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1. Introduction

large-scale eruptions have significant impacts

on both aviation and the climate environment.

In terms of aviation safety, silicate particles in

volcanic ash can cause serious engine failures.

In terms of environment, fine ash and aerosols

can alter solar radiation and contribute to

climate effects.
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Remote sensing data can retrieve Volcanic Ash Transport and Dispersion
parameters such as the spatial extent, Models (VATDMs) simulate the
height, and mass loading of volcanic atmospheric transport of fine ash and
\ ash in near real time. aerosols.




1. Introduction
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deviation between model results

and observations to optimize source

parameters.

[1] CHAIT, Improving volcanic ash predictions with the HYSPLIT dispersion model by assimilating MODIS [J]. Atmospheric Chemistry and Physics, 2017, 17(4): 2865-79.

[2] CRAWFORD A M. Initializing HYSPLIT with satellite observations of volcanic [J]. Journal of Geophysical Research: Atmospheres, 2016, 121(18): 10,786-10,803. |



1. Introduction

—»| Variational assimilation — Particle filter 1q EKF
Kalman filter and its
Data assimilation s g Filtering assimilation —>—>
variants
— Bayesian filter —P ETKF and LETKF

Data Assimilation
m EKF and UKF: Have been demonstrated in practice but are computationally expensive when coupled with FEMs.
B ETKF AND LETKF: Deterministic updates may overlook observation errors, limiting satellite data assimilation.

B EnKF: Uses ensemble means to represent complex covariance matrices, avoiding linearization and high computation

of other KF approaches.
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« 2. Data and Model
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2. Data and Model

HYSPLIT is one of the most extensively used systems for computing simple air parcel trajectories and complex transport,

dispersion, chemical transformation, and deposition simulations. In this study, the initial run time of the model was set to

17:00 UTC on May 5, 2010. The eruption source was located at 63.63°N and 19.63°W, with a crater altitude of 1666m

above sea level.

Parameter HYSPLIT Parameter Setting Description Unit/Data type
Simulation Time Start and end time of the simulation Time (Hours)
Starting Location Location of the volcanic ash source point Longitude, Latitude (Degrees)

Dispersion Parameters The influence of meteorcl)logiclal conlditions on Numerical (e.fgl., atmosphere
horizontal and vertical dispersion stability)
Source Strength The intensity or emission rate of the source g/s orkg/h
Mixing Layer Height The height to which pollutants disperse upwards Meter (m)
Dispersion Type The type of dispersion used by the model Type (Gaussian/ Lagrangian)
Particle number The number of simulated particles Numerical
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3. Forecasting Experiment I
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[1] Mastin, L. G., Guffanti, M., Servranckx, R., Webley, P., Barsotti, S., Dean, K., Durant, A., Ewert, J. W., Neri, A., & Rose, W. L. (2009). A multidisciplinary effort to assign realistic source parameters to models of volcanic ash-cloud transport and dispersion

during eruptions. Journal of Volcanology and Geothermal Research, 186(1-2), 10-21. https://doi.org/10.1016/].jvolgeores.2009.10.013 |
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3. Forecasting Experiment II

Initializing HYSPLIT from satellite retrievals
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(a) Number of pixels and (b) total mass of effective particle radius obtained from satellite retrievals at T1-T7

The output concentration grid
of HYSPLIT was set to the
same resolution as the
satellite retrievals. The
effective particle radius of the
volcanic ash cloud from
satellite retrievals ranged

from 0 to 16 um.

The cloud top height, column mass loading, latitude and longitude of the volcanic ash cloud

obtained from satellite retrievals were used as inputs for the HYSPLIT model. All the particles

were released at the height of the retrieval.
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3. Forecasting Experiment III
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Step 1: Independently perturb each pixel value in the satellite observation data and input the perturbed datasets into HYSPLIT.
Step 2: Apply the EnKF algorithm to assimilate the simulated results with the satellite observations (ensemble of observation states).

Step 3: Use the updated analysis ensemble as new observation data for the next assimilation cycle.

e e




4.1 Spatial Extent Analysis
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more false predictions

@ Experiment II exhibits

significant improvement

@ Experiment [II produces
the most accurate

simulation results
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Data assimilation can not only correct the false alarms produced by HYSPLIT model but also effectively reduce the

accumulated negative effects due to the satellite retrieval errors, continuously improving forecast accuracy.
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aerosol & trace gas instruments
total & non-vol. aerosol, 3-A B, particle comp. & shape (4 nm - 2.5 ym)
CO (UV fluoresc.), O (UV photom.), SO, (fluorese), H,O (1-point, Ly-a)
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mode concentration)
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Data assimilation can marginally improve the

il T2 3 s aia a5 LE accuracy of volcanic ash mass prediction, and to
Time
some extent compensate for the errors from

m—m Satellite retrievals oo Experiment |

satellite data and retrieval algorithms.
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T4 CALIOP Lidar profile
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4.5 Vertical Concentration Distribution
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@ Experiment | performs poorly in predicting ash concentration.

Ash Cloud Concentration [ug/m?]

@ The vertical variation of ash concentration in Experiment Ill matches the CALIOP profile better than in Experiment I.
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Increasing Ensemble Number

@ As the number of ensemble members increases, the spatial distribution of mass loading becomes smoother,

the uncertainty of the EnKF ensemble decreases significantly, and the model stability is improved.




*5.2 Uncertainty Analysis of EnKF
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The data assimilation process

can gradually decrease the
uncertainties of prediction,
further improving accuracy and
stability.

The uncertainty is much higher in the early

stage of assimilation than in the later stage.
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6. Conclusions

Due to the lack of accurate ESP estimates, forecasts based on eruption source initialization often

generated significant errors.

Using satellite retrievals to drive HYSPLIT for ash predictions can compensate for model simulation errors,

but the prediction results may still have significant uncertainty.

Data assimilation can improve predictions of volcanic ash dispersion, but it also has certain limitations

especially in accurately demonstrating 3-D spatial characteristic and ash concentration of volcanic ash plume.

The EnKF assimilation technique leverages the complementary advantages of model predictions and satellite

retrievals. During the assimilation process, forecasts are optimized by the continuous adjustment and

updating of model parameters.



