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Abstract

:

The Sava River Basin (SRB) extends across six countries (Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Albania, and Montenegro) and is a major tributary of the Danube River (DR). The Sava River (SR) originates in the alpine region of Slovenia, and, in support of a Slovenian government initiative to increase clean, sustainable energy, multiple hydropower facilities have been constructed within the past ~20 years. Given the importance of this river system for varying demands, including energy production, information about past (paleo) drought and pluvial periods would provide important information to water managers and planners. Seasonal (April–May–June–July–August–September—AMJJAS) streamflow data were obtained for two SRB gauges (Jesenice and Catez) in Slovenia. The Jesenice gauge is in the extreme headwaters of the SR, upstream of any major water control structures, and is considered an unimpaired (minimal anthropogenic influence) gauge. The Catez gauge is located on the SR near the Slovenia–Croatia border, thus providing an estimate of streamflow leaving Slovenia (entering Croatia). The Old World Drought Atlas (OWDA) provides an annual June–July–August (JJA) self-calibrating Palmer Drought Severity Index (scPDSI) derived from 106 tree-ring chronologies for 5414 grid points across Europe from 0 to 2012 AD. In lieu of tree-ring chronologies, this dataset was used as a proxy to reconstruct (for ~2000 years) seasonal streamflow. Prescreening methods included the correlation and temporal stability of seasonal streamflow and scPDSI cells. The retained scPDSI cells were then used as predictors (independent variables) to reconstruct streamflow (predictive and/or dependent variables) in regression-based models. This resulted in highly skillful reconstructions of SRB seasonal streamflow from 0 to 2012 AD. The reconstructions were evaluated, and both low flow (i.e., drought) and high flow (i.e., pluvial) periods were identified for various filters (5-year to 30-year). When evaluating the most recent ~20 years (2000 to present), multiple low-flow (drought) periods were identified. For various filters (5-year to 15-year), the 2003 end-year consistently ranked as one of the lowest periods, while the 21-year period ending in 2012 was the lowest flow period in the ~2000-year reconstructed-observed-historic period of record. The ~30-year period ending in 2020 was the lowest flow period since the early 6th century. A decrease in pluvial (wet) periods was identified in the observed-historic record when compared to the paleo record, again confirming an apparent decline in streamflow. Given the increased activities (construction of water control structures) impacting the Sava River, the results provide important information to water managers and planners.
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1. Introduction


Incorporating the countries of Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, and Albania—the Sava River Basin (SRB) has a drainage area of ~97,000 km2, with the Sava River (SR) originating in the mountainous alpine region of Slovenia, where two headwater streams, the Sava Bohinjka and the Sava Dolinka, join at Radovljica to form the SR [1]. The SRB average annual precipitation is ~1350 mm, with May through October being the wettest months (~100 to ~150 mm per month) and the winter (December through March) being the driest months (~65 to ~100 mm per month) and past research [2] revealed SRB precipitation is influenced by the West Mediterranean Oscillation Index (WeMOI) and the North Sea Caspian Pattern (NCP). The SR is a major tributary of the Danube River (DR), with its confluence in Belgrade (Serbia), whereas, from Belgrade, the DR continues to flow, generally easterly, before terminating into the Black Sea. Past research [3] evaluated past paleo climate records of temperature and hydroclimate variability in the region. While reconstructions of streamflow are generally limited on the European continent, recent research has resulted in streamflow reconstructions of both the DR and SR. A ~250-year DR streamflow reconstruction was developed near Tulcea (Romania), which is located near the terminus of the DR [4]. To develop this streamflow reconstruction, a new tree-ring chronology (dating from 1728 to 2020) was developed from oak trees (Quercus sp.) in the region. The highest correlation value relating DR streamflow to the newly developed tree-ring chronology was for the November (previous year) to July (current year) streamflow season [4]. As part of a fourteen catchment study in Europe, a ~500-year streamflow reconstruction of the DR near Orsova, Romania (which is located downstream from the SR-DR confluence in Belgrade) was developed [5]. In addition to precipitation, temperature, and streamflow records, [5] incorporated data from the Old Water Drought Atlas (OWDA) [6], which includes soil moisture data, specifically the self-calibrated Palmer Drought Severity Index (scPDSI) developed from summer-related tree-ring proxies dating from 0 to 2012. Perhaps the most important contribution to date in this region has been the reconstruction of SR summer streamflow in Croatia [7]. Ref. [7] stated that “to the extent of our knowledge, no such reconstructions have been conducted in Southeast Europe”, thus highlighting the novelty and importance of their research efforts. The research consisted of collecting samples, developing a new tree-ring chronology for narrow-leaved ash trees, and correlating the tree-ring chronology with both monthly and seasonal streamflow from a gauge near Jasenovac (Croatia). Significant (positive) correlations were identified between May, July, and August streamflow and the narrow-leaved ash tree-ring chronology, while the May–June–July–August (MJJA) four-month streamflow season showed similarly significant and stable correlations [7]. Of note, positive and significant correlations were observed for scPDSI and streamflow from March to October. The correlations of July scPDSI (and August scPDSI) and streamflow exceeded those observed with the correlations of the narrow-leaved ash tree-ring chronology and streamflow for the same months [7]. Thus, reconstructed scPDSI should be considered a proxy to develop SRB streamflow reconstructions.



Slovenia’s strategic goal of increasing sustainable energy has resulted in the planning and construction of multiple hydroelectric power plants on the Sava River [8,9]. Forty-one large dams are identified in Slovenia [10], and these water control structures are listed on the Slovenian National Committee on Large Dams (SLOCOLD) [11]. A further evaluation of SLOCOLD reveals eight water control structures in operation on the SR and Sava Dolinka rivers. As displayed in Figure 1, these eight structures (with date of completion in parenthesis), beginning with the most downstream structure, include: Brežice (2018), Krško (2013), Blanca (2009), Boštanj (2006), Vrhovo (1993), Medvode (1954), Mavčiče (1986), and Moste (1952). The primary function of these structures is hydropower (clean energy production), and given the increased construction activity in the past ~20 to ~30 years, recent streamflow records could be highly impaired. Therefore, an objective of the current research was to identify an SR streamflow gauge with minimal impairments due to anthropogenic activities. We identified the Jesenice streamflow gauge on the Sava Dolinka River, which is located upstream of the Moste dam (constructed in 1952) (Figure 1). The Jesenice streamflow gauge provided a continuous daily flow record from 1977 to 2013, thus capturing a period of increased (downstream) construction and operation of new SR water control structures. We believe the Jesenice streamflow gauge record should most closely reflect the natural hydroclimatic (streamflow) variability in the SRB. The Catez streamflow gauge was located near the Slovenia–Croatia border (Figure 1) and provided a daily continuous flow record from 1926 to 2020. While likely experiencing impairments since the ~1950s, the Catez gauge represents an important measurement of streamflow given its location near the Slovenia–Croatia border and, thus, provides an estimate of streamflow leaving Slovenia (entering Croatia). The Sava River Commission, given their involvement in the management (e.g., flood risk, sediment loads, etc.) of the SR, would also benefit from an increased period of record for the Catez gauge. Utilizing these streamflow records, we incorporated tree-ring-derived proxies (with periods of record much earlier than streamflow records) to reconstruct the streamflow record. Skillful streamflow reconstructions in the United States [12,13] and northern Italy [14,15] used the tree-ring-derived reconstructed scPDSI [6] as a proxy. Given the significant and positive correlation between scPDSI and SR streamflow [7], we will use the scPDSI as a reconstruction proxy to evaluate seasonal streamflow reconstruction potential in the SR. Thus, a contribution of the current research was the first-known streamflow reconstruction of SR headwaters (Slovenian gauges). The current research developed a streamflow reconstruction from streamflow data obtained from a minimally impaired gauge (Jesenice) and a streamflow reconstruction at a critical SR gauge (Catez) near the Slovenia–Croatia border. Given the increased activity in Slovenia in the construction of water control structures to increase sustainable energy output, the current research provides useful information for SR water managers and planners, including the Sava River Commission, in operating these structures as well as downstream users.




2. Materials and Methods


The process of developing streamflow reconstructions begins with the collection of SR streamflow data for the Jesenice gauge (1977 to 2013) and the Catez gauge (1926 to 2020). Streamflow data (daily discharges—m3/s) were collected from the Slovenian Environment Agency [16] and aggregated to the average monthly discharge volume in million cubic meters (MCM). The OWDA provides annual June–July–August (JJA) scPDSI for 5414 grid points across Europe from 0 to 2012 AD [6]. Similar to previous studies [14,15], this research utilizes the OWDA scPDSI as a proxy for SRB streamflow reconstructions and will include 249 scPDSI cells within a 450 km search radius.



While annual reconstructions of streamflow may provide the most useful information for water managers, researchers must balance the challenge of acceptable reconstruction skill with the period (annual or seasonal) selected for use in the streamflow reconstruction. Typically, most tree growth occurs during the summer months, and correlations between tree-ring-based proxies and streamflow from the summer months are the most significant. However, developing a streamflow reconstruction for a single summer month, while statistically strong, provides little value to water managers. Similarly, when developing an annual streamflow reconstruction, tree growth is limited during the winter season, and, thus, streamflow during the winter season is difficult to capture in the streamflow reconstruction. This may result in reduced skill in annual streamflow reconstructions. Prior work in the area [7] noted March to October positive SR streamflow correlations with scPDSI. For the two periods of record (1977 to 2013 and 1926 to 2020), the monthly (January to December) streamflow (MCM) for this period was calculated. We evaluated various seasons based on the percentage of annual flow and the need to include summer months as they are associated with tree-ring growth. The April–May–June–July–August–September (AMJJAS) six-month season was selected given it accounts for (approximately) half of the total annual flow [17] and that this six-month season overlaps with the tree-ring-derived scPDSI. The AMJJAS streamflow for each gauge will serve as the dependent variable for reconstruction in the forward-backward stepwise linear regression (SLR) model, while the scPDSI will serve as the independent variable.



Prior to input into the SLR model, prescreening (correlation and stability) was performed. Two prescreening methods were selected. Initially, we inspected the correlation between AMJJAS streamflow and scPDSI cells to identify significant (p ≤ 0.01 or 99% significance) scPDSI cells. Next, we investigated temporal stability analysis by performing an 11-year (Jesenice gauge) and 30-year (Catez gauge) moving correlation window (note, the periods (11-year and 30-year) selected were ~33% of the entire period of record (36 years and 87 years, respectively)) between AMJJAS streamflow and scPDSI cells, and scPDSI cells containing negative correlation values were considered unstable and not considered in the SLR model. By evaluating stability, the likelihood of reliable and practical streamflow reconstructions was improved [18]. Given that scPDSI data ends in 2012, the periods of record used to develop the SLR models were 1977 to 2012 (Jesenice gauge) and 1926 to 2012 (Catez gauge).



SLR models for AMJJAS streamflow were generated for each gauge and evaluated for model skill, multi-collinearity, and over-fitting. A forward and backward (standard) SLR model was developed. The model adds and removes predictors until all variables not in the model have p-values that are greater than the specified alpha-to-enter value (0.05) and when all variables in the model have p-values that are less than or equal to the specified alpha-to-remove value (0.10) [19,20,21]. To evaluate skill, traditional statistical measures were used, including R2 (the amount of variance in each model) and R2-predicted (using leave-one-out-cross-validation, also referred to as drop-one-cross-validation). The drop-one-cross-validation method is recognized as a more rigorous evaluation when compared to the split sample approach. The variation inflation factor (VIF) indicates the extent to which multicollinearity is present, and a VIF value close to 1.0 (maximum of 10) is preferred [22]. The Durbin–Watson (DW) statistic was used to determine if autocorrelation was present [23] and the sign test counts the number of agreements and disagreements between the instrumental and reconstructed flow.




3. Results


The SLR models produced excellent skills for each of the reconstructions. Each of the statistics used to evaluate model skill, multi-collinearity, and over-fitting exceeded established thresholds (e.g., R2 > ~0.40; R2-predicted > ~0.30; VIF < 10, prefer = ~1.0; Durbin–Watson > ~1.5 and < ~2.5; sign test; Table 1). The reconstructed annual AMJJAS streamflow (period of 0 to 2012) for each of the two (Jesenice and Catez) models was extracted, and quantile mapping bias correction was performed via the “RQUANT” method in the qmap package in R [24,25,26] (Figure 2), and the scPDSI cells retained in each model are provided (Figure 3). The bias-corrected reconstructed annual AMJJAS streamflow (0 to 2012) for each gauge was standardized (mean of zero and standard deviation of one). Given the magnitude of the difference in streamflow between the Jesenice gauge and the Catez gauge, this will allow for an easier comparison. A 10-year end-year filter was applied to the standardized bias-corrected reconstructed annual AMJJAS streamflow for the Jesenice and Catez gauges (Figure 4). The correlation of the 10-year end-year filtered streamflow between the Jesenice and Catez gauges was exceptional (r > 0.9, >99.9% significance, p < 0.001). Thus, the temporal variability of the Jesenice and Catez reconstructions was statistically similar. This was noteworthy given (a) the Jesenice gauge was deemed unimpaired and the Catez gauge has multiple upstream water control structures (although the impact of these structures on the water balance at the monthly time step should not be significant); (b) the observed-historic streamflow periods of record used to generate the reconstructions varied; (c) only one common scPDSI proxy was retained in each SLR reconstruction model. These results provide greater confidence in utilizing the Catez reconstruction in evaluating drought and pluvial periods.




4. Discussion and Conclusions


We established the Jesenice streamflow gauge was unimpaired (with minimal anthropogenic influences) due to its location in the upper headwaters of the SRB, upstream of multiple water control structures. The Catez streamflow gauge, given its location near the Slovenia–Croatia border, provides important information regarding streamflow for downstream SR water managers and planners. While the Catez streamflow gauge likely experienced impairments beginning in the ~1950s, and increasing in the past ~20 years due to the construction of multiple water control structures, the temporal behavior of the reconstruction was statistically similar to the Jesenice streamflow gauge. Additionally, both reconstructions displayed exceptional skill when evaluated with multiple statistical tests. While we believe the Catez 1926 to 2012 streamflow reconstruction can be utilized to quantify observed-historic streamflow in comparison to paleo droughts and pluvial periods, to further validate the use of the Catez streamflow reconstruction, we repeated the reconstruction methods for two separate periods within the record. The first period (1926 to 1951) was selected based on the lack of impairments on the SR. As noted, the oldest water control structure located on the SR, Moste Dam, was constructed in 1952. Thus, the second period selected was 1952 to 2012 which aligned with a period of construction of multiple water control structures on the SR. Per Table 2, reconstruction skill exceeded established thresholds for each reconstruction. When compared to the reconstruction using the entire streamflow record (1926 to 2012), each of the three SLR models retained varying scPDSI proxies. However, while the reconstruction skill was “strong” for each split sample SLR model, the reconstruction skill observed “pre-impairments” (1926 to 1951) was superior to the reconstruction skill observed “post-impairments” (1952 to 2012). Perhaps this drop in reconstruction skill can be explained by the regulation of SR streamflow beginning in the early 1950s. The SLR reconstruction model based on the 1926 to 1951 period of record was tested using scPDSI proxies from the 1952 to 2012 period of record, resulting in an R2 of 0.72. This process (calibration of the SLR model for one period and testing of the SLR model for another period) was repeated using the SLR reconstruction model based on the 1952 to 2012 period of record and was tested using scPDSI proxies from the 1926 to 1951 period of record, resulting in an R2 of 0.48. Thus, each model maintained strong statistical skills when moving from calibration to testing.



Given the statistical strength of each of the three Catez gauge SLR reconstruction models, we used all three models to capture the uncertainty associated with reconstructed streamflow. We extracted annual (0 to 1925) AMJJAS reconstructed streamflow for each of the three SLR models and, again, performed bias correction. We ended reconstructed data in 1925 to avoid overlapping with observed-historic data (1926 to 2020). Using the bias-corrected reconstructed streamflow from the three models, for each year (annual 0 to 1925), we calculated annual extremes (1st and 99th percentiles). The reconstructed (0 to 1925) AMJJAS annual extremes (1% and 99%—gray shading with average—black line) are provided with the observed-historic (1926 to 2020) AMJJAS maximum (dark blue line) and minimum (red line) for the annual (Figure 5a), 5-year end-year filter (Figure 5b), 10-year end-year filter (Figure 5c), and 20-year end-year filter (Figure 5d) AMJJAS streamflows.



A noticeable “shift downward” of the dark blue pluvial line (i.e., observed-historic AMJJAS maximum) as we increased the filter period (annual to 5-year end-year to 10-year end-year to 20-year end-year) was apparent (Figure 5). Thus, it appears paleo pluvial (wet) periods frequently exceed what was the maximum in the observed-historic record (1926 to 2020). The United States Army Corps of Engineers (USACE), in cooperation with the Engineer Research and Development Center—Coastal and Hydraulics Laboratory, developed the Bayesian estimation and fitting software, RMC-BestFit [27]. For the 5-year end-year, 10-year end-year, and 20-year end-year bias-corrected reconstructed (0 to 1925) AMJJAS streamflow (Figure 5b–d), we evaluated 13 distributions using RMC-BestFit. For each filter, the generalized extreme value (GEV) distribution was selected based on the GEV displaying the lowest root mean square error (RMSE). We next performed a Bayesian estimation utilizing the generalized extreme value (GEV) distribution. When evaluating the most extreme pluvial in the observed-historic record (1926 to 2020) while using the paleo record’s (0 to 1925) GEV distribution, the 5-year filter’s return period was ~30 years, the 10-year filter’s return period was ~10 years, and the 20-year filter’s return period was <5 years. Simply put, the most extreme 10-year pluvial event in the observed-historic record has a one-in-ten chance of occurring in any given year in the paleo record. This reveals the increased moisture in the paleo record (e.g., higher streamflow) when compared to the observed-historic record.



When evaluating the observed-historic record (1926 to 2020), a statistically significant [greater than 99% (p < 0.01)] difference in streamflow was determined when applying the non-parametric rank-sum test [28]. We divided the 95-year period of record from 1926 to 1972 (47 years) and 1973 to 2020 (48 years). For the 1926 to 1972 period of record, the average AMJJAS streamflow was 4553 MCM, while the median was 4252 MCM. For the 1973 to 2020 period of record, the average AMJJAS streamflow was 3628 MCM, while the median was 3743 MCM. The decline in SR streamflow was confirmed in several studies [29,30,31] and was associated with a changing climate (i.e., increased temperatures and declining snowpack). The 2003 drought (AMJJAS streamflow = 1411 MCM) was extraordinary, as was the 1937 pluvial (AMJJAS streamflow = 7594 MCM). Thus, we are observing extreme events (droughts and pluvials) in the observed-historic (1926 to 2020) record. We combined reconstructed (average of three reconstructions from 0 to 1925) and observed-historic (1926 to 2020) AMJJAS streamflow and applied filters (5-year end-year, 6-year-end-year, etc., to 30-year end-year) (Table 3). For each filter, the lowest 20 AMJJAS streamflow end-years, for the combined reconstructed and observed-historic record, were ranked. Table 3 provides ranked end-years since 2000 (i.e., recent drought periods). The 2003 end-year was consistently ranked from the 5-year to the 15-year filter (except the 10-year filter) (Table 3). The 2012 end-year 21-year drought was ranked the lowest in the ~2000-year period of record (Table 3). The 2020 end-year (which represents the last year in the observed-historic period of record) was one of the most severe ~28 to 30-year drought periods (Table 3). It appears that the current ~30-year (1991 to 2020) drought is the lowest since the early 6th century (~527 AD). [32] identified two significant drought periods (~15th century and late 18th/early 19th century) when evaluating paleo records across Europe. While the current research identified the early 6th century as the driest in the SRB, a plausible explanation of the different periods of drought identified between the two studies was that (a) the current research focused on a specific (small) watershed and (b) seasonal (AMJJAS) streamflow was evaluated. The current research confirmed that the Catez gauge displayed similar reconstructed temporal behavior to the Jesenice gauge (considered unimpaired), which increased our confidence in evaluating the Catez gauge despite the operation of multiple water control structures upstream of the gauge that could impact streamflow variability. Perhaps future research should consider evaluating and reconstructing precipitation to confirm the recent multi-year droughts and reduction of pluvial events in the observed-historic record. This would assist in determining if the recent, lower streamflows are associated with a changing climate, upstream impairments, or some combination of both.
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Figure 1. Location map showing the Jesenice and Cadez streamflow gauges (stations) and the eight (Brežice, Krško, Blanca, Boštanj, Vrhovo, Medvode, Mavčiče, and Moste) SR water control structures in Slovenia. 






Figure 1. Location map showing the Jesenice and Cadez streamflow gauges (stations) and the eight (Brežice, Krško, Blanca, Boštanj, Vrhovo, Medvode, Mavčiče, and Moste) SR water control structures in Slovenia.



[image: Hydrology 10 00138 g001]







[image: Hydrology 10 00138 g002 550] 





Figure 2. SLR model results. (a) Jesenice gauge AMJJAS streamflow observed-historic (blue line) versus reconstructed (green line) versus bias-corrected reconstructed (black) for overlapping period of record (1977 to 2012); (b) Catez gauge AMJJAS observed-historic (blue line) versus reconstructed (green line) versus bias-corrected reconstructed (black) for overlapping period of record (1926 to 2012). 
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Figure 3. Red circles represent scPDSI cells retained in the Jesenice SLR model, while blue circles represent scPDSI cells retained in the Catez SLR model. Black hollow circles represent scPDSI cells (249) evaluated for use in the reconstructions. The circular black line represents the 450 km search radius. Note, scPDSI cell #122 was retained in both the Jesenice and Catez SLR models. 
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Figure 4. Reconstructed bias-corrected annual AMJJAS streamflow (standardized) with a 10-year end-year filter for the Jesenice gauge (red line) and Catez gauge (black line). 
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Figure 5. AMJJAS streamflow extremes (1st to 99th percentile—gray shading with the black line representing the average) when combining results from three bias-corrected reconstruction models. The dark blue line represents the maximum, and the red line represents the minimum observed-historic AMJJAS streamflow for (a) annual (b) 5-year end-year filter (c) 10-year end-year filter and (d) 20-year end-year filter. Reconstructed streamflow ending in 1925 is provided in the figure. 
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Table 1. River (station), drainage Area (DA—km2), average annual flowrate (MCM), reconstruction period, R2, R2—predicted, variation inflation factor (VIF), Durbin–Watson, and regression equation for regression model (scPDSI proxy cell number in parenthesis).
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	River

(Station)
	DA (km2)
	Average Annual Flowrate (MCM)
	Reconstruction

Period
	R2
	R2—Predicted
	VIF
	Durbin–Watson
	Sign Test
	Regression Equation





	Sava Dolinka

(Jesenice)
	258
	172
	1977–2012
	0.64
	0.55
	1.2 (pass)
	1.76 (pass)
	19/17 (pass)
	Q = 192.05 + 11.53 * #112

+ 10.26 * #122 + 5.83 * #133



	Sava

(Catez)
	10,186
	4028
	1926–2012
	0.54
	0.50
	1.2 (pass)
	2.00 (pass)
	47/40 (pass)
	Q = 4132.4 + 172.3 * #77

+ 264.3 * #122 + 109.0 * #146
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Table 2. River—station, reconstruction period, R2, R2—predicted, variation inflation factor (VIF), Durbin–Watson, and regression equation for regression model (scPDSI proxy cell number in parenthesis).
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	River

(Station)
	Reconstruction

Period
	R2
	R2—Predicted
	VIF
	Durbin–Watson
	Sign Test
	Regression Equation





	Sava

(Catez)
	1926–1951
	0.74
	0.64
	1.9 (pass)
	2.25 (pass)
	14/12 (pass)
	Q = 4553 + 270.7 * #90

+ 203.7 * #145



	Sava

(Catez)
	1952–2012
	0.50
	0.45
	1.2 (pass)
	2.26 (pass)
	33/28 (pass)
	Q = 3939.9 + 288.8 * #132

+ 175.6 * #167
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Table 3. AMJJAS streamflow (with end-year 2000 to 2020) which ranked in the lowest ~1% (lowest 20 streamflows) of the ~2000-year record when combining reconstructed and historic-observed AMJJAS streamflow. The end-year and ranking based on filter length (5- to 30-year) are provided.
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	End Year
	5-Year
	End Year
	6-Year
	End Year
	7-Year
	End Year
	8-Year
	End Year
	9-Year
	End Year
	10-Year
	
	





	2003
	5
	2003
	6
	2003
	2
	2007
	9
	2007
	9
	2009
	19
	
	



	2004
	6
	2005
	18
	
	
	2004
	10
	2004
	10
	
	
	
	



	
	
	
	
	
	
	2003
	15
	2003
	15
	
	
	
	



	End Year
	11-year
	End Year
	12-year
	End Year
	13-year
	End Year
	14-year
	End Year
	15-year
	End Year
	16-year
	
	



	2003
	4
	2003
	3
	2012
	5
	2003
	5
	2011
	6
	2012
	3
	
	



	2007
	8
	2008
	9
	2003
	8
	2012
	9
	2012
	8
	2007
	5
	
	



	
	
	2011
	11
	2004
	9
	2013
	10
	2004
	14
	2008
	19
	
	



	
	
	2004
	14
	2009
	16
	2004
	12
	2007
	15
	
	
	
	



	
	
	2012
	18
	
	
	2005
	18
	2003
	20
	
	
	
	



	End Year
	17-year
	End Year
	18-year
	End Year
	19-year
	End Year
	20-year
	End Year
	21-year
	End Year
	22-year
	End Year
	23-year



	2013
	7
	2007
	9
	2008
	13
	2012
	6
	2012
	1
	2012
	3
	2012
	3



	2008
	8
	2009
	12
	2018
	14
	2011
	9
	2020
	7
	2013
	8
	2013
	9



	2007
	9
	2017
	14
	2011
	16
	2016
	13
	2017
	15
	2018
	13
	2019
	11



	2012
	14
	2008
	18
	
	
	2019
	14
	2011
	17
	2011
	14
	2020
	15



	2016
	20
	
	
	
	
	2009
	17
	2013
	18
	2020
	16
	2014
	19



	End Year
	24-year
	End Year
	25-year
	End Year
	26-year
	End Year
	27-year
	End Year
	28-year
	End Year
	29-year
	End Year
	30-year



	2020
	4
	2014
	4
	2017
	5
	2018
	7
	2020
	6
	2020
	6
	2020
	9



	2013
	5
	2016
	11
	2016
	12
	2017
	9
	2019
	8
	2018
	13
	2019
	13



	2015
	12
	2013
	12
	2018
	14
	2016
	15
	2017
	9
	2019
	14
	2018
	20



	2012
	13
	2017
	17
	2015
	17
	2019
	17
	2018
	13
	
	
	
	



	2016
	18
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