Q - vector in the horizontal plane

Definition of Q1 and Q2

Ox,yB[X, Y] 0xO[X, Y] -0x xT[X, Y] OyO[X, Y],

QA[x_,y ,©e,T]:
T_]:= 08y yT[X, Y] OxO[X, Y] -0« yT[X, Y] 8yO[X, YI;

@ [X_1 y_l 9_1

The geostrophi cvelocityis heredescribed
byi ts streanfunction®. Thetenperatureis notedaso.
Itisknowmmthat 6 =0,
uptosonescalingfactors dependi ngonthechoi ces of
vari abl es and verti cal coordi nates. However, wetreat Tando as
two i ndependant functionsinthehorizontal (isobaric) plane.
The scal esareherearbitrary.

Plot module

First graph
Temperature : cold (blue) to warm (red)

Geostrophic streamfunction or geopotentia : 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 ascendi ng 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 V.0Q.

The scales on the axis of the graphs are arbitrary. The mean flow, when it is relevant, is always oriented left

toright.

Cool Color[z_]1 :=R&Color[1-2z, z, 1];
Qi sp[6_, T, segx_, segy_] : = Modul e[{gl, g2, 93},
gl = Vector Pl ot [Eval uate[{QL[Xx, V¥, &, ], @Q[X, Yy, 6, €]}], Eval uate[segx],
Eval uat e[segy], AspectRatio - 0.5, VectorStyle » GayLevel [0.4]1];
g2 = Cont our Pl ot [e[x, y1, Eval uate[segx], Eval uate[segy],
Cont our Styl e » None, Contours - 50,
Col or Function » (RGBCol or [M n[2#1%, 1], 481 (1-#1), Mn[2 (1-#1)2, 1]] &),
Aspect Ratio - 0.5];
g4 = ContourPl ot [UnitStep[&[X, Y]] &[X, Y], Eval uat e[segx],
Eval uat e[segy], Contour Shadi ng - None,
Cont our Styl e » Bl ack, Contours -» 5, AspectRatio - 0.5];
g5 =ContourPlot [(1-UnitStep[Z[Xx, Y]]) 2[x, y], Eval uate[segx],
Eval uat e[segy], Contour Shadi ng -» None,
Cont our Styl e » {{Bl ack, Dashed}}, Contours -» 5, AspectRatio -» 0.57;
g3 = Contour Pl ot [Eval uate[oxQL[x, y, 6, 2] +38y Q[x, y, 6, €]], Eval uate[segx],
Eval uat e[segy], AspectRati o - 0.5, Col or Functi on -» Cool Col or];
G aphi csCol um[ {Show[g2, g4, g5, gl1], Show[g3, g4, g5]}]]
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Case of the surface wave

za = Funct i on[{X. v},

ea = Function[{x, ¥y}, -VyI;

Cos [x] Cos [y] ]
Cosh[1.5y] *

segxa = {X, -m 2n};, segya={y, -n/2, n/2};
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Qdi sp[ea, Ta, segxa, segyal
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Case of confluence

eb = Function[{x, ¥y}, -VyI;
b = Function[{x, y}, -xTanh[1.5Yy] - y];
segxb = {x, 0, 3x}; segyb = {y, -x/2, x/2};

Qdi sp[eb, @b, segxb, segyb]
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Case of jet streak

ec = Function[{x, ¥y}, -VyI;
(x Tanh[x] -2 x)

Cosh[y]
segxc = {X, -1.5x, 1.5x}; segyc = {y, -n/2, n/2},

@c = Functi on[{x, vy}, Tanh[1.5y] - 2y];

Qdi sp[ec, &c, segxc, segyc]
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Case of jet separation

ed = Function[{x, Yy}, -VyI;

] Tanh[1.5Yy]
@d = Functi on[{x, y}, -x Tanh[x] T - 2y];
Coshly]

segxd = {X, -1.5x, 1.5x}; segyd = {y, -n/2, n/2};

Qdi sp[ed, &d, segxd, segyd]
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Warm advection

ee = Function[{x, y}, -y -0.5x];
ge = Function[{x, y}, -Tanh[1.5y] - 2y];
segxe = {X, -1.5x, 1.5nx}; segye={y, -n/2, n/2},

Qdi sp[ee, Te, segxe, segyel]
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Cold advection

ef = Function[{x, y}, -y +0.5x];
of = Function[{x, Yy}, -Tanh[1.5y] - 2Vy]1;
segxf = {x, -1.5x, 1.5mx}; segyf = {y, -n/2, n/2};

Qdi spef, of, segxf, segyf]
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Waves of temperature and geopotential

Novariationinlatitudeisassuned.
Noti cethat t he Qvect or does not depend of t he
phase of tenmperaturew threspect tothegeopotenti al.

Geopotential in phase with temperature

eg = Function[{x, y}, -2y +Cos[x]];
@g = Function[{x, y}, - y+ Cos[x]];
segxg = {X, -1.5mx, 1.5nx}; segyg = {y, -n/2, n/2},

Qi sp[eg, ®g, segxg, segyg]

Geopotential in quadrature with temperature

eh = Function[{x, Yy}, -0.5y +Sin[x]];
gh = Function[{X, ¥y}, -y + Cos[X]];
segxh = {x, -1.5x, 1.5n}; segyh ={y, -n/2, n/2};
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Qdi sp[eh, zh, segxh, segyh]

Geopotential in opposition with temperature

6i = Function[{x, Yy}, -2y -Cos[x]];
@i = Function[{X, Yy}, - y+ Cos[x]];
segxi = {X, -1.5x, 1.5nx}; segyi ={y, -n/2, n/2};

Qdi sp[ei, @i, segxi, segyi]
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Sandbox

6z = Function[{Xx, Yy}, -VYI;

Cos[x-2y] Cos[y]
Cosh[1.5y] J

segxz = {X, -m, 2n}; segyz = {y, -n/2, n/2},;

@z = Functi on[{X, Yy}, -y - y?+

Qdi sp[ez, ©z, segxz, segyz]




