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a b s t r a c t
We investigate the potential impact of climate change on water availability in central Belgium. Two water
balance components being precipitation and potential evapotranspiration are initially projected for the late
21st century (2071–2100) based on 30 Coupled Models Intercomparison Project phase 5 (CMIP5) models
relative to a baseline period of 1961–1990, assuming forcing by four representative concentration pathway
emission scenarios (RCP2.6, RCP4.5, RCP6.0, RCP8.5). The future available water is then estimated as the difference between precipitation and potential evapotranspiration projections. The number of wet days and mean
monthly precipitation for summer season is projected to decrease in most of the scenarios, while the projections
show an increase in those variables for the winter months. Potential evapotranspiration is expected to increase
during both winter and summer seasons. The results show a decrease in water availability for summer and an
increase for winter, suggesting drier summers and wetter winters for the late 21st century in central Belgium.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
The great signiﬁcance of water resources for sustainable development underscores the necessity of understanding how much more or
less water will be available in the future under climate change. Evaluation of climate change impact on the balance between water availability
and water demand is more important at regional scale because global
precipitation may show an increasing trend for the future, while some
regions suffer severely from decreased precipitation along with
increased evapotranspiration. Although precipitation and river runoff
for high latitudes are projected to increase (Cisneros et al., 2014);
however, how climate change will affect water availability in individual
seasons provides a good guide to improve water management practices
to cope with possible damages of seasonal ﬂood and drought in the
future and to secure the sustainability of water supplies. Nevertheless,
while climate change effect on water availability and water demand is
signiﬁcant in some regions, it is not the only factor in play. Nonclimatic factors such as population growth and growing demand for
water over the coming decades will put further pressure on available
water resources and exacerbate the problems with making current
water management systems unreliable for the future. The traditional
approach for water resource designing and planning with the assumption “the characteristics of the future events will resemble the past” is
not applicable anymore (Milly et al., 2008; Lins and Cohn, 2011;
Matalas, 2012) because of observed non-stationarity in hydrological
variables and climate change impacts (Kling et al., 2014).

⁎ Corresponding author.
E-mail addresses: tabari.ho@gmail.com, hossein.tabari@bwk.kuleuven.be (H. Tabari).

http://dx.doi.org/10.1016/j.gloplacha.2015.05.012
0921-8181/© 2015 Elsevier B.V. All rights reserved.

Changes in water availability will depend on the changes in precipitation and evapotranspiration as two key components of the hydrological cycle (Bates et al., 2008). The periods and quantities of water surplus
and water deﬁcit are determined by comparing precipitation and
potential evapotranspiration values (Shifteh Some'e et al., 2013;
Tabari and Aghajanloo, 2013; Tabari and Hosseinzadeh Talaee, 2013).
The difference between precipitation and evapotranspiration is indeed
a measure of sustainable water availability (Milly et al., 2005). However,
the effect of climate change on these variables is uncertain in particular
when it comes to change in extreme values. A signiﬁcant part of this
uncertainty arises from climate model projections that disagree on the
magnitude of change and in some cases even on the direction (Meehl
et al., 2007; Schewe et al., 2014). Recently, a new generation of General
Circulation Models (GCMs) from the Coupled Model Intercomparison
Project Phase 5 (CMIP5) has been released to reduce projection uncertainty related to CMIP3 GCMs and has become as a mainstay of many
climate change studies (Panday et al., 2014; Rana et al., 2014; Masood
et al., 2015). CMIP5 includes more comprehensive climate models
with higher spatial resolutions and richer set of output ﬁelds (Taylor
et al., 2012).
European region, at ﬁrst glance, appears to have abundant water resources; however, these resources are distributed unevenly across the
region and by taking population density into account, western
European countries like Belgium have relatively little water available.
Belgium, and particularly the Flanders and Brussels region, with dense
population and intensive industrial activity has relatively high levels
of water exploitation compared with availability (high water exploitation index). Exploitation of more than 30% of renewable water resources
in Belgium (EEA, 2010) underscores the necessity to study the future
change in water resources in the country.
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Table 1
CMIP5 GCMs and number of runs per model used for precipitation analysis (194 runs).

Table 3
Summary of required equations for potential evapotranspiration estimation.

No.

Model

Historical

RCP2.6

RCP4.5

RCP6.0

RCP8.5

Parameter

Mathematical expression

Notation deﬁnition

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

ACCESS 1.0
ACCESS 1.3
BCC-CSM1.1
BCC-CSM1.1(m)
BNU-ESM
CanESM2
CMCC-CM
CMCC-CMS
CMCC-CESM
CNRM-CM5
CSIRO-MK3.6.0
FGOALS-G2
GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M
GISS-E2-H
GISS-E2-R
HADGEM2-CC
HADGEM2-ES
INM-CM4
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
MIROC-ESM
MIROC-ESM-CHEM
MIROC5
MPI-ESM_LR
MPI-ESM_MR
MRI-CGCM3
NorESM1-M

1
1
3
1
1
5
1
1
1
1
10
1
2
1
1
2
3
3
1
1
4
1
1
1
1
3
1
1
1
3

–
–
–
1
1
5
–
–
–
1
10
1
1
1
–
–
–
–
1
–
–
1
–
1
1
2
1
1
1
1

1
1
–
1
1
5
1
1
–
1
10
1
1
1
1
–
2
1
–
–
3
1
1
1
1
1
1
1
1
1

–
–
–
1
–
–
–
–
–
–
10
–
1
1
1
–
–
–
–
–
1
1
–
1
1
1
–
–
1
1

1
1
–
1
1
5
1
1
1
1
10
1
1
1
1
–
–
1
–
1
3
1
1
1
1
3
1
1
1
1

Total
radiation
balance
(Q⁎0)

Q⁎0 = (1 ‐ α0)Ks ‐ L

α0 = Free water surface
albedo
Ks = Global solar
radiation
L = Vaporization latent
heat of water
dε = Saturation deﬁcit
T = Air temperature

 dε 
Saturated
δ ¼ dT
T
water vapor
pressure
gradient (δ)
Psychrometric γ = 0.000662p
coefﬁcient
(γ)
α0 = 0.07 + (A ‐ 0.07)Ir0.4
Free water
surface
albedo (α0)
Net terrestrial
radiation
(L*)

p = Mean atmospheric
pressure

A = Albedo of the free
water surface under clear
sky
Ir = Relative insolation
 



pﬃﬃﬃ
σ = Stefan–Boltzmann
L ¼ σ T 4 1‐ a þ b e 1 þ c ð1‐Ir Þ2
constant
T = Air temperature
e = Water vapor
pressure
a, b and c = Location
speciﬁc parameters (they
are determined by
measurements on
radiation variables)

2. Materials and methods
2.1. Data
In this context, this work aims to investigate future surface water
availability for central Belgium based on the CMIP5 GCMs. To this end,
the present-day simulations for two water balance components of precipitation and potential evapotranspiration (estimated by a calibrated
version of the Penman method (Bultot et al., 1983)) are validated and
then the projections for these variables and water availability under
four emission scenarios are presented. Apart from providing the future
water availability for the region, this study updates the previous climate
scenarios for precipitation and potential evapotranspiration (Baguis
et al., 2010; Ntegeka et al., 2014) by assessing new CMIP5 model
capabilities.

General circulation model (GCM) outputs from the phase 5 of the
CMIP multi-model database (Taylor et al., 2012) are used in this study.
The CMIP5 simulations were used for the ﬁfth assessment report
(AR5) of the Intergovernmental Panel on Climate Change (IPCC) and
include 4 future emission scenarios called “representative concentration pathways” (RCPs) (Moss et al., 2010; Van Vuuren et al., 2011). In
contrast to the Special Report on Emissions Scenarios (SRES), the RCPs
are not based on storylines deﬁning the drivers behind the emissions.
Rather, the RCPs are deﬁned by selecting concentration pathways and
the associated radiative forcing in 2100 so as to cover the full range of
scenarios available in the scientiﬁc literature. The radiative forcing is a
measure of the imbalance of incoming and outgoing energy in the
earth–atmosphere system, due to climate altering factors. The RCPs

Table 2
CMIP5 GCMs and number of runs per model used for potential evapotranspiration analysis
(N600 runs).
No.

Model

Historical

RCP2.6

RCP4.5

RCP6.0

RCP8.5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

ACCESS 1.0
ACCESS 1.3
BCC-CSM1.1(m)
BNU-ESM
CanESM2
CNRM-CM5
GFDL-CM3
GFDL-ESM2G
GFDL-ESM2M
HADGEM2-CC
HADGEM2-ES
INM-CM4
IPSL-CM5A-LR
IPSL-CM5A-MR
IPSL-CM5B-LR
MIROC-ESM
MIROC-ESM-CHEM
MIROC5
MRI-CGCM3

–
–
–
1
–
1
1
1
1
2
1
1
1
3
1
3
1
2
1

–
–
1
1
–
–
1
1
–
–
–
–
3
1
–
1
1
–
1

1
1
1
1
–
1
–
1
1
1
–
1
–
–
–
1
1
3
1

–
–
1
–
–
–
1
1
1
–
–
–
1
1
–
1
1
2
–

–
–
1
–
5
1
1
1
1
–
–
–
3
1
–
1
1
3
1

Fig. 1. Mean monthly precipitation for the different CMIP5 GCM control runs (1961–
1990).
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Fig. 2. Wet day precipitation intensities vs. return period: validation of CMIP5 GCM runs based on Uccle historical observations (1961–1990), for winter (left) and summer (right) seasons.

are referenced by the radiative forcing reached in 2100, namely RCP8.5
(8.5 W/m2, representing the largest emissions or high reference
position), RCP6.0, RCP4.5, and RCP2.6 (or RCP3-PD). In the name of
the “RCP3-PD” scenario, PD stands for Peak-and-Decline: rather than
increasing then stabilizing to a certain value, the radiative forcing is
passing through a peak (at 3 W/m2), then declining and eventually
stabilizing (the radiative forcing in 2100 was set to 2.6 W/m2 following
an evaluation of the plausibility of such low scenarios). The two lower
scenarios are in the range of concentrations typical for mitigation
scenarios, and the lowest one is representative of emissions that
would follow from substantial mitigation efforts compatible with a limitation of global warming around 2 °C, so that the coverage of possible
futures is much more comprehensive than with the non-mitigation
SRES scenarios (Staes et al., 2011).
For this study, the dataset for precipitation and the meteorological
variables needed for evapotranspiration estimation for the control
(1961–1990) and scenario (2071–2100) periods are obtained from 30
and 19 GCMs, respectively. All the GCMs and their respective number
of runs for precipitation and evapotranspiration analyses are listed in
Tables 1 and 2, respectively. The CMIP5 GCM outputs were statistically
processed and evaluated by comparison with the historical observations
at Uccle station. This was done for the GCM grid cell covering that
station. This station operated by the Royal Meteorological Institute of
Belgium (KMI) is the main meteorological station in Belgium.

Fig. 3. Change factors in the number of wet days for all RCP scenarios highlighting high,
mean and low scenarios.

2.2. Methodology
A calibrated version of the Penman method (Penman, 1948) for
Belgium (Bultot et al., 1983) was used for estimation of daily potential
evapotranspiration. In this method, the potential evapotranspiration of
a natural cover i is given by:
ET oi ¼ f  E

ð1Þ

where ET oi is potential evapotranspiration (mm/day), f is a transfer
coefﬁcient and E is evaporation of a free water surface (mm/day). The
evaporation and transfer coefﬁcient are calculated as follow:
E¼

δQ 0 =L þ γ ðα þ βuÞðε‐eÞ
γþδ

ð2Þ

f ¼

ð1‐α i ÞK s ‐L
ð1‐α 0 ÞK s ‐L

ð3Þ

where Q 0⁎ is the total radiation balance (J/cm2 day), L is the vaporization
latent heat of water (10− 4 J/kg), γ is the psychrometric coefﬁcient
(hPa/K), α and β are wind factors, u is the mean daily wind speed at
2 m height (km/h), δ is the saturated water vapor pressure gradient,
(ε − e) is the saturation deﬁcit (hPa), αi is the albedo of the natural
cover surface, Ks is the global solar radiation (J/cm2 day), L⁎ is the net

Fig. 4. Mean monthly precipitation for the different CMIP5 GCM future runs (2071–2100),
for combined RCP scenarios and median of control runs (1961–1990).
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Fig. 5. Mean monthly precipitation for the different CMIP5 GCM future runs (2071–2100), for the individual RCP scenarios and median of control runs (1961–1990).

Table 4
Min–max perturbation (%) of mean seasonal precipitation for the CMIP5 GCM runs, different RCP scenarios, and seasons (MAM: March–April–May; JJA: June–July–August; SON:
September–October–November; DJF: December–January–February).
RCP2.6

MAM
JJA
SON
DJF

RCP4.5

RCP6.0

RCP8.5

Max

Min

Max

Min

Max

Min

Max

Min

24.38
33.44
16.53
23.69

−2.79
−36.06
−8.85
−0.38

23.06
33.56
21.21
33.71

−8.86
−48.60
−12.05
−2.47

16.29
32.97
18.41
28.93

−6.27
−38.92
−7.05
−3.88

40.60
40.73
22.45
41.26

−11.93
−53.86
−13.71
−2.02

terrestrial radiation (J/cm2 day) and α0 is the free water surface albedo.
The required mathematical expressions for these parameters are
presented in Table 3.
The estimated potential evapotranspiration as well as precipitation
were ﬁrst analyzed for the current and future periods, and then future
water availability was estimated. Monthly/seasonal means and daily
quantiles of potential evapotranspiration and precipitation were
investigated. Additional analysis for the number of wet days deﬁned
as days with precipitation values greater than or equal to 0.1 mm was
done. The change in daily quantiles is calculated as ratio between
precipitation or potential evapotranspiration values for the scenario

Fig. 6. Wet day precipitation intensities vs. return period: comparison of CMIP5 GCM control (1961–1990) with Uccle observation and scenario (2071–2100) runs with median of control
runs, for all RCP scenarios and winter season.
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Fig. 7. Wet day precipitation intensities vs. return period: comparison of control (1961–1990) with Uccle observation and scenario (2071–2100) runs with median of control runs, for all
RCP scenarios and summer season.

period (2071–2100) and those for the control period (1961–1990) with
the same return period (T):

3. Projections for water balance components
3.1. Analysis of precipitation

RC T i ¼

X S ðT i Þ
X C ðT i Þ

ð4Þ

in which

Ti ¼

N
i

ð5Þ

where RC T i is the relative change of quantile for a given return period Ti,
XS(Ti) is the quantile for scenario runs, XC(Ti) is the quantile for control
runs, N is the data length (in our case, 30 years for both control and
scenario periods) and i is the quantile rank (1 for the highest). In case
of the relative change in number of wet days, because the number of
wet days for the control and scenario runs might be different, the set
of return period values do not coincide and the return periods are
derived by linear interpolation from the values with closest return
periods. After calculation of the relative changes, high, mean and low
climate change scenarios were derived from the entire range of relative
changes. The mean scenario was deﬁned as the median of all the relative
changes for each return period, and the high and low scenarios as the
5th and 95th percentiles. Same procedure was used for extracting the
climate scenarios for a given month, by calculation of the 5th and 95th
percentiles and median corresponding each month.

Prior to analysis of the CMIP5 GCM projections for precipitation and
potential evapotranspiration, their simulations for the control period
are validated based on the Uccle daily historical observations for the
period 1961–1990. Fig. 1 shows the comparison of the mean monthly
precipitation depths for the different CMIP5 GCM control runs (1961–
1990) and the historical observations at Uccle. When the whole range
of model results are evaluated, some systematic overestimations are
shown in some of the winter months and a slight systematic underestimation during the summer months. The observed values are, however,
located inside the range of model results. The validation of the wet day
precipitation intensities versus return period for the winter and summer seasons are shown in Fig. 2. It is shown that the winter precipitation
quantiles are nearly unbiased, whereas for the summer season the
precipitation extremes are systematically underestimated. Almost all
GCM runs for summer season show precipitation quantiles lower than
the historical ones. This is because of the coarse resolution of the GCMs;
many summer precipitation extremes are due to small scale convective
rain storms and these are not explicitly resolved at spatial scales smaller
than about 3–4 km (Willems et al., 2012; Kooperman et al., 2014).
After validation of the GCM runs, analysis was made for the climatic
change signals as obtained from comparing the scenario versus the
control runs from all models. These climatic changes reﬂect
the changes from the reference period 1961–1990 to the future
scenario period 1971–2100. Results are summarized for the winter

Fig. 8. Wet day relative change calculated based on control (1961–1990) and scenario (2071–2100) runs versus return periods, for all RCP scenarios and winter season (left) and summer
season (right).
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Fig. 9. Mean monthly ETo for the different CMIP5 GCM control runs (1961–1990).

Fig. 11. Mean monthly ETo for the different CMIP5 GCM future runs (2071–2100), for combined RCP scenarios and median of control runs (1961–1990).

(December–January–February: DJF) and summer (June–July–August:
JJA) seasons. The changes in the number of wet days were computed
after counting these days in the control and scenario periods for each
climate model run. This was done at monthly time scale and the results
are summarized as change factors in Fig. 3. The change factors are computed as the ratio of the number of wet days during scenario and control
periods. The empirical high, mean and low scenarios are also indicated.
The range of the projected wet day changes is wider for the summer
months especially for July where these changes range from − 53% to
32%, while the narrowest range is projected for the winter season. The
number of wet days in the summer period is projected to decrease in
most of the scenarios while the projections show increase in the
number of wet days for the winter months. By taking the mean change
factor, one can see that the change in the months between May and
October is higher than that in the months between November and
April. This shows the summer months to be drier in the future. From
the four scenarios, RCP8.5 is the one that shows the driest conditions.
Fig. 4 shows the comparison of the mean monthly precipitation
depths for the different CMIP5 GCM scenario runs (2071–2100) and
the median of GCM control runs (1961–1990). When the future projections are compared with the median of the control runs, it is shown that
the winter becomes wetter and the summer gets drier. The results for
the individual RCP scenarios are shown in Fig. 5. The same trends are
shown for each of the scenarios, but the trends are stronger for the
higher concentration scenarios (highest changes for RCP8.5 scenario,
lowest changes for RCP2.6). Table 4 summarizes the range of the
changes in mean seasonal precipitation depths, by their minimum and

maximum values for the different RCP scenarios and seasons. The
mean seasonal changes go as high as + 41% for the winter season for
the RCP8.5 scenario, and down to − 54% for the summer season for
the same scenario. For the other scenarios, the changes are lower.
Figs. 6 and 7 show the differences in wet day precipitation depths
versus return period, between the CMIP5 GCM control and scenario
runs. It is seen in the ﬁgures that the precipitation extremes increase
both in winter and summer seasons. The projected change factors
(relative changes) for the winter (DJF) and summer (JJA) seasons are
shown in Fig. 8. The daily relative change factors were obtained for
the rainfall quantiles that correspond to the highest 300 daily rainfall
intensities in the 30-year runs (hence for return periods N 0.1 year)
and the high, mean and low scenario changes were identiﬁed. It can
be seen that the range of change is wider for the summer season
compared to that of the winter season. These factors also illustrate
that the changes for the summer season increase for higher return periods, whereas the changes are approximately constant (independent
of the return period) for the winter season.
3.2. Analysis of potential evapotranspiration
Mean monthly values of ETo for GCM control runs and the values
observed at Uccle station are shown in Fig. 9. As one can see, all of the
climate models can capture the inter-annual variation of ETo. The observed and climate models' simulated ETo values follow similar pattern.
In terms of magnitude, most of the climate model runs systematically
overestimate the mean monthly ETo values especially for summer. The

Fig. 10. Evapotranspiration vs. return period: validation of CMIP5 GCM runs based on Uccle historical observations (1961–1990), for winter (left) and summer (right) seasons.
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Fig. 12. ETo change factors vs. return period for the different CMIP5 GCM runs, all RCP scenarios combined, for winter (left) and summer (right) seasons.

variation of daily ETo for winter and summer seasons is illustrated in
Fig. 10. It is found that summer ETo values are overestimated by almost
all climate models, while half of the models overestimate winter ETo
values.
Similar to precipitation analysis, the ETo projections are analyzed
after validating the current climate simulations. Compared to the
median of the control runs, most GCM runs project higher increase in
ETo for the 2071–2100 horizon. Fig. 11 shows the mean monthly ETo
for all the RCP scenarios comparing with the median of the control
runs. The projected changes are calculated for ETo based on control
and scenario period runs. The change factors are calculated similar to
precipitation. The results for winter and summer season are shown in
Fig. 12. During the winter season, the quantiles with higher return
periods show a wider range than the quantiles with lower return
periods. Compared to the summer season, the magnitude of change in
the winter season is smaller. The changes are approximately constant
(independent on the return period).
Considering the future increase in evapotranspiration for both
winter and summer seasons, a sensitivity analysis was carried out to

understand which meteorological variables are responsible for the
evapotranspiration increase projected by the CMIP5 GCMs. In order to
explore the possible causes behind such increase in evapotranspiration
by the CMIP5 GCMs, the CMIP5 GCM evapotranspiration changes due to
change in each meteorological variable were studied based on the
output of the climate model with the highest evapotranspiration change
(i.e., GFDL-CM3 model's data under RCP8.5 scenario). The results are
presented in Table 5. As the results indicate, an increase in mean
temperature is responsible for about 60% and 57% of the observed
changes in evapotranspiration in the winter and summer seasons,
respectively. An increase in solar radiation is the other main factor associated with the increased evapotranspiration. The contributions of
mean temperature and solar radiation to evapotranspiration change
are also evident in Fig. 13. The changes in evapotranspiration are
moreover highly inﬂuenced by changes in maximum and minimum
temperatures especially during the winter season. The effects of the
other meteorological variables on the evapotranspiration changes
except for relative humidity in winter are negligible. The insigniﬁcant
effect of wind speed on evapotranspiration in humid climates was also

Table 5
Percent changes in daily evapotranspiration (return period N 0.1 years) due to change in each meteorological variable based on GFDL-CM3 model's data under RCP8.5 scenario.

Winter
Summer

Mean temperature

Maximum temperature

Minimum temperature

Solar radiation

Relative humidity

Wind speed

Air pressure

59.72
56.74

17.68
12.48

15.29
7.94

14.97
24.30

−8.97
−1.13

1.53
−0.74

−0.29
−0.30

Fig. 13. Sensitivity analysis of evapotranspiration (ETo) change due to individual variables for winter and summer.
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Table 6
Estimated sensitivity coefﬁcients for air temperatures and solar radiation variables based
on GFDL-CM3 model's data under RCP8.5 scenario.

Winter
Summer

Mean
temperature

Maximum
temperature

Minimum
temperature

Solar
radiation

0.09
0.19

0.05
0.07

0.01
0.03

0.07
0.12

reported by Irmak et al. (2006) and Tabari and Hosseinzadeh Talaee
(2014). In general, it can be inferred that the main factors associated
with evapotranspiration increase are air temperature and solar
radiation. The sensitivity of evapotranspiration to mean temperature
and solar radiation variables is also investigated in terms of sensitivity
coefﬁcients (Table 6). The analysis indicates sensitivity coefﬁcients of
0.19 and 0.09 for summer and winter mean temperatures, respectively.
This means that a 10% increase in summer and winter mean temperature values, while other variables required for evapotranspiration calculation are held constant, may increase evapotranspiration by 1.9% and
0.9%, respectively. Furthermore, the obtained sensitivity coefﬁcients of
0.12 and 0.07 for summer and winter solar radiation imply that a 10%
increase in summer and winter solar radiation results in 1.2% and 0.7%
increases in evapotranspiration respectively, while all other variables
are held constant. The higher sensitivity coefﬁcients of solar radiation
and mean temperature compared with those of maximum and
minimum temperatures indicate the greater impact of solar radiation
and mean temperature on the evapotranspiration estimates.
4. Future water availability
Previous studies at the global scale based on the CMIP3 dataset indicated an increase in future water availability in high-latitude regions

Fig. 14. Inter-seasonal tracing of precipitation and ETo relative changes (averaged for return periods N 0.1 year) for the different RCP scenarios and for winter (top) and summer
(bottom) seasons. The medians are marked with dashed lines.

Fig. 15. Net rainfall for control period (1961–1990) and future period (2071–2100) of
CMIP5 GCMs, for scenarios that lead to high positive changes in winter and high negative
changes in summer.

(Milly et al., 2005; Arnell and Gosling, 2013), but what will happen for
different seasons at the regional scale on the basis of the new CMIP5
GCMs is unknown. Hence, a seasonal water balance analysis was
conducted to investigate whether Belgium will move towards increase
in precipitation excess in winter and decrease in precipitation excess
in summer. This was done by calculating change factors (change from
control to future conditions) from the CMIP5 results for precipitation
and ETo, and applying these change factors to the mean monthly precipitation and ETo values of the current climate conditions based on the
Uccle series (delta change method). The change factors were chosen
on monthly basis after checking the correlation between precipitation
and ETo changes and by seasonal tracking of the models that give the
higher-median-lower changes in speciﬁc hydrological conditions,
following the approach by Ntegeka et al. (2014) for tailored climate
scenario development. The results of the correlation analysis between
precipitation and ETo change are shown in Fig. 14. As the plots show,
there is no strong relationship for both winter and summer seasons.
For water balance analysis, scenarios were considered that lead to
high positive changes in winter and high negative changes in summer.
Hence, the factors were considered that correspond to high changes
for both precipitation and ETo for winter season months. For summer
season months, factors that correspond to high changes in ETo and
low changes in precipitation were selected. Afterwards, the mean

Fig. 16. Net rainfall deﬁcit throughout a year at the end of the century for the scenario that
leads to high negative changes in summer.
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monthly rainfall excess or net rainfall was computed by subtracting ETo
from precipitation. The results are as shown in Fig. 15 and illustrate that
the net rainfall is projected to decrease during summer and increase
during winter. The scenarios with the high CMIP5 changes project larger
decrease in net rainfall for the summer period. Therefore, severe drier
conditions may be expected during summer periods. It means the
total water available for runoff, soil water storage may change strongly
and subsequently ground water recharge (Schuol et al., 2008) may decrease strongly. Kumar et al. (2014) also showed a general decrease in
available water for dry seasons and increasing available water for wet
seasons for Western Europe.
The other analysis that was conducted on the net rainfall is obtaining
the net rainfall deﬁcit throughout a year (starting at the dry season
months) by the end of the century. The results are shown in Fig. 16,
using data similar to Fig. 15. As can be seen, the projections by the
higher scenarios of the CMIP5 GCMs indicate that the cumulative
water shortage is equal to zero during January, February and March,
while during the summer season it can go up to about 200 mm.
According to this ﬁgure, the impact of this water shortage is projected
to affect consecutive six months out of the year and the compensation
during the winter months may be much less in the future. Okazaki
et al. (2012) reported decreases in future water availability in Western
Europe with excepted higher increase in evaporation compared with
precipitation.
5. Conclusions
This paper presents an assessment of the possible impact of climate
change on water availability for central Belgium. Precipitation, potential
evapotranspiration and water availability were analyzed using the
historical simulations for the period 1961–1990 and the future projections for the period 2071–2100 from the CMIP5 GCMs under the
RCP2.6, RCP4.5, RCP6.0 and RCP8.5 emission scenarios. The results
show for most models a decrease for number of wet days and mean
monthly precipitation for the summer season and an increase for the
winter season. For potential evapotranspiration, an increasing trend is
projected for both winter and summer seasons. The results also indicate
that the water availability for the late 21st century is expected to
decrease for summer and increase for winter. In other words, wet
season will get wetter and dry season drier, resulting in an increased
risk of summer droughts and winter ﬂoods in the region. During the
summer season, the cumulative water shortage can go up to about
200 mm. This is of high concern particularly for the Flanders and
Brussels region of Belgium that is highly vulnerable to reduced water
availability because of high population density. It therefore requires
attention by the responsible authorities.
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