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Context Objectives and reseach questions Results

» Extend the modulation models for forecasting mortality more flexibily.

» Using a 10-year fitting period leads to a better
forecasting accuracy than a o5-year fitting period.

« Excess mortality is used to quantify the toll
of mortality shocks, such as infectious disease-

related epidemics and pandemics. Method Model « The preferred model according to mean MAPE is
 Excess mortality is the difference between ob- CLhoas - OAeLS the STF'S, followed by the SP, and the STSS model.

served and expected mortality (predicted).
« The coronavirus disease (COVID-19) pan-

« Which specification of the Serfling-Poisson model yields the most accurate predictions?

Table: Mean RMSE and MAPE on one-year ahead historical

The death counts y; at months ¢ = 1,...,T are realisations of Y; ~ Poi(u;). We combine the
forecasts of CDRs (x 1000) based on a rolling-window scheme.

Serfling-Poisson model with P-splines (Currie, 2004) and compare it with the original model.

demic boosted interest in short-term mor- 5 years series 10 years series
: - . - - ' ' RMSE MAPE RMSE MAPE
talitv forecasts in an epidemiological vear.  parametric effect for the trend and seasonality (SP
M P sleal y (SP) Country | SP STSS STFS| SP STSS STFS| SP STSS STFS| SP STSS STFS
log(py) = log(et) + Bo + Bit + PBscos(wt) + Bysin(wt) Austria 052 053 053 408 412 406 [051 051 05 41 393 39
Data | | Bulgaria 098 1.01 1.01 | 5 524 519 098 096 097 485 48 483
» smooth trend and smooth seasonality (SP-STSS) (also known as modulation model), Croatia | 0.8 083 082 493 515 506 077 078 078 424 441 443
| Czechia 056 0.56 0.55 389 3.82 3.68 0.54 053 052 3.71 3.63 3.5
, log(pt) = log(et) + vy + frcos(wt) + grsin(wt) Denmark | 0.5 051 05 385 388 385 048 048 047 3.76 3.64 3.5
» Series of monthly death counts y and exposures | Estonia 071 072 0.72 439 447 446 069 065 065 4.33 413  4.07
tor 95 E friog | 1095 th . e« smooth trend and fixed Seaggnahty (SP_STFS) Finland 049 05 05 382 39 393 047 047 046 3.59 3.59  3.56
€ 10I' 2o Luropeall COUuntries ol Tougll | France 0.52 0.54 053 413 446 438 047 049 047 381 409 385
June 2022 from Eurostat — the crude death log(u:) = log(et) + vy + Bicos(wt) + Bosin(wt) Germany 059 0.61 0.59 384 4.06 393 0.6 059 058 391 3.69 3.62
| Greece 076 0.76 0.75 538 535 528 0.74 074 075 512526 527
. | lceland ~ 0.65 0.65 065 807 809 809 059 059 059 7.62 759 7.5
Sweden ft =>,;8;B;(t) and g, = ¥, 7v,B,(t), and B,(t) basis of B-splines. Ireland 049 048 049 536 538 546 046 04 04 548 486  4.86
Italy 071 0.78 077 533 583 584 068 073 0.72 491 535 53
0.012 M Lithuania | 0.84 0.82 0.81 |52 499 496 1.02 087 0.87 62 521 522
; ” | ethods - Forecasts Luxembourg |0.63 0.64 064 684 7.03 7.03 057 057 057 62463 6.3
g 0.011 Netherlands | 0.47 048 048 3.98 4.2 417 049 046 045 42539  3.85
= Norway 052 05 051 482 468 4.82 049 046 049 496 449 497
g » Forecasting is treated as a missing value problem. The IWLS algorithm is adapted to Poland — 10.53 0.570.0513.716 403 397 )0.56 0.54 0.54 13.96 3.71 3.1
= | | Portugal ~ |0.84 0.89 0.88 579 631 632 0.82 084 083 554 582 577
20009 estimate the fitted values y; (n; months) and forecast values 45 (no months) simultaneously. Romania 083 0.85 085 524 536 535 073 076 078 424 468 472
0 008 \ () 3 t41) B AT 5 o) | ~ Slovenia | 0.6 0.62 0.61 4.89 493 493 0.58 058 058 4.35 436  4.32
(BLVMYB, + P)60 =B.VM'WB.,0" + B V(y— ), Spain 0.66 069 0.68 553 567 556 064 062 062 5385 499
S T S WS . Sweden 051 051 05 385 387 38 045 046 045 347 352 35
D D PP > with By and Py extended regression matrix and penalty matrices, @ regression parameters, Switzerland [0.45 046 046 [4.01 416 414 |04 04 04 358 357 35
Month N countries™| 17 2 6 | 18 1 6 7 4 4 | 9 3 13

V = blockdiag(I,,; 0,,) matrix weighting 1 the observations and 0 the forecasts.

" Number of countries in which the model performs the best

Figure: CDRs 2010-2022 (COVID-19 pandemic in red).
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« Recent versions of the Serfling model are Pois- ﬂ 47
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(Aburto et al., 2021; Scortichini et al., 2020). Month Month
Figure: Modelling and forecasting of CDRs. Trend function (dashed) and modulation functions (solid).

» The modulation models (FEilers et al.,
2008) combine GLMs with P-spline smoothing.

« Few studies studied the sensitivity of excess

mortality (Nepomuceno et al., 2022), but com- The comparison of Serfling-Poisson models revealed that accounting for smooth trends over
parisons of forecasting approaches are lacking. longer reference periods is a desirable feature for short-term mortality predictions. Figure: Excess CDRs (x 1000) in Denmark, ltaly, Spain, Sweden.
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