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Qutline

The Cloud Computing Environment.

The Solar Radiation and Atmospheric Dust.
Fractional Calculus Modelling.

Data Analysis: Tomographic Approach.

Sensor Multivariate Analysis.
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Outline

From the known...

Weather Research & Forecasting
Model

.. to the less known
Dust devil tomography*

Radiation diffusion through fractional
calculus*****

Sensor multivariate statistical
analysis*

* |dentification of events very localized in
space and/or in time (dust devils,
electromagnetic fluctuations).

** Propagation of solar radiation in the Martian
atmosphere.

*** Dynamics of the atmospheric dust.
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Cloud Computing-I

Seamless paradigm that allows provision of computing resources

dynamic / elastic / on-demand

Code

eeeee obile

Cloud Computing

;i'!h PC

y-

Cloud Computing 4
everything and... Mars MARS

Public cloud infrastructures (“pay as you go” basis) represent a valid
alternative to in-house solutions in many situations

E Main problem is:

MARTIAN STUDIES

How many resources? What type?
nPerformance’? Cost?

UG



Cloud Computing-Il

Cloud Computing
Seamless computing provision paradigm
Allows application porting to distributed architectures in short time

“The infrastructure adapts to the application,

not the application to the infrastructure.”

However...
Public cloud infrastructures provide many offerings (setups, prices)
A valid strategy per application is needed (profile =» model)

L4 UCM MARTIAN STUDIES
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Using Computing Clouds for Martian applications

1. Study the applications (execution profile, requisites)

D 2. Port application to generic cloud infrastructure

ﬂ= 3. Optimize provisioning (small experiments and model)

The Martian Group Studies at UCM started with the
participation in the MetNet Project (Russia, Finland and
Spain), covering modelling, algorithms and computation.

Harri, A.-M., Pichkadze, K., Zeleny, L., Vazquez, L., Schmidt, W., Alexashkin, S., Korablev, O., Guerrero, H., Heilimo, J., Uspensky,
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pp. 33-42, 2012. Springer Verlag.
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Martian Meteorology

Starting point

Need of a Martian meteorological model

Computational workplan

Cost optimization of terrestrial
meteorological models

*  Will apply to Martian models later

Validation of proposed Martian models

* Huge amount of data process

§ UCM MARTIAN STUDIES

A Comparison of the Atmospheres of Earth and Mars

Earth Mars

~500 km ~200 km

Upper
Atmosphere
~110 km

Middie
Atmosphere

Stralosphere



WRF

Weather Research & Forecasting Model

» portable, flexible, and state-of-the-art code,
especially efficient when executed in a
. . . Horizontal Grid
massively parallel computing environment (Lattude-Longuce)

- various physics options and can be used in a __
1 H ertical Gri ]

broad spectrum of applications across scales, (Hoight or Pressure) |~
ranging from meters to thousands of kilometers — %

solar  terrestrial
radiation radiation
i

« currently used in many worldwide
meteorological agencies and adopted by a
huge community of users (over 20,000 in over
130 countries)

Numeric mesoscale;:

« uses mathematical models to predict the
weather on current conditions

» divides the atmosphere vertically

Chosen compiling options:
» Distributed Memory

» Message Passing Interface (MPI)

L4 UCM MARTIAN STUDIES
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WRF

Target area for study: /\ I M a.
* Iberian Peninsula e C‘S‘S:;Idp oo

TP ' GOBEANO  MINISTERIO
7887 DEESPANA  DE AGRICULTURA. AUMENTACION
o Y MEDIO AMBIENTE

« resolution: 5x5 km (horizontal) and 28 levels (vertical)
» 301x250 grid mesh
* 48-hour forecast horizon

Data models:
« GFS-NCEP: free data, sometimes imprecise, 2 level computation

+ IFS-ECMWEF: restricted access data, 1 level computation
$207,002.19/year (for target area)




WRF on Cloud

P
L

== Execution of WRF is a typical HPC problem
» Different technologies have been used (multi-core to GPU)
* (Public) cloud computing infrastructures have not been studied before

TUD

@ Cloud Infrastructure

s e amazon
» great instance type offering

« PaaS: StarCluster Web SeW|CeSTM

allows the automation and simplification of the building, configuration and management of computing
clusters deployed on Amazon EC2

_____________________________________

L UCM MARTIAN
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WRF on Cloud

Amazon EC2 Machines:

Type Family | vCPU | ECU | Memory (GB) | Storage (GB) Network |Cost ($)
Performance
m1.small General 1 1 1.7 1x 160 Low 0.60
cc2.8xlarge | Compute 32 88 60.5 4 x 840 10 Gigabit 2.40
Optimized
m2.4xlarge Memory 8 26 68.4 2 x 840 High 3.50
Optimized
OF) starCluster
Cluster A Cluster B

all nodes: cc2.8xlarge |

amazon

webservices™

master node: m1.small
worker nodes: m2.4xlarge

ﬁi‘




L4 UCM MARTIAN STUDIES

WRF on Cloud

Experimental results

Time (h)

Cost ($)

GFS: free data, sometimes imprecise, 2 level computation

ECMWEF: restricted access data ($23.61/h), 1 level computation

e GFS - M2.4XLarge

@ GFS - CC2.8XLarge

@ ECMWEF - M2.4XLarge
e ECMWEF - CC2.8XLarge

180
160
140
120
100
80
60
40
20

5 6 7 8 9

Instances
e GFS - M2.4XLarge
el GFS - CC2.8XLarge
el ECMWE - M2.4XLarge
@ ECMWE - CC2.8XLarge

4 6 7 8 9

Instances



WRF on Cloud

GFS: free data, sometimes imprecise, 2 level computation

C/P MetnC ECMWEF: restricted access data ($23.61/h), 1 level computation
800

700 \
600 \
500

\ @ GFS - M2.X4Large
ell==GFS - CC2.8XLarge

o
S 400

300
@ ECMWE - M2.4XLarge

200 e ECMWF - CC2.8XLarge

100 -

O e T T T T T T T

Instances

Strategy:
GFS
«cc2.8xlarge (1 to 4 nodes)
*m2.4xlarge (5 to 8 nodes)
ECMWF
*m2.4xlarge (no less than 6 nodes)

*Example: 2 hours (around 60 €) - 10 hours (AEMET)

J.L. Vazquez-Poletti, S. Santos-Mufioz, I.M. Llorente and F. Valero: A Cloud for Clouds: Weather Research and Forecasting on a
Public Cloud Infrastructure. Cloud Computing and Services Sciences, Volume 512, pp. 3-11, 2015. Springer.
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Dust devil tomography

n:Tomographic analysis consists on using as projecting basis the eigenvectors of linear
combinations of operators (time-frequency, time-resolution, time-conformal).

Adapted Tomography identifies signals by using an operator with the shape of a given event

Time-frequency tomogram
B(u,v) = ut+ ve = ut + vi — projecting a given signal f(t) over the eigenvector set

of a linear nnerator Rfa)
1At

2At .
B(u,v) = pt+v0 =v 3At + vz o; ®; Pt

NAt

Lrusk Desl S0OL 1356

-
2
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o
q o

1 1 1 | 1 1 1 1 1 1
200 400 600 oo 100a 1200 1400 1600 1600 2000

e

Input data: pressure

C. Aguirre and R. Vilela Mendes, Signal recognition and adapted filtering by non-commutative tomography. IET Signal Processing.
Volume 8, pp. 67-75, 2014. IET.

A. Giménez-Bravo, C. Aguirre, L. Vazquez, Tomographic Signal Analysis for the detection of dust-devils in Mars atmosphere. Fifth
Moscow Solar System Symposium. 2014.
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Signal-adapted tomogr aphy as atool for dust devil detection
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Raquel Caro(f), Maria Ramirez-Nicolas (d), F. Cozzolino(b), C.1. Popa(b)
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Valiente 11, 28260 Madrid, Spain.
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ABSTRACT

|
!
|

Dust devils are important phenomena to take into account in order to understand the global

dust circulation of a planet. On Earth their contribution to the injection of dust into the l

Submitted to lAeolia (Ref. Aeolia_2017_39)

atmosphere seems to be secondary. Otherwise, there are many indications that dust devils role
on other planets, in particular on Mars, could be fundamental and impact the global climate.
The capability to identify and study these vortices from the acquired meteorological
measurements assumes a great importance for planetary science. !

Here we present a new methodology to identify dust devils from the pressure time series l

measured in 2013 in the Tafilalt region (Morocco) in the North-Western Sahara. While dust o H 7
devils are usually studied in the time domain, we move to a time-signal adapted domain using |

a bilinear transformation called a tomogram. The tomography technique has already been ,

successfully applied in other fields like, for example, plasma reflectometry or the neuronal

signatures. Here we show its effectiveness also in this new field. In order to test our results, we

have also used a time domain analysis to identify candidate dust devils. We show the level of

agreement between the two methodologies and the advantages and disadvantages of the |
tomographic approach. !

1. INTRODUCTION

Dust devils are dust loaded convective vortices, with diameter usually of the order of ten
meters and height of hundred meters. Their formation is favoured in conditions of strong
insolation, a low humidity environment, lack of vegetation and buildings or other high
obstacles and a gently sloping topography [Balme and Greeley 2006]. For these reasons, they
are often observed in terrestrial deserts and are also very common on the surface of Mars.
Martian and Terrestrial dust devils have a common formation mechanism and similar
dynamics [Ringrose et all 2007], but the Martian dust devils can be an order of magnitude
larger than the terrestrial ones.

* Corresponding author
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Dust devil tomography on Cloud

Application
C Code
Libraries: BLAS and LAPACK

Use case
DREAMS data set
Experiment unit: 1,000 seconds — 1 sample/second

Considered machine setup (Amazon EC2):

t2.small: 1 CPU, 2GB, $0.026/h

1 task/machine

«c4.large: 2 CPU, 3.75GB, $0.105/h

1 task/machine
2 tasks/machine
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Dust devil tomography on Cloud

Time@minutes)?
2008 J
180m /
1600 /
1408 / < t2.small@
1208 / O c4.large@dCPUB
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Dust devil tomography on Cloud

Model:

100m .
Time (M)
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Radiation Diffusion modeled by Fractional Calculus (FC)

Introduction

Beer-Bouguer law

See poster by S. Jiménez et

Application

1D case
Variables (x, A)

T = ﬂ Angstrom aerosol optical thickness
a Aa
variable change 1
| IR S
2-order moment of a classical fractional
diffusion equation where the time derivative is
replaced by the wavelength derivative:

o 1%
N 203 Oz2

Matlab code ported to Octave

-0.02
-0.03
-0.04
-0.05

-0.06

Study of radiation attenuation when traversing the Martian atmosphere
Application of the aerosol optical thickness (Angstrom) equation used by Lambert-

Interesting case of 3D fractional calculus application

al.

0 .
—e?

0.01
-.

B BT

-~ T

ot PR
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M.P. Velasco, D. Usero, S. Jiménez, C. Aguirre, L.
172, 33-47, 2015, Springer.
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Fractional calculus: theory and numerical methods*

Editorial
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This issue represents a contribution to a panoramic view
of the Fractional Calculus through a large spectrum of
possible applications in different experimental scenarios.
The included papers show the modelling potentiality of
the Fractional Calculus as well as a vision of the associ-
ated many open fractional questions which deserve deeper
studies and developments. A complete development of the
Fractional Calculus similar to the Classical Calculus is
still not achieved. They are many open questions and
we could say that, at this moment, the limits exist in the
imagination.

The Fractional Calculus is a suitable instrument to model
non local phenomena either in space and/or in time. In
many contexts the underground dynamics of the system
depends either on its history and/or the environment. On
the other hand, the Fractional Calculus provides a suit-
able instrument to analyse possible interpolating dynam-
ics between the properties and dynamics characteristics
of the integer derivatives. A relevant reference case is the
possible interpolations between the classical diffusion and
wave equations through the fractional derivative in time.

*“Fractional calculus is the calculus of the future, with it, we can solve
problems we couldn’t have solved before.”, Om P. Agrawal

TE-mail: vazquez@fdi.ucm.es

#E-mail: jafari@umz.ac.ir

As we know the definition of fractional derivative is not
unique, a basic constraint is to reproduce the established
results for the integer case. It makes the Fractional Cal-
culus a very powerful tool because it can be implemented
to model a wide set of phenomena.

This issue includes papers dealing with basic questions as
the fractional chain-rule to different contexts of applica-
tions modelled by ordinary and partial differential equa-
tions. Also numerical studies are included. We hope that
this topical issue would be very stimulating and helpful
for young researchers and Ph.D. students who are the ba-
sic vectors for the future developments of the Fractional
Calculus.

Finally, we thank to Dr. Krzysztof Malarz, Managing Ed-
itor, for the opportunity to prepare this topical issue.

@ Springer
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Radiation Diffusion Modeled by Fractional Calculus

S. Jiménez, M.P. Velasco and L. Vazquez.. “3D Fractional models and numerical
methods for atmospheric dust dynamics”. Poster.

Abstract:

We extend our previous 1 dimensional model for the diffusion of solar radiation by dust
in the atmosphere of Mars to full 3 space dimensions either in the general or the radial
symmetry cases. We also present numerical methods to simulate our models.
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Radiation

Diffusion modeled by FC on Cloud

P
L

5 Considered machine setup (Amazon EC2):
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Radiation Diffusion modeled by FC on Cloud

A: A=1:1:2, x=0:0.1:n (experiments):

708

Time (m)

600

< t2.small@

500 / A
// O c4largeACPUR
40m

/ A c4.large@2CPUE
308 /
20m // — Poly.Hc4.large@ACPU)E
108 ‘/////,/, Poly.Ac4.large@CPU)E
_.————_ﬂéi:_'l—‘_'_'_'!
oﬁ£9f—.//.// . .

18 20 30 el 50 60 70 8 orl 10

Poly.qt2.small)&

ARTIAN STUDIES

E t2.small y =0.1108n3 - 0.6193n2 + 1.7873n - 0.7275
c4.large 1CPUy =0.0185n3 + 0.0926n2 + 0.1924n + 0.1704
c4.large 2CPUy = 0.0322n3 + 0.1649n2 + 0.3969n + 0.3063
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Radiation Diffusion modeled by FC on Cloud

A: A=1:1:2, x=0:0.1:n (model):

s / 7 Time (m)
' /

3003

2500
et smalli

2008 e/ |largeFLCPUR

1508 e largeRCPUR

100m

508

or-
1 60 110 160 218

1,20 Cost ($)

am=t) smalld

e c4.largeFLCPUR

0,4m @ cd largeRCPUR
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Radiation Diffusion modeled by FC on Cloud

B: x=0:0.1:1, A=1:1:n (experiments):

40m
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ARTIAN STUDIES
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Radiation Diffusion modeled by FC on Cloud

B: x=0:0.1:1, A=1:1:n (model):

100m

Time (m)

90m

800
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600 emt) smallll
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Ground Solar Radiation and Atmospheric Dust
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Motivation for developing a RTM

Martian atmosphere is very
different to the Earth
atmosphere.

It helps to characterize the
radiative environment at the
Martian surface.

S, (W/m?)
Pressure (hPa)
CO, (%)

N, (%)

Ar (%)

0, (%)

H,O (%)
Amount of dust
Amount of clouds

Mars
589
6to9
95.32
2.7
1.6
0.13
0.02
High
Low

Earth
1367
1013
0.04
78
0.9
21
Variable
Low
High

|t is necess al‘y tOo m a)(i m | e th @ Comparison between some parameters for Mars and Earth

scientific return of solar
radiation measurements on
Mars.

Radiation has to be studied iIn
the same bands of the present
and future instruments that will
be sent to Mars.

30



Model inputs

In order to calculate the radiative fluxes that reach the
surface, it is necessary to know:

The radiation at the top of the atmosphere (TOA)
The radiative properties of the atmosphere

Model inputs are:
Dust optical depth
Water ice clouds optical depth
Dust size distribution
Water ice particle size distribution
Abundance of each gas
Surface pressure
Local time (hour angle)
Surface albedo
Orbital position of Mars (areocentric longitude, LS)
Latitude
Wavelength range

By modifying those parameters, a great number of
scenarios can be defined

31
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The role of the atmospheric components

0.5 T T T T T T T

Toe
0.45 1

041 1

0.35

0.3

0.25

0.2

0.15

600 700 800 900 1000
A (nm)

400 500 1100
Spectral behavior of the scattering and absorption optical depths (subscripts s and a) of dust,
water ice clouds, and gas molecules (subscripts d, ¢, and g) for a “clear ” scenario.Vicente-
Retortillo, A. et al. (2015). A model to calculate solar radiation fluxes on the Martian surface.
Journal of Space Weather and Space Climate, 5, A33, DOI: 10. 1051/swsc/2015035.”
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Calculating the fluxes

Two methods can be used: The delta-Eddington
approximation and the Monte-Carlo method.

Delta-Eddington: Very low computing time. Suitable also
for sensitivity studies.

Monte-Carlo: Provides additional information, which
becomes necessary for some purposes.

Main advantage of using two methods: We can select the
one that best meets the requirements of the desired
information.

33
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The delta-Eddington approximation

dl(z,Q 7 5
1 S R 3/ [(r. X)P(Q. Q) dQ  — — Fo P(2, —Qg)e/0
dt AT Jag 4
T = E[C, exp(- kz X1+ P')+ C, exp(kz 1 - P')— (a + B —1)exp(—7/ u, )| o'z g
l+g
k=[B01-o,)1-go,)]"
b ' 1—8’2
_2[30-a,)]" D=0
P_S{l—gwojl 1-w,g
aziﬂowo“g(l:?o) T'= r(l—coogz)
4 1— ik

1 1/ py +3u,8(1-0,)
B == Moo, ° 0: 2 :
2 1—usk

s (1-P)C; exp(—7/ py ) - (@ + B)C, explk7)
1 (1+P')C, explkr)-(1- P')C; exp(- k7)

_ 1+ P)C, exp(—7/ py ) - (e + B)C exp(—k7)
(1+P)C, explkr)—(1-P')C, exp(-k7)

C,=A+(1-Aa-(1+4)p
C,=1-4+P'(1+4)

Cs=1-A4-P'(1+4)
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Results: Diurnal evolution of solar fluxes

Diurnal variation at ¢=30° N with t=1

Diurnal variation at ¢=30° S with t=1
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Diurnal evolution of the direct (B, blue line), diffuse (D, green line), and total (T, red line) surface solar flux for
four combinations of latitudes and dust opacities during the Northern Hemisphere winter solstice.
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Sensor multivariate analysis

Introduction
In Martian atmospheric science: humidity and temperature analyzed separately

Multivariate analysis: Statistical techniques that simultaneously analyze multiple
measurements on individuals or objects under investigation
Objective: statistical model that maximizes in-sample predictive power

Without “over using” potential predictors (leading to poor out-of-sample performance)
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Geophysical Research 119, n.9, 2132-2147 (2014).
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Sensor multivariate analysis on Cloud

P
L

== Application
% PSPP code

Replicated database for generating different filesizes
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Sensor multivariate analysis on Cloud

Experimental results:
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Sensor multivariate analysis on Cloud

Model (1 CPU):
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Sensor multivariate analysis on Cloud

Model (2 CPUS):
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Present and Future Work

To extend the Dust Devil tomography

« Apply to different Martian Mission data: atmospheric and electromagnetic
phenomena

Dust and Solar Radiation diffusion
« Different levels of radiative transfer codes (*)
« Application of the fractional calculus models

» Apply sensor multivariate analysis: To cross the data from REMS-Humidity and DAN
of MSL.

(*) Stamnes, K., S.C. Tsay, W. Wiscombe, and K. Jayaweera. Numerically stable algorithm for discrete-ordinate-method radiative
transfer in multiple scattering and emitting layered media. Appl. Opt., 27, 2502—2509, 1988

UCM MARTIAN STUDIES

(*) Stamnes, K., S.C. Tsay, W. Wiscombe, and I. Laszlo. DISORT, a general-purpose FORTRAN program for Discrete-
OrdinateMethod radiative transfer in scattering and emitting layered media. Documentation of methodology, version 1.1, 2000.
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