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3. (8 points) (a) Turbulence can be created (produced) by two processes. What are they?

(b) Turbulence can be destroyed by two processes. What are they?

(c) Which of the turbulence creation (production) processes are most important during
the summer fair-weather daytime boundary layer over land?

(c) Which of the turbulence creation (production) processes are most important during
the summer fair-weather nocturnal boundary layer over land?









(a) Statically unstable: (b) Statically stable:
00/9z < 0. 00/dz > 0.
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Figure 18.28

Typical environmental
potential  temperature
(6) profile in the ABL
over a forest during
daytime. During free
convection, buoyancy
drives many air parcels
to move “nonlocally”
across relatively large
vertical distances, as
illustrated with the dot-
ted lines.



e Winter time BL

e Compare soundings and diurnal cycle SLC now vs Sep.
 \What would happen with a snow covered valley?
e What happens if BL becomes cloud-capped?

e \What does it take to ventilate the CAP?

e Surface layer wind profiles

e How to determine z0? What if SL is not neutral?

e How do variations in stability (and L) affect the profile?
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Summer: (a) Day (b) Night
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Pressure (mb)

GFS initialized 1200 UTC Fri 11 Nov 2022
St. George, UT Time-Height Section

48-hr forecast period
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GFS initialized 1200 UTC Fri 11 Nov 2022
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Pressure (mb)

GFS initialized 1200 UTC Fri 11 Nov 2022 48-hr forecast period

200 Flagstaff, AZ Time-Height Section through 1200 UTC Sun 13 Nov 2022
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Pressure (mb)

GFS initialized 1200 UTC Fri 11 Nov 2022
me-Height Section
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GFS initialized 1200 UTC Fri 11 Nov 2022

Missoula, MT Time-Height Section

48-hr forecast period

through 1200 UTC Sun 13 Nov 2022
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9. (8 points) Explain the significance of the values of the:

(a) convective velocity scale, w,.

(b) Obukhov length, L.

(c) friction velocity, u,.

(d) roughness length, z



What parameter is different for each profile?
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What parameter is different for each profile?
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What parameter is different for each profile?
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What parameter is different for each profile?
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6. (4 points) (a) In the surface layer, how does the vertical gradient of wind speed change
as the stability increases?

(b) In the stable surface layer, how does the ratio of the buoyancy consumption of
TKE to the mechanical production of TKE change as the stability (as measured by

the Richardson number) increases?
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e Although not resolved by meteorological observing networks, turbulent eddies
on the ABL are very important and their effects cannot be neglected.

e Due to their effects, geostrophic balance is not a good approximation to the
large-scale wind field in the PBL. This diagram shows schematic surface
isobars and wind vectors.

e The ABL is also the source of air that rises into convective clouds, and is
affected by downdrafts and precipitation from such clouds.



7. (6 points) Draw arrows to schematically represent the horizontal wind vectors for the
given horizontal pressure field and flow regimes in the northern hemisphere.
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13. (6 points)

The plots below show how the boundary layer height (h), vertically averaged potential
temperature (6), sensible heat flux at the top of the boundary layer due to entrainment
(Fy, = (w'6);,), and surface sensible heat flux (Fy, = (w'@),) evolve in a cloud-free well-
mixed boundary layer over an ocean surface with a fixed potential temperature of
0, = 290 K and a steady surface wind speed, V. This boundary layer undergoes no
entrainment; this could occur when the boundary layer is capped by a very stable
interface (a much warmer layer above).

(a) What is the bulk aerodynamic formula for calculating the surface sensible heat
flux?

(b) Why does # reach an equilibrium of 290 K?

(c) Why does F; decrease to zero?
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