CHAPTER 1

ADVECTION

OBJECTIVE

Determine the type and strength of advection.

INTRODUCTION

Advection is an important type of heat and moisture transfer mechanism.  In this chapter you will learn to determine both the strength and type of temperature and moisture advection.

INFORMATION 

ADVECTION

Determining the Magnitude
Advection is the horizontal transportation of any substance by the wind.  There are three steps to determine the magnitude of advection: wind direction and speed, gradient, and orientation of the isopleths to the isobars or contours.


Step 1.  Evaluate the direction and speed of the wind flow.  Wind flows parallel to isobars/contours.  The more closely spaced the isobars/contours, the stronger the pressure/contour gradient, and therefore the stronger the wind.

Example.  Evaluate the wind direction at each point in Figure 1-1.  At which point is the wind speeds the greatest?  
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Figure 1-1.  SFC/1000-500-mb Thickness Chart
Step 2.  Evaluate the gradient of the quantity being advected.  Look at the spacing of isopleths (lines of constant values of a given quantity) or look at the values of plotted stations to determine if there is moisture advection.  The terms used to describe the gradient are strong/tight or weak/loose. 

Example.  At which point is the temperature gradient the strongest?  At which point is the temperature gradient the weakest?  
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Figure 1-2.  850-mb Chart
Step 3.  Evaluate the orientation of the isopleths relative to the isobars/contours.  The more perpendicular the isopleths are to the contours/isobars, the stronger the advection.  If isopleths are parallel to the contours/isobars, then there is no advection. 

Example.    At which point are the isopleths and the contours most perpendicular?  At which point are they the least perpendicular?  
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Figure 1-3.  700-mb Chart
Significant Advection

"Significant" in magnitude is based on the three determinants identified previously.  "Significant" means there is some affect on the weather.  This term is relative to the particular situation being examined.

REVIEW EXERCISE 1-1

1. In order to determine the magnitude of advection, what are the factors you must consider?

Using the 850-mb chart below, answer questions 2-4.

2. At which point is the temperature gradient the weakest?

3. Using points 1-4, at which point is the isotherms most perpendicular to the contours?

4. Using points 4-6, at which point would the wind speeds be the greatest?
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TYPES OF ADVECTION

Temperature Advection


Transport of air parcels of different temperatures into a region is called temperature advection.

Warm-Air Advection (WAA).  Warm air is brought into an area previously occupied by cold air.

Cold-Air Advection (CAA).  Cold air is brought into an area previously occupied by warmer air.

Evaluating Temperature Advection.  In order to determine temperature advection, you must first perform an isotherm analysis on a constant pressure chart.  Isopleths used are called isotherms (lines of constant temperature).  During WAA the isotherms increase in magnitude upstream.  Higher values are coming at you.  While during CAA the isotherms decrease in magnitude upstream.  Lower values are coming at you.  During neutral advection the isotherms do not change in magnitude upstream.   Hint:  If you look at a particular station on a chart, and are trying to determine whether WAA or CAA is occurring, look just upstream and just downstream of that station.

Example.  Using Figure 1-4, determine the type of advection at points: A, B, C, and D.  Based on the three steps in determining the strength of advection: At which point is CAA the strongest?  At which point is WAA the strongest?  

Figure 1-4.  850-mb Chart
Evaluate the temperatures upstream on the surface chart (isotherms are not drawn).  Temperatures increase upstream during WAA.  Higher temperatures are coming at you.  On the other hand, temperatures decrease upstream during CAA.  Lower temperatures are coming at you.  If temperatures do not change upstream, then you have neutral advection.

Example.  Using Figure 1-5, determine the type of temperature advection in the following states:  Indiana, Colorado, Oklahoma

Figure 1-5.  Surface Chart
Evaluation of thickness chart.  Thickness is directly proportional to temperature.  Increasing values of thickness upstream from the station indicates WAA.  Decreasing values of thickness upstream from the station indicates CAA.

Example.  Using Figure 1-6, determine the type of temperature advection at the following points: A, B, C

Figure 1-6.  Evaluating Temperature Advection on a Thickness Chart

REVIEW EXERCISE 1-2

Use the thickness chart below for the following questions:

1. Determine the type of temperature advection occurring at the following locations.

a.
Maine




c.
New Mexico

b.
Indiana



d.
Northern Alberta

2. At which point is the strongest warm-air advection occurring?

3. At which point is the strongest cold-air advection occurring?
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Moisture Advection


Moisture advection is the transportation of moisture by the wind.  There are two types of moisture advection.  The first type is moist-air advection (MAA).  Air of higher moisture content replaces drier air previously located in the region.  Moister air is coming at you.  The second type is dry-air advection (DAA).  Air of lower moisture content replaces air of higher moisture content previously in the region.  Drier air is coming at you.

Ways of Evaluating Moisture Advection.  At low levels (surface and 850-mb charts) use dew points to evaluate if moisture is spreading into your area.  (On the 850 mb-chart, subtract the dew-point depression from the temperature to get dew point value.)  Evaluate the values upstream.  Higher values upstream indicate moist-air advection.  Lower values upstream indicate dry-air advection.  Another method, time permitting, is to draw isodrosotherms (lines of constant dew point).  This is a valuable tool when analyzing for severe weather.  This will be covered in the severe weather unit in Block V.

Example.  Determine whether MAA or DAA is occurring at points: A, B, C in Figure 1-7.  

Figure 1-7.  Isodrosotherm Analysis

At the upper levels (700-mb level and above) use dew-point depressions to evaluate moisture advection.  Examine upstream values.  Lower values upstream indicate moist-air advection.  (Air is getting closer to saturation.)  Higher values upstream indicate dry-air advection.  (Air is getting further from saturation.)

Example.  Determine whether MAA or DAA is occurring at points: A, B, C in Figure 1-8.
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Figure 1-8.  Upper Air Moisture Advection
Other Ways of Determining Moisture Advection.  There are other weather products available in which you can use to determine moisture advection.  Satellite pictures and radar summaries for instance.  Clouds can be seen advecting into a region.  The weather depiction chart indicates areas of clouds.  The forecasting models are good sources of information for moisture advection.

Atmospheric Significance.  Moisture advection is significant in forecasting intensity trends of pressure systems.  It will stabilize or destabilize a layer.  Warm over cold (WOC) will have a stabilizing effect on a layer.  Cold over warm (COW) will have a destabilizing effect on a layer.

Example
________500MB___________

CAA 

_________700MB___________

                   WAA 

_________850MB___________

                   CAA 

__________SFC_____________

SFC to 700 warm over cold = stabilizing

850 to 500 cold over warm = destabilizing

Example

_________500MB__________

Neutral 

_________700MB__________

                   CAA

_________850MB__________

                  Neutral

__________SFC____________

SFC to 700, cold over warm = destabilizing

850 to 500, warm over cold = stabilizing

SUMMARY
You should now be able to determine the type of temperature and moisture advection and what is considered significant advection.  You will be analyzing for temperature advection in a later objective.
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