CHAPTER 5

LOW-LEVEL WIND SHEAR (LLWS)
INTRODUCTION


In this chapter we'll discuss a dangerous flight hazard, low-level wind shear (LLWS).  As in the previous chapter we'll begin by discussing its effects on aircraft performance and methods to assist in forecasting this phenomena.

INFORMATION


Low-level wind shear is a change in wind-speed and/or direction over a short distance, which results in a tearing or shearing action.  It is particularly hazardous when it happens over a short period of time, within 2,000 ft of the ground during takeoffs and/or landings.

EFFECTS ON AIRCRAFT PERFORMANCE
Performance Decreasing Wind Shear


As an aircraft flies from a headwind to a tailwind (or decreasing headwind) over a short period of time, the relative velocity of air over the wing decrease, the aircraft loses lift, and its indicated airspeed (IAS) decreases.

Performance Increasing Wind Shear

As an aircraft flies from a tailwind to a headwind (or decreasing tailwind), the relative velocity of air over the wing increase, the aircraft increases lift, and its indicated airspeed (IAS) increases.

CONDITIONS FAVORABLE FOR THE PRODUCTION OF LLWS

Thunderstorm Gust Front (Outflow Boundary)


Low-level wind shear is assumed to exist whenever thunderstorms are observed or forecasted within 10 nm of the airfield.  The greatest threat is at the leading edge of the gust front.

High-Level (Base) Thunderstorms


 These thunderstorms are present primarily in the western and southwestern U.S.  For potential low-level wind shear from high-based thunderstorms you must have convective clouds with bases

 > 8,000 ft AGL, surface temperatures > 80oF along with a dew-point depression > 40oF, and virga, rainshowers, or thunderstorms within 10 nm of the airfield.  These conditions result in the formation of strong down rush winds (downbursts) which produce low-level wind shear.

Frontal Boundaries

Wind direction and speed changes across frontal slopes create low-level wind shear.  The greatest potential occurs ahead of warm fronts and behind cold fronts.  Low-level wind shear may occur up to 6- hours in advance of a warm front and can exist up to 2-hours after a cold frontal passage.  If a frontal boundary is approaching or passing your station, forecast low-level wind shear if any or all of the following conditions are present: a wind vector difference across the front with a magnitude > 20 kt/50 nm, a temperature difference across the front > 10oF/50 nm (5oC/50 nm)-the stronger the temperature gradient, the greater potential there is for low-level wind shear-, and frontal speeds > 30 knots.

Low-Level Jet.

This phenomenon occurs frequently over the Midwestern Plain States during the summer, mostly during the night or early morning hours.  Forecast the low-level jet when the following criteria are met: surface winds are 0 to 8 knots and increasing with height, wind speeds of > 30 knots are present at approximately 650 to 1,500 ft AGL and then decreasing in speed with height to approach the gradient level wind speeds of 15 to 30 knots.

Mountain Wave Conditions


Wind shear can occur when the wind component normal (perpendicular) to the top of the mountain range is 25 knots and increasing with height.

Land/Sea Breeze Interface


Wind shear can occur at the leading edge of the land and/or sea breeze.

Gusty Surface Winds


A gust is a sudden, brief increase in the speed of the wind.  You should also consider the local terrain influences.

Low-Level Inversion


Wind shear can occur with light surface winds and a strong gradient level wind.

FORECASTING LOW-LEVEL WIND SHEAR

AFWA/TN-98/001 has a checklist that can be used to forecast low-level wind shear (Table 5-1).

Table 5-1. LLWS Forecast Checklist
STEPS
1.
Are thunderstorms forecast or observed within 10 nm?  If yes, LLWS is assumed; go to Step 2.

2.
Is there a low-level jet below 2000 ft?  If yes, forecast LLWS, if no go to Step 3.

3.
Is the sustained surface wind speed 30 kts or greater?  If yes, forecast LLWS, if no go to Step 4.

4.
Is the surface wind speed 10 kts or greater?  If yes, go to Step 5, if no go to Step 6.

5.
Is the difference between the gradient wind speed and two times the surface wind speed 20 kts or greater?


If yes, forecast LLWS, if no go to Step 9.

6.
Is there an inversion or isothermal layer below 2000 f?  If yes, go to Step 7, if no go to Step 8.

7.
Is the absolute value of the vector difference between the gradient wind and the surface wind 30 kts or greater?


If yes, forecast LLWS, if no go to Step 8.

8.
Is the absolute value of the vector difference between the gradient wind and the surface wind 35 kts or greater?


If yes, forecast LLWS, if no go to Step 9.

9.
Is a surface front present or forecast to be in the area?   If yes, go to Step 10, if no go to Step 13.

10.
Is the vector wind difference across the front equal to or greater than 20-kt/50 nm?  If yes, forecast LLWS


If no, go to Step 11.

11.
Is the temperature gradient across the front 10º F (5º C) or more per 50 nm?  If yes, forecast LLWS; if n, go to


Step 12.

12.
Is the speed of movement of the front 30 kts or greater?   If yes, forecast LLWS if no go to Step 13.

13.
Is the airdrome for which you are making the LLWS forecast in the western U.S.?  If yes, go to Step 14


If no, go to Step 15.

14.
Do the following conditions exist?







a.  Cloud bases > 8000 ft AGL


b.  Surface temperature > 80º F


c.  Surface temperature/dew point spread > 40º F


d.  Virga, RW, or TRW within 10 nm of the


     approach zone


If yes, forecast LLWS, if no go to Step 15.

15.
Forecast no significant shear.

 SUMMARY


As with turbulence, low-level wind shear (LLWS) can be associated with a number of different phenomena.  By knowing the conditions and utilizing the checklists discussed, your chances of forecasting LLWS are significantly enhanced.  Please complete the review exercise and discuss any problems or clarifications with the instructor.

REVIEW EXERCISE 5

1.
Using the diagram below, indicate with an "X" where the pilot would encounter LLWS and state briefly what effect the LLWS would have on his aircraft in this situation.  (Note: time is 1400L)

[image: image1.emf]
[image: image2.emf][image: image3.emf]
2.
When evaluating frontal boundaries for LLWS, what criteria will you look for?

3.
Using Table 5-1. LLWS Forecast Checklist, evaluate the following diagram and determine if the conditions are conducive for LLWS.  If so, what rule or rules apply? (Surface wind speed is 12 knots.)
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