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Using mesoscale NWP model data to identify radar anomalous
propagation events
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Abstract. The effects of intense anomalous propagation con-beam, so this factor may affect the quality of observations.
ditions upon weather radar observations may represent a sén this work, done within the EU project CarpeDiem and in
rious problem in some applications because of the increasthe framework of COST 717 WG2 (&hnhwald, 2000), NWP

in quantity and intensity of ground clutter echoes. For exam-mesoscale data is used to forecast the propagation environ-
ple, radar quantitative precipitation estimates in highly com-ment in the Barcelona area (NE Spain). Four months of fore-
plex topographical areas that are corrected for beam blockeasts are compared with radiosonde observations.

age might be mistaken under super refractive events. Mi-

crowave radar propagation conditions are traditionally ob-
tained from refractivity profiles calculated using radiosonde

observapo_ns. How_ever, NWP. mesoscale output, thoggh ha_v?/ariations of the air refractive index control the propagation
a more limited vertical resolution, may be used to retrieve di-

i : . conditions of the radar beam (Bean and Dutton, 1968). Stan-
agnosed and forecasted refractivity profiles. In this PaPETyard conditions, i.e-40 N units/km in the first 1000 m above
two magnitudes have been considered to monitor the rad '

i . t th tical refractivit dient ?éround level, are commonly assumed by weather radar pro-
propagation environment. the vertical refractivity gradient o cessing software. However, departures from this value are

the f!rSt _1000m ab_ove_ grou_nd Iev_el and a du_ctlng index. Thenot unusual and, in some places, show significant seasonal
ducting index, which is adimensional, considers the degre

Rariations (Bech et al., 2000). For instance, under super re-
of departure from the threshold of the super refractive gradi- at ( ' ) ! Y up

ntin the 3 first km of air. examinina both surf nd sur fractive conditions the radar energy follows a lower trajec-
fe b ed s ° da ,te a q Ig t'o tiu h"’.lcﬁ atdsut.'tory than expected, increasing the quantity and intensity of
ace based microwave ducts and selecting the hignest duc Ir'qurious ground or sea clutter echoes (anaprop). This may

index calculated. The two magnitudes, vertical refractlvnyaszect post-processing procedures necessary for quantitative

gradients and ducting index, have _bee_n computed for sever stimations such as topographic beam blockage corrections
months for the Barcelona area, which is often affected by Su'(Bech etal., 2003)

per refractive conditions as many coastal sites in the Mediter- Two magnitudes have been considered to monitor the radar

ranean. NWP output was obtained using the MASS SyStem[t)ropagation environment: the vertical refractivity gradient

Results are compared with _observanons of the nearby Va""(VRG) of the first 1000m above ground level, and an in-
rana weather radar and radiosonde observations.

dex to measure the degree of ductidg, VRG is calcu-

lated simply as the difference between refractivity values at

surface and at 1000 m above ground level, according to ITU

1 Introduction standards (ITU, 1997). The ducting indey,, considers the
degree of departure from the threshold of the super refractive

Quantitative use of weather radar observations, such as pregradient (78 M units/km):

c?pi;atipn e_stimates to be used in hydrological quels orasy  _ 7gs; — sM @)

similation in NWP systems, require an exhaustive quality . o .

control system (see for example, Joss and Waldvogel, 1990~here the increment of is in km and the increment o

Alberoni et al., 2003). Radio propagation conditions of the IS in modified refractivityM units. This magnitude is com-

troposphere may lead to anomalous propagation of the rada_{?t_’ted in all layers contained in the 3 firsF km of air, exam-
ining both surface and surface based microwave ducts and

Correspondence tal. Bech selecting the highest, calculated. Positivdp values in-
(jbech@meteocat.com) dicate superrefraction. Johnson et al. (1999) found a high

2 Weather radar propagation conditions




J. Bech etal.:

M UNITS/Km /12 h

N UNITS / Km
b
[S]

Using mesoscale NWP model data

02103100 02112000 02121000 02123000 03011900 03020800 03022800

60

40

20

0

-20

-40

-60

DATE

2002110031

2002/11/30

200212130
DATE

2003101729

—OBS
- FOR

2003/02/28

lp{ 12h

30

20

=]

iy

| l'l" M‘J hlq ﬁl‘f'|

iy

wmf e

:V

-20

2002M0r31 2002111730 200212130 2003/01/29

DATE

20034102128

30

20

—oBS)|
FOR|

-10
2002/10731

2002/11/30 2002/12/30

DATE

2003/01/29 2003/02/28

Fig. 1. Time series of VRG (left) and ID (right) forecasts and observations (top) and the corresponding 12 h tendencies (bottom).
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tional runs at 12 and 24h. The version of the model was
hydrostatic, with a horizontal grid resolution of 15km and
30 vertical levels. The time period considered ranged from
November 2002 to February 2003 allowing the comparison
of 183 pairs of model forecasts and radiosonde observations
collected in Barcelona (Fig. 1). It may be appreciated that
model forecasts tend to underestimate super refraction; both
VRG and I are biased in this direction (5 N units/km and 10
Ip units, respectively).

Differences in the VRG are usually caused because the
surface duct, which is observed frequently, is not correctly
simulated by the model. This fact is illustrated in Fig. 2,
which shows that in the lower layers the average profile
observed and forecasted are very similar. However, as
the surface refractivity inversion is not reproduced by the

Fig. 2. Vertical profile of modified refractivity on 13 Novembre model, VRG values observed-84 N/km units) and fore-

2002 at 12 Z over Barcelona: observation (thick solid line) and casted {25 N/km units) are different.

Differences in the

model forecast (crosses, dotted line). Detail of the first 1000 mductlng index, apart from the same effect of different sur-
are zoomed on the right.

correlation between this index and weather radar anomalou
propagation echoes in the UK.

3 NWP forecasts and radiosonde observations

The MASS model (Koch et al.,
was used to obtain vertical refractivity profiles from opera- dex, respectively. The VRG 12 h tendency was generally in

1985; Codina et al.

face refractivity value, may be explained by the fact that the
index is defined as the maximum value computed over the
3 km layer; radiosonde observations have much vertical res-
Blution allowing to depict sharp refractivity gradients of thin-
ner air layers. For example, in Fig. 2, between 2000 m and
2500 m, a high gradient is observed; this level of detail may
not be handled by the coarser model resolution.

The mean absolute errors of the whole period tested were

1997) 8 N units/km and 1@ units for VRG and the ducting in-
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Fig. 3. Two and seven days time averaged plots of VRG (top) and its 12 h tendency (bottom).
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Fig. 4. Two and seven days time averaged plotg®f(top) and its 12 h tendency (bottom).
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Fig. 5. Autocorrelation function (top left), MAE, ME, RMSE of VRG observations.

good agreement with the observations, particularly its sign, The modified forecasts?/, were built considering simply
while Ip tendencies were sistematically greater than thosean initial value P/p and an incremen P;
observed. Time averaging with moving windows of 2 and 7
days indicated that average conditions and tendencies were
reasonably well simulated by the model for VRG (Fig. 3) P =
and, to a lesser extent, for ID, (Fig. 4), which presented more '
variability. Time averaged plots show clearly that differences
in the tendencies converge faster than VRG gwalues. Ten differentP/, defined as a set of linear combinations
To compare _these results Wlth the _per3|stence of the ob(-)f past observationst_1,0;_», ... 12, 24h old, etc) in the
servations, their autocorrelation function, mean error (ME),

initial value P/ and forecastsk;,P;_1,...) in the increment
mean absolute error (MAE) and root mean squared error i0 Pi1,..)

(RMSE) up to 10 days were examined (Fig. 5). For exam-AP"/’ were considered to introduce both the average state of

. ; the magnitude and the tendency. In this way, improved ME
ple, the lowest MAE for the VRG observations was achieved . ;
with the 12 h persitence (6,77 N units/km) and the ME with of 0.01 N units/km were achieved for the VRG. However the

. ) e MAE di ignifi I he original VR
the 24 h persistence (0,09 N units/km). Similar results wer did not decrease significantly respect the original VRG

(S — . .

obtained for thelp persistence: 12h+0.021p units) and ;g:ggzzg Similar improvements were obtained for fie

36 h (2.31Ip units) for the MAE and ME respectively. These |

values are better than those obtained with the model forecasts On the other hand, a number of skill scores (Wilson, 2001)

described earlier. So, taking into account these results, newvere considered to evaluate the ability of neyvforecasts to

modified forecasts were considered using both forecasts angredict a positive value afp, (i.e. detection of super refrac-

previous observations. tion) and were also compared with persistence of the obser-
vations 12 and 24 h. The result of the comparison pointed out
that new forecasts improved significantly the original model
forecasts (for example a POD of 0.89 in front of 0.84 for the
unbiased model forecasts). However, the best scoreg)for
predictions were obtained using persistence at 12h (POD:
0.96; FAR: 0.04).

Py + AP/ 2
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