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Background 

In response to emergencies such as the release of radioactivity into the atmosphere, decisions on coun-

termeasures rely to a large degree on atmospheric dispersion simulations driven by the results of nu-

merical weather prediction (NWP) models. Recent advancements in NWP models include kilometer-

scale grids able to resolve winds and precipitation at increasingly local scale, with direct implications for 

dispersion simulations. A crucial step taken by many weather services in recent years has been the in-

troduction of ensemble forecast systems, in which the traditional deterministic ”single-best estimate” 

run is complemented by an ensemble of slightly perturbed runs. The resulting forecast range serves to 

estimate the meteorological uncertainty. 

The challenge of concisely visualizing the results of ensemble forecasts is exacerbated in the field of 

emergency response, where products conveying all information required for quick decisions on counter-

measures must be easily understood even by nonexperts. Other meteorological offices are facing this 

very same challenge (e.g. Leadbetter et al. 2020; Sørensen et al. 2020), but a generally accepted solu-

tion has yet to be found. 

Ensemble Modeling Setup 

MeteoSwiss operationally employs two ensemble forecast systems based on the limited-area NWP 

model COSMO (Baldauf et al., 2011): COSMO-1E and COSMO-2E, each driven by a subset of the global 

50-member ECMWF IFS-ENS system (Leutbecher et al., 2017). The new ensemble dispersion system is 

driven by COSMO-2E, which has 2.2 km horizontal grid spacing and is run every 6 h with 120 h lead time 

and 21 members, each of which drives a dispersion simulation performed with the Lagrangian particle 

dispersion model FLEXPART (Pisso et al., 2019). 

While computationally expensive, this direct approach to leveraging the meteorological uncertainty in-

formation is worth the cost because it can represent nonlinear meteorological effects. The system has 

been running preoperationally for some time and will complement the current deterministic forecasts 

driven by the control runs of both meteorological ensembles. 

Cloud Arrival Time 

Figure 1 shows the time until a cloud or contaminated air is first expected to arrive at a given location, 

measured from the start of the release. The cloud is defined based on the full 21-member ensemble mi-

nus the most extreme member at each point, corresponding to a 5% probability. From the release site in 

Beznau, the cloud quickly moves westward, reaching Basel within 3 h and then traversing the border in-

to France, where it continues on a more northwestward path to reach the Atlantic coast within 18 h. It 

takes longer for the cloud to reach areas east of Beznau, although by the end of the forecast after 45 h it 

extends all the way into Poland and eastern Austria. The Valais and Ticino region of Switzerland, most of 

Italy and all but the northeastern part of France (which notably includes Paris) are spared. By providing 

a conservative estimate of the first cloud arrival time in different regions, this product can guide aspects 

of emergency response like shelter orders or activities relying on uncontaminated air. 
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Figure 2: Comparison of (a) deterministic affected area, defined as nonzero air activity concentration in the lowermost 500 m AGL and/or nonzero surface deposi-

tion, based on the first 45 h of the control run of the same COSMO-2E forecast as in Figure 1; and (b) probability of affected area based on all 21 ensemble members.  

Figure 1: Cloud arrival time in hours after the start of the 45 h dispersion ensemble simulation and of 

the 6 h release on 1 June 2021 at 1500 UTC, based on a 21-member COSMO-2E ensemble forecast start-

ed at the same time. A norm substance is released from the nuclear power plant at Beznau during the 

first 6 h of the simulation. The cloud is defined at each point as nonzero air activity concentration in the 

lowermost 500 m AGL in at least one ensemble member, corresponding to a minimum probability of 5%. 

Figure 3: Percentiles (5th, 50th, 75th and 95th) of total surface deposition during the first 45 h of the same 21-member COSMO-2E forecast as in Figure 1.  

Conclusions 

The selection of graphics on this poster highlights a basic conflict in the visualization of ensemble dis-

persion results for emergency response: having to relay as much of the complex information as possible 

while still being simple and intuitive enough to be absorbed quickly in a stressful situation. There is no 

single product than conveys all aspects of a forecast, but different products complement each other. 

Different levels of complexity are appropriate for different target audiences. While relatively complex 

products like that in Figure 3 allow scientific experts to quickly gain an overview over the range of possi-

ble scenarios, simpler products like those in Figures 1 and 2 (right) — or even Figure 2 (left), but based 

on the full ensemble — are more appropriate for nonexperts. 

The selection presented here is by no means the final answer to this problem but rather a first step to-

ward it, enabling us to put routine dispersion ensemble forecasts into operations. We expect the visuali-

zations to be developed further as both sides — us meteorologists and our customers, the emergency 

response managers — gain experience with the interpretation of these ensemble products. 

Affected Area Probability 

Figure 2 compares the existing deterministic affected area product with the new ensemble probability 

of affected area. It illustrates how ensemble information can be a double-edged sword. On the one 

hand, the ensemble product is more complex and requires more capacity for interpretation — a scarce 

resource in an emergency situation. On the other hand, this very complexity adds valuable information. 

The potentially affected area in the ensemble product is extended into regions that are spared by the 

control run but affected by other ensemble members, for example in eastern Bavaria. This also serves to 

identify the unaffected area with much more certainty. Furthermore, a core area that is affected with 

very high certainty is distinguished from a border area where the forecast is less certain. This region can 

be large in places, for example in northeastern France. Notably, most of Switzerland is in this border re-

gion, so a single deterministic forecast might well have missed it, giving a false sense of security. 
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Deposition Percentiles 

Figure 3 shows four percentile maps of total surface deposition: The 5th percentile is close to the mini-

mum expected extent; the 50th, or median, is the intermediate scenario; the 75th is a less likely scenar-

io with more extended contamination; and the 95th has a chance of merely 5% to be exceeded and is 

therefore close to the maximum expected extent. This product provides an expert with an overview 

over the range of forecast scenarios. Each map is drawn in a single color in order to steer the primary fo-

cus to the total contaminated area, distinguishing areas that have a certain risk of being affected from 

those that will likely be spared. The absolute deposition amounts are drawn as brightness levels in order 

to indicate the expected degree of contamination. A motivation behind this distinction is that in the 

very early phase of an emergency situation, when the release has not actually started yet, the absolute 

amounts that are about to be released are often little known. 
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