
EAS372 Open book Mid-term Exam 1Mar., 2012

Professor: J.D. Wilson Time available: 80 mins Value: 20%

A. Interpretation of weather charts (6%)

In Edmonton late on 24 February 2012 a prolonged period of snow commenced (roughly at 7
pm MST, i.e. 02Z Feb. 25th), with an accumulation exceeding 30 cm after months without
significant snowfall. Figs. (1-7) provide a snapshot of the weather situation at 12Z on Saturday
Februrary 25th, and Fig. (8) shows the 700 hPa pattern 12 hours later. Responding with (at
most) one tidy, legible, organized page, identify significant meteorological factors associated with
(or explaining) the storm. (You may use point or essay format).

B. “Live” web weather data (2 x 3 → 6%)

1. According to this morning’s (12Z) Stony Plain (wse) sounding, what was the height (AGL)
of the 500 hPa surface over Edmonton and what was the 1000-500 hPa thickness? Write
down a recent METAR for CYEG (Edmonton International Airport). State surface wind
speed and direction, and the nature and base height of any reported cloud.

2. Based on the GEMGlobal prog initialized 00Z Thurs 1 March, give a broad-brush summary
of the anticipated meteorological “events” over central Alberta during the interval 12Z
Sunday 4 March to 12Z Tuesday 6 March. You need not make specific predictions (e.g.
of temperature or precipitation), but rather, focus on the gross trends. (One page, max –

brevity is good – use point format)

C. Calculations (8 x 1 → 8 %)

1. Compute the quantity

Q =

3
∑

i=1

a′i b
′

i

where the prime indicates the deviation from average, and ai = (1, 3,−1), bi = (−1, 0, 1) .

2. Evaluate ∇× ~a, where ~a = î x2y − ĵ ey
2

+ k̂ ln z

3. A standardized Gaussian random variate x has probability density function

f(x) =
1√
2π

exp

(

−x2

2

)

,

that is, with probability f(x1)dx a random sample lies in the range x1 − dx/2 ≤ x ≤
x1 + dx/2. Give an approximate value for the probability that single, randomly chosen
sample value for x lies in the range −0.005 ≤ x ≤ 0.005.

4. Referring to Fig. (1), compute the Geostrophic 500 hPa windspeed at The Pas, Manitoba
(YQD, the station in west-central Manitoba near the Saskatchwan border; latitude 53.96oN
implying f = 1.18× 10−4 s−1) and compare with the reported speed.
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5. Referring to Fig. (3), calculate an approximate value for the rate of temperature advection
AT at Glasgow, Montana (GGW, the northern-most station in the U.S. just south of
Saskatchewan). Give your answer in K hr−1, and state whether your result corresponds to
warming or cooling.

6. From the sounding data of Fig. (9), compute the air density ρ at ground level (p = 915.0
hPa, z = 766 m ASL). Based on the listed value for the potential temperature at ground
level (“THTA=268.6 K”) deduce what reference pressure p0 must have been used to define
THTA.

7. On the hodograph blank (Fig. 10) plot the sounding data of Fig. (9) at the mandatory
levels up to 500 hPa. Add a vector designating the thermal wind between the 850 hPa
and 700 hPa levels, and comment on the implied location of colder air.

8. Use the hypsometric equation (given as data) to compute the (p−1)-weighted mean tem-
perature of the 850 – 700 hPa layer for the sounding of Fig. (9)

Equations and Data.

• one full barb on the wind vector corresponds to 5 m s−1, and 1 degree of latitude corre-
sponds to a distance of 111 km

• p = ρ R T , the ideal gas law. p [Pascals], pressure; ρ, [kg m−3] the density; T [Kelvin],
the temperature; and R = 287 [J kg−1 K−1], the specific gas constant for air.

• θ = T
(

p0
p

)R/cp
, the potential temperature θ [K] of air whose actual pressure and tem-

perature are (p, T ), ie. the temperature that air would have if compressed adiabatically
to pressure p0. The exponent involves the gas constant for air (R = 287 J kg−1 K−1) and
the specific heat of air at constant pressure (cp ≈ 1000 J kg−1 K−1). Temperatures must
be expressed in the Kelvin unit.

• AT ≡
(

∂T
∂t

)

adv
= − V ∂T

∂s

Advective contribution to the rate of change of temperature, expressed in natural coordi-
nates. The unit vector ŝ for the s axis points downstream and parallel to the flow contours
(eg. height contours), and V is the wind speed.

• V = g
f

∆h
∆n

The Geostrophic wind equation. ∆h [m], the change in height of a constant pressure
surface over distance ∆n [m] normal to the height contours; f = 2Ω sin φ [s−1] the
Coriolis parameter (where Ω ≈ 2π/(24 × 3600) s−1 is the angular velocity of the earth,
and φ is latitude); g acceleration due to gravity.

• z2 − z1 =
R
g
T ln p1

p2

The hypsometric equation (where z2 > z1). The left hand side is the (z2 to z1 hPa)
thickness, and T is the weighted mean temperature [K] of the layer (weighting factor is
p−1).
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Figure 1: MSC 500 hPa analysis, 12Z 25 Feb., 2012.

Figure 2: MSC 700 hPa analysis, 12Z 25 Feb., 2012 (see Fig. 8 for the 700 hPa chart 12 hrs
later, at 00Z 26 Feb).
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Figure 3: MSC 850 hPa analysis, 12Z 25 Feb., 2012.

Figure 4: MSC surface analysis, 12Z 25 Feb., 2012.
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Figure 5: GEM 0h prog vertical velocity at 700 hPa, 12Z 25 Feb., 2012.

Figure 6: GEM 0h prog precipitable water, valid 12Z 25 Feb., 2012.
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Figure 7: Stony Plain (wse) sounding, 12Z 25 Feb., 2012.

Figure 8: MSC 700 hPa analysis, 00Z 26 Feb., 2012.
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Figure 9: Stony Plain (wse) sounding data, 12Z 25 Feb., 2012.
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Figure 10: Blank hodograph (courtesy of Prof. R. Stull, 2007).
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