Nature based-solutions may increase the severity of hydrological droughts in Europe
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Summary

In the frame of the studies developed in the AXIS-2018 CROSSDRO project, the results obtained at different spatial scales (hydrological basin, Spain
and European continent) suggest that vegetation changes may strongly determine the trends in the frequency and severity of hydrological droughts in
Europe: (i) At the basin scale we analysed the impact of vegetation changes on blue water generation in a central Spanish Pyrenees basin undergoing
intense afforestation. The results showed that vegetation change is a key driver of large decreases in blue water availability. The effect of vegetation
increase is amplified during dry years, and mainly during the dry season, with streamflow reductions of more than 50%. This pattern can be attributed
primarily to increased plant water consumption. (ii) in Spain we analysed in headwater catchments that are not affected by human perturbations the
extent to which vegetation can reinforce trends in hydrological drought severity in comparison to the evolution of climatic drought severity. Results
showed that the trends toward higher frequency, duration and severity of hydrological droughts are more marked than the observed trends in
climatic droughts, which can be associated to the dominant increase in vegetation coverage and activity in the study domain. Moreover, the spatial
differences observed between the trends of climatic and hydrological droughts show some relationship with the patterns of forest succession
observed in recent decades. (iii) At the European scale we have found important differences in the trends in hydrological drought severity over the
last decades and the analysis suggest that the strong decrease of streamflow in southern Europe cannot be associated with the climate dynamic. In
fact, a negative trend related to non-climate factors clearly emerge. This negative trend is reinforced in the dry precipitation years. The results suggest
that changes in vegetation activity and land cover have the main role on negative streamflow trends in Southern Europe, particularly during dry years,
in which water requirements by vegetation would affect the partition of the available resource between green and blue water.
Our results stress the relevance of land transformation processes on trends in water resources availability, particularly during periods of
droughts in which between vegetation water consumption and streamflow production is much more relevant. Thus, the

Evidences in the river headwaters of Spain
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Specifically, pasture and crop areas have rapidly transformed to shrub and forest lan often accelerated by
crensive s lantatons afer 1960. I St v sreamiow hes decreased sgnficantly over he ot decades. Aaieing
the evolution of the climatic and hycrological droughts on non-regulated basins could also help isolating the possible impacts
of fand cover changes on the propagation of the climatic droughts to hydrological droughts. Using non-regulated basins of
Spain s test cases, this study therefore addresses the following questions: i) How trends in hydrological droughs different to
climatic droughts in non-regulated basins of Spain?, ii) What is the role of vegetation changes on the possible trend
differences between climatic and hydrological drought?, ii) What spatial patterns emerge in the trend differences between
climatic and hydrological drought that can be related to vegetation changes
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A notable temporal agreement is observed in the occurrence of
drought events of S51 and SPEI at 3-mnth timescale for the period
1961-2013. Nevertheless, changes in hydrological drought were
much stronger than climatic drought. In particular, 551 showed a
decrease on the order of -0,21 z-unit/decade, while SPEl declined
by -0.07 z-unit/decade.
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current recommendations for landscape rewilding and nature-based solutions to mitigate climate change, with focus on carbon could
have important hydrological effects, reducing the availability of water resources and particularly increasing the frequency and severity of hydrological
droughts. With aridity expected to rise in Europe over the next few decades, interactions between climate and land management practices appear to
be amplifying future hydrological drought risk in the region.
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Unraveling the interaction between  vegetation and
h

found the effect of secondary succession on the partitioning of
precipitation to be strongly differential between wet and dry years. Both
precipitation and AED show similar non-significant trends during wet and
dry years. However, a small (-15.4%) and non-significant decrease in

flow was found in wet years, compared ta a larger (-52.1%)
and statisically significant decrease during dry years.

explained

changes in the partition of precipitation between blue
and green water is dependent on interannual ciimate
variability, with the role being stronger uring dry years
when the system has less available water. Here, we
analyse the influence of vegetation changes on blue

water generation in a humid natural basin (the upper ‘ -
Aragén basin) over the last six decades (1962-2019), E s L Eweww
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In wet years, green water increase is expected as a consequence of higher

representing a “typical” example of recent observed -
vegetation changes in mountainous areas of southern
rope.

not a significant predictor.
According to the partial correlation, precipitation has
the largest (positive) influence on annual streamflow,
while time exhibited a sgnificant (negative) correlation.

Changes in land cover types in the study area show an

(30.7% of the whole domain) to 3458.3 km2 (almost
40%). In the same context., a dominant increase of the
Normalized Difference Vegetation Index (NDVI) was.
evident for allbasins.
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Changes in hydrological droughts were statistically significant
(p<0.05), whereas changes in climatic droughts were small and
statistically_non-significant (>0.05). Furthermore, in severlty
and duration a change point in the early 1990's is detected.
Before the 1990's, SPEI shows higher values for drought severity
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Considerable spatial differences exist, where more negative trends
were identified considering SSI than SPEI. Specificall, the strongest
decrease in SS1 was noted in the Mediterranean basins, such as the
Ebro, Turla and Jicar basins. The headwaters of these basins
originated mainly in the berian range and the Pyrenees. In contrast,
the basins located in the western portions of the Iberian Peninsula

basins Changes in hydrological droughts were more accelerated than
climatic droughts, especially n the eastern Spain.

In more mature forests e.g. coniferous, broadieaf, and mixed forests), the
forest succession processes seem to have a significant impact on
differences in the evolution of hydrological and climatic droughts. As
listed, for the coniferous and broadleaf forests, results suggest satistically
significant correlations between the difference in the evolution of the

an
in the sign of the correlation may highlight the role of the forest
succession, s many basins withessed a dominant replacement of
coniferous forest by mixed forests. Interestingly, these basins showed a
stronger increase in the severity of hydrological droughts than in climatic
drough:
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the impacts of changes in vegetation coverage on the evolution of
hydrological drought evolution are apparently complex. This
complexity is evident in this study, given that the response of
hydroloical droughts to the evolution of the vegetation coverage is
unidirectional over space. Nevertheless, the increase in vegetation
coverage corresponded to a more pronounced increase in severity
and duration of hydrological droughts, as compared to earlier
decades characterized by lower vegetation coverage.

contributing to the the spatial variability of of the magnitude of changes
between hydrological and climatic droughts

Evidences at the European level

This study analyses the evolution of annual streamflow across Europe between
1962 and 2017, focusing on the connection of streamflow trends with climate
dynamics and physiographic and land cover characteristics and changes. The
spatial pattern of trends In streamflow shows strong agreement with the spatial
patterns of climate trends, suggesting a climate attribution of these trends.
However, analysing temporal evolution at the basin scale shows that the strong.
decrease in streamflow in southern Europe cannot be directly associated with i
climate dynamic. In fact, a negative trend related to non-climate factors clearly ot oy
emerges. This negative trend is reinforced if we focus on the dry precipitation

The strong decrease of streamflow in southern Europe is not explained by the % S
evolution of precipitation during the studied period, which shows small decrease
that is dominantly non-significant statistcally. Thus, the difference between the
‘magnitude of change in streamflow, and the magnitude of change in precipitation
is very important in South Europe. The decrease of streamflow has been very.
important in the majority of the basins of southern Europe, with statistically
significant trends and reductions of streamflow of more than 50% between 1962
and 2017. On the contrary, the reduction of precipitation is small in these areas
(approximately 5%) and in most basins non-statistically significant. Therefore, the

strong decrease of streamflow in southern Europe cannot be clearly attributed to T T e o
alone,

The influence of secondary succession also differs between wet and dry

seasons. Although secondary succession contributes to some decrease in

blue water generation in the wet season, particularly during dry periods

the main effect is recorded during the warmer dry season (1uy-October),
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We conclude that climate trends have played only a

I L partial role in explaining the spatial patterns of
Streamiow rends across Europe in comparson to the
= efectofnom-cimate facors
K . . hisissupported by th exstence of a dominant non-cimatic temporalcompanent,which s ncluded i 3 high percentage ofegression models abtaned for

the basins of southern Europe.

Land cover and water managemert changes have been very Important n the regon, with notieable hycrlogical
by

consequences.

cover and hydrological drought management in prind precipitation s projected to decrease during this century since lan
headwaters could reduce the severity of hydrological droughts in the medi

pronounced in dry years. This finding has large implications for land
ndscape management in the
im and lower reaches of rivers and improve the availabilty of water for high

demand activities such as irrigation during dry periods. Thus, current policies and recommendations for landscape rewilding and nature-based solutions to

mitigate climate change with  focus on carbon se

questration in southern Europe could have important and detrimental hydrological effects, reducing the

avaiability of water resources and potentially increasing the frequency and severity of hydrological droughts.
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