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Action number: CA21119
Grantee name: S. Yeşer Aslanoğlu

	Virtual Mobility Details
Title: Comparative Analysis of Solar and Lunar Measurements at Lindenberg (2016 – 2022)
Start and end date: 01/03/2025 to 25/04/2025


	Description of the work carried out during the VM
During the virtual collaboration, the comparison and integration of daytime (solar) and nighttime (lunar) aerosol measurements—specifically AOD at 500 nm and Ångström exponent at 440–870 nm—collected at MetObs Lindenberg over the 2016–2022 period were examined intensively. 
A robust data ingestion and preprocessing pipeline was established: a flexible routine was implemented to detect and harmonize the varying date, time and AOD columns across the source files, convert all timestamps to a unified DateTime index, and remove invalid or out-of-range values. From these harmonized series, daily and annual mean AOD values for both solar and lunar modes were calculated (Figures 1–4). 
In parallel, pre-computed daily lunar-phase tables for each year (Figures 5–11) were parsed and merged, allowing every nighttime observation to be tagged with its corresponding phase. Daily solar and lunar measurements are evaluated together (Figure 12) and corresponding crescent values (new and last moon phases ≤10 %) were extracted from the main data set. Overall, both time series display strong coherence, with episodic peaks (e.g., the summer 2018 dust events) occurring on virtually the same dates in both the daytime and nighttime measurements. 398 days with valid measurements in both modes were identified. Scatterplots of these concurrent days were then produced to quantify their agreement (r=0.76, Figure 13) and to assess seasonal variability (Figure 14). 
The aerosol spectral behavior was characterized by analyzing the AOD–AE relationship across all observations (Figure 15) and by season (Figure 16). These distribution plots all daytime and nighttime measurements on common axes, with AOD₅₀₀ on the horizontal axis and the Ångström exponent (440–870 nm) on the vertical. The wide scatter and low correlation (r ≈ 0.11) indicate that increases in optical depth do not consistently correspond to either a shift toward smaller or larger particle sizes; rather, they reflect a mixture of multiple aerosol types. For example, at AOD > 0.6, the Ångström exponent sometimes falls below 1 (coarse, dust‐like particles) and sometimes exceeds 1.5 (fine‐mode particles), highlighting seasonal and source‐related variability. Moreover, seasonal coloring reveals distinct clusters: winter measurements (red) concentrate at low AOD and low Ångström exponent—consistent with local, fine‐mode aerosol under stagnant conditions—whereas summer (green) shows more high‐AOD, high‐AE points, reflecting regional pollution and biomass‐burning influences. Spring and autumn fall in between, with moderate AOD–AE pairs. This seasonal fingerprinting underscores that the AOD–AE relationship at Lindenberg follows a station‐specific distribution shaped by local meteorology and source regions, rather than a uniform aerosol mixing state. Finally, Potential Source Contribution Function (PSCF) analyses were performed on the top 90th-percentile AOD₅₀₀ events at 11 UTC and 23 UTC, generating source-probability maps at 1500 m a.m.s.l. that reveal the predominant transport pathways of Lindenberg (Figures 17–18). Analyses were derived from 5-day HYSPLIT back-trajectory runs using GDAS1 meteorological data. According to these two maps: 
11 UTC: The highest source–receptor probabilities lie over the central Mediterranean and southern Europe rather than directly over North Africa. A pronounced plume extends northward from the Saharan fringe—especially over Tunisia, Sicily, and the southern Italian peninsula—indicating episodes of dust entrainment along the Mediterranean corridor. There is also a strong local signal over the Po Valley and Alpine foreland, reflecting regional industrial and urban emissions that can be uplifted by daytime convection. Weaker, but still noticeable, contributions arise from the western Mediterranean basin and the Atlantic near the Iberian coast, pointing to occasional long‐range transport of maritime and Sahara‐derived aerosols.
23 UTC: At night, the PSCF maxima shift toward the western Mediterranean and Atlantic corridor, with the strongest signals appearing off the southwestern Iberian coast and over the Alboran Sea—indicative of aerosol transport along nocturnal low‐level jets from North Africa via the Strait of Gibraltar. A clear local hotspot persists over the Rhine–Ruhr industrial area and the broader Central European basin, reflecting residual urban/industrial emissions trapped under stable nocturnal conditions. The emergence of a secondary maximum over the western North Atlantic further suggests enhanced long‐range transport when daytime convective mixing subsides. 
Subsequent inspection of the daily AOD time series against back-trajectories revealed pronounced peak events that coincide in both solar and lunar measurements. In particular Spring dust intrusions (e.g., April–May 2018) manifest as sharp rises in AOD₅₀₀ nm in both daytime and nighttime records, reflecting Saharan‐derived coarse‐mode aerosols advected over Central Europe. Possible summer biomass‐burning episodes (July–August 2019 and 2020) produce elevated fine‐mode AOD values in each series, underscoring the contribution of regional fire emissions to Lindenberg aerosol loading. Autumn and winter generally exhibit lower baseline AOD but still show sporadic spikes linked to local industrial emissions and long‐range transport under stable atmospheric conditions. 

	Description of the VM main achievements and planned follow-up activities

	During the Virtual mobility study, all planned goals were achieved and several noticeable deliverables were produced. The principal achievements include:
· Daily and annual statistics were generated for both solar and lunar modes.
· Daily lunar-phase tables (2016–2022) were generated, parsed, merged, and linked to nighttime AOD measurements, enabling phase-resolved event characterization.
· Identification of 398 days with co-located solar and lunar observations facilitated quantitative comparison of day/night AOD.
· The relationship between AOD₅₀₀ and Ångström exponent (440–870 nm) was mapped for all observations and broken down by season.
· Clear station-specific fingerprints emerged, demonstrating the co-existence of coarse dust and fine anthropogenic/biomass aerosols under varying meteorological conditions.
· Potential Source Contribution Functions were computed for upper-percentile AOD events at 11 UTC and 23 UTC using five-day back-trajectories driven by GDAS1 data.
· Distinct day/night transport pathways were revealed—Mediterranean dust corridors and Central European industrial plumes by day, nocturnal low-level jets and Atlantic inflow by night.
Possible follow-up studies and activities are: 
· Perform a more detailed stratification of the AOD record by specific lunar phases (e.g. new-, first-quarter, full-, last-quarter) and by actual sunrise/sunset times at Lindenberg, to isolate any residual bias in lunar retrievals or twilight effects in the solar data.
· Rather than using a fixed arrival altitude of 1500 m a.m.s.l., incorporate MetObs-derived planetary boundary layer heights to generate 5-day HYSPLIT back-trajectories at multiple levels (e.g. PBL top, PBL mid-level, and above PBL). Recompute PSCF maps for each layer to distinguish between surface-driven and elevated transport pathways.
· For key aerosol events, run high-resolution ensembles of back-trajectories and present detailed transport pathways.
· Draft a manuscript for submission to a high-impact, peer-reviewed journal, in parallel, prepare a presentation for upcoming conferences to share the methodology and findings with the broader aerosol‐climate community.
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