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1. INTRODUCTION 
 
 Local and regional scale atmospheric conditions 
strongly influence atmospheric transport and 
dispersion (AT&D) processes in the atmospheric 
boundary layer (ABL), and the extent and scope of 
the spread of dangerous materials in the lower levels 
of the atmosphere and in AT&D models  
(HPAC/SCIPUFF (Deng et al. 2004)).    Managing 
the consequences of Chemical / Biological / 
Radiative / Nuclear (CBRN) incidents requires 
accurate current and future weather conditions to 
model potential effects (e.g., Stauffer et al. 2006).  
The role of continuous four-dimensional data 
assimilation (FDDA) and mesoscale model horizontal 
resolutions of 36 km, 12 km, 4 km and 1.3 km on 
meteorological (MET) accuracy and AT&D over 
varying terrain conditions and scales is investigated.   
 
2. EXPERIMENTAL DESIGN 
  

The accuracy of various MET inputs and their 
effect on HPAC predictions are investigated here 
over the varied and complex terrain of the Italian 
Alps and Torino Plains (Fig. 1).  The ARPA-
Piemonte special weather observations network (red 
dots in Fig. 1) available for the 2006 Winter 
Olympics period (10 – 27 February 2006) is used for 
model initialization and verification of the resulting 
24-h forecasts.  Mesoscale models are initialized with 
and without FDDA to determine its added value on 
MET accuracy.  The FDDA experiments use either 1-
sided or 2-sided temporal weighting of the 
observations.  The latter (2-sided FDDA) is possible 
when the observations are already collected for the 
entire pre-forecast assimilation period before 
beginning the numerical forecast.   The model can 
use observation nudging towards these data both 
before and after the observation time (Stauffer and 
Seaman 1994). The 1-sided FDDA experiments 
represent    those    realtime    applications    such    as  
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Figure 1.  Locations of Winter Olympics venues 
(blue dots) and special ARPA-Piemonte mesonet data 
(red dots).  Torino, Italy is located on the plain at the 
easternmost cluster of blue dots, and the Alps border 
the plain to the west and north. 

 
nowcasting when the model is continuously 
assimilating     data    as    they    become    available 
(Schroeder et al. 2006).  The observational data can 
thus only be used after the observation time with 1-
sided temporal weights.  The special observations are 
also used here for dynamic analysis where they are 
continuously assimilated within the mesoscale model 
throughout the 24-h periods to produce a more 
complete and dynamically consistent meteorological 
analysis than that provided by the observations alone.   

This study also addresses the use of MET model 
data as HPAC/SCIPUFF inputs and whether the 
AT&D results warrant using these very fine 
meteorological model resolutions.  HPAC predictions 
based on observations and dynamic analyses using 
the observations are compared against HPAC 
predictions using the various predictive weather 
model configurations for hypothetical releases and 
plume predictions in the mountains and on the plains.  
Some HPAC results will be presented at the 
conference. 

 
3. METHODOLOGY 
 

MM5 (Grell et al. 1995) high-resolution 
meteorological model forecasts are computed using a  
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Figure 2.   MM5 four-domain configuration for 2006 
Winter Olympics cases. 
 

2006 Torino Olympics Cases 

Case 1 00 UTC, 13 Feb - 
00 UTC, 14 Feb Dry 

Case 2 12 UTC, 17 Feb– 
12 UTC, 18 Feb 

Precip/Wind in 
Mountains 

Case 3 00 UTC, 18 Feb– 
00 UTC, 19 Feb Precip in Mountains

Case 4 12 UTC, 19 Feb– 
12 UTC, 20 Feb 

Precip in Mountains 
and on Plains 

Case 5 00 UTC, 22 Feb– 
00 UTC, 23 Feb Precip on Plains 

Case 6 12 UTC, 25 Feb– 
12 UTC, 26 Feb 

Light Precip in 
Mountains and on 

Plains 
 
Table 1.  Descriptions of the six case days used for 
this study. 
 
42-CPU cluster running a four-nest configuration 
down  to  1.3-km  resolution  over  all  the  Olympics 
venues (Fig. 2).   The case days chosen in Table 1 
represent various combinations of dry, wet, misty or 
windy conditions in the mountains and/or plains.  
Statistics are computed for all model resolutions over 
the finest-resolution 1.3-km domain area using 
standard and the special Italian mesonet data.   The 
importance of model resolution and the model 
initialization  strategy  for  24-h  forecasts   over   this  

 
Figure 3.  “Running start” model initialization FDDA 
strategy used for DTRA Olympics modeling support. 
 
region of complex terrain will be explored. 

Model physics options were the same as those 
used in the MB2 baseline experiment in Deng and 
Stauffer (2006).  A “running start” multiscale FDDA 
strategy (Stauffer and Seaman 1994) using a 3 – 12-h 
pre-forecast period assimilation of standard and 
special data over all four domains was used to 
improve model initialization and spinup during the 
subsequent 0 to 24-h forecasts (Fig. 3). This dynamic 
initialization allows model cloud and precipitation 
fields, and local circulations to be already spun up on 
the various scales at the initial time, which should 
produce improved forecasts of MET conditions for 
AT&D applications.  

 
4. MET MODELING RESULTS 
 

Some subjective analysis of the MM5 
predictions as a function of model resolution will be 
presented first, followed by statistical results over the 
1.3-km domain area for various model resolutions 
and model FDDA options.   

The MM5 system predicted the very localized 
mountain flows in and around the Olympics venues 
when large-scale weather conditions were weak, and 
also the complex interactions of the terrain with the 
larger scale weather-producing systems when stormy 
conditions prevailed (Stauffer et al. 2006).  Figure 4 
shows an example of how model horizontal 
resolution affects the numerical prediction of 
downslope flow and channeled winds at the surface 
overlaid on top of the terrain field of each resolution 
domain.  The narrow Alpine valleys containing 
highways leading to the mountain venues are well 
represented in the terrain of the 1.3-km terrain field, 
and are somewhat less resolved in the 4-km terrain 
field.  Note the drainage flow coming out of one of 
these fingers towards the plain to the west of Torino.  
These local, terrain-forced flows are better-resolved 
at 1.3-km resolution, and better match the special
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Figure 4. MM5 2-sided FDDA, 18-h surface wind prediction and observations at 18 UTC 21 February 2006 over the 

obse ions compared to those based on coarser 

n 
ME

as the largest surface wind errors compared to the 
esonet  observations,  followed  by those on the 12- 

 

1.3-km domain area for each model resolution forecast.   Surface winds (ms-1) are overlaid on the terrain field (m, 
color code on right of figure) for each model resolution domain.  a) 36-km domain, b) 12-km domain, c) 4-km 
domain, d) 1.3-km domain.  One full barb is 10 ms-1.  Dark line is France – Italy border. 
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model resolutions of 4 km, and especially so 
compared to those at 12-km and 36-km resolutions.  
There are no fingers or valleys in the coarser 
resolution model terrain fields.  In fact, Torino is in 
the mountains on the 36-km domain!   These 
differences in the resolved meteorology fields may 
greatly affect the AT&D predictions in this region. 

   To analyze the role of model resolution o
T accuracy over this region, Fig. 5 shows the 

mean absolute error (MAE) of surface vector wind 
difference (VWD) averaged over the 24-h forecast 
period for each of the six case days at each model 
resolution.  Note that for each case the 36-km domain  
 

h
m
km domain, and then those on the 4-km and 1.3-km 
domains.  This is not surprising given the smoother 
terrain fields on the coarser model grids (Fig. 4).  The 
finest two model resolutions of 1.3 km and 4 km, 
show more comparable statistical skill.  Again, the 
subjective analysis of Figs. 4c and 4d indicated that 
the 1.3-km domain can still better resolve the small-
scale valleys and ridges and better match the detailed 
wind observations.  The same statistical result is 
generally true for the surface temperature errors in 
Fig. 6 where the finer resolution domains have 
smaller errors,  and  the  1.3-km  domain  has  only  a  



 
 
Figure 5. Mean absolute error of surface vector wind 
difference (ms-1) for all four resolution model 

omains averaged over the 24-h forecast periods for d
all six cases over the 1.3-km domain area.  Case-
averaged values are plotted on right side of figure 
with numerical values in the experiment key. 
 

 
 
Figure 6.  Mean absolute error of surface temperature 
(C) for all four resolution model domains averaged 

ver the 24-h forecast periods for all six cases over 

Figure 7 shows the six-case-averaged vertical 

ts. The higher resolution domains have 
sma

o
the 1.3-km domain area.  Case-averaged values are 
plotted on right side of figure with numerical values 
in the experiment key. 
 
slight advantage over the 4-km domain case-averaged 
statistics. 

profiles of MAE for VWD for the 2-sided FDDA 
experimen

ller errors at the surface and in ABL while 
towards the top of the profile the coarser resolution 
model domains have smaller errors.  The latter may 
be due to the relative decline in influence of terrain 
with altitude, while opportunity for contamination 
due to close-proximity artificial lateral boundaries 
grows for each successive nested domain.   The case-
averaged vertical profile of MAE temperature in Fig. 
8 also shows better skill in lower levels with the 
higher resolution domains, and better skill in upper 
levels with coarser resolution domains.  This grid 
resolution dependence in the statistical results is very  

 
 
Figure 7.  Profile of mean absolute error of vector 
wind difference (ms-1) for the 2-sided FDDA
xperiment averaged over the 24-h forecast period for 

 
e
all six cases and the 1.3-km domain area for each of 
the four domains.  Vertical averages are plotted at top 
of figure with numerical values given in the 
experiment key. 
 

 
 
Figure 8.  Profile of mean absolute error of 
temperature (C) for the 2-sided FDDA experiment 
veraged over the 24-h forecast period and all six a

cases for the 1.3-km domain area for each of the four 
domains.  Vertical averages are plotted at top of 
figure with numerical values given in the experiment 
key. 



 
 
Figure 9.  Mean absolute error of surface vector wind

ifference (ms-1) averaged over the 24-h forecast 
 

d
period for the two FDDA experiments and no-FDDA 
experiment for each of the six cases on 1.3-km 
domain. 

 
 
Figure 10.  Mean absolute error of surface 

mperature (C) averaged over the 24-h forecast 

 that for the 1-sided FDDA experiment and 
the -FDDA experiment (not shown).  

sided FDDA 
expe

urface wind 
fore

te
period for the two FDDA experiments and no-FDDA 
experiment for each of the six cases on 1.3-km 
domain. 

 
similar to

no
The effect of the pre-forecast running start 

FDDA period from the 1-sided and 2-
riments on the 1.3-km domain averaged MAE 

VWD and temperature over the 24-h forecast period 
at the surface for all six experiments is shown in Figs 
9 and 10, respectively.  The two FDDA experiments 
have generally comparable forecast error values with 
both being lower than that of the no-FDDA 
experiments over the six cases for both surface mass 
and wind fields.  The vertical profiles in Figs. 11 and 
12 again show consistent added value of FDDA, with 
2-sided FDDA verifying slightly better than 1-sided 
FDDA on average, for the subsequent 24-h averaged 
forecasts of winds and temperature. 

The MET fields for Case 5, representing the 
smallest impact of model FDDA on s

casts in Fig. 9, are used to drive HPAC 
predictions.  The difference in impact of FDDA may 

 
 
Figure 11.  Profile of mean absolute error of vector 

ind difference (ms-1) for the 24-h forecast period for w
two FDDA experiments and the no-FDDA 
experiment averaged over all six case days on the 1.3 
km domain.  Vertical averages are plotted at top of 
figure with numerical values given in the experiment 
key. 
 

 
 
Figure 12.  Profile of mean absolute error o

mperature (C) for the 24-h forecast period for two 
f 

te
FDDA experiments and the no-FDDA experiment 
averaged over all six case days on the 1.3 km 
domain.  Vertical averages are plotted at top of figure 
with numerical values given in the experiment key. 
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Figure 13. HPAC/SCIPUFF 1-h plume predictions 
nd model terrain from the no-FDDA forecasts valid a

at 13 UTC 22 February 2006 over the 1.3-km domain 
area. a) 12-km resolution, b) 4-km resolution, c) 1.3-
km resolution 
 
be due to Case 5 having somewhat  fewer sondes and 
urface observs

the forecast verification period than the other cases.  
Some HPAC results such as those in Fig. 13 will be 
presented at the conference for hypothetical releases 
in the mountains and on the plains using different 
MET inputs from Case 5.   Although the MET 
statistical differences between the finer resolution 
grids may appear quite small (e.g., Figs. 5 and 6), 
hypothetical mountain releases and their 1-h HPAC 
plume predictions shown in Fig. 13 over the same 
1.3-km domain area using the no-FDDA 12-km, 4-
km and 1.3-km MET datasets suggest that this may 
not be the case for AT&D.  Note that the shape and 
orientation  of  these  plumes  are  distinctly  different  

 
 

predictions 
start FDDA 

heasterly 

Figure 14. HPAC/SCIPUFF 1-h plume 
nd model terrain from the running-a

forecasts valid at 13 UTC 22 February 2006 over the 
1.3-km domain area. a) 12-km resolution, b) 4-km 
resolution, c) 1.3-km resolution 
 
and   that   the   1.3-km  HPAC   prediction   is   most 
onsistent   with  the  dynamic-analysis  nortc

wind fields during this period (not shown).  Figure 14 
indicates that these HPAC predicted plumes based on 
the same 12-km, 4-km and 1.3-km resolution MET 
predictions but using the running-start FDDA are all 
oriented northeast-southwest, which is consistent 
with the dynamic analysis winds (not shown).  
Furthermore, the 1.3-km HPAC prediction indicates 
an appendage in the plume towards an adjacent ridge 
to the northwest, perhaps reflecting the impact of its 
higher resolution terrain.  Thus, use of FDDA and 
finer model resolution also appears to produce more 
reasonable plume predictions based on local terrain 
considerations and observed winds.   
 



5. CONCLUSIONS 
 

The meteorological model results for the six 
enting the range of weather 

onditions observed over the study region during the 
Febr
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