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ABSTRACT

NCEP short-range operational forecast and Limited Area HIBU (Federal Hydrometeorological Institute and
Belgrade University) Model (LAHM) regional model performance during a 2-month period over the southern
part of South America are evaluated through the analysis of bias and rmse's. While spatial structure of errors
could be only examined using gridded operational analyses as the ‘“‘ground truth,” observed data have been
used at two radiosonde stations to have an independent control of forecast and analysis quality. LAHM precip-
itation forecast error has been also determined using observed 24-h accumulated precipitation over a subregion
of interest.

Bias and rmse are, in general, lower for Medium-Range Forecast Model (MRF) 24-h forecasts than for the
regional model, though MRF errors appear to be larger than those reported by other studies carried out over
the whole Southern Hemisphere, suggesting the necessity to perform regional verification analysis whenever
gridded analyses and/or forecasts are being used. This recommendation particularly holds over data-void regions
like South America

While geopotential and wind biases do not exhibit a particular pattern in either forecast, there is a clear
tendency to cold biases over the whole troposphere, and for the MRF in particular, growing with height.

The results obtained from LAHM evaluation suggest that continuous development is needed to keep this
regional forecast system as a plausible counterpart of available global model products for fulfillment of local

requirements.

1. Introduction

There is a growing tendency for the use of global
numerical weather predictions (NWP) available almost
in real time via the Internet. This option provides a
powerful tool to forecasters all over the world, and is
also very useful for the provision of initial and boundary
conditions to higher-resolution regional models. In this
way, regional forecasts can be more easily issued to
fulfill local requirements, giving riseto avariety of local
NWP efforts, first documented over the United States
and Europe, but rapidly spreading over the world.

Many related topics have appeared since those pio-
neering works by Warner and Seaman (1990), Cotton
et al. (1994) and others, devoted to real-time mesoscale
prediction over the United States. Among these issues,
the verification problem (e.g., Mass and Kuo 1998) is
critical when running modelswith higher resolutionthan
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that available in observational datasets (Daviesand Carr
2000). While some of these experiences can be applied
to other regions in the world, it must be kept in mind
that models do not perform equally well in different
regions: lack of datato correctly defineinitial conditions
and complex terrain mainly account for this limitation.
Moreover, verification should be treated cautiously, con-
sidering local data availability and/or reliability.
Thisissue pointsto acritical problem affecting South
America, a region characterized by geographical sin-
gularities (the Andes, the Amazonia, the relatively nar-
row continental region) and a serious lack of observa-
tions (at 0000 UTC, fewer than five radiosondes are
launched operationally south of 20°S). These particular
conditions lead to verification restrictions even on scales
larger than the mesoscale. The peculiarities of the South
American region have not been considered in detail by
research and operational centers when performing error
evaluation: while some reports showing short- to me-
dium-range global model forecast performance over the
Southern Hemisphere [i.e., the Working Group on Nu-
merical Experimentation of 1998), or the National Cen-
tersfor Environmental Prediction (NCEP) global branch
Web page] can be found, no particular studies have been
carried out documenting operational NWP performance
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over South America, at least to the authors' knowledge.
However, NCEP and European Centre for Medium-
Range Weather Forecasts (ECMWF) products (forecasts
and analyses) are widely used, since their availability
constitutes a unique tool for research and forecast ac-
tivities.

NWP quality evaluation determines the confidence
related to a particular forecast over a specific region,
but it can also be thought of as a preliminary evaluation
of simulated climate drift that can be expected from the
model being tested. This idea is further illustrated by
Kamga et al. (2000) who analyzed the systematic errors
of the ECMWF operational model (120-h forecast) over
tropical Africa. From this point of view, verification of
model products can servelocal forecast applicationsand
a wider community that conducts research on a variety
of timescales using global model forecasts and/or anal-
yses. This last group of users, in the particular case of
South American—related topics, has rapidly grown in
recent years, as suggested by the amount of papers de-
voted to the description of its climate, climate vari-
ability, and related features such as the South Atlantic
convergence zone, the South Pacific convergence zone,
and the South America low-level jet (SALLJ), among
others. Most of the above-mentioned research has been
carried out using analyzed datasets, such as NCEP and
ECMWEF reanalysis, and some others using global mod-
els. Clearly regional-scale verification is of primary in-
terest.

The present work is aimed at evaluating NCEP fore-
cast and analysis system performance over the southern
part of South America, during a 2-month period, aswell
as that of a regional model [LAHM, the Geophysical
Fluid Dynamics Laboratory/Limited Area HIBU (Fed-
eral Hydrometeorological Institute and Belgrade Uni-
versity) Model, adapted at the Centro de Investigaciones
del Mar y Atmosphera], which is experimentally being
tested for operational use utilizing M edium-Range Fore-
cast (MRF) global spectra model forecasts for initial
and boundary conditions. It is believed that this work
will provide some indications of quality for NCEP prod-
ucts that can also aid in estimating their capability to
describe mean weather. In addition, it can provide guide-
lines for the devel opment of regional modelsthat should
be used for higher-resol ution predictions over the region
of interest. It should be noted that the period is not long
enough to provide statistical reliability to the results.
However, it is still useful to describe main successes
and failures in current forecasts over the region and to
disclose future lines of work.

This work is organized as follows: section 2 briefly
describes the model’s main properties, the datasets, and
the methodology. Section 3 presents the characteristics
of the period under study, through mean analyzed and
forecast fields obtained from both models and the cor-
responding mean errors. Section 4 focuseson errorsover
a particular area, linked to the Rio de la Plata basin.
Section 5 shows performance against observed data,
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including precipitation, and the final section summarizes
the results and discusses future lines of work.

2. Data, models, and methodology

As part of a program focused on the evaluation of
NWP quality over Argentina, and in the operational use
of aregional model formerly used for research purposes,
aregional forecast system has been experimentally set
up since 1998. This system is based upon the LAHM
regional model and uses daily NCEP 0000 UTC anal-
yses and the aviation run of the MRF global spectral
model for up to 3 days as initial and boundary condi-
tions, respectively. Model characteristics (triangular
truncation of T126 and 28 vertical levels) and perfor-
mance evaluation of the MRF model can be found in
Kalnay et al. (1998) and at NCEP Environmental Mod-
eling Center (EMC) Web pages (http://www.emc.
ncep.noaa.gov/modelinfo/index.html).

The complete set of variables, interpolated into a 1°
X 1° horizontal grid, and at 26 standard pressure levels,
for the initial time and subsequent 12-h forecast inter-
vals are available at around 0300 local time, and the
regional model forecast is ready around 0600 local time.
One strong limitation of the proposed forecast system
is that only the 0000 UTC cycle is plausible because
there must be enough time between the initialization
procedure and the resulting regional forecast to finish
the forecasts within a reasonable time period. The ini-
tialization is accordingly done with the 0000 UTC anal-
ysis, which lacks upper air data particularly over Ar-
gentina (see Fig. 1 for a reference of data used by the
analysis procedure at NCEP during a day within the
period of study—Iarge boxes highlight upper air data
available at the model domain).

The hydrostatic model used in this study (LAHM) is
a regional model that allows both the horizontal reso-
lution and domain to be arbitrarily chosen, with 18
fixed-sigma levels in the vertical. Its numerical for-
mulation and parameterization of radiative and bound-
ary layer processes are similar to those described in
Orlanski and Katzfey (1987). Surface drag isformulated
via a Richardson number—dependent Monin—Obukhov
(1954) scheme, and vertical diffusion is treated by a
first-order closure scheme with eddy diffusivity coef-
ficients as functions of Richardson number (Nicolini and
Saulo 1995). Radiation follows the Fels-Schwarzkopf
(1975) agorithm and the diurnal cycle is fully consid-
ered except for variations of the sun’s azimuthal angle.
Moist convective parameterization is currently intro-
duced using the cumulus cloud ensemble model devel-
oped by Arakawa and Schubert (1974). Surface hy-
drology is taken into account by a simple bucket
scheme. Surface temperature is evaluated based on the
surface energy balance equation.

For this experimental design, the selected domain en-
compasses an area from 65°S, 108°W to 19°S, 30°W,
covering around 2.8 X 105 km? with a horizontal grid



DEeEcemBER 2001

interval of 0.85° in both directions and 18 vertical levels
(Fig. 2). These settings have been defined after several
runs and are designed to achieve areasonabl e resolution
and areal coverage while keeping computational costs
bounded. Model performance has been evaluated
through a wide set of simulations, which covered many
of the most frequent synoptic situations over Argentina
and surrounding areas (Orlanski et a. 1991; Menendez
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1994; Nicolini and Saulo 1995; Seluchi and Saulo 1998,
among others). This same model has also been applied
to regional wintertime climate simulations over South
America (Menendez et al. 2000). These experiments
allowed an improvement of model performance by mod-
ifying its physical parameterizations and tuning the co-

Asmentioned earlier, thisforecast cycle hasbeen used
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Fic. 2. Model domain and topography (in m). The rectangle denotes a subdomain where mean
errors where calculated. Quintero (Chile) and Porto Allegre (Brazil) stations mentioned in the

text are marked with black boxes.
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since August 1998. Nevertheless, there are many dif-
ficulties associated with its daily use. The most frequent
problem arises from the data ingestion, which takes a
long time to be compl eted because of the extremely slow
local connection to the Internet. Also, on occasions,
there have been identified errorsin the transmitted MRF
forecast fields, which corrupted local model runs. As a
consequence, in 1999, the longest consecutive period
available to perform this verification study was from 1
April to 31 May 1999.

During this period, LAHM (each 12 h) and MRF (24,
48, and 72 h) forecasts were archived and interpolated
onto a common 0.85° grid, at seven standard pressure
levels (1000, 850, 700, 500, 300, 200, and 150 hPa).

The 24-h accumulated precipitation forecasts during
April-May 1999 were only accessible for LAHM, since
daily observed precipitation is available at 1200 UTC
and needs 12-36-h forecasts for comparison, which
were not routinely archived for MRF products. In order
to provide an idea of how the LAHM and MRF 12—-36-
h precipitation forecasts compare, an additional period
has been included. This period encompasses three
months, from October to December 2000.

Verification statistics used include root-mean-square
error (rmse) and bias error (bias) that, for a given var-
iable x, are defined as

N 1/2

S -

and

rmse(X) =

2 X! — x2),

where N is the total number of forecasts and the su-
perscripts f and o signify forecast and observed values,
respectively. The equitable threat score (ETS) for pre-
cipitation is calculated as in Mesinger (1996). Also,
mean fields and their mean variability are briefly dis-
cussed, in order to highlight the regional characteristics
and the main features of the period.

In order to provide a comprehensive model evalua-
tion, this work analyizes different scores and uses al-
ternative datasets as ‘‘ground truth.” Spatial structure
of mean errorsis focused on 850-hPa charts using grid-
ded analysis as the truth. Since there are no upper air
soundings over Argentina at 0000 UTC (suitable for
validating analyses and 24-, 48-, and 72-h (forecasts)
and surface data are topography dependent and do not
provide a broad measure of model behavior, temporal
evolution has been analyzed through the day by day
changes of areal averages at 850 and 200 hPa, cal culated
over the rectangle shown in Fig. 2. This areais closely
linked to the Rio delaPlatabasin, though it is somewhat
smaller (because of the regional model northern bound-
ary) than the one strictly defined as the basin by Garcia
and Vargas (1996) who confine its northern limit around
15°S.

All the statistics previously referred to were calcu-

Z|H

bias(x) =
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lated using the NCEP 0000 UTC analysis as the truth.
As stated earlier, the lack of upper air observations con-
strains the verification over the whole domain to a check
against analyzed fields. The degree of agreement that
may consequently be expected between the MRF fore-
cast and analyses may be enhanced by use of the same
model in the analyses and forecasts. A similar though
less marked effect may influence the regional model,
since it is initialized and bound by the same model—
analysis pair.

To have at least one independent way of verification,
two isolated stations were used to perform model-ob-
served data comparisons. one over Brazil (Porto Alle-
gre, at approximately 30°S, 51°W; 3 m above sealevel)
and the other over Chile (Quintero, at approximately
33°S, 71°W; 8 m above sea level). This assessment fur-
ther complements the information of error vertical struc-
ture obtained from areal mean values.

Finally, 24-h accumulated precipitation data from a
surface synoptic network has been used to validate 12—
36-h precipitation forecasts.

3. Mean fields, mean variability, and spatial error
structures

In this section a brief description of the period under
study is presented using information available from the
monthly issued Climate Bulletin of the National Me-
teorological Service. Also, mean fields and mean var-
iability (the standard deviation of the variable from the
period mean) are calculated using both gridded analyses
and forecasts (MRF and LAHM) for reference (see Fig.
3). Error statistics presented in this section are cal cul ated
using analyzed fields as the truth.

Mean 850-hPa fields (from analyses and from both
24-h forecasts) included in Fig. 3 show no particular
patterns during this period, except for the trough axis
evident around 40° and 50°W, which is a consequence
of the high frequency of low pressure systems that de-
veloped and moved to the Atlantic Ocean between 35°
and 40°S.

Intercomparison of mean analyzed and forecasted
fields shows that the MRF better depicts the location of
the Pacific anticyclone, while LAHM situates it some-
what west of its position. Temperatures are colder over
the continent in the LAHM forecast, an aspect that will
be further discussed in subsequent sections, while both
forecasts agreefairly well over oceanic regions. It seems
that LAHM does a better job in the representation of
moisture over southeastern coastal Brazil. The strong
humidity gradient over this region indicates the tran-
sition zone between tropical air masses to the north and
mean latitude ones to the south. At higher levels (not
shown) the agreement between forecasts is higher for
all the analyzed variables.

Geopotential variability is well represented in both
forecasts, though they tend to exhibit greater variability
at higher latitudes. In terms of forecast temperature var-
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Fic. 3. (upper panels) Mean geopotential 850-hPa height (contours) and its mean variability (dashed) in m, for the 2-month period: (left)
LAHM 24-h forecasts, (center) NCEP analysis, and (right) MRF 24-h forecasts. (middle panels) Same as upper panels, but for temperature
in K. (lower panels) Same as above but for specific humidity in g kg—*; moisture variability has not been included.

iability, there are no particular patternsto discuss except
thetongue of relatively high temperature variability over
northeastern Argentina, southern Brazil, and Uruguay
that is well captured by both models and could be as-
sociated with the increased convective activity detected
during April.

Observational data show that weather patternsexhibit
different behavior in April and May in terms of vari-
ability when compared with their respective climatol-
ogy. Weather in April denotes greater deviations, with
mean surface temperatures between 1° and 2°C below
its climatological mean north of 40°S, and slightly above
it to the south. Nevertheless, during May these differ-
ences were much smaller (i.e.,, May was more ‘““cli-
matological’) with a 1°C deficit over northeastern Ar-
gentinaand a1°C excess over its southern portion. Mean
April precipitation was above normal over most of cen-
tral Argentina, with excesses reaching 150 mm at par-
ticular areas. Most of the observed precipitation was
associated with very active cold front passages and con-
vection triggered by dynamical perturbations at upper
levels. The above normal precipitation amounts during
April were mainly linked to individual events that oc-
curred between 24 and 27 April, with daily precipitation

peak values of 200 mm. Around mid-April, thefirst cold
air irruption occurred, producing frosts over central and
northern Argentina. This particular event, which led to
frosts and snowfall over southern Brazil, was recently
analyzed in detail by Satyamurty et al. (2001).

Rmse and bias scores for the whole domain and for
both 24-h forecasts are presented in Fig. 4. In general,
for al the fields there are lower rmse’s for the MRF
than for the LAHM . Geopotential heights show asimilar
spatial structure in rmse for both models with larger
error over regions with higher variability, but exhibit a
different pattern in bias: while LAHM tends to under-
estimate heights in the NW portion, mainly around the
Andes, and to overestimate them in the SE part, MRF
exhibits positive bias in the NE and a negative one in
the SW. In both cases, this tendency increases with fore-
cast length (not shown). LAHM systematic height errors
around the Andes may be due to a different height in-
terpolation approach over highlands, while numerical
treatment of the western boundary could be responsible
for error growth principally over the region where per-
turbations move faster to the east. The spatial distri-
bution of bias in MRF suggests a tendency to overpre-
dict the Atlantic anticyclone intensity and the low pres-
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sure circumpolar trough, mainly upstream of the con-
tinent.

In temperature, a systematic error over continental
regions at low levelsisclearly seenin LAHM forecasts.
The source of this error has been extensively discussed
in Menéndez et al. (2000), and is linked to the simple
bucket model used over the surface, which tends to
misrepresent the sensible to latent heat flux ratio, par-
ticularly over the southern portion of South America
Errors are comparable in magnitude for both models
over oceanic regions, and also display an increase with
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FiG. 4. (left panels) LAHM and (right panels) MRF 850-hPa 24-h forecast rmse (shaded) and bias (contoured)
error for geopotencial height (m), temperature (K), and specific humidity (g kg—1).

forecast length. In the MRF, the cold biasis evident over
the region south of 40°S, with peak values below —2°C
in 48-72-h forecasts. Cold biases over the Southern
Hemisphere lower and middle troposphere have also
been identified by Kamga et a. (2000) for ECMWF 5-
day forecasts over the southern portion of their domain
(around 20°S), and by Moorthi (1997) for MRF January
1996 5-day forecasts. Specific humidity shows a dry
bias over aimost the whole domain, particularly for
MRF As it could be expected, rmse’s are higher where
moisture exhibits larger variability.
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4. Error time series and vertical structure of
errors

This section focuses on model evaluation over a box
that is around the Rio de la Plata basin (see Fig. 2). As
was mentioned in the introduction, the basin is more
extended to the north; still, this box is representative of
a region that is of critical economical and societal in-
terest because of its great population density, agricul-
tural activities, and hydroelectric energy production.
From the weather—climate perspective, it is a transition
zone between subtropical and midlatitude weather re-
gimes. It is characterized by significant synoptic activity
to the south, such as frontal passages (Taljaard 1968;
Necco 1989), a high frequency of cyclogenesis (Seluchi
and Saulo 1998; Gan and Rao 1991; Sinclair 1995,
among others), and its large number of mesoscale con-
vective complexes (Velasco and Fritsch 1987). It co-
incides with the exit region of the SALLJ (Saulo et al.
2000; Douglas et al. 1999, among others), which pro-
vides moist and warm air into the area and may act as
an organizing mechanism for convection.

The problems arising from the lack of sufficient ob-
servations over this region have been pointed out by
Wang and Paegle (1996), who found that uncertainty in
the analyses over a similar box to the one used in this
work resulted in opposite water budgets when cal culated
from different analyzed datasets (NCEP and U.K. Met
Office). This prior work constitutes a warning on the
reliability of the analyses and consequently on model
outputs, and further motivates our interest in assessing
models errors over this region.

Figure 5a shows area-averaged temperature (upper
curves) and geopotential heights (lower ones) for each
day of the period. Besides the fair agreement between
both forecasts and the analysis, it is interesting to note
the variability within the period. In order to analyze
biases and error growth with forecast length, Figs. 5b
and 5c¢ have been included. Geopotential forecast biases
remain bound around =30 m, except for 27 May. The
850-hPa temperature bias clearly depicts a cold bias for
both models—greater for the LAHM model and in-
creasing in time for both.

Both models tend to produce bias of the same sign
along this period except for particular situations. For
example, the disagreement found between forecasts in
the 19-24 April period can be explained by inspection
of both forecasts: alow pressure system located around
30°-35°S, 55°W, formed around 17 April and remained
quasi-stationary during this particular period. This low
pressure system has been overestimated by LAHM, af-
fecting pressure values in the western boundary of the
selected subdomain. Figure 6, on the other hand, shows
more disagreement between model behavior at upper
levels, mainly in the temperature field where LAHM
shows better performance and arelative warm bias, and
MREF retainsits cold bias (even more than at low levels).

In order to display the vertical structure of these er-
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rors, rmse and bias for the whole period, which are
averaged over the subregion of interest, are presented
in Fig. 7. This figure shows that in general LAHM has
weaker performance, but it does have a significant por-
tion of its failure explained by systematic errors—with
a tendency to underestimate the geopotential height in
the middle troposphere, and a strong cold bias near the
surface. Both models show good agreement with the
analyzed wind field.

These scores confirm the previously mentioned han-
dling of surface processes by LAHM for a cold bias at
lower levels, while some problem affecting the tropo-
pause temperature representation is evident from the
MRF outputs. Geopotential height and wind fields seem
to be less affected (at least compared to the analyses)
by systematic errors.

5. Verification against observed data
a. Radiosonde data

In this section, emphasis is placed on comparison
between analysis, model forecasts, and radiosonde data
at two isolated points. In order to include the analyses
used in the proposed forecast system, only 0000 UTC
synoptic time has been evaluated. Two radiosonde sta-
tionslocated at regions of interest (Porto Allegre, Brazil
and Quintero, Chile; see Fig. 2 for their locations) were
selected to perform this evaluation, for which analysis
and model data were horizontally interpolated to each
station location. Also, to provide acomplementary anal-
ysis with respect to the previous sections, rmse was
calculated using an alternate expression (which will be
referred to as crmse):

12

crmse(X) =

lN
— X’f_x’oz
DD

where the prime stands for the deviation from the cor-
responding time mean. Then, the performance of these
forecasts can be evaluated in a way that removes the
systematic bias.

This kind of comparison is, obviously, restrictive
from a model evaluation point of view. On the other
hand, it does not give a complete idea of performance
over the region of interest, since it evaluates single
points that might be affected by local features. Thisis
indeed the case for the selected stations, since both lie
near the coast. However it should be stressed that this
is the only way that an independent control can be done
over an area lacking upper air observations.

Scores over Porto Allegre are shown in Fig. 8. Biases
denote a tendency to lower heights, at least up to 200
hPa. Surprisingly, MRF does better than the analysis
over most of the troposphere, but this can be partially
explained by its positive bias (compared with its own
analysis) over this region, which counteracts the neg-
ative bias with respect to data at Porto Allegre. When
looking at temperature error profiles, the analysis dis-
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Fic. 6. Same as in Fig. 5 but for 200 hPa.

plays a cold bias of around —1° to —2°, and a crmse
of around 2°, throughout the troposphere. The analysis
error profileisclosely followed by errors of both models
(except for LAHM near the surface). In contrast to what
has been observed in geopotential height errors, which
tend to be less in MRF that in the analysis, temperature
forecast errors are greater since the biasesremain in the
same sense (the model is colder than the analysis, which
is also colder than the observation).

Figure 9 shows a similar analysis performed over
Quintero. At this point it is worthwhile to point out the
particular geographical characteristics of this station,
which lies upwind of the Andes, 8 m above sea level

but very near the highest mountain peaks. Its vertical
temperature profile is characterized by an inversion
around 850 hPa. While both models have relatively high
resolution, it is still too coarse to consider that surface
singularities like the ones mentioned above will be cor-
rectly represented by model fields. However it is inter-
esting to evaluate a station with characteristics different
than those of Porto Allegre.

Above 850 hPa, there is similar behavior of geopo-
tential errors in the analysis and forecasts compared to
that found in Porto Allegre. Temperature errors do not
behave similarly: the cold bias is higher at lower levels,
less above 500 hPa and gradually warmer at higher lev-
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Fic. 7. Error variation with height of L

els, while crmse’'s are larger, particularily for MRF. Be-
tween the surface and 850 hPa it is hard to determine
whether temperature errors (clearly larger than at Porto
Allegre) could be produced by a misrepresentation of
the Andes effect at this particular site.

Figure 10 shows NCEP analyses and MRF 24—-48-h
forecast bias and rmse for geopotential height (mean
over the Southern Hemisphere and calculated using ra-
winsonde data as ground truth). This figure has been
adapted from the information that is displayed opera-
tionally in an experimental Web site from the EMC's
Global Modeling Branch. Figure 10 has been included
to further illustrate that our particular quality evaluation
at individual radiosonde stations is below the *“hemi-
spheric mean”” performance, as can be inferred from
comparison with Figs. 8 and 9. We have also calculated
standard rmse for geopotential height and temperature

AHM and MRF 24- and 48-h forecasts.

(not shown), in order to compare with similar figures
obtained at EMC, and found that our scores are lower.

b. Precipitation

One of the key motivationsto develop aforecast sys-
tem is to improve quantitative precipitation forecast at
the regional scale. It is widely known that higher-res-
olution models with suitable parameterization of con-
vection exhibit better performance in representing pro-
cesses leading to precipitation. In order to evaluate what
isour real capability to provide useful precipitationfore-
casts and to design guidelines for future developments,
LAHM 12-36-h forecasts of daily accumulated precip-
itation were evaluated over the box of interest, where
observed data from the surface synoptic network was
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Fic. 8. Crmse and bias with height at Porto Allegre (Brazil) for NCEP analysis, and MRF and LAHM 24-h
forecasts. (upper panels) Geopotential height (m); (lower panels) temperature (K).
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Fic. 10. (right curves) Geopotential height rmse and (left curves)
bias (in m) over the Southern Hemisphere: -+-, MRF analysis; -X-,
MRF first guess; -O-, MRF 24-h forecast; -0-, MRF 48-h forecast.
(Obtained from the experimental Web page of S. Saha, NCEP/EMC.)

available (provided by Centro de Previsao de Tempo e
Estudos Climéticos of Brazil).

Figure 11 shows accumulated precipitation during
April and May 1999, observed and obtained from

observed accumulated precip.
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LAHM 12-36-h forecasts. Precipitation is underesti-
mated in northern Argentina and around the northern
boundary (which also coincides with the northern
boundary of the integration domain). The 200-mm max-
imum near 32°S, 60°W is relatively well captured but
the model fails to reproduce the areal coverage of the
150-mm isoplet that surrounds two maxima: that already
mentioned over central Argentinaand one over southern
Brazil. The latter one is overestimated by the model,
which at this area exhibits ““ gridpoint instability,” as-
sociated with orographically forced ascent over a rel-
atively high topography leading to spurious precipita-
tion (see Fig. 2 to locate this local maximum in terrain
height). A daily inspection of accumulated precipitation
shows that LAHM did a good job in reproducing the
event that explained most of the precipitation in April
(already mentioned in section 3), responsible for the
200-mm maximum around 32°S.

Since it is relevant to compare model behavior with
respect to precipitation, another period during which
MRF 12-36-h precipitation forecasts were archived is
included. Thisperiod (Oct—Dec 2000) is completely dif-
ferent from the one previously analyzed, not only be-
cause it corresponds to the warm season, but also be-
cause of the high frequency of convective systems ob-
served over Argentina, which are certainly more diffi-
cult to capture for models with low resolution such as
those employed in this study.

When accumulated precipitation is compared (Fig.
12), a spurious maximum is again detected at 28°S,
50°W in both models (larger for LAHM), whose origin
has already been discussed. There are more similarities

36 hr forecast accum precip.

58W  56W  54W  52W  SOW  48W  46W 44w

64w 62w  60W  O5BW  S6W  54W 52w S0W  4BW  4BW 44w

300 450 600

Fic. 11. Accumulated precipitation (mm) during Apr and May 1999: (left) Observed: (right) LAHM 12-36-h
forecast.
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Fic. 12. Accumulated precipitation (mm) from Oct to Dec 2000: (left) observed, (center) LAHM 12-36-h forecast, and (right) MRF 12—
36-h forecast.

between the forecast fields than between the observation
and any forecast. Both models tend to underestimate the
area covered by the above 500-mm isopleths, with the
MRF being somewhat worse. Over the northwestern
boundary, MRF displays another maximum that is ab-
sent in the observed precipitation field. Both modelsfail
to represent the precipitation area south of 34°S.

a. Equitable threat score
07
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o RN
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0 r r T =
0.25 254 6.35 127 19.05 254 38.1 508
3061 2287 1588 1012 687 451 192 75
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b. Bias Score
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Fic. 13. The ETS and bias scores for LAHM and MRF 12-36-h
forecast precipitation from Oct to Dec 2000.

From the skill scores perspective (ETS and bias in
Figs. 13a and 13b, respectively), MRF displays better
ETS for the lower thresholds, while this behavior re-
verses at the higher ones; on the other hand, LAHM
biases are closer to one at all thresholds. These results
may be interpreted as a tendency of the regional model
to better represent smaller-scale precipitation patterns,
while MRF is more accurate in predicting lighter rain
events. However, it is not clear whether the ETS is a
complete, meaningful measure of precipitation forecast
skill over this area, since the values obtained for both
models, but particularily for MRF, are well above those
reported in other regions in the world. For example, in
Mesinger (1996) and McBride and Ebert (2000), the
ETS of the MRF model is below 0.3 for al categories.
Perhaps the stronger limitation of this measure of skill
when applied to this region is that the amount of ob-
servations available is scarce compared to the referred
studies, leading in thisway to less representativeresults.

6. Discussion of results

When compared to gridded analyses, it is seen that
MRF and LAHM provide useful short-range forecasts
over southern South America, with bias and rmse errors
bound within reasonable limits. Time and vertical struc-
ture of errors indicate their growth with longer-time
forecast periods. LAHM shows a strong cold bias near
the surface, which does not propagate to higher levels,
related to the simple bucket model that solves the con-
tinental surface energy budget. To a lesser extent, MRF
is also cold biased with respect to the analyzed tem-
perature field. In general, LAHM has a significant por-
tion of error explained by systematic errors, suggesting
that further adjustments have to be done in order to
improve forecast quality, mainly in regard to surface
processes.

As has been found by other studies carried out over
different regions (i.e., McBride and Ebert 2000; White
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et al. 1999), MRF skill is better than that of the regional
model even when the latter is run at a somewhat higher
resolution. White et al. (1999), for example, who did a
short-term forecast validation, comparing research and
operational models over the western United States,
found that on shorter timescales (up to 24 h) the Meso-
Eta Model did the best, while at 36 h MRF provided
the best forecasts. Their explanation for this result is
that, *‘the value added from mesoscale information in
high resolution models is lost due to phase and ampli-
tude errors in the individual mesoscale structures.”
Also, as stated in the introduction, the validation of
high-resolution models is a problem still to be solved,
mainly when it is done against coarser-resolution ob-
servational datasets. When analyzing the spatial struc-
ture of errors, it is evident that the MRF benefits from
the internal consistency between the analysis and the
corresponding forecast.

Nevertheless a problem identified by the present study
is a cold hias with respect to two isolated points in the
analysis and, consistently in both models, that affects
the troposphere. This assessment clearly needs further
analysis in order to determine whether this problem is
of systematic origin and remains bound to southern
South America or not. At the Argentine National Me-
teorological Weather Service, this cold bias has also
been detected when NCEP analyses are compared to
Ezeiza (35°S, 58°W) 1200 UTC radiosondes (H. Ciap-
pesoni 2000, personal communication). Besides the ob-
vious impact that this bias has on short-range forecasts,
through an imprecise description of the initial thermal
structure over thisregion, it also certainly distorts mean
temperature fields derived from this dataset (i.e., the
““temperature climatology’ becomes locally altered). It
should be noted that this study also documents a cold
bias of the MRF global model (and of LAHM) with
respect to the analysis. As is also mentioned in Wang
and Paegle (1996), this cold bias could be enhanced by
four-dimensional data assimilation generated analysis,
which in void-data regions is of questionable value in
filling the gaps between observations and is even more
model dependent.

From this preliminary result it should be stressed that
aquality control of how analysis and forecasts represent
local characteristics should be carried out at each spe-
cific area of interest.

The evaluation of precipitation forecast quality using
standard skill scores like ETS and bias leads to the
conclusion that the MRF forecast is better for lower
thresholds and LAHM for higher ones. However these
scores should be interpreted cautiously, since the MRF
ETS's seem to be better at this region than at any other
region evaluated in previous studies, aresult that is not
in agreement with the overall quality of the model,
which shows less skill over the Southern Hemisphere
than over the Northern Hemisphere. It is believed that
an accumulated precipitation field gives a better idea of
the model precipitation forecast quality than the pre-
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vious scores. In this sense, LAHM provides better geo-
graphical detail of precipitation patterns, while it tends
to overestimate precipitation at relatively high terrain
points.

Though the overall evaluation of both models shows
that the MRF performs better, it is evident that LAHM’s
quality is also acceptable. This result encourages the
development of this regional forecast system. However,
to get clear advantages of higher-resolution modelscom-
pared to global ones, emphasis should be directed to
shorter-time range prediction (i.e., up to 36 h), in an
attempt to get detailed structures, mainly those associ-
ated with heavy precipitation, that might not be repre-
sented by coarser grids. Currently, and as a first action
resulting from thisinvestigation, the LAHM domain and
resolution have been modified to get more utility from
this forecast system. Current horizontal grid spacing is
0.65° with an areal coverage extended to the north, up
to 4°S. Nevertheless, from the perspective of regional
higher-resolution modeling efforts, it is believed that
substantial benefits will be accessed only when the ini-
tial state becomes more precisely represented. As soon
as this requirement becomes fulfilled, better skill in me-
soscale short-range prediction over South America
could be expected with the use of regional models.
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