








“VORTICITY THINKING”

w = ▽X v = (x, h, z)

▽X (Dv/Dt = PGF + B k) 

Dw/Dt = w •▽v + ▽X B k 
CONVERGENCE/
DIVERGENCE/
TILTING

BUOYANCY
GRADIENTS/
BAROCLINIC EFFECT

x      y      z

( -k X ▽B)



Dh/Dt = - ∂B/∂x                (∂/∂y = 0, v = 0)
h = ∂u/∂z - ∂w/∂x

∂u/∂x + ∂w/∂z = 0        CONTINUITY

h =  ∂2y/∂x2 + ∂2y/∂z2
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- k X B 

SOLENOIDAL GENERATION OF HORIZONTAL 
VORTICITY ON A NON-SLOPING

SURFACE

∇B - k

θ
θ + Δθ

SEA-BREEZE, DAYTIME (LAND TO LEFT)
LAND BREEZE, NIGHTTIME (OCEAN TO LEFT)
URBAN HEAT ISLAND (CITY TO LEFT)
GRADIENTS IN LAND USE, DAY (DRIER LAND 

TO LEFT)



McNider and
Pielke 1981,
JAS

• EFFECTS OF SFC
HEAT FLUX DUE TO 
INSOLATION

• EFFECTS OF VERTICAL
MIXING (CAN HAPPEN
EVEN AT NIGHT IN THE
ABSENCE OF UPWARD
SFC HEAT FLUX)

• NEGLECT GRADIENTS OF
VEGETATION,SOIL 
MOISTURE, ETC.
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• DEPARTURE OF θ SFC
FROM HORIZONTAL 

     DUE TO SFC HEAT FLUX
    AND VERTICAL MIXING

• UPSLOPE AT SFC
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VERTICAL CROSS SECTION: X-TO RIGHT, Y-INTO FIGURE

 

- k X ∇B > 0

SOLENOIDAL GENERATION OF HORIZONTAL 
VORTICITY ON A SLOPING

SURFACE

∇B

- k

Bluestein et al. 2018, MWR

(YELLOW)

DRYLINE, DAY
GREAT PLAINS, DAY
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 • MIXED LAYER

DEPTH THE SAME: - ∂B/∂x 
GREATER BECAUSE -ΔB 

SAME, BUT Δx LESS

MOUNTAIN-
VALLEY, DAY



• AS  SLOPE OF GROUND DECREASES, ANGLE BETWEEN
▽B AND -k DECREASES (▽B BECOMES MORE VERTICAL),  
SO ∂h/∂t DECREASES

• AS SLOPE INCREASES, ANGLE BETWEEN ▽B AND –k 
INCREASES (▽B BECOMES MORE HORIZONTAL AND 
STRONGER), SO VERTICAL CIRCULATION INTENSIFIES, 
BUT….

w COMPONENT OF MOTION ASSOCIATED WITH VERTICAL 
CIRCULATION MODIFIES ▽B AS ∂B/∂t =  - N2 w, SO 
INSENTROPES BECOME MORE HORIZONTAL AND ▽B
BECOMES MORE VERTICAL, WHICH ACTS AS A BRAKE ON 
∂h/∂t (LIKE LE CHATELIER’S PRINCIPLE!)



Bleeker and Andre 1951, QJRMS

DRAINAGE WIND AT NIGHT AND REVERSE DRAINAGE WIND DURING THE DAY


