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MOTIVATION STUDY AREA AND EXPERIMENTAL DATASET

@ o Study area:

o Air quality modeling in complex terrain is challenging due to dif-

1. Bolzano lies at 262 m a.s.l. on the floor of a wide basin at the junction of the
[sarco Valley (East) and of the Sarentino Valley (North) with the Adige Val-
ley (South and Northwest) (Fig. 1), in the North Eastern Italian Alps.

ficulties in reproducing atmospheric and dispersion processes .

e In July 2013, a new waste incinerator became operative 2 km
Southwest of the city centre of Bolzano (Italy) [1].
o A modeling chain, able to provide emission-impact scenarios, is 2. Frequent occurrence of ground-based inversions at the valley floor deter-

mines critical conditions for air quality.

needed in the area.
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o Experimental dataset from:

1. 8 surface weather stations (6 on the valley floor VF#, 2 along the side-

lIs H#): hourly ob ti ft ture, wind d and direction,
o To assess the appropriateness of the CALMET/CALPUFF [2, 3] walls H#): hourly observations of temperature, wind speed and direction

. . N . relative humidity and atmospheric pressure;
modeling chain for application over such a complex terrain .

+ To evaluate CALMET reconstruction of local meteorological fields 2. thermal profiler (Tprof): temperature observations at 50-m intervals, up

by means of qualitative comparison with prognostic results from to 1000 m a.g.l, measured in the centre of the Adige Valley;

the WRF [4] model. 3. SODAR instrumentation (Inc): observations of wind speed and direction

® TO evaluate the diSCI'epanCieS between diSper‘Sion patternS Of d Figure 1: Bolzano basin with its tribuayvalleys, the incinerator plant position (Inc) and at 1O-m intervals' up to 340 m a'g'l" measured at the inCineratOI‘ plant'
. . . . . . . the locations of the available weather stations: the thermal profiler, Tprof, the valley
tracer driven with diagnostic/prognostic meteorological input. floor stations, VF¥. and the sidewalls stations, Hé
« WHEN: « The Weather Research and Forecasting (WRF) model was run using observational nudging with the fol-

lowing set up:
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1. 27% of January 2016 as reference day

| . . 1. four nested domains (up to 333-m grid, 62 vertical levels);
for the simulations;
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E T e 2. static data: 30-m DTM and 1-km landuse Modis map; 250
g 1 IR 2. attention is focused on processes 3. YSU PBL scheme: b
= from 04 to 10 LST (UTC+1) 4 NCEP reanalysis; " 1:35
1 « METEOROLOGICAL CONDITIONS: typical 5. hourly observational nudging of all the available measures. «-#
] ! £ ® % & § 4 v . - Figure 4: WRF domain nesting from
A S R B wintertime conditions relevant for the ¥e#e we e wEe e Northern taly to Bolzano basin
Temp [°C] Hour [UTC+1] | 2" . . . . . . . . . .
: : : « WRF simulations give a detailed overview of the meteorological situation occurring on January 27t (Fig. 5):
Figure 2: Observations of the vertical temperature profile (from Tprof in Fig. 1) up Stagnatlon Of locally emltted pOHUtantS' g g g ] y ( g )

to 1000 m a.g.l. (left) and wind speed and direction measured at 10 m a.g.l. at vari- Wind at time7 [UTC+1] at 150m Wind at time7 [UTC+1] at 275m 2-m Temperature at 7 [UTC+1] Incoming radiation at 9 [UTC+1]
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the thermal profiler and the SODAR, respectively. 2 release concentration Of 4‘50 ppm

Figure 5: WRF output at different times and levels shown on the CALMET /CALPUFF domain.

CALMET SIMULATIONS CALMET RESULTS AND DISPERSION PATTERNS

e The CALMET model was run as follows: . CALMET obtained wind field: Wind ame? [UTC+1] at 150m Wind at time7 [UTC+1] at E?m
Ground Temperature at 7 [UTC+1] Ground Temperature at 7 [UTC+1] B ¢

1. 20x20 km?2 domain with a horizontal resolu-
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tion of 200 m and 11 vertical levels: 1. wind field of the original and modified
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CALMET runs is essentially the same h "
2. only data from measurements are used as in- P / DAL 1y IR
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(Fig. 7) at the level where the effective

put to run simulations; """ﬁ
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release of the tracer is expected;
2. at higher levels, CALMET is unable to
identify the low-level nocturnal jet

3. kinematic and slope effects and Froude num-

ber adjustment are computed, and surface

. (7 )
winds are extrapolated; | | : ~
p ’ ,‘1}’, _H coming from the Isarco Valley.
. . . RN ) ra\!
4. small radii of influence are used accordingly Temp [C] Temp [C]
i i - - - 200 600 1000 1400 1800 200 600 1000 1400 1800
with the local scale of the analysis. 2 1 0 1 2 3 4 5 2 1 0 1 2 3 4 5 « The CALPUFF model was run as follows: S Figure 7: Wind speed and direction at re-
Dispersion Trajectories lease time, at two different vertical levels

o As first runs showed deficiencies in reproducing Incoming Radiation at 9 [UTC+1]

obtained with CALMET simulation.

ground temperature and incoming radiation 1. same domain as .CALMET élmulatlon;
2. only one chemical species released
and diffused (the tracer);

3. two simulations are made, one with

(Fig. 6, left) [5], these fields were externally
forced into the model (Fig. 6, right):

1. dt ture field ' ith ter-
a4 5TOUNC LEMpEratire Uit varying With ter the WRF prognostic meteorological in-

put and one with the CALMET diag-
nostic meteorological input.

rain height on the basis of hourly soundings;

Figure 8: Trajectories of the concentration

2. an incoming radiation field calculated hourly

maxima at ground level, in time, calculated
el g for the WRF/CALPUFF (prognostic) simu-
SW rad [W/m*2] SW rad [W/m*2] lation and for the CALMET /CALPUFF

by means of GRASS GIS analysis for the given

day and DTM. _ e== Calmei Traj == WRF Traj (diagnostic) simulation.
. . 2004 2012 202 2028 203.6 50 100 150 200 250 300 350
o Effects of modifications: Mixing Height at 9 [UTC+1] Mixing Height at 9 [UTC+1] CO N C LU S | O N S
1. temperature modification has NO EFFECT on 3?‘"{ J
derived parameters; &\ Li L
' ,‘I\ \ ® = e The Bolzano basin wind field is extremely complex [6]. fields do not affect dispersion patterns.
S
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2. incoming radiation modification affects wind i‘%‘}\‘ _ .
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J e CALMET in diagnostic mode can not capture the whole e The presence of a low-level jet flowing out of the Isarco
speed and direction near ground, along shad- EZ=

G= :
G

picture of meteorol. fields over such complex terrain. Valley and crossing the Bolzano basin introduces big
owed sidewalls and related mixing heights [} )} I~ & o CALMET results are non-sensitive to ground tempera-  uncertainties in the direction of tracer dispersion:
vary accordingly. " ture field. small changes in the effective release height may lead
m /"r’.’.t e CALMET near ground wind field is sensitive to changes  to very different results with the WRF/CALPUFF simu-
MlIH | ht[ ] . . . . . . . . . . . . .
Figure 6 Near ground temperature,incoming adiation and mixing eight calculted by the CALMET USRI T o T in radiation fields and this affects mixing heights also. lation while no differences would be appreciated with
model in its standard configuration (left) and its modified configuration (right) where external tem- 0 40 80 120 180 200 240 280 0 40 80 120 160 200 240 280 e In the present case StUdy Changes in mixing helght the diagnostic run.

perature and irradiance fields are forced into the model.
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