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Figure 54: Change in GHG due to the high impact 
climate change scenario for 2100, with respect to 
the current condition. 

 

Figure 55: Change in GLG due to the high impact 
climate change scenario for 2100, with respect to 
the current condition. 

 

Figure 56: Change in GHG due to the low impact 
climate change scenario for 2100, with respect to 
the current condition. 

 

Figure 57: Change in GLG due to the low impact 
climate change scenario for 2100, with respect to 
the current condition. 

 

 

7.2.4 Impact of land-use and climate changes combined 

Figures 60 and 61 illustrate the combined impact of land-use and climate changes. Both scenarios 

assume the RR30 land-use change. Fig. 60 assumes the low impact climate change scenario for 2100, 

Fig. 61 assumes the high impact climate change scenario for 2100. Comparing figures 60 and 61 with 

the previous figures respectively 54 and 55, shows that they are very similar whether or not land-use 

changes occur. 
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Figure 58: Average groundwater head difference between reference scenario 2005 and the scenario 
with land-use change RR30 and low impact climate change 2100 

 

 

Figure 59: Average groundwater head difference between reference scenario 2005 and the scenario 
with land-use change RR30 and high impact climate change 2100 
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8 Conclusions 

The impacts of human activities on water resources occur mainly through changes in land-use and 

climate. Those changes affect regional hydrologic balance by altering runoff, soil moisture storage, lake 

levels, aquifer levels, stream flow, and water quality (York et al., 2002). These alterations in turn can 

cause floods, draught, water supply stresses, ecological imbalance and shift in plant species. Therefore, 

there is a need to address these issues in order to combat possible threats posed on water resources at 

a catchment scale. 

The aim of this project is to investigate the sensitivity and effects of future land-use and climate 

changes on the groundwater resources. A modelling approach that integrates available land-use and 

climate change scenarios into a groundwater flow model was followed in this study. This approach 

comprises a coupling of the hydrological model WetSpa and the groundwater flow model MODFLOW. 

The WetSpa model is capable of simulating the water balance components as well as spatially 

distributed hydrological processes at any given time step. This makes the model a powerful tool for 

impact assessment studies. Groundwater recharge calculations of WetSpa are integrated in the 

MODFLOW model along with river profiles and drain heights to study the groundwater system over time. 

For the Kleine Nete catchment the WetSpa model simulates high flows satisfactorily by capturing most 

of the peak discharges, while low river discharges are simulated fairly well. In general, most of the river 

discharge consists of surface runoff and groundwater drainage, while the contribution of the interflow is 

much less due to the low slope angle of the catchment. 

Satisfactory calibration results for the Kleine Nete MODFLOW model were achieved with respect to 

observed groundwater levels. The model also simulates the groundwater level fluctuations rather well. 

Inflow to the groundwater system mainly comes from precipitation, and a small amount from infiltration 

from canals, lakes and rivers. The sandy nature and shallow groundwater depth of the aquifer allows 

water to flow in and out of storage with relative ease, resulting in large variations in baseflow between 

summer and winter. This implies that changes in climatic conditions that alter the precipitation and 

potential evapotranspiration, can easily affect the groundwater levels, storage and drainage to the 

rivers. 

Two climate change scenarios were fed to the Kleine Nete WetSpa model: a scenario which is expected 

to have a high impact and a scenario with a low expected impact on the hydrology. For the high impact 

scenarios WetSpa predicts a significant increase in total river discharge during winter and spring, while 

in summer the discharge will decrease. The same trend is observed for the low impact scenarios but 

with milder changes in comparison to the current condition. Also land-use changes were introduced into 

the WetSpa model. With regard to the total discharge, the impact of the land-use changes is low. 

Simulated hydrographs show that the land-use changes influences only the peak discharge, which 

increase slightly. 

The transient groundwater flow model for the Kleine Nete simulates groundwater heads and flows for 

every 50 by 50 m pixel in the basin every half a month. The average groundwater head for the 

reference scenario shows that only at the upstream basin boundary and on the Campine ridge the 

groundwater depth sinks below 5 meters from the soil surface. The average spring, lowest and highest 

groundwater level (GVG, GLG and GHG) give an indication of the dynamic groundwater characteristics. 

Results show that the average groundwater depth is very similar to the GVG. The GHG minus GLG gives 

an indication of the dynamics of the groundwater level. Near the basin boundaries the groundwater level 

is more dynamic than within the basin. Near the rivers the groundwater level is most stable. The 

groundwater discharge map shows a high groundwater discharge into most of the major rivers (mostly 

between 50 and 200 mm/day). Groundwater discharge zones next to the river have a much lower 

discharge (mainly below 20 mm/day).  

First the impact of land-use changes on the groundwater system is investigated. Comparing average 

groundwater head changes indicate that at many places in the basin a local increase in groundwater 

head is predicted. At the upstream end of the basin the average groundwater head decreases in some 

areas. The changes in average groundwater head are relatively similar for all investigated land-use 

change scenarios. Looking at the groundwater discharge zones the investigated land-use change 

scenarios generally result in a small change, generally lower than 1 mm/day. The land-use separation 

scenarios (RS30) seems to result in less zones with a groundwater discharge decrease compared to the 

land-use integration scenarios (RV30 and EV30), although the differences are very small. Analysing the 

impact of the land-use changes on the GLG and GHG, a small decrease in groundwater depth (generally 

less than 1 cm) is noticed in both cases assuming the RR30 future scenarios. 
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The impact of the climate changes on the average groundwater head is much more profound than the 

impact of the land-use changes. For the low impact scenario the average groundwater head changes are 

still relatively moderate, up to 20 cm higher or lower, for the high impact scenario the groundwater 

head can rise up to more than 1 meter. The high impact scenario predicts the highest increases near the 

basin boundaries or near the Campine ridge. Both the GLG as the GHG decrease in depth below the soil 

surface with the high impact climate change scenario. For the low impact climate change scenarios the 

changes in depth are much less and can be both up- or downwards. 

For the scenarios we have analysed, the simulations show that the water balance of the catchment is 

more sensitive to changes in climate conditions than to land-use changes. 
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