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Figure 2.10. Idealized situation illustrating plan view of isentropes (dashed lines), geostrophic
winds (solid black arrows), and coordinate axes. Red arrows represent Q vectors, and red dots
indicate a zero-magnitude Q vector. At right. the component Q-vector terms are shown, with
zero terms denoted by red slash.
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Figure 2 Diagrams showing two-dimensional frontogenetic (a) and frontolytic (b) situations. In (a) the
large-scale geostrophic fields are tending to intensify the temperature gradient so that Q 15 in the direction
from cold to warm air. The corresponding cross-frontal circulation is direct with the warm air rising and
low-level ageostrophic flow towards the warm side. In (b) the large scale geostrophic fields are tending to
weaken the temperature gradient, Q is reversed and so is the direction of the cross-frontal circulation.

B. J. HOSKINS and M. A. PEDDER (1980)

These ciceuletions orise as 4he
Mmos?kere_ iries fo compensote

Vioo ﬁaecs'c\'o (Nc_ MOFiOn .



Figure 3. Analysis of surface chart for 0000GMT on 10 November 1975. Isobars are drawn every 4mb and
1saliobars every 2mb(3h) - .
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Figure 5. Qand Fg = (2g/6,) ¥.Q at 700mb for 0000GMT §n 10 November 1975. The length scale for Q

i3 such that the indicated latitudinal distance between gnid rows corresponds to approximately | < 10-*

Km~'s~". Isopleths of Fg are every | x 10~ 'm~'g-? with the zero isopieth being shown as conunuous
lines. The surface frontal analysis is indicated.



Figure 6.13. Diagnosis of North Pacific front with GFS analysis valid 1200 UTC 14 Nov 2008: (a) 10-m wind barbs, 1000-m#&
isentropes (red, interval is 2 K): (b) 10-m wind barbs, sea level pressure, 1000-mb horizontal frontogenesis (shade intervalis
5x10 "Ks % (c)asin (b) but 850-mb Q_ (black arrows) replaces 10-m wind: and (d) as in (a), but with 850-mb omega (contossr

interval is 210 “Pas . dashed for ascent, solid for descent and shaded as in legend) and 850-mb Q replacing 10-m wind.
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Figure 2. Q vectors (solid grey arrows) for an idealized trough/ridge pattern. Isotherms are
depicted 1n black dashed lines. with cold air to the north, and streamlines depicting the
geostrophic flow are depicted in solid green lines.



Example 2: Idealized Trough/Ridge Pattern With No Temperature Advection
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Figure 4. Q) vectors (solid gre v arrows) for an idealized trough/ridge pattern Isotherms are
depicted in grey dashed limes, with cold air to the north and streamlines depicting the
geostrophic flow are depicted in solid black lines.



Example 3: Confluent Flow in the Entrance Region of a Jet Streak
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Figure 5. Onentation of Q vectors (solid grey arrows) for confluent flow (inferred from the
green streamlines obtained from the geostrophic flow) associated with a westerly jet streak
Isotherms are depicted by the dashed black lines with cold air to the north
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Figure 6.9. Idealized schematics of isentrope evolution in a deformation flow. Black lines are streamlines, and red dashed limes
are isentropes: (a) initial time, isentropes oriented perpendicular to axis of dilatation; (b) as in (a), but at a later time. (¢).(d) As s

(a),(b), but with isentropes oriented parallel to the axis of dilatation.
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8.3, Idealized horizontal plot of near-surface wind vectors (black arrows), isotherms (red dashed contours), and frontal

B e (a) initial time, and (b) the same front-relative view at a later time (~24 h later). The rotated front-relative coordinate
shown.
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Figure 6.11. Schematic representation of confluent frontogenesis with Q vectors. Dashed lines represent isentropes, red arrows
represent horizontal wind vectors, and thick arrows and dots represent Q vectors for (a) initial time and (b) later time. Dotted fme

3

A-B in (b) denotes location of cross section shown in Fig. 6.1
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Figure 6.15. Idealized comparison of (a),(b) quasigeostrophic frontogenesis with (c),(d)
semigeostraphic frontogenesis. Green arrows show primary geostrophic flow, red arrows
represent ageostrophic frontal circulation, and dashed black lines are isentropes. Adapted

from Bluestein (1986).
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Fig. 9.5 Role of the ageostrophic circulation in two-dimensional frontogenesis: (a) The
large-scale flow showing temperature gradient between warm (W) and cold ( C) =
in thermal wind balance with the along-front component of the geostrophic
into the section (circle with cross) and out of the section (circle with dot). Geost: pr
cross-front flow (shown by arrows) is tending to increase the temperature g
(b) The ageostrophic circulation given by quasi-geostrophic theory. (c) The
strophic flow given by semigeostrophic theory showing distortion as the absolus
vorticity becomes large on the warm side near the surface. (d) The distribution @
surface temperature across the front. (Adapted from Hoskins, 1982.) 3
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