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1 — Methodology for constructing tephra hazard maps for
Campi Flegrei caldera, Naples, ltaly

2 — Building in uncertainties (e.g. vent locations)

3 — Deterministic approach to forecast ash fallout from
Vesuvius volcano, Naples, Italy

4 — Conclusion
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Campi Flegrei Caldera
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Campi Flegrai eruptions post Ska

Table 1
Measured physical parameters for the explosive eruptions of the past 5 ka at Campi Flegred caldera,

Eruption Age Aredy.,, Aredys,, Volume Tephra Volume DRE Density Total Erupted Mass Magnitude Mass Discharge Rate
(kabp)  (km®)  (km?) (lerr®) (km*) (kg/m*)  (kg*10') (kg/sec)

Agnano 1 4.80 107 56 0.033 0018 1400 046 366

Avemo | 470" 262 103 0.095 ans3 1400 133 4.12
Agnano 2 460 58 19 0.025 0014 1400 035 354

Agnano 3 4.55° 872 414 0333 0.186 1400 466 4.67

Cighano 4.50" 9] 54 0.083 0052 1400 130 4.11
Pignatiello 2 445" P 18 0.028 0016 1400 0.39 359

Monte 5. Angelo 440 230 121 0.125 0070 1400 L.75 4.24

Paleo Astroni | 430" 159 82 0.090 Q030 1400 126 4.10
Paleo Astroni 2 4 20 648 218 0.178 ao1io 1400 249 440

Agnano-Monte Spina 410 2237 882 1.940 0854 1100 2130 5.33

Paleo Astroni 3 395" 45 29 0.033 0018 1400 046 3.66
Solfatara 3.90° 78 31 0.046 0026 1400 064 381
Astroni 1 3.88° 127 0.108 0.060 1400 151 4.18
Astroni 2 387 78 46 0.035 0020 1400 049 369
Astroni 3 1.86° 593 774 0281 0157 1400 393 459
Astroni 4 385" 710 226 0242 Q135 1400 339
Astroni 5 3.34" B17 427 0,184 0103 1400 258
Astroni 6 387 893 365 0233 0121 1300 303
Astroni 7 187 110 50 0.116 0065 1400 162
Avemo 2 31.80" 85 45 0.139 0067 1200 167
Fossa Lupara 3.75° 24 11 0.041 0016 1000 041
Monte Nuovo 0.50 78 17 0.052 0029 1400 073

“ Measured and ® inferred aes from Dh Vito et al (1999) and Orsi et al. (2004).

(After Orsiet al., 2009)




Probability of eruption stvles (last 5000 yrs, ~25 eruptions)

_ explosive eruplions
y [ large-size
B medium-size
[] small-size

;} IAEA (Orsietal., 2009)



Expected eruption scenarios at Campi Flegrei

Scale Mass flow-rate Total Mass (kg) Composition
(kgls)
Low 10° - 10° ~1010 Independent from
the scale
Medium 10° — 107 ~10" Independent from
the scale
High >0 >5X10" Independent from

the scale




Probability of scenarios at Campni Flegrei

Size Aicm
(km?)

> 500

VTephra VDRE TEM
(km?) (km®)  (kg*10'")

>0.40 >0.3 >5

Magnitude Type
esruption(s)

Large Agnano-
Monte Spina
43-5 Astroni 6

0-0.1 <473 Monte Nuovo;
Totalmass Averno2

Medium 500-1000 0.15-0.40 0.1-0.3
Small 0-500 0-0.15

Confidence intervals
(epistemic uncertainty)

Eruption size class Average
best guess

probability

Large explosive
Medium explosivé
Small explosive
Effusive

3.73x10~4
250x10""°

6.06x10 '
1.07x 10,

10th perc

578x10°
1.49x 10!
499%10 !
3.89x 102

50th perc

2 6710
2.36x10"

6.14x 10!
0.84x10 2

90th perc

7.50x 10 *
3.55x10
7.22x10"!
1.86x 10!

(Orsietal., 2009)




Characterization of Reference Scenarios

As a HM scenano we consider an eruption with parameters similar to the AMS (4.1 ka
BP) ash fallout phases B1 and D1 with a mass equal to the total B1+D1 masses and

average parameters.

As a MM scenario we consider an
eruption with parameters similar to
the ASTRONI (3.8 ka BP) ash
fallout phase U6. Mass was
cautiously overestimated in order
to take mto account the distal
massive fme ash  deposits

~assoclated to the pyroclastic

currents of U6 dispersed on an area

XL ' larger than the basal pumice fallout
“ .00 % deposit with an impact on the
o . ground mostly related to their

loading.

The LM scenario 1s represented by
the A2 fallout layer of the Avemno 2
eruption (3.8 ka BP)



Adopted ash dispersal models

* HAZMAP (Macedonioetal., 2005): Based on an analytical solution of the

advection-dif;

usmn—sedlmentatmn equation for ash dispersal. Other models

based on the same approach are TEPHRA?Z2 (Bonadonna et al 2005) and
ASHFALL (Hurst and Tumer, 1999).

Principal assumption: constant horizontal wind, negligible vertical diffusion.
MOSTLY USED FOR SMALL DOMAIN AND STATISTICAL ANALYSIS.

* FALL3D (Costaetal., 2006; Folchet al., 2008): Full 3D time-dependent
Eulerianmodel that solve numerically the advection-diffusion-sedimentation

equation for ash dispersal.
MOSTLY USED FOR LARGE DOMAIN AND REAL-TIME ANALYSIS.
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The computatisral medel HAZMAP

Based on a semi-analytical solution of the ADS equation:

Z/A+U-VC—-AV,C) /& =V -(KVC)+

Deposit: sum of Gaussian deposits generated by point sources

Wind field: constant in time; uniform in x,y; variable in z (layers)

Diffusion coeflicients: constant

Settling velocity: many classes; variablein z

Input: mass, column height and shape, settling velocity distribution, wind profile

Output: mass loading on the ground (one wind profile), or probability of a loading
greater than a threshold (many wind profiles)
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Input parameters

* Total Mass;

*  Bulk Granulometry;

*  Wind and Turbulence Coeflicient;

* Column Height; and

e Mass Distribution Parameters (S(z)=S exp{1-z/H[A(z/H-1)]}).

Rel. Column Height (z/H)

05 1 15 2 25 3 35 4

rachion Mass Frachon



Reconstructed AMS (B1) isopachs
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Reconstructed AMS (ID1) isepachs

(Costaetal., 2009)



Reconstructed Astromi (1'6) isc pachs
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Reconstrueted Averne (AN)) i1sopachs
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Input parameters fallout hazard mans at Campi Flegrei

Table 1 Input parameters used for probability maps construction

Model parameters

Scenano type

High-magnimde (Plinian)
“"AMS (B1+D1)”

Medium-magnitude (sub-Plinian) Low-magnimde

“ASTRONI (Us)"

(violent Strombolian) “Af2"

Total mass

Column height

Column shape coefficients: A/

Number of V,~classes

Bulk senlmg velocity dismbunon:
Vet ( W%)

Diftusion coefficient K

Mass eruption rate

Daily wind profiles (penod 1968-2003)

References

Total mass using Pyle (1989)

Max column height using Carey and
Sparks (1986)

52%10" kg

26 km

41

{

0.5 mv's (18);

2.3 mvs (32);

4.5 m/s (18);

6.5 mv/s (6);

8.5 mv's (3)

10,5 m/s (3)

5000 m*/s

<10® kg's

NOAA (lat 407, long 15%)
Pleifter and Costa (2004a)

3.6x10" kg (B1) 5.1=10"" kg (D1)

23 km (B1); 27 km (D1)

1.2x10" kg*
12 km

4/1

O

0.5 m/ss (12);
2.5 m's (28B);
4.5 ms5 (36);
6.5 mis (17);

B.5mfs (5)

10.5 m/s (2)

5000 m'/fs

<107 kg/s

NOAA (lat 407, long 15%)
Pferfter and Costa (2004 b)
1.0=10" kg*

14 km

23x10" kg

7 km

N

6

0.5 m/s (10);

2.5 m/s(16);

4.5 m/s (29):

6.5 m/s (26);

8.5 m/s(12):

10.5 m's (7)

1000 m*/s

<10” kg's

NOAA (lat 40°; long 15°)
D1 Vito et al. (2004)
3.9x10' kg

10 km

Mass eruption rates, given by buoyant plume theory, total mass, calculated usmg Pyle (1989), and column height, estmated according to Carey
and Sparks (1986), are also reported for completeness.
“!mludmg fine ashes (see text for detils)

(Costaetal.,

2009)




Wind profiles for probability maps

Winter winds Spring winds Summer winds Autumn winds Whole year winds
M

A Daily Wind Profiles(#>13000): Period 1968-2003; At lat=40°,
long=15°(from NOAA)




HM Scenario: Probability Maps for Ash Fallout (300 kg/m?)
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MM Scenario: Probability Maps for Ash Fallout (300 kg/m?)




Ash loading probability map for a Plinian eruption at Campi Flegrei

(different lead:ing threshoids ana vent locations)
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BET VH

—

» BET VH evaluates long-term probability (and uncertainty) of:

outcome producing
outcome reaching a certain area

outcome overcoming a given threshold in the areca

« BET VH allowsto produce:

- One or few single scenario/s (1.e. Agnano Monte Spina)

- Multiple joint-scenario with ALL possible:

VENT pGSIthnS} E‘I]‘d Bull Vaolcanol
QIZE of the El'llptiﬂﬂﬂ DOT 10.1007/s00445-010-0358-7
RESEARCH ARTICLE

BET_VH: exploring the influence of natural uncertainties

on long-term hazard from tephra fallout at Campi

Flegrei (Italy)
o Inql Jacopo Selva - Amtonio Costa « Warner Marzocchi -
“{wh:ﬁr} I A E A Laura Sandri
S



Probability of vent location

4.79E-03

(da Selvaet al., 2010)




Probability of exceeding 300 ke/m? loading for the .M scenario

One single vent



Prohability of exceeding 300) kg/m? loading for the MM scenario

One single vent




Probability of exceeding 300 kg/m? loading weighting all scenarios

One single vent




Probability of exceeding 300 kg/m? loading weighting all scenarios

{s@i} IAEA All possible vents



Geological map and stratigraphic data of Vesuvius
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Reference eruption (subplinian)

Volume
Massa

Flusso d1 massa

Durata

Altezza colonna 16km (4 Test 22km)




Reconstruction of the Vesuvius 472 AD eruption

_ GROUND DEPOSIT ISOMASS LINES (kg/m2)
Total deposit

Camts Ll 123 T4 16.18)
Totalmass*: ~2 X 101 kg

*. Total mass does not include
coarse and fines (about 50%)

-
o
O
-
T

(Bonasiaetal. 2010)
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Hazard map (500kg,/m2) Hazard map (500kg,/m2)
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Ash loadings (3% probability te be exceeded)
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Wind dataset: NCEP Reanalysis 1 1991-2000

Napoli - NGEF Reanalyse | 1991 -2000
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High probability case: example 01/03/2003

Napoli - NGEF Reanalyse | 1991-2000




GROUND DEPOSIT

evento




Low probability case: example 10/10/1995

Napoli - NGEP Reanaly=e | 1'991-2000




GROUND DEPOSIT ISOMASS LINES (kg/m2)
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Probability of ash deposits inm different sectors at Vesuvius
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s of wind stability: 16 sectors (width 22.5°) around Vesuvius

» ays ol permanence o
| T |

2050
56.1% TOT=3653

(10 vears)

100

i

b
=¥
o
=
=¥
-
-
e
ot
o
-
-
-
i
=¥
o ]
=
=
Z




MESIMEX 2006: daily simulated (deterministic) scenarios

*Scenario I: Subplinian starting at 00UTC of the same day
*Scenario II: Subplinian starting at 00UTC of the day after
*Scenario I11: Subpliniana starting at 00UTC of two days after

For each scenario the depositaccumulated on the ground after 24 h from the start of

the eruption was calculated (high resolutionmeteorological forecasts from National
Met Office were used).

4
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MESIMEX 2006: used models

. HAZMAP (Macedonioetal., 2005): analytical model; quasi-steady; it solves

advection-diffusion-sedimentation equation discretizing the eruption column
considering a finite number of point source along a vertical line above the vent.

. TEPHRA (Bonadonnaetal., 2005): based on an approach similarto HAZMAP but

uses a different parameterization of the diffusion coefficient and different
discretization of eruptioncoloum.

FALL3D (Costa et al., 2006): numerical Eulerianmodel that solve a 3D time

dependent advection-diffusion-sedimentation equation. Eruption columncan be
described empirically or calculated using a model based on the BPT.

VOL-CALPUFF (Barsottietal., 2006): It 1s hybrid Eulerian-Lagrangian model
that describes the eruption columnthroughthe BPT whereas dispersal 1s calculated
following the movement and diffusionof a discrete number of puffs.



MESIMEX 2006 - JPrediction fc Ji gt 00 UTC
| I?esul’rs affer 2006 at 00 UTC
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MESIMEX 2006: maximum vs mean load (kg/mz);
example of 21/10/20606 (forecast of 21/10/00)
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CONCILUDING REMARKS

Definition of eruption scenarios through field studies.
Assessment of their probability.

Estimation of the control parameters for tephra fallout
through best fit with observations.

Probabilistic tephra loading maps.
Effect of uncertainties (e.g. vent location).

Deterministic ash fallout forecast based on a reference
scenario.
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Infernational Atomic Energy Agency

Thank you for your attention

4k

%_&h LS T [antonio.costa@ov.ingv.it]



