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Questions are in English, answer in English or French

HINT: If you get stuck on a question, move on to the next one. Return to
the problematic question afterwards.
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1. (1 point) The frost point temperature for any substance is (greater than, less than, equal to)
the dew point temperature. Why? Provide a sketch to illustrate your points.

2. (1 point) Does your answer to Question 2 above apply to any substance that can exist as a
solid, liquid and vapor? Justify your answer, using what you qualitatively know about
enthalpy of phase change.

3. (1 point) The enthalpy of a water cloud is

dH=(mch+mV cpv+mlcl)dT+lednv

where the subscripts d, v, and | refer to dry air, water vapor and liquid water, respectively.
Which terms in the parentheses are usually neglected and why?

4. (1 point) During the isobaric cooling of saturated air, the temperature decrease of the air is
directly proportional to the amount of cooling (True, False)

5. (1 point) The saturated adiabatic lapse rate is (less than, greater than, equal to) the dry
adiabatic lapse rate. Say why.
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6. (2 points) You look at your local weather station and note that at the current temperature (0 degrees
Celcius) the relative humidity is 43%. The weather prediction says that the temperature is expected to
drop to -10.5 degrees Celcius overnight. Assuming that there is no loss in water vapor from the
airmass surrounding you, do you expect fog to form during this period? And if so, will it be a liquid or
an ice fog (assuming that equilibrium thermodynamics always govern). You can use the data from the
table provided on the last page to support your calculations.

7. (2 points) Observations of particle size distributions in the atmosphere are often described in terms of
“modes”, where the number distribution function peaks at certain sizes.

a) How many of these “modes” are typically found in the atmosphere? Name them if you can, as well
provide their characteristic size ranges.

b) Which of these modes and aerosol particle types are thought to contribute to the concentration of
cloud condensation nuclei (CCN) and which to the ice nuclei (IN)? What makes some particles a
good CCN and what a good INP?

8. (2 points) Explain the main components of the Kohler curve (you don’t need to use equations,
only sketch on a graph the phenomena that are acting), and why it has a peak at the critical
supersaturation. In your explanation, assume the CCN has a dry diameter d.
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Atmospheric Processes

Final exam - Large-scale dynamics of the mid-latitudes
23 Jan. 2023

SCIPER number / numéro SCIPER :

No document allowed except the provided formulary. Please use a pen, not a pencil. Explain
your answers.

Aucun document autorisé, excepté le formulaire fourni. Merci d’utiliser un stylo et non un
crayon. Expliquez vos réponses.

I. Geostrophic wind and thermal wind balance
For the following questions, draw a figure to support your explanation. You do not need to
write down any equations.

1. Explain what the geostrophic balance is. Draw a schematic of the forces at play to explain
why the air around a low pressure system spins in the counter-clockwise direction in the
Northern Hemisphere.



2. Explain why we have a westerly jet stream (i.e. a maximum of westerly wind speed just
below the tropopause) in the mid-latitudes.



I1. Extratropical cyclones

1. What is the main source of energy for extratropical cyclones ?

2. Why are extratropical cyclones more frequent and intense in winter than in summer ?

3. Explain the role of extratropical cyclones in the atmospheric energy cycle.



III. Weather analysis
Analysis of the lower troposphere

1. Based on Figure 1 and 2, identify the extratropical cyclone which dominates the weather
over Europe. Mark on Figure 1 the centre of the low pressure system with a ”L.” and
indicate the position of the fronts that you identify on Figure 1. Indicate the types
of fronts (remember that they are rotating counter-clockwise around the low pressure
centre).

2. Which stage of the Norwegian Cyclone Model (perturbation, mature or occluded) corre-
spond to this extratropical cyclone and why?

3. Where do you expect the strongest surface winds? Indicate it on Figure 1 and explain
why you chose this location.
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Figure 1: Mean sea level pressure (black contours, labels in hectopascal), and 500 hPa to 1000
hPa thickness (colour filled) on 14 January 2023 at 12 UTC. The 500 hPa to 1000 hPa thickness
is directly proportional to the average virtual temperature between these two levels. Source:
IF'S analysis



Figure 2: Satellite image over Europe on 14 January 2023 at 12 UTC. Be aware that the
latitude lines are straight, as opposed to Figure 1. Source: Eumetsat Airmass RGB product

Analysis of the upper troposphere

1. Looking at the portion of the jet stream on Figure 3, draw on the map the direction of
the air flow (with arrows/streamlines).

2. Mark the position of the jet streak (with a ”J”) and the axis of the trough (with a dashed
line) that are directly to the west of Europe.

3. Where is the low pressure system you identified on Figure 1 located with respect to the
axis of the trough (i.e. ahead or behind)? Where is it located with respect to the jet
streak (right or left entrance/exit)? Are these locations favourable for the formation or
intensification of a low pressure system (i.e. cyclogenetic)? Why is it so?
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Figure 3: Geopotential height (black contours, labels in decametre) and wind speed (colour
filled) at 300 hPa on 14 January 2023 at 12 UTC. Source: IFS analysis.

Time series during the frontal passage

1. Look at the evolution of wind, pressure, and temperature on Figure 4 at the Chasseral
(mountain peak in the Jura, 1606 m above sea level). Indicate on the figure the period
where the cold front you analysed on Figure 1 passes over Switzerland.

2. Explain why one could expect the rapid change in temperature, wind direction and pres-
sure during the frontal passage on Figure 4. Base your explanation on the pressure and
temperature fields of Figure 1. Assume that the cold front moves from west to east and
reaches Switzerland in the same configuration as shown on Figure 1. Finally, assume that
the mean sea level pressure field is representative of the altitude of the Chasseral.
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Figure 4: Time series of (top panel) wind direction (arrows) and gusts (blue line), and (bottom
panel) air temperature (blue line) and mean sea level pressure (black line) from 14 January
2023 at 12 UTC to 15 January 17 UTC on the Chasseral (1606 m above sea level
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I. Microphysics

1. What is the main mechanism contributing to the growth of raindrops?

2. What are the main mechanisms contributing to the decrease of raindrops?

3. What is the raindrop size distribution (DSD)?

4. Explain the Wegener-Bergeron-Findeisen process



II. Numerical modeling

1. Explain the difference between a Eulerian and a Lagrangian grid (or mesh).

2. For a given numerical model, why is its effective resolution coarser than its grid increment?

3. What is the added value of ensemble predictions compared to deterministic predictions?



III. Mountain meteorology

1. Draw (schematically) the wind circulation in a mountain valley during (a) day and (b)
night.

2. Let’s consider the wind speed, temperature and relative humidity at Interlaken and
Jungfraujoch in the Berner Oberland (see map and cross section below).
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(a) Estimate (roughly) the temperature difference between Interlaken (~ 560 m alt) and

JEJ (~ 3560 m alt) from 03:00 to 05:00, and comment this value with respect to dry
and moist adiabatic lapse rates.

(b) What is the phenomenon occurring during this period (and more generally until
09:00)?



IV. Radar and microphysics

1. We consider, below, the time series of vertical profiles of reflectivity and vertical velocity

collected by an X-band (10 GHz) radar.
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velocity across almost the entire event.

2. Identify a region (time + altitude) in which a seeder-feeder mechanism is likely.
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3. We now focus on the time step at 16:45 UTC (dashed line in the plots above). The
vertical profiles of reflectivity and of mean velocity have been extracted.

Profiles extracted at 16:45 UTC
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(a) Identify the freezing level altitude.

(b) Which microphysical processes could explain the measured profiles of reflectivity and
vertical velocity between 2.5 and 5 km of altitude?



4. Adding the measurements from a colocated radar working at W-band (arounfd 95 GHz),
we obtain the profiles below.

Profiles extracted at 16:45 UTC
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Are different scattering regimes occurring?



