[image: image1]Event-scaled hydrological response of a headwater catchment in Hong Kong

		ORIGINAL RESEARCH
published: 07 July 2023
doi: 10.3389/fenvs.2023.1218239


[image: image2]
Event-scaled hydrological response of a headwater catchment in Hong Kong
Li Zhang1,2, Qian Xu3*, Keyi Wang4,5, Guoxin Chen1,4, Zhuoran Luo2, Xiang Li1,6 and Biyun Guo7
1State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining, China
2School of Water Resources and Hydropower Engineering, North China Electric Power University, Beijing, China
3Space Intelligence and Informatics Research Center, Research Institute of Tsinghua University in Shenzhen, Shenzhen, China
4State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing, China
5College of Transportation and Environment, Shenzhen Institute of Information Technology, Shenzhen, China
6State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research, Beijing, China
7Marine Science and Technology College, Zhejiang Ocean University, Zhoushan, China
Edited by:
Jaan H. Pu, University of Bradford, United Kingdom
Reviewed by:
Li Jian, China University of Geosciences Wuhan, China
Wenjie Li, Chongqing Jiaotong University, China
* Correspondence: Qian Xu, xuqian_100@163.com
Received: 06 May 2023
Accepted: 02 June 2023
Published: 07 July 2023
Citation: Zhang L, Xu Q, Wang K, Chen G, Luo Z, Li X and Guo B (2023) Event-scaled hydrological response of a headwater catchment in Hong Kong. Front. Environ. Sci. 11:1218239. doi: 10.3389/fenvs.2023.1218239

To improve understanding of rainfall-runoff processes and the fundamental hydrological mechanisms, rainfall and runoff data during six hydrological years (2007/06–2012/06) were collected in a small headwater catchment at the Kadoorie Agricultural Research Centre (KARC) in Shek Kong, Yuen Long District, New Territories, Hong Kong. Totally, 28 storms were selected; using the one parameter filter method, the direct and baseflow hydrographs were obtained. Their runoff coefficients (which are the ratios of direct runoff volumes to the total rainfall volumes) were computed and the values were very low (mean value is less than 2%). At the event scale, the results revealed that the runoff coefficient which represents the catchment response was highly correlated with rainfall depth, maximum 15-min rainfall intensity and initial discharge. Linear relationships were found and two variables (rainfall depth and initial discharge) gave a better result to predict runoff coefficient indicating that hydrological response depended both on rainfall depth and initial discharge. The principal component analysis and cluster method were used to discriminate types of hydrological responses. Three types of characteristics of hydrological behavior were identified. The different types of hydrological responses show similar characteristics such as the quick rise and the prolonged recession. This study highlights the importance of interflow in the rainfall-runoff process and provides insight into the relationship between rainfall and runoff. The findings have significant implications for water resources management and will help inform decision-making processes.
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1 INTRODUCTION
One of the goals of catchment hydrology is quantifying the basin responses to rainstorms in terms of timing and volume of flood production (Penna et al., 2011). The relationship between rainfall and runoff plays a key role in the planning, design, operation and maintenance of water sources in a catchment (Sen, 2008). Furthermore, extreme events, such as floods and droughts, are becoming more frequent and more intense worldwide suffering from the effects of climate change (Rubinato et al., 2020; Pu et al., 2022). And understanding the runoff generation processes is important for the prediction of floods. Some studies indicated that runoff generation processes depend on the antecedent catchment conditions and rainfall volume (Latron and Gallart, 2008; Palleiro et al., 2014). Many studies revealed that the rainfall and runoff response is a nonlinear process (Latron and Gallart, 2008; Penna et al., 2011). Different antecedent catchment conditions (soil moisture, antecedent rainfall, and initial discharge or ground water level) are the primary reason cause of the nonlinear response.
Runoff coefficient is an important parameter describing basin response and is used widely. Event-based runoff coefficients are determined using the ratio of direct runoff over total rainfall (McNamara et al., 1998; Sidle et al., 2000; Bowden et al., 2001; Schellekens et al., 2004). Runoff coefficients are useful for comparison with other catchments which help us to understand how different rainfall runoff response processes are.
The direct flow is primarily the direct response of a rainfall event and includes the overland flow and the lateral flow in the soil profile also known as interflow. The baseflow is a component of the stream flow that is discharged from the natural storage of aquifers. Direct runoff and Baseflow measurement respective are not easy and special equipment is needed and usually the cost is very high (Gonzales et al., 2009). Therefore, baseflow separation techniques are considerable utilities because of the easy access and potential contribution to the understanding of flow components, mathematical rainfall runoff models and water resources planning and management (Hall, 1968; Tallaksen, 1995). To obtain the volume of surface runoff, the use of an appropriate baseflow separation method is essential. Baseflow separations have been widely studied and applied in many catchments (Hall, 1968; Tallaksen, 1995; Gonzales et al., 2009). A reliable hydrograph separation method is essential for separating baseflow from total runoff to yield direct runoff (Chow et al., 1988). Separating hydrographs to classify and quantify direct runoff and baseflow and setting the beginning and end of storm rainfall is very difficult (Hewlett et al., 1977). Generally, there are two types of hydrograph separation method: graphical and filter separation methods (Smakhtin, 2001). The sensitivity analysis shows that the required baseflow separation coefficient could be estimated using 3 to 5 rainfall streamflow events from the study catchment (Tularam and Ilahee, 2007; Tularam and Ilahee, 2008). Estimation of direct runoff volume and peak runoff rates for small rural catchments poses a problem in view of the limited gauged data available. This requires some base data for model calibration and validation. The variability of runoff generation processes within a mountain catchment and the variability from event to event is an intriguing aspect (Kirnbauer et al., 2005). One means of addressing the complexity and variety of processes is to isolate dominant processes. In most flood estimations, the simplified lumped conceptual loss models are generally used because of their simplicity and ability to approximate catchment runoff behavior (Hill et al., 1996).
In Hong Kong, only a few studies have been conducted to understand the hydrological response. While numerous flash floods are reported almost every year; for example, a flash flood occurred on 14 April 2000 due to rainfall with a depth of 500 mm, and some villages were submerged by about 1 m deep water (Report for 33rd Session, 2000). Therefore, flash floods are still one of the particularly complicated serious natural disasters, and an important threat to human lives and societal properties in Hong Kong. While the impacts of flash floods in Hong Kong are huge, understanding of the features of a local flash flood is still lacking. One reason for this is the lack of available fine temporal resolution of rainfall records and streamflow observations. The importance and limitations of understanding flash flood features in Hong Kong and worldwide, in general, motivate the present study.
The study of a small experimental catchment where rainfall and runoff data were collected is useful for better understanding the fundamental hydrological mechanisms occurring at the headwater scale. The main purpose of this study is to: 1) investigate rainfall and runoff relationships, 2) discriminate types of hydrological responses and identify the rainfall variables that explain best the differences in the types of hydrological responses.
2 STUDY AREA
The study headwater catchment is located in the Kadoorie Agricultural Research Centre (KARC) at Shek Kong of Yuen Long District, New Territories, Hong Kong (22°25′N, 114°07′E) shown in Figure 1A (Li, 2009; Xu, 2013a; Xu, 2013b). The study area covers a total area of 82,737 m2 with an altitude ranging from 209 m to 550 m (mean elevation = 362 m) shown in Figure 1B. Slopes vary between 0° and 71.6°, with a mean value of 35.1°. The average main channel slope is around 30°. The length of the main channel is around 550 m. The region is characterized by a sub-tropical climate with tending towards for nearly half the year. The reports indicated from the observation of HKO (Hong Kong Observatory) that the rainy season in Hong Kong is from April to September, received about 76.55% of the annual rainfall and the yearly average precipitation value from 1971 to 2000 is about 2,400 mm. The reference evapotranspiration rate varies from about 67.6 mm/month in February to 155.5 mm/month in July. The whole catchment is covered by vegetation and the vegetation is broadleaf woodland and shrubland. The soil in this basin is sandy silt and clayey sand with medium permeability.
[image: Figure 1]FIGURE 1 | Study area and its DEM. (A) Location of the KARC catchment (B) Digital elevation model of KARC.
3 DATA AND METHODS
3.1 Rainfall-runoff data
Instrumentation was installed in the year of 2007 to record rainfall and runoff data. Rainfall was measured by tipping bucket rain gauge which was connected to a data logger (Casella CEL) with a 0.5 mm/tip and a temporal resolution of 1-min, and the water level was generally recorded by an electronic Stevens data logger which was installed at the 50° V-notch weir in the catchment (Figure 2). The time interval of the water level also was 1 minute. A stage-discharge relationship has been obtained by the principles of hydraulics. Stage-discharge relation was developed from a set of volumetric gauging measurements of the discharge and water levels. The following equation was used in this study (Fok, 2002)
[image: image]
where Qt is the discharge at time t with the unit of L/s, and Ht represents the water level at time t recorded at the 50° V-notch weir in the unit of cm.
[image: Figure 2]FIGURE 2 | Rain gauge and water level recorder at the weir. (A) Casella CEL tipping Bucket rain gauge (B) Stevens water level data logger (C) 50 degree of V-notch weir.
28 runoff-generating events from 2007–2012 were selected based on minutely rainfall and water level data. Rainfall events were defined as a period for which the cumulative rainfall was at least 1 mm and which were separated by at least 6 h without rainfall. Runoff events were identified as the ratio of direct runoff to baseflow at the peak time needing to be larger than 0.5 (Norbiato et al., 2009). Further, runoff events with successive flow peaks were not considered. For each event, several variables were selected and grouped as explanatory variables and response variables from the hyetograph and hydrograph (Table 1). Depth of rainfall event (P, mm), duration of rainfall event (Tr, minute), mean rainfall intensity (Iavg, mm/min), maximum rainfall intensity (Imax, mm/15 min), antecedent rainfall index (API, mm) (Gregory and Walling, 1973), initial discharge (Q0, m3/min), time to peak discharge (Tq, minute), duration of direct runoff (Te, minute), peak discharge (Qp, m3/min), discharge increase (∆Q = Qp−Q0, m3/min), direct runoff (Qd, mm), runoff coefficient (C, %).
TABLE 1 | Characteristics of the 28 rainfall-runoff events at KARC catchment.
[image: Table 1]3.2 Baseflow separation and runoff coefficient
In order to determine the contribution from direct runoff in a watershed to the streams in the watershed, it is necessary to separate the baseflow from total runoff data. A variety of techniques have been suggested for separating baseflow and direct runoff. The one parameter filter method: Nathan and Mcmahon (1990) developed a digital filter algorithm to separate direct runoff and baseflow from total runoff. The digital filter is based on the principle used in signal processing by regarding baseflow and direct runoff as low and high frequency signals, respectively. The digital filter can be expressed mathematically as follows
[image: image]
where Qd,t and Qt are the direct runoff and total stream flow, respectively, at a time interval t, and the parameter k is the recession constant during periods of no direct runoff with values between 0 and 1.
Stream flow recession can be described by various recession equations and the most used equation for baseflow is
[image: image]
where Qt is the discharge at time t, Q0 is the initial discharge and k is the recession constant for the selected time units. Plotting discharge ratio values (Q0/Q) on the semi-logarithmic plot (Hino and Hasebe, 1984), the slope of the recession curve was used to get the constant k. k values were estimated for a set of recession curves and were averaged to yield a representative value of k for the study site.
Event-based runoff coefficients were determined using the ratio of direct runoff volume over total rainfall (McNamara et al., 1998; Sidle et al., 2000; Bowden et al., 2001; Schellekens et al., 2004) and the equation is
[image: image]
where C is the runoff coefficient, Qd is the direct runoff (mm), and P is the rainfall depth (mm).
3.3 Statistical methods
Person correlation was applied to analyze the relationship between rainfall and runoff variables. Then linear regression method was used to develop the empirical equation of runoff coefficient. The runoff coefficients are constrained to the range from 0 to 1, while the range of logit transformation of runoff coefficient values is [−∞, ∞]. The logit transformation is described by the following equation:
[image: image]
According to the significance of predictor variables and the model’s goodness of fit described by R2, a stepwise linear regression method was used and the best model was chosen.
Principal component analysis (PCA) was applied to search for combinations of runoff variables. PCA involves a mathematical procedure that transforms a number of (possibly) correlated variables into a (smaller) number of uncorrelated variables called principal components. The first principal component accounts for as much of the variability in the data as possible, and each succeeding component accounts for as much of the remaining variability as possible (Legendre and Legendre, 1998). PCA is particularly suitable for discriminating several types of hydrologic responses which involves searching for combinations of response variables (Ali et al., 2010).
A hierarchical cluster algorithm was used to discriminate the types of events taking into account the results of PCA.
Person correlation, PCA and hierarchical cluster algorithm were undertaken with SPSS, a statistical software package.
4 RESULTS
4.1 Rainfall-runoff relationship
The k values were found to be 0.998 for a 1-min time interval. This k value was used in the one parameter filter method to separate the baseflow. The main characteristics of rainfall and runoff of 28 events were listed in Table 1. The mean rainfall depth for 28 events was 31.6 mm, ranging from 8 to 79 mm. The average rainfall intensity varied between 0.12 and 0.95 mm/min and a maximum of 15 min rainfall intensity ranged from 4.8 to 37.5 mm/15 min. According to the Hong Kong Observatory (2009), there are three levels of heavy storm warnings, Amber (>30 mm/h), Red (>50 mm/h) and Black (>70 mm/h). In all 28 events, 9 events are amber storms, 1 out of 28 rainfall events are red storms, and there are no black storms. The antecedent precipitation index was strongly variable, ranging between 9.1 and 164.6 mm. Initial discharge varied between 0.02 and 0.48 m3/min and peak discharge ranged from 0.27 to 5.99 m3/min. Direct runoff ranged from 0.12 to 3.82 mm (mean = 0.9 mm), while average runoff coefficients were low, less than 3%. Similar with low runoff coefficient values were found by Palleiro et al. (2014) who analyzed the hydrological response in a humid agroforestry catchment at different time scales. Rainfall duration ranged from 24 to 662 min with a mean value of 108 min. Time from the initial discharge to peak discharge ranged between 16 and 221 min, while runoff recession duration ranged between 73 and 591 min, with recession limb usually of longer duration than rising limb. Analysis of the hydrographs of the 28 rainfall-runoff events also showed that the stream runoff responds rapidly to rainfall.
The relationship between rainfall and direct runoff was shown in Figure 3. From Figure 3, rainfall depth and direct runoff were found to be strongly correlated at the event scale (R2 = 0.85), despite a little of degree scattering. It also can be seen from this figure that for small rainfall events (p < 25 mm), runoff response was limited and runoff was less than 0.5 mm. The threshold of 25 mm is not clearly defined, as shown by the relatively high degree of scattering for events with between 25 and 40 mm of rainfall. Latron and Gallart (2008) also found two different types of relationships like our study and the threshold was 20 mm. Nadal-Romero and Regues (2010) in his study for a small catchment with badland areas in the central Spanish Pyrenees described a similar result and the threshold was 10 mm.
[image: Figure 3]FIGURE 3 | Relationship between rainfall depth and direct runoff. A linear regression between rainfall and direct runoff is list.
To analyze in detail the influence of the different variables on the magnitude of the hydrological response, person correlation relationships between rainfall and runoff variables derived from 28 events were performed. As Table 2 showed, the response variables, Qp, ∆Q, Qd and C, were well correlated with total rainfall depth, maximum 15 min rainfall intensity and also correlated with average rainfall intensity. However, the runoff coefficient was also correlated with initial discharge. No significant correlation was observed between runoff coefficient or peak discharge and duration of rainfall event and API indicating that they do not affect the hydrological response.
TABLE 2 | Person correlation matrix between the selected variables. Coefficients in bold are significant at the 0.01 level and coefficients in italics at the 0.05 level.
[image: Table 2]Runoff coefficient is an important parameter describing basin response and is used widely to analyze the hydrological response to a single rainfall event. For the study period, the runoff coefficient varied between 0.85% and 6.11%, with a mean value of 1.34%. The relationships between runoff coefficient and rainfall, duration of rainfall, maximum 15 min rainfall intensity, initial discharge and API were presented in Figure 4. From Figure 4, a linear fit of runoff coefficient on rainfall depth was statistically significant and explained 55% of the variance. The runoff coefficients increase with increasing rainfall depths. Nevertheless, some scatter in the runoff coefficient values indicated that the relationship between rainfall and runoff coefficient values was not straightforward. For example, similar rainfall depth around 30 mm led to runoff coefficients that range from 0.85% to 2.61%. On the other hand, similar runoff coefficients values around 1.3% related to rainfall depths varied from 9.5 mm to 33.5 mm. This result showed some not-linearity in the rainfall-runoff relationship in the KARC catchment and showed the influence of some other factors on hydrological response. In the same way, the runoff coefficient increase with a maximum of 15 min rainfall intensity, In view of these results, we used a linear regression model to estimate the relationship between the runoff coefficient and the different predictor variables describing rainfall characteristics and antecedent conditions. The input data originate from all events. The following equation with P (total precipitation in mm), Q0 (initial discharge in m3/min) and Imax (maximum 15 min rainfall intensity) shows the result, where R2 = 0.68. This is obviously higher than that obtained by a simple relationship (P-C: R2 = 0.55).
[image: image]
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[image: Figure 4]FIGURE 4 | Relationships between runoff coefficient and rainfall depth, duration of rainfall, rainfall intensity, maximum 15 min rainfall intensity, API and initial discharge.
4.2 Hydrological response types
Runoff variables are not completely independent, but there are some relationships, so the PCA algorithm was first used to study the rainfall and runoff variables (P, Tr, Iavg, Imax, API, Q0, Tq, Te, Qp, ∆Q, Qd and C) listed in Table 1. The PCA of hydrograph features of the total events revealed that 82.4% of the variance was captured by the first three PC axes. PC axis 1 is associated with rainfall depth, peak discharge, discharge increase, direct runoff, the runoff coefficient and maximum 15 min rainfall intensity (loading of more than 0.8), while PC axis 2 is contributed by the duration of rainfall and time to peak discharge (loading of more than 0.8). PC axis 3 is associated with soil initial conditions (API and initial discharge). As illustrated in Table 3 the variables retained and positively correlated in the PC axis 1, ranked according to their importance as expressed by the eigenvector value, are peak discharge, discharge increase, direct runoff, rainfall depth, maximum 15 min rainfall intensity and runoff coefficient. PC axis 2 is positively correlated to the duration of rainfall depth and the time to peak discharge. PC axis 3 also is positively correlated to the soil initial conditions. Principal component 1 seems to reflect characteristics of rainfall and runoff magnitude. Principal component 2 is rather related to rainfall and runoff time. Principal component 3 represents the antecedent soil conditions. These three principal components basically reflect the characteristics of rainfall and runoff. Response types in the KARC catchment are highly variable along the PC axis 1 rather than along the PC axis 2 or PC axis 3.
TABLE 3 | Loading of each runoff variable on 3 principal components.
[image: Table 3]Table 4 showed the scores of each event on three principal components (F1, F2 and F3). F1, F2 and F3 can be used to replace the original twelve rainfall and runoff variables as new variables. Based on the results of Table 4 and using new variables (F1, F2 and F3), the hierarchical cluster method was used to discriminate types of hydrological responses. Figure 5 depicted the result of clustering for 28 events. This figure revealed that the hydrological events can be grouped into three clusters. Hydrological events characteristics of three types were shown in Table 5.
TABLE 4 | Score of each event on three principal components.
[image: Table 4][image: Figure 5]FIGURE 5 | PCA distance biplot and hydrological events cluster. Numbers from 1 to 28 represent names of events.
TABLE 5 | Characteristics of different rainfall-runoff event types found in the KARC.
[image: Table 5]Events of type 1 were generated by the largest rainfall amounts and with the wettest antecedent conditions (API mean = 103.4 mm and mean initial discharge = 0.235 m3/min), which resulted in a higher peak discharge, direct runoff and runoff coefficient. Figure 6A showed an example of this type. This event occurred on 3 June 2009, with a rainfall depth of 80 mm, maximum rainfall intensity of 37.5 mm/15 min and relatively wet antecedent conditions (API = 138.3 mm and Q0 = 0.113 m3/min). Runoff coefficient and peak discharge also were relatively high.
[image: Figure 6]FIGURE 6 | Typical hydrology and hyetograph for three selected events (A–C) associated with each type.
Events covered by type 2 were generated by smaller rainfall and with the driest antecedent conditions (API mean = 46.1 mm and mean initial discharge = 0.064 m3/min) which resulted in the lowest peak discharge (mean 0.791 m3/min). One significant feature of this type of event is more longer duration of rainfall or smaller average rainfall intensity than the other two types of events. Figure 6B showed an example of this type. The event of 24 May 2008 was characterized by low rainfall depth (43 mm), long duration (252 min), low average rainfall intensity (0.14 mm/min) and dry antecedent conditions (API = 57.6 mm; initial discharge = 0.02 m3/min).
Events of type 3 were generated by the smallest rainfall amounts and with wetter antecedent conditions (API mean = 70.5 mm and mean initial discharge = 0.126 m3/min), which resulted in almost the same peak increase and runoff coefficient as type 2, but lower direct runoff. Type 2 and type 3 of events showed the non-linear effect of rainfall depth on runoff coefficient and the importance of antecedent conditions of the catchment on the hydrological response: the different rainfall depths can produce the same runoff coefficient when initial conditions are different. Analyzing the reason for the smallest peak discharge of type 2, the long rainfall duration for this type which provided more time for catchment storage and weakened the peak discharge gave a better explanation. Figure 6C showed a characteristic hydrograph of type 3; an example is an event occurring on 3 June 2008, with rainfall depth of 29.5 mm after a relatively dry period (API = 101.2 mm; initial discharge = 0.047 m3/min); but the runoff coefficient and peak discharge were higher than the example event of type 2.
4.3 Time of concentration and lag time
Time of concentration (Tc) and lag time (TL) are the most frequently used time parameters, which are usually estimated by empirically and hydraulically-based methods. Time parameters can help us to better understand the dominant processes and provides an implication on how rapidly rainfall is converted to runoff at the KARC catchment. Time of concentration (Tc) is the travel time of overland flow from the most remote point to the outlet of catchment and it is a function of the topography, geology and land use of a catchment. In Hong Kong, the Bransby-Williams equation is commonly used to estimate the time of concentration of a catchment. The Bransby-Williams equation is given as follows:
[image: image]
where L is the length of the flow path (m), H is the average slope of the channel (m/100 m), A is the catchment area (m2), Tc is the time of concentration (min). Using this equation, the time of concentration of the study catchment is around 13 min. Therefore, the temporal resolution used should be shorter than 13 min (Latron and Gallart, 2008) Analysis of the hydrographs of the 28 rainfall-runoff events showed that the stream runoff responded rapidly to rainfall. Lag time of those 28 events, defined as the time from the center of the rainfall event to the peak discharge, ranged from 0 to 65 min; the lag time for 15 of the 28 events is between 7 and 15 min. To view the runoff response to rainfall, Figure 7 showed the relationship between the response time and its corresponding runoff coefficient. The analysis of Figure 7 revealed that there is no clear relationship between response time and the corresponding runoff coefficient, indicating that these two variables are not strongly correlated. The scatter plot in Figure 7 showed a wide distribution of data points. There is no apparent clustering or alignment of points that would suggest a systematic relationship between the two variables. This lack of correlation suggested that factors other than response time contribute to the variability in the runoff coefficient.
[image: Figure 7]FIGURE 7 | Relationship between the runoff coefficient and the lag time for three types events.
5 DISCUSSION
Using limited data on water level and rainfall data, this study highlights some general characteristics of the hydrological response of a small hillslope catchment, through the analysis of event scale relationships. Water level observations at the KARC field site revealed a fast peak discharge reaction to rainfall events. Rainfall runoff data from the KARC catchment revealed the clear nonlinearity of the hydrological response. The two types of behavior illustrated by Figure 3 (with a low runoff response for rainfall events of less than 25 mm and an increased response for larger events) indicate the existence of a threshold in the rainfall–runoff relationship. These results are similar to those reported by (Latron and Gallart, 2008; Nadal-Romero and Regues, 2010). Latron and Gallart (2008) found two different types of relationships like our study and the threshold was 20 mm. Nadal-Romero and Regues (2010) in his study for a small catchment with badland areas in the central Spanish Pyrenees described a similar result and the threshold was 10 mm.
The hydrograph separation is very useful for flood prediction. Unfortunately, the measurements of baseflow are usually not available for most catchments. Therefore, it is difficult to get the volume of the baseflow. To evaluate the baseflow, a reliable baseflow separation method is important. In this study, three different separation methods were applied. Two graphical methods are simple and more suitable for a single peak hydrograph. So in the following study, we used the filter method to separate hydrographs. One important parameter of this method is the recession constant. Plotting the individual recession on the semi-logarithmic scale usually does not give a straight line but a curved line. This phenomenon occurs owing to the fact that the recession comes from different flow components, namely, surface flow, inter flow and baseflow with different lag characteristics (Sujono et al., 2004). The recession constant k for all 28 rainfall runoff events studied in the KARC catchment is not constant. k values were estimated for a set of recession curves and were averaged to yield a representative value k for the study site. In practice, however, it is difficult to select the point of direct runoff end.
Our study of runoff coefficients at the event scale revealed that no single variable can explain the response of KARC. Although the rainfall depth is strongly correlated with the runoff coefficient, maximum of 15 min rainfall intensity can influence the response of runoff. The initial soil conditions (initial discharge or soil moisture) also showed a correlation with the runoff coefficient, but this correlation is less than the rainfall depth. The absence of a strong relationship between rainfall depth and the runoff coefficient has also been reported for many catchments (Latron and Gallart, 2008; Nadal-Romero and Regues, 2010; Palleiro et al., 2014). Initial discharge which is indicative of the wetness of the catchment shows a weak correlation with the runoff coefficient in the KARC catchment (Table 2). Meanwhile, a useful empirical relationship was developed for the study site to estimate the runoff coefficient.
In contrast to the results obtained for runoff coefficients, peak discharge was significantly correlated to rainfall depth, maximum 15 min rainfall intensity and average rainfall intensity (Table 2). Within the KARC catchment, a maximum of 15 min rainfall intensity plays a key role and was critical in controlling the intensity of response, also had a strong influence on the volume of the hydrological response. The combination of the PCA algorithm and cluster technique used in this paper confirms that hydrological response types can be discriminated against on the variables of rainfall and runoff features. These features explain the variation among the study catchment multiple runoff response to rainfall inputs. Palleiro et al. (2014) in their study, all events also were classification into three types using cluster analysis. In our study, PCA first was used to transforms all rainfall and runoff correlated variables into a smaller number of uncorrelated variables. Then the scores of each event on three principal components were calculated. Finally, based on this result Hierarchical cluster algorithm was used to discriminate the types of events. The aim is to remove needless variables and make the calculation more simplified. Our results suggest total event volume, duration of the rainfall and initial discharge are the most important variables to discriminate the response types. From these results, it showed that initial conditions are not found to closely drive runoff response while runoff volumes are controlled by event rainfall.
6 CONCLUSION
By using limited data on water level and rainfall data, this study reveals some characteristics of the rainfall-runoff of the KARC headwater catchment. In the KARC catchment, more detailed results were obtained through the analysis of 28 events.
Catchment response to rainfall is very fast, typically the runoff increases within 10 min from the beginning of rainfall and maximum discharge occurs within 60 min from rainfall onset.
Using event scale information and person method, initial discharge, maximum 15 min rainfall intensity and total rainfall depth were main factors affecting runoff coefficients. The result of linear regression showed that predicting the runoff coefficient was better when only considering the total rainfall and initial discharge.
Three types of events were found in the study catchment concerning the three principal components (rainfall and runoff magnitude, time and antecedent conditions). Type 1 only comprised 14% of the events, all of them of the largest peak discharge, which were formed with the largest rainfall (mean = 70.8 mm) and the wettest antecedent conditions (mean API = 103.4 mm, mean Q0 = 0.235 m3/min). Type 2 (25% of the events) corresponded to events of higher magnitude than events of type 3 and the driest antecedent conditions (mean API = 46.1 mm, mean Q0 = 0.064 m3/min). Finally, 61% of the events were included in type 3, which was characterized by moderate antecedent conditions (mean API = 70.5 mm, mean Q0 = 0.126 m3/min) and the smallest rainfall depth (mean = 22.2 mm).
From the observation of the hydrographs, it can be noted that, in general, they were characterized by a quick rise and a prolonged recession, which could indicate an important contribution of interflow.
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