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The motivation of this research was to evaluate the fresh groundwater resources in global coastal regions. The
main focus is the effect of global warming on coastal groundwater resources concerning the salinity intrusion in
coastal aquifers. Even though there were some researches on the effects of hydrological, geological aspects on
coastal groundwater resources, there are no integrated studies can be found in the literature. In this study the
integrated effect of global warming (i.e. climate change and sea level rise) and anthropogenic stress such as land
use change on coastal groundwater resources has been evaluated. Effect of groundwater recharge on the fresh
groundwater systems has been evaluated with respect to the combined effect of land use and climate change.
Effect of sea level change on salinity intrusion has been investigated considering two case studies. Finally the long
term effect of global warming on the fresh groundwater resources in global coastal regions has been evaluated
considering the future climate changes and sea level rise.

The numerical modeling of coastal aquifers has been performed based on sharp interface concept. A
numerical model has been developed based on sharp interface approach to evaluate the saltwater intrusion in
coastal aquifer systems. In solving the coupled, non linear partial differential, freshwater and saltwater flow
equations, the Strongly Implicit Procedure has been successfully utilized to achieve rapid convergence in finite
difference numerical scheme. This model helps to study the coastal aquifers for proper understanding of the
functioning of the hydro geological behavior of the aquifer systems regionally as well as globally. The sensitivity
analysis concludes that hydraulic conductivity is the main hydro-geological factor and groundwater recharge in
watershed areas is the main external factor affecting the salinity intrusion in coastal aquifers. The developed

model has been verified with observed groundwater salinity data in Southern coastal aquifer in Sri Lanka and Al

— 183 —




In order to introduce sustainable land use concepts, the consequences of land use change on hydrology
and coastal groundwater resources have been evaluated. To further investigate the factors affecting groundwater
recharge, a water balance technique has been employed in order to establish the groundwater recharge as a
function of annual precipitation, mean annual temperature, land use pattern and hydrologic soil condition. The
developed methodology will be very useful in areas with limited hydrological data. The ariélity index has been
introduced to represent the variations in precipitation and temperature scenarios. Results show that when the
aridity index is less than 22, groundwater recharge will be zero in all land use patterns. The effect of climate
change and land use scenarios show that when the aridity index is less than 60, agricultural lands give higher
groundwater recharge than the other land use patterns for all hydrologic soil conditions. It concludes that with
respect to groundwater recharge, agricultural lands are the best land use pattern in arid and semi arid areas. The
combined effects of deforestation and aridity index on fresh groundwater loss conclude that, deforestation leads to
increase the groundwater recharge and to increase existing fresh groundwater resources in areas having less
precipitation and high temperature (arid climates). The introduced methodology will be useful in ungauge basins
and in areas where limited hydrological data is available.

Analysis of the effect of sea level fluctuations on the movement of freshwater saltwater interface shows
that the impact of sea level rise is severe in areas having less groundwater recharge. Comparing two case studies;
Western American coast and Bay of Bengal region, the evaluation concludes that, even though the effect of sea
level rise is higher in high latitudes than mid latitudes and equatorial areas, the influences of the loss of fresh
groundwater resources is more severe in mid latitude and equatorial areas which has arid and semi arid climates
and large diversity of seasonal climate. Combined influence of the reduction in groundwater recharge and the sea
level rise further shows that there is an increase in the loss of fresh groundwater resources with the reduction of
groundwater recharge due to future climate change. These results suggest that sea level rise could be a significant
problem and hence it needs to be considered within the policy process in terms of miﬁgation as well as
adaptation.

Prior to global evaluation, the regional evaluation of the effect of climate change on the regional coastal
groundwater resources has been carried out considering different climatic regions; central America, Mediterranean,
North Africa, South Africa and South Asia. Among the selected five water resources stressed areas the inter
annual variation of loss of fresh groundwater resources highlight the complexity of the hydrological consequences,
but still indicate a rough increase in loss of fresh groundwater resources except northern Africa and Sahara region
which shows an increase in future precipitation. The correlation between the changes in climate variabies Versus
changes in loss of fresh groundwater resources may lead to poor results except the correlation between the
changes in precipitation and loss of fresh groundwater resources which indicates the high complexity of the
feedback of the climate change on the hydrological cycle at the regional scale. The correlation coefficients are
emphasized that the precipitation and temperature individually does not show a good correlation with loss of
fresh groundwater resources and the combined effect of precipitation and temperature via aridity index shows a
better correlation. The change in loss of fresh groundwater resources has been estimated using groundwater
recharges estimated using two different estimation procedures; the method of groundwater recharge estimation

using only precipitation and temperature as the climate variables and the detailed estimation of groundwater
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recharge using observed climate variables. Comparison of the results concludes that both methods lead to almost
‘similar results of fresh groundwater loss. Therefore, the proposed method, which uses limited hydrological data
.decided to be used for the global evaluation of coastal fresh groundwater resources.

) The global scale assessments of coastal groundwater resources are very limited because of the
lack of data and available methodologies are laborious, time consuming and costly. To overcome these problems,
je’m’approach based on sharp interface concept lias been introduced in this study. This approach has been applied to
assess global scale evaluation of coastal groundwater resources over the next century considering future global
warming scenarios. Even though the results give higher uncertainties, the relative variations of fresh groundwater
resources in different hydro-geological, climate and socio-economic regions helps to investigate the future
situation of fresh groundwater resources in giobal coastal regions. The results of the situation of coastal fresh
groundwater resources over the next century show that there will be a higher reduction in fresh groundwater
resources in the Central American, South American, South African and Australian regions whereas, most of the
areas in Asia and Europe show a medium reduction.

Further, future growth of population and increased demand for fresh groundwater will make the situation
more complex in most of the regions. The regional basis indications show that, even though the availability of
fresh groundwater is relatively higher in Asian region, the per capita fresh water resources availability is less. The
African region shows that the most of the coastal areas in Africa give higher loss in fresh groundwater resources
than any other regions in the world, but the per capita fresh water resources show relatively higher values in
African continent, which has low population density. Future situation of the coastal groundwater in Australia
predicts a reduction of fresh groundwater resources in all over the Australian coasts. The loss in fresh groundwater
resources may increase in north and west Europe with mixed results for other parts of Europe. Fresh groundwater
resources in north American coastal regions show that the central part of the America experiences a higher
reduction in groundwater recharge and related reduction in fresh groundwater resources. It further concludes that
the impacts of climate change will depend on the baseline condition of the fresh groundwater resources. Hence the
ability of water resources managers to respond the system is not only the climate change. The impacts on coastal
groundwater resources are extremely complicated and can depend on factors such as population growth, changes
in demands, water use patterns, land use activities and economic, social, and legislative conditions

The outcome of this research would assist the planners and decision makers to come up with control measures
for ongoing surface and groundwater developments activities in coastal regions, ensuring its long-term

sustainability in coastal groundwater systems.
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