
Citation: Kartsios, S.; Katragkou, E.;

Karypidou, M.-C.; Gewehr, S.;

Mourelatos, S. Assimilation of In Situ

Meteorological Data to Optimize a

Weather Service for Mosquito

Control. Environ. Sci. Proc. 2023, 26, 5.

https://doi.org/10.3390/

environsciproc2023026005

Academic Editors: Konstantinos

Moustris and Panagiotis Nastos

Published: 23 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Proceeding Paper

Assimilation of In Situ Meteorological Data to Optimize a
Weather Service for Mosquito Control †

Stergios Kartsios 1,* , Eleni Katragkou 1, Maria-Chara Karypidou 1 , Sandra Gewehr 2 and Spiros Mourelatos 2

1 Department of Meteorology and Climatology, School of Geology, Faculty of Sciences,
Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece; katragou@auth.gr (E.K.);
karypidou@geo.auth.gr (M.-C.K.)

2 Ecodevelopment S.A., Filyro P.O. Box 2420, 57010 Thessaloniki, Greece; gewehr@ecodev.gr (S.G.);
smourelat@gmail.com (S.M.)

* Correspondence: kartsios@geo.auth.gr
† Presented at the 16th International Conference on Meteorology, Climatology and Atmospheric

Physics—COMECAP 2023, Athens, Greece, 25–29 September 2023.

Abstract: This study investigates the impact of data assimilation to the weather forecasts produced
within the project “MOSQUITO VISION”, concerning the development of a digital application for
mosquito nuisance prediction. The in situ meteorological data used for the assimilation are retrieved
from the Region of Central Macedonia (RCM) climate data hub, currently including 49 meteorological
stations compliant with WMO requirements. Here, we assess the numerical system’s performance by
ingesting available observations over the RCM through two different data assimilation techniques
using the Weather Research and Forecasting model. The results indicate that there is no significant
added value to the assimilated weather forecasted fields over the area of interest (RCM), and the
assimilated signal is diminishing relative quickly due to non-linear processes. This study is funded
under the Greek Research and Innovation Strategies for Smart Specialization call (RIS 3, project code:
KMP6_077890).
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1. Introduction

Mosquito-borne diseases pose an unprecedented threat to public health, since mosquitoes
are considered to cause the largest number of deaths in humans. Malaria, Dengue and
Yellow Fever, Zika Virus Disease and West Nile Virus are some of the most common
mosquito-borne diseases. Since the late 1990s, there has been a considerable increase in
the number of invasive mosquitoes in Europe. Greece, Italy, France and Germany serve as
excellent examples in terms of implemented projects aiming to enact control and response
actions against mosquito-borne diseases by their national authorities.

Mosquitoes of the genus Culex are responsible for transmitting the West Nile virus. In
Greece, they are abundant and common, while the first major outbreak occurred in 2010
in the Region of Central Macedonia (RCM) [1]. Since then, West Nile virus has acquired
an endemic status over the region, with 599 cases of West Nile neuroinvasive disease
reported by the National Public Health Organization (2010–2022). In 2022, Greece was the
second most seriously affected European country with 284 reported human cases of WNV,
following Italy (586 cases) [2,3].

West Nile virus is a weather-sensitive disease since the vector through which it is
transmitted is an ectotherm organism and its life-traits are heavily dependent on weather
conditions. Within the project RIS 3 “MOSQUITO VISION”, weather information is in-
gested as an input to a predictive model for nuisance at evening hours, mainly produced
by Aedes caspius and, during the night, predominantly provoked by Culex pipiens. This
information consists of surface observations from several automated weather stations
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(AWSs) in the region of Central Macedonia, Greece and a state-of-the-art numerical weather
prediction (NWP) modeling system.

In this study, we assess the performance of the NWP system through standard verifica-
tion methods, and we investigate the impact of two different data assimilation techniques
within the first forecast day (T + 12 h to T + 36 h).

2. Materials and Methods

The non-hydrostatic Weather Research and Forecasting (WRF) modeling system with
the Advanced Research (ARW) dynamical core (v.4.1.2) [4,5] was used for the purposes of
this study. The model was integrated in two domains (Figure 1a), one covering the Central
and East Mediterranean (WRF-D01) and the other encompassing the wider area of Central
Macedonia of Greece (WRF-D02, Figure 1a), while their respective horizontal discretization
was 10 km × 10 km (WRF-D01) and 2 km × 2 km (WRF-D02). The analyses and forecast
data from the 12 UTC initialization cycles of the Global Forecast System (GFS) were used
as initial and boundary conditions (every 3 h) in all numerical experiments.
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Figure 1. (a) Domain configuration of the WRF-ARW model; (b) land-use categories according to
USGS classification system in WRF-D02. Black dots show the location of the automated weather
stations of the Region of Central Macedonia climate data hub.

Microphysical processes were parametrized using WSM6 scheme [6], longwave and
shortwave radiation were represented by RRTMG scheme [7], boundary layer by YSU
scheme [8], surface layer by Monin–Obukhov scheme [9] and soil physics by NOAH-MP
model [10,11]. Grell–Freitas ensemble scheme [12] was used for the parametrization of the
sub-grid scale convection only on parent domain (WRF-D01). CORINE 2018 [13] data were
reclassified into USGS land-use categories [14] and were utilized for the representation of
land cover in the model (Figure 1b).

Three different groups of numerical experiments were performed in which each sim-
ulation had 36 h as forecast window and was initialized the day before. The simulated
period was from 15 July to 1 November 2022 in each experiment. In the control experiment
(CNTRL), the model was configured and integrated as presented above with no ingestion
of surface observations from the available meteorological stations in the region of inter-
est (RCM, Figure 1b). The second experiment (WRFDA) employed a three-dimensional
variational (3DVar) data assimilation technique to create an improved estimate of the
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atmospheric state in the region of interest (WRF-D02) by ingesting the available surface
observations. For this, the model-space data assimilation system from the MMM Labo-
ratory of NCAR was used. Here, the background error covariance estimation was based
on the application of the National Meteorological Center (NMC) method [15,16], in which
184 forecast cycles were utilized. The third experiment (OBSNUDG) facilitated the use of
observation nudging data assimilation technique or station nudging. While, in CNTRL and
WRFDA experiments, the initialization of WRF-D02 was at 18 UTC, in OBSNUDG experi-
ments the nested domain was initialized at 12 UTC to ingest all the available observations
between 12 UTC and 18 UTC.

The in situ surface observations were retrieved from the Region of Central Macedonia
(RCM) climate data hub, an initiative that began during the project MOSQUITO VISION
(RIS 3, KMP6_077890). Currently, the hub hosts 49 meteorological stations, owned by
the Ministry of Environment and Energy, Region of Central Macedonia (RCM), Aristotle
University of Thessaloniki (AUTH), ECODEVELOPMENT SA and NOVAGREEN SA.

The model performance in each experiment was assessed in terms of 2 m air tempera-
ture (TMP) and relative humidity (RH) and 10 m wind speed (WIND), using the available
records from 34 stations of the RCM climate data hub (Figure 1b). The NCEP Unified Post
Processing System (UPP) for WRF (v4.1) [17] was used for extracting the simulated meteo-
rological variables under examination, while all the verification metrics were calculated
using the Model Evaluation Tools (MET, v8.1.2) [18].

3. Results and Discussion

Table 1 and Figure 2a,c,e present the aggregated verification metrics (Mean Error,
ME; Multiplicative Bias, MBIAS; Root Mean Square Error, RMSE; Pearson Correlation
Coefficient, PR_COR) in each experiment for each variable under examination. The results
indicate that the TMP and WIND were overestimated, and the RH was underestimated
by the model in all experiments. These warmer and drier simulated conditions can be
linked with the Clausius–Clapeyron equation. However, the direction of the errors in the
TMP and RH can also be attributed to other factors like soil moisture, which in turn affects
the sensible and latent heat fluxes. Although the simulated WIND values are more than
double against observations (2.37 < MBIAS < 2.39), the latter is mostly attributed to the
different heights between the observed and simulated wind speeds (most of the observed
wind speed values were at approximately 3 m above ground level).

Table 1. Mean Error (ME), Multiplicative (MBIAS), Root Mean Square Error (RMSE) and Pearson
Correlation Coefficient (PR_COR) of the simulated 2 m air temperature (TMP) and relative humidity
(RH) and 10 m wind speed (WIND) from NODA, WRFDA and OBSNUDG experiments.

Parameter ME/MBIAS 1 MAE 1 RMSE 1 PR_COR

NODA WRFDA OBSN NODA WRFDA OBSN NODA WRFDA OBSN NODA WRFDA OBSN

TMP (K) 0.48
(0.44, 0.52)

0.65
(0.61, 0.70)

0.61
(0.56, 0.65)

1.76
(1.73, 1.79)

1.77
(1.74, 1.80)

1.74
(1.71, 1.77)

2.33
(2.28, 2.37)

2.35
(2.31, 2.39)

2.32
(2.28, 2.37) 0.92 0.92 0.92

RH (%) 0.82
(0.81, 0.82)

0.81
(0.80, 0.81)

0.80
(0.80, 0.81)

13.93
(13.73, 14.13)

14.23
(14.03, 14.44)

14.45
(14.24, 14.65)

17.28
(17.05, 17.52)

17.58
(17.34, 17.81)

17.54
(17.54, 18.02) 0.69 0.69 0.69

WIND (ms−1)
2.39

(2.34, 2.44)
2.39

(2.34, 2.44)
2.37

(2.32, 2.43)
1.79

(1.76, 1.82)
1.79

(1.77, 1.82)
1.78

(1.75, 1.81)
2.26

(2.22, 2.31)
2.27

(2.22, 2.31)
2.26

(2.21, 2.30) 0.37 0.37 0.38

1 Values in parentheses are the bootstrap confidence low and upper limits at 95% significance.

The MAEs range from 1.74 to 1.76 K, 13.93 to 14.45% and 1.78 to 1.79 ms−1 for TMP,
RH and WIND, respectively, while the RMSEs are between 2.32 and 2.35 K, 17.28 and
17.58% and 2.26 and 2.27 ms−1. These values are in line with the documented values for
Greece and the Mediterranean [19–22]. The OBSNUDG experiment shows the lowest MAE
values in TMP (1.74 K) and WIND (1.78 ms−1) against the other two experiments (NODA
and WRFDA). The latter is also true for the RMSEs. Finally, the NODA experiment presents
the lowest MAE and RMSE regarding RH.
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Figure 2. Mean Error/Multiplicative Bias (ME/MBIAS), Mean Absolute Error (MAE) and Root Mean
Square Error (RMSE) from NODA (gray bars), WRFDA (blue bars) and OBSNUDG (orange bars)
experiments for (a) 2 m air temperature; (c) 2 m relative humidity; and (e) 10 m wind speed, MAE
and RSME from NODA (black dotted lines), WRFDA (green dashed lines) and OBSNUDG (red solid
lines) experiments as a function of forecast lead time for (b) 2 m air temperature; (d) 2 m relative
humidity; and (f) 10 m wind speed.

The temporal evolution of the TMP, RH and WIND errors is displayed in Figure 2b,d,f
for each experiment. According to Figure 2b, the ingestion of the available near-surface
temperature observations affects the modeled temperatures mostly at the early forecast
hours, albeit the differences are quite small among the experiments. Lower TMP errors
are presented up to the T + 18 forecast hour when the observational nudging technique
(OBSNUGD) is applied. On the other hand, the improved estimate of the atmospheric state
in the region of interest through the implementation of the 3Dvar assimilation (WRFDA)
shows no improvement in the performance of the model against the NODA experiment. The
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latter may be attributed to several factors, including a) the calculation of the background
error statistics, a parameter that is of paramount importance in the application of the
3DVar technique, and b) the requirement of additional observations like soundings (TEMP
records), satellite (e.g., radiances) or radar (e.g., Doppler velocity and reflectivity) data. In
addition, neither of the two assimilation techniques improved the RH errors over time in
comparison with the CNTRL experiment. To understand the physical link between TMP
and RH errors, additional investigation is required and has been planned. Finally, the
simulated WIND was affected positively in OBSNUDG experiment.

This study paves the way for additional investigation on the added value of assimi-
lating observations in an operational forecasting system over the RCM region. Since the
analysis was carried out over a relatively long period of time (15 July to 1 November 2022),
the results may vary in cases of extreme events (e.g., heatwaves or extreme precipitation)
or in certain synoptic weather conditions [23].
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