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ABSTRACT

Each national groundwater monitoring well showed distinct change patterns in groundwater levels and electrical
conductivity (EC) in the Nakdong River Estuary, implying different external forces (EFs) on each well. According to the
annual average data in 1997-2020, seawater was invaded into Well C. The desalination rate of —1,062 pS/cm/year represents
the adaptive capacity of the well to seawater intrusion. The water levels and EC in Well E responded to precipitation,
indicating the low absorptive capacity to climate changes. Meanwhile, Well B showed constant increases in water levels,
suggesting that problems by rising groundwater should be considered in the study area where confined aquifers are overlaid
by clay aquitards. The other wells showed consistent water levels and EC, indicating resilience to EFs. Here, resilience is
the capacity of a well to resist changes by EFs, including the absorptive and adaptive capacity. The resilience of Wells E and
F to climate changes was quantitatively compared using a resilience cost (RC). The RC showed Well F was more resilient
than Well E, and the bedrock aquifer was more resilient than the alluvium aquifer, supporting the usefulness of RC. The
resilience assessment against EFs (e.g., changes in land use and climate) helps sustainable groundwater management.
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Table 1. Components for resilience assessment in various research fields

System External force

Measurement of changes in system performance (SP)

Reference

Sequencing of the 16S
rRNA amplicon, shotgun metagenomics

Soil microbial

Jiao et al. (2019)

.. Soil contamination
communities

Microbial biomass, CO,, hydrocarbon

Franco et al. (2004)

Metagenomic DNA extraction, taxonomic profiling Patel et al. (2016)

Groundwater recharge, groundwater level

Shrestha et al. (2020)

Groundwater Climate change

Precipitation, recharge

Cuthbert et al. (2019)

Effective porosity, saturated thickness

Climate change

MacDonald et al. (2011)

Groundwater storage, permeability of aquifers

Groundwater (Borehole)  Contamination

Concentration of pollutants

Withdrawal

Yu et al. (2021)

Groundwater level

Region Natural hazards

Losses, recovery costs

Yu et al. (2015)

Baekdusan Mountain

Country (South K . .
ountry (Sou orea) eruption scenarios costs

Direct and indirect losses, health damage, recovery

Yu et al. (2016)

Water supply of urban Urban growth, climate
Africa change

Aquifer productivity potential

Foster et al. (2020)

Petrochemical

. Hurricane
supply chains

Market value of production, recovery costs

Vugrin et al. (2011)
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Fig. 1. Locations of monitoring wells (national (A to F), supplementary (n=28), rural (I, II) groundwater, and seawater intrusion (III)) and
monitoring stations for tidal levels (Busan, Busan (New port), Gadeokdo), surface water levels (Gupodaegyo, Sinpyeongdong), and
weather (Busan): (a) Shaded relief map, (b) Topographic map. D indicates the Yangsan fault, while 2) indicates the Nakdong River. In
(b), the location of Nakdong Estuary Barrage is displayed, while a, b, and ¢ represent three supplementary groundwater monitoring wells

close to Well B.
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Table 2. National groundwater monitoring wells within the study area

Mean + standard deviation (min-max)

Well Type . Year (?f Elevation  Drilling depth of annual average data in 2005.-2020 (n=16').
installation (EL, m) (m) Groundwater level (EL, m) Electrical conductivity
(EC, pS/cm)
A Bedrock 2004 9.88 70 é:ig f gég) (127591 Ni 33592)
B Bedrock 1995 5.00 70 (:éég - 3:32) (2‘;462 = 59441)
C Bedrock 2004 542 70 (&1?91 f 1 6??3) (;’lé;;lizi:gg;)
DY Bedrock 2003 58.90 70 ( 555 9778 Ni 503'.2095) (231359 Ni 45177)
E Bedrock 1997 141.28 168 a (1)(2)2.?9Ni1 (1)62‘])1) ( 431429 Ni 52186)
F-b Bedrock 2004 114.60 70 a (l)g%(l)SNilg.;ég) (;3236f 43859)
F-a Alluvial 2004 114.62 10 (11110()"0683 Ni 1()1?607) (233285 j: 44282)

Y no data in 2019-2020
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