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Wind Shear/Turbulence at Juneau
International Airport

Before 1996, there were
only 2 approved IFR
departures to the east,
and both required 180
degree turns to the
nearest navigation
beacon.

During precipitation
events winds primarily
SE, so most departures
were “Fox” or “Lemon
Cr.
1993-1994 severe wind
shear and turbulence
events documented on
N both Lemon Ck and Fox.
= e - EE N 30 Jan 1993 — AK
) o : aircraft rolled 60-90
e Scale and locations approximate degrees and did not

regain control until
within 150 ft AGL.




JAWS Timeline

1995 — Juneau Airport Meeting of government agencies and commercial
interests in airport safety.

— FAA cancels all Lemon Creek and Fox departures
1996 — Alaska airlines installs 2 high elevation ane  mometers and begins limited
RNP (GPS) approaches/departures.

— FAA agrees to allow Lemon Creek and Fox departure i  f mountaintop winds < 35 kts

1997 — FAA contracts with NCAR for study of wind she  ar problem.

1998 — NCAR Field Study
— Temperature/Wind Mesonet installed
—  (8) 915mhz profilers installed
— U. of N. Dakota Cessna Citation
1999 — (Nov-Mar) NCAR Field Study
— U. of Wy King Air
— DOW
2002 — (Oct-Jan) NCAR Field Study
— U. of Wy King Air
— AK Air Boeing 737-400
— DOW
2003 — Ongoing hardware/infrastructure upgrades and turbulence algorithm
development

2008 — (Dec) JAWS operational plan approved by FAA




JAWS Sensors: Anemometers

* 4 Mountaintop locations up to
1080 m.

— Harsh environment requires
heater to avoid riming

External power available
Redundancy

Helicopter access for
maintenance

3 Airport locations

Sample frequency: 1 second
Report frequency: 1 minute
Includes temperature sensors

Data collected and processed
at airport

- o e

Sheep Mtn Anemometer




JAWS Sensors: Profilers

South Douglas Profiler

3 BL Profilers (915
mhz)

Critical wind shear
locations

10 minute data

60 m vertical
resolution to 2500 m

9 panel antenna for
tighter beam width
and higher sensitivity




e [/ Anemometers
— 3 at the airport (west end, center, and east end of runway)
— 4 at high elevation locations

« 3 Wind profilers




JAWS Alert System

Alerts are activated
based on algorithms
developed during field
studies.

Alerts based on
anemometer and
profiler data.

Both graphic and text
alerts are generated.

Alerts are for all major
approach and

departure corridors.

Web page and Java
applet for viewing data
and alerts.




JAWS Data Avallabllity
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All data made available to NWS in netcdf format

Data is also routed to MADIS

Profiler includes horizontal & vertical wind vectors at 10 min frequency
Surface based sites include wind and temperature a  t 1 min frequency




Low Level Wind Shear (LLWS) in TAF

Seems to occur at much lower values than 10 kts/ 1

00 ft

JNU UUA /OV JNU
/TM 2024 | FLUNKN
[TP B737 IRM
SHORT FINAL RY8
LLWS /15 KT

JNU UA/OV JNU
/TM 2045 /FLO0O /TP
B734 /TB LGT /IC
LGT RIME AND
TURB FL110 DURD
WITH 10KT LLWS
ON FINAL

JNU UUA /OV JNU
/TM 2058 /FLO10 /TP
B737 /RM LLWS 10
KT FAPRY8 LGT
TB AT CGL




Turbulence (TKE)

JNU UA/OV JNU
/TM 2240 /FLDURD
/TP B737 /TB LGT
OCNL MDT /RM

DURD RY8




Timing of Frontal Passage

Surface
Wind
Speed




Snow Level and Rain Intensity
Fall Speed of Hydrometeors*

Drop
Diameter
(mm)

Fall Speed
(m/s)

Idealized
Rain Rate
(in/hr)

Local Study
WFO
Juneau

Fog

.01

.003

Drizzle

.08

21

Lgt Rain

1.2

4.1

.01

Mod Rain

1.6

5.7

15

.60

Mod-Hvy Rain : 6.7

* Foote, G.C. and DuToit, P.S., 1969 Terminal Veloc ity of Raindrops
Bohm, J.P.,, 1989: A general Equation for the Termin  al Fall Speed of Solid Hydrometeors

- Surface area of growing snow crystal increases pro portional to its weight.
- Ice falls oply slightly slower than liguid hydrome teors of same diameter.




Case Study: Snow Level, Rain Intensity, and
Precipitation Type

Start/stop of precipitation indicative of convectiv e showers (Oct 10 )
Snowlevel around 1600 ft rises a little in the aft  ernoon.
Purple shades indicating precipitation rates greate r than .10 inch / hour




GOES: 0300 UTC 11 Oct 2008

O

Next day (Oct 11th) - Front approaches from the west
Satellite shows a few areas with higher tops easto  f frontal band




Radar: 0300 UTC 11 Oct 2008

Radar beam is terrain-blocked over Juneau
Radar detected a few moderate embedded cells




Precipitation Type

 Between 0300-1000 UTC high fall velocities extended above the
vertical range of the profiler.

o Juneau Airport ASOS (PAJN) reported ice pellets.




Case Study: Mountain Wave

Mountain Wave Ingredients
— Cross-barrier flow

— Inversion or strong stability
above ridgetop

— Decreasing cross-barrier
flow to a Critical Level

* Wind speed equal to
phase speed. CL for
stationary wave where
flow equals zero (wave
resonance).

CL can be induced

Taku Winds:  NE low level winds through “wave-breaking”
when not present as a

e Inversion 900- 850 mb mean state.

e CL at 500 mb




Salisbury Ridge
protrudes into the Taku
River valley.

Interior outflow is
forced over the ridge
near the mouth of the
river.

Flow is across
Gastineau Channel

rather than parallel to it.

Topography

Douglas Is

Taku River Valley
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Flow weight (0-6)

| Level weight (0-4)

(S

Cross-barr

CBF
CL

itica

Cr

ht (0-5)
Script can be run from local app “WXD” with command

jon weig

INV = Invers




Case Study 21 Dec 2008

1200 UTC MSLP Analysis 1200 UTC NAM 500mb height/vorticity




Ingredient Weights for Taku Winds:
Cross-barrier Flow

Magnitude 50+ kts 6

Magnitude 40-48Dk ks 5

Magnitude 20-2ZDktss

Magnitude 11-1Ktss

Magnitude O -10 kts

No cross-Haarrezrfitow

Synoptic scale: Is MSLP and 850mb
forecast conducive to increased cross-
barrier flow (cyclonic or anti-cyagaliojitc)?

Local scale: Plot forecast timeseries of
wind vector component normal to

Salisbury ridge. NAM 850mb hgt/wind - vt 1200 UTC 21 Dec 2008




Ingredient Weights for Taku Winds: Inversion
above Ridgetop

Moderate Inv 900-S800Nib 3

Weak Inv 900-800mmi

Strong Stability to 850mb

Weak Stability to 850mb

No low level stable layer

Synoptic scale: Is there cold advection
from the interior or a warming layer aloft
that will increase low level stability?

Local scale: Check forecast soundings
for strengthening of low level stable
layer. Compare W|th Iatest RAOB to |mply




Forecast Mean State CL

CL near 500mb - sty stesar

CL 400mb or 600mb - sstommgssiesar

CL 500mb - wuerak Siheemr

CL 400mb or 600mb - weedkkssieaar

CL 300mb or 700mb 1

 Deep northeasterly winds kept
mean state CL near 200 mb

Cross-barrier flow near
mountaintop reached maximum
around 1200 UTC

21 Dec 2008




Ingredient Weights for Taku Winds:
Mean State Critical Level near 500 mb

CL near 500mb - sty stesar

CL 400mb or 600mb - sstommgssiesar

CL 500mb - wuerak Siheemr

CL 400mb or 600mb - weedkkssieaar

CL 300mb or 700mb

No CL

Synoptic scale: Is a weak flow region such as
an elongated trough or “col” developing in the
middle levels? Is there a level where flow shifts
from offshore to onshore?

Local scale: Plot forecast timeseries of wind
vector component normal to Salisbury ridge
and check forecast for level of the zero line

(CL).

Time series cross-section of wind vector
component normal tg,Salisbury Ridge (ideal)




Forecast from Ingredient Weight Total

INV + CBF + CL

Taku Wind Forecast

Conditions are very favorable for Taku Winds. Run the Nance mountain-wave
model for an estimate of peak winds. Expect winds well in excess of 60 mph.

Conditions are favorable for Taku Winds. Run the Nance mountain-wave model
for an estimate of peak winds. Expect winds of 60 mph or more.

Conditions are marginal for mountain wave development. Expect advisory level
winds (45-55 mph) unless the cross-barrier flow is very strong, which can "self-
induce" a critical level and produce warning level winds.

Taku winds are unlikely




Profiler Radial Velocity (68 degrees)

- With time cross-barrier flow intensifies and wind speed gradient increases
causing induced CL (flow reversal above)
- As wave strengthens max winds descend with time

| ed by weak flow gversals (rotors)




Updraft/Downdraft pairs and Vertical Shear




Wind Observations




Ingredients Guidance
1800 UTC 20 Dec 2008

*kkkkkkkkkkhkkkkk MTNWV GUIDANCE for PAJN - 182 12/20/ 2008 *kkkkkkkkkkhkkkkkkkxk
(+ = Very Favorable F = Favorable M = Marginal P = Poor)

ProjHr [01-06][07-12][13-18][19-24][25-30][31-36][ 37-42][43-48][49-54][55-60]
ValidHr [19-00][01-06][07-12][13-18][19-00][01-06][ 07-12][13-18][19-00][01-06]
MTNWV

FCST P

CBF 111111 122223 331243 244333 331112 222222 211111 000000 000000 000000
CL 111111111111 131100 100000 001111 100000 040111 111200 000000 000000
INV 111211 111211 112111 111111 111211 111111 111122 222122 222211 100000

ProjHr [61-66][67-72][73-78][79-84][85-90]
ValidHr [07-12][13-18][19-00][01-06][07-12]
MTNWV

FCST

CBF 000111 111011 111111 100000
CL 000111 111011 111111 100000
INV 111000 000000 000000 000010




Forecast Inversion above Ridgetop

Whitehorse, Canada Juneau, AK

Strong stability and deep inversion well upstream
Forecast Inversion height above 9000 ft.




Conclusions

The JAWS network has proven to be a vital resource for
iImproved understanding of mesoscale meteorological
processes in the Juneau area.

Profiler data can be helpful in monitoring low level wind
shear and timing the passage of fronts.

Vertical velocities can help to identify changes in snow

level, rainfall intensities, and ice In convective
precipitation.

JAWS profiler and mountaintop wind observations can
assist in monitoring the evolution of mountain waves,
especially changes in: cross-barrier flow, strength of the
wave aloft, descent of strong winds, induced critical levels,
and the presence of rotors.




That's It




