CHAPTER 4

ATMOSPHERIC FLOW

OBJECTIVE

Interpret satellite imagery to determine windflow.

INTRODUCTION

One of the strong points of satellite data is that it provides extensive geographical coverage, providing excellent data about large and small scale wind flow.  This chapter will illustrate how to estimate the wind direction at upper and lower levels of the atmosphere and in the vertical.  It will also discuss local circulations and interactions which occur near the land/water interface.  The local circulations in this chapter is the same as those discussed earlier in Atmospheric Dynamics.  Land/water interface changes describe how stability and cloud characteristics change as air flows on and offshore, and how orographic barriers affect these changes.  You will find this information extremely helpful as you gain experience analyzing weather charts.  At the end of this chapter, you will also be introduced to animated satellite imagery.  

INFORMATION

WIND FLOW

Upper-Level Flow 

Upper-level flow is determined by analyzing the pattern or motion of high clouds.  When viewing high clouds on visual imagery, the upstream cloud edge will be sharp and well defined.  The downstream portion is normally thin and diffuse.  This will also cause a sharp temperature gradient in the infrared imagery on the upstream side.  If the weather system producing the clouds is slow moving or stationary, the clouds will be aligned parallel to the upper-level wind flow.  When the parent weather system is moving rapidly, the upper-level wind flow is the vector sum of the cloud orientation and the system movement.

Figure 4-1.  Deformation Zones
Upper-level deformation zones form when the upper-level low circulation begins to close off.  The axis of dilatation is normally oriented west through north of the upper-level flow.  

Figure 4-1 depicts deformation zones.

Figure 4-2.  Water Vapor Schematic
WV imagery will normally detect developing deformation zones well before the visual or infrared imagery indicate any cloudiness.  The deformation zone location is marked by a sharp gray shade contrast between dark (dry) and light (moist) regions.  See Figure 4-2.

Low-Level Flow

General Indicators  

Terrain Features.  An atlas is an essential tool for evaluating the low-level flow.  Knowing the terrain of a region will help tremendously in analyzing wind flow in the lower troposphere.

Use Cloud and Non-cloud Phenomena.  When determining lower tropospheric wind flow, interpret specific cloud and non-cloud phenomena.  Then, consider the empirical wind relationships indicated by these features.

First, look at the cloud organization and alignment within the overall synoptic pattern.  Second, determine the interaction of the clouds with the changing terrain.  Keep in mind that the flow being analyzed at the cloud base level isn't necessarily the same as the surface wind.

Figure 4-3.  Open Cell CU
Open-Cell Cumulus.  Over water, open-cell cumulus form in regions of straight-line or cyclonic flow.  Straight-line flow occurs along the border of the open-cell cumulus and closed-cell stratocumulus fields.  The remainder of the open-cell cumulus field is located in a region of cyclonic flow. 
The shape of the open-cell cumulus depends on the wind speed, the stronger the wind, the less round it is.  A doughnut shape with a hole is less than 10 knots.  An elongated doughnut shape is 11 to 20 knots.  An arc-shaped cell is associated with 21 to 30 knots.  And a solid, elongated cloud indicates winds in excess of 30 knots (speeds estimated).  See Figure 4-3.

Closed-Cell Stratocumulus.  Closed-cell stratocumulus occurs in anticyclonic flow.  General wind flow can be determined by comparing all synoptic features with the closed-cell stratocumulus.  Winds are generally less than 20 knots. 

Stratocumulus Lines.  Stratocumulus lines occur off the eastern and southern coastlines of continents, and over large lakes.  Wind flow will be parallel or nearly parallel to the cloud lines.  Low-level flow can be cyclonic, anticyclonic, or straight-line.  Use the curvature of the lines to help determine the wind flow.  

Generally, the smaller the cloud elements, the stronger the wind.  As the wind speed decreases, the cloud elements tend to become larger.  If a separation is visible between the stratocumulus lines, wind speeds are usually greater than 20 knots.  If no separation is visible, then the winds tend to be less than 20 knots.

Cumulus Lines/Streets.  The low-level wind flow will be parallel or nearly parallel with the cumulus lines or streets and will be seen mainly in the tropical and subtropical regions.  Figure 4-4 shows a composite of the low-level wind flow 

Figure 4-4.  Low-Level Wind Flow Composite
Ship Trails.  Ship trails develop under stable, high pressure conditions from exhaust particulants.  The exhaust provides condensation nuclei for the moisture to condense upon.  Their presence indicates light anticyclonic flow, a low marine inversion, reduced visibility, and can persist up to 24 hours.

Contrails.  Contrails appear similar to ship trails in the visual, except they will be very smooth and extend for much greater distances.  On the infrared, they will appear similar to cirrus streaks.  When they do occur, many contrails will converge on a major metropolitan area.

Empirical Wind Observations Associated with Terrain Features
Upslope/Orographic Lift.  Low-level wind flow forces moisture up higher terrain.  This will form sharp boundaries along the higher terrain.  On the lee side of mountains, clouds will dissipate due to adiabatic warming of descending air parcels.

Lake Effect.  Local conditions will vary around large lakes depending upon the season.

In summer, cumulus clouds will develop upwind of the lake over the warmer land.  As the low-level winds advect the cumulus over the relatively cooler lake, the cumulus stabilizes and dissipates.  Meanwhile, the cool air over the lake is advected downstream, it will form a cloud free area downstream from the lake.

In winter, colder, drier air moving over a relatively warmer, mostly unfrozen lake will form stratocumulus lines over the lake and downstream over the land.  There is a cloud free region on the upstream side of the lake.

Low-Level Deformation Zones.  Low-level deformation zones are most evident behind cold fronts.  Open-cell cumulus indicates straight-line and cyclonic flow, while closed-cell stratocumulus indicates anticyclonic flow.  The axis of contraction is located along the border between open-cell and closed-cell cloud fields.  The axis of contraction is useful in determining the delineation between the surface cold front, and the surface stationary front.  This can be accomplished by following the axis of contraction until it intersects the surface front.  See Figure 4-5.

Figure 4-5.  Low-Level Deformation Zone
Vertical Motion

Relationship of Divergence/Convergence with Synoptic Scale Comma Cloud Systems  

Divergence.  Divergence occurs in the left-front quadrant of a speed maxima in cyclonic flow.  If enough moisture is available, the resulting upward vertical motion will result in cloud development.  As the speed maximum moves through the surge region, the divergence aloft leads to upward vertical motion in the developing deformation zone cloud system.  Ahead of the major short-wave trough axis that extends from the vorticity maxima, divergence aloft supports the development of baroclinic zone cirrus.  

Convergence.  Convergence in the right-front and left-rear quadrants of the speed maximum causes downward vertical motion and clearing in the dry slot.  See Figure 4-6.

Figure 4-6.  Vertical Motion Comma Cloud

Short-Wave Troughs and Ridges.  A major short-wave trough and ridge couplet is associated with each synoptic-scale comma cloud system.  

Downward vertical motion occurs upstream from the vorticity advection lobe associated with the short-wave trough.  This is why the frontal cloud band thins at the trough axis.  Downward vertical motion also occurs downstream from the short-wave ridge axis.  This is why the cloudiness thins downstream from the ridge axis.  

Upward vertical motion occurs between the trough and the ridge.  This develops the thick, multilayered baroclinic zone cloud deck throughout this region.  

Relationship of Thermal Advection to the Synoptic Scale Comma Cloud System
Cold-Air Advection.  Strong cold-air advection occurs west of the surface low.  This creates downward vertical motion behind the surface cold front, and reinforces the downward vertical motion associated with the convergence to the rear of the major short-wave trough.  

Warm-Air Advection.  Strong warm-air advection occurs east of the surface low.  This causes strong upward vertical motion ahead of the warm front.  This also reinforces the upward vertical motion ahead of the major short-wave trough.

Animated Imagery

Animated Visible Satellite Imagery  

Advantages.  Visible imagery offers excellent resolution.  It is especially useful for interpreting low clouds.  

Limitations.  Imagery is only available during the daylight hours.  Imagery from early and late in the day is difficult to evaluate and the changing sun angle through the day is distracting.  

Animated Infrared Satellite Imagery

Advantages.  Infrared imagery is available 24 hours a day.  Clouds on infrared imagery appear the same regardless of the time of day.  It’s also easier to determine cloud tops and their location.  

Limitations.  Non-cloud features, such as land, may change significantly from day to night, which can be distracting.  Low-level phenomena are sometimes difficult to detect.

Animated Water Vapor Satellite Imagery

Advantages.  Water vapor imagery is an excellent tool for analyzing the jet stream and the synoptic situation.  Colder air aloft can be seen moving southward in strong low zonal situations.  It also shows areas of strong upward or downward vertical motion by evaluating the changes in the moisture gradient.

Limitations.  Interpretation is not as straightforward as interpreting visible or infrared imagery.  The user must become comfortable with assigning meaning to various satellite signatures or to similar signatures which are caused by different processes.  (Example: A dark band may indicate either a jetstream or the poleward side of an upper-level deformation zone.)

In general, the techniques learned for still photo interpretation also apply to animated imagery interpretation.  However, animated satellite interpretation is better for some specific problems.  With looped imagery you’re examining changes of cloud systems and flow over time.  Do not become locked into your area of interest.  Always observe what is occurring around the area of interest before you make your final determination of the feature, system, or flow.

Low-level wind flow is determined by following the motion of low clouds with time; their location in relation to systems; and their interaction with terrain.  On infrared imagery, low clouds appear murky gray.  On visible imagery, you need to use your cloud identification skills to identify low clouds.

Upper-level wind flow is determined by following the motion of high clouds with time.  On (unenhanced) infrared imagery, high clouds appear bright white.

CIRCULATIONS

Local Modification to Stability

Stabilization.  Warm air moving over a colder surface stabilizes as heat is transferred from the air to the underlying surface.  This is known as a warm over cold (WOC) condition and is indicated by stratiform cloudiness.  In the clear areas, the surface appears cold on infrared imagery.  
Destabilization.  Cold air moving over a warmer surface destabilizes as heat is transferred from the underlying surface to the air.  This is known as a cold over warm (COW) condition and is indicated by cumuliform cloudiness.  In clear areas, the surface appears warm on infrared imagery.    

Combination.  Stable air over unstable air, which is indicated by stratocumulus.  
Local Circulations

Valley Breeze.  In a valley breeze situation, cumulus or cumulonimbus clouds form along the peaks and ridge lines in the mountains.  Clouds develop during the late morning and reach maximum development in the early evening.  Moisture availability and stability determine the vertical development of the clouds.  

Mountain Breeze.  Mountain breezes occur at night as the mountains cool due to radiational cooling.  The dense, cool air then descends down the slopes, accumulates in the valley.  In deep valleys with rivers, fog often forms and will conform to the to the orientation of the river and valley.

Sea/Lake Breeze.  Convective clouds, and possibly thunderstorms, develop along the sea/lake breeze front.  There is an absence of clouds along and just offshore from the sea/lake breeze.  Clouds are generally best developed on the side of the lake where the lake breeze opposes the gradient wind due to increased low-level convergence.

Land Breeze.  Low-level convergence sometimes leads to the development of clouds at the boundary between the land breeze circulation and the environmental flow.  The cloudiness is most likely to develop over long narrow lakes where the land breeze from both shores converge over the center of the lake.  Land breezes are most intense offshore from mountainous coastal regions.  Along the coast and just inland, the skies are generally clear.

Low-Level Jet.  The low-level jet normally develops in the warm sector of a baroclinic low, and flows approximately parallel to the cold front.  The moisture transported northward by the low-level jet is sometimes visible as stratus moving northward.  The stratus will only develop if the underlying surface is cold.  The stratus will only be visible if it is not obscured by higher clouds.  

Land/Water Interface

 Bow Waves.  Bow waves occur when the low-level cloud field is disrupted by an obstacle such as an island.  The bow wave itself resembles waves off the bow of a ship and is formed the same way.  The island terrain must protrude above the subsidence inversion.  When the prevailing wind is orographically lifted due to the terrain, clouds will form at the LCL.  The vertical development of the clouds is restricted by the subsidence inversion.  Since the clouds cannot penetrate the inversion as a result of orographic lift, the flow then deviates around the island barrier.  Generally, there are clear skies over, and on the leeside of the island in the wake of the obstruction.  These clear areas can extend downstream a considerable distance.  On the visual and infrared imagery, the clear skies will show up as a dark area.

Karmen Vortices.  Karmen vortices are counter-rotating cloud spirals of stratocumulus clouds found in the wake of an island.  On the visual imagery, they appear as a white swirling cloud.  On the infrared imagery, they appear dark gray.  An inversion is present and the terrain must penetrate the inversion for Karmen vortices to form.  Generally, they form due to the highly variable low-level winds in the wake of a large island barrier in a gusty wind field.  

Cloud Plumes.  Cloud Plumes are long, narrow stratocumulus lines produced by the turbulent vertical motion of air forced around, and over an island in a strong low-level wind field.  The plume will originate at the tallest portion of the terrain.  On the visual and infrared imagery, these will be straight or wavy cloud lines and have the same gray shades as Karmen Vortices.  Plume clouds can also form for a variety of reasons; however, this is the primary cause of this cloud phenomena.    

Upwelling.  Fog caused by upwelling occurs along the west coast of continents due to air coming in contact with the cold ocean surface and condensing into water droplets.  The sheets of fog and stratus typically cover an extensive area over water and along the coast.   

SUMMARY

This chapter has dealt with the determination of atmospheric flow and vertical motions from satellite imagery.  You have learned how to identify upper and lower-level deformation zones; how to derive vertical motions from divergent and convergent areas, and thermal advection.  Also discussed were the different localized situations that causes stabilization and destabilization of the atmosphere and different local circulations.  

Understanding atmospheric flow is a necessity.  You must thoroughly understand how the atmosphere acts in the three dimensions in order to be an effective, accurate forecaster.  Using satellite imagery correctly along with your charts allows you to analyze the atmosphere more objectively and accurately.  As you gain experience in satellite imagery interpretation, you will become more confident in integrating the data into your analysis, and ultimately making you a better forecaster.  

REVIEW EXERCISE 4

Instructions:
Using the power point presentation projected on the marker board, answer the following questions.  This exercise is group paced.  No more than three minutes is allowed per question in order to complete this exercise in time.  The instructor will be displaying the appropriate satellite imagery when necessary.  No talking is allowed!  The instructor will determine when the class is ready for the next question by having the students raise their hands when ready.  

1.
Using slides 1 through 3 identify the low-level wind flow across eastern Wisconsin?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

2.
Using slides 1 through 3 identify the low-level wind flow across eastern Kentucky?   

a.
Northwesterly  

b.
Southeasterly  

c.
Southwesterly  

d.
Northwesterly  

3.
Using slides 1 through 3 identify the low-level wind flow along the Texas coast?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

4.
Using slides 1 through 3 identify the low-level wind flow across eastern Colorado?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

5.
Using slides 1 through 3 identify the upper-level wind flow across southern Colorado?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

6.
Using slides 4 and 5 identify the low-level wind flow across central Iowa?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

7.
Using slides 4 and 5 identify the low-level wind flow across Lake Huron?   

a.
Northwesterly  

b.
Southeasterly  

c.
Southwesterly  

d.
Northeasterly 

8.
Using slides 4 and 5 identify the low-level wind flow across central Texas?   

a.
Northwesterly  

b.
Southeasterly  

c.
Southwesterly  

d.
Northeasterly 

9.
Using slides 4 and 5 identify the upper-level wind flow across central South Dakota?   

a.
Northwesterly  

b.
Southeasterly  

c.
Southwesterly  

d.
Northeasterly 

10.
Using slides 4 and 5 identify the upper-level wind flow across NW Wyoming?   

a.
Northwesterly  

b.
Southeasterly  

c.
Southwesterly  

d.
Northeasterly  

11.
Using slides 6 and 7, what is causing the upward vertical motion and cloudiness over southern Lake Michigan?   

a.
Boundary layer convergence

b.
Upper level deformation zone

c.
Divergence aloft ahead of a major short-wave trough

d.
Divergence aloft in the left-front quadrant of a jet maximum

12.
Using slides 8 and 9, over extreme northwestern Alabama at 2100 UTC, ____________ vertical motion is occurring, caused by ____________?   

a.
Upward; divergence aloft

b.
Upward; warm-air advection

c.
Downward; divergence aloft

d.
Downward; cold-air advection

13.
Using slides 8 and 9, what is causing the upward vertical motion and cloudiness over Lake Huron at 2100 UTC?   

a.
Warm-air advection

b.
Boundary-layer convergence

c.
Divergence aloft ahead of a major short-wave trough

d.
Divergence aloft in the left-front quadrant of a jet maximum

14.
Using slides 10 through 12, what is the vertical motion over northern Missouri?   

a.
Downward

b.
Negligible

c.
Neutral

d.
Upward

15.
Using slides 10 through 12, what is the upper-level wind flow across eastern Hudson Bay?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

16.
Using slides 10 through 12, what is the low-level wind flow across eastern Texas?   

a.
Northerly  

b.
Easterly  

c.
Southerly  

d.
Westerly  

17.
Using slide 13, which of the following statements BEST describes the conditions occurring in the Pacific?  A bow wave, ____________ from Guadalupe Island?   

a.
is upstream  

b.
with Karmen Spirals downstream  

c.
with Karmen Vortices downstream  

d.
with stratocumulus lines downstream  

18.
Using slide 14, what type cloud line is located in the area between 35-40oN and 127-135oW?   

a.
Ship trails  

b.
Plume cloud  

c.
Cumulus lines  

d.
Stratocumulus lines  

19.
Using slide 14, what type of land-water interaction is causing fog and stratus offshore (but not inland) over northern California?   

a.
Upwelling  

b.
Sea breeze  

c.
Land breeze  

d.
Colder air over warmer water (COW)  

20.
Using slide 15, what is occurring off the Texas and Louisiana coast?   

a.
Plume clouds caused by warm air over a colder surface  

b.
Plume clouds caused by cold air over a warmer surface  

c.
Stratocumulus lines caused by warm air over a colder surface  

d.
Stratocumulus lines caused by cold air over a warmer surface  

21.
Using slide 16, what type of local circulation is occurring over eastern Lake Ontario?   

a.
Lake breeze  

b.
Land breeze  

c.
Low-level jet  

d.
Lake effect snow  

22.
Using slide 17, what is causing the convection that is occurring in western Colorado?   

a.
Lee-side trough  

b.
A valley breeze  

c.
A mountain breeze  

d.
Strong gradient flow from the southwest  

23.
Using slide 17, what type of local circulation is occurring along the Florida panhandle?   

a.
A sea breeze  

b.
A land breeze  

c.
Divergence between the land breeze and sea breeze  

d.
Convergence between the land breeze and sea breeze  

24.
Using slide 18, what type of local circulation is occurring?   

a.
Land breeze along the Maryland coast  

b.
Land breeze along the shore of Lake Erie  

c.
Mountain breeze along the Appalachian mountains in North Carolina  

d.
Lake breeze developing along the eastern shore of Lake Michigan  

25.
Using slide 19, where would a low-level jet be most likely found?   

a.
Arkansas through Illinois  

b.
Wisconsin through Iowa  

c.
Montana through Wyoming  

d.
South Carolina through Virginia  
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