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. We used a relationship between the water head and flux at the bottom of the soil profiles (the third-type boundary condition) to reproduce groundwater table fluctuations caused by recharge variability in time. The calculated daily recharge showed a decreasing linear trend for the last 20 years (0.05 -0.06 mm d -1 /10 years). The calculated water table fluctuations were in quantitative agreement with observations, confirming the utility of our modeling approach to predict the long-term trend in the water table position. We also found a decreasing trends in soil water content in the entire profile of vadose zone over the last 20 years.

Introduction

Accurate groundwater recharge estimation is essential in sustainable water management to protect the quantity and quality of water resources. This knowledge is required to quantify the safe yield of an aquifer in the hydrological balance of catchment [START_REF] Bouwer | Estimating and enhancing groundwater recharge[END_REF][START_REF] De Vries | Groundwater recharge: an overview of processes and challenges[END_REF][START_REF] Sophocleous | Combing the soil-water balance and water-level fluctuation methods to estimate natural groundwater recharge: practical aspects[END_REF][START_REF] Xiang | Quantifying dual recharge mechanisms in deep unsaturated zone of Chinese Loess Plateau using stable isotopes[END_REF]. The groundwater recharge flux also plays a significant role in the transport of contaminants because it determines the travel time through the unsaturated zone (e.g., [START_REF] Bero | Bromide and chloride tracer application to determine sufficiency of plot size and well depth placement to capture preferential flow and solute leaching[END_REF][START_REF] Selker | An engineering approach to fingered vadose pollutant transport[END_REF][START_REF] Sousa | A simple method to assess unsaturated zone time lag in the travel time from ground surface to receptor[END_REF][START_REF] Szymkiewicz | Estimation of Conservative Contaminant Travel Time through Vadose Zone Based on Transient and Steady Flow Approaches[END_REF][START_REF] Szymkiewicz | Evaluation of the influence of farming practices and land use on groundwater resources in a coastal multi-aquifer system in Puck region (northern Poland)[END_REF], directions of groundwater flow in shallow aquifers (e.g., Scanlon et al., 2002a) and particular groundwater intakes to health-related hazards. In the last decades, climate change has affected groundwater resources in many parts of the world (e.g., [START_REF] Gong | Modeling water table changes in boreal peatlands of Finland under changing climate conditions[END_REF][START_REF] Guevara-Ochoa | Spatio-temporal effect of climate change on water balance and interactions between groundwater and surface water in plains[END_REF][START_REF] Hu | Variations in soil temperature from 1980 to 2015 in permafrost regions on the Qinghai-Tibetan Plateau based on observed and reanalysis products[END_REF][START_REF] Hughes | The impact of climate change on groundwater recharge: National-scale assessment for the British mainland[END_REF][START_REF] Meixner | Implications of projected climate change for groundwater recharge in the western United States[END_REF][START_REF] Qiu | Drought impacts on hydrology and water quality under climate change[END_REF][START_REF] Rodríguez-Huerta | Water societal metabolism in the Yucatan Peninsula. The impact of climate change on the recharge of groundwater by 2030[END_REF][START_REF] Taufik | Exploration of the importance of physical properties of Indonesian peatlands to assess critical groundwater table depths, associated drought and fire hazard[END_REF][START_REF] Yifru | Assessing the Effect of Land/Use Land Cover and Climate Change on Water Yield and Groundwater Recharge in East African Rift Valley using Integrated Model[END_REF], and Central Europe is not an exception (e.g., [START_REF] Bormann | Assessing the soil texture-specific sensitivity of simulated soil moisture to projected climate change by SVAT modelling[END_REF][START_REF] Dams | Spatio-temporal impact of climate change on the groundwater system[END_REF][START_REF] Eckhardt | Potential impacts of climate change on groundwater recharge and streamflow in a central European low mountain range[END_REF][START_REF] Haidu | Long-term effect of climate change on groundwater recharge in the Grand Est region of France[END_REF][START_REF] Hattermann | Assessment of Water Availability in a Central-European River Basin (Elbe) Under Climate Change[END_REF][START_REF] Jaworska-Szulc | Impact of Climate Change on Groundwater Resources in a Young Glacial Multi-Aquifer System[END_REF][START_REF] Neukum | Impact of climate change on groundwater recharge in a small catchment in the Black Forest, Germany[END_REF][START_REF] Van Roosmalen | Regional Differences in Climate Change Impacts on Groundwater and Stream Discharge in Denmark[END_REF][START_REF] Wegehenkel | An assessment of the impact of climate change on evapotranspiration, groundwater recharge, and low-flow conditions in a mesoscale catchment in Northeast Germany[END_REF][START_REF] Woldeamlak | Effects of climate change on the groundwater system in the Grote-Nete catchment[END_REF]. Shallow sandy aquifers, including aquifers located in outwash plains, are particularly vulnerable because they are recharged mainly by rainfall and snowmelt infiltration. An outwash plain, also named 'sandur', is a sandy deposit formed by glacial ablation water. It is a geomorphological form widely occurring in the glacial landscape of the North European Plain, Fennoscandia, northern Syberia, Canada, and the northern US. A significant spatial extent and high hydraulic conductivity of the outwash deposits make sandurs abundant groundwater bodies commonly used to supply water. The presented investigation was conducted in the Brda river sandur (Pomeranian region, Northern Poland), which is connected with the adjacent outwash plain of the Wda river and forms the largest system of shallow aquifers in Poland.

Climate change in Central Europe is mainly related to the temperature rise and an increase in evapotranspiration, changes in the amount and seasonal distribution of precipitation, and a shorter snow season [START_REF] Goudie | Global warming and fluvial geomorphology[END_REF]. Since 1980's there has been a noticeable increase in average temperature in Poland [START_REF] Degimendžić | Changes of air temperature and precipitation in Poland in the period 1951-2000 and their relationship to atmospheric circulation[END_REF][START_REF] Kożuchowski | Trends to changes in seasonal aspects of the climate in Poland[END_REF][START_REF] Kożuchowski | Warming in Poland: scale and seasonal distribution changes of temperature (in Polish)[END_REF][START_REF] Kundzewicz | Detection of changes of climate and hydrological processes[END_REF][START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF][START_REF] Żmudzka | Contemporary changes of climate of Poland [in Polish][END_REF]. The latest IPCC report shows a significant temperature rise of about 0.5°C per decade in northern Poland from 1980 to 2015 [START_REF] Gutiérrez | Atlas[END_REF]. The trend is not uniform for the entire territory of Poland. According to [START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF], the Brda outwash plain area is where the most intensive climate warming occurs -above 0.25°C/10 years in the period 1966-2006. The temperature increase is the highest in winter (0.35°C-0.45°C per 10 years) and spring (0.25-0.35°C/10 years). The temperature rise in summer and autumn is more moderate (0.15-0.25°C/10 years). Rising temperatures cause an increase in potential evapotranspiration (PET) [START_REF] Bogawski | Atmospheric conditions controlling extreme summertime evapotranspiration in Poland (central Europe)[END_REF][START_REF] Nistor | European Grid Dataset of Actual Evapotranspiration, Water Availability and Effective Precipitation[END_REF]Somorowska, 2022a;[START_REF] Teuling | A regional perspective on trends in continental evaporation[END_REF], which in turn contributes to a decrease in soil moisture content, a reduction of groundwater recharge, and lower groundwater levels. Several significant droughts occurred in Europe in the last years (e.g., [START_REF] Bastos | Direct and seasonal legacy effects of the 2018 heat wave and drought on European ecosystem productivity[END_REF][START_REF] Christian | Flash drought development and cascading impacts associated with the 2010 Russian heatwave[END_REF]Garcia-Herrera et al., 2010;[START_REF] García-Herrera | The European 2016/17 drought[END_REF][START_REF] Grillakis | Increase in severe and extreme soil moisture droughts for Europe under climate change[END_REF]Ionita et al., 2017). Especially, high temperatures during the growing season and snow cover reductions resulted in severe soil moisture deficits in Central Europe [START_REF] Boergens | Quantifying the central European droughts in 2018 and 2019 with GRACE follow-on[END_REF][START_REF] Hari | Increased future occurrences of the exceptional 2018-2019 Central European drought under global warming[END_REF][START_REF] Ionita | On the curious case of the recent decade, midspring precipitation deficit in central Europe[END_REF][START_REF] Ladányi | Assessing Available Water Content of Sandy Soils to Support Drought Monitoring and Agricultural Water Management[END_REF][START_REF] Pińskwar | Severe Drought in the Spring of 2020 in Poland-More of the Same[END_REF]Somorowska, 2022b).

The pattern of precipitation change is more complicated. The linear trend for northern Poland in the period 1980-2015 published in the IPCC report varies in a wide range from 0 mm y -1 /10 years to an increase of about 44 mm y -1 /10 years [START_REF] Gutiérrez | Atlas[END_REF]. It is difficult to identify a general trend in the rainfall change in Poland because it is different in each region [START_REF] Czarnecka | Wieloletnia zmienność opadów sezonowych w Polsce[END_REF][START_REF] Kożuchowski | Zmienność opadów atmosferycznych w Polsce w XX i XXI wieku[END_REF][START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF][START_REF] Ziernicka-Wojtaszek | Zmienność opadów atmosferycznych na obszarze Polski w latach 1971-2000[END_REF][START_REF] Żmudzka | O zmienności opadów atmosferycznych na obszarze Polski nizinnej w drugiej połowie XX wieku[END_REF].

One of the highest precipitation rises is observed in the northern Poland -in some regions exceeding 10 mm y -1 /10 years in the period 1966-2006 [START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF]. In the last years, the precipitation amount during the winter increased in entire northern Poland [START_REF] Czarnecka | Wieloletnia zmienność opadów sezonowych w Polsce[END_REF][START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF]. The rise of minimal temperature results in replacing snowfalls with rainfalls, which changes the precipitation pattern [START_REF] Wibig | Trends of maximum and minimum temperature in Poland[END_REF]. The average coefficient of change in the precipitation totals is above 10 mm y -1 /10 years for the winter and 5-10 mm y -1 /10 years for the spring, which are the highest values in Poland [START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF]. On the contrary, rainfalls in the summer decreased, but the number of irregular, extreme rainfall events during the dry periods increased [START_REF] Czarnecka | Wieloletnia zmienność opadów sezonowych w Polsce[END_REF]IPCC, 2021;[START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF]. The continental influence is shrinking and retreating because the climate is getting more maritime characteristics [START_REF] Degimendžić | Changes of air temperature and precipitation in Poland in the period 1951-2000 and their relationship to atmospheric circulation[END_REF][START_REF] Żmudzka | Contemporary changes of climate of Poland [in Polish][END_REF]. In the last years, the number of cloudy days in the central Pomerania region has become the largest in Poland (Żmudzka, 2007), which is caused by a change in the atmospheric circulation, which determines the influence of marine or continental air masses [START_REF] Twardosz | The influence of atmospheric circulation on the type of precipitation (Krakow, southern Poland)[END_REF]. As a result, a large variation in the annual precipitation totals is observed, and extremely rainy years more often occur right before or right after extremely dry years (Somorowska, 2022b).

Recently, [START_REF] Gumuła ; Kawęcka | Preliminary estimation of groundwater recharge on Brda river outwash plain[END_REF], 2022) conducted studies on groundwater recharge in Cekcyn, near Tuchola, located in the southern part of the Brda sandur (Fig. 1). Numerical simulations of water flow in the unsaturated zone using literature-based soil hydraulic parameters showed significant variability in annual recharge in the period 2003-2016, which corresponded to year-to-year differences in precipitation [START_REF] Gumuła ; Kawęcka | Preliminary estimation of groundwater recharge on Brda river outwash plain[END_REF]. In the follow-up work, [START_REF] Gumuła ; Kawęcka | Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and water table fluctuation method[END_REF] used a combination of water content measurements in four soil profiles, numerical simulations of vadose zone flow, and the water table fluctuation analysis to estimate groundwater recharge in the period 2017-2020, which included an extremely wet year followed by an extremely dry year. Estimates of annual groundwater recharge differed by a factor from 1.8 to 7.5 between the wet and dry years, depending on the soil profile and the recharge estimation method. Furthermore, joint use of water content and groundwater table position measurements allowed us to find soil hydraulic parameters, which were the most representative at a larger spatial scale. [START_REF] Gumuła ; Kawęcka | Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and water table fluctuation method[END_REF] developed an approach that allowed reproducing groundwater table fluctuations using a 1D model of vertical flow in a soil profile. This was achieved by extending the solution domain into the aquifer and using a relationship between water head and flux (the third-type boundary condition) to represent lateral groundwater flow from the soil profile towards nearby discharge zones (e.g., lakes or streams).

The present work builds on the results of our previous studies and aims to investigate long-term trends in climate variables and their influence on shallow aquifers in the Brda and Wda outwash plains. Our objectives are (i) to assess changes in temperature, precipitation, and potential evapotranspiration from 1951 to 2020 based on available climate data, (ii) to analyze historical (1951)(1952)(1953)(1954)(1955)(1956)(1957)(1958)(1959)(1960)(1961)(1962)(1963)(1964)(1965)(1966)(1967)(1968)(1969)(1970) and recent (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019)(2020) measurements of groundwater table fluctuations, (iii) to perform water flow simulations in representative soil profiles for the period 1970-2020, to validate the modeling approach developed in our earlier work for long-term simulations, and (iv) to evaluate the trends in groundwater recharge, water table fluctuations, and near-surface soil water contents obtained from simulations.

Materials and methods

Study area -Brda and Wda outwash plains

The Brda and Wda river sandurs were formed during the Weichselian (Vistulian/Wisconsinan) glaciation (115,000-11,700 years ago) as wide outwash plains by meltwater emerging from the glacial lobe in the north (Fig. 1). They were drained by a system of braided streams and rivers, which gradually transform into a single-channel river in the Toruń-Eberswalde ice-marginal valley in the south [START_REF] Mojski | Ziemie polskie w czwartorzędzie: Zarys morfogenezy[END_REF]. The deposits consist of sand supported by gravel and pebbles. Fragments of glacial till, eluted from the adjacent moraines, occur above the sandur deposits or between the outwash layers. The outwash sediments are mostly underlain by glacial till or older outwash material (sand and gravel).

The climate of the entire Poland territory is determined by maritime air masses from the west, a polar climate of the Arctic, continental air from the east, and subtropical fronts from southern Europe and the Atlantic Ocean. The average air temperature in the Brda sandur region is 7.4°C and the annual amount of precipitation is 581 mm/year1 . The climate demonstrates an influence of the Baltic Sea with chilly springs (6.8°C), cool summers (16.5°C), and warm autumns (7.9°C). The winters are moderately cold (averaging -1,6°C) with poor snow cover. The average precipitation total during winter months is 104 mm/year. The most intensive rainfalls occur in the summer when the average sum of rainwater reaches 217 mm. The precipitation total is higher in autumn (on average 140 mm) than in spring (on average 119 mm).

Climate data

Climate data were obtained from the Chojnice meteorological station (N 53.717, E 17.550) (Fig. 1), operated by the Polish Institute of Meteorology and Water Management (IMGW-PIB). Only monthly data (average temperature and precipitation totals) are available for the period 1951-1965. Daily data on maximum and minimum temperature, air humidity, wind speed, and cloud cover are available for the period 1966-2020. This data allows for calculating the PET from the Penman-Monteith formula, assuming the Leaf Area Index is equal to 2.10, considered a representative value for the area in our earlier study [START_REF] Gumuła ; Kawęcka | Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and water table fluctuation method[END_REF].

Monthly and yearly average temperatures were evaluated using a statistical method introduced by [START_REF] Miętus | Warunki termiczne na obszarze Wybrzeża i Pomorza w świetle wybranych klasyfikacji. Materiały Badawcze IMGW[END_REF] in climate change investigations in the northern part of the Pomeranian region, including the Wda outwash plain. The method is based on an empirical percentile rank, which was applied to classify long-term data from the Chojnice station (years 1951-2020) to select outstanding values. Eleven percentile ranks were distinguished to use as a thermal classification (Suppl. Tables 12). Monthly and yearly rainfall totals were analyzed using the method proposed by [START_REF] Miętus | Zmienność warunków opadowych polskiego wybrzeża Morza Bałtyckiego w świetle kwantylowej klasyfikacji opadowej. Materiały Badawcze IMGW[END_REF], similar to the one used for temperatures (Suppl. Tables 34).

Groundwater table data

Given the lack of water table measurements for the entire 70-year period, the groundwater levels in the Brda and Wda sandurs were analyzed in two time periods : 1951-1970 and 2002-2019. The analysis of groundwater levels in 1951-1970 was conducted based on measurements from 8 monitoring wells situated in the Brda sandur and the adjacent Wda sandur (Fig. 1), published in the Hydrological Atlas of Poland [START_REF] Stachy | Atlas hydrologiczny Polski. Tom I. Instytut Meteorologii i Gospodarki Wodnej[END_REF]. We chose wells not affected by groundwater extraction or fluctuations in surface water bodies so that the water level changes could be associated primarily with recharge variability. 

Fluctuations of groundwater levels in

Numerical simulations

Numerical simulations of groundwater recharge were performed for the 51 years 1970-2020, with warm-up simulations for the years 1966-1969, using daily meteorological data from Chojnice. We used two soil profiles from our earlier study [START_REF] Gumuła ; Kawęcka | Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and water table fluctuation method[END_REF], representing the forest (P1) and grassland (P2) areas of the experimental site near Cekcyn on the Brda outwash plain (Fig. 1). Detailed characterization of these profiles, including field measurements, and set-up and calibration of the numerical models, is described in [START_REF] Gumuła ; Kawęcka | Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and water table fluctuation method[END_REF], and only a summary is provided here.

The HYDRUS-1D computer program (Šimůnek et al., 2013) was used to solve the Richards equation describing vertical flow in each of the soil profiles:
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where q is the volumetric water content [L 3 L -3 ], t is time [T], h is the water pressure head (negative in the unsaturated zone), z is the spatial coordinate [L], k(h) is the hydraulic conductivity function of the unsaturated medium [LT -1 ], and S(h) is a sink function representing water uptake by plant roots

[L 3 L -3 T -1 ].
Each soil profile is 800 cm deep, extends below the groundwater table, and consists of several soil layers. Hydraulic characteristics of each soil material were described with the van Genuchten-Mualem model [START_REF] Van Genuchten | A closed form equation for predicting the hydraulic conductivity of unsaturated soils[END_REF]:
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where Se is the effective saturation [-], qr is the residual water content [L 3 L -3 ], qs is the saturated water content [L 3 L -3 ], α is the parameter related to the average pore size [L -1 ], ng and mg are parameters related to the pore size distribution [-], mg = 1-1/ng, ks is the vertical saturated hydraulic conductivity

[L T -1 ],
and kr is the relative hydraulic conductivity [-]. The saturated and residual water contents were estimated from field measurements and literature data according to Gumuła-Kawęcka et al. ( 2022) (Suppl. Table 5). Other parameters of the van Genuchten functions (α, ng, and Ks) presented in Suppl.

Table 5 were determined using inverse modeling by fitting the numerical solution to measured water contents in each profile at four depths (20, 50, 150, and 450 cm).

At the bottom of each profile, we used the third-type boundary condition to represent lateral groundwater flow towards a nearby surface water body, provided by the "flow to drains" option in HYDRUS-1D. We applied the following relationship between the groundwater depth in the profile and the horizontal flux:
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where qdr is the water flux caused by flow to drains [LT The parameters Hdr and C = 4Kh/(Ldr) 2 are, in principle, unknown and must be calibrated using measurements of the groundwater table level. In this study, we used the parameters calibrated earlier for our experimental site: Hdr=730 cm below the soil surface and C = 1.32•10 -5 cm -1 d -1 . Using a constant value of Hdr in time is a simplification, as the surface water level in the receiving surface water body (groundwater discharge zone) is likely to vary during the simulation period. However, such a simplification can be justified, as no data on surface water fluctuations are available, and our analysis focuses on recharge and groundwater table position trends rather than their specific values.

An atmospheric boundary condition was specified on the soil surface based on daily weather data from the Chojnice station (daily maximum and minimum temperatures, sunshine hours, air humidity, wind speed, and precipitation totals). No water ponding was allowed (instantaneous runoff), and the minimum pressure head on the soil surface in dry periods was set to -1000 m. Potential evapotranspiration was calculated using the Penman-Monteith equation [START_REF] Allen | Penman for all seasons[END_REF]. The leaf area index (LAI) was assigned equal to 2.1 in the pine forest and 1.71 in the grassland, according to Gumuła-Kawęcka et al. ( 2022), using values from the range reported by [START_REF] Scurlock | Worldwide historical estimates of leaf area index, 1932-2000[END_REF] for similar vegetation. The interception was included according to the model implemented in HYDRUS-1D, based on [START_REF] Braden | Ein Energiehaushalts-und Verdunstungsmodell for Wasser und Stoffhaushaltsuntersuchungen landwirtschaftlich genutzer Einzugsgebiete[END_REF], [START_REF] Van Dam | Theory of SWAP version 2[END_REF], and von Hoyningen-Hüne (1983) (Šimůnek et al., 2013). Root water uptake of grass and pine forest was estimated using the [START_REF] Feddes | Simulation of Field Water Use and Crop Yield[END_REF] macroscopic model.

The plant-specific stress response function parameters were taken from De Silva et al. (2008). In the absence of site-specific investigation of the root zone, we assumed nonlinear root distribution with depth, following [START_REF] Jackson | A global analysis of root distributions for terrestrial biomes[END_REF], and the depth of the root zone was assigned according to [START_REF] Meyer | Uncertainty Analyses of Infiltration and Subsurface Flow and Transport for SDMP Sites[END_REF] as 1.5 m for pine forest and 0.5 m for grass cover.

Since the initial conditions were not known, we started the simulations with an arbitrary initial condition (a hydrostatic pressure head distribution from the bottom of the profile up to 2 m above the average position of the water table and a uniform pressure head h = -2 m in the upper part of the profile) and used a warm-up period of four years 1966-1969 to minimize the influence of the initial condition on the actual simulation period .

Snow accumulation and melting were included in the simulations. This required solving the heat transport equation in addition to the water flow equation. We used daily air temperatures as the surface boundary condition for the heat equation, while at the bottom of the profile, the temperature gradient was set to zero. Soil thermal conductivity coefficients were specified according to the Chung and Horton (1987) model, with parameters of the respective soil layers set to the default values for sand and loam, as implemented in Hydrus 1D. A detailed description of the heat transport model and snow hydrology can be found in the Hydrus 1D manual (Simunek et al., 2013).

Results and discussion

Observed climate change trends

Statistically significant increasing linear trends were fitted to both temperature and PET data. Annual average temperatures in 1951-2020 corresponds to an increase of 0.3°C/10 years (Suppl. Fig. 1), which is consistent with [START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF]. The temperature rise for the last years is more intensive: 0.66°C/10 years for the period 1980 -2020, and 0.70°C/10 years after 2000. This value exceeds the trend published by IPCC [START_REF] Gutiérrez | Atlas[END_REF], which is caused by abnormally warm years 2018-2020, which are not included in the IPCC report. The temperature increase results in proportionally higher potential evapotranspiration (Fig. 2). There is a linear rise of PET during the 55 years of about 25 mm y -1 /10 years. However, an increase in PET is about 33 mm y -1 /10 years from 1980 to 2020 and about 35 mm y -1 /10 years for the period after 2000.

Two time periods with different annual temperatures can be distinguished (Table 1): the period between 1951 and 1987 (37 years), which was predominantly cold, and the period 1988-2020 (33 years), which was apparently warmer. In the first period, 25 years were classified as cold, including 6 years abnormally or extremely cold and 9 years very cold. Only 4 years were warm, and two of them were slightly warm. On the contrary, in the second period , 22 years were evaluated as warm, and merely 3 years were cold. Six years were classified as abnormally or extremely warm years, and 5 of them occurred in the last 7 years (2014)(2015)(2018)(2019)(2020). In both distinguished periods (1951-1987 and 1988-2020), the number of years classified as "average" is relatively low (8 in each period).

Averages and standard deviations calculated for 5-year periods (Suppl. Table 6) agree with the above findings. The temperature rise has been continuous for the last 30 years. The average 5-year temperatures before 1986 vary between 6.3-7.4°C with a standard deviation (σ) between 0.4-0.9°C.

Since the late 1980s, the temperature rise has been constant and reached the maximum in the last five years (9.1°C). The standard deviation had similar values except for 1986-1990, when 1989 was abnormally warm, and 1996-2000, when 2000 was extremely warm.

Analysis of annual precipitation totals in 1951-2020 recorded at the Chojnice station show no statistically significant trend. It is consistent with the IPCC reports [START_REF] Gutiérrez | Atlas[END_REF] which present wide range of potential annual rainfalls change. A numer of studies conducted for Poland pointed that changes in the precipitation pattern are complex and differ depanding on the region [START_REF] Czarnecka | Wieloletnia zmienność opadów sezonowych w Polsce[END_REF][START_REF] Kożuchowski | Zmienność opadów atmosferycznych w Polsce w XX i XXI wieku[END_REF][START_REF] Mager | Changes in air temperature and precipitation in Poland in 1966-2006[END_REF][START_REF] Ziernicka-Wojtaszek | Zmienność opadów atmosferycznych na obszarze Polski w latach 1971-2000[END_REF][START_REF] Żmudzka | O zmienności opadów atmosferycznych na obszarze Polski nizinnej w drugiej połowie XX wieku[END_REF]. Increasing intensive storms in the summer and replacing snow with rain in winter bring difficulties to the long-term precipitation evaluation. Statistical analysis of daily rainfall totals for each month of the year between 1966 -2020 shows that in general, precipitation are more abundant in the second half of the year (Suppl. Fig. 2). It was also found that outstanding rain events (>40 mm/d) occurs in the summer and early autumn (June -October) with a cummulation in July. On the contrary, the lowest daily precipitation records were noted in February and March (<20 mm/d).

Based on the percentile rank of the long-term data from the years 1951-2020, five classes were distinguished (Suppl. Table 3). In a 70-year period, 26 years were classified as average, 22 years were evaluated as dry, including 7 extremely dry years, and an equal number of rainy years ( 22) was observed, including 7 extremely rainy years. By coincidence, the numbers of rainy and dry years are equal ( 22), similar to the numbers of extremely rainy and extremely dry years. Interestingly, the number of abnormal years (44 wet or dry years) exceeds the number of average years (26).

The 5-year averages of yearly precipitation totals during the first two decades (1951)(1952)(1953)(1954)(1955)(1956)(1957)(1958)(1959)(1960)(1961)(1962)(1963)(1964)(1965)(1966)(1967)(1968)(1969)(1970) vary between 527.0 and 623.3 mm/y (Suppl. Table 6). The standard deviation was relatively low in 1951-1965 (75.0-84.9 mm) and slightly higher in 1966-1970 (118.6 mm), caused by abundant rainfalls in 1967 and 1970. After 1970, the occurrence of extremely wet and extremely dry years increased, and there are several periods when extremely wet years occur right after or right before dry or extremely dry years (e.g., 1970-1972, 1979-1982, 2001-2003, 2006-2007, and 2014-2018). The standard deviation was significant during 1976-1985 (141.9-146.7 mm) and 2001-2010 (about 135 mm). In the last years, rainfall fluctuations were particularly high; σ for 2014-2018 reached 156 mm (not shown in Suppl. Table 2). Although long-term precipitation totals (Table 1) do not demonstrate a clear trend, the abnormal years occurred more frequently in the years 1970-1990 (mostly dry years) and between 2000-2020 (mostly rainy years). This is probably the reason why 5-year averages of yearly rainfalls are slightly higher after 2000 (536.6 -708.8 mm/y) than in the previous years (489.8 -623.3 mm/y) (Suppl.

Table 6).

Observed groundwater table fluctuations

In 1951-1970, the annual average temperature was relatively stable, differences between annual precipitation totals were the lowest in the 70 years, and abnormally wet/dry years were rare. As a result, the water table position should be less disturbed by weather conditions. By comparison, in 2002-2019, climatic fluctuations were significant, including extraordinary low or high rainfalls observed along with the temperature rise.

-1970

The average annual depth of the water table in each year was compared with annual rainfall totals obtained from the Chojnice meteorological station (Suppl. Fig. 3). The results show that in all cases, the groundwater level increased between 1951-1970. In general, the water table was the lowest in 1954-1955, probably due to poor precipitation in 1951 (507 mm/y) and 1953 (425 mm/y). Even though in 1952, rainfall was above average (634 mm/y), it was not enough to replenish the aquifers to the previous level. In the following years, precipitation was more abundant, with the annual rainfall exceeding 600 mm/y in 1956, 1958, 1960-1963, 1966-1967, and 1970. That caused a significant increase in groundwater levels in all the wells. The highest water tables were observed in 1961-1963 and 1967-1968 [1951][1952][1953][1954][1955][1956][1957][1958][1959][1960][1961][1962][1963][1964][1965][1966][1967][1968][1969][1970], water table differences in some cases reached more than 1.5 m, meaning the Brda outwash plain is highly vulnerable to climatic fluctuations.

-2020

The analysis of groundwater level fluctuations in the last two decades shows that the water table response to precipitation takes from less than half a year in shallow aquifers to about 1.5 years in deeper aquifers [START_REF] Jaworska-Szulc | Wahania zwierciadła płytkich wód podziemnych na obszarze sandrowym w rejonie Chojnic[END_REF]. Apparent water table increases were observed after the rainy summers in 2004, 2007, 2010, 2016, and In the last two decades, a long-term decrease in groundwater levels has been observed in the Brda outwash plain. This trend is apparent in monitoring wells observed for at least ten years in the entire Brda and Wda sandurs, even though the annual precipitation totals are generally higher after 2000 (averagely 632 mm/y) than in the previous 50 years. Given the large distances between the analyzed piezometers and no significant human impact on groundwater intake in the nearby vicinity of each well, water table fluctuations were probably caused by climate change (less snow, higher evapotranspiration, and more intensive rainfalls). Decreasing water table levels were also observed in Germany: the Elbe basin [START_REF] Hattermann | Assessment of Water Availability in a Central-European River Basin (Elbe) Under Climate Change[END_REF] and Lower Havel River Region [START_REF] Zielhofer | The Lower Havel River Region (Brandenburg, Germany): A 230-Year-Long Historical Map Record Indicates a Decrease in Surface Water Areas and Groundwater Levels[END_REF]. Similarly, a spring discharge reduction was observed in the Odra basin (south-eastern Poland) [START_REF] Tarka | Wahania zwierciadła wód podziemnych jako odzwierciedlenie ekstremalnych sytuacji pogodowych[END_REF], Bavaria (Germany), Lower Silesia (Poland), and northern Carpathians (Slovakia) [START_REF] Staśko | Drought and its effects on spring discharge regimes in Poland and Germany during the 2015 drought[END_REF].

Numerical modeling results

Groundwater recharge

Annual groundwater recharge obtained in numerical simulations is presented in Fig. 2 and Suppl.

Tables 78. The recharge was calculated as the water flux at the actual position of the water table ,    which varied in time. The average annual recharge in the 51-year simulation period was 99 mm/y in profile P1 (forest) and 189 mm/y in profile P2 (grassland). There is significant year-to-year variability in annual recharge, especially in P1, where the maximum value is almost 11 times larger than the minimum value (Fig. 2). In P2, recharge variability is less pronounced, with a max/min ratio about 4. This is still larger than the ratio between the maximum and minimum annual precipitation in the simulation period, which is 2.7. Higher variability in P1 can be attributed to larger interception and root depth in the forest, as well as the lower permeability of the sandy loam layer, compared to P2. These factors significantly decreased water infiltration and percolation, especially in drier periods.

The ratio of average recharge to average precipitation (wR) is 0.17 in P1 and 0.32 in P2, which is consistent with values obtained in the literature for shallow sandy aquifers in a temperate climate (e.g., [START_REF] Dripps | The spatial and temporal variability of groundwater recharge in a forested basin in northern Wisconsin[END_REF][START_REF] Graf | Estimation of shallow groundwater recharge using a GIS-based distributed water balance model[END_REF][START_REF] Krogulec | Evaluation of infiltration rates within the Vistula Rivervalley, central Poland[END_REF][START_REF] Leterme | Sensitivity of groundwater recharge using climatic analogues and HYDRUS-1D[END_REF][START_REF] Pozdniakov | Estimation of groundwater recharge by flow in vadose zone simulation at the watershed with different landscapes and soil profiles[END_REF][START_REF] Wendland | Area -differentiated modelling of groundwater recharge rate for determining quantitative status of groundwater, Case Study: Federal State of Lower Saxony, Germany[END_REF]. However, the recharge-precipitation ratios calculated for each year show strong variability, ranging from 0.04 to 0.47 in P1 and from 0.17 to 0.61 in P2 (again, variability is larger in the forest profile). Thus, in a general case, it is not possible to find a straightforward correlation between annual precipitation and annual recharge in the same year, because recharge also depends on hydrological events from previous years. This dependency is expected to increase with increasing water table depth and decreasing soil permeability.

The pattern of temporal changes in annual recharge generally mimics the changes in precipitation, while the maxima and minima are shifted in time, especially in the P1 profile (Fig. 2). The results show that the lowest annual recharge does not necessarily occur in years classified as extremely dry (Suppl.

Tables 78). In profile P1, 6 out of 10 lowest values of annual recharge occurred in normal or even rainy years. However, in most cases, these years were preceded by dry years. In profile P2, the minimum recharge was more aligned with dry years, but 4 out of 10 lowest values still corresponded to years classified as normal, rainy or even extremely rainy. The larger discrepancy observed in P1 is related to a longer water movement through the profile. Similar observations can be made about the maximum annual recharge values. A significant proportion of high annual recharge values corresponds to normal or even dry years, preceded by rainy or extremely rainy years. Again, this effect is more pronounced in P1 (7 out of 10 years) than in P2 (4 out of 10 years).

The delay in recharge arrival to the groundwater table with respect to the time of water infiltration into soil depends on the depth of the water table and the hydraulic conductivity and capacity of unsaturated soil. Table 2 presents results of cross correlation between monthly precipitation and recharge totals in profiles P1 -P2 for years 2001 -2020, analyzed in 5-years periods. In general, the time differences are higher in profile P1 (8 -12 months) than in P2 (7 -9 months). In P1, the soil is less permeable; thus, the changes in water potential propagate more slowly down the profile. The shortest the time lag between the rainfalls and the recharge were calculated for the last years (2016 -2020) in both profiles, and for 2006 -2010 in P2. The highest time differences were obtained for years 2006 -2010 (P1) and 2011 -2015 (P2). The analysis show that the time lag do not depand directly on precipitation or recharge amount (Table 2) but probably other factors such as, rainfall distribution and intensity, water content in vadose zone or activation of preferential flow channels in the root zone are also important.

Despite the high year-to-year recharge variability, some long-term tendencies can be found. Fig. 3 shows simulated daily recharge totals in profiles P1 -P2 between 2000 -2020. Statistically significant trends for the last two decades is dropping in both profiles, with a decrease of 0.05 mm d -1 /10 years at P1 and 0.06 mm d -1 /10 years at P2. The falling tendency in groundwater recharge agrees well with regional studies presented in Section 4.2.

A more detailed investigation of groundwater recharge was carried out for two selected 6-year periods: 19796-year periods: -19846-year periods: and 20146-year periods: -2019 (Fig. 4 (Fig. 4). In each of them, the annual precipitation was highly variable, from extremely low to extremely high: 311.8-813.7 mm/y between 1979-1984, and 433.4-818.9 mm/y between 2014-2019 (Suppl. Table 6). During the first period, starting in 1979, the temperature was relatively low (on average 7.0°C), and the mean annual rainfall (525 mm/y) was below the long-term average. The second period (2014-2019) was extremely warm: the mean temperature reached 8.9°C, while the yearly precipitation (599 mm/y) was above the 50-year average.

The numerical simulation results show that the temperature rise and evapotranspiration increase significantly influence groundwater recharge. Despite more abundant precipitation in the years 2014-2019, the recharge was lower at P1 or similar at P2 to the values obtained for the period 1979-1984 (Fig. 4). A part of rainwater percolating to groundwater decreased in the second period; the recharge/precipitation ratio (wR) was from 0.15 to 0.30 lower in 2014-2019 than in 1979-1984. The largest difference was observed in profile P1, which was probably related to higher interception and evapotranspiration in the forest (P1) than in the grassland (P2).

The water table response to abundant rainfalls takes from several weeks to several months (Fig. 4). In some cases, the vertical flow through the unsaturated zone can be very rapid, e.g., 17 mm/d in profile P2 on July 17-18, 1980, after heavy rainfalls at the end of June 1980. However, single intensive rain events, such as the storm on June 15, 2016, do not cause any outstanding effects on groundwater recharge. In general, vertical flow in profile P2 is larger and more intensive than in profile P1. It is probably caused by differences in the vegetation cover (mainly interception and root zone thickness)

and more permeable sandy loam in profile P2 (Suppl. Table 5). In P1, groundwater recharge is lower, varies more smoothly over time, and is slightly retarded compared to P2. Although there are differences in vertical flow through the unsaturated zone in profiles P1 and P2, the time variability pattern of groundwater recharge is similar in both cases (Fig. 234).

Groundwater level

Daily groundwater level fluctuations obtained for years 2000 -2020 using numerical simulations are shown in Fig. 5 (0.0019-0.0098 per 10 years) than in P2 (0.0006-0.0042 per 10 years). A decreasing trends in soil moisture is consistent with recent trends observed in the entire Poland [START_REF] Pińskwar | Severe Drought in the Spring of 2020 in Poland-More of the Same[END_REF], Somorowska, 2022b).

Conclusions

The analysis of historical weather records showed a considerable increase in temperatures in the study area, with an increase of 0.3°C/10 years in 1951-2020 and 0.66°C/10 years between 1980 and 2020, which exceeds the trend published by IPCC. 

  2002-2020 were investigated in observation wells of the Polish Geological Institute -National Research Institute (PGI-PIB) monitoring network located in shallow unconfined sandy aquifers in the Brda and Wda outwash plains (Fig. 1). Monthly measurements from wells 183, 222, and 351/5 were published in the Hydrogeological Annual Reports since November 2002. A preliminary analysis of groundwater levels in the Brda sandur for the years 2002-2016 was published in Jaworska-Szulc et al. (2017).

Fig. 6

 6 Fig.6presents simulated soil water contents at depths of 20 cm, 50 cm, 150 cm and 450 cm for the

Fig. 6 .

 6 Fig.6. Simulated water contents at a depth of 20 cm, 50 cm, 150 cm and 450 cm in profiles P1 -P2.

  

  

  -1 ], Kh is the horizontal hydraulic conductivity of the aquifer [LT -1 ], Ldr is the horizontal distance from the soil profile to the drain [L], H is the water table elevation in the soil profile [L], and Hdr is the water table elevation in drains[L], assumed equal to the elevation of the drain bottom. While the above equation is typically used to describe flow to drains, it represents a general formula for horizontal groundwater flow based on Dupuit's assumption.In our earlier work[START_REF] Gumuła ; Kawęcka | Estimation of groundwater recharge in a shallow sandy aquifer using unsaturated zone modeling and water table fluctuation method[END_REF], we showed that using Eq. (3) as the bottom boundary condition allowed us to reproduce natural fluctuations of the groundwater table using the 1D vertical flow model in the soil profile spanning the vadose zone and the upper part of the aquifer.

  . The water table fluctuations in the Brda outwash plain in 1951-1970 were extraordinarily high: 463 cm in Mąkowarsko, 168 cm in Osielsko, 152 cm in Pruszcz Pomorski, and 104 cm in Sierosław. In the wells located in the Wda sandur (Czarna Woda, Śliwice), an increase in groundwater levels was much lower (26 -55 cm) during that time.Between 1951Between -1970 annual annual precipitation totals were about average -the mean was 579 mm/y. It caused a rising trend in the water table level in all monitoring wells because rainfalls/snowfalls were relatively similar and regular. The presented analysis shows that the water table response to abundant rainfalls in the outwash plains takes several months. Although extremely wet/dry years were rare during the analyzed period (

  2017. Between autumn 2002 and spring 2007, the water table dropped, with only a small increase in winter/spring 2005 caused by higher precipitation in summer 2004 (Suppl. Fig.4). Abundant rainfalls in the summer of 2007 resulted in a temporary rise of shallow groundwater in 2008, after which the water table gradually decreased in winter/spring 2010.

Heavy rainfalls in summer/autumn 2010 caused significant inflow to shallow aquifers between autumn 2010 and spring 2011. After that, the groundwater level gradually decreased until it reached its lowest point in 2015/2016. Precipitation in summer 2012 slightly recharged the aquifers in winter/spring 2013. Extraordinary high rainfalls in 2016-2017 (1403 mm in 2 years) caused a rapid, even though temporary, water table rise in 2017-2018.

  . The variability pattern in each profile is consistent with recharge variations discussed earlier. Fluctuations in P1 are more smoothed and delayed in time compared to P2. As mentioned above, this can be attributed to the slower water movement in the P1 profile. Statistically significant linear trends fitted to the data show decreasing tendency in both profiles, of about 43 mm/10 years in P1 and 33 mm/10 years in P2. This is consistent with water table measurements in the recent period, described in Section 4.2. The results of numerical simulations should be considered qualitative rather than quantitative indicators due to the simplified representation of water table fluctuations in the 1D vertical flow model. Nevertheless, applying the third-type boundary condition representing horizontal flow in the aquifer seems to be a useful approach for preliminary assessment of the influence of climatic changes on groundwater table positions in shallow aquifers, which are affected mainly by natural hydrological processes.

	Soil water content

Table 1 .

 1 The rising temperature results in increasing evaporation(about 25 mm/10 years in 1966-2020 and 33 mm/10 years in 1980-2020). Daily totals as well as annual amounts of rainfalls demonstrate increasing irregularity in the precipitation pattern which strongly influences the groundwater recharge. Decrease in the groundwater table level observed in shallow aquifers in the Brda and Wda outwash plains suggests decreasing recharge. Numerical simulations performed for two soil profiles with calibrated parameters confirmed the trends of decreasing recharge, groundwater table elevation, and water contents in vadose zone over the last 20 years. There Annual average temperatures [°C] and precipitation totals [mm/y] at the Chojnice weather station classified based on percentile ranks.

	is significant year-to-year variability in annual groundwater recharge, with a ratio between maximum
	and minimum values of 3.9 in the grassland profile (P2) and 10.8 in the forest profile (P1). However,
	the decesing recharge trends for the last two decades (2000 -2020) are similar in both cases -0.05
	mm d -1 /10 years at P1 and 0.06 mm d -1 /10 years at P2. Our study also shows that a 1D model of vertical
	flow in the soil profile can capture, at least qualitatively, water table fluctuations caused by the
	interplay between recharge, evapotranspiration, and horizontal flow in the aquifer, if appropriate
	boundary conditions are used.

Table 2 .

 2 Time lag between the precipitation and the recharge in profiles P1 (woodland) and P2 (grassland) obtained with cross correlation between monthly precipitation and recharge totals.

	Time period Profile	Mean annual precipitation [mm/y]	Mean annual recharge [mm/y]	Time lag between the precipitation [months] and the recharge	Correlation coefficient
	2001-2005	P1 P2	708.8	130.4 224.4	9 8	0.48 0.49
	2006-2010	P1 P2	638.0	114.8 223.8	12 7	0.38 0.29
	2011-2015	P1 P2	536.6	107.1 177.1	10 9	0.31 0.49
	2016-2020	P1 P2	628.3	104.4 211.4	8 7	0.45 0.

53 Fig. 1. Study area -the Brda and Wda outwash plains (modified from Gumuła-Kawęcka et al., 2018).

Precipitation

Groundwater recharge 17 mm/d Fig.

5

. Fluctuations of the groundwater table in profiles P1 and P2 obtained in numerical simulations.

Based on measurements from the Chojnice meteorological station (IMGW-PIB) during the years 1951-2020.
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