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Abstract. In the hyper-arid Namib Desert, fog serves as the only regular source of moisture, vital for sustaining local ecosys-
tems. While fog occurrence in the region is typically associated with the advection of marine stratus clouds and their inter-
action with topography, its spatial distribution is strongly influenced by cloud base height, which remains poorly understood.

To address this gap, this study utilizes ground-based remote sensing and in-situ observations to analyze systematic spatial and

5 temporal patterns of cloud base height. Our results reveal clear seasonality and a diurnal cycle, with cloud base lowering mod-
erately (10-50 m h™—!) during the evening and early night, and lifting rapidly (30-150 m h™!) after sunrise, especially inland.
Additionally, the findings indicate that these rates are influenced by horizontal gradients in cloud thickness. Quantile regression
highlights the tight relationship between cloud base height and near-surface relative humidity (r ~ -0.76) that is expected in
well-mixed boundary layer, which can therefore be employed to estimate cloud base height across FogNet sites. In a case study,

10 the potential value of the estimated cloud base height for separating fog from low clouds in satellite-based products is shown.
In the future, a full integration of the estimated cloud base height with a satellite-based fog and low-cloud product can enable

a spatially continuous mapping of fog in the region for the first time, which would facilitate fog ecological impact studies.

1 Introduction

Fog is a characteristic meteorological phenomenon in the Namib Desert, one of the driest regions on Earth, which lies along the
15 southwestern coast of Africa, and serves a critical function in supplying moisture to the desert’s ecosystems. It thereby supports
the persistence of plant and animal life in this otherwise arid environment (e.g. Seely and Henschel, 1998; Shanyengana et al.,
2002; Ebner et al., 2011; Azda-Bustos et al., 2011; Roth-Nebelsick et al., 2012; Eckardt et al., 2013; McHugh et al., 2015).
An example of this is the existence of fertile islands of vegetation, known as "Fog-Plant-Oases" (Gan et al., 2024), which
depend on fog deposition for their water supply. In addition, fog can transport nutrients and pollutants (Weathers et al., 2020),

20 potentially impacting biogeochemistry where fog water is deposited (Warren-Rhodes et al., 2013; Gottlieb et al., 2019). In light
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of expected regional climatic changes in southern Africa (warmer and drier, (Madre et al., 2018)), Namib fog could become
even more important to regional ecosystems in the future.

The Namib Desert experiences fog throughout the year; however, historical station observations (Nagel, 1959; Lancaster
et al., 1984) and more recent data from the FogNet observation stations (Andersen et al., 2019) show a clear seasonal variatio
in spatial fog occurrence patterns. These patterns are closely related to the distance from the coast, the elevation of the lan
surface, and the seasonally varying vertical position of the low stratus layer. Fog in the Namib Desert is predominantly of
advective nature (Olivier and Stockton, 1989; Seely and Henschel, 1998; Andersen et al., 2019; Spirig et al., 2019; Formenti
et al., 2019; Andersen et al., 2020), with advection fog frequently occurring in a harrow coastal area (less than 15 km) and an
advected stratus cloud often extending further inland, historically referred to as "advective fog" and "high fog" respectively in
(Seely and Henschel, 1998). This advected stratus layer is typically lower-lyig§@ m AMSL, referred to as the "Low-FLC
Season”, Andersen et al. (2019)) during the austral winter, but during the austral summer, it rises to around 400 m AMSL
(referred to as the "High-FLC Season”, Andersen et al. (2019)) and can extend more than 60 km inland, where it may intercept
the terrain and manifest as fog (Olivier, 1992; Andersen et al., 2019). These spatio-temporal patterns of the advected fog anc
low stratus clouds can be observed using satellites (Olivier, 1995; Cermak, 2012; Andersen and Cermak, 2018; Andersen et al.
2019). However, distinguishing fog from other very low-lying stratiform clouds in satellite images is very challenging and not
conclusively solved (Cermak and Bendix, 2011; Egli et al., 2018). While studies by Cermak (2018) and Qiao et al. (2022)
highlight the potential of satellite-based lidar observations for fog detection, the data's sparse coverage limits its suitability
for continuous spatiotemporal fog mapping. As in advected stratus situations, the stratus base frequently does not reach the
surface near the lower-lying coastal areas (Andersen et al., 2019), the vertical position of the stratus layer is a critical parameter
that partially determines fog occurrence patterns. In the similar environment of the Coastal Cordillera of the Atacama Desert,
in-situ optical observation-based estimates have been used to characterize the vertical structure of advective fog (Del Rio et al.
2021), though it provides only limited detail on the vertical dynamics of fog layer evolution. For the Namib Desert, only the
seasonal cycle of the cloud base has been analyzed with sparsely available ground-based remote sensing data. Diurnal vertic
developments during the fog and low cloud (FLC) life cycle, such as cloud base lowering after the stratus is advected inland
and stratus lifting in the fog dissipation phase, have only been documented for a small number of cases (Spirig et al., 2019).

This study aims to address this gap by analyzing cloud base height (CBH) measurements from multiple ceilometers across
a transect from the coast to inland locations. This study seeks to document typical seasonal and diurnal CBH patterns, anc
to investigate the potential of using local in-situ measurements of surface relative humidity (RH) to estimate CBH with a sta-
tistical model. Since marine stratus and stratocumulus clouds typically develop within a well-mixed boundary layer (Wood
and Bretherton, 2004), a strong correlation between near-surface RH and CBH is expected in the Namib Desert as the recepto
region of these marine clouds. Previous studies have demonstrated the applicability of this approach through the lifting conden-
sation level, which links surface temperature and humidity to the expected cloud base height (Craven et al., 2002; Vogelmann
et al., 2015; Kutta and Hubbart, 2023; Lobos-Roco et al., 2024). Given that RH measurements are available at more locations
for a longer time period, this approach could be used to generate a continuous, long-term dataset of estimated CBH across th

range of FogNet stations. Our research aims to answer the following key questions:






