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The Importance of Groundwater in Response to Global Environmental Change
Seong-Taek Yun Professor, Korea University

Session1 | Acceleration towards Global Groundwater

The Future Value and Water Management Partnership of Groundwater
Kristof Vandenberghe Chief of Earth Science and Geoparks Section, UNESCO Global Geoparks Secretariat

The Importance and Sustainability of Groundwater in Mongolia to Overcome Water Problems
Buyankhishig Nemer Professor, Mongolian University of Science and Technology
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Francis Chiew Hydrology Group Leader, CSIRO Australia

Value of Groundwater in Malta Island Sustainable Groundwater Management
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The Importance of Sustainable Groundwater in
Response to Global Environmental Change

In many countries around the world, groundwater is the
largest source of readily available freshwater supply. Around
5 billion people worldwide depend on groundwater. More
than 70% of extracted groundwater is used for irrigation, and
groundwater supplies approximately 80% of domestic water
needs in many countries. This dependence on groundwater
is expected to increase further in the future due to land use
changes and population growth. However, problems with
groundwater resources and their vulnerability to pollution and
over—exploitation are increasingly recognized.

One of the biggest concerns is understanding and predicting
the potential impacts of future environmental changes on water
resources. In particular, global climate change is expected to
affect the hydrological cycle, altering surface water levels and
groundwater recharge to aquifers, resulting in a variety of
impacts on natural ecosystems and human activities. The UN
World Water Development Report (UNWWAP, 2016) projected
that the world could face a 40% global water deficit by 2030.
The water deficit is projected to increase with increasing global
temperatures, expanding urbanization, and population growth.
The Global Water Crisis is urgent and requires innovation to
identify, prioritize and accelerate global solutions. However,
knowledges are still lacking on how groundwater quantity and
quality will respond to climate change combined with human

activities. Nevertheless, water managers and policy makers
are recognizing the important role of groundwater resources in
meeting demands for drinking water, agriculture and industrial
activities, maintaining ecosystems, as well as mitigating the
impacts of climate change and human activities. One of the
important potential impacts of climate change on groundwater
is increased contamination by geological and anthropogenic
contaminants, which may be more evident in areas with
pronounced land use changes. In particular, climate change will
have a significantimpact on groundwater nitrate contamination,
which has become an urgent problem worldwide. If the use
of inorganic and organic fertilizers along with land use is not
managed sustainably, future climate change is expected to
have a serious impact on groundwater quality, especially in
agricultural areas. Considering the possible long-term impacts
on aquifers, protective measures should primarily focus on
prevention.

In this talk, we discuss the importance of groundwater in
water resource management and directions for sustainable
groundwater management in order to respond to future
environmental changes on a global or regional scale (especially
Jeju Island) such as climate change, land use change, and
population growth.
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Chief of the Earth Sciences and Geoparks Section. Before that he
was Chief of the Executive Office of the Natural Sciences Sector
of UNESCO and science advisor in the cabinet of the Director—
General of UNESCO.

Kristof joined UNESCO in 2011 in the Bureau for Strategic
Planning. He started his career in the Research and Development
Department of the Ministry of Agriculture and Fisheries of the
Government of Belgium and Flanders, and worked as a diplomat
representing the Flemish Government to UNESCO, the OECD
and the Council of Europe. He obtained a degree in bioscience
engineering at the University of Ghent.
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The Importance and Sustainability of Groundwater
in Mongolia to Overcome Water Problems

Mongolia is a landlocked country located in Northeast Central
Asia, between China and Russia. It is situated at a high
elevation, with an average altitude of 1580m above sea level,
and forms the transition zone between the great Siberian taiga
and the Central Asian desert. There is a great morphological
diversity ranging from hilly and flat plains to high mountains.
Due to the geographic conditions, the water resources of
Mongolia are limited and unevenly distributed around the
country. The total water resource of Mongolia is estimated
as 599km?®: 83.7% is in 3500 lakes, 10.5% in 262 glaciers,
and 5.8% in 3811 rivers. The total groundwater resource of
Mongolia is estimated to be almost 12km?3 (Surface Water of
Mongolia, 1999).

The climate of Mongolia is extremely continental with high
daily and annual temperature fluctuations and low precipitation.
The main annual precipitation ranges from less than 50mm in
the southern Gobi to more than 400mm in the mountainous
area of northwestern Mongolia. Surface water is vulnerable
to climatic conditions. Because of the variability of river flows
and the freezing of rivers in winter, groundwater is Mongolia’s
main water source for drinking and industrial water (Overview
of Mongolia’s water resources system and management,
2020). Eighty percent of the water consumed is provided from
groundwater. Groundwater is the most important water source
in the country. All socio—economical sectors depend on the
availability of groundwater for their activities.

Groundwater quantity and quality depend on the geological
setting of the country. The Geology of Mongolia reflects the
development of Central Asia between the cratons formed
at the end of the Archean. Basement complexes consist
of metamorphic and crystalline rocks of the Precambrian,
and mainly oceanic sediments and volcanic rocks of the
Paleozoic. Platform cover with “enclosed or covering layers”
of Permian, and Mesozoic or Cenozoic age. Most of the
groundwater supply is from Quaternary alluvial sediments
in the northern part. Where these do not exist or where the
recharge is inadequate, a large number of other aquifers are

being used. In a large part of the country, cretaceous deposits
are the most important aquifers—especially in the southern
part of Mongolia—as livestock herders depend on them.
Hydrogeological mappings with scales of 1:1,000,000 and
1:500,000 have been completed for the entire area. However,
due to an incomplete groundwater survey of groundwater
quantity and quality, hydrogeological mapping with a scale of
1:200 000 has not been done at the national level. We need to
formulate additional surveys and investigations to complement
the overall understanding and potential of the groundwater
system in Mongolia.

Water users of Mongolia are dependent on groundwater, of
which the flow and availability are inherently more stable than
that of surface water. The assessment of the groundwater
resources in Mongolia is important for enabling the planning
of economic and social activities. Monitoring, research, data
collection, and information management are highly dispersed
and poorly managed in the water sector. As populations
continue to grow and demands on water resources increase,
decision—makers face challenges in developing reliable sources
with sufficient water to continue to meet all the diverse needs.

At present, there are no fully developed integrated institutional
infrastructures on water management issues in Mongolia.
Also, different governmental ministries take responsibility for
water issues e.g. the Ministry of Nature and the Environment
is responsible for conservation and the Ministry of Agriculture
and Food is responsible for rural water supply. Water scarcity,
arising due to the gap between human demand for and
the availability of groundwater in the required quantity and
qualities, is the fundamental issue of the water supply and
sustainability in Mongolia.

Groundwater is a hidden resource largely out of sight, which
makes it difficult for society and decision-makers to be
engaged in developing solutions to groundwater-related
problems. Good management must be based on good science
(S&0 Paulo-Brussels Groundwater Declaration).
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Dr Francis Chiew has 30 years of experience in research,
teaching and consulting, and in science leadership and people
and project management. Francis joined CSIRO as a Science
Leader in Canberra in 2006, after a 15-year academic career at
the University of Melbourne. In the past ten years, Francis has
led 30—40 hydrologists working on water resources assessment,
forecasting and prediction, climate change adaptation, and
integrated basin management, in projects totaling more than
AUD$10m per vear.

Francis is highly regarded internationally for his specialist expertise
in hydroclimate and water resources and inter—disciplinary
research. Francis has received various awards including the 2022
Volker Medal from the International Association of Hydrological
Sciences (and UNESCO and WMO) for outstanding contributions
to hydrology, particularly the application of research for the
benefit of society. His research is widely adopted and cited (more
than 20,000 Google Scholar citations and h-index of 71).

Francis is a member of several global and national water expert
committees including lead author of the IPCC AR5 and AR6
assessment reports. More recently, Francis has led high impact
climate and water modelling initiatives and water resources

assessments in Australia, and collaborative projects and
consultancies in South Asia, China and South America.
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Climate Change, Water Resources Management,
and Groundwater in the Murray-Darling Basin, Australia

Dr Francis Chiew will deliver a talk on “climate change, water
resources management, and groundwater in the Murray—
Darling Basin, Australia”.

There will be three parts to the presentation. The first part
will provide an overview of surface water and groundwater
between
water and groundwater will be discussed, in particular the

characteristics  globally.  Differences surface
relative abundance in surface water data when compared to
groundwater and the regional and global nature of hydroclimate
compared to the more local scale of groundwater. Projected
changes to global and regional hydroclimate under climate
change will be discussed. Projected changes in precipitation
(drying in the Mediterranean, central America and mid-latitudes
of the Southern Hemisphere, and wetting in most other parts
of the world) will be amplified in streamflow, moderated
or enhanced by the increase in potential evaporation. The
interannual variability is also projected to increase, and this
will reduce surface water security but has little impact on

groundwater.

The second part will present key hydroclimate characteristics
in Australia and water resources management challenges in
the Murray-Darling Basin in southeastern Australia. Australian
hydroclimate is unique, with low runoff coefficient, high
interannual variability, and high sensitivity or response to
rainfall change, compared to elsewhere in the world. The most
significant hydroclimate trend is the declining streamflow in
southern Australia. This exacerbates the already complex
challenge of managing overallocated water resources in
the highly populated and important agricultural areas in
southeastern Australia. Water reforms and policy changes to
address climate change and water sharing between irrigation,
communities and the environment will be described.

The third part will discuss groundwater characteristics and use
in Australia. A groundwater assessment framework based
on resilience, stress and sustainability will be presented and
used to assess challenges and opportunities in managing key
alluvial aquifers in the Murray-Darling Basin. The framework
considers trends in observed groundwater levels, groundwater
recharge, groundwater extraction, sustainable limits, water
quality, connectivity to groundwater dependent ecosystems
and recharge/storage buffering capacity. The concept of
recharge elasticity to precipitation will be described and
projected climate change impact on diffused recharge will
be presented. Opportunities to enhance groundwater use,
through water banking via managed aquifer recharge and
through conjunctive management of surface water and
groundwater will be discussed.
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Dr. Michael Schembri is the Chief Policy Officer(Water) at the
Energy and Water Agency(EWA) within Malta’s Ministry for
Environment, Energy and Enterprise. In this role, he coordinates
the unit within the Agency responsible for the development and
implementation of national water management policies and the
development of national water management plans.

He also coordinates the policy supporting projects currently being
implemented by the Water Policy Unit, including the 17 Million
Euro LIFE Integrated Project on the optimisation of Malta’'s River
Basin Management Plan and a 21 Million Euro Cohesion Funded
project on the upgrading of the existing hydrological monitoring
infrastructure and the development of a nationwide awareness
raising campaign to inform the general public on the need to
conserve and use our water resources in a sustainable manner.

Dr. Schembri's academic background is in earth sciences and
the application of geographic information systems. He fulfils
the role of national representative on the Strategic Coordination
Group and also coordinates Malta's participation in the Common
Implementation Strategy working groups on the implementation
of the Water Framework and Floods Directive.

21



The 13" Jeju Water World Forum

eSS MIAHIZ R

SE} Mx|2] X[8H42] 7H
X|&7Hs3t K[t - 22| ot

Aot 4 8, B S 8 Y EFEATH2E S S5 Aloks AMF|20|A AHFSk= Xl fO A7 LU &
52+ Us T o AHO|H. SHUME X[6l+2 018 Aok= 7H2H| So| WS4 TRl 2k 515{ot0] 71&
ot =L = 25 60% Ol sHZeILt. SS Y= S5 Alotd 2| Ly /HMsH0F Sttt Xok+E FEot= HIE
35%%= Xlot-2| 0| 2 ol Eret 22 UHES 1S 22 Yifoks HI8E

2z

=
Cf W 27| W20 Kot B Melet =22 oS H]
U A e B YHORE AMORE BHE AFEH 80| t'e%“%*# Off St Ol X| 28| 7|E=22 HH, 54X2
M RFEOIM X[oke7t XA [l YAPEESEIL 00 M2k ed 2 1we| 25 Yife I Xlok0fM 22 &S FEoks A=

& SEHIM B2t PEXO 2 SSEX| SHARCE UEEHA| L HHS| 01I|—1II7F =

of WL Z 2 Wrsi=HUS(MSLA)AO| S4=7t ZEo}

Of X[ot OHEEHO| FAF G2tz EMF SR LE = Ko/t 38+ S59 LRE 5o = g+ X2lE =
ZO| EEHZ 7O 2= Rlof7t EU Aol et 2E 2 7] OiMs 20| H2 2 DIUEE S50 U2, "5&+ Xl

=2 T EIUC 70l ME +ES Fdotell gt HE0 A= HUHXIE 5
=

| 27t Qltt. MefA 23 ZHOIA 20t X[oteE A% At

|>|'

2 =
S S3=R9] 0 o= 3712t R0| Lot 2R 8 4 USH Al Aol Lot HIE L KLHXIE OM7A| &
MOZ SFSGI| CHE X5k 16320] EMSICE 7te Q8 B2, 0|2HE f5h 028 M2X A2E Sh= Alokre= 2S5l
T X2 SEEL 2240 U= Boole T t-SA2 SE0| O OFEoIL. Kot 5 &3 2|2 /Hdot0 Z7152 g
M XI&7Hset Kot Y42kl 80% Olds HERItt. 22H &t At Kot F& +& MO| S HFes L4 Ce=
O=F SEIO 2E M0 I 2l0f ATt & = U= Kooz, ofieH UiEA12| M 50| BOX|= ol FHIE BF7| 2
ot 0l Abe| 11 V| W20 H2 SZei= ZM0 X[ of .le3at0f ot 50| /7| Hap/t 42t Kok e 1+
Y SHZRE YUMo QoL #27H & O A2 8RO Hal0f 0IX|= 7tAIMR S 12fotH HS ==sf{0r &
Xok=SH(PA2 XIE 20 T Ol =250 2Mo= Hofst  ZH|0ILt,

HE{OICY. é‘ﬁli 19907 l= S8 Kok S5& B0t

Chop 2t 3 7[Bt 59f eld0] 55| =0t AE0[ SHERA

SE 4T IM': F2 R0 U SHU JACH NAAEA S

U222 K2 OUXIZ sE(dthe 4 A= PRI Xt

oS 28 &0l el = AOIC.

22



| Hofo| L3, XSt MZ22 O[2f |

Value of Groundwater in Malta Island
Sustainable Groundwater Management

Groundwater is undeniably a strategic resource of freshwater
for ensuring security of supply for our population, economic
activities and agriculture. Groundwater forms an important
part of the water resources used to address the national water
demand in Malta, accounting for over 60% of the total resource
base. Groundwater helps address around 35% of the public
water supply.

However, this resource has in the last decades suffered from
quantitative and qualitative pressures which have threatened
its status, and hence capacity for sustaining Malta’s freshwater
supply in the future. Over abstraction has resulted in the
intrusion of saline waters in the main mean sea level aquifer
systems, contributing to the gradual salinization of these
important groundwater reserves, whilst the leaching of surface
contaminants such as nitrates has resulted in almost all of our
groundwaters exceeding quality standards established under
EU Directives.

The Maltese islands sustain fifteen hydro—geologically distinct
bodies of groundwater of different sizes and typologies. By
far the two most important bodies of groundwater are the
mean sea level aquifer (MSLA) systems in Malta and Gozo
which together provide over 80% of the sustainable yield of
groundwater in Malta. These groundwater bodies practically
underlie all the islands and are relatively protected from surface
contaminants being located at sea—level and hence covered by
a deep unsaturated zone. The smaller perched groundwater
bodies (PA) which are more exposed to surface contamination
exhibit a poor qualitative status. These were utilized for public
groundwater supply up to the 1990's following which their
use was discontinued due to their particularly high content of
nitrates and other agrochemicals. This contamination resulted
in the loss for Malta of a reliable water supply which due to its
higher elevation could be sourced (produced) at zero energy,
since distribution would be only by gravity.

The total volume of groundwater abstracted from public
groundwater abstraction statins has also been progressively
reduced throughout the years to ensure the better
management of existing groundwater sources, but also
reflecting the general degradation in the quality of the aquifer
systems. Replacement of groundwater by desalinated water
comes at a cost for the national water utility, since the cost
of abstracting groundwater is significantly lower than that of
producing water from alternative sources such as sea—water
desalination. In terms of energy consumption, producing 1
cubic meter of desalinated water requires around 4 times the
energy required to abstract the same volume of groundwater.

Groundwater is an important component in the drinking water
blend, providing important minerals as well as reducing levels
of specific parameters in desalinated water, which would
otherwise require a more energy intensive desalination process
to ensure the achievement of the quality levels required under
the Drinking Water Directive. Hence from an operational
perspective the continued use of groundwater limits the cost
and the energy requirements to produce potable water and
therefore has a strategic role which needs to be safeguarded
for the future. Efforts are required to curb this downward trend
in the reduction of the storage capacity of these mean sea
level aquifer systems through the better management of
abstraction activities in order to achieve a balance between
the long-term rate of recharge and annual abstraction levels.
This is particular important with the tangible impacts of climate
change on the alteration of rainfall and groundwater recharge
processes.

23



The 13" Jeju Water World Forum

B MIAHIZ RS

MM 2
Session 2

LEH=HEANZ IS A

Dt 34l B2 ol

1=

[ ==

Trend of Bottled Water Market in Japan
and Sustainable Water Source Conservation Management

712AAL7 | DIALEA]
ME2| 22 0|IH|0| M At

Masatoshi Kawasaki
Principal Researcher, Suntory Global Innovation Center Ltd.

St
b B |

- (2005) W E CH5t 5t HiAL

>
o o

40 = <2 qu
L2 40
il
M
e
o
rx
HM
P
H
MHO
=
o
T
-
B~
2
>
i
-0
_O'ﬂ
=
Rl

LTS

Education
- (2005) Doctor of Agriculture, Kyoto University

Work Experience
- Principal Researcher, Institute for Water Science, Suntory Global
Innovation Center Ltd.

Professional Summary

| studied forest hydrology in the university. The title of my
doctoral dissertation is Hydrological and biogeochemical controls
on dissolved organic carbon dynamics in forested headwater
catchments. After graduation, | worked for Suntory Ltd. at the
Institute for Water Science, where | am engaged in the search
for water sources for new mineral water plants, groundwater
management at current factories, and the development
of methods to evaluate the effectiveness of water source
conservation.
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Trend of Bottled Water Market in Japan and
Sustainable Water Source Conservation Management

Water is a circulating resource and is unlikely to be depleted.
But why is there a water crisis? The reason is that we need
water when we need it, where we need it, and in the quality
we need. And to build a system to meet these needs requires
a great deal of investment, but water is extremely inexpensive
and cannot support such an investment. This is why we have
a water crisis. In addition, recent climate change has drastically
changed the spatiotemporal distribution of rainfall, with areas
that were originally dry experiencing increasingly severe
droughts, and areas that were originally wet experiencing
increasingly heavy rains. The water crisis is expected to
become even more severe in the future. Not only such long—
term changes, but also we face water crises during disasters
such as earthquakes and floods. This is equally true even in
advanced ocountries with well-developed infrastructures.
With this background, the Japanese bottled water market has
grown every time it faces the risk of some kind of disaster or
water supply stops. In addition to its attraction as a beverage,
there is likely to be a need for bottled water as infrastructure.
Furthermore, in recent years, there has been an increasing
demand for bottled water to reduce environmental impact.
This trend is particularly noticeable among Generation Z.

In this context, do we understand the meaning and impact
of using groundwater, and are we communicating this to our
customers and the local community? Our use of groundwater
causes some changes in groundwater balance. These changes
include increased recharge, decreased discharge, and lower
groundwater levels (reduced storage). It is not easy to actually
show with data how these changes occur as a result of our use
of groundwater. This is because the response of groundwater
is extremely slow. A water cycle model is a computer—
generated reproduction of the natural water cycle that can be
used to understand the current groundwater balance, predict
the future, and communicate the results to customers and the
local community in an easy-to—understand manner.

In this presentation, | will present an example of such an
approach in the Kumamoto region. Kumamoto is located in
a plant that produces Suntory’s mineral water, beer, and soft
drinks. The Kumamoto region depends 100% on groundwater
for its tap water source, and the local community is highly
interested in groundwater. We have developed a distributed
water cycle model and conducted sensitivity analysis to predict
what could happen to groundwater in this area. Based on
these results, we are working with local stakeholders to ensure
the sustainability of groundwater use not only for our own use,
but also for that of the local community. These approaches
have led to the acquisition of international certification, which
is given to activities that achieve responsible use of water
resources on a catchment. We, the Suntory Group, recognize
the importance of activities to protect water sustainability at
the catchment scale in order to continue to meet the needs of
our customers. | hope to expand the activities of companies to
work with local communities toward water sustainability on a
catchment scale.
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Trends and Forecasts of Vietham Bottled Water Market

Hoang Thi Thanh Thuy, Huynh Tien Dat, Pham Khanh Huyen | Hochiminh City University of Natural Resources and Environment
Email; thuyhoang.geo@gmail.com

The term “bottled water” in Vietnam can be divided into two large categories — mineral and purified types. However, in many
cases, customers do not differentiate between them, and “mineral water is the general term used for all types of bottled water.
Recently, bottled water has become popular and can easily be purchased everywhere, from sidewalk vendors, convenience stores,
supermarkets, and online shopping platforms.

The market for bottled water in Vietnam has been growing steadily over the past few years and has reached around $700 million
USD by 2022". Customers select bottled water for a variety of reasons, including “new life trend,” specific taste, convenience,
contamination—free status, and supposed health benefits. Both local and imported bottled waters can be found in Vietnam. In
another way, Vietnamese bottled water has been exported to several countries. There is, however, a significant disparity in market
share between the two types of bottled water. Purified water appears to be the most significant component, while mineral water
remains minor (Fig. 1a). In fact, the quality of Vietnamese mineral water is equivalent to that of imported foreign brands and even
better than alkaline water (Fig. 1b).

Figure 1: (8) Mineral and purified water production in Vietnam from 2005 to 2021?;
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In the future, the bottled water market will continue to be one of the most dynamic in Vietnam and is expected to register a CAGR
of 10% in 2032%. The drivers of the bottled water market differ significantly between urban and rural regions. The COVID-19
pandemic has influenced customers to become health—conscious, which is one of the major factors driving the growth of this
market in urban areas. In rural areas, the bottled water market develops primarily due to the limited infrastructure for tap water
delivery. In addition to that, consumers are manipulated by marketing campaigns that promote the “purity” of bottled water.
However, environmental issues concerning groundwater resources, such as groundwater withdrawal and land subsidence,
continue to be significant challenges for the Vietnamese bottled water sector. Mineral water and purified water must be extracted
from groundwater in a sustainable manner. Furthermore, better groundwater governance must be strengthened and integrated
into the national agenda.

1) https.//viracresearch.com/tong-quan-va-trien-vong-thi-truong-nuoc-giai-khat-viet-nam-nam-2022/

2) www.gso.gov.vn

3) TDS and HCO3 are shown in g/L

4) httos.//www.researchandmarkets.com/reports/5806819/vietnam-bottled-water-industry-research-report
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Yongcheol Kim received PhD (2004) in hydrogeology from Seoul
National University, South Korea. In 2003-2005, he researched
at CESEP (Center for Experimental Study of Subsurface
Environmental Processes) in Colorado School of Mines, Colorado,
USA as a visiting scholar and post-doctoral researcher. Since
2005, he has been a researcher at department of groundwater,
Korea Institute of Geoscience and Mineral Resources (KIGAM),
Daejeon, Korea. His research interests include volcanic island
hydrogeology, managed aquifer recharge, coastal aquifer
management, flow and transport in saturated/unsaturated
porous/fractured media, DNAPL problems, tracer tests and
hydraulic tests for site characterization.

He has many experiences in managed aquifer recharge (MAR)
since 2007 including the Jeju MAR project (2007-2011), MAR in
greenhouse complex (2011-2016), MAR with reclaimed water
(2019-2020). He also participated in the ASEMWWATERNet
project of EU FP6 and participated with the international advisory
board of MARSOL project as a MAR specialist. He invented a
unigue sensor for monitoring the dynamic change of freshwater—
salt water interface which is expected to be applied for early
warning system against salt water intrusion at coastal aquifer.
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Groundwater Conservation Management Technology
for Sustainability of Bottled Water

When meeting Jeju residents, | often receive questions
like “Aren’t you worried about groundwater depletion?”
Groundwater depletion is unsustainable, which reflects the
strong curiosity of Jeju residents about the sustainability of
their groundwater.

Groundwater sustainability is defined as development and use
of ground water in a manner that can be maintained for an
indefinite time without causing unacceptable environmental,
economic, or social consequences (USGS Circular 1186, 1999).
Groundwater is water that flows through subsurface geological
mediums, which can be composed of materials such as
volcanic rock, as found in places like Jeju Island, or limestone,
as in the case of Evian's source area. It can also be found in
metamorphic rock or in unconsolidated porous medium of
sand and gravel in glacial and alluvial sedimentary deposits.
Therefore, to understand the characteristics and physical and
chemical properties of natural mineral water, the characteristics
of the geological medium through which groundwater flows
must be taken into consideration.

Taking Jeju Island as an example, it is composed of volcanic
rock aquifers formed by over 100 volcanic activities in the
past two million years. These aquifers consist of alternating
layers of permeable and impermeable volcanic rocks, resulting
in high heterogeneity with limited spatial correlation. The
unsaturated zone, which is the part from the ground surface
to the groundwater table, is quite thick, causing rainwater or
melted snow that infiltrates the ground to take a long time to
reach the groundwater table. However, due to the overall good
permeability characteristics, the groundwater's overall flow
rate in Jeju is fast, resulting in shorter reaction times for water—
rock interactions. Consequently, the concentration of dissolved
ions is relatively low compared to other regions.

To sustainably utilize groundwater in Jeju Island, conservation
and management efforts are required at each stage of the
water cycle, including precipitation, infiltration and recharge,
surface runoff, submarine discharge, and evapotranspiration.
In the upstream areas, efforts may involve evaluating recharge
rates, managing potential sources of contamination in recharge

areas, and potentially applying artificial recharge techniques
as needed. Excessive groundwater use in downstream
and coastal areas can increase groundwater discharge
rates in upstream regions and induce seawater intrusion in
coastal areas, potentially leading to a reduction in available
groundwater quantity. Therefore, in downstream and coastal
areas, comprehensive management of groundwater pumpage,
spatial and temporal management of groundwater pumpage,
monitoring and prevention of seawater intrusion into coastal
aquifers, reduction of seawater intrusion through artificial
recharge, and monitoring and management of groundwater
usage in coastal aquaculture facilities are necessary.

The Samdasoo’'s water intake area, where is mountainous
region immediately downstream of the National Park
management zone, requires scientific assessment of the
depth and permeability characteristics of multiple aquifers,
elucidation of the water-rock interaction mechanisms for
the origin of Samdasoo’s water quality, optimized operation
methods for all the Samdasoo’s production wells, and utilization
of geothermal energy from the thick unsaturated zone. It is
imperative to engage in efforts towards carbon neutrality to
ensure sustainability in the face of global climate change. It is
high time to devote efforts not only to securing sustainability in
terms of quantity and quality but also to secure sustainability in
the context of global climate change.

Jeju Island was a water scarce island and securing water
was the top priority issue. To overcome the challenging water
utilization environment on Jeju Island, there has been a wise
culture of rainwater harvesting, such as ‘Chomhang.” Now, in
the face of the challenges posed by climate change, it is time
to develop and apply 21st-century Chomhang’ technologies
to secure sustainability in groundwater conservation and
management.
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Jeju Samdasoo Bottled Water Source Management Techniques
of Using Ensemble Artificial Intelligence

Groundwater, akin to surface water, constitutes a crucial
water resource. Investigating groundwater holds particular
importance in island regions where it predominantly caters to
water needs. This is exemplified in the case of Jeju Island,
where groundwater represents a substantial 96% of total
water consumption (Jeju Island Integrated Water Management
Basic Plan Report, 2022). Consequently, employing scientific
methodologies for groundwater management is pivotal to
ensure its sustainable and stable utilization. Notably, Jeju
Special Self-Governing Province Development Co.(JPDC)
employs artificial intelligence to conserve and manage the Jeju
Samdasoo groundwater source. This includes a meticulous
analysis of how water extraction impacts groundwater level
fluctuations in and around surrounding areas. Herein, we
present an overview of this research endeavor.

This research utilizes cutting—edge deep learning technology,
specifically the Long Short-=Term Memory (LSTM) model, to
meticulously examine the consequences of Samdasoo water
extraction on shifts in groundwater levels. This rigorous inquiry
focused on two observation wells in the nearby region. Through
the application of Al-driven learning, a thorough evaluation of
the predictive capacity of observed groundwater levels was
undergone. The outcomes of this assessment demonstrated
an impressive degree of fidelity, thereby validating the utility
of LSTM within this domain. Having established the enhanced
LSTM model, a comprehensive analysis of the effects of

water extraction on groundwater level fluctuations within the
immediate surroundings was conducted. This investigation
encompassed two distinct scenarios: one involving the
ongoing water extraction and the other postulating a cessation
of these activities. The empirical evidence underscored that
variations in groundwater levels were negligible under both
conditions. These findings are consistent with the conclusions
drawn from the 2023 Groundwater Impact Study and previous
research by Shin Moonjoo et al. (2020). Both studies assert
that fluctuations in groundwater levels around the Samdasoo
water source are predominantly influenced by temporal shifts
in regional precipitation patterns, rather than the volume of
Samdasoo water subjected to extraction.

A comprehensive analysis of Al research results in various
regions of the world over the past 20 years in managing
groundwater water levels by developing and applying
evaluation criteria to judge the adequacy of Al groundwater
level prediction results was then carried out. To ensure
objectivity and accuracy of Al prediction results, the Artificial
Neural Network (ANN) as well as a number of Al ensemble
models for predicting and managing groundwater levels
of water sources were developed. JPDC will continue its
endeavor to use scientific techniques to conserve and manage
the Jeju Samdasoo water source and surrounding areas for
secure and stable supply of useable water to its users.
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Won-Bae Park

Head of Center, Groundwater Research Center,
JRI(Ueju Research Institute)

st Education
. ol || CHEH AQ|ADS} HE -(1999) Ph.D. of Hydrology, Nagasaki University, Japan

(1999) L= LA [Ch3} 42425} it

- _ - (1996) Master of Hydrology, Nagasaki University, Japan

-(1996) Y= LIZEAY [Thst ~2|=F3f AA : : . -

( )& f_ MK -2t t - (1994) Master of Science, Jeju National University
- (1994) HIZ=CHSH O[SHAL

Professional Experience

A - (2023-) Head of Research Planning, Jeju Research Institute

- (2023-) =G SILELURE - (2020-) Deputy Director, Jeju Research Institute
- (2020-) HIEHTLY HEX[SIAME] MEE - (2020~-2023.8) Member of the Presidential Water Commission,
L i N | T “Ho

AT |:+ooq ol Rl Saialolols| 01 Yeongsan and Sumijin River Basin, Jeju Region
+(2020-2023.8) BAAETLRA K MiFH S22 ?{2e| #1H - President of the Jeju Chapter of the Korean Wetlands Society

Slen=IN[=lel PN RN L=IP, - Director of the Korean Society of Soil and Groundwater
- SRR |GREUBIZIE!S| O[A} Environment
. CHBHR[RIBIE| 30| 3% - Member of the Geolog|ca|_ Society of Korea

atioleie| =l0] 2o - Member of the Council of the Korea Water Resources
- etmpAtEstel 219 2l Association
- otetgutsts| Hal - Regular Member of the Korean Environmental Science Society
AAb Awards
(2022, BIRR[BIAEUEIZIBIE]) T|SAL - (2022, Korean Society of Soil and Groundwater Environment)

- _ o Technology Award

(2020, MiFetE)) siEd =2y - (2020, Jeju Society) Academic Award

(2017, EH4E) etASRA HEE - (2017, Ministry of Environment) Minister of Environment Citation
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Seho Hwang
Vice President, KIGAM
(Korea Institute of Geoscience and Mineral Resources)

sy Education
(1993) BRI EHT S2|EIA} HIAF - (1993) Ph.D(Exploration Geophysics), Hanyang University, Korea
_ _ _ - (1987) Msc.Eng(Exploration Geophysics), Hanyang University,
SIOFLHSH AFRI2SE A A
(1987) |__o H_—|J-|— |'|_o_—| _—| I' Korea
(1985) SIUTHSH K5t SHAL - (1985) Bsc.Eng(Mining Engineering), Hanyang University, Korea
P Professional Experience

- (2022-) Vice President, KIGAM

: -) BIRRAIRFUGITLY Bt
(2022-) B=ABXAHATH 23T - (2005~) Principal Research Scientist, KIGAM
2

(2005-) SH=AEAMHATH YU - (2013-) Professor, UST(University of Science and Technology),

- (2013-) Ztep7 SR TS e e M RAMES S} W Korea

- (2019-2020) BI=X| 22| S2|EA B3| BH|A} - (2019-2020) President, Korean Society of Earth and Exploration
Geophysicists

+4 Awards

-(2019) BHASAE BX - (2019) Minister of Environment Commendation

- (2018) 312X 22| S2|EIAIEE| BHaAL - (2018)Korean Society of Earth and Exploration Geophysicists,

Academic Award
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Giwon Koh
Gotjawal Research Director, The Gotjawal Trust of Jeju

K400 H 7t HZ=EO| X|SHRARR, shtets ) £2|X|E S0 Over the past 40 years, | have conducted research on Jeju Island’s
st OI71Z RIB5I0] 600] TO| SHS=2S dtEaiT CHiE 10 subsurface geologic structure, volcanic activity, hydrogeology,
; L etc., published over 60 academic papers and authored 10 books.
HE M3l H e HUEIRS ot & SiliE HZF=2X o .
== X 1S 20219 68 JAHNS o 2, M MEsie After | retired in June 2021, | am currently serving as the research
SHREAM HAAHOZ M S0|H, 'Y dHZ-MF = director of the Jeju Gotjawal Foundation, and | am active as a
RO E &F F0|C water management committee member for the Yeongsan River,
CH =

EX|E KATESUHQYS| FM2Q2(2004-2006)1 = Seomijin River, and Jeju area.
EYUXR|E 23HQI2(2010-2012) S U1, Z2=2|H
&(1999), el |&R+=Ed(2013), HFECE3EERE,
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Kang—kun Lee

Professor, Seoul National University

st

-(1992) O|= Purdue University BtAt
-(1986) MSLHSfi AA

- (1984) NS5t StAk

L

+(2020-) BK21 MEthetl X|tetd S ottt Tt

-(2018-) St=2tet7 | &5t e H3lA

- (2018-) Journal of Contaminant Hydrology, Editorial Board

- (2015-) (M)71A 2tst2is| @ X 7t A T O[At

- (1997-) IAHS(International Assoc. of Hydrological Sci.)
National Rep.

- (1993-) MEChaful Xflutattyst Xt atsis Aul4 £l

A TIA
ST

=g
+(2018) A2THt SfE 7y
(2011, 2016) =27 [HLIHEE Q44101 100M

Education

-(1992) Ph.D.Purdue University, USA

-(1988) M.S. Seoul National University
-(1984) B.S. Seoul National University

Professional Experience

- (2020~) Director, BK21 SNU School of Earth and Environmental
Sciences

-(2018-) Member, The Korean Academy of Science and Technology

- (2018-~) Editorial Board, Journal of Contaminant Hydrology

- (2015-) Member, KAOS Science Advisory Board)

- (1997-) National Rep. IAHS(International Assoc. Hydrological
Sci)

- (1993-) Professor, Seoul National University(SNU)

Awards

- (2018) Seoul National University Academic Research Award

- (2011, 2016) 100 Outstanding Research Achievements from
National R&D Program
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Sangkee Seo

Director-General of Rural Research Institute,
Korea Rural Community Corporation

== Education
- ZILCH5HT X|Gl48HA HEAL - Ph.D in Environmental Engineering, Kwangwoon University
M SCHEHD XIRIst AL} SEA} - M.S, B.S in Geology, Seoul National University
Professional Experience
a5 - (2022.1-) Director, The Geological Society of Korea(GSK)
- (2022.1-) CHBHX|RIBHS| O|A} - (1992.3-) Director-General of Rural Research Institute, Korea
- (1992.3-) BI2S0{E DA} O1TLSAS Rural Community Corporation

- (2020.10-2022.12) Vice President, The Korean Society of
Engineering Geology(KSEG)
- (2020.10-2022.10) Consultative Committee, Presidential
P Water Commission
- (2019.1-2021.12) Vice President, Korea Society of Soil and
Groundwater Environment(KOSSGE)

e

+(2020.10-2022.12) CHetX | ZBats] Helx
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