
Q - vector in the horizontal plane

Definition of Q1 and Q2

Q1@x_, y_, Q_, Y_D := ¶x,y Y@x, yD ¶x Q@x, yD - ¶x,x Y@x, yD ¶y Q@x, yD;

Q2@x_, y_, Q_, Y_D := ¶y,y Y@x, yD ¶x Q@x, yD - ¶x,y Y@x, yD ¶y Q@x, yD;

The geostrophic velocity is here described

byits streamfunction Y. The temperature is noted as Θ.

It is known that Θ = ¶z Y

up to some scaling factors depending on the choices of

variables and vertical coordinates. However, we treat Y and Θ as

two independant functions in the horizontal HisobaricL plane.

The scales are here arbitrary.

Plot module
First graph
Temperature : cold (blue) to warm (red)
Geostrophic streamfunction or geopotential : black lines : positive values (solid), negative values (dashed)

Q - vector : vectors
Second graph

Geostrophic streamfunction and divergence of the Q - vector:  positive values (blue), negative values (purple)

Convergence of Q is associated with ascending motion while divergence of Q is associated with convergence.

Attention: it is necessary to known the 3D distribution of Q and to solve the Poisson equation -2 !. Q.
The scales on the axis of the graphs are arbitrary. The mean flow, when it is relevant, is always oriented left
to right.

CoolColor@ z_ D := RGBColor@1 - z, z, 1D;

Qdisp@Θ_, Y_, segx_, segy_D := ModuleA8g1, g2, g3<,

g1 = VectorPlot@Evaluate@8Q1@x, y, Θ, YD, Q2@x, y, Θ, YD<D, Evaluate@segxD,

Evaluate@segyD, AspectRatio ® 0.5, VectorStyle ® GrayLevel@0.4DD;

g2 = ContourPlotAΘ@x, yD, Evaluate@segxD, Evaluate@segyD,

ContourStyle ® None, Contours ® 50,

ColorFunction ® IRGBColorAMinA2 ð12, 1E, 4 ð1 H1 - ð1L, MinA2 H1 - ð1L2, 1EE &M,

AspectRatio ® 0.5E;

g4 = ContourPlot@UnitStep@Y@x, yDD Y@x, yD, Evaluate@segxD,

Evaluate@segyD, ContourShading ® None,

ContourStyle ® Black, Contours ® 5, AspectRatio ® 0.5D;

g5 = ContourPlot@H1 - UnitStep@Y@x, yDDL Y@x, yD, Evaluate@segxD,

Evaluate@segyD, ContourShading ® None,

ContourStyle ® 88Black, Dashed<<, Contours ® 5, AspectRatio ® 0.5D;

g3 = ContourPlotAEvaluateA¶x Q1@x, y, Θ, YD + ¶y Q2@x, y, Θ, YDE, Evaluate@segxD,

Evaluate@segyD, AspectRatio ® 0.5, ColorFunction ® CoolColorE;

GraphicsColumn@8Show@g2, g4, g5, g1D, Show@g3, g4, g5D<DE



Case of the surface wave

Θa = Function@8x, y<, -yD;

Ya = FunctionB8x, y<,
Cos@xD Cos@yD

Cosh@1.5 yD
F;

segxa = 8x, -Π, 2 Π<; segya = 8y, -Π � 2, Π � 2<;

Qdisp@Θa, Ya, segxa, segyaD
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Case of confluence

Θb = Function@8x, y<, -yD;

Yb = Function@8x, y<, -x Tanh@1.5 yD - yD;

segxb = 8x, 0, 3 Π<; segyb = 8y, -Π � 2, Π � 2<;

Qdisp@Θb, Yb, segxb, segybD
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Case of jet streak

Θc = Function@8x, y<, -yD;

Yc = FunctionB8x, y<,
Hx Tanh@xD - 2 ΠL

Cosh@yD
Tanh@1.5 yD - 2 yF;

segxc = 8x, -1.5 Π, 1.5 Π<; segyc = 8y, -Π � 2, Π � 2<;

Qdisp@Θc, Yc, segxc, segycD
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Case of jet separation                                                           

Θd = Function@8x, y<, -yD;

Yd = FunctionB8x, y<, -x Tanh@xD
Tanh@1.5 yD

Cosh@yD
- 2 yF;

segxd = 8x, -1.5 Π, 1.5 Π<; segyd = 8y, -Π � 2, Π � 2<;

Qdisp@Θd, Yd, segxd, segydD
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Warm advection                                                           

Θe = Function@8x, y<, -y - 0.5 xD;

Ye = Function@8x, y<, -Tanh@1.5 yD - 2 yD;

segxe = 8x, -1.5 Π, 1.5 Π<; segye = 8y, -Π � 2, Π � 2<;

Qdisp@Θe, Ye, segxe, segyeD
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Cold advection                                                           

Θf = Function@8x, y<, -y + 0.5 xD;

Yf = Function@8x, y<, -Tanh@1.5 yD - 2 yD;

segxf = 8x, -1.5 Π, 1.5 Π<; segyf = 8y, -Π � 2, Π � 2<;

Qdisp@Θf, Yf, segxf, segyfD
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Waves of temperature and geopotential
No variation in latitude is assumed.

Notice that the Q
Ó

vector does not depend of the

phase of temperature with respect to the geopotential.

Geopotential in phase with temperature                                                    

Θg = Function@8x, y<, -2 y + Cos@xDD;

Yg = Function@8x, y<, - y + Cos@xDD;

segxg = 8x, -1.5 Π, 1.5 Π<; segyg = 8y, -Π � 2, Π � 2<;

Qdisp@Θg, Yg, segxg, segygD
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Geopotential in quadrature with temperature                                                           

Θh = Function@8x, y<, -0.5 y + Sin@xDD;

Yh = Function@8x, y<, - y + Cos@xDD;

segxh = 8x, -1.5 Π, 1.5 Π<; segyh = 8y, -Π � 2, Π � 2<;
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Qdisp@Θh, Yh, segxh, segyhD
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Geopotential in opposition with temperature                                                        

Θi = Function@8x, y<, -2 y - Cos@xDD;

Yi = Function@8x, y<, - y + Cos@xDD;

segxi = 8x, -1.5 Π, 1.5 Π<; segyi = 8y, -Π � 2, Π � 2<;

Qdisp@Θi, Yi, segxi, segyiD
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Sandbox

Θz = Function@8x, y<, -yD;

Yz = FunctionB8x, y<, -y - y2 +
Cos@x - 2 yD Cos@yD

Cosh@1.5 yD
F;

segxz = 8x, -Π, 2 Π<; segyz = 8y, -Π � 2, Π � 2<;

Qdisp@Θz, Yz, segxz, segyzD
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