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Abstract:



Distinct seasonal characteristics of monsoon climate significantly affect river streamflow in South Korea. The roles of direct runoff and baseflow on streamflow have become more important to ecosystems and human communities in various watersheds of South Korea. Understanding river characteristics, including direct runoff and baseflow, is the first step of river management and can make a significant contribution to maintaining a sustainable and effective river environment. In this regard, this study involves twin objectives: (1) developing the web-based BFlow system to gain advantages in the time and effort required relative to the DOS (Disk Operation System)-based BFlow program; and (2) assessing the contributions of baseflow and direct runoff to streamflow for river management at the national level. For this, we investigated all streamflow gauge stations in South Korea and, then, used the BFlow program to separate baseflow from the available streamflow data. The results showed that baseflow index for 254 streamflow gauge stations ranged from 0.28 to 0.89. Gauge stations with a baseflow index greater than 0.5 accounted for 64% of total stations. The web-based system developed in this study is a more MS (Microsoft) user-friendly version of BFlow. Furthermore, this study illustrated that high baseflow indexes were generally found at gauge stations with a low coefficient of variation of streamflow. The web-based BFlow system will provide understanding to strategically control rivers and improve the efficiency and safety of river management at the national level.
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1. Introduction


This study developed the web-based BFlow system to save time and effort over the DOS (Disk Operation System)-based BFlow program and to assess the contributions of baseflow and direct runoff to streamflow in order to promote sustainable and effective river management at the national level. In river management, streamflow data is fundamental for analyzing the characteristics of river regime. For this reason, many governments and institutions have installed gauging stations to periodically measure streamflow. Baseflow and direct runoff, which are the main components of streamflow, provide seasonally different contributions to river flow [1,2]. For example, the intensification of direct runoff during the wet season can cause soil erosion and deposition and water pollution (e.g., non-point pollution and suspended sediment). Whereas baseflow, which typically represents streamflow conditions in the absence of event-based runoff such as precipitation and snowmelt, represents the main supply of river water that is required to maintain hydro-ecosystems during the dry season. Furthermore, a decline in groundwater storage and increase in direct runoff can increase the vulnerability of the river depletion and flood. Sequentially, these negative phenomena, along with human activities, have potential to disorder hydro-ecosystem health. In this regard, it is necessary to understand the characteristics of hydrologic responses, including baseflow, direct runoff, and streamflow, for effective river management.



Due to the spatial heterogeneity and seasonal variations in river regimes, South Korea has attempted to establish an integrated system for river management at the national level. Thus, many studies have performed investigations and analyses of these river regimes in South Korea (e.g., [3,4,5]). However, most studies focused on regional patterns of streamflow in rivers. Lack of the integrated information on baseflow and direct runoff at the national scale can prove difficult to decision makers controlling river-related policy development in central and local governments including water resources development, flood control, drought prevention, water rights, watershed management, and city planning. Furthermore, many studies have supported the need for Korean river management to build the adaptation capacity to cope with impact of the changes in climate and land cover on river conditions in South Korea [6,7,8,9]. Thus, analysis of streamflow characteristics at the national level is necessary to improve the systematization, standardization, and efficiency of river management.



Understanding the role of baseflow in the streamflow processes is critical for identification and quantification of groundwater storage and direct runoff [10,11,12,13]. For this reason, many studies associated with the analyses of the characteristics of baseflow in watersheds have been conducted by using various methods: the recession curve displacement method [14,15,16,17,18], the curve-fitting method [19,20,21], and the water-table fluctuation method [22,23]. In addition, HYSEP (Hydrograph Separation Program) [24,25], PART [16,26], RORA [16,27], BFlow [17,28], and WHAT (Web Geographic Information System-Based Hydrograph Analysis Tool) [29,30,31] have been developed and widely employed for hydrograph analysis on a long-term basis.



The BFlow program [17], which uses a digital filtering method, was developed to provide consistent baseflow separation results. Recently, BFlow has become commonplace in hydrograph separation [29,32]. However, consideration of aquifer characteristics is difficult in baseflow separation using the BFLOW program. Thus, the digital filter method by Lyne and Hollick [33] was initially used in signal analysis and processing to separate high frequency signal (direct runoff) from low frequency signal (baseflow) [12,34]. In this context, the digital filter method has no physical meaning in baseflow separation. However, despite the weaknesses of BFLOW, the program can alleviate subjectivity in manual baseflow separation that the filtered baseflow should be less than total streamflow, and be greater than or equal to zero [17]. Such reduction of subjectivity in baseflow separation led to fast, consistent and reproducible filtering of continuous baseflow [34]. This allows high applicability of the BFlow program in many studies associated with baseflow separation [35,36,37,38]. Furthermore, the efforts to alleviate the inconvenience of the DOS-based systems are shown by the development of web-based systems such as WHAT [29] and RECESS [39]. Similarly, the development of web-based BFlow is also expected to extend the applicability of the existing BFlow program.




2. Materials and Methods


2.1. Study Area and Data


South Korea consists of four major river systems: Han River (HR), Nakdong River (NR), Gum River (GR), and Yeongsan/Sumjin Rivers (YSR) (Figure 1). Table 1 shows the characteristics of the watersheds for the four major river systems. Due to the of lack baseflow measurements, this study performed hydrograph separations from the observed streamflow in order to improve the understanding of river characteristics at the national level. In this regard, we investigated all streamflow stations included in the Water Management Information System (WAMIS) [40] due to availability of continuous daily streamflow data, which is required for baseflow separation using the BFlow program. In South Korea, WAMIS provides daily streamflow data retrieved from 632 gauge stations that are managed by K-Water, Ministry of Land, Infrastructure and Transport (MOLIT), and Ministry of Environment (MOE) (Figure 1). In this study, 254 out of 632 streamflow gauge stations which have available continuous daily streamflow data during a five-year period (2009–2013) were selected.


Figure 1. Study Area: four major river systems in South Korea. Numbers in the map indicate watershed codes in Table 1.
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Table 1. Characteristics of four major river systems in South Korea.







	
Systems

	
Watersheds

	
Drainage Area (km2)

	
Perimeter (km)

	
Average Elevation (m)

	
Average Slope (%)

	
Highest Elevation (m)




	
Code

	
Name






	
HR

	
10

	
Han River

	
34,428

	
1335

	
407

	
39

	
1688




	
11

	
Ansung Stream

	
1659

	
240

	
70

	
15

	
571




	
12

	
E.S. Han River

	
1971

	
1059

	
30

	
12

	
472




	
13

	
W.S. Han River

	
3890

	
680

	
372

	
47

	
1705




	
NR

	
20

	
Nakdong River

	
23,690

	
1097

	
291

	
37

	
1915




	
21

	
Hyungsan River

	
1140

	
226

	
176

	
31

	
846




	
22

	
Taehwa River

	
661

	
162

	
187

	
31

	
1233




	
23

	
Heoya, Suyeong River

	
865

	
342

	
128

	
27

	
902




	
24

	
E.S. Nadong River

	
2968

	
795

	
238

	
44

	
1139




	
25

	
W.S. Nadong River

	
2460

	
2102

	
121

	
34

	
873




	
GR

	
30

	
Gum River

	
9914

	
738

	
224

	
32

	
1611




	
31

	
Sapgyo Stream

	
1668

	
269

	
85

	
20

	
698




	
32

	
W.S. Gum River

	
2975

	
1007

	
54

	
17

	
904




	
33

	
Mangkyeong, Dongjin River

	
3367

	
619

	
80

	
18

	
1112




	
YSR

	
40

	
Sumjin River

	
4914

	
671

	
301

	
38

	
1650




	
41

	
S.S. Sumjin River

	
3385

	
2284

	
119

	
30

	
1223




	
50

	
Yeongsan River

	
3470

	
435

	
111

	
24

	
1177




	
51

	
Tamjin River

	
506

	
134

	
167

	
34

	
802




	
52

	
S.S. Yeongsan River

	
1507

	
768

	
54

	
20

	
699




	
53

	
S.S. Yeongsan River

	
2123

	
1823

	
49

	
19

	
740








Notes: Where, Han River (HR); Nakdong River (NR); Gum River (GR); and Yeongsan/Sumjin Rivers (YSR). Also, E.S. is East sea, W.S. is West sea, and S.S. is South sea.








Figure 2 shows the results of spatially plotting the mean daily streamflow for the five-year study period. Location information on the gauge stations in this study is available in the Supplementary Materials (Figure S1). The maximum streamflow (1100 m3/s), was observed at Kupo gauge station located in the NR system, and the minimum streamflow (0.02 m3/s) was observed at Bangdong gauge station located in the GR system. Specifically, the mean daily streamflow for the HR system was observed to be the greatest at the Haengjukyo gauge station and the lowest at the Wooi gauge station. The NR system had a maximum mean daily streamflow at Kupo gauge station and a minimum at Kigge gauge station. In the GR system, mean daily streamflow was observed to be maximum at Kanggyeong gauge station and minimum at Bandong gauge station. Lastly, in the YSR system, mean daily streamflow was observed to be maximum at Hadong gauge station and the minimum at Orye gauge station. As was the general expectation, the greatest streamflow for all river systems was observed in the main stream of rivers. Gauge stations in the NR system showed high spatial heterogeneity based on the gap between the maximum and minimum mean daily streamflow, and gauge stations distributed in the YSR system showed the smallest difference between the maximum and minimum mean daily streamflow. However, for all gauge stations in the YSR system, it is apparent that the mean daily streamflow was relatively and significantly low when compared to other large river systems. Thus, evaluating the soundness of river functions for water resource availability for the YSR system needs to consider groundwater pumping systems or flow regulated by hydraulic structures.


Figure 2. Distribution of the average daily streamflow.
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2.2. Digital Filter Method


The digital filter method, which was first suggested by Lyne and Hollick [33], is the basis of the BFlow program [17]. The digital filter method is an algorithm originally used in signal processing to divide the signals into two groups (high and low frequencies). Streamflow consists of direct runoff and baseflow. Typically, direct runoff is dominated by rainfall events or snowmelt runoff, and baseflow depends on discharge from groundwater storage. Here, direct runoff leads to higher frequency variability for streamflow than baseflow [12,41]. In this regard, baseflow separation from hydrograph can be conducted by signal analysis and processing because direct runoff is associated with the high frequency spectrum of hydrographs, and baseflow is associated with the low frequency spectrum [12]. Although baseflow separation using the digital filter method is performed by signal processing without physical meaning, the digital filter method has been used in many applications of baseflow separation (e.g., [17,20,31,34,42]) due to its speed, consistency, and reproducibility [17]. Direct runoff and baseflow using the digital filter method can be estimated by Equations (1) and (2).
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(1)
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(2)




where qt is the filtered direct runoff (m3/s) at time t, bt is the filtered baseflow (m3/s) at time t, β is the filter parameter, and Qt is streamflow (m3/s) at time t.



Determination of the filter parameter value is a main subjectivity in digital filter method. To reduce the subjectivity, Nathan and McMahon [34] suggested the optimal value 0.925 for the filter parameter, and the BFlow program implements the value. Also, BFlow conducts baseflow separation by passing the filter over the continuous streamflow data three times (Pass1, Pass2, and Pass3). Here, three passes produce different reductions in baseflow as a percent of total streamflow.




2.3. Development of the Web-Based BFlow System


The BFlow program developed by Arnold and Allen [17] has been widely employed to analyze baseflow contribution using long-term watershed runoff. To run the original BFlow program based on the MS-DOS system, users were required to manually input commands and data. For better convenience in using the BFlow program, we developed a web-based BFlow model to automate such conventional manual input by using web-programming languages such as Practical Extraction and Report Language (PERL) and Common Gateway Interface (GCI). By adding several additional functions, we extended the accessibility, availability, and applicability of the BFlow program. For example, we adopted Google Maps as a web-based interface and added an option for users to manually input the data. Specifically, the web-based BFlow system provides a function to automatically download daily streamflow data for the selected gauge station from the USGS National Water Information System (NWIS) website by selecting a gauge station marked on Google Maps, allowing for the instantaneous baseflow separation using the downloaded data. Furthermore, users can manually upload their own daily streamflow data through the web and immediately obtain the results estimated from BFlow calculations. Figure 3 shows a schematic diagram of the web-based BFlow system.


Figure 3. Overview of the web-based BFlow System.
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In this study, river characteristics were assessed by estimating the baseflow index (BFI), which indicates the ratio of baseflow to the total streamflow, and the coefficient of variation (CV) for daily streamflow. In addition to BFI and CV, baseflow and direct runoff were quantified to identify their contributions to rivers. In this study, BFI was estimated by applying the suggested web-based BFlow program to continuous daily streamflow data. The BFlow program has been employed in many applications to estimate BFI (e.g., [31,32,36,43]). For example, Arnold et al. [44] showed that the means of baseflow filtered by Pass2, and Pass3 are 10% and 20% less than Pass1, respectively. In such aspects, the selection of the pass provides flexible baseflow separation for the given condition, but depends on a user’s subjective decision. In this regard, Arnold and Allen [17] compared the baseflow filtered by three passes with other baseflow separation methods for eleven watersheds located in the states of Georgia (GA), Maryland (MD), Pennsylvania (PA), and Virginia, USA. They obtained the result that Pass1 leads to the consistent filtered baseflow within ±11%, compared to baseflow estimated using other methods. For this reason, Eckhardt [32] and Ahlablame et al. [36] estimated baseflow and BFI using Pass1. In this study, Pass1 was also used to estimate baseflow, direct runoff, and BFI at all gauge stations in South Korea that have continuous daily streamflow during a recent five-year period. In addition, the CVs of daily streamflow were calculated to determine the relationship between variation of daily streamflow and BFI. The CV at each gauge station can be calculated by Equation (3).
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(3)




where σ is the standard deviation of daily streamflow and μ is the mean of daily streamflow.





3. Results


3.1. The Developed Web-Based BFlow System


To promote the accessibility, applicability, and availability of the existing BFlow program, we automated user-access and output processes of the BFlow program through a web-based interface in order to assess streamflow characteristics at a national level (Figure 4). Furthermore, by mounting the interface on Google Maps (Figure 4a), daily streamflow data at the USGS gauge stations selected by users can be used almost instantaneously. The USGS gauge stations for the U.S. are linked by bullet points (e.g., Indiana State in Figure 4a). For data in countries other than the U.S. or users’ own data, the interface offers a function that allows the users to manually upload and process streamflow data (Figure 4b). For example, Figure 4b shows a screenshot of the web-based BFlow system while uploading daily streamflow data from the Okcheon gauge station. Furthermore, Figure 4c shows the tabular output for BFI and alpha factor (baseflow recession constant), the generated EXCEL file for baseflow separation, the generated hydrograph for streamflow, and the baseflow calculated by the web-based BFlow system. Here, the estimated alpha factor can be employed as a parameter of the Soil (SWAT) model. We acknowledge that the web-based BFlow system developed in this study is not scientifically innovate. However, we expect that this web-based BFlow system will significantly contribute to savings in the time and effort required in the assessment of streamflow characteristics for water resources management and flood risk management. The web-based BFlow system is available at the GIS-based environment system laboratory webpage [45] from the Kangwon National University, South Korea.


Figure 4. The web-based BFlow system reprinted with permission from Google Maps [46]. Copyright 2016 Google; (a) Googlemap Interface Option; (b) Manual Upload Option; (c) Output.
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3.2. Analysis of River Characteristics


Among various hydrologic indices [47], this study estimated baseflow, direct runoff, BFI, and CV to quantify the contributions of baseflow and direct runoff to streamflow and to assess the impact of baseflow on variation of daily streamflow (Figure 5 and Table 2). Figure 5a shows the spatial distribution of BFI estimated by applying the BFlow program to daily streamflow for each gauge station. The estimated BFI ranged between 0.28 and 0.89 and showed a maximum value at Hapcheon gauge station located in the NR system and a minimum value at Wonpyeong gauge station located in the GR system. In addition, in order to quantify the variability of daily streamflow, the CV showing the ratio of the standard deviation for the mean value of daily streamflow was calculated for each gauge station. Figure 5b shows the distribution of calculated CV, which ranged from 0.29 (Sammun gauge station in the NR system) to 6.41 (Joongryang gauge station in the HR system). In the case of direct runoff (Figure 5c), the maximum value was estimated to be 546.0 m3/s at Haengjukyo gauge station located in the HR system, and the minimum value was estimated to be 0.4 m3/s at Bangdong gauge station located in the GR system. On the other hand, baseflow (Figure 5d) was estimated to be greatest (362.8 m3/s) at Kupo gauge station located in the NR system and lowest (0.3 m3/s) at Bangdong gauge station located in the Geum River Basin, which is similar to the mean daily streamflow (Figure 2). These results show that baseflow greatly contributes to maintaining rivers. In Korea, however, many projects for river maintenance and water resources have been carried out to maintain flows by constructing hydraulic structures and, therefore, the contribution of baseflow calculated in this study is likely to be artificially inflated depending on regional characteristics.


Figure 5. Spatial distribution of streamflow components and characteristics; (a) BFI; (b) Coefficient of Variation; (c) Direct Runoff; (d) Baseflow.
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Table 2. Streamflow characteristics by river systems.







	
Systems

	
Index

	
BFI

	
CV

	
ADDF

	
ADBF






	
HR

	
Min

	
0.41

	
0.62

	
0.7

	
0.9




	
Max

	
0.79

	
6.41

	
546.0

	
526.8




	
Avg.

	
0.55

	
2.80

	
40.0

	
61.1




	
NR

	
Min

	
0.37

	
0.29

	
0.6

	
0.6




	
Max

	
0.89

	
5.89

	
378.9

	
736.6




	
Avg.

	
0.61

	
2.64

	
40.9

	
78.9




	
GR

	
Min

	
0.28

	
0.71

	
0.4

	
0.3




	
Max

	
0.81

	
6.29

	
162.1

	
214.9




	
Avg.

	
0.54

	
2.94

	
10.6

	
17.6




	
YSR

	
Min

	
0.35

	
1.28

	
0.5

	
0.5




	
Max

	
0.86

	
4.53

	
75.1

	
81.3




	
Avg.

	
0.52

	
3.02

	
10.6

	
12.0




	
Total (Korea)

	
Min

	
0.28

	
0.29

	
0.4

	
0.3




	
Max

	
0.89

	
6.41

	
546.0

	
736.6




	
Avg.

	
0.56

	
2.84

	
26.4

	
43.7








Notes: Where, ADDF is the average daily direct runoff (m3/s) and ADBF is the average daily baseflow (m3/s).








Figure 6 shows the relative ratio of the contribution of baseflow and direct runoff to streamflow. This study found that the baseflow contributed more than 50% of river streamflow at 163 gauge stations (64%). In addition, BFIs of greater than 50% were estimated to constitute 54 out of 74 gauge stations for the HR system (75%), 48 out of 60 gauge stations for the NR system (80%), 42 out of 74 gauge stations for the GR system (57%), and 19 out of 46 gauge stations for the YSR system (41%). Hence, the contribution of baseflow to streamflow at gauge stations belonging to the NR system was higher than for other river systems. The distributions of BFI by river system are represented with a histogram (Figure 7). From the results, it is evident that Korean rivers have different characteristics in direct runoff and baseflow per river system.


Figure 6. Relative ratios between baseflow and direct runoff to total streamflow.
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Figure 7. Histogram of BFI by river system. (a) HR; (b) NR; (c) GR; (d) YSR.
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Both maximum and minimum BFIs occurred in the NR system. Figure 8 shows the baseflow separation results of applying BFlow to streamflow at Hapcheon gauge station with maximum BFI (Figure 8a) and Wonpyeong gauge station with minimum BFI (Figure 8b). In Figure 8a,b different contribution of baseflow can be clearly seen in each hydrograph. Here, the mean was calculated to be 96.3 m3/s with a standard deviation of 51.1 m3/s for 1826 daily streamflow data points collected between 2009 and 2013 at Hapcheon gauge station, which had the maximum BFI of all gauge stations (0.89). Accordingly, the CV for Hapcheon gauge station was calculated to be 0.53. On the other hand, in the case of Wonpyeong gauge station with the minimum value of BFI (0.28), the mean daily streamflow was estimated to be 9.2 m3/s with a standard deviation of 33.4 m3/s, resulting in a CV of streamflow of 3.62, which is about eight times greater than for Hapcheon gauge station. Given these points, it is considered that there is a correlation between CV and BFI. For all gauge stations, the relationship between CV and BFI was analyzed, and Figure 9 illustrates that the greater the BFI, the smaller the CV. The trend of streamflow can be directly influenced by climatic/human impacts such as climate change and land use change [48,49]. In particular, if climatic impacts on streamflow occur in the river environments of Korea with more distinct seasonal characteristics, the contribution of baseflow to streamflow will decrease more during the dry season and direct runoff will increase more during wet season.


Figure 8. Comparison of baseflow separations at gauge stations with the maximum and minimum BFIs (2009–2013); (a) Hapcheon gauge station in NR system; (b) Wonpyeong gauge station in GR system.
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Figure 9. Relationship between BFI and CV of streamflow in Korea (2009–2013). Red and green bar charts indicate the histograms of CV and BFI, respectively.
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According to WAMIS, 85 dams are operated in South Korea. These dams can affects the results of the streamflow characteristics analysis conducted in this study because the dams were conducted to regulate the flow regime of rivers. In order to validate this, satellite photos provided by Naver Map [50] were analyzed for gauge stations with the top ten BFI values: Hapcheon (NR system), Soosan (NR system), Jangeon (YSR system), Sammun (NR system), SSangchi (YSR system), Woosung (GR system), Sungseo (NR system), Kangcheong (NR system), Dongyeonkyo (HR system), and Sankyuk (NR system). The analysis results showed that high BFI areas are highly affected by artificiality and are therefore controlled by discharge regulations through dams and not by natural baseflow (Figure 10). At Hapcheon gauge station, for example, the high estimate for the BFI of streamflow was likely caused by the impact of discharge flow from Hapcheon Dam upstream and the construction of a reservoir affecting the estimation downstream (Figure 10a). In addition, the baseflow ratio of Susan gauge station located in the Nakdong River mainstream is considered to have been estimated to be high because Changnyeonghaman Weir was constructed upstream by the four-river project (Figure 10b). Moreover, at the remaining gauge stations (Figure 10c–j), BFI is considered to have been high due to anthropogenic influences such as hydraulic structures. Therefore, the definition of direct runoff separation may be more accurate than that of baseflow separation because most rivers and streams in Korea are greatly influenced by artificial elements. Based on this definition, streamflow needs to be classified into direct runoff and runoff other than direct runoff (baseflow + artificially driven baseflow).


Figure 10. Hydraulic structures around gauge stations with high BFI reprinted with permission from NAVER [50]. Copyright 2016 NAVER; (a)Hapcheon; (b) Soosan; (c) Jangeon; (d) Sammun; (e) Ssangchi; (f) Woosung; (g) Sungseo; (h) Kangcheong; (i) Sankyuk; (j) Dongyeonkyo.



[image: Water 08 00384 g010a][image: Water 08 00384 g010b]








4. Discussions and Conclusions


In order to generally evaluate the characteristics of rivers or streams in South Korea, this study estimated BFI and CV and quantified direct runoff and baseflow. To this end, gauge stations with available streamflow data for the most recent five years were investigated, and baseflow separation was carried out by applying BFlow. BFI derived from this study ranged from 0.28 to 0.89 and BFIs greater than 0.5 were found for 172 out of 254 total gauge stations (67%). Smaller BFI values were related to greater influences of direct runoff, so efforts to reduce damage caused by direct runoff, such as flooding and soil loss, are needed during the wet season in watersheds that contain gauge stations with small BFIs. However, it is also noted that a river with high BFI can rapidly reach flood peaks depending on the river’s conveyance capacity [51]. In addition, in urban areas, measures to reduce impervious surfaces are required in order to prevent the increase of direct runoff [52,53,54].



We estimated and compared the CV of river daily streamflow for gauge stations with the greatest domestic BFI and gauge stations with the smallest BFI. As a result, the CV of the river was estimated to be about eight times greater for the gauge station with the minimum BFI than for the gauge station with the maximum BFI. This study illustrated the results of analyzing the relationship between CV and BFI of streamflow for 254 gauge stations. Based on these results, Korean river management needs to consider regional contributions of baseflow and direct runoff to streamflow for each river system.



Due to Korea’s river environment showing an increase in both impervious surfaces due to urbanization and intensive rainfall caused by climate change [4,55,56], the contribution of direct runoff to river streamflow was expected to be relatively greater than that of baseflow, but the results were the opposite. In this regard, the BFI of Korean rivers is likely to be higher because of anthropogenic influences such as dams, reservoirs, and weirs as well as natural baseflow. The results of investigating the area surrounding the gauge stations with the top ten BFI values were supported by the possibility that BFI is increasing due to hydraulic structures located upstream and downstream of gauge stations. Therefore, due to the impact of artificially derived baseflow, the use of BFlow on Korean rivers is closer to direct runoff separation than the definition of baseflow separation, and streamflow components need to be classified in further detail into “direct runoff” and “not direct runoff” (baseflow + artificially driven baseflow).








Supplementary Materials


The following are available online at http://www.mdpi.com/2073-4441/8/9/384/s1, Figure S1: Locations of the gauge stations.
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