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IENroblem of predicting ash cloud
WISPErSIon In the North Atlantic
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ope during the Eyjafjallajokull eruption
Grimsvotn eruption in 2011 and the
Ilma research program

= ,p s1cs of buoyant volcanic plumes
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-grawtatlonal flattening and streak fallouts
== Horisontal diffusion approximation
® Error accumulation in diffusion models

® Conclusion
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¥ 1 Forecast extent of ash cloud
= Flights
Mormal transatlantic routes
High altitude global jet sireams |
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Forecasting of volcanic ash cloud
(21 April, 10:00 GMT) ( Courtesy Nario Yasuda)
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- Eyjafjallajokull April 15t 2010 4
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e Eyjafjallajokull April 16t 2010 5
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Weber and Vogel, UAS Dusseldorf
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PIECloudsSdo not Iopkas
the predicted clends
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Legend e Eyjafjallajokull April 16t Cyrus Bina

® Eyjaflallajokull ]:] Partial Airspace closure
_ ~ Ash Plume - Full Airspace closure

e Student University of Texas at Austin
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Icelandic State TV (RUV)
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O] nltorlng observatlgn
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e|savia Iceland May 2011
Grimsvotn eruption

Observations Campaign

May 24 —26. Cessna 206
with two OPC’s. Results

used by ANSP for first
time. Keflavik int. airport
kept open in spite of
unfavourable predictions.
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Oct. 24t 2012

akurajima
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Travarsirie Cross section

ncentratlon aNGJlE)™ -

’ Lf’f

------ Flown path through a cross section of an ash plume
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Raw data

—— Interpolated filtered data, gridded to specifications

Courtesy Weber and Vogel, UAS Dusseldorf
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Gravitational deformation of plume
Streak fallout process
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Sakurajima research and measurement campaigns<2012 ~2015" {4



® Plumes can spread out like oll slick on water
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Plumes canispread out like oil slick on water (pancaking). To model the process
temperature and density of plume and ambient air must be measured by
radiosendes or airplanes.
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e Streaks Increases source term uncertainty
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A chunk-of cloudris falling down to earth with velocity 0,34 m/s and maximum con-
centration more than 44 mg/m?2. Picture taken 7 minutes before the measurement.
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Streaks increases source term uncertainty as they contain all grain sizes



ODservation method

Dr. Ellagsgon (Unlv of lceland)rand their team o"bserved the VA
GENGREOYE Sakurajima by using aircralt and skyOPC [Yasuda+2013]

skyOPC (Portable aerosol spectrometer) Obs. (black line : track of aircraft)

Courtesy of JMA, Tokyo
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15.01.2013 15.01.2013 15.01.2013 15.01.2013 15.01.2013 15.01.2013 15.01.2013 15.01.2013 15.01.2013
09:39:24 09:49:24 09:59:24 10:09:24 10:19:24 10:29:24 10:39:24 10:49:24 10:59:24

—+ Obs. ——: Forecast
Courtesy of JMA, Tokyo

Tokyo Volecanic Ash Advisory Center

Japan Meteoro




Satellite photo correction for plume size
* VAAC Tokyo'’s ‘unigue’ approach

— Initial ash particles: use observed ash boundaries

— Disperse particles from observation time (not from the

origi n) Red polygones by JE: Estimated forecast with no correction

forecast
from T+0

forecast
from T+6

forecast
from T+12

T+0 T+6

The initial condition at
T + 6 hours is correct-
ed by using the brown

cloud (observation) .
instead of the blue Observation

(prediction). Similar Similar correctionat T+ 12, at T+12
effect can be achieved from brown to blue. But IF
by using a smaller T+0 NO correction is made at
cloud and run T+0 => T+6 the brown would be
T+6 again like the red polygon.

Tl:lkyl:l VUIGHEN L ASI AUV ISUTY wernLer
Japan Meteorological Agency

-

Observation
at T+6

The missing corrections accu-
mulate with 20% in 6 hours or
100 % in 24 hours.

Similar correction at T + 18, from brown to blue.
But IF NO correction is made at T+6 and T+12
the blue would be like the red polygon.

Toky,o) VAL

Courtesy of IMA, Tokyo 21



Jet Engine Research

Predicted conc. used to get

infinite/ Discernible ash \ flights going in 2010 :
g ears | - | threshold (approx) 1 2 E;?:L frl:aiI':i
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Ash concentration (mg/m?3) —

2013 Rolls-Royce plc
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Thank you for listening

Ash left by streak fallouts

Grimsvotn 2011: Thorsteinn Jonsson
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» Experimental aircraft for easy testing of 3 optical particle
counters in parallel in the open atmosphere

Isokinetic inlet tubes without slipstream arrangement. Diameters
have to fit the airspeed and quality control of results is important.

Courtesy Weber and Vogel, UAS Dusseldorf 51



DETECTOR

OplicalRalticle CouRtE

PARTICLES

-’—

<7 MIRROR

LIGHT TRAP

Orthogonal laser
scattering

Number of blinks
counted

Duration of blink
size Indicator

Size of particles is
approx only but
Improved esti-
mates are being

researched
25
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2 Gray/jeal onal deformation of plume
SHE ".r' 2k fallout proess
> Ufe _'ence and temperature data rare

_ | "JS JrTas to be researched If source models
are 1o be used In Air Navigation Service

~® Source term uncertain by orders of magnitu.
® Purpose: Improve the predictions
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0,37

3,66 36,63

m™ 40 380 3810 38100

3 1 12 120~ =107
wrrbs B=l 06 T 601
'i: d, pm 83 149 265 472
-~ W,misB=01 02 0,6 1,9 6,1
d, pum 47 84 149 265

* Hypothetical plume US st. atmosphere, R= 1 km, U 10 m/s .,
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Should show emission down here

Difference entrained air

— Sparks' fit H = 0.220Q0%-259
— Mastin's fit H = 0.304Q%241

x Super-buoyant

——

+ Buoyant

Theory-provides Q ~ H* only

iy
4
=
.80
Q
=
&
o

Coefficients logaritmic regression

If data includes entrained air, so
does formula.

28



--J—;c'e" using satellite photos necesssary
-”3 Change of method needs measured data not
“available from NWP data.

=> T[o0o0 Inaccurate: New technology based
on calibration by measurements needed

VAY



700 km

\We see landscapereffects |, graviational crossflow ~ and frontal influence

30



Plume riding in an inversion Wlth Wlndshear (NOAA) 31
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