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Calibration, verification and application of the Halyomorpha halys forecasting
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INTRODUCTION

The HHAL-S is a multivoltine population model that simulates the development of the life cycle stages of Halyomorpha halys (Stal) (Hemiptera:
Pentatomidae) as a function of the weather conditions occurring in the field. The mathematical structure of the model is based on the theory of Time-
Varying Distributed Delay Models (TVD) (Manetsch, 1976; Vansickle, 1977). The specific bioclimatic parameters of H. halys and the reproductive

module equations (used for the eggs production) are found in

the literature (Baek et al., 2017). The HHAL-S model simulates | AB-SV —>.—>
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the daily developmental dynamics of adults, eggs, and five
nymphal stages, starting from the 1st of January (Figure 1).
Each block in the figure represents the simulator for a specific
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developmental stage and the arrows indicate the dain output Figure 1. HHAL-S model structure: the first block simulates the emergence of overwintering adults (SV_AD),
/4
from each respective stage (adults, eggs, nymphs).

MATERIALS AND METHODS

Gargallo20

The calibration of the model's bioclimatic parameters is
based on a comparison between simulation results and field
monitoring data of H. halys nymphs and adults. These data
were collected at eight points near Gargallo (Modena, Emilia-
Romagna Region, Northern Italy) from 2020 to 2022 and are
available on the open-access website:
https://big.csr.unibo.it/projects/cimice/monitoring.php

The strong agreement observed during the calibration phase
is illustrated in Figure 2, where the dotted lines represent the
averaged field-collected data (red for adults, purple for
nymphs) and the solid lines correspond to the simulation
results (dark red for adults, dark purple for nymphs).
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followed by the reproduction module (EGG), the five nymphal stages (N1, N2, N3, N4, N5), and adult

development (AD). A new generation is possible by connecting a new reproductive module and following the same
structure as the first generation.
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Figure 2.
Calibration results:
comparison between
HHAL-S model results
(solid lines) and
average field data
(dotted lines) for
Gargallo 2020-2022.
Adults are shown in
red and nymphs in
purple.
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The calibrated HHAL-S model was applied and verified in a real-time simulation for 2 further areas, Bondeno (Ferrara) and Pieve di Cesato (Ravenna),
in 2023 and 2024. A good correspondence was obtained between simulated and average field-collected data in different years and areas (Figure 3).

Gargallo23 Bondeno23 Pieve di Cesato 23

Figure 3.
Verification results:
comparison between
HHAL-S model results
(solid lines) and
average field data
(dotted lines) for Gargallo23
Gargallo, Bondeno
and Pieve di Cesato
2023-2024. Adults
are shown in red and
nymphs in purple.
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News about project INTEGR.HALYS (L.R.17/22) — Monitoring Halyomorpha halys in Emilia-Romagna 2025

Week of July 14 - 20, 2025

Adult captures increased sharply and, on average, have surpassed the first capture peak recorded in May. Captures are high for this period, especially
in the provinces of Emilia. There is also a slight recovery in captures of juvenile forms. Active monitoring confirms the increased presence of first-
generation adults in orchards and on spontaneous vegetation.

Forecasts and recommendations for the week of July 21 - 27

It is recommended to monitor presence in orchards to intercept adult bugs moving from unmanaged vegetation or from nearby crops with early

harvest (where production has already been collected). Where the presence of adults and juvenile stages is confirmed, consult your technician to
evaluate the advisability of implementing a containment intervention.
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RESULTS AND CONCLUSIONS

To improve the real-time application of the model, forecasted
meteorological data were introduced into HHAL-S allowing to
predict the development of H. halys.

The resulting information is described in weekly bulletins and,
starting from 2025, will be integrated into the open-access on-
line platform (as shown in the figure on the left, blue
rectangle).

The results obtained with the calibration, verification and
application of HHAL-S make this model a useful support tool
for sustainable control strategies against H. halys development
in the Emilia-Romagna Region.
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