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ABSTRACT

Helicity is defined as H = V · ω, where V and ω are the velocity and vorticity vectors, respectively.
Many works have pointed out that the larger the helicity is, the longer the life cycle of the weather system
is. However, the direct relationship of the helicity to the evolution of the weather system is not quite
clear. In this paper, the concept of helicity is generalized as shearing wind helicity (SWH). Dynamically,
it is found that the average SWH is directly related to the increase of the average cyclonic rotation of
the weather system. Physically, it is also pointed out that the SWH, as a matter of fact, is the sum of
the torsion terms and the divergence term in the vorticity equation. Thermal wind helicity (TWH), as
a derivative of SWH, is also discussed here because it links the temperature field and the vertical wind
field. These two quantities may be effective for diagnosing a weather system. This paper applies these
two quantities in cylindrical coordinates to study the development of Hurricane Andrew to validate their
practical use. Through analyzing the hurricane, it is found that TWH can well describe the characteristics
of the hurricane such as the strong convection and release of latent heat. SWH is not only a good quantity
for diagnosing the weather system, but also an effective one for diagnosing the development of the hurricane.
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1. Introduction

Based on the definition of helicity and potential
vorticity, Wu and Tan (1989) proposed the conception
of the generalized vorticity (GV), which has the fol-
lowing form:

ζG = ψ · ωa , (1)

where ψ is an arbitrary vector and ωa is the vorticity,
and the balance of ζG was discussed in detail in their
work. If ψ is taken as the gradient of the potential
temperature (∇θ)§the vorticity (ωa), and the veloc-
ity (V ), then the ζG corresponds to potential vorticity
(Hoskins et al, 1985), enstrophy (Wu, 1984), and he-
licity (Tan and Wu, 1994), respectively. Thus these
quantities can be considered as a type of ζG, however
they each have their own distinctive features. For in-
stance, the potential vorticity combines the vorticity
field and potential temperature field together. Enstro-
phy describes the intensity of the air rotation. Helicity
is the scalar product of the vorticity and velocity vec-
tors. It measures the strength of the rotation in the
direction of the air motion or that of the air motion in
the direction of rotation.

Due to its clear physical meaning, helicity has im-
portant applications in meteorology. For example,

many meteorologists use helicity to study the proper-
ties of severe weather systems such as tornadoes, hur-
ricanes, squall lines and so on (Etling, 1985; Brown,
1980; Lilly, 1986, 1990¶Chen and Tan, 1999; Xu and
Wu, 2003). These researchers have pointed out that if
the direction of rotation is parallel to the motion, i.e.
the helicity is large, the effect of advection is cancelled
by stretching and tilting, so the weather system can
last a long time. However, there is no direct relation-
ship between the helicity and the intensity variation
of the weather system theoretically except in a very
special case, which will be demonstrated in the ap-
pendix. In this work, a new quantity is introduced by
taking ψ in Eq. (1) as the vertical shear of the wind,
viz., ∂V /∂z. In this case, we name ζG as the shearing
wind helicity (SWH) since it becomes the physical re-
lation between the vorticity and the shearing wind. In
fact, for the large-scale motion, ∂V /∂z can be approx-
imated by the thermal wind, and thus SWH depicts
the strength of rotation in the direction of the thermal
wind or that of the thermal wind in the direction of
rotation. In this situation, SWH is called the thermal
wind helicity (TWH).

In this paper, the advantages and disadvantages of
the helicity, SWH and TWH are discussed in section 2.
New forms of TWH and SWH applied to a hurricane
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are defined in the third section. The distribution char-
acteristics of TWH and SWH in a hurricane are pre-
sented in section 4. A case study on the development
of a hurricane with these new quantities is presented
in section 5. Finally, concluding remarks are given in
the last section.

2. Dynamic features of helicity, shearing wind
helicity and thermal wind helicity

2.1 Helicity

According to the definition of helicity, it is ex-
pressed as

H = V · ω , (2)

where V and ω are the velocity and vorticity vectors
respectively, viz.

V = ui+ vj + wk , (3)

ω = ∇× V =
(

∂w

∂y
− ∂v

∂z

)
i+

(
∂u

∂z
− ∂w

∂x

)
j+(

∂v

∂x
− ∂u

∂y

)
k = ξi+ ηj + ζk . (4)

where ξ, η, and ζ are the x, y, and the vertical compo-
nents of the vorticity, respectively.

If the effect of the earth’s rotation is taken into
account, then the absolute vorticity is written as

ωa = ∇× V + 2Ω = ξi+ (ηj + f) + (ζ + f)k , (5)

where f = 2Ω sin φ and f = 2Ω cos ϕ, and where
the latter is usually smaller and is ignored hereafter.
Ω, φ, and ϕ are the angular velocity of the earth, lati-
tude, and longitude, respectively. Substituting ωa into
Eq. (2) gives

H =u

(
∂w

∂y
− ∂v

∂z

)
+ v

(
∂u

∂z
− ∂w

∂x

)
+

w

(
∂v

∂x
− ∂u

∂y
+ f

)
. (6)

Since V and ω are vectors, then the sign of helicity
is dependent on the relative direction of both vectors.
For example, if the two vectors are in the same direc-
tion, H is positive. H is negative when the vectors are
in opposite directions. However, positive or negative
helicity does not imply the strengthening or weaken-
ing of the weather system. In general, there is no di-
rect relationship between the helicity and the intensity
change of the weather system, except in a very special
case, which is demonstrated in the appendix.

2.2 Shearing wind helicity

2.2.1 Definition of shearing wind helicity

The situation discussed above will be changed if
we generalize the conception of helicity to the SWH,

in which the shearing wind vector is used instead of
the wind vector in the definition of helicity. The SWH
is defined as

Hs = ωa ·
∂V

∂z
. (7)

Comparing Eqs. (2) and (7), we can find different
dynamic features and the advantage of the SWH. Since
the dimension of the vorticity is

[ωa] =
1
T

, (8)

the dimension of the SWH is

[Hs] =
[V ]
L

· 1
T

=
[ωa]
T

. (9)

where T is the time scale, L is the length scale, and the
dimension of the velocity [V ] = L/T . This is equiva-
lent to the dimension of ∂ωa/∂t. Thus it means the
SWH is physically associated with the change of vortic-
ity with time. This point can be further demonstrated
as follows.

Expanding the expression in terms of Eqs. (2), (3)
and (4) gives

Hs =
(

∂w

∂y
− ∂v

∂z

)
∂u

∂z
+

(
∂u

∂z
− ∂w

∂x

)
∂v

∂z
+(

∂v

∂x
− ∂u

∂y
+ f

)
∂w

∂z
. (10)

After manipulation, SWH can be expressed as

Hs =
∂w

∂y

∂u

∂z
− ∂w

∂x

∂v

∂z
+

(
∂v

∂x
− ∂u

∂y
+ f

)
∂w

∂x
. (11)

The first two terms on the right of Eq. (11) are the
torsion terms, and the third is the divergence term of
the physical vorticity equation. In other words, these
two terms are combined together and form concisely a
new quantity as SWH. To our knowledge, this has not
been discussed in the literature before.

From Eq. (7), it is plausible that the vorticity ωa

will be twisted due to the vertical shearing of the wind,
which will then cause the change of strength of the ver-
tical component of the vorticity (see Fig. 1). Thus the
magnitude of SWH has the physical meaning of the
change in vertical vorticity. This provides a valuable
factor for diagnosing the development of the system.

We can also illustrate the properties of the SWH
from a dynamic point of view. For an incompressible
fluid, the equation of motion can be expressed as

∂V

∂t
+ V · ∇V = −1

ρ
∇p− 2Ω× V + g , (12)

and the continuity equation is
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Fig.1 A schematic illustration of the physical meaning of SWH. 

 

 
Fig. 2. A schematic illustration of the physical meaning of TWH. 
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Fig. 1. A schematic illustration of the physical meaning
of SWH.

∂u

∂x
+

∂v

∂y
+

∂w

∂z
= 0 , (13)

where g, ρ, and p are the gravity, density and pressure
of the atmosphere, respectively. From these equations,
we can obtain the vertical component of the vorticity
equation as follows:

d

dt
(ζ + f) =− (ζ + f)

(
∂u

∂x
+

∂v

∂y

)
−(

∂w

∂x

∂v

∂z
− ∂w

∂y

∂u

∂z

)
+ Nz , (14)

where

Nz =
1
ρ2

(
∂ρ

∂x

∂p

∂y
− ∂ρ

∂y

∂p

∂x

)
is the solenoid term in the vertical direction. Actu-
ally, if the solenoid term is ignored Eq. (14) can be
rewritten as:

d

dt
(ζ + f) ≈∂w

∂y

∂u

∂z
− ∂w

∂x

∂v

∂z
+

(ζ + f)
∂w

∂z
= Hs . (15)

Thus, the SWH is closely related with the individual
change of vorticity of the particle. This implies that
the SWH has the potential ability to forecast. Since

d

dt
(ζ + f) =

∂

∂t
(ζ + f) +∇ · [V (ζ + f)]−

(ζ + f)∇ · V , (16)

the last term on the right side vanishes under the con-
dition of non-divergence. Consequently, Eq. (15) can
be further simplified as

d

dt
(ζ + f) =

∂

∂t
(ζ + f) +∇ · V (ζ + f) . (17)

Suppose there is a system with volume τ . Integrating

Eq. (15) by means of Eq. (17) yields∫∫∫
τ

∂

∂t
(ζ + f)dτ +

∫∫∫
τ

∇ · [V (ζ + f)]dτ

=
∫∫∫

τ

∂

∂t
(ζ + f)dτ +

∫∫
σ

n · V (ζ + f)dσ

=
∫∫∫

τ

Hsdτ , (18)

where σ is the surface of the system and n is the out-
ward unit normal of the surface. Alternatively, Eq.
(18) can be rewritten as

∂

∂t
ζ = Hs + Fn , (19)

where ζ and Hs are the volume averaged vorticity and
SWH, respectively. Namely

ζ =

∫∫∫
τ

(ζ + f)dτ∫∫∫
τ

dτ
, (20)

Hs =

∫∫∫
τ

Hsdτ∫∫∫
τ

dτ
, (21)

Fn is the flux through the boundary of the volume.
Hence, for an isolated system, Eq. (19) can be simpli-
fied as

∂

∂t
ζ = Hs . (22)

This indicates that the SWH is the producing term
of the vertical component of vorticity. Thus, it is a
valuable and useful variable for diagnosing the devel-
opment of a system.

2.2.2 Generalization of shearing wind helicity

Similar to the treatment of Eq. (14), the x and y
components of the vorticity equation can be expressed
asµ

dξ

dt
= ωa ·

∂V

∂x
+ fη + Nx (23)

dη

dt
= ωa ·

∂V

∂y
− fξ + Ny (24)

where

Nx =
1
ρ2

(
∂ρ

∂y

∂p

∂z
− ∂ρ

∂z

∂p

∂y

)
and

Ny =
1
ρ2

(
∂ρ

∂z

∂p

∂x
− ∂ρ

∂x

∂p

∂z

)
are the solenoid components in the x and y direction.
Accordingly, we can define the new quantity SWH with
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the symbol Hsi as

Hsi = ωa ·
∂V

∂xi
, (25)

where i = 1, 2, 3 represent the x, y, and z direction, re-
spectively, and where Hsi denotes the helicity, which is
formed by the shearing wind in the xi direction. More-
over, Hsi is the projection of the torsion term in the xi

direction, and thus it can induce the variation of the
vorticity in the xi direction. Using Eq. (25), Eqs. (23)
and (24) can be rearranged as

∂ξ

∂t
= Hs1 + fη + Nx

∂η

∂t
= Hs2 − fξ + Ny .

(26)

From these results we can conclude that for an
incompressible fluid, the new SWH is closely related
to the change of vorticity in the case that the baro-
clinic effect is not significant. Thus, the evolution of
some vertical circulations such as the sea breeze and
mountain-valley circulation may be diagnosed with the
help of the SWH, Hs1 and Hs2.

2.3 Thermal wind helicity

The situation discussed above just shows the dy-
namic features of SWH. However TWH is used to de-
scribe the thermal features of SWH. For the synoptic-
scale motions, horizontal wind can be replaced by
geostrophic wind with good accuracy. Hs can be ex-
pressed approximately as follows when the horizontal
part of shearing wind is substituted with geostrophic
wind. Thus, the thermal wind helicity is generated,
which depicts the strength of rotation in the direction
of the thermal wind or that of the thermal wind in the
direction of rotation.

Hs ≈ ωgh ·
∂V g

∂z
+ (ζ + f)

∂w

∂z

= ωgh · V T + (ζ + f)
∂w

∂z
, (27)

where ωgh is the horizontal geo-vorticity, and where

V T =
∂ug

∂z
i+

∂vg

∂z
j

is the thermal wind, viz.

∂ug

∂z
= − g

f

∂

∂y
lnT ,

∂vg

∂z
=

g

f

∂

∂x
lnT . (28)

Substituting Eq. (28) into Eq. (27) gives

Hs ≈ − g

f
(∇ lnT · ∇w) + (ζ + f)

∂w

∂z

= H1 + H2 , (29)
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Fig.1 A schematic illustration of the physical meaning of SWH. 

 

 
Fig. 2. A schematic illustration of the physical meaning of TWH. 
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Fig. 2. A schematic illustration of the physical meaning
of TWH.

where

H1 = − g

f
(∇ lnT · ∇w) , (30)

H2 = (ζ + f)
∂w

∂z
. (31)

H1 is defined as the thermal wind helicity (TWH).
Since ψ is an arbitrary vector ωa and ψ and are not
independent of each other in the generalized vortic-
ity, ζG = ψ · ωa. We can take ψ as ∂V g/∂z, and
ωa is replaced with ωga, and so we can also get H1.
Clearly the TWH is another kind of generalized vor-
ticity. This quantity shows the relationship between
the vertical velocity field and temperature field, which
has an advantage as a potential vorticity. If there is
upstream flow in the warm field and downstream flow
in the cold field, then from Eq. (30) we can obtain
H1 < 0; on the contrary, if there is downstream flow
in the warm field and upstream flow in the cold field,
then H1 > 0. That means we can estimate the direc-
tion of motion only from an ichnography of the TWH
field. The thermal field and dynamic field are con-
nected by TWH, which shows the thermal effect of
SWH. The schematic diagram is shown in Fig. 2.

A hurricane is an isolated system with little flux
across its boundaries. By means of the continuity
equation (13), H2 can be written as

H2 = (ζ + f)
∂w

∂z
= −(ζ + f)

(
∂u

∂x
+

∂v

∂y

)
. (32)

Clearly H2 is approximated by the divergence term of
the vorticity equation.

From Eq. (22), we obtain:
∂

∂t
ζ = Hs = H1 + H2 , (33)

where H1 and H2 are the volume-averaged TWH and
divergence term, respectively, viz.

H1 =

∫∫∫
τ

H1dτ∫∫∫
τ

dτ
, (34)

H2 =

∫∫∫
τ

H2dτ∫∫∫
τ

dτ
. (35)
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3. TWH and SWH in a hurricane

Maximum tangential wind speeds in a hurricane
range typically from 50 to 100 m s−1. For such high
velocities and relatively small scales, the centrifugal
force term cannot be neglected compared to the Cori-
olis force. Thus, the tangential velocity in a steady-
state hurricane is in gradient wind balance with the
radial pressure gradient force. An expression for the
thermal wind in a hurricane can be easily derived start-
ing from the gradient wind balance in cylindrical coor-
dinates (r, θ, z) (Holton, 2004), which can be written
as

fvθ +
v2

θ

r
=

1
ρ

∂p

∂r
, (36)

fvr +
vθvr

r
= − 1

ρr

∂p

∂θ
, (37)

where r is the radial distance from the axis of the storm
(positive outward), vθ is the tangential velocity (posi-
tive for anticlockwise flow), and vr is the radial veloc-
ity (positive outward). Taking ∂(36)/∂z and ∂(37)/∂z
gives

∂vθ

∂z
=

g
∂ lnT

∂r

f +
2vθ

r

, (38)

∂vr

∂z
=
−g

∂ lnT

r∂θ
− vr

r

∂vθ

∂z

f +
vθ

r

. (39)

In a hurricane, the value of tangential velocity is
much larger than the radial velocity, and

vθ

r
∼ (1× 10−3 − 5× 10−4) ,

so (
f +

vθ

r

)
∼ vθ

r
.

Thus Eqs. (38) and (39) can be rewritten as

∂vθ

∂z
≈ 1

2

g
∂ lnT

∂r
vθ

r

, (40)

∂vr

∂z
≈
−g

∂ lnT

r∂θ
vθ

r

, (41)

Substituting Eqs. (40) and (41) into Eq. (11) will
give
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Fig. 3. TWH of Hurricane Andrew at 0900 UTC 23 August 1992. 

(a) TWH (shading, 0.000001s-2) and cloud water mixing (contours, gkg-1) at 400 hPa. 

(b) Vertical cross section of TWH (shading, 0.000001s-2), temperature (contours, oC) and u-w vectors 

(arrow) along the heavy line in (a). 
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Fig. 3. TWH of Hurricane Andrew at 0900 UTC 23 Au-
gust 1992. (a) TWH (shading, 0.0001 s−2) and cloud water
mixing (contours, g kg −1) at 4000 hPa. (b) Vertical cross
section of TWH (shading, 0.0001 s−2), temperature (con-
tours, ◦C) and u − w vectors along the heavy line in (a).

Hs =
(

1
r

∂w

∂θ
− ∂vθ

∂z

)
∂vr

∂z
+

(
∂vr

∂z
− ∂w

∂r

)
∂vθ

∂z
+

(ζ + f)
∂w

∂z

≈ − g
vθ

r

[
∂w

r∂θ

∂ lnT

r∂θ
+

1
2

∂ lnT

∂r

(
∂w

∂r
+

vr

vθ

∂w

r∂θ

)]
+

(ζ + f)
∂w

∂z

≈ − g
vθ

r

[
∂w

r∂θ

∂ lnT

r∂θ
+

1
2

∂ lnT

∂r

(
∂w

∂r

)]
+

(ζ + f)
∂w

∂z
= H1 + H2 , (42)
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where

H1 = − g
vθ

r

[
∂w

r∂θ

∂ lnT

r∂θ
+

1
2

∂ lnT

∂r

(
∂w

∂r

)]
, (43)

H2 = (ζ + f)
∂w

∂z
. (44)

Eq. (43) is the TWH in a hurricane, which is com-
posed of two components, the radial part (H1r) and
the tangential part (H1t):

H1r = − g
vθ

r

(
∂w

r∂θ

∂ lnT

r∂θ

)
, (45)

H1t = − g
vθ

r

[
1
2

∂ lnT

∂r

(
∂w

∂r

)]
. (46)

Since a hurricane is an approximate axisymmet-
ric weather system, from Eq. (45), the value of H1r is
small. From Eq. (46), it can be inferred that H1t de-
scribes the temperature and vertical velocity change in
the radial direction. From observation, we know that
hurricanes are warm core systems, thus ∂T/∂r < 0;
the intense convection and strong winds are in the
eyewall, so from the eye to eyewall ∂w/∂r > 0§thus
H1t > 0; from the eyewall to the outside ∂w/∂r < 0,
H1t < 0. We can draw the image of TWH dis-
tributed in a hurricane, divided by the eyewall: inside
is the positive TWH region, and outside is the negative
TWH region.

4. The Distribution Characteristics of TWH
and SWH in Hurricane Andrew

In this section, the general features of TWH and
SWH are presented in Hurricane Andrew.

Hurricane Andrew (1992) was one of the most se-
vere disasters in the history of the United States. Its
simulation has been made and verified by Liu et al.
(1997, 1999). Their model output of the finest mesh
domain with a grid size of 6 km, and which was gen-
erated every 3 hours, is used in this study.

Equation (43) is used to calculate TWH of Hur-
ricane Andrew at the mature stage (at 0900 UTC 23
August 1992). The distribution of TWH and cloud
water mixing at 400 hPa are shown in Fig. 3a. We find
that the cloud water is well matched with TWH, and
the center of the cloud water lies in the interface be-
tween the positive and negative TWH zones. Figure
3b shows the vertical cross section of TWH, tempera-
ture and u−w vectors along the heavy line in Fig. 3a.
The eyewall, which corresponds to the region of in-
tense convection and strong winds of the hurricane, is
the division between positive and negative TWH. The
contribution of TWH is mainly in the layer between
800 and 200 hPa.

Based on the above statements, the temperature
field and vertical wind field are related with TWH,

which represents the strong convection and release of
latent heat of the hurricane. Thus TWH is effective for
diagnosing the characteristics of the weather system.

From Eq. (46), we deduce that H1r is small. In
order to clarify this conclusion, H1r and H1t are cal-
culated separately by using Eqs. (45) and (46). Figure
4 gives the calculated values. Figures 4a and 4c are
the distributions of H1t and H1r at 400 hPa. Figures
4b and 4d show the vertical cross sections of H1t and
H1r along the heavy line in Fig. 4a. The scale of the
H1r is O(10−5 s−2), and that of the H1t is O(10−4

s−2). Thus, the TWH mainly depends on its tangen-
tial component.

Equation (11) is used to calculate the SWH in Hur-
ricane Andrew (Fig. 5). Figure 5a is the horizontal
component at 400 hPa and Fig. 5b is the vertical cross
section along the heavy line in Fig. 5a. A comparison
of Fig. 3a and Fig. 5a shows that the region of TWH
is much larger than that of SWH, however the maxi-
mum value of SWH is larger than that of TWH. It is
found that there is no value in the low level in Fig. 3b,
which is different from Fig. 5b. This is accounted for
by the divergence term showing the strong vertical vor-
ticity and convergence in the low level; however TWH
presents strong convection and release of latent heat
in the middle-upper level. The characteristics of H1

and H2 are clearly presented in Fig. 4 through SWH.

5. Application of SWH in studying the develop-
ment of Hurricane Andrew

Equation (22) implies that the SWH is closely re-
lated with the individual change of vorticity and has
the potential ability to forecast. In this section, the
SWH is applied to study the development of Hurri-
cane Andrew (1992) to validate its practicability.

The horizontal component of the variation of vor-
ticity at 400 hPa is presented in Fig. 6, showing the
vorticity at 1200 UTC 23 August 1992 minus the vor-
ticity at 0600 UTC 23 August 1992. The left region of
Fig. 6 is similar with the same place in Fig. 4a, which
is the SWH at 0900 UTC 23 August 1992. Figure
6 just shows the variation at a single point in time,
and the variation of the temporal series will be shown
later. The center of circulation for Hurricane Andrew
was defined by a local maximum of relative vorticity at
900 hPa averaged over a 360 km×360 km square (Davis
and Bosart, 2003). ζ and Hs, using Eqs. (20) and (21),
are calculated in the region for the vertical levels from
1000 hPa to 200 hPa. The central difference method is
used to calculate ∂ζ/∂t. The variations of ∂ζ/∂t and
Hs with respect to time are presented in Fig. 7§in
which the values have been normalized. It is evident
from the figure that the tendency of the average vor-
ticity and the average SWH have the same trend with
respect to time, which indicates that the SWH is an
effective variable for diagnosing the development of
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Fig.4. tH1  (0.000001s-2) and rH1  (0.000001s-2) calculated by Eqs.(25) and (24). 

(a) Tangential component tH1  at 400 hPa. 

(b) Vertical cross section of tH1  along the heavy line in (a). 

(c) Radial component rH1  at 400 hPa. 

(d) Vertical cross section of rH1  along the heavy line in (c). 
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at 400 hPa, (b) Vertical cross section of H1t along the heavy line in (a), (c) Radial component H1r at 400 hPa,
(d) Vertical cross section of H1r along the heavy line in (c).
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Fig. 5. SWH (0.000001s-2) of Hurricane Andrew at 0900 UTC 23 August 1992. 

(a) SWH at 400 hPa. 

(b) Vertical cross section of SWH along the heavy line in (a). 

 

 

 

 

Fig. 6 Variation of vorticity (0.001s-1) at 400 hPa, showing the vorticity at 1200 UTC 23 August 1992 

minus that at 0600 UTC 23 August 1992. 
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Fig. 5. SWH (0.0001 s−2) of Hurricane Andrew at 0900 UTC 23 August 1992. (a) SWH at 400 hPa. (b) Vertical
cross section of SWH along the heavy line in (a).
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Figure 7. The variation of t∂∂ς (dashed，0.000002s-2) and sH (solid，0.000002s-2) with respect to 

time. 

 

 

 

 

 

 

 
 
 

 

Time (UTC) 

t∂∂ ς
sH

Fig. 7. The variation of ∂ζ/∂t (dashed) and Hs (solid)
with respect to time.

the hurricane. From this example, it is apparent that
the SWH may be one of the useful physical variables in
a diagnosis analysis. In addition, it is also found that
the two curves do not coincide with each other exactly
in Fig. 7, especially at 0000 UTC and 0300 UTC 24
August 1992. Since there are only fourteen points, the
linear correlation coefficient between ∂ζ/∂t and Hs is
0.42413. This may be ascribed to the neglect of the
friction and solenoid terms in Eq. (22) which play an
important role at that time.

6. Concluding remarks

Helicity has been extensively used to study the
properties of weather systems such as tornadoes, squall
lines and some other severe weather systems since the
1980s. Since helicity, by definition, is the scalar prod-
uct of the velocity and vorticity vectors, it may be
positive or negative according to the features of these
vectors (Maffatt, 1969, 1978, 1981). For example, if
the cyclonic rotation of the flow is combined with up-
ward vertical motion, the helicity is positive, while
with downward motion, it is negative. The direct re-
lationship of the helicity to a weather system is not

quite clear or obvious. However, as we generalize the
concept of helicity as SWH, Hs = ωa · (∂V /∂z), then
the situation will change. The relationship of the SWH
with the vorticity of a weather system becomes clearer.
It is found that the volume-averaged SWH depicts the
variation of cyclonic rotation of the weather system
dynamically. TWH is generalized if the geostrophic
assumption is used, which depicts the strength of ro-
tation in the direction of the thermal wind. The char-
acteristics of TWH and SWH are studied by calculat-
ing the MM5 model output of a successfully-simulated
hurricane. TWH, which represents the strong convec-
tion and release of latent heat in the middle-upper
layer of a hurricane, is effective for diagnosing the fea-
tures of a weather system. SWH, including the TWH
and divergence term, is effective for diagnosing the de-
velopment of a hurricane. Although the findings re-
ported herein are based on a sole case study and thus
cannot yet be generalized, it is believed that the SWH
and TWH are sufficiently interesting to warrant their
further testing in the research of tropical cyclone gen-
esis.

APPENDIX

Helicity for Shallow Water

The governing equations for shallow-water motion
are

du

dt
− fv = −g

∂h

∂x
(A1)

dv

dt
+ fu = −g

∂h

∂y
(A2)

dh

dt
+ h

(
∂u

∂x
+

∂v

∂y

)
= 0 , (A3)

where
d

dt
=

∂

∂t
+ u

∂

∂x
+ v

∂

∂y

and h is the height of the water surface. From Eqs.
(A1) and (A2), we can obtain the vorticity equation
as follows:

d

dt
(ζ + f) = −(ζ + f)

(
∂u

∂x
+

∂v

∂y

)
. (A4)

Since the kinetic boundary condition at the water sur-
face z = h(x, y) is

w =
dh

dt
, (A5)

and with the definition of helicity, we have

H = (ζ + f)w = (ζ + f)
dh

dt
. (A6)



512 SHEARING WIND HELICITY AND THERMAL WIND HELICITY VOL. 23

For the large-scale atmospheric motion, (ζ +f) is gen-
erally greater than zero, thus, the sign of H is depen-
dent on the vertical motion. For the upward motion,
H > 0, while for the downward motion, H < 0.

With Eqs. (A3) and (A4), (A6) can be rewritten
as

H = (ζ + f)
dh

dt

= −h(ζ + f)
(

∂u

∂x
+

∂v

∂y

)
= h

d

dt
(ζ + f) , (A7)

which indicates that, for upward (downward) motion,
H is positive (negative) and correspondingly, the vor-
ticity will increase (decrease). Equation (A7) shows
that, in the framework of the shallow-water model,
the helicity is closely related with the tendency of vor-
ticity. However, such a relation cannot be found for
general three-dimensional motions.
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