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Abstract: Changes in land use and climate have a large influence on groundwater recharge and levels.
In The Netherlands, precipitation shifts from summer to winter are expected, combined with an increase
in summer temperature leading to higher evaporation. These changes in climate could threaten the fresh
water supply and increase the importance of large groundwater reservoirs. Sustainable management of
these groundwater reservoirs, therefore, is crucial. Changes in land use could help mitigate the effects
of climate change by decreasing the evaporation. In this study, we investigate the effect of changes in
climate and land use on a large groundwater reservoir in The Netherlands, the Veluwe, for a historical
period (1850–2016) and in the future (2036–2065). During the historical period, evaporation increased due
to conversions from heather and drift sand to pine forest across the Veluwe. This change in land use had a
larger effect on the groundwater recharge than change in climate over the historical period. In the future,
an increase in winter precipitation will lead to higher groundwater levels in the elevated parts of the
region. Surrounding areas are more vulnerable to an increase in dry periods in the summer. Groundwater
reservoirs provide an opportunity to store water during wetter periods, which could alleviate drought
impacts in surrounding regions during dry periods. Land use change, such as conversion from pine
forest to other land use types, is a possible measure to increase water availability.
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1. Introduction

Climate change will affect the availability of fresh water resources in the future (e.g., [1,2]) and will,
therefore, have consequences for nature (e.g., [3]), agriculture (e.g., [4]), industry (e.g., [5]) and drinking
water supply (e.g., [6]). In The Netherlands, precipitation shifts from summer to winter are expected,
combined with increased evaporation demands in summer due to higher temperatures [7]. This can lead
to longer and more intense dry spells occurring more often across The Netherlands [7].
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Groundwater recharge and levels are impacted by these changes in climate [8–10], but also by changes
in land use [11–14]. Actual evaporation (sum of interception, soil evaporation and transpiration) is partly
determined by vegetation type. The vegetation, therefore, plays a critical role in groundwater recharge,
where, for example, pine forest has a higher evaporation than heather [15,16]. Differences in evaporation
between land use types are significant with an actual evaporation of 201 mm/year for drift sand [17],
430 mm/year for heather [18] and 630 mm/year for pine forest [15]. Decisions about land use could thus
be important to mitigate climate change effects on groundwater reservoirs.

It is important to consider the impacts of climate change and land use change on strategic groundwater
reservoirs, because sustainable management of these groundwater reservoirs is crucial—e.g., in [19]—to
ensure freshwater availability for all sectors (e.g., drinking water, nature and agriculture). Groundwater
will be affected by climate change, but projected impacts are uncertain [20]. The resilience of groundwater
resources to hydrological extremes, compared to other fresh water resources, means that groundwater
reservoirs will become even more important in the future [20]. These reservoirs, however, are already
being depleted in many regions [21], emphasizing the need for sustainable management.

The Veluwe area is a primary strategic groundwater system in The Netherlands [22] and an important
region for drinking water supply [23]. The effects of changes in land use and climate on the water balance
of the Veluwe are investigated in this study in a historical and future perspective. The changes that
occurred in the past (from 1850 onward) can provide an important lesson for sustainable management of
the system in the future.

The aim of this study is to place the hydrological consequences of climate change for the Veluwe in
a historical perspective and to compare them with the effects of changes in land use. For this purpose,
the effect of climate and land use changes on the groundwater reservoir of the Veluwe are quantified for
(i) historical (1850–2016), and (ii) future (2036–2065) conditions. The impact of the changes is simulated
with a groundwater model based on historical data and future scenarios.

2. Site Description

The Veluwe area (ca. 1250 km2) is located in the centre of The Netherlands (Figure 1) and consists
of ice-pushed ridges and fluvio–glacial complexes (Figure 2) [22,24,25]. It is an elevated sandy area
(Figure 1), which contains a large aquifer of fresh groundwater. On top of the deep aquifer (to 200 m
deep) lies a large unsaturated zone up to 60 m thick [22,23]. The unsaturated zone consists mainly of
sediments of sands [22]. The soils vary from fine sand to coarse sand [22]. In the ice-pushed ridges, tilted
and discontinues clay layers exist that have a large impact on the groundwater table creating a spatially
discontinuous pattern [22]. Due to the expanse of the area and its large unsaturated zone, the groundwater
system responds slowly to changes in meteorological conditions. Brooks and streams are found at the
fringe of the sandy area, where water exfiltrates. Upward seepage occurs in surrounding lower lying
agricultural areas and seepage dependent nature areas with a species rich, rare and endangered vegetation
(especially Junco-Molinion and Calthion grasslands and Circaeo-Alnenion woodlands). No drainage systems
exist in the central part of the area. Most of the area is designated nature reserve and land use mainly
consists of forests (predominantly pine), heather and drift sand [26].
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Figure 1. (a) Location of the Veluwe area in The Netherlands. The domain of the groundwater model
is indicated in red, the Veluwe area in black. (b) Elevation (m a.s.l.) of the Veluwe area. Veluwe area
is indicated in black and locations of the time series with letters (A: 171154,445864; B: 187208,447643;
C: 194583,453461).

Figure 2. Main geomorphological features of the Veluwe based on Maas et al. [25].
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3. Materials and Methods

3.1. Groundwater Model

Groundwater levels at the Veluwe were simulated with the regional model AZURE [27]. The regional
model was chosen, because it includes the complex geomorphology of the area. The groundwater part
of AZURE is based on MODFLOW [28] and it is coupled to MetaSWAP [29,30] for the simulation of the
unsaturated zone. MetaSWAP simulates the actual evaporation and groundwater recharge based on
meteorological conditions, soil properties and land use. Groundwater levels were simulated on a 250 by
250 m resolution on a daily basis for the Veluwe area and surroundings, in total an area of about 6500 km2

(Figure 1). To study the effect of land use changes on the groundwater levels, they were simulated with
AZURE for the period 1986–2016 with land use of 1850 and 2008 with equal meteorological conditions.

3.2. Data

3.2.1. Historical Conditions

Land use of the Veluwe area was determined from historical maps and data for 1850, 1900, 1960 and
2008 (Figure 4). For 1850, a digital map for the province Gelderland “Gelderland Histland” is available with
historical land use. There are no earlier maps known for The Netherlands, which are reliable enough (based
on level of detail and drawn to scale) to allow for a comparison with current land use [31]. Information
for 1900 and 1960 is available from Historical Landuse Netherlands maps [32]. The available 1900 map
is based on hand drawn historical maps with a scale of 1:50,000, which are digitised and automatically
classified [32]. For 1960, topographical maps are available with a scale of 1:25,000. The current land use
(2008) is taken from a database with maps of National Land Use Netherlands. This map is based on
satellite data from 2007 and 2008 [33]. Information from all these maps was simplified in this study to the
following land use types: grass, agriculture and bare soil, heather, broad leaf forest, pine forest, urban
area, drift sand, water and other. In this study, land use was fixed for 30 year periods, so the development
of vegetation was not taken into account; instead land use change was estimated as jumps between the
different periods.

Besides changes in land use, there were also changes in groundwater abstractions during the historical
conditions. The groundwater of the Veluwe is important for the drinking water supply in this part of
The Netherlands and abstractions started early in the 20th century [23]. The exact amount of abstracted
groundwater was not known for the entire period. Therefore, estimated amounts of total abstractions
across the Veluwe for 4 specific years were used as reference, respectively, 0, 21, 130 and 130 Mm3/year for
1895, 1930, 1995 and 2016. These reference numbers were interpolated linearly to create a time series for
the entire period. To estimate the effect of the groundwater abstractions, the total was equally divided
over the Veluwe area (1250 km2) and subtracted from the recharge.

Meteorological data (temperature and precipitation) were available from a nearby weather station
from the Royal Netherlands Meteorological Institute (KNMI) from 1851 to 2016. Reference evaporation
(ETre f ) was derived from these data with Hargreaves and Allen [34] for the complete period. In the period
1957–2016, results from this method were calibrated with ETre f values calculated with Makkink [35],
because radiation data were available from 1957 onward. Evaporation from interception was calculated
with the Rutter interception model [36]. The soil evaporation and transpiration were estimated with a
Hydrus-1D model [37]. The Hydrus model was used to simulate different combinations of soil type and
land use to a depth of 5 m with a free draining boundary condition, so in a groundwater independent
way. The combinations of land use and soil type were based on soil maps and the described historical
information of land use. Rooting depth was different for each vegetation type, ranging from 0.3 m for grass



Water 2020, 12, 2866 5 of 16

to 3 m for broadleaf and pine forest. Total actual evaporation (ETact) is defined as the sum of evaporated
interception (results from the interception model), and soil evaporation and transpiration (results from
Hydrus model).

The groundwater recharge was calculated for three different scenarios: (1) land use change and
groundwater abstractions, (2) land use change only, (3) no land use change or abstractions. Groundwater
recharge in the first scenario is defined as precipitation minus evaporation from actual land use and
groundwater abstractions. In the second scenario, recharge is calculated as the difference between
precipitation and evaporation from actual land use. In the last scenario, recharge is determined as the
difference between precipitation and evaporation with constant land use of 1850.

3.2.2. Future

To investigate the impact of climate change around 2050 (2036–2065) on the groundwater reservoir,
climate scenarios specifically developed for The Netherlands by the KNMI [38] were used as input
for the groundwater model. These climate scenarios are gridded datasets across The Netherlands [38].
The reference period for these scenarios is 1981–2010; input data for this period are based on observations
and the existing climate change trend was removed. Four different climate scenarios are available, GL,
GH , WL and WH . The G scenarios (“moderate”) represent a low global mean temperature increase, while
the W scenarios (“warm”) correspond with a stronger temperature increase. The subscripts H and L
relate to regional changes in air circulation patterns. The model projections represent a strong response to
climate forcing (subscript H, “high value”) with wetter winters and drier summers, and a relatively weak
response (subscript L, “low value”) with smaller changes in precipitation in both seasons. An overview of
the changes in the most relevant meteorological variables in the four scenarios for the period 2036–2065,
averaged over The Netherlands, is given in Table 1. For the Veluwe, all scenarios show an increase in
winter precipitation, where the WH and GH scenarios show the largest increase (Figure 3a). In the summer
months (June, July, August) the scenarios differ from each other. The WH and GH scenarios indicate a
clear decrease in precipitation, whereas the GL scenario predicts a slight increase in precipitation. The WL
scenario indicates an increase in June, precipitation similar to the reference period in July and a decrease in
August. For ETre f , all scenarios predict an increase in the period May–August (Figure 3b) with the WH
scenario predicting the largest increase. Changes in land use were not considered for this period.

Figure 3. (a) Difference in monthly precipitation (P, mm) and (b) reference evaporation (ETre f , mm) between
the four scenarios and the reference period (1981–2010) averaged over 30 years for one representative grid
cell at the centre of the Veluwe.

Table 1. Overview of the changes in the most relevant meteorological variables according to the climate
change scenarios for the period 2036–2065 [38].

Variable Indicator Climate (1981–2010) GL GH WL WH

Temperature Mean 10.1 ◦C +1.0 ◦C +1.4 ◦C +2.0◦C +2.3 ◦C
Precipitation Mean amount 851 mm +4% +2.5% +5.5% +5%

Solar radiation Solar radiation 354 kJ/cm2 +0.6% +1.6% −0.8% +1.2%
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4. Results

4.1. Analysis Historical Period

4.1.1. Historical Conditions

Considerable changes in land use occurred across the Veluwe between 1850 to 2008 (Figure 4). Heather
decreased with 30% of the total area and drift sand with 26% of the total area. These land use types were
replaced mainly with pine forest, which covered 44% of the total area in 2008. Due to the increase in
population in the second half of the 19th century, available land had to be used in more productive
ways [39]. In that period and in the beginning of the 20th century, heather areas were transformed to
agricultural land where possible, but mainly into pine forests [39]. Especially in the drier areas of the
Veluwe, the planting of pine forest took place on a large scale early in the 20th century [39].

Figure 4. Historical land use across the Veluwe.
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Besides changes in land use, climate changed as well. Precipitation and temperature observations
were available from a nearby weather station from KNMI. Both precipitation and temperature increased
from 1851 to 2016 (Figure 5). Mean yearly precipitation in the period 1851–1880 was 697 mm/year and
increased to 845 mm/year in the period 1987–2016. In the period 1851–1880 mean yearly temperature was
9.6 ◦C and temperature increased to 10.3 ◦C in the period 1987–2016.

Figure 5. Yearly precipitation (P) and mean yearly temperature (T) for 1851–2016 based on observations.

4.1.2. Impact of Changes in Historical Period

ETact was simulated for the period 1850–2016 for a scenario with land use change and without land
use change (Figure 6). During the whole period, ETact increased when land use change was taken into
account. In the period 1987–2016, mean yearly ETact for the entire Veluwe area was 153 mm/year (38.9%)
higher than mean yearly ETact in the period 1851–1880, due to the combination of changes in land use and
climate (Figure 6). When land use changes are not taken into account, by keeping land use of the year
1850 constant over the whole period, ETact increased with 35 mm/year (9.4%) between 1851–1880 and
1987–2016 (Figure 6). The increase in ETact over the historical period was thus mainly caused by land use
changes. The increase in temperature and precipitation over time (Figure 5) had a small influence on the
ETact. The change in pine forest over the Veluwe area in the historical period dominated the increase in
ETact (Figure 7). Heather and drift sand, with a lower ETact compared to pine forest, decreased in area,
hence total ETact over the region increased.

Figure 6. Mean yearly ETact simulated with land use change and with a constant land use from 1850.
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Groundwater recharge was affected by these changes in ETact (Figure 8) as well as by groundwater
abstractions in the region. Recharge was determined for three different scenarios: (1) land use change and
groundwater abstractions, (2) land use change only, (3) no land use change or abstractions. The results will
be discussed in this order. During the historical period, the estimated yearly groundwater recharge
decreased by 101 mm/year (33%) for the scenario with actual land use, climate and groundwater
abstractions between 1851–1880 and 1987–2016. When groundwater abstractions were excluded from
the recharge estimate, the groundwater recharge decreased in the beginning of the 20th century with
37 mm/year (12%) in 1911–1940 compared to 1851–1880. After this period, recharge estimates increased
again until 1987–2016, during which estimated average yearly recharge was equal to the recharge in the
historical period 1851–1880, namely 306 mm/year. The increase in precipitation over the whole period
(148 mm/year) was almost equal to the increase in ETact (153 mm/year) due to changes in land use and
climate. Without land use change, estimated groundwater recharge increased by 118 mm/year (36%)
between 1851–1880 and 1987–2016. The estimated groundwater recharge in scenario 3 (no land use
change) in 1987–2016 was 142 mm/year higher than in scenario 2 (land use change only). When including
the groundwater abstractions (scenario 1), estimated recharge decreased by 101 mm/year compared to
scenario 2 (land use change only). Land use change, therefore, caused the largest decrease in groundwater
recharge over the whole period. After the period of large pine plantations in the beginning of the 20th
century, however, groundwater abstractions had a larger influence than land use change.

This decrease in groundwater recharge over time due to land use change and water abstractions led
to lower groundwater levels over the whole region (Figure 9). If land use would have been constant from
1851 onward, current mean groundwater levels (based on a 30 year period) would be higher across the
Veluwe. There are, however, large differences due to the presence of clay and loam layers in the ice-pushed
ridges across the region (Figure 2). In the highest parts of the Veluwe, mean groundwater levels would
have been more than 10 m higher with a maximum difference of 13.5 m (Figure 9). At the fringes of the
Veluwe, on the other hand, only small increases are found and even a decrease up to 0.7 m in a valley in
the northern region of the Veluwe (Figure 9). In these regions, vegetation apparently has sufficient water
by capillary flow from the shallow groundwater table to evaporate at a potential rate.

Figure 7. Mean yearly ETact for the entire Veluwe area with the contribution of every land use type.



Water 2020, 12, 2866 9 of 16

Figure 8. Groundwater recharge for the historical period based on three different scenarios: scenario with
actual evaporation (ETact) based on land use 1850, scenario with ETact based on actual land use, scenario
with ETact with actual land use and including groundwater abstractions.

Figure 9. Difference in mean groundwater level (m) between historical land use (1850) and current land
use (2008) simulated over 1986–2016. The boundary of the Veluwe area is indicated in black.

4.2. Analysis Future Period

Groundwater levels were simulated for the period 2036–2065 with four different KNMI scenarios
(GL, GH , WL and WH). The differences in simulated mean groundwater levels between the scenarios and
the reference period over the whole Veluwe area are given in Figure 10. Across the Veluwe, all scenarios
indicate an increase in the mean groundwater levels, with a maximum increase of 4.8 m for the WH
scenario. The eastern ice-pushed ridge of the Veluwe showed the largest increase in the mean groundwater
head, whereas lower lying areas showed small changes.

The change in mean groundwater levels across the Veluwe can be explained by the importance of
winter precipitation in this region in combination with the uncertainty in potential and actual evaporation.
The increase in winter precipitation in all scenarios leads to more recharge and higher groundwater
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levels, because no extra water is lost through evaporation. When soil moisture is limited, the soil will
not be able to deliver enough water to meet the higher potential evaporation demands of the vegetation.
This phenomenon especially occurs in coarse textured sandy soils with a groundwater level deeper than
approximately 2 m below root zone depth, so capillary flow from the groundwater level to the root zone
is absent.

The amount of precipitation in winter is thus very important for the recharge of the groundwater
reservoir. This is also illustrated by the difference in reaction between the WL and WH scenario. The total
increase in precipitation for these scenarios is similar (Table 1), yet the maximum increase in groundwater
levels for the WL scenarios is only 2.8 m versus 4.8 m in the WH scenario. For the WL scenario, precipitation
increased more evenly over the year, not only in winter.

Figure 10. Changes in mean groundwater levels (m) between the climate change scenarios (2036–2065) and
the reference period (1981–2010). The boundary of the Veluwe area is indicated in black.

The groundwater levels simulated with the GH and WH scenarios decreased in the surrounding
agricultural areas of the Veluwe. In contrast to the elevated areas, these low-lying regions are thus prone
to water shortages, especially in summer. These water shortages increase in the GH and WH scenarios
(Figure 10). The different response to climate change of the low-lying regions is caused by the effect of
shallow groundwater levels and the surface water levels in these regions. The shallow groundwater levels
enable capillary supply of groundwater to the root zone in dry periods. On the other hand, the direct link
to surface water levels leads to a fast response during periods with rain, because the extra water is directly
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discharged through the surface water. Differences in soil type (especially water holding capacity) also play
an important role.

When focusing on changes over time (Figure 11) at selected locations across the southern part
of the Veluwe (Figure 1), the different reaction to changes in climate between the Veluwe itself and the
surrounding agricultural fields can be seen again. The elevated parts of the Veluwe show the slow response
of the groundwater to interannual changes in recharge and climate change due to the large unsaturated
zone and large drainage resistance in these regions (locations B and C). The response in groundwater levels
is completely different in the low-lying regions, where groundwater levels are linked to surface levels
and phreatic levels react quickly to precipitation (location A). At this location, the difference between the
scenarios is mainly found during the summer, when scenarios GH and WH can lead to water shortages
and thereby to decreases in crop yields.

Figure 11. Time series of groundwater levels (m a.s.l) at three selected locations across the southern part of
the Veluwe for the last 10 years of the reference period and the climate scenarios.

5. Discussion

5.1. Uncertainty Evaporation

The impact of changes in land use depends mainly on the ETact values of the different vegetation
types. It is difficult to measure ETact, therefore, it is often estimated with a model. Here, Hydrus was used
to estimate the ETact values. The values for ETact estimated with Hydrus for the different land use types
corresponded well with values from literature. Average yearly actual evaporation for heather was slightly
underestimated, with 361 mm/year compared to 430 mm/year in the literature [18], whereas evaporation
from drift sands was overestimated by Hydrus with 380 mm/year compared to 201 mm/year in the
literature [17]. Estimated actual evaporation for pine forest was equal to values in the literature with
622 mm/year compared to 630 mm/year [15]. The overestimation of evaporation from drift sands means
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change in groundwater recharge is underestimated, because the difference between evaporation from pine
forest and drift sands is larger in reality than estimated in this study.

The changes in groundwater levels across the Veluwe area are simulated with AZURE and thus
also influenced by the model choice. Recharge estimates depend on an accurate simulation of the ETact,
especially in dry conditions. Groundwater levels were too low to provide vegetation with enough capillary
flow to maintain high ET values; therefore, ETact did not increase during the summer months. The response
of forest to dry conditions, however, is still uncertain. The ability of forest to regulate stomatal opening and
the large rooting depth lead to the conservative character and persistence of evapotranspiration of forests
during heatwaves [40]. Especially the persistence of evapotranspiration during dry conditions might be
underestimated by the model. In order to determine the influence of climate change on the vegetation
across the Veluwe in more detail, it is very important to measure the ETact for different vegetation types
during dry conditions, such as during the summer of 2018.

5.2. Scenarios for the Future

This study focused on the impact of land use change in the historical analysis and on the impact of
climate change in the analysis for the future. The KNMI scenarios only include the changes in climate, so
changes in land use and water use were not taken into account for the future. In recent years, the pressure
on groundwater resources has already increased in The Netherlands. During the 2018 drought, water
usage increased, both for drinking water and irrigation in The Netherlands [41]. Since these drought
events are expected to occur more often in the future [42], it can be assumed that water use will increase.
This also affects the groundwater levels, and projected increases in these levels based on climate change
only will be too positive. Extensive changes in land use across the Veluwe are not expected because the
region is a nature area (Natura 2000). This means certain regions and habitats are protected and land use
may not be changed. Conversions from pine forest to broadleaf forest, however, are possible. This research
focused on the impact of climate change only and therefore excluded these developments. For a more
realistic estimate of groundwater levels in the future, other scenarios could be used in further research.
For The Netherlands, Delta scenarios were developed that include changes in land use and socio-economic
changes [43]. These scenarios include a range in possible developments—for example, expecting either
much more or less water availability challenges.

5.3. Relation to Previous Studies

Several previous studies have taken into account changes in land use or climate across the Veluwe.
The impact of land use changes on the groundwater levels was investigated by Gehrels [22]. In this study,
hypothetical scenarios were simulated in which all coniferous forests were replaced with deciduous forest
for the Veluwe or where forests were only converted in a small area close to a groundwater abstraction site.
In both cases, the conversion had a significant effect on groundwater levels. Gehrels [22] showed that the
impact of conversion in the smaller area was of comparable magnitude to the nearby abstraction. Land use
changes that occurred during the historical period had even higher impacts, because changes in recharge
are larger for the conversion between heather/drift sands to coniferous forest than for conversions of
forests only.

Evaluating the effect of converting part of the pine forest of the Veluwe to heather and drift sands
was also done by Aus der Beek et al. [44]. Again a significant increase in groundwater levels was found in
the region that was converted. The converted region was hypothetical to estimate possibilities to increase
recharge in the future as part of the sustainable management of groundwater. In this study, the historical,
actual changes to land use and their impacts have been shown.
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Climate change across the Veluwe was taken into account by Van Engelenburg et al. [23], who evaluate
the scenario GH . The changes in groundwater levels for this scenario from this study are similar to
changes found by Van Engelenburg et al. [23]. They also indicated an increase in mean groundwater
levels across the Veluwe. In this study, changes from all four climate scenarios were determined to
include uncertainty in the predictions. The groundwater model in this study was updated since that
in Van Engelenburg et al. [23] with a new parameterisation for heather [18]. Besides these differences,
this study has shown the importance of land use changes compared to changes in climate and
water abstractions.

6. Conclusions

The impacts of changes in land use and climate on a large strategic groundwater reservoir in
The Netherlands, the Veluwe, were investigated for historical conditions (1851–2016) and future conditions
(2036–2065). During the historical period, groundwater recharge and levels across the Veluwe decreased
from 1850 onward. Over the whole period, land use change caused the largest decrease in groundwater
recharge. In recent years, the groundwater abstraction contributed more to the decrease in groundwater
recharge. Changes in climate would have resulted in higher groundwater recharge, but impacts of land
use and abstractions were larger. Even though the impact of land use change depends on the actual
evaporation, which is still not completely understood and depends on the chosen model, the change in
recharge caused by the pine plantations was large enough to conclude that land use change had more
impact than abstractions or climate for 1851–2016.

In future conditions, groundwater levels increased across the elevated parts of the Veluwe due to the
predicted increase in winter precipitation. In the surrounding low-lying agricultural areas, drier conditions
in summer led to lower groundwater levels in the GH and WH scenario. These regions could therefore be
vulnerable to water shortages.

This study shows the importance of land use change compared to the effect of climate. The strategic
groundwater reservoir of the Veluwe will be important in the future to alleviate drought impacts in
surrounding areas. For sustainable management of the groundwater reservoir, land use change measures
could be taken to increase the storage in the elevated parts and thereby mitigate the impact of climate
change in low-lying regions even more.
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Abbreviations

ETre f reference evaporation
ETact actual evaporation (sum of evaporated interception, soil evaporation and transpiration)
GL moderate climate scenario with weak response to changes in air circulation patterns
GH moderate climate scenario with strong response to changes in air circulation patterns
KNMI Royal Netherlands Meteorological Institute
P precipitation
WL warm climate scenario with weak response to changes in air circulation patterns
WH warm climate scenario with strong response to changes in air circulation patterns
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