot balloon observations than
rawinsonde observations in the SALLIEX dataset, most of the improvements in the analyses can be
obtained by only including rawinsonde observations. 'This was especially true [or GDAS. The results of this
study can serve as a benchmark for similar data impact studics using higher-resolution data assimilation
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systems.

1. Introduction

In recent years several studies demonstrated the im-
portant role that the South Amcrican low-level jet
(SALLIJ) plays in transporting moisture from the Ama-
zon basin to higher latitudes over the continent. Many
ol these studics have utilized the National Centers for
Environmental Prediction (NCEP) reanalysis data
(e.g., Nogués-Paegle and Mo 1997; Berbery and Collini
2000; Marengo et al. 2004) and the European Centre
for Medium-Range Weather Forecasts (ECMWF) re-
analysis data (Salio ¢t al. 2002; Wang and I'u 2004) as
the basis for studying climate and climate variability.
For data-rich arcas, the Climate Data Assimilation
Systems, CDAS-1 (Kalnay et al. 1996) and CDAS-2
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(Kanamitsu et al. 2002). provide a fairlv homogeneous
sel of analyses spanning more than 50 years, which are
ideal for climate studics. However, for data-sparse re-
gions. including many arcas in the Southern Hemi-
sphere. uncertainly cxists concerning the validity of
those analyses. The characteristics (parameteriza-
tion, resolution, topography, etc.) of the general
circulation mode! (GCM), which serves as a nucleus of
the data assimilation system, become increasingly im-
portant in determining circulation features as the spa-
tial and temporal resolution of the observations de-
creases. Anderson and Arritt (2001), using the NCEP-
National Center for Atmospheric Research (NCAR)
reanalysis data to investigate the low-level jet (L.1.J) in
the Great Plains, pointed out the risk of using data
analyzed at times when the analyvses are heavily influ-
enced by the GCM (times when observations are rela-
tively sparse).

The South Amcrican Low-level Jet Lxperiment
(SALLJEX) field campaign was carried oul in western-
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Fiii. 1. The SALLIEX upper-air network over South America: SALLIEX rawinsonde (square} and pilot balloons {circle).
Topography (m) over South America derived from (left) CDAS and (right) GDAS.

central South America during the period 15 November
2002-14 February 2003 (Vera et al. 2006). The SALLJ
program, a component of the Climate Variability and
Predictability/Variability of American Monsoon Sys-
tems (CLIVAR/VAMOS), is an internationally coordi-
nated cflort to contribute to a better understanding of
the role of the SALLJ in the moisture and cnergy ex-
changes between the Tropics and cxtratropics and to
related aspects of the regional hydrology, climate, and
climate variability for the region of the South American
MONSoon.

During SALLJEX a dense observation network was
deploved with 16 new pilot balloon stations and six new
rawinsonde stations in Bolivia, Paraguay, central and
northern Argentina, western Brazil, and Peru (Fig. 1).
Most rawinsonde sites operated twice daily (at 0600 and
1800 UTC, and for Brazilian sites at 0000 and 1200
UTC), except during the Intensive Observing Period
(103P) when some sites operated four times daily. Thesc
datasets were not available on the Global Telecommu-
nication System (GTS) and, therefore, they can be used
as an independent verification of the sensitivily of as-
similation systems [NCEP, ECMWI'. and thc Data As-

similation Office/National Acronautics and Space Ad-
ministration (DAO/NASA)].

The emphasis of this paper is on the impacts of high-
resolution field cxperiment data on the strength, posi-
tion, and structurc of the low-level jel cast of the
Andes, using the NCEP operational data assimilation
systems. Specitically, comparisons are made between
analyses produced with and without the SALLJEX
dala using the CDAS-1, used in the NCEP-NCAR Re-
analysis Project (Kalnay et al. 1996); CDAS-2, used in
the Reanalysis-2 Project (Kanamitsu et al. 2002); and a
reduced-resolution version of the operational NCEP
Global Data Assimilation System {(GDAS). The
present results will serve as a benchmark for similar
data impact studics using higher-resolution regional
data assimilation systems. The data sources. methodol-
ogy used lo assimilate the data, and a bricl description
of some aspects of the assimilation systems used are
described in section 2. Section 3 describes the impact of
SALLJEX data on the analyses derived from the global
data assimilation systems. The results arc described in
seetion 4, and discussion and conclusions arc presented
in section 3.
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2. Datasets and methods

a. SALLIEX observationy

The SALLIJEX field campaign ook place during 15
November 2002-14 February 2003 over west-central
South America cast of the Andes Mountains. En-
hanced (temporal and spatial} atmospheric soundings
were made over Argentina, Bolivia, Brazil, Paraguay,
and Peru. These included 22 new upper air observation
stations, with 16 pilot balloon (PIBAL) and six rawin-
sonde (raob) stations (Fig. 1). Most raob stations oper-
ated twice daily (0600 and 1800 UTC) while PIBAL
stations operated four times daily during the Special
Observation Period (SOP) 6 January-14 February
2003, During the Intensive Observation Period most
raob sites operated 3-4 times daily and up to 8 PIBAL
ascents per day were made at selected sites. These ob-
servations were not available on the GTS and were not
assimilated into any operational analysis systems in real
time. They are usced here as an independent verification
of the NCEP assimilation systems (CDAS and GDAS).
Table | shows the soundings that were used by CDAS
and GDAS during the peniod 15 December 2002-14
February 2003.

h. Global data assimilation systems

The basic idea ol reanalysis is to use a frozen state-
of-the-art analysis/forccast system to perform data as-
similation using past data. In this study we compare the
analyses, derived from three different data assimilation
systems (CDAS-1, CDAS-2, and GDAS), for the pe-
riod 15 December 2002-14 February 2003,

CDAS-1 is the frozen analysis/forecast system that
was used to perform the NCEP-NCAR reanalysis (R-1;
Kalnay et al. 1996) for the period from 1948 Lo present.
CDAS-2 is an updated NCEP-NCAR reanalysis (R-2;
Kanamitsu ct al. 2002). covering 1979 to present. with
an improved forecast model and data assimilation sys-
tem. GDAS is a reduced-resolution version ol the op-
erational NCEP global model data assimilation system
(version 2005).

The resolutions of the systems are T62L28 [or
CDAS, approximately 250 km horizontal resolution
with 28 levels in the vertical, and T170L42 for GDAS,
approximately 100 km horizontal resolution with 42
levels in the vertical.

¢. Experimenty

To assess the impact that the introduction of the
SALLIEX dataset has on the analyscs, the following
experiments were performed. using CDAS-1, CDAS-2,
and GDAS:
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1) control runs without the SALLIEX data;

2) runs only including raob data (CDAS-1r, CDAS-2r,
and GDASr);

3) runs including all SALLJEX upper-air data. raob
and PIBAL (CDAS-1rp. CDAS-2rp, and GDASrp);

4) runs only including PIBAL in GDAS (GDASp).

All of the variables from the SALLIEX raob (me-
ridional and zonal wind, specific humidity, and tem-
perature) and PIBAL (meridional and zonal wind)
have been incorporated in the data assimilation sys-
tems.

3. Regional impact of SALLJEX

Global reanalysis, which combines general circula-
tion model predictions with observations, is a powerful
tool for understanding many climate and weather ques-
tions that would otherwise remain elusive because of
the limited availability of the data over some regions.
However, owing to differences in data assimilation sys-
tems (models and assimilation techniques). there is a
degree of uncertainty in the reanalyzed fields. An ex-
ample of this unccertainty is pointed out in Fig. 2, which
shows the low-level (850 hPa) vector wind over South
America during the period 15 January-14 February
2003. The strength of the low-level flow cast of the
Andes Mountains varics by up to 40% in the analyses,
with CDAS-2 (Fig. 2b) having the strongest jet and
GDAS, the operational data assimilation system, hav-
ing the weakest jet (Fig. 2¢). Figures 2d, 2e. and 2f show
the impact of including SALLJEX data in CDAS-1,
CDAS-2, and GDAS, respectively. The influence of
SALLJEX data is concentrated over the region where
the raob and PIBAL observations were made (Fig. 1)
and the global influence is close to zero outside of the
region (not shown). The strength and location of the
core of the low-level jet analyzed in the three systems,
CDAS-1rp, CDAS-2rp, and GDASrp (Figs. 2d, 2e, and
2f), are in better agreement than in the control runs,
CDAS-1, CDAS-2, and GDAS (Figs. 2a, 2b, and 2c).

The results in Figs. 2d, 2e, and 2[ show that including
the special raob and PIBAL observations does not ap-
preciably affect the large-scale circulation pattern over
the South American region. However. there is a dis-
cernable clfect on the intensity of the northwesterly
flow (LLI) east of the Andes, with stronger winds in all
cascs where SALLJEX data have been included (right-
hand panels in Fig. 2). There are also notable diffcr-
cnees in the cross-jet structure belween the higher-
resolution GDAS analysis and the lower-resolution
CDAS analyses. GDASrp (Fig. 2[) shows a narrower
jet, with wind speeds greater than 8 m s, concentrated
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TasLe 1. SALLJEX soundings that were included in the assimilation system (sounding time in h UTC).
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near the Andes close to Santa Crug, Bolivia. CDAS-1rp
and CDAS-2rp (Figs. 2d and 2e, respectively) also show
a stronger jet but farther away from the Andes. These
differences in LLJ location are probably related to dif-
ferences in resolution between CDAS and GDAS and
how the Andes Mountains are depicted in the model.

An examination of the vertical structure of the mean
meridional wind at 18°S, 62°W (near Santa Cruz) re-
veals that the maximum impact of including SALLIEX
data occurs at low levels at 0600 UTC in GDAS (Fig.
3b). The added cffect of including PIBAL with raob
data has little impact when comparced with raob alone
except at 1800 UTC in GDAS (Fig. 3d). Including
SALLJEX data noticeably increases the amplitude of
the diurnal cycle in the strength of the LLJ. with a
maximum strength near 900 hPa between (600 and
1200 UTC in GDAS and at 850 hPa near 0600 UTC in
CDAS-1 and CDAS-2. The mean altitude of the maxi-
mum low-level wind increascs from 0600 to 1800 UTC
in GDAS, a feature not evident in CDAS-1 and CDAS-2.
The effects of including SALLIEX data are lcast al
0000 UTC in GDAS and CDAS-2 and at 1200 UTC in
CIDAS-1. This is probably related to the lack of raob
obscervations at these times (Table 1), which contributes
to increased uncertainty in the analyses.

Figure 4 shows the diurnal eycle of the mean meridi-
onal wind at 900 hPa for GDAS and at 850 hPa for
CDAS-1 and CDAS-2 averaged [or the period 15
January—14 February 2003, The effect of including
SALLIEX raob data in GDAS increases the strength of
the jet, especially at 0600 UTC (blue line in Fig. 4a).
Only slight differences in the strength of the low-level
meridional wind result when the PIBAL data are in-

X X X X

X X X X , x
1 X X X X X X
X X X X X X X X
X X X X X X X X X X
X X X X X X by X
X X X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X

cluded together with raob data (cf. the blue and green
lines in Fig. da).

Similar results are found for a point near Mariscal,
Paraguay. al 22°S, 60°W (Fig. 5). The greatest effcct of
including SALLJEX data can be observed at 0600 UTC
in all assimilation systems, with the maximum jet inten-
stty occurring between 0600 and 1200 UTC. There is
little difference in the wind speeds between the control
runs and the runs including SALLJEX data at 0000 and
1200 UTC duce to a lack of SALLIJEX observations at
those times (Table 1).

Case study: Mesoscale convective complex on 22
January 2003

To further illustrate some characteristies of the dif-
ference between the analysis and conlrol experiments,
we consider the case ol an intense mesoscale convective
complex (MCC) that developed on 22 January 2003
over northeast Argentina. which produced heavy rain-
fall amounts as it propagated castward across Paraguay
and southwest Brazil during the nighttime hours
(Zipser et al. 2004).

Figure 6 compares the vertical structure of the ob-
served meridional wind (blue dots) at Mariscal (ap-
proximately at 22°S, 60°W) with GDAS (black long
dash). GDASrp (green), CDAS-2 (red long dash). and
CDAS-2rp (dark yellow) for the period of 1800 UTC
(22 January), 0000 UTC (23 January), and 0600 UTC
(23 January). It is important to note thal Mariscal op-
craled as a rawinsonde station at 0600 and 1800 UTC.
The GDASrp analyses show stronger low-level flow
ncar 900 hPa in agreement with the obscrvations and a
well-defined LLJ at 0600 UTC. The strength ol the
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FiG. 2. Mean low-level wind (vector) and wind speed (shaded) at 850 hPa during 15 Jan—14 Feb 2003: (a)
CDAS-1, (b) CDAS-2, (¢) GDAS. (d) CDAS-1rp, (e) CDAS-2rp, and ([) GDASrp. Values are inms .

low-level flow is much weaker in GDAS, CDAS-2, and
CDAS-2rp. The state-of-the-art GDAS scems to be
better at assimilating the SALLJEX data, thereby im-
proving the representation of the LLJ in GDASrp. The
low-resolution CDAS is not able to take advantage of
the additional sounding data to improve the low-level

cireulation features. Furthermore, the low-resolution
CDAS is not able to adequately resolve the topography
(Andes Mountains), which also can affect the intensity
and position of the LLJ (Anderson and Arritt 2001).
The moisture fluxes in GDASrp are noticcably stron-
ger (on the order of 30 gm kg "'m s77) than those in the
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Fic. 3. Mean meridional wind profile composite for control runs (red). including only rawinsonde (blue) and
rawinsonde and pilot balloon (vellow) at the grid point nearest Santa Cruz, Bolivia, during 15 Jan 14 Feb 2003.
Results from GDAS for (a) 00, (b) 06, (¢) 12, and (d), and 18 h UTC; [rom CDAS-1 for (c) 00, (£) 06, (g) 12, and

{h) 18 h UTC; and from CDAS-2 for (i) 00, (j) 06, (k) 12,

control run (GDAS) al all three times (Fig. 7). There is
also a slight westward shilt in the maximum [lux in the
GDASrp analyses. This shilt 1s accompanied by stron-
ger upward motion in GDASrp (Fig. 8, cl. left and

and (1) I8 h UTC. Units are inms™",

middle panels), which corresponds well with the pat-
tern of precipitation (Fig. 8. right pancl) taken from the
Chimate Prediction Center (CPC) morphing technique
(CMORPH) analvses (Joyce et al. 2004). The CDAS
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Fic. 4. Meun low-level meridional wind at 1878, 62°W for (a)
GDAS (red). GDASr (bluc). GDASp (vellow), and GDASm
(green) at 900 hPa: (b) CDAS-1 (red), CDASr (blue), and CDAS-
Lrp {green) at 850 hPa; and (¢} CDAS-2 (red), CDAS-2r (bluc),
and CDAS-2rp (green) at 830 hPa, Units arc in ms ',

analyses (with and without SALLIJEX datla) were not
able to capture the circulation features (moisture ux
and vertical motion) associated with the intense MCC
(figure not shown).

4. Comparison with observations

A comparison between the observed 850-hPa specific
humidity at Santa Cruz (sce Fig. 1 for station location)
with the analyses from GDAS, CDAS-1, and CDAS-2,
shows that GDASrp fits well with the raob data (cf.
bluc triangles with red curve in Fig. Ya), even better
than the operational GDAS (green curve in Fig. 9a).
Both the operational GDAS and GDASrp capture well
the fcatures associated with a strong southerly jet,
which occurred during the dry period 23-24 January. In
general, the differences between GDAS and GDASrp
arc less than 2 ¢ ke .

The biggest differences belween the observations
and the analyses occur in CDAS-1 and CDAS-2 (Figs.
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9b,c). CDAS-1 shows a much stronger diurnal cycle
than that shown in the observations. There is also a
positive bias in the specific humidity with valucs greater
than 20 g kg ', as comparcd 10 15 ¢ ke ' in the obser-
vations (Fig. Yb). There is no significant impact on the
CDAS-1 analyses when the SALLJEX dataset are in-
cluded. Similar results are observed with CDAS-2. but
the diurnal cyele is not as strong as in CDAS-1 and
CDAS-1rp.

Kalnay ct al. (1996} classified the gridded fields into
four classes in accordance with the relative influence of
the observational data and the model on the gridded
variable. Specilic humidity is considered a class “B”
variable, as the model has a very strong influence on its
analysis value. Thus, one would cxpect that the more
advanced GDAS wilh improved physics. higher resolu-
tion, and improved data assimilation procedurcs would
better capture specitic humidity variations.

Figure 10 shows the 850-hPa meridional wind com-
ponent tor GDAS, GDASrp, CDAS-1, CDAS-1rp,
CDAS-2. CDAS-2rp. and the observations. The largest
differences oceur after the middle of January and ex-
tend until the end of the month (Fig. 10a), which is the
period having the highest number of raob observations
(Table 1). GDASrp agrees very well with the raob data
and captures the maximum and minimum (Fig. 10a)
associated with the southerly and northerly low-level
jet, respectively, In general the control run, GDAS, un-
derestimates the magnitude of the meridional wind.

Both CIDAS-1 and CDAS-2 (Figs. 10b and 10c¢) are
unable to capture the extreme valucs (maximum and
minimum) of the 850-hPa meridional wind at the grid
point nearest 1o Santa Cruz. For the CDAS-1rp and
CDAS-2rp the differences are small and the meridional
winds are gencrally underestimated. The worst case is
associated with the strong, southerly low-level [low
during 23-24 January. The obscrved values are close Lo
20ms ', and for CDAS-1 and CDAS-2 the maximum
', respectively. For CDAS-1rp
and CDAS-2rp the values arc a litile closer to the ob-
served values, 9 and 10 ms ', respectively.

The specific humidity results for Mariscal in northern
Paraguay (Fig. 11) arc better than for Santa Cruz
(Fig. 9) in all assimilation systems (GDAS, CDAS-1,
and CDAS-2: green lincs in Figs. 1la, 11b, and 1lc,
respectively). The results are much better when the
SALLJEX data arc included and are close to the ob-
served values (red lines in Figs. 11a—¢). The better re-
sults from CIDMAS over Mariscal (see Fig. 1 lor station
location) is probably duc Lo this station being located
[arther away from the Andes, which reduces the effects
ol model topography on the low-level tlow.

values are 5 and 3 m s



1 DECEMBBER 2007 HERDIES ET AL. 3773
- GDAS o COAS' i CDAS2
2004 2001 N 2001
3001 300 \ 300 4
400+ 4001 4001
500 500 p. 500 1 A
600 6001 600+
700 7001 7001
800 800 8001
900 1 _ 900+ 900 1 i)
1000 —r———r— 1000 1000 +———A
-10-8 6-4-20 2 4 6 - 6 ~10-8~6-4-20 2 4 6
100 100 100
2001 & 2001 3 ( 2001 (
3001 ) 3001 /A 3001 b
400 4001 /) 4001 J
500 4 S 500 4 vy 500 -
. % 067
600+ 600 1 . 6001 /
700 7001 S 700+
800 ; soo{ A 8001 /
9004 ( ( b) | 900 / f) [ sooq L )
1000 +———=——————— 1000 +———+———— 1000 +———+———7—
“10-8-6-4-20 2 4 6 -10-8-6-4-20 2 4 6 ~10-B-6-4-20 2 4 6
100 — 100 < 100 .
2001 | 2001 2001 _
3001 ) 3001 / 3001 )
4001 4 400 400 1
500 1 > i 500 1 //y/’/ 500 1 /////’ S
600 / 6001 y’ 6001 y
7001 700 7001
800{ 800 1 800 1
9004 A c) 900 A 4.8 g} 900 k)
1000 +—————1— 1000 +————+——1— 1000 A= ——r—
~10-8-6-4~20 2 4 -10-8-6-4-20 2 4 6 -10-8-6-4-20 2 4 6
100 : 100 100 —
2001 \ 200+ 2001 i
3001 3001 300 /
400+ 400+ 4001
5001 500 500 4 _ -
600 6001 6001 (
7001 ; 7001 - 7001
800 - \ _ 800 - _ 800 .
9001 W\ d) | 9001 \\ hy | 9004 1)
1000 +— . — :

— > 1000 +——— ] 1000
-10-B-6-4-20 2 4 & -10-8-6-4-20 2 4 6 -10-8-6-4-20 2 4 6

Fic. 5. As in Fig. 3 but for the grid point nearest Mariscal, Paraguay.

The largest differences in specific humidity between  This relationship between specific humidity and low-
CDAS-1 and CDAS-1rp. values close to 5 g kg ', oc-  level wind are consistent with previous results (Noguds-
curred during the last week of January when the South  Paegle and Mo 1997; Lerdies ct al. 2002).

Atlantic convergence zone (SACZ) was well delined The meridional wind results for Mariscal (Fig. 12)
over southeast Brazil and southerly winds and low spe-  are similar to those [or Santa Cruz (Fig. 10). Again
cific humidity prevailed over Mariscal and Santa Cruz.  CDAS-1 and CDAS-2 undcrestimate the extreme
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maximum and minimum 850-hPa wind speeds but they
capture well the day-to-day variations. The GDAS re-
sults arc better and do not show a lot of changes when
the SALLJLX data are included (Fig. 12). CDAS-1rp
and CDAS-2rp also arc in good agreement with the
observations (Figs. 12a and 12b, respectively).

With the additional soundings the improvements in
the LLJ region arc significant and the largest impacts
are on the Santa Cruz region (Table 2) where the
CDAS and GDAS have the largest uncertaintics
(RMSE). All simulations show a negative bias (simula-
tion — observation; Tablc 2) for the zonal wind com-
ponent, but the biases arc signiticantly reduced with
the inclusion of the SALLJLX sounding data. The larg-
cst RMSE for the zonal wind is found for CDAS-2
(7.9), followed by GDAS (7.0), and are reduced to 62%
(4.9) in CDAS-2r and to 40% in GDASr (2.9).

For the meridional wind component, all simulations
show a positive bias (underestimate of the LLI) for the
Santa Cruz region. It is apparent that all the simulations
have similar RMSE (ncar 5.5), but with the additional
SALLJEX sounding data improvements in GDASr and
GDASrp are more substantial (1.9 and 2.3, respec-
tively), indicating that GDAS is morc capable of in-
cluding the information from the soundings. With the

inclusion of PIBAL additional improvements are minor
for the u and v wind components,

At Mariscal the differences are smaller than those of
Santa Cruz and for all simulations the biascs are posi-
tive. showing a similar pattern for the meridional wind
component as at Santa Cruz. The RMSE is similar for
both wind components after the inclusion of SALLIEX
sounding data, indicating that all the assimilation sys-
tems are able to incorporate information from the spe-
cial soundings.

Figurc 13 compares the observed and SALLIEX as-
similated analyses of 850-hPa meridional moisture flux
over Santa Cruz and Mariscal. For Mariscal the mois-
ture flux for all assimilation systems is close to the ob-
servations (Fig. 13a), with CDAS-1 generally overcsti-
mating the moisture flux, but doing much better when
the additional sounding data are included (Fig. 13b),
with extremes from 150 (g kg ™' ms™!) from the south

t0 120 (g kg~ ' ms ') from the north. Santa Cruz shows
a stronger transport from the north when compared
with values at Mariscal (Figs. 13¢ and 13d). 'The stron-
gesl transport occurs during the period 20-22 January
(I'ig. 13d), which resulted in the formation of strong
mesoscale convective systems over northern Argentlina
and Paraguay during 20-22 January (Zipser et al. 2004).
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1t is clear that none of the analysis systems were able to Cruz is more intense than over Mariscal, where
capture the strongest transport values without including  GDASrp is in good agreement with the observations

SALLJEX data (Fig. 13¢). During the period of study  (Fig. 13d) and moisture flux is underestimated by
there is some evidence that the transport over Santa  CDAS-1rp and CDAS-2rp.
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The influence from rawinsonde and pilor balloon

Two experiments were conducted to investigate the
impact ol including SALLJEX rawinsonde and pilot
balloon observations separately. GDAS was chosen [or
these experiments, since the greatest effects of includ-
ing SALLJEX data are cvident for that assimilation
system (refer to Fig. 3).

Figure 14 shows the difference between the control
analysis (GDAS) and the analysis that assimilated only
raob (GDASr) for the synoptic times (0000, 0600, 1200,
and 1800 UTC) averaged over 15 January-14 February

2003. The influence from raob is clearly seen in the
region cast of the Andes. which includces the stations of
Santa Cruz and Mariseal (for station locations, see Fig.
1}, There is Httle impact of including the raob data over
northern South America. castern Brazil, or occanic ar-
cas. The most signilicant effects are at 0600 UTC (Fig.
lde and 14d) ncar 830 hPa, as shown in the vertical
cross sections displayed in the right-hand panels of
Fig. 14. The mean sensilivity locally cxceeds 3 ms™*,
and the strongest influence is at 0600 and 1800 UTC
(Figs. 14d and 14h), apparently due to the availability of
rawinsonde data at Santa Cruz at those times (Table 1).



I Drcevner 2007

HERDIES ET AL,

SHET

GDAS — Control, SALLJEX, Observations

a)

16DEC 21DEC 26DEC  1JAN  6JAN
2002 2003

T10AN  16JAN 21JAN 26JAN

IFEB  6FEB 11FER

204
151
10

5_

I(ﬂ o v

£ —5’%7? i |
-104
_15 p
-..20d

CDAS1 — Control, SALLJEX, Observations

16DEC 21DEC 26DEC BJAN

1JAN
2002 2003

T10AN 16JAN 21JAN 26JAN

IFEB  6FEB 11FEB

20
i

10

P
E

_15_
_20_

CDASZ2 — Control, SALLJEX, Observations

16DEC 21DEC 26DEC  1JAN  BJAN
2002 2003

11JAN  16JAN 21JAN 2BJAN

\FEB 6FEB 11FEB

Fi. 10, Time scrics of 830-hPa meridional wind at the grid point ncarest Sunla Cruz during 15 Dec
2002-14 Feb 2003 for (a) GDAS (shading) and GDASrp (red line). (b) CDAS-1 (shading) and CDAS-lrp
(red line), and (¢} CDAS-2 (shading) and CDAS-2rp (red line). The observational valucs are indicated by

ereen triangles. Units are inms '

Figure 15 displays the results of the assimilation of
SALLIEX pilot balloon observations. The strongest
effects are again observed around 0600 and 1800 UTC
but are somewhat weaker than those rclated to the
rawinsonde obscrvations (Fig. 14).

These results show that, although there are more pi-
lot balloon observations than rawinsonde obscrvations
in the SALLJEX datasct, most of the improvements in
the analyses can be obtained by only including rawin-
sonde observations. It is possible that the pilot balloon

observations were not as heavily weighted as the rawin-
sondes by the assimilation systems. The former obser-
vations are not easily available at night or above clouds
and provide neither thermal nor moisture data that can
be crucial to define the humidity transport from the
Tropies to extratropics.

5. Conclusions
A data assimilation study was performed to asscss
the impact of obscrvations [rom the South American
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Low-Level Jet Experiment (SALLJEX) on analyses in
the region east of the Andes Mountains [rom western
Brazil to central Argentina. The data assimilation sys-
tems CDAS-1. CDAS-2, and GDAS were run with and
without the additional SALLJEX rawinsondes and pi-
lot balloon obscrvations (Fig. 1). This evaluation is cru-
cial to examining the impact of high-resolution field
cxperiment data on the NCEP global analysis and the
ability of state-of-the-art data assimilation syslems to
correctly analyze important climatic fcatures of & major
Monsoon syslent.

Most of the effects on the reanalysis that include ad-
ditional SALLJEX data are regional and concentrated
over the SALLJ region, with the largest dilferences at
low levels. All assimilation systems showced improve-

ments in the SALLJ when SALLIEX data were in-
cluded. The differences between CDAS-1rp and
CDAS-2rp are small when compared with the respec-
tive control runs. The largest effects for all assimilation
syslems appear where uncertainties are large, which
usually occurs when there is a lack of routine upper-air
obscrvations,

The coarse resolutions of CDAS-1 and CDAS-2 (162
~250 km) do not adequately resolve the Andes Moun-
tains and, as a result. CIDAS systems were unable to
exploit the additional sounding data from Santa Cruz to
improve the characteristics of the low-level jet and as-
sociated moisture transport. CDAS systems displayced
only minor analysis improvements when the enhanced
SALLJLEX sounding data were included, with CDAS-2
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5779
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Expt w RMSL u bhias v RMSE 1 bias 1t RMSE 1t bias 1 RMSE v bias
CDAS-1 6.3 —5.2 5.0 2l 33 1.6 4.3 1.9
CDAS-Ir BN e 4.0 1.8 2.3 1.0 26 1.4
CDAS-1p 34 30 4.1 21 2.4 ) 2.5 (]
CDAS-2 7.9 6.7 55 LB 3.6 0.4 4.6 1.3
CDAS2r 4.9 —4.10) 35 1.2 2.3 0.3 2.5 1.0
CDAS-2p 4.9 -39 39 1.5 24 0.7 2.6 1.2
GIIAS 7.0 —5.9 54 42 241 0.5 3.4 1.8
GIDASY 2.8 -1.9 LY (1.9 15 0.1 L3 0.0
GDASHp 30 2.0 23 1.0 723 0.1 23 (.6
GDASp (SR —d4.6 5.0 33 3il 0.6 34 1.0
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showing a little improvement over CDAS-1. Also,
CDAS systems clearly overestimate the specific humid-
ity in control runs, which was not corrceled when
SALLJEX data were included.

For all three assimilation systems the inclusion ol
pilot balloon data does not significantly improve analy-

ses over those produced using only rawinsonde data. In
part this may be due to the fact that the pilot balloon
ascents use the first guess from the models Lo locate the
correct pressure levels, using the height information
provided from pilot balloons. This process can include
somie crror and it is possible that in some cases the pilot
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balloon data were not assimilated because of data re-  servations and first guess, the reanalyzed tields are the
jection criteria. best estimate of the evolving state of the atmosphere,

Some fields. such as winds, temperature, and geo-  which is even betler than would be obtained using only
potential height, are generally well delined by observa-  obscrvations. For others, such as moisture variables,
tions and, given the statistical interpolation of the ob-  the model characteristics, which influence the model
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climatology. become more important (Kalnay et al.
1996).

For the global analyses, the GDAS provides the best
results because of ils higher resolution and state-of-the-
art data assimilation system, which is more effective in
assimilating satcllite data. such as radiances. GDASrp

shows a narrow jet concentrated near the Andes with
the maximum speed close to Santa Cruz, Silva Dias et
al. (2001) found similar results indicating that the
higher-resolution model confines the low-level jet to a
narrower strip along the Andes. The diurnal cycle in
the strength of the LLLJ is more evident, with maximum
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strength at 0600 UTC near 900 hPa in GDAS and 830
hPa in CDAS.

The data impact results for Mariscal in northern
Paraguay show considerable improvement in the wind
and humidity analyses, especially for CDAS. The better
results for CDAS-1 and CIDAS-2 at Mariscal are prob-
ably duc to the greater distance of that site from the
Andes, which minimizes the effects ol the model topog-
raphy. The significant reduction of rms errors at Santa
Cruz and Mariscal show the ability of the GDAS to
assimilate additional sounding data into the analysis.

The results show that, although there are more pilot
balloon observations than rawinsondc observations in
the SALLIEX dataset, most of the improvements in
the analyses can be obtained by only including rawin-
sonde observations.

The reanalysis dataset produced in this study using
the information from SALLJEX has the potential o
provide the best possible information to be used [or
future studies at SALLJ region and can be used for the
design of obscrving systems in the region. This paper
points oul the importance of regular observations [rom
the region of Santa Cruz to properly depict the position
and intensity ol the SALLJ.

All of the datasets used in this study are available at
the Jaint Office lor Science Support/University Corpo-
ration for Atmospheric Research (JOSS/UCAR) for
distribution and use in additional validation/evaluation
studies in the Tuture.
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