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In the Supplementary material, data and methods used to conduct the analysis proposed are described.  

Text S1.
Data 
[bookmark: _Hlk115716704][bookmark: _Hlk116121354]Groundwater level and specific conductivity data were collected in wells along the North Atlantic coast from Massachusetts to North Carolina (Fig. 1). We deployed wells, measuring both groundwater level and specific conductivity data, at different sites along the coast of the Delmarva Peninsula. Two wells were situated in a sandy beach in Chincoteague Bay (DE), one well was situated in a marshland in Delaware Bay (DE), six wells were placed in a coastal forest in Hog Island Bay (VA) (Nordio and Fagherazzi, 2022; Fagherazzi and Nordio, 2022), and two wells in the coastal forest in Chesapeake Bay (MD). CTD (Conductivity- Temperature- Density) sensors, inserted in each well, collected water pressure, temperature and conductivity values of the water column at a frequency ranging from 15 min to 1 hr. Atmospheric pressure, measured in external baro-loggers and ground surface elevation on NAVD88, were used to compensate CTD water pressure and to georeference groundwater elevation. A temporal window between October 9, 2019 and October 15, 2019 was selected to analyze the effects of tropical storm Melissa on groundwater levels and specific conductivity. Data from the two wells in Chesapeake Bay (MD) are considered only from 10th October 2019 because of gaps in the dataset. To expand the study to a regional scale, we analyzed groundwater level data measured by USGS (United States Geological Survey) stations (Carr and Guntenspergen, 2020 and U. S Geological Survey, 2016). Nine stations were chosen where a groundwater level increase was detected in the studied temporal window (Fig. 1).  The stations were located in forests, urban areas, urban green spaces and marshes.  Distance from the coast, ground elevation, well depth, and soil composition of each station are reported in Table 1 (Supplementary material). Ground elevations in correspondence of the wells were obtained in the field with RTK (Real Time Kinematic) instruments, from Digital Elevation models, or from USGS data. The shortest distance from the ocean, estuary, or nearest tidal channel was calculated using satellite images uploaded as base maps in QGIS (Quantum Geographic Information System). Well depth was measured in the field or reported by USGS.  Soil composition data were provided by United States Department of Agriculture (USDA). We defined ‘artificial soils’ the soils classified as udorthents and teetotum loam, found in urbanized areas. These soils are quite coarse and encourage water drainage.
Increases in groundwater levels might be associated to rainfall events. Rainfall data were collected from NOAA (National Oceanic and Atmospheric Administration) and NERR (National Estuarine Research Reserve) stations within 70 km from the deployed wells. During the selected temporal window, stations in Wellfleet (MA), Barnstable (MA), Westerly (RI) and New York (NY) (Table 1, Supplementary material) were affected by significant rainfall events. Rainfall data recorded by the NERR Waquoit station (Site code: WQBCHMET) (MA) suggest cumulative rainfall peak of 2.5 cm on October 12, 2019. The NOAA station at Westhampton Gabreski Airport (NY) (Site code: USW00014719) measured a peak of 4 cm of rainfall on October 9, 2019. Since the rainfall data were location-dependent, we could not fully assert that the increase in groundwater level was partly triggered by a storm surge event at these stations. Moreover, conductivity data, that could help identifying storm surges, were not available at the USGS stations. Thus, we decided to run a second analysis by removing the USGS stations where the cumulative rainfall amount was higher than 2 cm (Fig. S1a-b, Supplementary material).
[bookmark: _Hlk116121402]The maximum increase of 109 cm in groundwater level was observed at 81 m from the coast and 1.86 m on NAVD88 in a 3.38-meter depth well located in a sandy beach in Chincoteague Bay (MD) (Table 2, Supplementary material). In Hog Island Bay (VA), the increase in groundwater level displayed a negative trend with distance from the closer creek and ground surface elevation (Table 2, Supplementary material). This could be due to the geomorphology of the area; the well is located in a subtle depression where salt water can pool. Here the soil is mostly clay in the first 1-m layer (Table 2, Supplementary material).  At only these sites, we observed an increase in groundwater level and specific conductivity that was greater for high-elevation locations far from the ocean. Wells installed here, differently from the others, were screened until the top of the case. This configuration allowed to better represent the soil pattern, characterized by macropores. The macropores are mostly due to the presence of roots and a very dense understory vegetation. In particular, in forest sites closer to the marsh and more affected by storm surge events, strong winds uproot dead trees, encouraging the formation of macropores in the soil. These pores, along with pores created by living tree roots and understory vegetation are considered preferential paths for water flow. Moreover, in this site, tests to determine infiltration rate and saturated hydraulic conductivity were done using a Guelph permeameter. Rates of infiltration between 3x10-5 m/s and 8x10-5 m/s for the clay soil layer and 2x10-4 m/s for the surface layer and hydraulic conductivities ranging from 5.97x10-6 m/s to 1.03x10-5 m/s for the clay layer and 5.91x10-3 m/s for the surface layer were estimated. These high rates of infiltration and hydraulic conductivities (Bilardi et al. 2020) could be representative of a soil with microporosities (Beven and Germann, 1982; Bouma 1982; Colloff et al. 2010; Pittman et al. 2020). A 3-meter deep well in a Delaware marsh, 53 m away from the closest tidal channel, saw an increase of water level of 57 cm. Although there was no significant correlation between groundwater increments or specific conductivity levels with well depth, wells at relatively shallow depths tended to reach higher groundwater levels and specific conductivity values in comparison to deeper wells (Table 2-3, Supplementary material).   
Water levels reached during the Melissa storm were analyzed to define the return period of similar medium intensity storm events. Verified and astronomical NOAA data from 2009 to 2021 were considered to calculate return period for each storm surge in different stations along the North Atlantic coast (Fig. S6, Supplementary material). In the Delmarva Peninsula, storm surge values reached during Melissa were the maximum value of 2019. In these stations return period of Melissa storm surge was around 1.5-2 yr. Stations located in the Northern part were affected by similar events more frequently (~1 year). 
 
Text S2.
Methods
[bookmark: _Hlk115714938][bookmark: _Hlk115714038][bookmark: _Hlk115715248]Increases of groundwater level and specific conductivity in the selected temporal window were determined using a R-studio code, together with peak, initial and end values (Table 2-3, Supplementary material). These parameters were related to ground elevation, distance from the coast and well depth (Fig. 2, S1, S2, S3, S4, Supplementary material). Wells in the different study sites were classified as subjected to ‘flooding’ and ‘no-flooding’. Storm surge effects can be felt from above (‘flooding’ areas), causing flooding and seawater vertical infiltration or from below, causing an upward seawater intrusion (‘no-flooding’ areas). In the coastal areas at lower elevations, storm surge events usually flooded the sites. If only flooding locations are considered, the relationship between increase in water level and distance to the shore is not significant. This is because flooding promotes vertical infiltration and therefore increases the variability in groundwater levels as a function of soil characteristics and flooding period. First, a linear regression analysis was performed considering groundwater level and specific conductivity data as dependent variables, while ground elevation, distance from the coast and well depth were independent variables. Both variables were logarithmically transformed to correct non-parametric distributions. Regression analysis between the increase in groundwater level and well depth did not provide a significant result (Fig. S2, Supplementary material). The same occurred for analysis of specific conductivity as a function of distance from the coast, and ground surface elevation as a function of well depth (Fig. S3, S4, Supplementary material). Second, a multiple regression analysis was conducted on the variables that were significantly correlated. A logarithmic model with groundwater level increase as a function of elevation and distance from the ocean was run (Table 4, Supplementary material). Determination coefficients were significant for both models even if the coefficient referred to elevation in the analysis on the whole dataset was likely affected by multicollinearity. This could justify the high p-values (Table 4, Supplementary material). Third, data were represented using boxplots. For groundwater level, peaks and post-storm values respect to pre-storm values were compared. For groundwater specific conductivity, pre-storm and post-storm values were analyzed. Finally, the recovery timescale was calculated for both groundwater level and specific conductivity. This timescale was defined as the time required to reach the value of groundwater level or specific conductivity before the storm surge, supposing that no additional external inputs occurred. In reality, evapotranspiration, rainfall events and other additional external inputs might slow the recovery process. The recovery time was determined considering a linear decrease of groundwater level and specific conductivity data in time. Although the wells were put at different depth below ground surface, elevation and distance from the coast, time to recover for groundwater levels across the stations was quite similar. Recovery time for groundwater specific conductivity was calculated in the available shallow aquifers.  The marsh site located in Delaware Bay DE (Table 1, Supplementary material), is considered an outlier both in terms of groundwater level and specific conductivity recovery timescale. This is probably due to its position in a marsh, different from the other sites. 
Recovery time for both groundwater level and salinity, as well as pre-storm and post-storm values of groundwater specific conductivity were compared using a paired t-test. A one sample t-test was used to test if post-storm groundwater level values respect to pre-storm values were significantly different from zero. Time to recover the groundwater level was not statistically different according to sediment types (Fig. S5, Supplementary material). This was likely due to the physical, ecological and hydrogeological settings characterizing the stations. 
An additional analysis was done to compare Melissa storm effects on groundwater system with those due to more catastrophic events (Fig. 5). Data from previous research where were used (Anderson 2002; Terry and Falkland, 2010; Cardenas et al. 2015; Vithanage et al. 2012; Van Biersel et al. 2007; Sawyer et al. 2014; Hedgespeth et al. 2021; McDowell et al. 1996; Kiflai et al. 2020; Wachnicka et al. 2020; Williams 1993). In particular, consequences of hurricanes of category 1 ,3, 4, at the landfall, typhoon and tsunami were investigated. A ratio between recovery time and return period of the storms was calculated. Return period was defined accordingly to Keim et al. (2006).
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 Figure S1: Increase in groundwater level during Melissa vs distance from the coast (a) and ground elevation (b). Stations where cumulative rainfall amount is higher than 2 cm between 11th and 14th October 2019 were removed from the analysis. Shaded areas represent 0.95 confidence interval.
Fig. S2.
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Figure S2: Increase in groundwater level vs well depth between 11th and 14th of October 2019. In (a) all stations collecting groundwater level data are considered while in (b) only stations where cumulative rainfall is lower than 2 cm. In both (a) and (b) values are represented as logarithmic.
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Figure S3: Increase in groundwater specific conductivity vs distance from the coast (a), elevation (b) and well depth (c). 
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Figure S4: Peak in groundwater specific conductivity vs distance from the coast (a), elevation (b) and well depth (c). 


Fig. S5.
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Figure S5: Recovery time for groundwater level after the Melissa storm as a function of different soil characteristics independently from site type, elevation and depth. According to USDA classification, silt and clay soil, with diameters smaller than 0.05 mm, are classified as fine soils. Soils with larger diameters are defined coarse.

Fig. S6.
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Figure S6: Return period calculated for different storm surge values in NOAA stations. Stations are identified using identifier number and country where they are situated. X-axis is in logarithmic scale.  

Table S1.
Table 1: Characteristics of the sites. USGS stations are identified using their site code (U. S. Geological Survey, 2016).
	Location
	Site name
	Site code
	Site Type
	Latitude (°) WGS84
	Longitude (°) WGS84
	Distance from the coast (m)
	Ground surface elevation on NAVD88 (m)
	Well depth below ground surface (m)
	Data acquisition time interval (mins)
	Main soil compostion

	[bookmark: _Hlk78103058]Wellfleet 
(MA)
	MA-WNW 159-0012
	415552070031702
	Forest
	41.9311
	-70.0547
	307
	1.018
	3.594
	15
	clay
(fine sediment)

	Barnstable
(MA)
	MA-A1W 306
	413930070190901
	Forest
	41.6584
	-70.3186

	2875
	16.185
	9.936
	15
	sand
(coarse sediment)

	Westerly
(RI)
	RI-WEW 522
	412154071462901
	Cropland
	41.3651
	-71.7742

	4085
	13.429
	4.877
	15
	sand
(coarse sediment)

	New York
 (NY)
	S 8833.2
	405756072173502
	Forest
	40.9657
	-72.2926

	2841
	5.815
	6.096
	15
	sand
(coarse sediment)

	New York 
(NY)
	S 6558.2
	405830072331502
	Urban green space
	40.9752
	-72.5539
	1500
	11.293
	13.716
	15
	udorthents loam
(artificial sediment)

	Leipsic
(DE)
	DE
	-
	Marsh
	39.1984
	-75.4445
	53
	1.220

	3.048
	15
	clay
(fine sediment)

	Isle of Wight (MD)
	WO Bh 89
	382325075063302
	Forest
	38.3710
	-75.0718
	228
	1.454
	152.4
	15
	udorthents loam
(artificial sediment)

	Ocean City (MD)
	WO Bg 48
	382215075041903
	Urban area
	38.3908

	-75.1091

	82

	1.282
	128.016
	15
	udorthents loam
(artificial sediment)

	Chincoteague Bay (MD)
	CT shallow
	-
	Sandy Beach
	38.3019
	-75.1098
	180
	1.443
	1.737
	06
	sand
(coarse sediment)

	Chincoteague Bay (MD)
	CT deep

	-

	Sandy Beach
	38.3016
	-75.1088
	81
	1.865
	3.383
	06
	sand
(coarse sediment)

	Chesapeake Bay (MD)
	CB1
	-
	Coastal Forest
	38.4304
	-76.2269
	387
	0.460
	-
	15
	clay
(fine sediment)

	Chesapeake Bay (MD)
	CB2
	-
	Coastal Forest
	38.4303
	-76.2268
	331
	0.406
	-
	15
	clay
(fine sediment)

	Hog Island Bay (VA)
	H5
	-
	Coastal Forest
	37.4652
	-75.8353
	505
	0.990
	0.880
	60
	clay
(fine sediment)

	Hog Island Bay (VA)
	H7
	-
	Coastal Forest
	37.4650
	-75.8348
	466
	1.028
	1.060
	60
	clay
(fine sediment)

	Hog Island Bay (VA)
	M1
	-
	Coastal Forest
	37.4647
	-75.8356
	409
	0.977
	1.085
	60
	clay
(fine sediment)

	Hog Island Bay (VA)
	M2
	-
	Coastal Forest
	37.4646
	-75.8353
	416
	1.022
	1.055
	60
	clay
(fine sediment)

	Hog Island Bay (VA)
	L1
	-
	Coastal Forest
	37.4639
	-75.8361
	300
	0.964
	1.050
	60
	clay
(fine sediment)

	Hog Island Bay (VA)
	L6
	-
	Coastal Forest
	37.4638
	-75.8356
	316
	0.991
	1.035
	60
	clay
(fine sediment)

	Virginia Beach (VA)
	62D 25
	 365307076055302
	Urban green space
	36.8853
	-76.0980
	801
	5.537
	21.946
	15
	tetotum loam
(artificial sediment)

	Virginia Beach (VA)
	63C 52
	365124075590703
	Urban green space
	36.8567
	-75.9854
	885
	3.709
	6.706
	15
	udorthents loam
(artificial sediment)


Table S2.

Table 2: Groundwater level variables analyzed.

	Site
	Peak (cm) on NAVD88
	Time of peak
	Starting value (cm) on NAVD88
	Ending value (cm) on NAVD88
	Increase on starting value (cm)
	Decrease on starting value (cm)

	MA-WNW 159-0012
	53.9
	10/13 4:15
	41.1
	50.3
	12.8
	9.2

	MA-A1W 306
	891.6
	10/12 18:30
	880.0
	882.1
	11.6
	2.1

	RI-WEW 522
	937.3
	10/12 17:00
	932.1
	935.1
	5.2
	3.0

	S 8833.2
	430.6
	10/09 15:30
	420.0
	416.0
	10.7
	-4.0

	S 6558.2
	135.9
	10/12 12:30
	131.3
	135.6
	4.6
	4.3

	DE
	109.0
	10/11 23:45
	52.0
	52.0
	57.0
	57.0

	WO Bh 89
	-235.6
	10/11 22:15
	-296.3
	-289.9
	60.7
	6.4

	WO Bg 48
	-93.4
	10/11 23:45
	-137.3
	-131.2
	43.9
	6.1

	CT shallow
	174.7
	10/10 18:36
	90.9
	140.7
	83.9
	49.8

	CT deep
	204.5
	10/10 18:00
	94.9
	142.0
	109.6
	47.1

	CB1
	80.7
	10/12 17:00
	40.8
	40.1
	39.9
	-0.7

	CB2
	87.5
	10/12 16:15
	47.2
	43.4
	40.3
	-3.8

	HB1
	115.8
	10/11 22:00
	35.3
	98.0
	80.5
	62.7

	HB2
	113.45
	10/11 22:00
	45.3
	93.2
	68.2
	47.9

	HB3
	118.93
	10/11 22:00
	82.4
	93.6
	36.6
	11.2

	HB4
	121.26
	10/11 21:00
	79.9
	94.3
	41.4
	14.4

	HB5
	124.91
	10/11 20:00
	90.5
	92.9
	34.4
	2.4

	HB6
	115.65
	10/11 20:00
	80.3
	83.3
	35.4
	3.0

	62D 25
	-2.0
	10/12 08:15
	-12.6
	-3.8
	10.6
	8.8

	63C 52
	24.6
	10/12 12:00
	4.8
	4.8
	19.8
	0.0



Table S3.

Table 3: Groundwater specific conductivity variables analyzed.

	Site
	Peak (mS/cm) 
	Time of peak
	Starting value (mS/cm) 
	Ending value (mS/cm) 
	Increase (mS/cm)
	Decrease (mS/cm)

	DE
	23.0
	10/12 00:00
	11.2
	11.2
	11.8
	11.8

	CT shallow
	38.0
	10/11 08:30
	13.4
	16.5
	24.6
	21.5

	CT deep
	49.5
	10/10 20:24
	31.1
	31.5
	18.3
	18.0

	HB1
	34
	10/12 07:00
	5.9
	29.0
	28.1
	5.0

	HB2
	34.8
	10/12 03:00
	7.3
	30.1
	27.6
	4.8

	HB3
	36.1
	10/12 00:00
	13.8
	34.0
	22.3
	2.1

	HB4
	40.7
	10/12 01:00
	13.7
	37.0
	27.0
	3.7

	HB5
	44.9
	10/11 23:00
	39.2
	42.7
	5.7
	2.2

	HB6
	47.0
	10/12 00:00
	26.9
	45.2
	20.1
	1.8



Table S4.

Table 4: Multiple regression analysis on groundwater level increase and elevation and distance.

	z=elevation, d=distance

	*P-value >0.05, *P-value <0.05, **P-value<0.01, ***P-value<0.001

	Dependent variable
	Independent variables
	Model
	Adjusted R2

	Groundwater level increase
(all stations)
	· Elevation
· Distance from the ocean
	5.99 (***)-0.34 d (*)-0.39 z (*)
	0.66 (***)

	Groundwater level increase
	· Elevation
· Distance from the ocean
	6.38 (***)-0.20 d (*)-0.50 z (**)
	0.71 (***)
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