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Abstract 

 

A reoccurring question when diagnosing the upper troposphere is:  How close is 

close enough for jet streaks to be considered coupled? The phrase, ‘coupled jet streaks’ 

refers to two individual jet streaks working synergistically to impact the weather. Jet 

streaks are isotach maxima that occur within a jet stream. This question beseeches an 

answer because coupled jet streaks can be the driving force behind significant 

precipitation events, and powerful mid-latitude cyclones. The answer to this question was 

found by testing if the individual jet streaks were within the Rossby radius of deformation 

of one another. The Rossby radius of deformation is the effective distance from the 

location of a disturbance to the region in which the effects of the disturbance are 

negligible   In other words a disturbance will impact anything within its Rossby radius of 

deformation including other disturbances.  The Rossby radius of deformation buffers 

showed that all jet steak cases reviewed had a Rossby radius of deformation overlap zone 

(RRDOZ), meaning that both streaks in each case were influencing one another just by 

their proximity To confirm this all of the cases were then investigated via cross section to 

see if there were coupled transverse ageostrophic circulations. This confirmed jet streaks 

to be coupled. The RRDOZ area was then explored to see if there was a relation between 

the area of the RRDOZ and the areas of the significant omega and precipitation polygon 

areas. A relationship between the significant omega areas and the significant precipitation 

area was shown to exist. Based on the results obtained from this study forecasters should 

consider jet streaks coupled if the entrance and exit regions of the respective jet streaks 
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exist within 2272 km of one another. Additionally the area covered by the RRDOZ is a 

good first estimation for precipitation.  
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Chapter 1 Introduction 

 

 
A reoccurring question when diagnosing the upper troposphere is:  How close is 

close enough for jet streaks to be considered coupled?  The term, ‘coupled jet streaks’ 

refers to two individual jet streaks working synergistically to impact the weather. Jet 

streaks are isotach maxima that occur within a jet stream (See Fig 1.1). 

 

Figure 1.1. Shows a jet stream example (yellow arrow) with three embedded jet streaks (an example 
jet streak is circled in red). The map is an analysis from 31 January 2011 at 250 mb. 

This question beseeches an answer because coupled jet streaks can be the driving force 

behind significant precipitation events and powerful mid-latitude cyclones.  Hakim and 

Uccellini (1992) point out that there is substantial evidence that suggests the region in-
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between jet streaks is of major concern for enhanced precipitation and cyclogenesis. This 

is especially true during the late autumn through early spring timeframe. Uccellini and 

Kocin (1987) detailed eight such cases where each case produced significant precipitation 

between a pair of horizontally aligned jet streaks. Understanding this phenomenon has 

led to more accurate forecasts of significant precipitation episodes caused or influenced 

by coupled jet streaks, as well as directing forecasters to where the area of most concern 

lies. Jet streaks are atmospheric wind phenomena that occur within a jet stream.  An 

upper level jet stream must equal or exceed 30 ms-1, according to the definition from 

Moore (2005). The jet streak, or jet stream maximum as referred to by Reiter (1963), is 

an embedded isotach maximum within the jet stream. For this study we are choosing to 

only work with straight jet streaks.  

Only straight jet streaks were used because there is a well established model for how 

straight jet streaks behave and how their regions of divergence and convergence align. If 

one considers the horizontal wind field as a vector field, then divergence equates to the 

expansion, or spreading, of that vector field. The result of this spreading is to enhance 

upward vertical motion. Above the level of non-divergence (~550-mb), divergence 

equates to a favored region of upward vertical motion. The upward vertical motion is a 

response to the spreading of the upper level wind field. As the wind field is expanded a 

void is created that must be filled. Because this is occurring at the top of the 

tropopsphere, air cannot descend from above to fill the void left by the diverging air; 

therefore air from below the divergent region rises to fill that void.  The divergent regions 

are a result of the ageostrophic wind. The ageostrophic wind can be thought of as the 

acceleration of the real wind (Rochette and Moore, 1996). As air accelerates and 



3 
 

decelerates regions of convergence and divergence of air are created.  Keyser and Shapiro 

(1986) show that curvature greatly affects the divergent regions of jet streaks. Because 

this study is trying to explore a topic for the first time, the simplest type of jet streaks, the 

straight jet streaks, will be explored. Therefore only cases containing straight jet streaks 

will be investigated. A jet streak was considered straight if:  

1. The jet streak had minimal curvature determined subjectively along its horizontal 

axis. 

2. The horizontal axis of the streak was twice as long as the vertical axis. 

3.  The jet streak pair was aligned in a manner in which their jet-related circulation 

pattern had the potential to intersect (See Figure 1.2).  

 This jet streak coupling is well documented (e.g, Rochette et al. 2008), and occurs 

throughout the chosen domain area of the continental United States (CONUS). Uccellini 

and Kocin (1987) provide a great visual representation of upper level jet streak coupling 

in Fig. 1.2.  
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Figure 1.2 Three-dimensional schematic of jet-related circulation patterns during East Coast 
snowstorms. The Transverse circulations are associated with diffluent exit and entrance regions of 
jet streaks embedded, respectively, at the base of troughs moving across the Ohio and Tennessee 
valleys and across southeastern Canada. Surface low and high pressure systems, isobars, and frontal 
positions are also included.  Taken from Uccellini and Kocin (1987) 

 

 

1.1 Purpose  

 

The purpose of this research is to answer the question, How close is close enough 

for jet streaks to be considered coupled? This will be done by analyzing selected cases 

and their Rossby Radius of Deformation Overlap Zone (RRDOZ). If such a region exists, 

then according to Rossby, the jet streaks have the potential to influence one another. The 

influence of one jet streak on another can be thought of as constructive wave interference. 

The two jet streaks should work together to generate a greater output, in this case forcing 

for ascent, than individual jet streaks.  We will also be exploring what happens within the 

RRDOZ to see if there is a predictable pattern that occurs by investigating the column 
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maximum omega fields as well as precipitation.  The end goal is to be able to report to 

forecasters what to anticipate with greater certainty when upper level jet streaks couple. 

1.2 Objective  
 

To achieve the purpose described above, the following objectives have been 

identified: 

• Determine how close juxtaposed jet streaks need to be to influence one 

another: 

o This will be done by selecting cases between 2002 and 2012 that 

contained a potentially coupled jet streak pair over the CONUS. 

•  Calculate the area of the RRDOZ column maximum omega and observed 

precipitation to see if there is a correlation between the area of upward 

vertical motion, precipitation and the area of the RRDOZ.  

o To investigate if the RRDOZ is a good first guess for 

precipitation. 
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Chapter 2   Literature Review 
 
 

 

In order to complete the objectives of this research, an extensive literature review 

has been performed with the goal of understanding the various components of this 

research topic. Unless stated otherwise, equations will be based on a Cartesian co-

ordinate system, where the x-axis is pointing toward the east, the y-axis is pointing 

towards the north, and the z-axis is pointing upward, perpendicular to the local 

horizontal.  

 

2.1  Scale Definitions 
 
 
 The core of this research involves a thorough understanding of the Rossby radius 

of deformation and upper tropospheric phenomena. In order to fully grasp the Rossby 

radius of deformation one needs to understand the scale height of the homogeneous 

atmosphere, as well as understand what temporal and spatial scales mentioned throughout 

this study are referring to. 

 
2.1.1 Scale Height 

 
This study assumes the atmospheric phenomena are occurring in a homogenous 

atmosphere. Hess (1959) describes the homogeneous atmosphere as an atmosphere where 

the density is assumed to be  constant independent of height. Therefore if one separates 

the atmosphere into layers of equal geometric thickness, the layers will be the same 

weight per unit area, and in turn contribute equally to the pressure found at the bottom of 
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the atmosphere. Given that the surface pressure cannot be infinite, there must be a non 

infinite number of layers. Hess (1959) states that “the homogeneous atmosphere has only 

a finite total height, which we call H , the height of the homogeneous atmosphere or scale 

height.” Hess (1959) defines the height of the homogeneous atmosphere as: 

g
RT

H 0=
                    (2.1)

 

This equation reveals to us that the height of the homogeneous atmosphere is a function 

of the gas constant, R, the bottom temperature, 0T , and acceleration of gravity g. With a 

bottom temperature of 273K, and using the standard constant for gravity and the gas 

constant, H = 8 km.  

 
 
2.1.2 Meteorological Scale 
 
 It is important to understand the temporal and spatial scales that the phenomena 

studied are occurring in. Jet streaks are interesting upper tropospheric phenomena 

because they evolve in flow (the jet stream) that can be associated with the planetary 

scale. However, jet streaks themselves possess a horizontal scale typically on the order of 

32 1010 − km. However they can spawn systems that stretch into the 2 x 103 realm (which 

is typically associated with the synoptic scale). This study encompasses 3-5 temporal and 

spatial scales, depending on the definition used. For this study we will use the definitions 

provided by Orlanski (1975). He calls to attention that not only is the spatial scale to be 

considered, but the temporal scale as well. Orlanksi (1975) states that when speaking in 

terms of probabilities the length scale is more relatable than the temporal scale. Orlanski 

(1975) breaks atmospheric phenomena into three archetypes: macro, meso and micro 
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scales. He states more subdivisions are necessary and calls for ,,βα  and γ  subclasses 

within each archetype. The mesoscale, which is where the bulk of this thesis’ research 

occurs, is divided into the meso-α ( 32 1010 − km, 1-5 days), and are associated with 

fronts and hurricanes.  The meso-β ( 210 km, 3 hr-1 day) scale is associated with 

nocturnal low-level jets, squall lines, internal waves, cloud clusters, mountain waves and 

lake disturbances. The smallest mesoscale subclass is the meso-γ (1-10km, 1 hr.). This is 

associated with thunderstorms, inertia-gravity waves, clear air turbulence and urban 

effects.  Shapiro (1982) notes than the mesoscale is bounded by the large-scale motions 

that include the baroclinic waves of the macro-β  ( 43 10102 −× km, 1 week) class.  The 

phenomenon of interest in this study is the jet streak (also referred to as jet maxima). Jet 

streaks are associated with macro-β  influences, but are better described by the meso-α

to meso-β  categories. The cases studied occurred in the meso-α spatial scale (~1000km)  

over a time period that stretches from the  meso-α and meso-β  (~18 to 36 hours).  The 

Rossby radius of deformation could also be described as a meso-α metric given ~1000 

km according to Bluestein (1992). 

 

2.2 The Rossby Radius of Deformation   
 
 
 Bluestein (1992) introduces the Rossby radius of deformation topic by exploring 

the effects of geostrophic disturbances in terms of Q vectors. Bluestein (1992) states that 

the effect of a geostrophic disturbance, in terms of Q vectors, is to force the atmosphere 

out of thermal-wind equilibrium through the action of deformation on the temperature 

field.  He further deduces that without ageostrophic motion or omega, geostrophic 

advections destroy the state of geostrophic balance. Therefore the ageostrophic 
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adjustment process actually acts to restore the geostrophic state over time. Bluestein 

shows, using Q vectors, that the Rossby radius of deformation is the limit to where this 

adjustment process is felt.  

Bluestein (1992) shows the Rossby radius of deformation ( RL ) being: 

 

0f
NHLR =

                      (2.2)
 

 

where N is the Brunt–Väisälä frequency 
2
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, H is the scale of height and 0f  is the 

Coriolis force. RL is function of stability, temperature and latitude. Bluestein’s conclusion  
 
using Q vectors matches the findings of C-G Rossby.  Bluestein shows the full Rossby  
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These values are an adequate starting point when discussing the Rossby Radius of 

deformation. However this calculation will be taken further in Chapter 3 to show what 

was used as the value for the Rossby radius in the study. Bluestein (1992) describes the 

Rossby radius of deformation as the effective distance from the location of a disturbance 

to the region in which the effects of the disturbance are no longer felt very much. In other 

words, RL  is the distance beyond which the ageostrophic adjustment process is 

negligible.  In practical terms this means that the Rossby radius of deformation is the 

extent of influence a disturbance has on its surroundings. Any other system within the 

Rossby radius of deformation of said disturbance will be influenced by the disturbance.  

In this framework of this study there are two disturbances (jet streaks). Another way to 
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visualize this is to imagine a stone hitting a pond.  Ripples extend outward from the 

center point of the disturbance (which is where the stone entered the pond). The extent of 

the ripples equates to the extent of the area influence by the stone striking the water. 

Imagine now that the stone is a jet streak and the pond is the atmosphere. The ripples 

from the analogy represent the Rossby radius of deformation. In our atmosphere the 

influence of that disturbance extends out as far the Rossby radius of deformation. One of 

the objectives of this study is to see if jet streaks that form in the domain influence one 

another. A way to test this is by seeing if there exists an overlap region where both jet 

streaks are impacting one another. Chelton et al. (1998) describe the Rossby radius of 

deformation as intimately related to the dominant length scale of unstable waves in a 

stratified shear flow. This is noteworthy because most of the jet streaks in this study occur 

within the same unstable wave, typically a digging long-wave trough, which is consistent 

with what Ucceillini and Kocin (1987) found, and are always within the same spatial 

scale classification (meso-α  or meso-β ).   

 
2.3  Upper-Tropospheric Wind and Associated Phenomena  
 
 

Due to the fact that this study relies on a thorough knowledge of the total wind as 

well as jet streams and jet streaks, an in depth review of the components of the wind will 

follow. Upper-tropospheric phenomena refer to phenomena above the level of non-

divergence, which is commonly near 500 mb according to Shapiro (1982). This is a 

significant level because above it divergent motions are often associated with upward 

motion. However just because there is divergence aloft, does not mean there will be 

upward motion. As Uccellini and Johnson (1979) discuss, the divergence region is 
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typically characterized by a large ageostrophic component to the flow. Below the level of 

non-divergence (LND), convergence is associated with upward vertical motion. Uccellini 

and Kocin (1987) imply that an atmospheric column is rising when convergence below 

the LND is collocated with divergence above the LND. In such cases cyclogenesis is 

favored. Therefore the RRDOZ will be inspected for evidence of divergence and column 

maximum omega for evidence that there is a rising atmosphere, which is essential for 

precipitation generation. 

 
2.3.1 An Overview of the Total Wind  
 

The total wind or the real wind is typically labeled as V
r
. This takes into account 

all portions of the wind.  In simple terms, the total wind is ageogeo VVV +=
r

 This simple 

expression reveals that the total wind, V
r

, is made up of a geostrophic component, geoV  , 

and an ageostrophic component, ageoV .  This V
r

originally comes from the equation of 

motion.  Reiter (1963) shows the equation of motion as: 

 

FVp
dt
Vd rrr
r

αα +Φ∇−×Ω−∇−= 2
                                  (2.3)

 

In this equation, V
r
, stands for the wind vector, 

dt
Vd
r

 or the rate of change of the wind 

vector with respect to time, 
ρ

α 1
= which is the specific volume, Ω

r
 is the vector of the 

earth’s rotation, Φ is the latitude and F is force of internal friction.  From this equation 
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one can find V
r

. However, for this study we are not particularly interested in V
r

, we are 

interested in  ageoV . 

 

 

2.3.2 Ageostrophic Wind and its Derivation  
  

The ageostrophic wind is responsible for the generation of many of the motions 

that cause the enhanced region of poleward vertical motion within the RRDOZ. 

Therefore it is crucial that the ageosptrophic wind is presented here. Ageostrophic 

motions can be thought of as accelerations of the flow (Moore 2005).  

The following derivation follows Moore (2005). This derivation is useful to see 

because so much of this study relies on an understanding of ageostrophic motions.  

The most basic equation for the ageostrophic wind may be stated as: 

  geoag VVV
rrr

−=            (2.4) 

The ageostrophic wind is equal to the difference in the actual wind and the geostrophic  

wind.  Moore (2005) states (2.3) thusly:  

  

    kVf
dt
Vd ˆ1

×+Ρ∇−=
r

v

ρ
      (2.5) 

where: Ρ∇  =  pressure gradient, f = Coriolis parameter, k̂  = vertical unit vector,  =  

density. We know that: 

  Ρ∇×=
f

kVgeo ρ

ˆr

,       or       
 kVf geo

ˆ1
×=Ρ∇

r

ρ
 .   (2.6) 
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Substituting (2.6) into (2.5), and rearranging, we get: 

kVfkVf
dt
Vd

geo
ˆˆ ×−×=

rr
r

         (2.7) 

 

Now solve for agV
r

;  

    =
dt
Vd
r

 kVf ag
ˆ×

r
          (2.8) 

This reveals that the acceleration of the wind is proportional to the ageostrophic wind. 

The acceleration is 90° to the right of the ageostrophic wind. Expand 
dt
Vd
r

  and use geoV
r

 

wind for the local time tendency term 

    
dt
Vd

f
kVag

ˆˆ
×=

r
          (2.9) 

Finally the total expression for the ageosptrophic wind may be posed as: 
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 Term A: Isallobaric Wind = 
tf ∂
Ρ∂

∇− 2

1
ρ

      

The isallobaric wind is proportional to the gradient of the pressure tendency. It “blows” 

from regions of pressure rises to pressure falls, tends to be most significant at low levels 

of the troposphere (850 mb and below) and the response is not instantaneous, it takes 

about 1/f or ~2.8 hours for the wind to adjust to the pressure gradient at the mid-latitudes. 

 

 

Total Acceleration of the Wind Term B: Inertial ‐ Advective term   Term C: Inertial ‐ Convective term

Term A: Local acceleration of 
the wind
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Term B: Inertial-Advective Wind     VV
f
kV advectiveinertial

rrr
)(

ˆ
∇⋅×== −  

The inertial-advective wind can be thought of “the wind advecting itself.” 
 
Term B is strongest where there are changes in the wind speed and/or direction 

downstream, as seen in Fig 2.1a. Ageostrophic vectors tend to “point” upstream in 

cyclonically curved flow, downstream in anticyclonically curved flow. This is illustrated 

nicely by Shapiro and Kennedy (1981) and shown in Figure 2.1b. The inertial-advective 

wind points to the left of the flow if speeds increase downstream and points to the right of 

the flow if speeds decrease downstream. Term B tends to be most significant at jet level 

where the wind is strongest and the wind speed changes are the most dramatic. 

 

Term C: Inertial Convective Wind 
z
Vw

f
kV convectiveinertial ∂

∂
×== −

r
s ˆ

     

Term C strengthens in regions of strong wind shear and diabatic heating. Rising parcels 

accelerate in regions of strong wind shear.  Typically, where there is significant diabatic 

heating there is significant vertical motion. Term B is perhaps the most revealing as far as 

divergence is concerned.  In Fig 2.1a the area where divergence is generated by the 

ageostrophic wind is labeled DIV. Not surprisingly Moore (2005) shows that this in an 

area favored for jet streaks.  
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Fig 2.1.  Schematic representation of the ageostrophic motions (heavy arrows) and associated pattern 
of convergence (CON) and divergence (DIV) in the vicinity of (a) a straight jet streak in the absence 
of along-contour thermal advection and (b) a uniform jet stream within a stationary synoptic-scale 
wave. Both representations are assumed to apply at or near the level of maximum wind with, where 
the horizontal wind distribution is most distinct and the flow is approximately horizontal. Solid lines 
indicate geopotential height of a constant pressure surface; dashed lines are isotachs (maximum wind 
speed shaded). Taken from Shapiro and Kennedy (1981). 
 

The ageostrophic wind is a reaction to a force. It is the result of a  

force because without an initial disturbance there is only geostrophic flow and therefore  

the ageosptrophic component of the wind is zero. When the ageostrophic wind does not  

equal zero it acts as a force.  The ageostrophic wind is stronger near the entrance and exit  

regions of jet streaks (Rochette and Market 2006) The ageostrophic wind is proportional  

to the acceleration of the wind. Where there are regions of stronger ageostrophic winds  

one will find stronger wind accelerations of the real wind in that region (Rochette and  

Market 2006). This acceleration of the wind forces regions of divergence and  

convergence to form. These regions of convergence and divergence provide  
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conditions that necessary to generate sinking or rising motions of air. 

 

  

2.3.3  Jet Streams and Jet Streaks  
 

 

This study will only be concerned with definitions concerning upper tropospheric jet 

phenomena. Moore (2005) explains that a jet stream is an intense, narrow, quasi-

horizontal current of wind that is found near the top of the troposphere, and that it is 

associated with strong vertical wind shear. Moore (2005) defines intense as > 30 m s-1; 

narrow is defined as ~1/2 to 1 order of magnitude less in width than its length; finally, 

strong vertical wind shear must equal or exceed 5 m s-1 km-1 and must be at least ½ to 1 

order of magnitude greater than synoptic scale shear. Jet streaks are defined as localized 

wind speed maxima within jet streaks Moore (2005), Palmén and Newton (1969). Reiter 

(1963) notes that particles within a jet stream maximum (jet streak) experience strong 

accelerations, and are therefore subject to ageostrophic influences. Therefore jet stream 

maxima are an ageostrophic phenomena. Shapiro (1982) suggests that individual jet 

streaks form through the phase interactions between waves of the arctic and polar 

latitudes and polar and subtropical latitudes.  In the chosen domain, the polar and 

subtropical jet streams interact and yield the jet streaks of interest. For this study the 30 m 

s-1 isotach was the minimum value used to denote a jet streak core. Jet streaks can occur 

during all seasons but are less common in the summer months over the CONUS.  Single 

jet streaks are much more common than the paired variety. Even less common are the 

straight type jet streaks (Kyser and Shapiro, 1986; Shapiro, 1982). All of these jet streak 

types have associated divergence and convergence patterns that will be discussed.   
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2.3.4 Jet Streak Divergence Patterns  
 

 

Jet streaks are known to have regions of upper-level divergence and convergence.  

As discussed earlier, divergence and convergence are forced by ageostrphic winds. These 

ageostrophic winds represent accelerations in the real wind (Rochette and Market 2006)  

that result in regions of convergence and divergence. Upper- level divergence is strongly 

associated with rising motions due to the direct and indirect circulations that develop near 

the entrance and exit regions of jet streaks. This is shown by Uccellini and Kocin (1987). 

Figure 2.2, taken from Uccellini and Johnson (1979) illustrates the four-quadrant model 

for a straight jet streak with averaged mass flux divergence. While this is infrequently 

observed in the real world, when looking at the averaged mass flux divergence it is 

shown that in the cyclonic exit (quadrant 2 in the Fig. 2.2) and anticyclonic entrance 

(quadrant 4 in Fig.2.2) quadrants, the upper tropospheric mass is divergent. The reverse is 

true to cyclonic entrance and anticyclonic exit regions.   What is more frequent are 

curved jet streaks. However, curved jet streaks have displaced divergence and 

convergence fields (Keyser and Shapiro, 1986). In an operational sense they are much 

harder to diagnose with respect to what is happening with the flux of divergence. This is  

why only straight jet streaks were used for this study. 
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Fig. 2.2 Modeled vertical profiles for the averaged mass flux divergence (x 101 g m-2 s-1) [total(solid), 
ageostrophic (dashed), geostropic (dot-dashed)] in four quadrants surrounding jet streak. X-axis 
shows rising (sinking) motions when the sign is negative (positive).  (Taken from Uccellini and 
Johnson 1979) 
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2.3.5 Jet Streak Circulations 
 
 

 
Figure 2.3. This shows a straight jet streak propagating eastward with time. This image also shows 
the direct and indirect thermal circulation about a jet streak. Taken From Moore (2005). 

 

Uccellini and Johnson (1979) state that direct and indirect transverse circulations 

exist in entrance and exit regions of propagating jet streaks, respectively. Uccellini and 

Johnson (1979) also reveal that the indirect circulation found within the exit region of a 

jet streak, consists of an upper branch directed toward the anticyclonic side of a jet, rising 

and sinking motion on the cyclonic and anticyclonic sides, respectively, and a lower 

tropospheric return branch directed toward the cyclonic side. The direct circulation is 

completely reversed from the sense of the indirect circulation.   Figure 2.3 shows the 

thermally direct rising motions found near the entrance region of an eastward propagating 

jet streak. Figure 2.3 also shows the indirect thermal circulation found near the exit 

region of the eastward propagating jet streak. This circulation pattern typically results in a 
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sloped upward response, because the upward motion vectors are very rarely pointed 

directly upward but rather slope up along the isentropes. Due to this fact much of the 

precipitation and cloud cover that develop in association with this process is stratiform 

not convective (Uccellini and Kocin, 1987). Hakim and Uccellini (1992) illustrate this 

process beautifully in Figure 2.4. Hakim and Uccellini (1992) also note that this 

circulation pattern lends itself to upward and poleward transports of heat and moisture. 

Therefore horizontal coupling of jet streaks provides an efficient upward and poleward 

transportation of moisture and heat even without the presence of a well-developed 

cyclone. Hakim and Uccellini (1992) also found that vertical motions were locally 

enhanced in this circulation pattern. Uccellini and Kocin (1987) state that the entrance 

region direct circulation is marked by rising (sinking) motion on the anticyclonic/warm 

(cyclonic/cold) side of the streak (seen in Figure 2.5b). Conversely, in the exit region of 

the jet streak the ageostrophic components in the upper troposphere are directed toward 

the anticycloninc shear side of the jet streak. The associated circulation pattern with a jet 

streak exit region has rising (sinking) motion on the cyclonic or cold (anticyclonic/warm) 

side of the jet streak. This is diagrammed  by Uccellini and Kocin (1987) in Fig 2.5.  It is 

the interaction of these circulation patterns that is responsible for enhanced regions of 

upward vertical motion.  

Uccellini and Kocin (1987) conclude that a configuration of two jet streaks can 

give rise to a pair of interactive, transverse ageostrophic circulations. The interaction of 

these circulations contribute to conditions favorable for heavy precipitation. Figure 2.6 

shows a cross-section taken between two jet streaks from the Uccellini and Kocin (1987) 
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paper. This shows the direct (labeled D) and indirect (labeled I) jet streak circulations and 

the ageostrophic vertical motion vectors. This convention will 

   
 

 
 

 
Figure 2.4 Schematic of an efficient circulation pattern, which evolved from a laterally coupled 
transverse circulation pattern (a) to a state in which the upper branch of the direct circulation and 
lower branch of the indirect circulation dominate (b), providing for an upward and poleward 
transport of heat and moisture. (Taken from Hakim and Uccellini 1992)   
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be used later on in the study .  They also call for a wider application of their work. This 

study will attempt to show the interaction region (the region between the pair of jet 

streaks) falls within the Rossby radius of deformation.    

 
Figure 2.5. (a) Schematic of transverse ageostrophic wind components and patterns of divergence 
associated with the entrance and exit regions of s straight jet streak. (b) Vertical cross sections 
illustrating direct and indirect circulations in the entrance region [along dotted line labeled A-A’ in 
(a)] and exit region [ along dotted line labeled B-B’ in a (a)] of a jet streak. Cross sections included 
two representative isentropes (dotted), upper-level divergergence, horizontal ageostrophic 
components, and vertical motions (arrows) within the plane of each cross section. (c) Schematic of 
maximum (cyclonic) and minimum (anticyclonic) relative vorticity centers and associated advection 
patterns associated with a straight jet streak. (NVA) represents negative or anticyclonic vorticity 
advection; PVA represents positive or cyclonic vorticity advection (Taken from Uccellini and Kocin 
1987) 
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Figure 2.6. Vector representation of vertical motions and ageostrophic wind components tangential 
to the plane of the cross section at 1200 UTC 11 Feburary 1983, including isentropes (K) at 4 K 
increments. The horizontal vector components are scaled at the bottom of the figures ( ms -1). 
Shading represents ascent in excess of -5μbs-1. Positions of upper-level jet streaks are indicated by 
J.D  and I denote centers of direct and indirect circulations, respectively. (Taken from Uccellini and 
Kocin 1987) 
 
 
 
2.4 Upward Vertical Motion and Precipitation 
 
 

Part of the analysis is based on the contouring areas of upward motion. The aim is 

to establish a pattern between the RRDOZ and the column maximum omega. The 

decision to contour omega values was influenced greatly by Uccellini and Kocin (1987) 

and Rochette and Moore (1996). Both sets of authors refer to -5 µb s-1 as significant 

upward vertical motion. Therefore that same value will be used as a threshold value for 

this study to demarcate what is and is not significant upward vertical motion.  

Precipitation was also contoured to investigate whether precipitation was falling 

in the RRDOZ. Once again the goal was to establish a pattern between the RRDOZ and 
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precipitation. Sisson and Gyakum (2004) define the following precipitation bins: a  heavy 

precipitation event is defined as 25–50 mm (1.00–2.00 in.) in 24 h, a moderate event as 

14–24 mm (0.50–0.99 in.), a light event as 7–13 mm (0.25–0.49 in.), and a very light 

event as 4–6 mm (0.10–0.24 in.). These precipitation categories are consistent with what 

is used operationally by the National Weather Service.  Since this paper is geared toward 

operational meteorology, the bins listed previously will be used to describe precipitation. 

Even the very light precipitation bin is not ignored in this study. The majority of cases 

occurred during winter and therefore the precipitation was frequently snow.  When 

combined with high snow-to-liquid ratios, a very light case can still produce winter 

weather advisory conditions or even winter storm warning conditions. Therefore the very 

light precipitation bin will be used as the minimum value for precipitation contouring 

later in the study. 
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Chapter 3 Methodology 
  
 
 
3.1 Event Selection 
 
 
       The years of 2002 through 2012 were examined for case selection. This range was 

selected because it was expected to produce a statistically significant number of cases 

(greater than 30), and reliable archived data were available. Every day was examined 

from 2002 through 2012, without regard to season. Every 250-mb and 300-mb analysis 

was inspected at the standard synoptic times, 0000 UTC and 1200 UTC. Cases were 

selected if there were two independent jet streaks present and  they were aligned in a 

manner in which:  

 
1.  The jet streaks had minimal curvature along their longer, along-stream 

horizontal axes. 
 
2.  They were separated by at least one quarter wavelength of a trough or 

ridge,  

3.  The potential coupled region (not necessarily the jet streaks) occurred 
over the CONUS. 

 
Jet streaks were considered to be straight if the jet streak’s isotachs appeared to have 

minimal to no curvature, and the horizontal axis was twice as long as the vertical axis 

(assessed subjectively). This process was done using two archives. The first was the 

University of Missouri archive (http://weather.missouri.edu/rti/archive/ ). The University 

of Missouri archive contained daily analyses (Figure 3.1a,) and was for dates after 

September 2006, which is as far back as the archive goes. The second archive used was 

from Unysis (http://weather.unisys.com/archive/eta_init/). The Unisys archive data were 
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based on Eta model initial fields (Figure 3.1b).  Upon initial selection, the cases were 

reviewed to ensure that they qualified for the study using the above criteria. Some cases 

initially selected were dismissed because of a third jet streak in the vicinity, or because 

one of the jet streaks had exhibited curvature. The third jet streak scenario is shown in 

Fig 3.2in which a potentially coupled jet streak pair was located downstream of an 

encroaching third jet streak. This third jet streak could influence the circulation pattern 

and the omega response to the coupled pair. Therefore cases with a third jet streak were 

omitted. After the second review, 104 cases were selected.  

 
 

 
Figure 3.1. Example of a case selected for further investigation from University of Missouri archive 
(http://weather.missouri.edu/rti/archive/). The map is a 250-mb map showing geopotential height 
(white contours) and isotachs (shaded). The right panel is an example of a case selected from the 
Unisys archive (http://weather.unisys.com/archive/eta_init/). The upper right panel was used for the 
subjective selection process. The figure depicts the 300-mb wind (shaded blue to yellow in increasing 
intensity) and 300-mb geopotential height. 
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Figure 3.2. This illustrates the potential influence of a third jet streak on a jet streak pair. Jet streaks 
1 and 2 are the jet streak pair of interest. Jet Streak 3 is the jet streak that encroaches upon the area 
and potentially will disturb the coupled pair. The brown line represents the 500 mb flow regime. The 
Blue oval represent the RRDOZ of the coupled pair. The green circle shows the Rossby radius of 
deformation for the third jet streak. Notice that the third jet streak’s Rossby radius of deformation 
overlaps the RRDOZ of the coupled pair. This overlap could influence the jet streak circulations and 
couple impact the response of omega and divergence within the RRDOZ of the couple jet streak pair. 
 
 
 
3.2 Data Processing 
 
  

Following the selection of the 104 cases, it was determined that gridded data were 

needed to thoroughly inspect for coupled jet streaks. The NCEP North American 

Regional Reanalysis (NARR) was chosen as the best source of gridded data. The NARR 

was picked because the NARR is a data assimilation system designed to give the best 

possible analysis and was temporally consistent across the time period selected. This is 

supported by Mesinger et al (2006). Findings conclude the NARR is the best reanalysis to 

date for the CONUS. The NARR grid spacing is 32.5 km, which is sufficient for this 

study because we are concerned with features that are on the meso-α to meso-β  scale. 

580 (dam)580 (dam) 
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Given the grid spacing, the NARR was fully capable of resolving the features of interest. 

NARR files are available eight times each day, in three hour mean data time steps, with 

the first time step being 00Z and the last being 21Z. The data, which are in gridded binary 

(GRIB) format (.grb files) , were downloaded via HTTP protocol and stored. The .grb 

files were converted to GEneral Meteorology PAcKage  (GEMPAK)(.gem) files. This 

conversion was done so that computations could be applied to the data. Additionally, 

.gem files can be merged and then displayed as time steps in certain software packages 

such as the Integrated Data Viewer (IDV).   

After this file conversion was completed, it was understood that the divergence 

grid, which is of great importance to this study, was raw and unsmoothed. This makes the 

visual interpretation of the divergent regions difficult. Usinga GEMPAK grid diagnostic 

function this problem was solved. The grid diagnostic that was used was (from N-

AWHIPS 5.6 USER’S GUIDE, B1-5): 

  
 GWFS  Horizontal smoothing using normally distributed weights 

GWFS (S,N) with theoretical response for 1/e for N* delta-x wave. Increasing 
N  increases the smoothing   

 
The choice was made to go with seven as the value for N. This corresponds to L = 224 

km. 224 km is much less then the calculated LR value of 1136 km. This allows for the 

entire LR to be resolved by the models and it will not allow the smoothing function to 

smooth out the LR.This choice was made because the Rossby radius of deformation was 

much larger than the selected value for L. Additionally, it allowed for the grid to appear 

smooth. The following function was then applied to every case at time step: 

GWFS(DIV(WND), 7). This accomplished the smoothing that was sought after, and 

made the divergence grid usable.   
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 Subsequent to applying the smoothing function all of the .gem files were merged 

into one daily .gem file. This was done because one of the goals of the analysis was to be 

able to show a loop of jet streaks, and how the associated divergence region changed in 

three dimensions. This was performed by using the IDV software from Unidata. The 

processes described above sufficiently made the original NARR .grb files usable in both 

the GEMPAK Analysis, Rendering Program (GARP) and IDV. 

 Upon completing the data processing, it was found that there were some missing 

data that rendered cases unusable. The missing data ranged from whole time steps being 

missing for all grids to omega or divergence fields being missing. Only fully intact cases 

were used in order to work with cases that contained all time steps and all data. This 

reduced the number of cases to 60 for the final analysis. 

 
 
 
3.3 Determining Rossby Radius of Deformation 
 

 

We now revisit briefly the Rossby radius of deformation (LR; previously Eqn 2.2), 

which is a variable quantity defined (e.g., Bluetstein 1992) as: 

                                                                                

                                                                        
o

R f
NHL =    . (3.1) 

Here,  fo is a constant Coriolis parameter, N is the Brunt–Väisälä frequency, posed (e.g., 

Holton 1979) as  
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(with g as the magnitude of the gravitational acceleration, and θ is the potential 

temperature), and H is the scale height, defined (e.g., Hess 1959) as  

 

g
RT

H o≡
         (3.3)

 

(with R as the specific gas constant for dry air, and To is a reference temperature).  

Authors typically assume a single value for LR, an idea that we shall return to.  However, 

it is instructive to look more carefully at how each variable affects the final value for LR. 

 The direct proportionality relationship in (3.1) demands that LR will grow as both 

the scale height (a function of the temperature) and the lapse rate increase.  However, LR 

is inversely proportional to increasing latitude (if one employs f in Eqn. 3.1).  To explore 

how these competing variables influence LR, calculations were made for varying latitudes 

and reference temperatures, across a range of stability profiles.  The results are shown in 

Fig. 3.3. 
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Fig. 3.3. A plot of LR versus stability for 32°N (upper band), 42°N (middle band), and 52°N (lower 
band). 

 

 Clearly changes in the reference temperature do not drive great changes in LR.  

The chief drivers are the decreasing latitude and decreasing stability.  Thus, low-latitude, 

weaker stability atmospheres (upper right of Fig. 3.3) will have a greater LR  than high-

latitude, stronger stability environments (lower left of Fig. 3.3).  As alluded to earlier, this 

work makes use of a single LR for all of the cases.  The value used for LR is, guided, in 

part, by the previous analysis.  This was determined from the wealth of mid-latitude 

events (42.5 °N.) and their typical mean lapse rates (6.5 K km-1).  The full Rossby radius 

of deformation equation is shown here to demonstrate the values necessary for the LR  
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computation found at a latitude of 42.5 °N  and to spell out the constants that were used 

in the equation. 
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The full Rossby radius of deformation equation that was used by Bluestein is listed in 

chapter 2.   

  
 
 
3.4 Case examination  
 
 
 The selected cases were examined thoroughly to confirm if isolated jet streaks 

were in fact working together to enhance vertical motion within the Rossby radius of 

deformation. Each case was studied in detail using IDV and GARP.  IDV was used for 

examining the total wind, the growth and decay of jet streaks, divergence and pressure 

vertical velocity. GARP was used to display the transverse circulations of each case. The 

methods of the analyses in these software packages follows, as well as the method for 

choosing points by which to measure the Rossby radius of deformation.   

 
3.4.1 Using IDV to View the 3D and Explore Vertical Velocity 
 
 
The first step in investigating each case was to plot the horizontal total wind in three 

dimensions using the IDV software. All time steps were selected and then the “3D 

Isosurface” display was selected. Only wind above the level of non-divergence (550 mb), 

and greater than 30 m s-1 was plotted. This was done to quickly show all of the wind in 
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the portion of the atmosphere of concern, and to reveal where the jet streaks were 

isolated. In many of the cases, as the tropopause was approached, the jet streaks were 

merged. In order to clarify where the jet streaks were isolated, two strategies were 

implemented. First, the isosurface was increased by 10 m s-1  until the independent jet 

streaks were revealed. The second strategy was to adjust the viewpoint of the 3D display 

to numerous angles including from above, side, underneath and a combination to view 

where each jet core was located. A combination of these strategies revealed the  level at 

which the jet streaks were independent. This is significant because a representative 

pressure level (referred to from now on as the representative level), with isotachs, was 

chosen to represent each case. This was done on a case-by-case basis, due to the fact that 

a single, predetermined, pressure level would not be the best choice for every case. The 

representative level for each case was selected on the following criteria:  

• The level had to show two independent jet streaks with a minimum value 

greater than or equal to 30 m s-1,  

• Each jet streak core had to contain at least two isotachs at an interval of 10 

m s-1, 

• The potentially coupled region had to occur over the CONUS.  

This representative layer was exported as .kml (or .kmz) so that it could be opened in 

Google Earth.  

Following the selection of a representative level, divergence and pressure vertical 

velocity were plotted. Divergence was plotted via 3D isosurface from the level of non-

divergence (550 mb) to the representative level. Only values greater than 3 x 10-5 s-1 were 

plotted. This value was chosen because it indicated at a minimum moderate divergence. 
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Divergence was selected as an investigation tool because when upper-level divergence is 

present, it indicates that ageostrophic motions are occurring. Pressure vertical velocity 

(upward vertical motion) was plotted in a user-defined cross section. Only values less 

than or equal to -5 µb s-1  were plotted as seen in Uccellini and Kocin (1987) and 

Rochette and Moore (1996). The cross-section was always plotted through the area of 

coupled divergence. This was done because the presence of strong upward motion in 

response to upper-level divergence was vital in confirming coupled jet streaks. 

 
3.4.2  Choosing Points to Assess the Rossby Radius of Deformation  
 
 

The points to assess the Rossby radius of deformation from will be referred to as 

the indirect jet streak (point I) point, and the direct jet streak point (point D). The indirect 

point refers to the jet streak contributing the indirect thermal circulation to the coupled jet 

pair. The direct jet streak refers to the jet streak contributing the direct thermal circulation 

to the coupled jet pair. For the Northern Hemisphere, the direct jet streak was east and 

poleward of the indirect jet streak. The isotachs at the representative level were displayed 

in IDV. The file was then exported to a .kml file and displayed in Google Earth. The first 

point (the direct jet streak point) was placed on the furthest position west on the poleward 

jet streak isotach, also referred to as the direct jet streak (Figure 3.4). The indirect jet 

streak point was established at the furthest east point of the first closed contour of the 

equatorial jet streak greater than 30 m s-1  (Figure 3.4).  The location of the points was 

selected because it represents the beginning of the entrance (for a direct jet streak) and 

end of the exit (for an indirect jet streak) regions for a given jet streak. These entrance 
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(exit) regions are where the transverse circulations can be found, according to Uccellini 

and Johnson (1979).   

 
  
Figure 3.4. Showing the established ‘Point I’ and ‘Point D’ for a case. Point I (red) 
represents the indirect jet streak. The point is placed at the furthest east point of the closed 
isotach.  Point D (red) represents the direct jet streak. The point is placed at the furthest 
west point of the closed isotach. Colored lines are isotachs at contoured 10 m/s intervals 
starting at 10 m/s. 
 
 

3.4.3 Using GARP to Generate Transverse Circulations 
 

 

Upon establishing indirect and direct points, GARP was used to view the 

transverse circulations of each jet pair. The cross section to establish the transverse 

circulation was plotted approximately 500 km north and south of the direct and indirect 

jet streaks, and in between points I and D (Fig. 3.4).  The plots showing the transverse 

circulation were created using methods similar to those used by Uccellini and Kocin 

(1987) shown in Fig. 3.5. An example of the result can be seen in Fig. 3.6.      
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 Figure 3.5. Showing the cross section area (Along the line between points A and B). The cross section 
is seen in Fig 3.6. Colored lines are isotachs contoured at 10 m/s intervals starting at 10 m/s.  
Point I represents the indirect jet streak. Point D represents the Direct jet streak.  
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 Figure 3.6. Cross section of the transverse circulation. Green lines are isentropes (K) at 4 K 
increments. Blue dotted contours are pressure vertical velocity values at -2 µb increments, beginning 
at -5 µb. Yellow arrows represent scaled sum of the vertical motion and ageostrophic wind 
components tangential to the plane of the cross sections shown in figure 3.5. Point I represents the 
exit region of the jet streak contributing the indirect thermal circulation to the coupled jet streak 
pair. Point D represents the entrance region of the jet streak contributing the direct thermal 
circulation to the jet streak pair.  
 
 
 
3.5 Establishing the Rossby Radius of Deformation Intersecting 
Areas 
 
  

The points representing the direct and indirect points for the jet streaks were 

imported in ArcMap from Google Earth using the KML to Layer tool. A buffer was then 

created around each point with the radius of the buffer being equal to the Rossby radius 

of deformation. According to Environmental Systems Research Institute (ESRI) a buffer 

is a zone around a map feature measured in units of distance or time. A buffer is useful 

for proximity analysis. This intersection area is where the jet streaks’ Rossby radii of 
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deformation overlap (Fig. 3.7). Realizing all coupling cases occurred within 5° of 42°N, 

it was determined that using an average value for the Rossby radius of deformation would 

suffice.  This value was 1,136 km and represents the sphere of influence a disturbance 

has on its surroundings. 

 
  

 
Figure 3.7. This image is an example of the area of overlap in the Rossby radii of deformation 
between jet streaks. The line A-B represents the area where the cross section (seen in Fig 3.5) was 
taken. Point I represents the indirect jet streak. Point D represents the direct jet streak. The 
intersecting circles represent buffers around points I and D. The pale green circle is the buffer 
around the indirect jet streak (point I). The radius of this buffer is 1136 km. The pale yellow circle is 
the buffer around the direct jet streak (point D). The radius of this buffer is 1136 km. The light 
brown shaded region is the overlap area between the two buffers.     
  
 
ArcMap was heavily involved with generating the polygons surrounding the indirect and 

direct jet streak points, as well as the RRDOZ. Using the Intersection Tool, a proximity 

analysis tool, a layer was created revealing the intersection of the indirect jet streak and 

direct jet streak buffers. The RRDOZ polygon is what is generated. This process is 

illustrated in the model image shown in (Fig.3.8). This model yields the files required to 
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produce this image (Fig. 3.9). The output files are .kml files. These .kml files were then 

loaded back in Google Earth. 

  
 
 
 
3.6 Determination of Coupling 
 
 
 
 Jet streak coupling was declared to have occurred if the following conditions were 

met: 

1. Two individual jet streaks existed in a manner in which they were: a.straight. b. 

Separated by at least one quarter wavelength of a trough or ridge. c. The potential 

coupled region (not necessarily the jet streaks) occurred over the CONUS. Jet 

streaks were declared quasi-straight if the jet streak’s isotachs appeared to have 

minimal to no curvature and the horizontal axis was twice as long as the vertical 

axis. 

2. There was a single divergence maximum located in between the jet streaks. 

3. There existed pressure vertical velocity equal to or in excess of -5 µb s-1 

somewhere in each column. 

4. A cross-section taken between the jet streaks reveals transverse circulations about 

the jet streaks, aligned in a manner in which the circulation vectors aligned with 

the location of the maximized pressure vertical velocity. 

If the above conditions were met, the case was considered coupled. It was discovered that 

all 59 cases examined were indeed coupled. An effort was then put forth to see what was 

occurring within the RRDOZ in regard to forcing for ascent and precipitation. 
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3.7 Area Comparisons  
 
 

In order to see if there was a trend occurring within the RRDOZ the column 

maximum omega was plotted and contoured. Only values ≤  -5μb s-1 were plotted. This 

was done to see if there was significant omega present within the area of interest (the 

RRDOZ). The area of the RRDOZ was readily available from the information contained 

in the buffer file. The actual area value was generated by a tool created by zonums 

(http://zonums.com/online/kmlArea/). This tool uses .kml and .kmz files that are 

projected using a latitude and longitude grid (as these files are) and calculated the area 

based on the projection used in Google Earth. The projection that Google Earth uses is 

Simple Cylindrical projection with a WGS84 datum. This differs from IDV, which uses 

the Lambert Conformal Conic projection. Seeing how the imagery was plotted in Google 

Earth it was decided that the areas should be generated using the same projection as 

Google Earth. The projection was crucial because changing the projection changes the 

shape of a map. When using a proximity tool, as we are in this study, using a consistent 

projection is essential.  The area for the significant omega was found by creating a 

polygon based on the omega contours using the trace tool in Google Earth. This was a 

tedious process that required tracing the contours using the polygon trace tool. Numerous 

control points were established in order to ensure that the contours and the perimeter of 

the polygon matched up. Additionally in many cases the significant omega was not 

continuous and required mutilple polygons being created.  The area polygons for the 

significant omega were also processed by the zonums 

(http://zonums.com/online/kmlArea/) in order to remain consistent. The two  
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Figure 3.8. Image of a model developed in ArcMap using the Moldel Builder tool. Blue shaded circles 
are input files. Orange boxes are ArcTools used. Green ovals are output files 
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Figure 3.9. This image shows the RRDOZ (red outline) and column-maximum omega  <= -5μb s-1 in 
the yellow shaded region. Only omega within the RRDOZ is shown. 
 

polygons were then compared. In an effort to determine a relationship between 

the area of the RRDOZ and the area of column-maximum omegas ≤   -5μb s-1, the last 7 

three-hourly times, leading up to the best coupling, were examined.  All 18 cases were 

used to create mean values of the areas covered by RRDOZ and the column-maximum 

omegas ≤   -5μb s-1. 
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Chapter 4 Analysis and Results 
 

4.1 Jet Streak Cases and Observations  

 

The total number of cases used for this study was 59. This does not represent all 

cases of straight jet streaks that occurred between 2002 to 2012. That number was 104 

cases. The 104 possible cases show that during this time period on average a year saw 9.5 

potentially coupled jet streaks over the 11-year period. This shows that coupling can 

occur somewhat frequently across the continental United States. The 59 cases that were 

used for the study were chosen because they contained complete and total data sets that 

did not include any missing time steps, missing data, curved jet streaks, or cases that 

included a third or fourth jet streak. Almost half of the original data set was eliminated 

because of the aforementioned flaws. The majority of these cases were removed due to 

curvature or an encroaching third  or fourth jet streak. Appendix A lists all cases used for 

the study including the geopotential height pattern observed at 500 mb, the representative 

layer selected for each case and the jet streak type. Recall that the representative layer is 

the layer at which the points to establish the Rossby radius of deformation buffers was 

used. Figure 4.1 shows the distribution of the cases in regard to meteorological season. 

Meteorological seasons vary from astronomical seasons. The meteorological seasons are:  

• Spring, which includes the months: March, April and May.  

• Summer, which includes the months: June, July and August.  

• Autumn, which includes the months: September, October and November.  
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• Winter, which includes the months: December, January and February.  

Not surprisingly the most common season for the streak coupling was found to be winter. 

 
Figure 4.1 The distribution of cases within the meteorological seasons. The total is out of 59. 

 

When viewing the cases, some interesting jet streak patterns were observed. 

While these were not in the primary objectives, they nonetheless were observed and will 

be reported.  There were three archetypes of jet streaks that occurred, parallel stacked, 

135° Type and 90° Type (See Figure 4.2). These formations are of note because all three 

types exhibited a Rossby radius of deformation (RRDOZ) containing significant omega, 

divergence and precipitation. Many times the parallel stacked formation jumps to mind, 

but it is important to realize all three of these formations are capable of coupling. Also of 

note is that these formations only cover straight jet streaks. Curved jet streaks, as 

previously mentioned, were not used for this study.  
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Figure 4.2 The 3 archetypes of jet streaks observed in the study. 

 

The Parallel straight type of jet streaks were the most common observed followed 

by the 135° Type and finally the 90° Type. There were also two cases that transitioned 

from the 135° to the 90° Type during the time when an RRDOZ was present.  The 

frequencies of each type of case are covered by Table 4.1. These are identified and 

addressed to show that when forecasting, the jet streak alignment is of no consequence 

because all three of these alignments produced coupled jet streaks. 

 Table 4.1. This shows the frequency of each type of jet streak in the study. 

Jet Streak Type Number out of Total 
Cases (59) 

Percentage of Total 
Cases 

Parallel Stacked = 34 57.63% 
135° Type = 18 30.51% 
90° Type = 5 8.47% 

Transition = 2 3.39% 
 

Another observation was that the majority of the cases occurred in meridional 

type flow as opposed to zonal flow. Meridional flow is defined by flow crossing latitude 

lines at sharp angles. Meridional type flow is a flow that characterized by predominantly 

north-to-south or south to north flow. Zonal flow is defined as a flow primarily along a 

latitude circle. It frequently manifests itself by predominately west-to-east or east-to-west 

flow. This is broken down in Table 4.2. This observation makes sense when considering 

jet streak formation. As discussed in Chapter 2, Shapiro (1982) describes how jet streaks 

often form near the crest of a ridge or valley of a trough. The numbers in Table 4.2 agree 

with his assessment. Table 4.3 shows the breakdown of the three archetypes of straight jet 
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streaks and their respective flow type. While the parallel stacked/zonal flow combination 

was the most common formation, meridional flow was more prevalent. 

Table 4.2. This table shows the frequency of the flow type each case occurred in. 

Jet Streak Type Number out of Total 
Cases 

Percentage of Total 
Cases 

Meridional Flow =  38 64.41% 
Zonal Flow =  21 35.59% 

 

Table 4.3. Table showing jet streak archetype and its flow type breakdown. This figure does not 
include the transitional cases which makes up the remaining 3.4%. 

Jet Streak Type Zonal Flow Meridional Flow 
Parallel Stacked =  18 (30.5%) 16 (27.1%) 

135 °Type = 2 (3.4%) 16(27.1%) 
90° Type = 0 (0.0%) 5 (8.5%) 

   
 

The duration of the coupling event was also noted. It was found, based on the 

cases used for this event, that straight coupled jet streaks typically lasted 12 hours or less. 

This result is admittedly subjective but does point out that this event type is not long 

lasting in synoptic forecasting terms (one to five days). The result is subjective due to the 

process of selecting the straight jet streaks. Fig 4.3 shows the duration breakdown for the 

59-case data set. It shows that four times steps (12 hours) is the mode for this data set. 

Three to  five time steps (9-15 hours) accounts for the majority (40/59 or ~68%) of the 

cases. This is consistent when recalling forecasting situations that are common with 

coupled jet streaks. Coupled jet streaks are typically associated with cyclogenesis 

(Uccellini and Kocin 1987) and mature cyclones. These systems typically produce 

precipitation during a 6-12 h period over an area. Longer or shorter events can occur, but 

are less frequent. This table confirms this finding.  
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Figure 4.3. Chart showing the frequency of the time steps for the study. X axis is the number of time 
steps (which equates to three hours/nine time steps). Y axis is frequency of each time step over the 59 
cases. 

The lone 12-time step case (36 hours) was a case that involved a cut-off system over the 

CONUS. This allowed for the event to sit over the same area for a prolonged period of 

time.  The previous findings were not part of the main objectives but were of note and 

were therefore reported. The results of the questions posed in the objectives will follow. 

 

4.2 Initial Question Results 

 

The initial question that this research was based upon was How close is close 

enough for jet streaks to be considered coupled?  This question can be better thought of 

as how close do jet streaks need to be before they can influence one another. This was 

tested by investigating if each jet streak was within the Rossby radius of deformation of 

the other jet streak.  It was found that in all 59 cases there existed a Rossby radius of 

deformation overlap zone (RRDOZ) during at least two time steps/ of three hours/ six 
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hours (6 hours). The cases varied between two time steps ( 6 hours) to 12 time steps (or 

36 hours) where conditions of coupling were met. This was not an anticipated result. This 

result demonstrates that in all cases the investigated jet streaks were within the Rossby 

radius of deformation and therefore could influence one another.   

At first this result seems hard to believe when one considers the average Rossby 

radius of deformation for the CONUS is 1136 km. However since there are two jet 

streaks involved that number is doubled to 2272 km, which is a very large area for two jet 

streaks to form within.  This is also large enough to fully resolve a synoptic-scale wave.  

That is approximately the same distance from Washington D.C. to Denver, CO or from 

the Minnesota-Canadian border to the Gulf Coast of Louisiana. The fact that all of these 

case occur within the synoptic scale makes sense physically when one thinks about our 

atmosphere. Consider that a synoptic wave is made up a trough and ridge. The synoptic 

scale typically is ~2000 km. Jet streaks tend to form just upstream or downstream of the 

apex of ridge or base of a trough in meridional flow(rarely do jet streaks form around the 

base of a trough or apex of a ridge, and if they do they exhibit lots of curvature) . This 

translates to jet streaks forming, in many cases, approximately ½ wavelength of a 

synoptic wave apart or ~1000 km. This value is close to the value of the Rossby radius of 

deformation that was used (1136 km). In zonal flow the jet streaks tend to form near 

shortwaves within the flow. In these cases the jet streaks are farther apart but still within 

2000 km. Furthering this result, nearly all cases (with the exception of two cases that will 

be discussed further) contained at least one time step where column maximum omega ≤  -

5μb s-1 was present within the RRDOZ.  This shows that there is ascending air occurring 

within the region between the jet streaks.  This study found that ~97% of cases viewed 
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had a significant region of rising air in between jet streaks. This strongly indicates that 

the pair of jet streaks is influencing their surrounding environments by supplying the 

necessary conditions to induce rising motions of air. The Rossby radius of deformation is 

the range that a disturbance can affect its surroundings. It appears that when straight jet 

streaks are present and are aligned approximately ½ wavelength apart, rising motion 

results.  In all of these cases the jet streaks(the disturbances) could influence one another 

with a likely result of rising air. Therefore one should proceed with the assumption that 

if two straight jet streaks in the same wave are present that the jet streaks are close 

enough to be coupled.   

The two cases previously mentioned had a configuration where the jet streaks 

were fully stacked on top of one another. This did not allow for there to be any 

interactions of the transverse ageostrophic circulations. This translated to having no 

column maximum omega ≤  -5μb s-1, but still had a RRDOZ.  Arguably these cases 

should have been thrown out of the study because they were not aligned in a manner in 

which the ageostrophic circulations had a chance to interact. Similarly there was a case 

that was not included in the statistics that involved linearly aligned horizontal jet streaks. 

Once again these cases had a RRDOZ but failed to show any coupling signals because 

the transverse circulations could not interact. Both of these examples tell us how 

important the alignments of the jet streaks are to being coupled. It also shows that there is 

a narrow range of possibilities for jet streak alignment, which were discussed above.  

In order to show how jet streaks were aligned within the study, Fig. 4.4 shows the 

three archetypes of jet streaks in Google Earth, as they were displayed during the study.  

Figure 4.4a shows a parallel stacked case that occurred on 27 January 2009. Figure 4.4b 
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shows a 135° Type case that occurred on 20 January 2007. Figure 4.4c shows a 90° Type 

case that occurred on 5 December 2004. The time steps, or the times of interest, that were 

used for this study were those that showed the jet streaks, at the representative layer, as 

being independent and straight. Prior to and after the times of interest, the jet streaks 

behaved differently in each case. In other words, there was not a consistent pattern the jet 

streaks developed in. In some cases one of the jet streaks developed while there was 

already a jet in place. In other cases a large single jet streak split into two independent jet 

streaks. In some cases both jet streaks formed simultaneously.   

Assuming that jet streaks are coupled (or at least influencing one another) based 

on proximity proves nothing. But, when incorporating that fact that ~97% of these cases 

exhibited column maximum omega ≤  -5μb s-1 during every single time step shows that 

there is an influence of upward vertical motion by these jet streaks. Additionally, cross-

sections confirm the presence of interacting transverse ageostrophic circulations within 

the RRODZ during every case.  Not every time step within a case showed an interacting 

transverse ageostrophic circulation, but every case had at least one time step where there 

existed the interacting transverse ageostrophic circulations. Therefore, we can safely say 

that all 59 of these cases are coupled. 
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(a) 

 
(b) 
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(c) 

Fig. 4.4. Images show direct jet streak buffer in pale yellow, indirect jet streak buffer in light blue 
and RRDOZ area in light green. Contours are isotachs in m/s beginning at 10m/s, contoured every 10 
m/s. (a) Shows a parallel stacked case which occurred on 1/27/2009 (b) Shows a 135° Type case which 
occurred on 1/20/2007. (c) Shows a 90° Type case. This case occurred on 12/5/2004. 

 

4.3 RRDOZ and Omega Area Procedures and Comparisons 

 

Upon finding the result that if a straight jet streak pair is present one should 

assume they are coupled, a shift in the analysis took place. Investigating what was 

occurring within the RRDOZ was of chief concern. It was determined that the area of the 

RRDOZ should be compared to the area of the contoured column-maximum omega      ≤  

-5μb s-1. This value for column-maximum omega was based upon the rationale of 

Uccellini and Kocin (1987) and Rochette and Moore (1996) ,who also used omega         ≤ 

≤ -5μb s-1 to demarcate significant omega. Column-maximum omega was selected to 

investigate because assuming sufficient moisture was present in the RRDOZ (which is a 

large and uninvestigated assumption) omega would be the primary indicator for 
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precipitation placement.  An 18-case subset of the data was selected for the area analysis. 

The 18 cases selected for the subset were selected because they had a duration ≥18 hours 

(five time steps) and had no missing column-maximum omega files. Figure 4.3 shows 

that there was potential for there to be 23 cases. However five of these cases were 

missing column-maximum omega files and therefore not used for this portion of the 

study.  The case list can be seen in Table 4.3 below.  The requirement for five time steps 

(15 hours) was chosen in order to establish a more reliable trend in the data.  

 

4.3.1 GIS Projections and RRDOZ Area Calculation 

 

The initial step in the areas comparison was to establish the area of the RRDOZ. 

The RRDOZ file was readily available but there was the projection obstacle to overcome. 

Projections are based on a geographic coordinate system. According to ESRI (who are 

the creators of ArcGIS, which is the most widely used GIS software in the world and an 

industry standard) a geographic coordinate system (GCS) uses a three-dimensional 

spherical surface to define locations on the earth. It includes an angular unit of measure, a 

prime meridian, and a datum (based on a spheroid). A datum is the reference 

specifications of a measurement system, usually a system of coordinate positions on a 

surface (a horizontal datum) or heights above or below a surface (a vertical datum).  A 

spheroid is a three-dimensional shape obtained by rotating an ellipse about its minor axis. 

It has  dimensions that either approximate the earth as a whole, or with a part that 

approximates the corresponding portion of the geoid.  In a geographic coordinate system 

a point is referenced by its longitude and latitude values. Longitude and latitude are 



54 
 

angles measured from the earth's center to a point on the earth's surface. The angles are 

often measured in degrees (or in grads).  

A projected coordinate system (PCS) is defined on a flat, two-dimensional 

surface. Unlike a geographic coordinate system, a PCS has constant lengths, angles, and 

areas across the two dimensions. A PCS is always based on a GCS that is based on a 

sphere or spheroid. When using data that is generated with a GCS one must be careful 

because most analysis software (like that ones used in the study, ArcMap, IDV or Google 

Earth) require that in order to do any proximity or spatial analysis the data must be in a 

PCS. Originally the data from the NARR was in Northern Hemisphere Lambert Conic 

Conformal projection (according to NOAA’s Earth System Research Laboratory) which 

is a PCS. The data that needed to be projected were wind speed and column-maximum 

omega. The data were projected correctly by IDV.  

However, Google Earth is not flexible in its projections. According to Google, 

Google Earth uses the Simple Cylindrical (Plate Carree) projection with a WGS84 datum. 

This is not an option for projection in IDV at the time of this study. So in order to export 

and use the data with Google Earth the data were based on a GCS (which is an option in 

IDV). This means that the data was now centered around latitude and longitude which 

was conserved rather than shape of the object (which is conserved in a PCS). This was 

acceptable because Google Earth, IDV and ArcMap can all understand GCS data.  

Google Earth was the best place to show the results of the analysis so it was 

critical the data was in a form that could be understood by Google Earth. So the data were 

imported into IDV in Northern Hemisphere Lambert Conic Conformal and then exported 

as GCS. It was then imported into Google Earth as a GCS. The points to create the buffer 
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files were established and saved as GCS. Then ArcMap was used to import the GCS 

ArcMap data and then run the python model seen in Appendix B and Fig 3.8. However, 

because the points were established using GCS the output files of the model had to be in 

GCS.  This had to be done in a GCS because if the buffer files and intersection files were 

re-projected the shape would have been conserved as opposed to the latitude and 

longitude. This would have cause errors in the calculations of the areas because a slightly 

different shape projected onto a latitude and longitude grid would cause the areas to 

appear to be different. This is why a GCS was used. The zonums tool that was used was 

made to calculate areas in a GCS. ArcMap only has the capability to calculate areas using 

a PCS. This is why an external tool was used. So these were the necessary precautions 

that had to be taken in order to get the correct area calculations of the RRDOZ. 

4.3.2 Significant Omega Area Calculation 

 

After the RRDOZ area was calculated the column-maximum omega (≤ -5μb s-1) 

area had to be calculated. This process was done by compiling the column-maximum 

omega and importing it into IDV. From there it was turned into GCS data and exported to 

Google Earth. Only values ≤-5μb s-1 of column-maximum omega were exported.   Once 

in Google Earth the polygon feature was used to trace each time step. Figure 4.5 shows 

the significant omega imported into Google Earth prior to polygon tracing. Figure 4.6 

shows the RRDOZ area overlaid on top of the significant omega. Only significant omega 

within the RRDOZ was traced and turned into a polygon. This was because the omega 

outside that region would not be compared to inside the RRDOZ region. The goal was to 

compare omega areas within the RRDOZ to the area of the RRDOZ to see if there was a 
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correlation. The external omega served no purpose and therefore was not used. The 

significant omega had to be traced and turned into a polygon by hand because the original 

grid file could not be transformed into a layer file within ArcMap. In many cases there 

was not just one significant omega polygon for one time step within the RRDOZ. In some 

cases up to 15 separate polygons had to be summed to compute the final area. Figure 4.7 

shows the end processing of a case where there are multiple significant omega files with 

the RRDOZ.  Once the polygons were created for each time step of each case they were 

stored as a GCS .kml file. Then using the zonums tool 

(http://zonums.com/online/kmlArea/) each individual polygon was summed to create one 

final significant omega area within the RRDOZ for each time step.  This process was 

tedious but necessary to generate the areas of significant omega within the RRDOZ. 

 

Fig. 4.5 This shows the RRDOZ (shaded pale green) overlaid with the column-maximum omega (<= -
5μb s-1) which are the orange contours. This case occurred on 9/25/2009. This is the output GCS 
projected .kml file from IDV. Original data from the NARR. 
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Fig 4.6 Shows the column-maximum omega (≤ -5μb s-1), shaded yellow, within the RRDOZ area (red 
outline). This is the same case as seen in Fig 4.5. It shows only the final omega polygons within the 
RRDOZ. Polygons were created using the create polygon tool in Google Earth and tracing the 
contoured data produced by the NARR. The data is projected in a GCS. 

 

 

4.3.3 RDDOZ and Significant Omega Area Comparison 

 

Once the areas of the RRDOZ and significant omega were calculated they were 

compared. Table 4.4 shows all of the RRDOZ areas for the 18 case subset. This table is 

laid out in a manner which you can see the areas organized by case date and time step. 

Table 4.5 shows all of the significant omega areas for the 18 case subset and is formatted 

identically to Table 4.4. 
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Table 4.4. Shows the RRDOZ areas in km2. The furthest left column indicates at what time step the 
area corresponds to. 
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Table 4.5. Shows the Significant Omega areas in km2. The furthest left column indicates at what time 
step the area corresponds to. 

 

The RRDOZ area was compared to the area of column-maximum omega at each 

time step. The goal of this comparison was to see if there was any trend in coverage of 

the RRDOZ by omega. Such a trend was not discernible on a case by case basis. While 

the case by case method failed to produce a useful result, looking at the data holistically 

proved to be considerably more useful. The only conclusions one could draw from the 

case by case perspective is that significant omega did occur within the RRDOZ at least 

once during each case. This is not a powerful result but does show that during the lifetime 

of the cases significant omega can be expected within the RRDOZ. Table 4.4 shows all of 

the RRDOZ areas (in km2) for the 18-case subset. Table 4.5 shows all of the significant 

omega (≤ -5μb s-1) areas for the 18-case subset. Investigation of the table shows that 
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while no trend could be found in the data the presence of significant omega within the 

RRDOZ is common and the coverage is still expansive, but not as expansive as the 

RRDOZ area. 

 A holistic approach to the data set was attempted to find a trend in lieu of the 

case-by-case method that was originally attempted. Once again the area for the RRDOZ 

and column-maximum omega ≤ -5μb s-1 were compared. This time average RRDOZ area 

per time step was compared to the average and column-maximum omega ≤ -5μb s-1 per 

time step. Table 4.5 shows the average RRDOZ area per time steps and average 

significant omega per time step.  

 

Table 4.6 Tabling showing mean averaged RRDOZ and mean averaged column-maximum omega. 
These areas are in km2 and are represented as points in Fig. 4.7 

Mean 
RRDOZ 

Mean OMEG 

2191496.667 521792.3333
2556444.333 726425 
1945275.75  555733 
1512936.333 398062.8333
1704789.615 384442.2308
1874526.769 425127 
1635944.846 386377.2308
1627647.154 327753.8462
1910119.539 526136.6154

 

 

Figure 4.7 shows the graph of Table 4.6. Figure 4.7 shows a dashed line with a slope of 1 

running diagonally through the graph and nine points. The points are x-y scatter points 

where the x component is the RRDOZ area and the y component is the significant omega 

area. Points below the dashed line indicate dominance by the x-axis component, which in 

this case is the RRDOZ area. This makes sense because the RRDOZ areas are 
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significantly larger than the omega areas. The points suggest a linear relationship. Figure 

4.8 is similar to Fig 4.7 except the graphic does is not a have a 1-to-1 relationship of the x 

and y-axis. Figure 4.8 can be considered a zoom in of Fig 4.7 and shows the cases are 

strongly related.  Running a regular correlation test using the Pearson method yielded a 

correlation coefficient of 0.90. This result shows that as the area of significant omega 

increases as the jet streaks increase in proximity. In other words, as jet streaks come into 

closer proximity the coverage of column-maximum omega ≤-5μb s-1  increases. This 

result suggests that in sufficiently saturated conditions, the proximity of jet streaks plays 

a role in precipitation coverage. 

 

Figure 4.7 X Axis represents the mean RRDOZ area. The Y Axis represent the mean area of 
significant omega. Points are x-y scatter points. The dashed running diagonal through the graph 
represents the line with a slope of 1. 
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Figure 4.8. X Axis represents the mean RRDOZ area. The Y Axis represent the mean area of 
significant omega. Points are x-y scatter points. 

 

 

4.4 RRDOZ, Omega and Precipitation Comparisons 

 

 One objective of the area comparisons is to be able to identify whether the 

RRDOZ is an area of interest for a synoptic-scale forecast. In order to see if the RRDOZ 

is an area of interest to a forecaster, precipitation coverage area within the RRDOZ was 

compared to the significant omega area within the RRDOZ. This was done to test if the 

significant omega area is a good predictor of precipitation. This can be thought of as the 

omega forecasting precipitation within the RRDOZ. The precipitation data came from the 
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NARR In the form of three-hour total cumulative precipitation (). Each time step 

represented the sum of the previous three hours’ worth of precipitation. Precipitation 

totals were analyzed starting at 0.10 inches (~4 mm). This value was chosen because it is 

the minimum value used to describe a precipitation event according to Sisson and 

Gyakum (2004). This is also consistent with how the National Weather Service groups 

precipitation data. It was decided to view rainfall at each time step instead of a 24-hour 

observation because the time step method would provide more information about when 

the rain was falling and if it was contained in the RRDOZ during a given three hour level. 

This data were imported into IDV and transformed to a GCS .kml file and exported to 

Google Earth. Once in Google Earth polygons were created by tracing the precipitation 

within the RRDOZ. This can be seen in Fig 4.9. This procedure was identical to the 

significant omega procedure. The area of all polygons for each time steps were summed 

and recorded.   

With the exception being 12/7/2009 (which will be discussed), each saw 

precipitation during the event as seen in Fig 4.10. Figure 4.10 also shows the scale of the 

RRDOZ areas when compared to the omega and precipitation areas.  
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Figure 4.9. The RRDOZ polygon is outline in red. The pale green shaded region is the polgon created 
by tracing precipitation >=0.10 inches within the RRDOZ. Blue contours are isohyets, contoured 
every 0.10 inches. This case occurred on 1/15/2007. 

 

Figure 4.10. Shows the case average plots. This figure illustrates the size difference between the 
RRDOZ areas and the Omega/Precipitation areas. It also shows omega and precipitation behave 
similarly in terms of troughs and ridges, in each case. 
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 Not every time step for each case had precipitation, but each case did have 

precipitation in it (excluding 7 December 2009). As suggested above the RRDOZ area 

could be thought of as a first estimate area for precipitation concerns when making a 

forecast.  When looking at the data on a case by case level (not time step by time step but 

full case) and one considers the forecast area to be the column maximum omega (≤ -5μb 

s-1) within the RRDOZ and the forecast verified  if 0.10 inches of precipitation, the 

method reliably verifies. The data were averaged on a case-by-case basis. So if there were 

five time steps then all five times were used to create the average. This was done for the 

column maximum omega (≤ -5μb s-1) area within the RRDOZ and precipitation ≥0.10 

inches area within the RRDOZ.   A Pearson type correlation test was run and a 

correlation coefficient of 0.75 was found. This indicates that the significant omega area 

reliably predicts the significant precipitation area, thus confirming that for a synoptic 

forecast (1-5 days out) the RRDOZ area is an area of interest for precipitation. Figure 

4.11 shows an x-y scatter plot where the x component is case averaged column maximum 

omega (≤ -5μb s-1) area within the RRDOZ and the y component is the case averaged 

precipitation ≥0.10 inches area within the RRDOZ. This figure suggests that these 

variables are related and this is supported by the correlation coefficient of 0.75. The 

dashed black line represents the line with a slope of 1. Points below this line indicate 

dominance by the x component of the x-y scatter point. The x component is the column 

maximum omega (≤ -5μb s-1) area within the RRDOZ. The solid black line represents the 

linear regression line for the scatter points.  



66 
 

 

Figure 4.11 Points represent the 17 cases used. Blacked dashed line is the slope of 1 line intersecting 
the graphic. Solid black line is the linear regression line for the points plotted. 

 

The 7 December 2009 case was dismissed from this portion of the study because no 

precipitation fell. There was a very dry air mass in place as the two independent jet 

streaks formed. Cyclogenesis did occur, but precipitation did not begin until 8 December 

and lasted through the next day(which is another case used in the study). By 1800 UTC 

on 7 December 2009 the jet streaks had merged and did not reform as independent 

straight jet streaks until 9 December 2009.  

The RRDOZ area does seem to be an area of interest to synoptic-scale forecasters. 

The significant omega area within the RRDOZ proved to be a good indicator of 

significant precipitation as seen in Fig 4.10 and 4.11. 
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4.5 Representative Case Study 

 
Figure 4.12. Show the snow water equivalent after coupling event moved through the region. Image 
created by National Operational Hydrologic Remote Sensing Center and retrieved on 10/25/2013 
http://www.nohrsc.noaa.gov/snow_model/images/full/Northeast/ruc_snow_precip_24hr/200912/ruc_s
now_precip_24hr_2009121005_Northeast.jpg 

An individual case study will be presented to represent the process that occurred 

in the analysis. This will include all images and figures generated at every step of the 

process. The case date selected was 9 December  2009. This case was chosen because it 

is a NE United States coupling event that produced significant snowfall and rain. Fig 4.12 

shows the snow water equivalent the morning after the storm (courtesy of National 

Operational Hydrologic Remote Sensing Center). This figure shows that this case 

produced heavy precipitation, according to the scale presented by Sisson and Gyakum 

(2004).  This case was also selected because it was one of the eighteen cases used for the 
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RRDOZ areas analysis. We will begin inspecting this case when both jet streaks are 

independent jet streaks. Also the representative layer has already been selected 275 mb. 

The coupling occurred between the time steps beginning at 0900 UTC through 2100 UTC 

(12 hours).  

The 500 mb flow throughout the case can be classified as meridional flow with a 

long wave, negatively tilted trough in place over the Mississippi Valley regions through 

the Intermountain West. Large scale ridging was in place across the Pacific Coast of 

Canada and the United States. A very large closed 500-mb low (as seen in Fig 4.13a) is in 

place across the northwest portion of Hudson Bay.  Ridging was in place across 

southeastern Quebec and the notheastern United States, as seen in Fig 4.13b. Strong 

parallel stacked jet streaks were observed with the northeast jet streak stretching from far 

southeast Canada over the Atlantic Ocean. The southwest jet streak was in place across 

the Southern Plains, which is visible in Fig 4.13c. Both jet streaks were initially parallel 

with a west-east orientation but, the streaks transition to a 135° Type from 1800-2100 

UTC. The coupling pattern is maintained, but moves out of the domain (coupling region 

moves offshore) by 0000 UTC  10 December, as seen in Fig 4.13d. The area between the 

jets or the region of potential impact for jet coupling was the Middle Atlantic, Ohio River 

Valley (early in the period) and New England (later in the period). This can be seen in 

Fig 4.13.  
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(a) 

 

(b) 
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(c) 

 

(d) 
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(e) 

Figure 4.13. 500-hPa geopotential heights in black solid lines and the 275-mb wind as shaded by color 
increasing by increments of 10 m/s. Warmer colors indicate stronger winds. White areas indicate 
wind speeds in excess of 80 m/s.  (a) is the 09 UTC time step. (b) is the 12 UTC time step. (c) is the 15 
UTC time step. (d) is the 18 UTC time step. (e) is the 21 UTC time step. The case occurred on 
12/9/2009. The data is from NARR. The data is projected using a GCS.   

 

The reference layer (275 mb) was exported from IDV as a .kml file. This .kml file 

was then opened in Google Earth. At each time step the indirect and direct jet streak 

points were selected in order to create the Rossby radius of deformation buffers. Recall 

that the indirect point refers to the jet streak contributing the indirect thermal circulation 

to the coupled jet pair. The direct jet streak refers to the jet streak contributing the direct 

thermal circulation to the coupled jet pair. For the Northern Hemisphere, the direct jet 

streak was east and poleward of the indirect jet streak. The first point (the direct jet streak 

point) was placed on the westernmost point on the 30 m s-1 isotach on the poleward jet 

streak, also referred to as the direct jet streak (Figure 3). The direct jet streak point was 

established at the most easternmost point on the 30 m s-1 isotach of the equatorward jet. 

The points for all five time steps can be seen in Fig 4.14.  
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(a) 

 

(b) 
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(c) 

 

(d) 
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(e) 

Figure 4.14. 9 December 2009 NARR analyses of wind speed at 250 mb (colored contours, m s-1), 
valid at (a) 0900 UTC;(b) 1200 UTC; (c) 1500 UTC; (d) 1800 UTC; and (e) 2100 UTC.  

 

After the direct and indirect points were chosen, the python model (visualization 

in Fig. 3.7 and script in Appendix B that was discussed in chapter 3) was run. This 

produced the buffer files and intersection files (RRDOZ) that will be seen in Fig 4.15 and 

represents the Rossby radii of deformation polygons and RRDOZ polygons.  Bear in 

mind that the output of this figure reads like a Venn diagram where the circular shapes 

represent the sphere of influence for each individual jet streak, while the intersecting 

polygon represents the area that both jet streaks are impacting. This reveals that the area 

of interest for this case stretches from the Great Lakes region through New England. 

  To facilitate a quick check to see if there was any activity actually occurring 

between the jet streaks, omega (≤-5μb s-1) between the surface and 275 mb (the 

representative layer) was plotted in IDV.  This was then exported as a .kml and overlaid 

in Google Earth with the Rossby radius buffers and RDDOZ polygons.. Fig.4.15 shows 
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the  omega overlaid on top of the buffers, RRDOZ and wind contours (at 275 mb). Figure 

4.15 shold be viewed as a loop.. Figures 4.15a,4.15b and 4.15c show the RRDOZ nearly 

completely covered by significant omega. Figures 4.15d and 4.15e show the system is 

beginning to move out over the Atlantic Ocean and the significant omega is shifting to 

the southern half of the RRDOZ polygon. This reveals that there is indeed activity, with 

respect to  omega  occurring in between jet streaks and within the RRDOZ.  At one point 

in the study, divergence was being used to test to see if there was activity within the 

RRDOZ. However, it was determined that omega best fits the need of this study because 

it provides direct evidence of upward vertical motion.  

 

(a) 
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(b) 

 

(c) 
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(d) 

 

(e) 

Figure 4.15. Images show wind speed in m/s contoured every 10 m/s. RRDOZ region outlined in red. 
Omega values <= -5μb s-1 are found in the green shaded area (a) is the 09 UTC time step; (b) is the 12 
UTC time step; (c) is the 15 UTC time step; (d) is the 18 UTC time step; (e) is the 21 UTC time step. 
The case is from 12/9/2009 and the data source is the NARR. The data is projected using a GCS.   
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With the intention to see if jet streaks were working in concert to enhance omega, 

cross sections which intersected the RRDOZ area were examined. Figure 4.16 shows the 

region of the cross-section and the cross section itself. Figure 4.16 should be treated as a 

time lapse where Fig 4.16a shows the cross-section between points A and B at. At 0900 

UTC there is a clear unified circulation between the direct and indirect jet streaks. . At  

1200 UTC  (Fig 4.16b)  there is still clearly a coupled transverse ageostrophic circulation 

pattern between the jet streaks. At 1500 UTC(Fig. 4.16c) the transverse ageostrophic 

circulation pattern remains unchanged.  At 1800 UTC (Fig. 4.16d). the direct jet streak 

circulation is stronger than the indirect jet streak circulation. This caused the omega 

contours to exhibit a more sloped pattern towards the direct jet streak. This pattern 

continues in Fig. 4.16e, which represents 2100 UTC, when the indirect circulation is 

barely visible.  Notice that all five time periods that the jet streaks were independent and 

within the domains of the study show the classic ‘pinwheel’ formation that was shown by 

and Uccellini and Kocin (1987). Examining cross-sections confirms ageostrophic 

transverse circulations interacting to produce omega ≤ -5μb s-1 in between the jet streaks. 
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(a) 
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(b) 
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(c) 
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(d) 
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(e) 

Figure 4.16 Cross Sections showing Theta E in K (green lines), ageostrophic circulations (blue 
arrows), normal wind (yellow lines), and omega <= -5μb s-1 (red dashed lines). The images below the 
cross section show where the cross section was taken through. Pale green shaded  RRDOZ, red line 
represents the plane of the cross section.(a) is the 09 UTC time step. (b) is the 12 UTC time step. (c) is 
the 15 UTC time step. (d) is the 18 UTC time step. (e) is the 21 UTC time step. The case is from 
12/9/2009 and the data source is the NARR. The data is projected using a GCS.   
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This case is confirmed as a case with coupled straight jet streaks. The grounds for this 

declaration are as follows (from Chapter 3): 

1.  The jet streaks exhibited minimal curvature, according to the established criteria..  

This requirement can conclusively be shown to have been met and can be seen by 

viewing Fig 4.6. 

2. There existed pressure vertical velocity ≤ -5 µb s-1. This condition is satisfied and 

can be seen in Fig. 4.15 and Fig 4.16, 

3. A cross-section taken between the jet streaks reveals transverse circulations about 

the jet streaks, aligned in manner in which the circulation vectors align with the 

location of the maximized pressure vertical velocity. This stipulation is fulfilled 

and can be seen viewing Fig. 4.16.  

As described above all conditions to be considered coupled were met. This case study 

shows how the process was completed for all 59 cases in the study. It was completed to 

help the reader better understand and visualize the execution of the methodology section.  

After the case was declared coupled, normal protocol would be to move to the next case. 

For this example we will skip ahead to look at the area comparison.  

The first step in the area analysis is to calculate the area of the RRDOZ. This was 

done by exporting the RDDOZ .kml GCS file and using the zonums tool to calculate the 

area for the each RRDOZ polygon at each time step. The area for each time step is 

recorded in Table 4.6 and the RRDOZ polygon is seen in Fig 4.17. After the RRDOZ 

area was calculated the significant omega (≤ -5μb s-1) area was calculated. This was done 

by tracing the omega contours that were within the RRDOZ. The outcome of that trace 

can be seen in Fig 4.17. The area of omega for each time step was calculated using the 
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zonums tool and recorded and can be seen in Table 4.6. Figure 4.17 is meant to be 

viewed as a time lapse of the RRDOZ and omega polygons shifting with time. Omega 

polygons are shown as yellow shaded polygons with the red outlined region (which is the 

RRDOZ). Figure 4.17a shows the omega polygon trace of t 0900 UTC  9 December 

2009. Figure 4.17b shows the omega polygon trace at 1200 UTC 9 December 2009. 

Figure 4.17c shows the omega polygon trace at 1500 UTC 9 December 2009. Figure 

4.17d shows the omega polygon trace at 1800 UTC 9 December 2009. Figure 4.17e 

shows the omega polygon trace at 2100 UTC 9 December 2009.  Finally the precipitation 

≥ 0.10 inches contour was traced and area of the coverage was calculated and recorded 

using the same procedures as the omega areas. The precipitation area is recorded in Table 

4.7 and can be seen in Figure 4.18. Figure 4.18 is meant to be viewed as a time lapse of 

the RRDOZ and precipitation polygons shifting with time. Figure 4.18a shows the 

precipitation polygon trace at 0900 UTC 9 December 2009. Figure 4.18b shows the 

precipitation polygon trace at 1200 UTC 9 December 2009. Figure 4.18c shows the 

precipitation polygon trace at 1500 UTC 9 December 2009. Figure 4.18d shows the 

precipitation polygon trace at 1800 UTC 9 December 2009. Figure 4.18e shows the 

precipitation polygon trace at 2100 UTC 9 December 2009.   

 

 

 

 

 

 



86 
 

 

Table 4.6. This table shows the areas for the RRDOZ, omega and precipitation polygons. 

12/9/2009 Area in km2 

Time 
Step 

RRDOZ  Omega  Precipitation 

06Z 632,642 436,081 202,487 
09Z 221,007  207,766 198,598 
12Z 937,124  871,987 708,372 
15Z 419,408  411,684 361,706 
18Z 838,480  644,908  399,174 
21Z 1,019,688 576,873 325,379 

 

 

 

(a) 
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(b) 

 

(c) 
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(d) 

 

(e)  

Figure 4.17 This shows the RRDOZ area (red outline) compared with the significant omega (column-
maximum omega (<= -5μb s-1) which are the yellow polygons. (a) is the 09 UTC time step. (b) is the 12 
UTC time step. (c) is the 15 UTC time step. (d) is the 18 UTC time step. (e) is the 21 UTC time step. 
The case date is 12/9/2009  
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(a) 

 

(b) 
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(c) 

 

(d) 
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(e) 

Figure 4.18 This shows the RRDOZ area (red outline) compared with the significant precipitation 
(>= 0.10 inches) which are the pale green polygons. (a) is the 09 UTC time step. (b) is the 12 UTC 
time step. (c) is the 15 UTC time step. (d) is the 18 UTC time step. (e) is the 21 UTC time step. The 
case date is 12/9/2009 

Since the RRDOZ areas and significant omega areas comparison was not 

performed on the case-by-case level it was not shown for the 9 December 2009 case. The 

precipitation coverage area to significant omega comparison was performed on the case-

by-case level and was done so here. This particular event outperformed the overall study. 

The Pearson correlation test yielded a correlation coefficient of 0.89 when testing the 

significant omega within the RRDOZ and the precipitation with the RRDOZ. Figure 4.19 

shows each time step plotted for the case. For this case the omega area did a fantastic job 

predicting precipitation coverage. This case study was completed to help visualize the 

methods used for analysis of the data set. 
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Fig 4.19 Graphic showing the relationship between omega areas and precipitation areas. The x axis 
represents the column-maximum omega areas. The y axis represents the precipitation coverage 
areas. The points are x-y scatter points representing each time step during this case (12/9/2009). 
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Chapter 5  Conclusions 

5.1 Summary 

The initial question, How close is close enough for jet streaks to be considered 

coupled, was investigated by investigating jet streak proximity.  This entailed sifting 

through all dates between 1 January 2002 and 31 December 2012 and looking at 250-mb 

and 300-mb wind maps to inspect for cases with jet streaks that were straight and aligned 

in a manner such that transverse ageostrophic circulations could interact. The case 

selection process was subjective because an investigator was looking over the case and 

selecting dates to investigate based on guidelines developed by the investigator. The 

guidelines were:   

1. The jet streaks had minimal curvature determined subjectively along their 

horizontal axes. 

2. The horizontal axis of the streak was twice as long as the vertical axis. 

3.  The jet streak pair was aligned in a manner in which their jet-related 

circulation pattern had the potential to intersect (See Figure 1.1).  

These guidelines were closely followed to ensure that that the case selection process 

was consistent. so that another investigator would be able to use these guidelines to select 

the same cases, as the scientific method demands. The total number of cases used for this 

portion of the study was 59. These 59 cases were then assigned a representative level, a 

level that best represented the case in terms of jet coupling. Based on this representative 

level, which had to contain at least two isotachs greater than or equal 30 m s-1, a point 

was placed on each jet streak that represented its location and which branch of the 
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transverse ageostrophic circulation would potentially be coupled.   Point I marked the 

easternmost point of the exit region of the equatorward jet streak. Point D marked the 

westernmost point of the entrance region of the poleward jet streak. This can be seen in 

Fig 3.3. Based on these points buffers (a circle around a point with a fixed radius) were 

created around the direct and indirect jet streaks. These buffers had a radius of 1136 km, 

which was the average Rossby radius of deformation for the CONUS. The buffers were 

created using a python model that can be seen in Appendix B.  The Rossby radius of 

deformation buffers showed that all jet streak cases reviewed had a Rossby radius of 

deformation overlap zone (RRDOZ), meaning that both streaks in each case were 

influencing one another just by their proximity.    

 

5.2 Conclusions 

 

 All 59 cases had at least one time step (three hours) with a RRDOZ, which indicated 

that each case was coupled. To confirm this all of the cases were then investigated via 

cross-section to see if there were coupled transverse ageostrophic circulations. It was 

found that 97% of the cases had at least one time step where there was an interacting 

transverse ageostrophic circulation. This confirmed jet streaks to be coupled per the 

conditions established in the study, which are: 

1. Straight jet streak criteria were met by both jet streaks;  

2. There was a single divergence maxima located in between the jet streaks; 

3. There existed pressure vertical velocity ≤-5 µb s-1 somewhere in each column; 
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4. A cross-section taken between the jet streaks reveals transverse circulations about 

the jet streaks, aligned in a manner in which the circulation vectors align with the 

location of the maximized pressure vertical velocity. 

The two cases which failed to meet the requirements above were not aligned in a manner 

that allowed the transverse ageostrophic circulations to interact. They were truly stacked 

with one on top of the other. This formation proved to not produce any significant omega 

between the jet streaks. It was shown that when jet streaks exist within 2272 km of one 

other and are properly aligned they will influence one another. Therefore it is 

recommended that forecasters assume that when straight, properly aligned jet streaks are 

present in the upper troposphere within the same wave they should proceed with the 

assumption that they are coupled.  This study is the first of its kind to confirm that when 

both jet streaks in a coupled pair have a Rossby radius of deformation overlap zone that 

the jet streaks are coupled.  

 Through the process of determining how close is close enough for upper-level jet 

streaks to couple, some patterns were observed. There existed three archetypes of straight 

jet streaks throughout the duration of the study. These types are the parallel stacked type, 

the 135° type and the 90° type. These are shown in Figs 4.2 and 4.4. These various 

formations were all included in the study, but the formation type was noted in Appendix 

B.  This study is the first to break down jet streaks into these archetypes.  

Upon addressing this initial question it was determined useful to explore the 

RRDOZ region.  An 18-case subset was selected from the initial 59 cases. These 18 cases 

were selected because they had coupling conditions persist for five time steps or longer 

(15 hours). The RRDOZ area was explored by comparing the RRDOZ areas to the areas 
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of significant column-maximum omega (≤ -5μb s-1) and the area of significant 

precipitation (≥ 0.10 inches of precipitation).  These areas were based on polygons 

representing the area containing the RRDOZ, omega and precipitation. These variables 

were chosen because the RRDOZ area was treated as an initial forecast area. The 

significant omega area was treated like the forecast and the significant precipitation area 

was treated like the verification.  The RRDOZ area polygon was generated by the python 

model discussed in chapter 3. Therefore the files necessary to calculate area were readily 

available. Using a tool developed by zonums the areas of the RRDOZs were found. The 

zonums tools is specially designed for calculating the area of geographic cordinante 

systems (latitude and longitude based systems) projected files, which was the case for the 

files used in this study as described in section 4.3.2.  The significant column-maximum 

omega and precipitation polygons (which are necessary to calculate the areas) where 

created by tracing the NARR grids, which were  initially viewed in IDV then re-

projected, in Google Earth. These polygons’ areas were then determined by the zonums 

tool that was used in the RRDOZ area determination. The initial test was between the 

RRDOZ areas and significant omega areas on a cases-by-case basis. This proved futile as 

a trend could not be established.  However, it was shown that using a holistic approach, 

resulted in increased areal coverage in significant omega as the jet streaks came closer to 

each other. This was supported by correlation coefficient of 0.90 when testing the 

RRDOZ area and the significant omega within the RRDOZ variables. These results from 

the Pearson type regular correlation test show that there is a strong relationship in this 

finding. 
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 Of greater utility and perhaps the most significant result of the study was the 

relationship that was found between the significant omega within the RRDOZ area and 

the significant precipitation within the RRDOZ area.  Examining these areas on case-by-

case level precipitation (≥0.10 inches) was shown to occur within the RRDOZ for 

seventeen out of eighteen cases. For cases when precipitation did occur, the case by case 

average significant omega (≤ -5μb s-1) did well in predicting precipitation (≥ 0.10 inches) 

coverage areas. This was evident by a correlation coefficient of 0.75 when testing. This 

value shows that there is a strong relationship between the significant omega area 

polygons and significant precipitation polygons. This suggests that the RRDOZ could be 

used as initial area of concern for forecasters 

This study has a subjective component to it because the jet streaks that were 

selected for the study were based on visual inspection. While the selection of jet streaks 

could be interpreted differently by others, the methods used to analyze the jet streaks 

were consistent and quantitatively based. The methods were attempted to be reported in a 

manner that was repeatable in order to satisfy the scientific method, which requires all 

experiments to be repeatable.   

The results indicate that jet streak coupling is of concern any time straight jet 

streaks are present and aligned in a manner in which their transverse ageostrophic 

circulations are allowed to interact. The investigation of the RRDOZ area yielded useful 

results in showing that the significant column-maximum omega within the RRDOZ and 

significant precipitation within the RRDOZ are related.  One of the hopes of this study 

was to find a forecasting tool. The results suggest that using the area of column-

maximum omega (≤ -5μb s-1) within the RRDOZ as an initial area for precipitation is 
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useful. While this is not a tool per se, it is useful for making initial estimates of 

precipitation placement for short-term forecasts. 

 

5.3 Future Work  

 

In the future exploration of omega strength rather than coverage should be 

performed. The next step to accomplish this would be to calculate the strength of the 

maximum omega and the duration of the maximum omega for each case. This would 

reveal which archetype of jet streak and flow pattern is favored to produce more 

significant precipitation. Additionally, adding more cases to the data set would be useful. 

The next step to accomplish the addition of more cases would be to expand the timeframe 

of the study. This could be accomplished by starting the case selection process at the 

beginning of the NARR dataset, which is 1979. The addition of a moisture component 

would also be beneficial to the study. This could be accomplished by contouring areas 

that have a relative humidity (RH) greater than 70%. At 70% RH the atmosphere begins 

to behave as a saturated atmosphere, which satisfies a requirement for precipitation 

creation. 

Separating results by jet streak type, with the addition of more cases, could also 

help determine the usefulness of treating each type of coupled jet streak separately as 

opposed to combining all types into one result as was done in this study.  It would be 

necessary to expand the number of cases first and then subdivide the data by jet streak 

archetype. With so few cases in the data set as it currently stands a trend would not be 

reliable.  
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The biggest weakness in the study is the lack of cases. More cases are necessary 

to show the full utility of this work, which would include the separating of the data into 

the three archetypes of jet streaks (parallel stacked, 135° type and 90° type). 
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Appendix A 

 

The table below contains the 59 cases used for the study: 

 

Date Representative Layer 500 mb pattern Jet Streak Orientation 

1/6/2002 275 mb meridional  parallel, stacked 
1/16-17/2002 275 mb zonal parallel, stacked 

4/26/2002 250 mb meridional  135° Type 
5/1-2/2002 275 mb zonal parallel, stacked 
5/11/2002 225 mb zonal parallel, stacked 
10/1/2002 275 mb meridional parallel, stacked 

12/23-24/2002 250 mb meridional parallel, stacked 
3/4-5/2003 300 mb meridional parallel, stacked 

4/15-16/2003 250 mb meridional parallel, stacked 
7/4/2003 250 mb meridional 135° Type 
10/5/2003 225 mb meridional 135° Type 
7/8-9/2003 225 mb zonal parallel 
12/13/2003 300 mb meridional 135° Type 
2/4-5/2004 275 mb meridional 90° Type 

4/10-11/2004 300 mb zonal parallel, stacked 
5/17/2004 225 mb zonal parallel, stacked 
6/7/2004 250 mb meridional 135° Type 
2/15/2005 275 mb zonal parallel, stacked 
4/25/2005 275 mb zonal 135° Type 
9/25/2005 250 mb zonal parallel 
1/20/2006 300 mb meridional parallel 
2/25/2006 250 mb zonal parallel, stacked 

04/15-16/2006 250 mb meridional 90° Type 
7/4/2006 275 mb zonal  135° Type 
8/25/2006 225 mb zonal 00z-06z 90° 12z-15z: 

parallel stacked 

1/15-16/2007 275 mb meridional parallel stacked 
1/19-21/2007 275 mb meridional 135° Type 
2/13-14/2007 275 mb meridional parallel stacked 
4/14-16/2007 300 mb meridional 135° Type 
12/26-27/2007 275 mb meridional parallel stacked 

1/29/2008 250 mb meridional 135° Type 
3/6-9/2008 275 mb meridional parallel stacked 
3/31/2008 250 mb meridional parallel stacked 
4/8-9/2008 250 mb meridional parallel stacked 
4/24/2008 250 mb meridional parallel stacked 

10/10/2008 300 mb meridional 135° Type 
11/11-12/2008 275 mb meridional 135° Type 
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12/19-21/2008 300 mb zonal 135° Type 00z - 12z 
Parallel stacked 15z -03z 

7/1/2009 250 mb meridional 135° Type 
1/27/2009 275 mb zonal parallel stacked 

2/26-27/2009 250 mb zonal parallel stacked 
3/28-29/2009 300 mb meridional 90° Type 

10/4/2009 275 mb zonal parallel stacked 
5/6/2009 250 mb meridional 90° Type 
9/25/2009 225 mb meridional 135° Type 

10/2-4/2009 300 mb zonal parallel stacked 
10/6-7/2009 275 mb meridional 90° Type 
10/15/2009 225 mb zonal parallel stacked 

10/21-22/2009 250 mb meridional 135° type 
12/2-4/2009 250 mb zonal parallel stacked 
7/12/2009 300 mb zonal parallel stacked 
8/12/2009 275 mb meridional parallel stacked 
9/12/2009 275 mb meridional parallel stacked 06z -15z 

135° Type 18z-21 

2/2/2011 300 mb meridional 135° Type 
2/16-17/2001 300 mb meridional 135° Type 
2/20-21/2011 300 mb meridional parallel stacked 
12/11-12/2011 250 mb zonal parallel stacked 

1/23/2012 250 mb meridional parallel stacked 
7/2/2012 275 mb zonal parallel stacked 

12/14/2012 275 mb meridional 135° Type 
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Appendix B 

 
Appendix B contains the python script used to create the buffer and intersection files. 

 
Python script for model seen in Fig. 3.7 (Note this was developed and executed using Python 2.7) 

# -*- coding: utf-8 -*- 

# --------------------------------------------------------------------------- 

# Model_Real_v_2.py 

# Created on: 2013-09-24 21:21:54.00000 

#   (generated by ArcGIS/ModelBuilder) 

# Description:  

# --------------------------------------------------------------------------- 

 

# Import arcpy module 

import arcpy 

 

 

# Local variables: 

v12_14_2012 = "G:\\Master's Research\\Case Data\\2012\\12_14_2012" 

v12_14_2012__2_ = "G:\\Master's Research\\Case Data\\2012\\12_14_2012" 

Direct_Jet_Streak_09z_kmz = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Direct Jet Streak 
09z.kmz" 

Indirect_Jet_Streak_09z_kmz = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Indirect Jet Streak 
09z.kmz" 

Points__3_ = "Direct Jet Streak 09z\\Points" 

Points__4_ = "Indirect Jet Streak 09z\\Points" 

Direct_Buff_09z_shp = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Direct_Buff_09z.shp" 

Direct_Buff_09z_Layer = "Direct_Buff_09z_Layer" 

Direct_buff_09z_kmz = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Direct_buff_09z.kmz" 

Indirect_Buff_09z_shp = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Indirect_Buff_09z.shp" 
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Indirect_Buff_09z_Layer = "Indirect_Buff_09z_Layer" 

Indirect_Buff_09z_kmz = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Indirect_Buff_09z.kmz" 

Intersection_09z_shp = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Intersection_09z.shp" 

Intersection_09z_Layer = "Intersection_09z_Layer" 

Intersection_09z_kmz = "G:\\Master's Research\\Case Data\\2012\\12_14_2012\\Intersection_09z.kmz" 

Intersection_Features = Direct_Buff_09z_shp, Indirect_Buff_09z_shp 

 

# Process: KML To Layer 

arcpy.KMLToLayer_conversion(Direct_Jet_Streak_09z_kmz, v12_14_2012, "Direct Jet Streak 09z", 
"NO_GROUNDOVERLAY") 

 

# Process: Buffer 

arcpy.Buffer_analysis(Points__3_, Direct_Buff_09z_shp, "1136 Kilometers", "FULL", "ROUND", 
"NONE", "") 

 

# Process: Make Feature Layer 

arcpy.MakeFeatureLayer_management(Direct_Buff_09z_shp, Direct_Buff_09z_Layer, "", "", "FID FID 
VISIBLE NONE;Shape Shape VISIBLE NONE;Name Name VISIBLE NONE;FolderPath FolderPath 
VISIBLE NONE;SymbolID SymbolID VISIBLE NONE;AltMode AltMode VISIBLE NONE;Base Base 
VISIBLE NONE;Snippet Snippet VISIBLE NONE;PopupInfo PopupInfo VISIBLE NONE;HasLabel 
HasLabel VISIBLE NONE;LabelID LabelID VISIBLE NONE;BUFF_DIST BUFF_DIST VISIBLE 
NONE") 

 

# Process: Layer To KML 

arcpy.LayerToKML_conversion(Direct_Buff_09z_Layer, Direct_buff_09z_kmz, "0", "false", 
"DEFAULT", "1024", "96", "CLAMPED_TO_GROUND") 

 

# Process: KML To Layer (2) 

arcpy.KMLToLayer_conversion(Indirect_Jet_Streak_09z_kmz, v12_14_2012__2_, "Indirect Jet Streak 
09z", "NO_GROUNDOVERLAY") 

 

# Process: Buffer (2) 

arcpy.Buffer_analysis(Points__4_, Indirect_Buff_09z_shp, "1136 Kilometers", "FULL", "ROUND", 
"NONE", "") 
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# Process: Make Feature Layer (2) 

arcpy.MakeFeatureLayer_management(Indirect_Buff_09z_shp, Indirect_Buff_09z_Layer, "", "", "FID FID 
VISIBLE NONE;Shape Shape VISIBLE NONE;Name Name VISIBLE NONE;FolderPath FolderPath 
VISIBLE NONE;SymbolID SymbolID VISIBLE NONE;AltMode AltMode VISIBLE NONE;Base Base 
VISIBLE NONE;Snippet Snippet VISIBLE NONE;PopupInfo PopupInfo VISIBLE NONE;HasLabel 
HasLabel VISIBLE NONE;LabelID LabelID VISIBLE NONE;BUFF_DIST BUFF_DIST VISIBLE 
NONE") 

 

# Process: Layer To KML (2) 

arcpy.LayerToKML_conversion(Indirect_Buff_09z_Layer, Indirect_Buff_09z_kmz, "0", "false", 
"DEFAULT", "1024", "96", "CLAMPED_TO_GROUND") 

 

# Process: Intersect 

arcpy.Intersect_analysis(Intersection_Features, Intersection_09z_shp, "ALL", "", "INPUT") 

 

# Process: Make Feature Layer (3) 

arcpy.MakeFeatureLayer_management(Intersection_09z_shp, Intersection_09z_Layer, "", "", "FID FID 
VISIBLE NONE;Shape Shape VISIBLE NONE;FID_Direct FID_Direct VISIBLE NONE;Name Name 
VISIBLE NONE;FolderPath FolderPath VISIBLE NONE;SymbolID SymbolID VISIBLE NONE;AltMode 
AltMode VISIBLE NONE;Base Base VISIBLE NONE;Snippet Snippet VISIBLE NONE;PopupInfo 
PopupInfo VISIBLE NONE;HasLabel HasLabel VISIBLE NONE;LabelID LabelID VISIBLE 
NONE;BUFF_DIST BUFF_DIST VISIBLE NONE;FID_Indire FID_Indire VISIBLE NONE;Name_1 
Name_1 VISIBLE NONE;FolderPa_1 FolderPa_1 VISIBLE NONE;SymbolID_1 SymbolID_1 VISIBLE 
NONE;AltMode_1 AltMode_1 VISIBLE NONE;Base_1 Base_1 VISIBLE NONE;Snippet_1 Snippet_1 
VISIBLE NONE;PopupInf_1 PopupInf_1 VISIBLE NONE;HasLabel_1 HasLabel_1 VISIBLE 
NONE;LabelID_1 LabelID_1 VISIBLE NONE;BUFF_DIS_1 BUFF_DIS_1 VISIBLE NONE") 

 

# Process: Layer To KML (3) 

arcpy.LayerToKML_conversion(Intersection_09z_Layer, Intersection_09z_kmz, "0", "false", 
"DEFAULT", "1024", "96", "CLAMPED_TO_GROUND") 

 

 

 
 
 
 
 
 
 



105 
 

 
References 
 

 

 

Bluestein, H. B., 1992 Synoptic-Dynamic Meteorology in Midlatitudes: Principles of  
Kinematics  and Dynamics, Vol. 1. Oxford University Press, 431 pp..  

 
Chelton, D. B., R. A. Deszoeke, M. G. Schlax, K. El Naggar, and N. Siwertz., 1998:  

Geographical variability of the first baroclinic Rossby radius of  
deformation, J. Phys. Oceanography, 28, 433-460. 

 
Hakim, G. J., and L. W. Uccellini, 1992: Diagnosing coupled jet-streak 
     circulations for a Northern Plains snow band from the operational Nested-Grid 
      Model. Wea. Forecasting, 7, 26–48.  
 
Hess, S. ,L., 1959: Introduction to Theoretical Meteorology. New York, Holt,  

Rinehart, and Winston, 362 pp. 
 
Keyser, D., and M. A. Shapiro, 1986: A review of the structure and dynamics of upper- 

level frontal zones. Mon. Wea. Rev., 114, 452–499. 
 
Lupo, A. R., 2002: Ageostrophic forcing in a height tendency equation. Mon. Wea. Rev.,  

130, 115–126. 
 
Moore, J. T., 2005:  "Jet Streak Circulations." University Corporation for  

Atmospheric Research. Accessed 9/1/2013.  [Available at 
https://www.meted.ucar.edu/training_module.php?id=166 ] 

 
Mesinger, F., and Coauthors, 2006: North American regional reanalysis. Bull. Amer.  

Meteor. Soc., 87, 343–360. 
 
Orlanski, I., 1975: A rational subdivision of scales for atmospheric processes. Bull. Amer.  

Meteor. Soc., 56, 527–530. 
 
Palmén, E., and C. W. Newton, 1969: Atmospheric Circulation Systems: Their Structure  

and Physical Interpretation. International Geophysics Series, Vol. 13. Academic 
Press, 603 pp. 

 
Reiter, E R, 1963; Jet Stream Meteorology. University of Chicago Press, 433 pp.  
 
Rochette, S. M., and J. T. Moore, 1996: Initiation of an elevated mesoscale  

convective system associated with heavy rainfall. Wea. Forecasting, 11, 443–457. 
 



106 
 

 

Rochette, S. M., and P. S. Market, 2006: A primer on the ageostrophic wind. Natl.  
Wea. Dig., 30, 17-28. 

Rochette, S. M., C. M. Gravelle, and P. S. Market, 2008: Decomposition of the  
ageostrophic wind in cold-season coupled upper-level jet streaks.  33rd Annual 
Meeting of the National Weather Association, Louisville, KY. 

 
Sisson, P. A., and J. R. Gyakum, 2004: Synoptic-scale precursors to significant cold- 

season precipitation events in Burlington, Vermont. Wea. Forecasting, 19, 841–
854. 

 
Shapiro, M.A., 1982 Mesoscale Weather Systems of the Central United States. The  

National STORM Program: Scientific and Technology Bases amd Major 
Objectives, R.A. Anthes, Ed., University Corporation for Atmospheric Research, 
P.O. Box 3000, Boulder, Co 80307, 3.1-3.77. 

 
Shapiro, M. A., and P. J. Kennedy, 1981: Research aircraft measurements of jet Stream  

geostrophic and ageostrophic winds. J. Atmos. Sci., 38, 2642–2652. 
  
 
Uccellini, L W., and D. R. Johnson, 1979: The coupling of upper and lower  

tropospheric jet streaks and implications for the development of severe convective 
storms. Mon. Wea. Rev., 107, 682–703. 

 
Uccellini, L. W., and P. J. Kocin, 1987: The interaction of jet streak circulations  

during heavy snow events along the East Coast of the United States. Wea. 
Forecasting, 2, 289–308.  

 
 

  

 

 

 

 

 

 

 

 


