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The international field campaign COPS (Convective and Orographically-induced Precipitation Study, 1 e

Wulfmeyer, et al., 2008) took place from 01 June to 31 August 2007 in a low mountain area in Synoptic situation (figure 4) Synoptic situation

sou.thwestern Germany/ eastarn France.thln this posterthwe vrnll explore jche lee side preC|p|tatrons F.rontal zone SW—NI:I)E orientated, |Ir1 thedvllcmkljcy of t:gMC\C/)VIIDZS reg.lor; cc.)u(deAfavlou.r Iarge}c scale I|ft|ng, ever; |I-]:c rhe At 12 UTC, the COPS domain is situated in the vicinity of a convergence

dur.mg two alays of the campaign (July 18 ano! August 6'"), using observajclons from radars, sate!lltes, sﬂ;atl(l)jn.zeems'to he more comp |cat77 00 |_?§ t(; o vertllcz:\CI wnr na YSIS ajn | (I:relcas(;c (redglona of lifting Jone, in front of a cold front. The Front itself is associated with precipitations

radla-soundlngs,. anr:l a netwark of GI?S stations, as well as moalels simulations and analysis. In an .su Si ance m.t ecopa area, not shown). The South-Westerly flow is asso.uate .WIt clouds advection. and convective storms. ECMWE analyses also predicted large scale lifting

particular, we will give a special attention to small scale orographic effects on the development of Meistrezheim radiosounding : at 1415UTC CAPE=1320 J/kg. MesoNH simulation (not shown) for 15UTC along the convergence line.

precipitations, and to the role of water vapor convergence as a precursor to the convective initiation. ]E)redltcted moderate CAPE over the Vosges Mountains (about 1000-1500 J/kg), and low CAPE over the Black The Meso NH predictions (not shown) give cape around 1500 J/kq at noon Visiiilef.ect;if@/o)
ores

over the Vosges mountains and seem to be associated with the

-> corrdlrlons marnly favourabla for preC|p|tat|ons oropagation of the front.
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: - = : . - MSG pictures show some shallow cumulus Figure8. Synoptic situation
Presentation of the campaign and the main instruments deployed : over the East part of the Vosges mountains. 12033}??;)%;;2;;2:{52na;
-The brightness temperature (and the lightings Pressure AMSL Analysis, (b) |

The overall objective of the COPS campaign is to improve the Quantitative Pecipitation Forecast skill
of Numerical Wether Prediction models over a region of moderate topography. In that aim, the COPS
campaign joigned together people from modelling and experimental communities for a 3 month
internationnal project.

The COPS domain streched over a complex terrain, included the Vosges Montains, The Rhine Valley,

The Black Forest and the Swabian Jura (ﬁgure 1). A lot of instruments were deployed during the Figflwrweetzl“g;noptlc situation around the COPS area at 1200UTC (a)GFS Fronts and Pressure AMSLAnaIy5|s (b) ECMWEF 700hPa
campaign, especially along a transept of 5 supersite. In this study we will focus on the data over the Geopotential and wind analysis , and (c) MSG visble reflectance picture.

Vosges and the West part of Rhine valley.

detected at high altitudes) indicates very deep  MSG visble reflectance picture.
convection over the Rhine valley at 16UTC
(T,< 215K at 10.8 um).

wescher Wecidions:
http:/fuww.wetter3.delfax

Radars Observations

§ 1400 UTC ll 1410 UTC 1420 UTC

-1st cell at 14 UTC, East of the Vosges and of the convective
systems associated with the cold front (fig. 9a).

-2"d cell at 1458 UTC nearly at the same location as the case 1
(fig 9b and 5a), over a hill.

- The 15t cell grow over the Rhine valley to a high altitude and is

igure 1. Radars observations on the lee side of the Vosges Mountains

Left : the COPS domain - 15t cell initiate along the Bruche Valley at 1640 UTC (fig. 5a. ,top) -> intensifying around 2 small hills on the lee
270x150 km) between France

nd Germany. The Nancy side of tha YOsges shown by the X band ra.dar. . . . associated with strong lighting activity (up to 15
ynoptic radiosounding station -2"d cell initiate on the south, on the lee side of the Vosges Mountains, over a hill at 1810 UTC (fig 5b) lightings/minute)
s situated on the West of the -> The X band radar shows the impact of small scale orography '
COPS area.
Right : Zoom on the COPS
omain showing the main . = 1640 UTC 1702 UTC = 1715 UTC 1810 UTC 1822 UTC

nstrumented locations. The five
. supersites are in orange.

Radars:

The observations of precipitating systems over the Vosges Mountains have been done with two radars.
The DLR Poldirad radar is a C band polarimetric radar, with a maximal range of 120 Km. It gives PPI
scans every 10 minutes, at a 2° elevation. The LaMP X band radar gives images every 30 secondes,

Figure 9. Poldirad (a, c) and X band (b) radar reflectlwty

Water vapour and wind - GPS tomography shows a moistening of the lee side

with a radial resolution of 60m. It was run at a constant elevation of 5°, till a range of 20 km. R e 1 T T : of the Vosges (fig. 10 a,b), before the front, especially
IM ] I for the 2"d cell (fig 10 d).

GPS tomography: . -For tha 15t cell, the GI?S tomography does not allow us

T Ea— ] * to explain why convection occurs on the lee and not on

- Network of GPS stations in the COPS domain i o i L l ’, ‘f the crest. (Note that another thunderstorm develops

- The propagation of GPS signal from the satellite to the | - Jednip S - @ (b) over the Black forest, at 1654 UTC — first lighting- where

O SwissTopo GPS Network

e [ | - | —— humidity is seen from 13 UTC, fig. 10b)

Figure 5. X band radar (top) and Poldirad radar (bottom) reflectivity pictures o 2186 At 2007t 13 e 4115
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station is delayed because of the atmosphere.

Filled Circles are NRT GPS stations

- VERA also show this moistening (not shown) and
moisture convergence (fig. 11. a,b,c) in the region were
convection occur but also on the crest.

o

- These STDs (Slant Total Delays) e A 1900
are calculated for each y =
sattelite — station ray (fig 3)
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- Potential temperature analysis show the cold front
from 13-14 UTC (fig 11d).

- Substraction of Hydrostatic delay
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stations data) gives Slant Integrated T e e

Water Vapour (SIWV) sattelitte-stations rays.  47%0. ...MML ! ! 4730

6 00 6 30 700 730 800 8 30 9 00 930

Figure 2. The GPS stations Network during the
COPS Campaign. Each station gives STD and also

-> As in case 1, moisture, convergence, and orography
seem to play an important role, with a stronger forcing
here due to the cold front.

No lee side moistening Front | ee side moistening

Figure 10. Water vapour field from GPS tomography.

- A tomography software (Reverdy et al, 2009) retrives

hourly the 3D water vapour field from an inversion resied Wiy Varseur (NA) ever Uhe i Figure 6. water vapour field at 500m AMSL (a,b,c,d) and at a constant lalitude of 48.57 °N (along the blue dashed line, c) obtained from GPS | I3 UTC
: ' tomograph _ . . Huoly B angte (K)
method (presently using only the standard atmosphere as srapny From 13UTC moisture accumulation on the lee N
H H 1 1 St ‘1‘;] [
a priori). VERA M|xmg o 15 urc side of the Vosges (fig 6. b) around the 1t cell - |

. VERA Mlxmg rat|o 17 UTC _
pos o location, near the ground an then up to 1.5km (6.e).
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- Analysis also show these damp areas (fig 7. a,b).

VERA (Vienna Enhanced Resolution Analysis) is a new state-of-the-art tool for objective data
anlysis. Station data which are irregularly distributed are checked for both gross and systematic errors.
Then they are interpolated to a regular grid in an intelligent way. The analyses are given each hour at
ground level with an 8 km resolution. The full VERA domain is quite large (1664 km x 1536 km), but

- 15UTC : moisture convergence over the Vosges
BUT no moisture accumulation (figb. e). Hence the
moisture is certainly advected est of the Vosges
(and is a part of humidity seen around 1000m with
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Figure 11. VERA wind and moisture flux divergence (a,b,c), and potential temperature (d)
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Conclusion and perspectives

here we show the analyses in a smaller area, from 47.5 to 49.0°N and from 6.0 to 9.6°E. GPS). ) _ _ _
- These 2 case studies show the importance of the knowledge of water vapour field for the understanding
- 17 UTC : Moisture and wind convergence in the of convective initiation and growth. In that aim, GPS tomography appears to give very interesting
References : vicinity of the small hill where the 1° cell grows. information, even if resolution is limited. The high resolution radar shows the impact of small scale
Kalthoff et al., 2009, The impact of convergence zones on the initiation of deep convection: A case study from COPS, Atmos. Res. . . orography ol ConVECt_Ive devaloppment. _ . _ _ .
Kottmeier et al., 2008, Mechanisms initiating deep convection over complex terrain during COPS, Met. Zeit. -> local convergence of moisture and wind at the - We also have to natice the importance of the wind field : in the case 1 (1% cell) the moisture is advected
Reverdy et al., 2009, Water vapour fields retrieval with tomography software, Ann. Meteorol. * af 4 ground + advection of moisture + orography + on the lee side because of strong enough wind over thes Vosges montains.
Van Baelen et al., 2010 On the relationship between water vapour field evolution and precipitation systems lifecycle, Q/IRMS, submitted 2 AARET MMM T Lo 0 50 100" 150 e s e . . . . . . .
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Wulfmeyer et al, 2008, RESEARCH CAMPAIGN : The Convective and Orographically Induced Precipitations Study, Bull. Amer. Meteor. Soc Figure 7. VERA wind field (arrow), mixing ration (a,b) and Moisture flux y P Especially for case two, further investigations (for example with the 3D wind data from doppler radars)

divergence(c,d) in the COPS region. The thin lines indicate orography.  convective initiation and growth. are needed to understand WHY convection began only on the lee side.




