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1. Precipitation
Errors due to the influence of wind and wetting of the rain gauge can significantly affect the accuracy of precipitation measurements at meteorological stations. At the Postojna meteorological station, for example, the correction factor was estimated to be 1.09 on a long-term average [1]. Therefore, the daily measured precipitation data used in the study were corrected appropriately. For the wind correction the equation proposed by Allerup and Madsen [2] was used:
	kv = exp(−0.001·lnipd − 0.0082·v10·lnipd − 0.042·v10 + 0.01)
	(1)


where kv is the daily wind correction coefficient (-), ipd is the intensity of the rain and v10 is the wind speed measured at 10 m above ground. The wetting of the inner walls of the gauge collector (w) was defined according to the values described in the literature (Sevruk 1982) as 0.3 mm for rain, 0.2 mm for mixed precipitation, and 0.15 mm for snow [3]. The following equation was used to define the corrected precipitation Pc based on the measured precipitation Pm:
	Pc = kv·Pm + w
	(2)


2. Potential evapotranspiration
Penman [4] developed a formula for calculating evaporation in open water based on basic physical principles, incorporating some empirical concepts to allow the use of standard meteorological observations. It combines the mass transfer method and the energy budget method:
	ETP = ((H·/) + Ea)/(/ + 1)
	(3)


where ETP is the potential evapotranspiration (mm/day), / is the relationship between the slope of the saturated vapour pressure versus temperature curve and the hygrometric constant, H is the available heat (mm/day) and Ea is the aerodynamic evaporation (mm/day). Based on this equation, the modified Penman equation was developed, which can also be used for overgrown areas. Parameters from equation (3) are defined as [5]:
	H = 0.84·Ra·(0.18 + 0.55·n/N − 0.95··(T + 273)4·(0.1 + 0.9·n/N)·(0.56 − 0.092×)
	(4)

	Ea = 0.35 (ea − ed)·(1 + v2/100)
	(5)

	/ = 0.0019·T2 + 0.0381·(T + 273) + 0.696
	(6)

	ea = 4.583·exp(17.3·(T+273)/(T + 510.3))
	(7)

	ed = ρ·ea/100
	(8)

	v2 = 0.768876·v10 +0.004844
	(9)


where the new parameters are the mean daily air temperature T, the solar radiation Ra, the measured sunshine hours n, the maximum possible sunshine duration N, the Stefan-Boltzmann constant  = 5.67.10−8 W/m2 K4, the vapour pressure of air ed (mm Hg), the saturated vapour pressure ea (mm Hg), and the wind speed 2 m above ground v2 (km/d).
3. Interception on forest cover
Interception depends on the type of forest and its stage of development as well as on the intensity, duration, frequency and form of precipitation [6]. Direct measurements of losses due to interception are very rare and limited to small areas, so different conceptual models are usually applied in hydrological research. Often the Rutter model is used, which calculates a running water balance of the canopy and tree trunks [7]. Precipitation in forest areas reaches the soil partly unhindered (its fraction is defined as the throughfall coefficient r), partly fills the canopy (rc) and partly the trunk storages (rt) and empties through evaporation and drainage. If the actual amount of water on the canopy CC (mm) exceeds the canopy storage capacity SC (mm), evaporation takes place and the amount of water that drains to the ground DC (mm) is equal to the difference between CC and SC [6]. If CC is smaller than SC, no drainage takes place and the actual evaporation is reduced by a quotient between CC and SC. Similar relationships are also characteristic for interception on the trunks with the parameters CT, ST and DT. The problem in hydrological practice is the determination of canopy and trunk storage parameters. Frequently and also in the presented study the initial values were taken from the literature and then adjusted in the process of model calibration. Due to the calibration character of the parameters and the limited information on forest structure, the distinction between deciduous and coniferous forest was not introduced. Only for the leafy and leafless periods of the year (SCf and SCn) different values were applied. The following equation was used to evaluate the amount of precipitation that actually reaches the soil Pg (mm):
	Pg = F·(r·Pc + DC + DT) + B·Pc
	(10)


where the new parameters are the proportion of forested area F and the proportion of area without forest B.
4. Snow melting
Under certain climatic conditions, snow also plays an important role in the temporal distribution of recharge. It accumulates on the surface as a snow cover, then at elevated temperatures it begins to melt and, with a certain time delay, to infiltrate in the soil. Melting depends on meteorological conditions, the basic methods of estimation are degree day and energy balance methods. Due to the lack of adequate data, different empirical equations are often used. In the present study, the equations of the U.S. Army Corps of Engineers [8] are used to estimate the daily amount of snowmelt M (mm). Different equations are defined for days with rain for forested (M1) and open areas (M2) and for days without rain for forested (M3) and open areas (M4):
	M1 = (0.3 + 0.012·Pc)·T + 1.0
	(11)

	M2 = (0.1 + 0.12·Pc + 0.8·v10)·T + 2.0
	(12)

	M3 = 2.29·T
	(13)

	M4 = 2.74·T − 12.16
	(14)


Taking into account the precipitation conditions and the distribution of vegetation, the present study used the appropriate combination of these equations for days when the depth of the snow cover (Ds) and the air temperature (T) were above zero. 
5. Soil moisture balance
The methods described above allow the evaluation of the precipitation reaching the ground Pg, the amount of melted snow M and the potential evapotranspiration ETP. The soil moisture balance was used to assess the actual evapotranspiration ETR and the effective precipitation Pef. The process of soil water storage is associated with changes in soil moisture S, which depends on the relationship between water supply and consumption and the hydrological properties of the soil. These are the field capacity FC, the root constant RC and the wilting point WP. The effective precipitation occurs only when S> FC and is equal to the difference S-FC. If S falls below FC and is still above RC, the actual evapotranspiration ETR can occur at the full potential rate and leads to a decrease in S values. If S falls below RC and is still above WP, the ETR is reduced according to the ratio between the current and maximum soil moisture. At the wilting point the transpiration of the plants stops [9]. The problem in hydrological practice is determining the hydrological properties of soils. Measurements in the field are difficult and usually limited to small experimental sites. Therefore, values are often taken from the literature and then appropriately corrected in the process of calibrating the models.
The calibration process was based on the general equation of the water budget: water input = water output  change in storage, where the water input is the volume of water produced by Pef in the recharge area and the water output is the volume of water discharged by the spring within a selected time interval. A certain error has been made in assuming that the change in storage is negligible. However, this simplification was considered acceptable, since the observed interval of 5 years starts and ends with similar hydrological conditions at the end of a recession period with very similar slopes of the recession curve and values of the minimum discharge.
Described relationships were combined in a model with macros in a Microsoft Excel file. It was first tested during the research of a karst aquifer in the catchment area of the Vipava spring in western Slovenia [10,11]. In this context the sensitivity of parameter changes to the assessment of effective precipitation was also tested. When the value of the calibration parameters was reduced to 50% of the final value or increased to 200% of the final value, the difference of the calculated effective precipitation was 5% and 9% respectively when the canopy storage capacity changed, and 2% and 4% respectively when the soil moisture deficit (FC-WP) changed. For all other parameters the difference was up to 1%. Therefore, in the study presented in the article, the same values were used for the parameters r, rc, rt and ST as for the Vipava study, and only the values for the parameters SCf, SCn, FC, RC and WP were adjusted during calibration. The range of values used (lower and upper limits) was determined according to the known vegetation and soil characteristics and the values given in various literature sources. All parameters used in the model are listed in Tables S1, S2 and S3. Different values of parameters F and B, which describe the changes in forest cover, are explained in the main article. As an example of the calibration process, the calculated values of cumulative effective precipitation in the period 2014–2018 for different combinations of calibration parameters are listed in Table S4 and shown in Figures S2 and S3. In Section A, the results are presented with fixed values of canopy storage capacity (SCf = 3.8 mm, SCn = 3 mm) and variable values of soil hydrological properties. In section B the examples with fixed values of FC = 110 mm, RC = 80 mm and WP = 50 mm and variable values of canopy storage capacity are presented. For each combination of calibration parameters, the cumulative value of Pef was calculated for the period 2014–2018. The combination was chosen that gives the value that corresponds to the total volume of water discharged from the spring within the same time interval. Since several combinations of canopy storage capacity and soil hydrological properties can provide the correct result, an additional criterion was defined to avoid extreme values of the calibration parameters (lower and upper limit). The selected values are marked as Final in Table S4 and Figures S2 and S3. 
Table S1. Measured parameters.
	Symbol
	Description
	Unit
	Period
	Source of data

	ipd
	Intensity of rain
	mm/h
	Average for rain events within a day
	[1]

	v10
	Wind speed at 10 m above ground
	m/s
	Daily average
	[1]

	Pm
	Measured daily precipitation
	mm/day
	Daily sum
	[1]

	T
	Air temperature
	°C
	Daily average
	[1]

	Ds
	Depth of snow cover
	cm
	Measured once a day
	[1]

	ρ
	Relative humidity
	%
	Daily average
	[1]

	n
	Sunshine hours
	h
	Daily sum
	[1]


Table S2. Parameters taken from published tables and previous applications of the model in areas with similar hydrogeological, vegetation and climate conditions.
	Symbol
	Description
	Unit
	Period
	Source of data
	Values

	Ra
	Solar radiation
	mm/day
	Specific values for different months
	[6]
	4.1–16.6

	N
	Maximum possible sunshine duration
	h
	Specific values for different months
	[6]
	8.7–15.7

	r
	Throughfall coefficient
	-
	Constant value
	[10]
	0.32

	rc
	Proportion of rain diverted to canopy
	-
	Constant value
	[10]
	0.664

	rt
	Proportion of rain diverted to stemflow
	-
	Constant value
	[10]
	0.016

	ST
	Trunk storage capacity
	mm
	Constant value
	[10]
	0.014


Table S3. Calibration parameters.
	Symbol
	Description
	Unit
	Lower limit
	Upper limit
	References
	Final value

	SCf
	Canopy storage capacity, leafy periods
	mm
	1.8
	7.6
	[6,9,12]
	3.8

	SCn
	Canopy storage capacity, leafless periods
	mm
	0.8
	7
	[6,9,12]
	3

	FC
	Field capacity
	mm
	70
	150
	[9,13,14,15]
	110

	RC
	Root constant
	mm
	50
	120
	[9,13,14,15]
	80

	WP
	Wilting point
	mm
	20
	70
	[9,13,14,15]
	50


Table S4. Calibration process.
	Unica

	
	FC (mm)
	RC (mm)
	WP (mm)
	Cumulative
Pef (mm)
	
	SCf
(mm)
	SCn
(mm)
	Cumulative
Pef (mm)

	A1
	70
	50
	20
	4983
	B1
	1.8
	0.8
	5291

	A2
	70
	60
	50
	5317
	B2
	3
	2
	5076

	A3
	110
	50
	20
	4646
	B3
	6
	2
	4935

	Final
	110
	80
	50
	4875
	Final
	3.8
	3
	4875

	A4
	130
	70
	40
	4710
	B4
	7.6
	3
	4785

	A5
	150
	80
	20
	4558
	B5
	6
	5
	4690

	A6
	150
	100
	50
	4682
	B6
	7.6
	5
	4631

	A7
	150
	120
	70
	4811
	B7
	7.6
	6
	4507

	Rižana

	
	FC (mm)
	RC (mm)
	WP (mm)
	Cumulative
Pef (mm)
	
	SCf
(mm)
	SCn
(mm)
	Cumulative
Pef (mm)

	A1
	70
	50
	20
	4020
	B1
	1.8
	0.8
	4008

	A2
	70
	60
	50
	4341
	B2
	3
	2
	3770

	A3
	110
	50
	20
	3659
	B3
	6
	2
	3622

	A4
	110
	80
	50
	3874
	Final
	3.8
	3
	3570

	Final
	130
	70
	40
	3570
	B4
	7.6
	3
	3478

	A5
	150
	80
	20
	3524
	B5
	6
	5
	3394

	A6
	150
	100
	50
	3639
	B6
	7.6
	5
	3338

	A7
	150
	120
	70
	3789
	B7
	7.6
	6
	3226
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Figure S1. Cumulative Pef for the Unica study area in the period 2014–2018 calculated in the calibration process using various combinations of calibration parameters (Table S4).
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Figure S2. Cumulative Pef for the Rižana study area in the period 2014–2018 calculated in the calibration process using various combinations of calibration parameters (Table S4).
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Supplementary Materials – statistical significance of the mean annual discharge trend of the Unica River in the period 1962-2018

In the study, significant trends of change in meteorological and hydrological variables were determined using the non-parametric Mann–Kendall method and for the true slope of an existing trend (as change per year) the non-parametric Sen’s slope method (the Theil-Sen estimator) was used. Slope estimator (β) as a measure of trend magnitude is calculated as the median value over all pairs of points in the time series. 
In the present study, we consider results of the trend analysis being statistically significant in cases where p-value exceeds 0.1. The only exception refers to the mean annual discharge of the Unica River in the period 1962–2018, where we consider the p-value of 0.1084 as statistically significant, too. We explain reasons for our decision, that base on the firm knowledge of the Unice River karst catchment, hydrological behavior of Unica River aquifer and knowledge related to the location of the Hasberg gauging station. The location of the gauging station is a bridge over the Unica river which is located in the Planina polje, where intermittent lake appears in the times of high waters. And in the year 2014 the polje was flooded for a longer period twice, starting in the February with extensive flooding in this part of Slovenia and again in the November. Scientists studying the Unica River catchment are familiar with the measurement errors related to the inundation of the polje, when high levels of the water in the Unica riverbed remain high for a longer period. Consequently, higher daily, monthly and yearly discharges are calculated from the water level/discharge function.  
In the 57-year long period of measurements (1962–2018; Qmean = 21.967 m3/s) of the mean annual discharge of the Unica River at the Hasberg gauging station (Slovenia) it happened that in the year 2014, the measured mean annual discharge was 40.76 m3/s (record of the period). This is the only one mean annual discharge in the entire observed period greater than the sum of 1) the mean value in the period (21.967 m3/s) and 2) the value of a 3 standard deviations (1 SD = 5.82 m3/s; 3 SD = 17.45 m3/s), reaching the value of 40.76 m3/s. The year 2014 was exceptionally wet, which is indicated by the mean annual precipitation height from the Postojna meteorological station (2069 mm), but the precipitation amount hardly exceeded the sum of 1) mean annual precipitation in the period 1962-2018 (1537.6 mm) and 2) 2 standard deviations (1 SD = 235.3 mm; 2 SD = 470.7 mm). We assume that the measured discharges of the Unica River in the 2014 were rather high, which influenced the calculation of a trend, though Mann–Kendall method and the non-parametric Sen’s slope methods are not so sensitive to outliers. Anyway, year 2014 comes more to the end of the observed period and having such a high discharge to the end of the interval (high positive outlier) caused the p-value being only 0.1084. Furthermore, when we experimented and left out the year 2014 from the trend calculations (the methodology we used allows this) the p-value of the mean annual discharge of the Unica River was lower than 0.05.
Considering all together, we decided to consider mean annual discharge trend of the Unica River being statistically significant.
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