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Abstract. Climate change intensifies pressure on water resources, making it essential to understand how drought severity
affects both surface and groundwater systems and their impact on vegetation. Local studies can offer critical insights into
ecosystem responses and help to support targeted adaptation strategies. This study investigates the drought dynamics and their
effects on surface water, groundwater, and vegetation across the Tegeler Fliess catchment in Berlin/Brandenburg from Novem-
ber 2008 to April 2021. Calculating drought indices for atmospheric, hydrological and groundwater drought, namely the Stan-
dardized Precipitation Index (SPI), the Standardized Surface Water Level Index (SSWLI) and the Standardized Groundwater
Level Index (SGLI), respectively, the analysis identifies station-specific drought events and their propagation across three lo-
cations: Schildow, Luebars, and Tegel. The three indices allow us to take a closer look at the differences and the propagation
of drought processes over different parts of the hydrological system. The study also assesses the impact of drought on vege-
tation health using the Normalized Difference Vegetation Index (NDVI). Our results strongly differ at different locations: the
peri-urban area (Tegel) experienced the most extreme and prolonged groundwater droughts. In contrast, groundwater in the
nature reserve and fen meadow area (Schildow) experienced more moderate occurrences of drought. Thus, this area remained
more resilient but faced significant surface water stress. Agricultural land (Luebars) displayed variability in both surface and
groundwater responses, with surface water systems being more resilient. NDVTI analysis revealed little to no observable effect
with only moderate changes in vegetation throughout the study period, showing resilience despite severe drought conditions
from 2018 to 2020. Spearman correlation tests did not show any significant relationship between NDVI and drought indices,
while Granger causality tests revealed that SPI, and for some stations also SSWLI, significantly Granger-caused NDVI with a
lag of one month. These findings highlight the need for localized drought management strategies tailored to both surface and

groundwater resources, alongside enhanced vegetation monitoring that goes beyond traditional indices like NDVI.

1 Introduction

The phenomenon of global warming is having a significant impact on our planet, with observable consequences already af-
fecting the Berlin/Brandenburg region. Studies show that extreme heat waves and dry spells will likely become increasingly
frequent and intense across Europe by the end of the 21st century (Spinoni et al., 2018; Grillakis, 2019). The increasing pres-

sure of climate change on water resources highlights the need to understand its effects on surface and groundwater systems,
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as well as its impact on vegetation. Understanding the relationship between drought severity and vegetation response as cli-
mate change intensifies is critical for ensuring ecosystem resilience and managing precious water resources. Ecosystems show
varying capacities in withstanding frequent drought occurrences. However, as droughts become longer and more spatially ex-
tended under climate change, in the long run, they will likely lead to ecosystem degradation and the disappearance of crucial
ecosystem services (Crausbay et al., 2017).

Although often associated with abundant surface water bodies, Berlin/Brandenburg is characterized by a tight water budget,
with low annual precipitation relative to its temperate humid climate and high atmospheric demand through evapotranspiration,
especially in the spring and summer months (Kostner at el., 2007; Germer et al., 2011; Kahlenborn et al., 2021). This makes
this inherently water-limited region, which is heavily reliant on both surface and groundwater systems, particularly vulnerable
to droughts (Cullmann et al., 2022), presenting a compelling case for an empirical study. Brandenburg is one of the states with
the strongest water deficit and highest drought risk in Germany (Schindler et al., 2007). The 2018 drought was the most severe
on record since 1951 (Helmholtz Centre for Environmental Research, 2023), with over 90 percent of the agricultural area being
severely or highly affected (Thinegbu and Ogunwumi, 2022). Droughts in the region have cascading effects, including water
stress, declining groundwater tables, increased fire risk, and significant reductions in agricultural productivity (Reyer et al.,
2012). For example, Bloch et al. (2015) reported a 20 percent annual yield loss in legume-grass swards due to drought. How-
ever, despite these impacts, research on the hydrological and hydrogeological aspects of droughts and their combined effects on
vegetation health in Brandenburg remains limited, highlighting the need for more interdisciplinary and region-specific studies
(Germer et al., 2011).

Small catchments, such as the Tegeler Fliess in Brandenburg, are more vulnerable to climate change than larger river sys-
tems (Bloschl et al., 2007). The Tegeler Fliess is a tributary of the river Havel located in the north of Berlin. This stream
crosses a diverse landscape of different land uses consisting of various nature reserves, fen meadows, calcareous tufa terrain,
agricultural land and peri-urban settlements (Berliner Senatsverwaltung fiir Stadtentwicklung, 2025). There are several surface
and groundwater monitoring stations along the stream, so data availability is good. Yet, few studies have examined droughts
in this particular region using this data. For instance, Pohle et al. (2025) analysed the drought years 2018-2023 in Berlin and
found that meteorological drought propagated into soil moisture and hydrological drought. Smaller rivers, such as the Tegeler
Fliess, dried up, while larger rivers reversed their flow direction. Kuhlemann et al. (2020, 2022) used stable isotopes to capture
urban hydrological processes during 2018-2019 and 2018-2020 in Berlin. Their analysis revealed strong evaporative losses
and altered interactions between groundwater and surface water. Although these studies provided insight into hydrological
dynamics, the coupled response of surface water, groundwater and vegetation to drought events in the Tegeler Fliess remains
poorly understood. This study aims to fill this gap by analysing short-term drought variability at three sites along the Tegeler
Fliess — Schildow, Luebars and Tegel — over 13 hydrological years from November 2008 to April 2021.
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Given its multifaceted nature, a universal drought definition does not exist; rather, it depends on the perspective and objective
of a study (Van Loon, 2015). To capture this complexity, a range of indices has been developed for different components of the
hydrological cycle (Heim Jr, 2002; Smakhtin and Schipper, 2008; Yihdego et al., 2019).

Meteorological drought is commonly assessed using indices such as the Standardized Precipitation Index (SPI) and the
Standardized Precipitation-Evapotranspiration Index (SPEI). The SPI, introduced by McKee et al. (1993), is valued for its
simplicity and effectiveness. It only requires precipitation data and is widely used to detect meteorological droughts across
various timescales. However, its main limitation is that it does not take the effects of temperature or evapotranspiration into
account, which have become increasingly important factors in the context of climate change. In contrast, the SPEI developed by
Vicente-Serrano et al. (2010) incorporates both precipitation and potential evapotranspiration, offering a more comprehensive
assessment of drought severity. The added complexity and data requirements of the SPEI, however, can restrict its application
in regions where such data are scarce. SPI and SPEI are both recommended by the World Meteorological Organization for
drought assessment (Svoboda and Fuchs, 2016). Studies show that although SPEI is more accurate due to its consideration of
temperature, SPI and SPEI often provide comparable results (Pei et al., 2020; Ojha et al., 2021; Abu Arra and Sisman, 2024).

Hydrological drought indices include the Streamflow Drought Index (SDI) and the Standardized River Stage Index (SRSI).
The SDI, as described by Nalbantis and Tsakiris (2009), monitors droughts characterised by reduced cumulative streamflow
volumes over predefined time intervals. Though its effectiveness depends on the availability of reliable discharge data, which
may not be available in certain catchments. When discharge data is unavailable, the SRSI offers an alternative by utilizing level
data as a proxy and thereby enabling drought monitoring in ungauged basins (Zhong et al., 2022). It is important to note that
water level measurements can be influenced by local channel morphology and may not always accurately reflect actual flow
conditions.

For groundwater droughts, which are slow to develop but often take the longest to recover from, the Groundwater Drought
Index (GDI) is commonly used. This index standardizes groundwater level anomalies to assess hydro-geological droughts
(Bloomfield and Marchant, 2013). While the GDI is valuable for quantifying groundwater drought, its application is often

limited by the sparse availability of groundwater data.

Each of these indices provides a different perspective on drought, and their combined use enables a more holistic understand-
ing of drought dynamics across meteorological, hydrological, and hydrogeological domains. In this study, we use a three-month
accumulation period to evaluate drought conditions based on the available data, following the works of McKee et al. (1993)
and Bloomfield and Marchant (2013). This approach lets us analyse short-term drought patterns, compare indices across sites,
and examine how meteorological factors influence surface and groundwater systems. We then combine these drought indices
with long-term trend analysis and Granger Causality tests (Granger, 1969) to identify how droughts propagate and impact
vegetation health (Zolghadr-Asli et al., 2021; Li et al., 2024; Xiao et al., 2025).

The objectives are twofold: to identify specific drought events and examine their propagation at individual stations as well as

between stations, and to assess the impact of these droughts on vegetation health using the Normalized Difference Vegetation
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Index (NDVI) as an indicator of vegetation stress. By conducting a long-term trend analysis, we aim to better understand
drought-vegetation dynamics over the study period. This study addresses the following research questions:

1. How do meteorological, hydrological, and hydrogeological droughts interact in the Tegeler Fliess catchment?
2. What long-term drought trends can be observed, and how do they impact vegetation stress?
3. Can time-lagged relationships between drought indices and vegetation health be identi ed?

By addressing these questions, this study contributes to a deeper understanding of drought dynamics and their implications fol
water resource management and ecosystem resilience along the Tegeler Fliess. The ndings of this study are transferable t

other peri-urban regions with similar environmental conditions, which may have poorer data availability.

2 Methodology
2.1 Study Area

The Tegeler Fliess is an approximately 30 km long stream that crosses the northern border between Berlin and Brandenburg
It is the tributary of the Havel River, and part of the Elbe River system. Its catchment area spans about.1Piekvalley

was formed after the last glacial maximum as a post-glacial meltwater channel. The main aquifer consists of ne sand beneath
boulder clay, and the area is highly dependent on both surface and groundwater systems (Baugenossenschaft Freie Scholle :
Berlin eG, 2024; Berliner Senatsverwaltung fur Stadtentwicklung, 2025). Most of the area lies within the Barnim Nature Park
and touches the Westbarnim Landscape Conservation Area (LSG) in Brandenburg and the Tegeler Fliess LSG in Berlin, as
well as the Tegeler Fliess Calcareous Tufa Nature Conservation Area (NSG) and the Tegeler Fliess Fens Nature Conservatiol
Area (NSG). The river valley is registered as a Natura 2000-site in both federal states (NABU Berlin, n.d.).

We selected three monitoring sites - Schildow, Luebars and Tegel - along the Tegeler Fliess because of long-term data
availability and their representation of key ecological and land-use zones along the stream, as shown in Fig. 1 and Fig. 2.
Furthermore, the groundwater pro les of the three sites reveal a diverse geological landscape.

Schildow (surface elevation: 40.5 m a.s.l.) is characterized by a very heterogeneous landscape made up of small-scale agri
culture, high tree cover, and remnants of fen meadow vegetation. The groundwater Iter at Schildow is located at 9 m depth
below surface (31.7 m a.s.l.) within a thick sand layer with some silt and low retention capacity.

At Luebars (surface elevation: 42.1 m a.s.l.), the surrounding land use is dominated by open agricultural elds and shrub-
land with only sparse tree cover. Detailed crop-type metadata for the study area and period were not available from our data
sources, but the landscape suggests seasonal crops, which are common in Brandenburg, likely cereals and fodder grasses. T
subsurface pro le consists of a sand layer partially compacted with construction debris, followed by sandy glacial till up to
approximately 16 m deep. This is underlain by ne, medium, and coarse sand, as well as gravel and coal-bearing material. The

groundwater well lter is located at 18.2 m below surface (24 m a.s.l.) within a locally con ned aquifer formed by regional






