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% The context: ESSnets on Big Data

« ESSnet on Big Data | (2016-2018)

+ ESSnet on Big Data Il (2018-2020)
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— Track on Implementation: Online Job Vacancies, Enterprise
Characteristics, Smart Energy, Tracking Ships, Process and
Architecture

— Track on New Pilots: Financial Transaction Data, Earth
Observation, Mobile Network Data, Smart Tourism,
Methodology and Quality

— Track on Trusted Smart Statistics
Website: Search ESSnet Big Data
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Online Job Vacancies Enterprise Characteristics ~ Smart Meters Data
AIS Data Mobile Phone Data Early Estimates
Multiple Domains Dissemination Methodology
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https://webgate.ec.europa.eu/fpfis/mwikis/essnetbigdata/index.php/Main_Page
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Design

NSIs
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MNOs-NSIs
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Towards a production framework

Reference Methodological Framework (Ricciato et al. 2017, 2018)

C-layer S-layer

D-layer

~ Statistical Domains; -

Statistical Product Methods
«acar (Inference techniques) Bayesian hierarchical modelling, ...

Unit/Cell-Based Network Data

% Network science methodology
Z Cell-Based Aggregate Data
(Geospatial methodology) Grid transformations, ...
Unit-Based MicroData
o (ML) Detection Algorithms
(=]
= Official Data (survey, admin) Home/Work
~ B 2nd Home_
8 Other Big Data source Country Df Residence
% Trips
= Usual Environment

Event-Based MicroData

Technologies Positioning methods

GSM (Tracking) Kalman, Bayesian, particle filters, ...
UMTS
LTE Mappi G ic, istical + Hybrid

(A)GPS
(Point) Cell ID, RSS, T(D)oA, AoA, ...

Raw Telco Data

~ Network cells
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P (Q = N‘X = N(D)vzobazsys)

Inference Framework

e Bayesian inference with hierarchical models

N : individuals

N(D)

Salgado et al. (INE -

. devices

INS — ESSnet BDII)

— Not new in Official Statistics: SAE, Population Statistics
(Bryant and Graham, 2015).
— Integration of data sources:
Z,ps; Zsys ~ Population registers, survey/admin data, penetration
rates. .
— Quality issues:
B Point estimates: MAP, posterior mean and median.
B |nterval estimates: credible intervals, posterior variance.
B Model checking: using the posterior predictive distribution

E [Nr(D), rep Nr(D)‘N,(D)] E [N(D) r:p ) IN(D)}
v [N NN v [W\Nﬂ
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Inference: preliminary results. |
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 Original Data:
Population Register, Market & Competence Regulator

+ Simulated Data:
Perturbed Values ~ N9 (1), N (1)
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» Simulated Dynamics:
- \ NO)(t) = NOT()p(1), p(1) = [py(1)  d; ' (Dl <jn,

« Toy data set:

ID_CELL_INI ID_CELL_END ID.T N_REG N.O N_D_1
1 1 0 1252 885 218

2 1 0 2770 123 42

3 1 0 16571 336 122

10 12 671 9866 229 97

11 12 671 2859 141 42

12 12 671 1130 789 183
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Posterior distributions
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Point estimates:
median, mean, mode. ..

Credible intervals

Model checking

Population Size (Different Scales)
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through the posterior
predictive distribution

R package: pestim
https://github.com/MobilePhoneESSnetBigData/pestim
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https://github.com/MobilePhoneESSnetBigData/pestim
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Inference at f): no structure for the system

Model Posterior MAP ‘Mean
Sys: Ny = 5y . b © (©
Obs: NNy, p, 2 Bin (Nr. pr) N+ NegeBin (M) +1,1 - p; ) NP+ V N(D)J L

pr ‘ip“

Sys: N, =
Obs: N(n]\N pr & Bin (N, pr)

(0,8) 2 b0 X 3

~ N 4 Neg-Bin (N,“" 1.5

NP

©
)y [ I N,(D»J

Sys: Ny = oy
Obs: NN, pr = Bin (N, pr)
pr "= Beta(ar, 8)

(oo (48]

0.71.02, P =

~ N 4 T], [, duy f(r) - Neg- B...(N”‘ t LH‘E‘,,)

= o (o (2T e (num) (num)
il ) =ooin( () )
) 3) S by X Byt X byee
N‘” \Nrpr " Bin (Nepr)
J“) J1,02,P, % ’ ~NO o dP(y0,71,02) T, fy dur f(ur) - \kg Bin (N 41, P(ur))
N (tog (o (5 Pv, ).02) x Gamma (1+ ¢, ,,(u)fn(u tog (10 (7)) .2) (num) (num)
P (log (10) . 71:0%) = J (or other weakly informative) P(u) =
P(¢) ~ (m‘ —0 (or other weakly informative)
f1rl30. 51,03, NS " X (1og (do (NFEC)™) 2
P (log (80) ;81 02) = % (or other weakly informative)
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Inference at {: system with structure

Posterior

MAP

Mean

NP 4 Poisson (Aca;(1 - p}))

N+ Ay (1 - 7))

N 4 Aai(1—p)
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)4 Neg-Bin (N;”' e, R p:))

&

oisson (A, - o7)
Gamma (1+6,22%)
B(€) = gz (o other weakly informative)

=N+ [ dP(€) o, dP(0. 5173) [T, i Ahtor fe(por) - NewBin (S,(€), Prlpor-€))

o) = (sstog (40 (+15)™) . 3)

1o 53,03, 07" "2 N (1og (o (aFF6)" ) .03 (num) (num)
P (log o, fr,03) x & (or other weakly informative)
Obs: NN, p, 2 Bin (N, pr)
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Conclusions: work in progress
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Models for t > to: only dependent on mobile phone data?

(Closed Population) Ni(t) = > "¢ Ns(t — 1)ms(t —1,1)
or(t—1,1) ~ 7 (t = 1,1)

(Open Population) ?

Individual:Device 1:2

indep

~ NSD)\N,,pEI),w ~ w - Bin (anﬁ”) +2-(1-w):Bin (N,7p$2))
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¢ Time coarse-graining procedure t ~» 7

¢ Link with geolocation of network events:

Coarse-Grained Time 7

| [ ]

Physical Time ¢

Event location (C-location)

¢ Generation of synthetic data
I 4 I
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