1 Infiltration measurement techniques 
[bookmark: _GoBack]According to the objectives and accessibility, several techniques have been used to measure soil infiltration. In this section we will briefly describe the various measurement techniques. These include single-and double-rings infiltrometers (equipped or not by Marriotte bottle), tension or ponded disc infiltrometer (common, mini and micro-disc infiltrometer), Guelph infiltrometer, rainfall simulator (run off-on-ponding or run off-on-out methods), and linear source method (Mao et al., 2008b). For a more detailed discussion and evaluation of various methods the reader referred to the pertinent literature, e.g. Mao et al. (2008a).
1.1 The single- and double-ring infiltrometers
Single- and double-ring infiltrometers are the most widely used instruments for soil infiltration measurement (Bouwer, 1986).
The single-ring inﬁltrometer (Fig. 1) consists of a metal or steel ring that is inserted into the soil to a small depth (Bagarello and Sgroi, 2004). To reduce the horizontal leakage in the single-ring inﬁltrometer, the use of a double-ring infiltrometer (Fig. 1) has become more popular for soil infiltration measurements (Mao et al., 2008a) as it better enforces 1D flow conditions. The double-ring infiltrometer consists of two thin-walled cylindrical steel pipes with an outer and inner diameter of typically 60-and 30-cm, respectively but other diameters may be used (Bouwer, 1986). However, Khodaverdiloo et al. (2017) found that the use of different cylinder diameters (5.5-31.8 cm) did not lead to substantial differences in infiltration. 
<<Figure 1 about here>>

Several researchers also reported no significant difference in measured infiltration rates between single and double infiltrometer measurements, for example refer to Lin et al. (1999); Bagarello and Sgroi (2007); Alizadeh et al. (2001); and Razzaghi et al. (2016). Despite the fact that single and double ring infiltrometers are easy to apply, their application has been challenged because of measurement errors caused by insufficient water supply, the formation of surface sealing at initial soil infiltration stages, disturbance of soil structure, and scant efficiency in hillslopes and sandy soils (Verbist et al., 2010). 
1.2 BEST algorithm
The Beerkan Estimation of Soil Transfer parameters (BEST) is an algorithm proposed by Lassabatere et al. (2006) to deduce the retention and hydraulic conductivity curves from infiltration measurements. Since the development of the original version (Lassabatere et al., 2006), two alternatives were developed, one for coarse soils (Yilmaz et al., 2010), and the third one to alleviate the errors linked to poor or erroneous descriptions of the transient state of water infiltration (Bagarello et al., 2014). The three BEST methods make use of the so-called Beerkan method (Braud et al., 2005), a single-ring experiment at zero water pressure head. It combines this information with a few basic soil physical determinations including particle size distribution (PSD), bulk density, and initial and final water content to estimate soil hydraulic functions described by e.g. the Mualem van Genuchten model or the Brooks and Corey model (1966). More details of the BEST methods can be found in Angulo-Jaramillo et al. (2016). 
1.3 Disc infiltrometer
To address the shortcomings of single and double infiltrometer measurements, Clothier and White (1981) developed the disc infiltrometer (Fig. 2). In this system, the tension setting and the measurement of the infiltrated volume of water are carried out by the bubble tower and the graduated water-supply reservoir, respectively (Latorre et al., 2015). The advantages of the disc infiltrometer are the easy measurement of field saturated hydraulic conductivity (Kfs) and K(θ), its capability to estimate one-dimensional and three-dimensional flow (Smettem et al., 1994) through applying a slightly negative water pressure (tension) at the soil surface (Ma et al., 2017) as well as this capability to characterize macroporous flow (Minasny and George, 1999). The original method was therefore modified by Perroux and White (1988) in order to measure infiltration in macro-pores soils (Fig. 2).
A sand layer is generally added at the soil surface to ensure a better contact between the infiltrometer and the soil surface. However, this layer may have an impact on the infiltration curve shape and must be taken into account in the analysis (Vandervaere et al., 2000b, a). The detailed information about the disc infiltrometer structure and mechanisms has been expressed by Clothier and White (1981); Perroux and White (1988); Mao et al. (2008a). 
<<Figure 2 about here>>
Several studies have confirmed the superiority of disc permeameter measurements compared to ring infiltrometers measurement, e.g. Santi et al. (2016). However, it must be kept in mind that the activation of macropores may be less efficient when using disc permeameter, due to the fact that a water pressure head above zero cannot be imposed as compared to ring infiltrometers. Ring experiments, that allow a full saturation of the macropore network, should therefore be preferred for the quantification of water initiation into macroporous soils, e.g. Lassabatere et al. (2014).
1.4 Hood infiltrometer
The Hood Infiltrometer (Fig. 3) is a new type of tension infiltrometer (Schwärzel and Punzel, 2007) used for determination of saturated and unsaturated hydraulic conductivities in-situ (Zhao et al., 2017). The advantages of Hood infiltrometer is that it provides a direct contact between infiltrating water and the infiltration surface that makes unnecessary the use of any contact material. The user only need to cut the vegetation cover to the approximately 5 mm height. In fact, the Hood infiltrometer omits the effects of contact material, as an additional layer, on infiltration process and makes the subsequent data analysis easier than for the disc infiltrometer (Schwärzel and Punzel, 2007). 
<<Figure 3 about here>>
1.5 Guelph permeameter
The Guelph permeameter (Fig.4) is an in-hole constant-head permeameter based on Marriotte principle (Zhang et al., 1998). A constant pressure head is created in a cylindrical hole and the steady-state rate of water recharge into unsaturated soil is recorded and used to calculate the infiltration components. Measurements can be made in the range of 15 to 75-cm below the soil surface (additional depths can be achieved with additional parts) for 1/2 to 2 hours and may require only about 2.5 liters of water depending on soil type. The Guelph permeameter is efficient in laboratory conditions (Gupta et al., 1993), it might be much more labor-intensive and time-consuming to measure infiltration in the field (Xu et al., 2017). Guelph permeameter has also the disadvantage of disturbing the soil for installation. Details about the use of the Guelph permeameter to estimated soil hydraulic parameters can be found in Reynolds and Elrick (1986) and Jačka et al. (2014).
<<Figure 4 about here>>
1.6 Aardvark permeameter
The Aardvark permeameter is based on the constant head principle and is similar to other constant head permematers. The main feature of the Aardvark permeameter is that it provides a constant head at some depth on borehole during the measurement period (Fig. 5). Soil infiltration rate from the bottom and side surfaces of the testing borehole corresponds to the rate of water supplied. The amount of supplied water measured at equal time intervals (the amount of water that was infiltrated by soil) is used to estimates soil hydraulic conductivity. The reservoir water release rate is equivalent to the rate of infiltration rate[footnoteRef:1]. The recent application of the Aardvark permeameter over the Tibetan Plateau shows its satisfactory performance in determining saturated hydraulic conductivity at different depths (Zhao et al., 2017; Zhao et al., 2018). [1:  - http://www.soilmoisture.com/AARDVARK-PERMEAMETER-KIT-IN-CASE-UP-TO-10-FT.-MANUAL-READING/] 

<<Figure 5 about here>>
1.7 Infiltration measuring under rainfall conditions
Soil infiltration rate measurements using natural and/or simulated rainfall was firstly introduced by Amerman et al. (1970) and further developed and modified by e.g., Ogden et al. (1997), Zegelin and White (1982), and Peterson and Bubenzer (1986). Unlike natural rainfall, the simulated rainfall is applied onto the soil surface at a controlled rate (Huang et al., 2015). Overland flow is collected and recorded as a function of time. Soil infiltration rate is then calculated from the difference between simulated rainfall and runoff rates. 
1.8 The linear source method
Mao et al. (2008b) introduced the linear source method to measure the soil infiltration process. The linear source method is composed of one or some soil flume along measuring tapes are attached (Fig. 6), a linear water distributor, and a Marriotte bottle to provide a water supply at a constant flow rate. A digital camera is situated at the front section to record the advance of the wetting along the flume. However, in field applications, the soil box is not needed and the measurement tape will by laid out directly on the soil surface. A detailed description of linear source method mechanism is presented in Mao et al. (2008b).
<<Figure 6 about here>>
Measuring original soil infiltrability without inducing any soil surface sealing, blockage, aggregate breakdown, and erosion and related effects on infiltration measuring is the advantage of the linear source method compared to others (Mao et al., 2008a). Measuring the very high initial soil infiltrability and soil structure stability during the experiment, are major advantages of the technique. Additionally, the influence of other soil factors and effects (i.e. raindrop impact, soil surface slopes, surface sealing processes) on the soil infiltrability can be studied by the use of the linear source method (Singer and Blackard, 1982; Poesen, 1986; Mah et al., 1992; Chaplot and Le Bissonnais, 2000; Janeau et al., 2003; Bobe, 2004). 
1.9 The point source method 
The point source method (Fig. 7) was introduced by Mao et al. (2016) for soil infiltrability measurement. The soil infiltrability can be estimated from the relationship between the wetted radius on the soil surface and the amount of water infiltrated. Both, the actual and integrated soil infiltrability can be estimated with a very high accuracy using the point source method. A detailed description of the point source method is given by Mao et al. (2016). 
<<Figure 7 about here>>
As shown in Fig. 7, the original experimental apparatus of the point source method includes a rectangular soil box made of synthetic glass, a Marriotte bottle for water supply, and a point source distributor made of the combination of a needle with a small circular shaped sponge slice (Mao et al., 2016). The inflow rate and the advancing process of the wetted area are recorded during the experiment. The point source distributor was made of a needle-1mm in diameter and a small circular sponge slice-1 cm in diameter as shown in Fig. 7. The sponge was placed on the soil surface under the needle directly. Water flowed from the outlet of the Marriotte bottle to the sponge first and then to the soil surface. This device prevented the direct hit of water drop onto the soil surface in order to preserve the original structure of the soil surface during the course of the experimentation.
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Figures captions:
Figure 1. Single ring (left) and double-ring (right) inﬁltrometer. Images are taken by Andreas Panagopoulos (left) and Artemi Cerdà (right)
Figure 2. Experimental apparatus of disc (left[footnoteRef:2]) and mini disc (right, taken by Artemi Cerdà) infiltrometer. [2:  - https://en.wikipedia.org/wiki/Disc_permeameter] 

Figure 3. Schematic setup of the Hood Infiltrometer. Image is taken from the guide "Operating instructions for Hood Infiltrometer IL-2700"
Figure 4. Guelph permeameter setup. Image is taken by Jesús Rodrigo-Comino
Figure 5. Schematic of a standard setup of an Aardvark permeameter.[footnoteRef:3] [3:  - http://www.soilmoisture.com/AARDVARK-PERMEAMETER-KIT-IN-CASE-UP-TO-10-FT.-MANUAL-READING/] 

Figure 6. Linear source method apparatus for studying infiltration process (Mao et al., 2008b)  
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