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Abstract-Yamin Plain as the host of the national radioactive waste disposal in near surface repositories is very sensitive to erosion 

during flood events. To estimate the runoff and erosion Kineros2 model was used. For the period of 2012-2015, twelve related 

rainfall and runoff events were recorded from a centrally-located recording rain gage and separate runoff station at the outlet of the 

Nahal Yamin watershed, located in the northeast of the Negev Desert, Israel. Four of the storms, associated with mid-latitude 

cyclones were analysed due to the assumed relatively homogeneous distribution of rain. Three runoff parameters-peak discharge, 

time to peak and runoff volume were used to compare the computed with the measured hydrograph. In two events the fit was 2.16 

and 3.67 for Root Mean Square Errors of 0.48 and -0.54 for Nash-Sutcliffe coefficients. The erosion rate calculated by the model of a 

few millimetres per event were in the same of order of magnitude as found by different techniques. In this limited application, the 

Kineros2 model provided valuable insight into the hydrological functioning of a critical arid watershed. 

Keywords- Kineros; Hydrograph; Hydraulic Conductivity; Arid Zone; Erosion Rate 

I. INTRODUCTION 

Floods are a major cause of losses in infrastructure, property and life in many arid regions around the world. In addition, 

floods play a primary role in modifying the fluvial desert environment [1]. Still many arid watersheds lack the data necessary 

to predict the runoff volume, discharge and erosion from the characteristically highly spatially and temporally variable 

precipitation that falls within these watersheds, further decreasing data reliability. Hydrological data in arid and hyper-arid 

areas are generally poorly documented. Only some ephemeral streams have hydrometric stations, and these are very hard to 

maintain. During intensive flooding, the stations can be destroyed, leading to incomplete or non-existent data. This is true for 

the Negev Desert in southern Israel, where floods have been studied extensively [2-6]. Sometimes you need only few events, 

where the hydrometric station recorded the full flood without any disturbance, and the rainfall was homogenous, in order to 

model the watershed. This is the case in Yamin Plain. Therefore, the ability to reconstruct a flood hydrograph by using a model 

is one of the ways to deal with that problem. The main motivation for the current study was derived from the existence of 

waste disposal facilities in near surface repositories. The site will be under institute control period of 300 years starting from 

the closure. According to the statutory duty, evaluation of the changes in the environment due to climate changes should be 

done. Modelling of the rainfall/runoff relationship and the erosion will allow running different scenarios including extreme rain 

events. 

Models dealing with the prediction or reconstruction of flood hydrographs are common, among them rainfall-runoff 

process simulation and flood routing [7-17]. In the field of rainfall-runoff modelling, the focus is often on flood hydrograph 

prediction. A simple approach to rainfall-runoff modelling was proposed by Sherman [18] based on the unit hydrograph 

method, which hypothesizes that a watershed has a unique hydrological response function that is reflected by a unit hydrograph. 

Many researchers have described flood hydrographs and the recession limb as part of flood-routing procedures [16, 19-23]. In 

general, flood hydrograph analysis provides a simple method for estimating runoff volume in a watershed in response to storm 

patterns [24-27] or physical characteristics of the drainage area [10, 11, 15, 28, 29]. However, in both cases, there is a need for 

many variables and complicated equations. 

The present study demonstrates the use of the Kineros2 (K2) model for analysing runoff and erosion in a sandy watershed 

in the Yamin Plain (YP), located in the Negev Desert. The YP is dominated by the Subtropical ridge (latitude of 20-30
0
N), and 

is classified as arid zone. The YP has been designated as a national radioactive waste site for the last approximately 50 years. 

The depth of the waste facilities are only few meters below surface and according to IAEA [30], it is classified as near surface 

disposal. Therefore, knowing and understanding the natural processes in the watershed, mainly geomorphology, floods, surface 

erosion rate are very important for managing and maintaining the waste facilities. Previous research has determined erosion 

rates for 300k-year periods in the YP using optical stimulated luminescence (OSL) [31] and cosmogenic isotopes [32]. 
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However, calculation of erosion rates for single flood events does not exist for this watershed. We chose to apply the K2 runoff 

and erosion model to the acquired data, since it was physically-based, well-suited for the individual and isolated rain/runoff 

events characteristic of arid areas, and has runoff and erosion capabilities. 

The two main goals defined for the current research were to analyse the runoff hydrograph and to calculate the erosion rate 

during the flood events caused by the Cyprus Low associated with regional mid-latitude cyclones. This will allow us to 

reconstruct events when the runoff gage fails to record the runoff event. 

II. THE STUDY AREA 

The YP is situated northeast of the Negev Desert in Israel. The 30 km
2
 Nahal Yamin (NY) watershed is located in the 

southern part of YP (Fig. 1). Geologically, the YP is located in an asymmetric syncline which is part of the Syrian Arch system 

[33, 34]. The syncline was filled during the Miocene era essentially with sand, to a depth of 80-150 m [35, 36]. At the depth of 

80 m in the base of Hazeva Gr. a small fossil aquifer existed [37]. The topography is described as mainly flat plain, ranging 

from a peak elevation of 472 m a.s.l. to the lowest elevation of 392 m a.s.l. along the south edge of the plain, where the runoff 

gage is located. Meteorologically, two types of synoptic systems are associated with precipitation in the southern part of Israel 

[38]. The first are mid-latitude cyclones arriving from Europe which dominate the months of December to March, and the 

second are small, convective rain cells resulting from the Red Sea Trough (RST), dominating the precipitation during October-

November and April to May. The average annual precipitation of NY is 72 mm, falling during the autumn, winter and spring 

seasons (October through May) on an average of 10 days per year. Snow in the study area is very rare. The precipitation is 

highly variable, where rain amounts for a single rain event have varied up to 100% over a distance of 2 km, Table 1 shows the 

rain data of the winter 2013-14. As seen the event of 20.3.14, the rain gage got 5.5 mm, while rain gage 8 located 2 Km to the 

north got 12.5. Water flow in the watershed is ephemeral, with flow in the channels occurring only in response to specific rain 

events. 

TABLE 1 HIGH VARIABILITY OF RAIN EVENTS AS MEASURED IN 3 DIFFERENT RAIN GAGES LOCATED IN THE WATERSHED 

date rain gage 5 rain gage 6 rain gage 8 average STDEV 

15.12.13 10 7 9 8.67 1.53 

31/12/13 21 22 23 22 1.0 

9/1/14 13 15 12 13.33 1.53 

16/2/14 28 18 16 20.67 6.43 

10/3/14 7 9 7 7.67 1.15 

20/3/14 7 5.5 12.5 8.33 3.69 

7/5/14 26 21.5 30 25.83 4.24 

total 112 98 109.5   

The plain is dominated with perennials of Artemisia sieberi, Retama raetam, Atriplex halimus, Zygophllum dumosun, 

Anabasis articulate and Calligonum comosum. The common annual plants are Erucaria pinnata. Stipa capensis, Anthemis 

melampodina [39]. The sandy soil throughout the NY watershed is mainly composed of quartz with the most frequent grain 

size of 0.5 mm [40, 41]. The soils are classified as sandy soil [42]. Part of the YP area was closed administratively during the 

late 1950’s and cattle grazing were stopped. Since then, the sands have been stabilized by perennial plants and patches of 

biological soil crust (BSC), both of which changed the ecology and the hydrology of the study area [40, 43-45]. Today, aeolian 

processes in YP have been found to be negligible since the closure of the study area. Specifically, Hetz [40] measured the 

hydraulic conductivities over tens of plots and reported that infiltration rates can vary by one order of magnitude in the same 

plot, depending on the presence and activity of the BSC [45-48]. 

 



International Journal of Environmental Protection  2017, Vol. 7 Iss. 1, PP. 8-19 

- 10 - 

DOI: 10.5963/IJEP0701002 

 

Fig. 1 Map of the Yamin Plain (YP) borders (green), the Nahal Yamin (NY) watershed (red), recording rain gage, runoff gage, and total depth rain gages (5, 6, 
8). The recording rain gage and total depth gage 6 are located in the same place (ITM coordinates) 

III. MATERIAL AND METHOD 

A. Kineros2 

Kineros2 (K2) is a physically-based, distributed runoff and erosion prediction model [49]. It is an event model (able to 

account for soil moisture for only short periods of time without rain), well-suited for the infrequent, short duration and high 

intensity precipitation events characteristic of arid areas. Nevertheless, the utility of K2 has been demonstrated in tropical and 

temperate regions with higher and longer precipitation events. In addition, the utility of K2 has been demonstrated in various 

settings ranging from urban developments to remote mountain watersheds [50, 51]. As an event model, there is no accounting 

for evapo-transpiration during an event, neither can K2 account for precipitation in the form of snowfall nor snow 

accumulation on the land surface. In K2, the watershed is discretized into a series of overland and channel flow planes, over 

and through which flow is routed, using the kinematic wave model. The degree of discretization (i.e., size and shape of model 

plane and channel elements) is a balance between capturing the realistic routing of water over and through the basin and the 

existence of data characterizing the salient features of the watershed spatial heterogeneity. Parameters input to characterize 

plane elements are assumed to be time-invariant throughout the modeled event, and surface flow is assumed to be 

unidirectional. Various channel geometries can be accounted for. Erosion and sediment transport is modeled using a mass 

balance approach accounting for both splash and hydraulic erosion on overland flow planes, and for hydraulic erosion and 

lateral inputs of sediment in channel elements [52]. 

K2 generates and routes water flow given the spatial and temporal conditions of a precipitation event. K2 includes a 

spatiotemporal precipitation interpolator given time-depth precipitation data for more than one gage. The initial soil moisture 

condition can also be spatially specified. The spatial variability of saturated hydraulic conductivity can be varied throughout a 

watershed through the discretization of the overland flow planes, but sub-plane spatial variability can also be specified if 

multiple measurements exist. The three parameter Smith-Parlange equation is used to model infiltration during an event. K2 is 

considered an interactive infiltration model in that the infiltration of water is accounted for during each flow calculation time 

step. 

While K2 has seen successful application in a variety of settings, it has been considered a parameter-intensive model - a 

drawback for data-sparse applications. But this again, is dependent on the degree of discretization deemed necessary to capture 

watershed features and on model objectives. Nevertheless, K2 has been adapted for GIS applications and data formats, if point 

data are sparse or unavailable, although that adaptation was not used for the NY application. Both versions of K2 are PC-based. 

K2 is public-domain software developed by the USDA (U.S. Department of Agriculture) Agricultural Research Service. The 

documentation and source code are available on-line [53]. 

Data needed to run the model include precipitation data intensity or depth for each rain gage and, for each element, initial 

soil moisture and values for parameters such as hydraulic conductivity, Manning roughness coefficient, canopy cover, 
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interception, and grain size distribution. In case of unknown values for any parameters, default values suggested by the model 

documentation were used. 

The watershed was divided into six planes and two channels, based on the physiographic pattern of the watershed (Fig. 2). 

The area, length and slope for each plane and channel were calculated from a 1:50,000 topographic map. Once runoff element 

parameters were specified, various degrees of watershed discretization were examined. 

 

Fig. 2 Schematic layout of the planes and channels in the NY watershed 

B. Data 

A full meteorological station, including a Campbell Scientific TE525 tipping bucket electronic recording rain gage with a 

resolution of ±0.1 mm and unlimited capacity, is located close to total depth rain gage 6 (Fig. 1). Three total depth rain gages 

(5, 6 and 8) are covering only the northern part of NY watershed (Fig. 1). 

A runoff gage was setup and operated since 2011 by the Israel Hydrological Service (see location in Fig. 1). The station has 

a known steady cross section. The flow depth is measured by a Shlumberger mini diver-CDX (pressure transducer), defining 

the lowest point of the watershed at the channel outlet cross section. The minimal discharge threshold value is 0.012 m
3
/s. No 

other devices exist at that location. 

The saturated hydraulic conductivity (Ks) was measured at 60 locations throughout the YP, using the Decagon mini 

portable tension infiltrometer, while only 38 were located in the northern part of the NY north watershed. Calculated Ks values 

ranged from 0.3 to 4.5 mm/hr with an average of 1.49 mm/hr. The grain size distribution used in the model, and canopy cover 

of 20%, were taken from Hetz [40]. 

The initial ambient surface soil moisture saturation of 0.18 was calculated based on gravimetric measurements [40, 41]. 

Length, width and slope of the NY watershed were calculated based on a 1:50,000 scale topographic map. Due to the sparsely 

of data, several assumptions were necessary to implement K2. Although K2 can account for the spatial and temporal variability 

of precipitation input, only one electronic recording rain gage and three total depth rain gages are located in the basin, covering 

only the north parts of the basin (Fig. 1). The recording rain gage is considered reliable but insufficient, alone, to capture the 

spatial variability of rain and storm movement during an event. The total depth rain gages require readings immediately 

following an event, thus can be unreliable. However, the total depth rain gages were only used to indicate the homogeneity of 

the event. The three total depth rain gages do not represent precipitation for the entire watershed. Since there was only one rain 

gage to record precipitation for a 30 km
2
 area, all data representing convective precipitation belonging to the RST and 

associated runoff were eliminated from this study. 

Fig. 3 shows the total rain depth in the three rain gages. We assumed that if the rain in the total depth rain gages appeared 

varied, rain throughout the watershed was varied; however, homogeneity of rain depths in the gages did not imply 

homogeneity of precipitation throughout the watershed. Unfortunately, rain radar data were available for only one event. 
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Fig. 3 Total depths according to the total depth rain gages for four mid-latitude cyclonic events 

Coordinated rain and runoff data exist for four events belonging to mid-latitude cyclone were analyzed within the NY 

watershed (Table 2). Due to the scarcity of data, this was a non-calibrated runoff model study. 

TABLE 2 RECORDED FOUR FLOW EVENTS CAUSED BY MID-LATITUDE CYCLONES 

Event 

No. 

Beginning of flow End of flow Flow duration Volume 

Date time date time (hr:min) m3 (x1000) 

1 08/01/2013 21:20 10/01/13 19:40 46:19 12 

2 09/01/2014 23:10 10/01/14 07:45 8:34 55 

3 12/12/2014 20:00 13/12/14 14:55 18:55 92 

4 20/02/2015 10:25 21/02/15 18:40 32:15 73 

The variability of the Ks is expressed by the CV (CV=STDV/Average). The Ks measurements done by Hetz (2009) were 

not taken systematically from the whole watershed, but from the north part only. Yet because of the same geology, ecology and 

soil formations, we expect the CV value to represent adequately the whole watershed. Nevertheless, the effect of the CV values 

between 0 and 3.5 on the peak discharge was tested. 

C. Model Fitting Measures 

Table 3 presents the physical parameters and variables of the basin used in the model. 

TABLE 3 PARAMETERS AND VARIABLES USED FOR OVERLAND FLOW PLANE 1* 

Parameter/variable Value Unit 

grain size 0.5, 1.25, 2 mm 

Density 2.65,   2.6,    2.6 gr/cm3 

Fraction 06,    0.3,    0.1 ratio (sum to 1) 

Porosity 0.3 - 

Slope 0.04 - 

Relief 2 mm 

Manning roughness coefficient 0.1  

Saturated hydraulic conductivity 1.49 mm/hr 

Coefficient of Variation (CV) of Ks 2.22 - 

Temperature 15 0C 

Interception 0.9 mm 

Canopy 0.2 Ratio 

* The values of some parameters and variables may differ values among planes and channels. 
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Model fit was assessed using root mean square error (RMSE) and the Nash-Sutcliffe efficiency coefficient. The RMSE 

values range from 0 to ∞, where RMSE=0, indicating perfect fit. Equation 1 expressed the RMSE: 

 RMSE = SQRT((Od - Cd)
2
/n) (1) 

Where Od and Cd are measured and computed discharge, respectively. 

The Nash–Sutcliffe (1970) model efficiency coefficient (Equation 2) was used to assess the predictive power of 

hydrological models. It is defined as: 

 
𝐸 = 1 −

∑ (𝑄0
𝑡−𝑄𝑚

𝑡 )2𝑇
𝑡=1

∑ (𝑄0
𝑡𝑇

𝑡=1 −𝑄0̅̅ ̅̅ )
2   (2) 

where 𝑄0̅̅ ̅ is the mean of measured discharges, 𝑄𝑚
𝑡  is modelled discharge and 𝑄0

𝑡  is measured discharge at time t. Nash–

Sutcliffe efficiency can range from -∞ to 1. An efficiency of 1 (E = 1) corresponds to a perfect match of modelled discharge to 

the measured data. An efficiency of 0 (E = 0) indicates that the model predictions are as accurate as the mean of the measured 

data, whereas an efficiency less than zero (E < 0) occurs when the measured mean is a better predictor than the model [54]. 

IV. RESULT AND DISCUSSION 

Rain runoff and erosion were studied carefully in NY watershed, although the uncertainty, lack of data, which almost built 

in research under desert conditions. The new hydrometric station allowed us to use runoff and erosion model like K2. Twelve 

events were recorded but only 4 of them belonging to mid-latitude cyclones were analysed. This was done to reduce as much 

as possible the uncertainty of the spatial distribution of the rain. 

A. Planes and Channels 

The determination of the level of discretisation (i.e., the size and number of watershed planes and channels) necessary to 

characterize the watershed is an important consideration in model application as the need to capture salient runoff features is 

balanced with available data. The numbers of the elements (planes and channels) were changed from two to 18, while the rest 

of the variables stayed constant. In this process, we used the same rain event and peak discharge was chosen to be tested. With 

two and four elements, the peak discharge was too low compared to the measured runoff. Using more than eight up to 18 

elements, no improvement in the results was achieved. 

B. Runoff Modelling 

Four mid-latitude cyclonic events were analysed and used for model input (Table 4). The model simulations used the same 

parameters over the four events. 

TABLE 4 COMPARISON BETWEEN MEASURED AND COMPUTED HYDROGRAPHS 

Event 

No. 
Event date 

Peak discharge (m3/s) Time to peak (min) Volume (m3) 

Measured Computed Measured Computed Measured Computed 

1 09/01/2013 0.82 0.23 445 440 12,000 222 

2 09/01/2014 12.64 12.66 130 120 55,000 86,071 

3 12/12/2014 9.65 10.26 90 130 92,000 57,081 

4 20/02/2015 5.85 45.8 1210 1310 73,000 338,617 

Fig. 4 represents the rain and runoff event of 8-10/01/13. Significant differences between the hydrograph peaks are 

apparent where the predicted runoff was much lower than the measured runoff event (Fig. 4b). In this case, the total depth 

precipitation data based on the three total depth rain gages (Fig. 3) indicate that the rain distribution may not homogeneously 

distributed, and the precipitation data from the recording rain gage was not representative of the entire watershed.  
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Fig. 4 (a) Rain event and (b) Measured and computed hydrographs for rain event 9-10/01/13 

Fig. 5 represents the input rain data and the output hydrographs of rain event 20-21/02/15. This rain event was unusually 

large (42 mm), more than half the average annual total (72 mm). The computed peak discharge is about 45 m
3
/s, while the 

measured is about 11 m
3
/s (Fig. 5b). 

 

Fig. 5 (a) Rain event and (b) Measured and computed discharge occurred in rain event 20-21/02/15 

Using the three total depth rain gages (Fig. 3) located in the north part of the watershed (Fig. 1), the rain distribution could 

be considered homogenous. However, additional rain radar data obtained for this event show a decreasing rain trend toward the 

southeast part of the watershed (Fig. 6). Around half of the watershed received 20-30 mm of rain; while the other half received 

only 15-20 mm, resulting that recorded runoff lower than runoff modelled assuming a homogeneous rain distribution (Fig. 5b). 

 

Fig. 6 Computed accumulated rain map based on rain radar. The boundaries of the NY watershed are shown in black 

Fig. 7 represents the input rain data and the output hydrographs, for the rain event at 9-10.1.14. The measured hydrograph 
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(Fig. 7b) has sharp fluctuations, which probably occurred due to measurement interference during the flow event, but the peaks 

are similar. The rain for this event was considered relatively homogeneous and the modelled runoff matched the observed 

fairly well, therefore we choose this event to run with CV=0 in order to test the case where all Ks measurements yield the same 

value. In both events, the peak discharge was much lower by factor of 2.5-3 as shown in Figs. 7b and 8b. 

 

Fig. 7 (a) Rain event and (b) Measured and computed hydrographs for rain event 9-10/01/2014 

Fig. 8 represents the input rain data and the output hydrographs of rain event 12/12/14. Here again, the computed peak 

discharge with CV=0 is lower compared to a computed hydrograph using CV=2.22. 

 

Fig. 8 (a) Rain event and (b) Measured and computed discharge occurred in rain event 12/12/2014 

Taking into account the uncertainty of the rain characteristic over the watershed in events 2 and 3 (Table 4), the RMSE 

indicating the agreement between simulated and measured peak discharges are 2.16 and 3.67, and Nash-Sutcliffe values of 

0.48 and -0.54, respectively (Table 5). In this case, since the similar between the measured and computed hydrograph, we 

assumed that the rain was relatively homogenous over the watershed as indicated by the total depth rain gages. As shown in 

Fig. 4b (event no.1 in Table 4) the measured peak discharge is much higher than the computed one. This may be because that 

part of the watershed received more rain as recorded by the total depth rain gage 8 (Fig. 3). In event 4 (Fig. 5b), the computed 

peak discharge is much higher than the measured, likely due to the fact that the southeast portion of the basin received less rain. 

In all four events (Table 4), the time to peak between measured and computed hydrographs was tested too with RMSE of 44 

min. 

TABLE 5 RMSE AND NASH-SUTCLIFFE FOR THE TWO EVENTS 

Event RMSE Nash-Sutcliffe 

09/01/14 2.16 0.48 

12/12/14 3.67 -0.54 

9-10/01/13 0.36 -0.2 

20-21/0215 8.12 -49.14 

Saturated hydraulic conductivity (Ks) and its spatial distribution are a major control on infiltration in runoff analyses [50], 

[55-57]. Ks measurements were available for the larger YP area (n = 60) of which 38 were located in NY in the north part of 

the watershed, with a calculated (spatial) CV of 2.22. To test the effect of the spatial variability on the NY, simulations were 

carried out with the general area mean Ks of 1.49 mm/hr in two events, using CV = 0 up to CV=3.5 (Fig. 9). The CV (Ks) 

parameter was altered to assess the unaccounted for but probable variability in Ks due to soil texture, vegetation effects and 

crusts both physical and biological. From Fig. 9 we learn that the peak discharge increases as the value of CV grows. The 
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relationship is not linear but asymptotic. 

 

Fig. 9 The effect of the coefficient of variation about Ks on modelling peak discharge 

C. Erosion 

Erosion rates or bedload sediments were studied in the Negev area very intensively [57-60]. The entire mentioned article 

reported that bedload sediments were very high. The erosion rates in YP were studied in different techniques during 300 Ky; 

OSL [31], cosmogenic isotope [32], and qualitatively analyses using aerial photos and satellites images [40]. In the current 

research, the erosion was calculated for the two fit events and presented in Table 6. Average erosion was calculated by 

dividing the total erosion (m
3
) by the area of the watershed (m

2
). This average value is needed to compare with previous 

studies mentioned before. 

TABLE 6 THE EROSION FOR THE TWO FIT EVENTS 

Date Total erosion Erosion peak  Average erosion 

unit kg m3 gr/m2 mm 

09/01/14 267000 103000 8.88 3.46 

12/12/14 143000 54800 4.700 1.83 

In general, the combination of rain parameters and the physical characteristic of the watershed, influencing the peak 

discharge and the time duration of the flood and the bedloads sediments transport. In a given watershed, the higher rain 

intensity, the higher peak discharge, the higher kinetic energy and higher erosion is expected. Table 7 shows the rain and 

discharge peaks and the ratio between them for the two events. High ratio means low erosion and vice versa. 

TABLE 7 PEAKS OF RAIN AND DISCHARGE FOR THE TWO FIT EVENTS 

Event 
Rain peak 

(mm/hr) 

Computed peak discharge 

(mm/hr) 

Specific discharge 

(m3/s/km2) 

Rain/Discharge 

Ratio 

09/01/14 4.68 1.5 0.42 3.12 

12/12/14 11.52 1.14 0.32 10.10 

V. SUMMARY AND CONCLUSIONS 

Research in desert environments is challenging in many aspects. Collecting reliable data of flood events is particularly 

challenging. Lack of data or poor quality may leads to a situation that statistically, one does not have enough events to analyse 

to get the full picture. Although the uncertainty that the decision to analyse the flood events using K2 model was made, mainly 

because it deals with the two important topics (runoff and erosion) rose in the introduction. 

Yamin Plain is composed by sandy soil; therefore the area is very sensitive to surface erosion mainly during flood events. 

The fact that YP is also hosts the national facilities for near surface radioactive waste disposal, makes the erosion topic even 

more critical. The current study is the first step to get a better understanding about surface erosion during flood events. 

Because the lack of the data the authors awarded that the results and conclusions are limited and more work should be done in 

the future. 

Only one reliable recording rain gage in the arid 30 km
2
 NY watershed was available. It is obvious that neither the spatial 

nor temporal variability in rain input can be captured, variability essential to predicting runoff, as was shown in the analysis. 

But this situation is likely quite common throughout the dry lands of the world which, nevertheless, may require some 

knowledge about runoff and erosion within and leaving a watershed. Thus, addition of simple total depth rain gages, properly 

used, can increase the reliability of a more costly single recording rain gage. Rain data based on radar should be a better way to 

solve the fact of spatial and temporal variability. 
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Four events associated with mid-latitude cyclones were analysed but only in two of them the peaks hydrographs were 

similar. The RST events were excluded from the analysis since by definition, they have high spatial variability. In two events, 

the likely heterogeneity of the rain over the watershed yielded wrong calculated hydrographs. We think that the spatial 

variability of the rain is the reason. This situation could be resolved with more than one recording rain gage or spatial data 

from radar. In case that part of the basin gets more rain compared to the recording rain gage, the measured hydrograph will be 

larger than the computed and vice versa if part of the basin gets less rain compare to the recording rain gage, then the 

computed hydrograph will be bigger than the computed one. 

As a part of dealing with lack of Ks measurements, the model run with different values of CV of the Ks measurements to 

learn its influence of runoff hydrograph. The main conclusion is that higher CV, yield higher discharge. The number of the 

elements (planes and channels) could affect the hydrograph as found here. In less than eight elements, the peak discharge was 

lower than expected. 

Erosion as stated before is very important topic. Since the erosion is a function of the discharge, we analysed only the two 

fit events. Few mm of erosion computed per single flood are in the same of order as found in different methods reported in 

previous studies. 

ACKNOWLEDGMENT 

The authors thank Dr. Yoav Levy and Mr. Elyakom Vadislavakye from the IMS for the rain radar data, and Mrs. Chavi 

Feingold-Deutsch for reviewing the English. 

REFERENCES 

[1] M. Inbar, “Effects of a high magnitude flood in a Mediterranean climate: a case study in the Jordan River basin,” In Mayer L, Nash D. 

Catastrophic Flooding. Allen and Unwin: London, pp. 333-353, 1987. 

[2] A. Ben-Zvi and O. Cohen, “Frequency and magnitude of flows in the Negev,” Catena, vol. 2, pp. 193-199, 1975. 

[3] A. Ben-Zvi, “Flow Events in the Negev - a regional quantitative model,” Water International, vol. 7 (3), pp. 127-133, 1982. 

[4] A. Yair, “Runoff generation in sandy area – the Nizzana sands, Western Negev, Israel,” Earth Surface Process and Landforms, vol. 

15(1), pp. 597-609. DOI: 10.1002/esp.3290150703, 1990. 

[5] G. J Kidron and K. Pick, “The limited role of localized convective storms in runoff production in the Western Negev, Israel,” Journal of 

Hydrology, vol. 229 (3-4), pp. 281-289, 2000. 

[6] A. Ben-Zvi, and I. Shentsis, “Assessment of runoff as a component of water resources in the Negev and Arava,” Israel Journal of Earth 

Sciences, vol. 50 (2-4), pp. 61-70, 2001. 

[7] N. Greenbaum, T. Harden, V. Baker, J. Weisheit, M. Cline, N. Porat, R. Halevi and J. Dohrenwend, “A 2000 year natural record of 

magnitudes and frequencies for the largest upper Colorado river floods near Moab, Utah,” Water Resources Research, vol. 50(6), pp. 

5249-5269. DOI: 10.1002/2013WRO14835, 2014. 

[8] H. Capart, “Analytical solutions for gradual dam breaching and downstream river flooding,” Water Resources Research, vol. 49(4), pp. 

1968-1987. DOI: 10.1002/wrcr.20167, 2013. 

[9] P. Owusu S. Odai, F. Annor and K. Adjei, “Reservoir storage for managing floods in urban areas: a case study of Dzorwulu basin in 

Accra,” Hydrological Processes, vol. 27, pp. 1615-1625. DOI: 10.1002/hyp.9286, 2013. 

[10] E. Morin, Y. Enzel, U. Shamir, and R. Garti, “The characteristic time scale for basin hydrological response using radar data,” Journal of 

Hydrology, vol. 252, pp. 85-99. DOI: 10.1016/S0022-1694(01)00451-6, 2001. 

[11] E.Morin, T. Grodek, O Dahan, G. Benito, C. Kulls, Y. Jacoby, G. Van Lagenhove, M. Seely and Y. Enzel, “Flood routing and alluvial 

aquifer recharge along the ephemeral arid Kuiseb River, Namibia,” Journal of Hydrology, vol. 368, pp. 262-275. DOI: 

10.1016/j.jhydrol.2009.02.015, 2009. 

[12] A. Milewski, M Sultan, E. Yan, R. Becker, A Abdeldayem, F. Soliman and K.A. Gelil, “A remote sensing solution for estimating runoff 

and recharge in arid environments,” Journal  of Hydrology, vol. 373, pp. 1-14. DOI: 10.1016/j.jhydrol.2009.04.002, 2009. 

[13] J.F. Costelloe, R.B. Grayson, R.M. Argent and T.A. McMahon, “Modelling the flow regime of an arid zone floodplain river, 

Diamantina River, Australia,” Environmental Modelling & Software, vol. 18, pp. 693-703. DOI: http://dx.doi.org/10.1016/S1364-

8152(03)00071-9, 2003. 

[14] N. Greenbaum, Y. Enzel and A.P. Schick, “Magnitude and frequency of paleofloods and historical floods in the Arava basin, Negev 

Desert, Israel,” Israel Journal of Earth Sciences, vol. 50, pp. 159-186. DOI: 10.1560/N5VU-FU5F-QNWC-UDCK, 2001. 

[15] A.S. El-Hames and K.S. Richards, “An integrated, physically based model for arid region flash flood prediction capable of simulating 

dynamic transmission loss,” Hydrological Processes, vol. 12, pp. 1219-1232. DOI: 10.1002/(SICI)1099-

1085(19980630)12:8<1219::AID-HYP613>3.0.CO;2-Q, 1998. 

[16] K.D. Sharma, J.S.R. Murthy, “A practical approach to rainfall-runoff modelling in arid zone drainage basins,” Hydrological Sciences 

Journal, vol. 43, pp. 331-348. DOI: 10.1080/02626669809492130; 11, 1998. 

[17] I. Shentsis, A. Ben-Zvi and S. Golts, “A physically-related regional model for extreme discharges in Israel,” Hydrological Sciences 

Journal, vol. 42(3), pp. 391-404, 1997. 

[18] L.K. Sherman, “Streamflow from rainfall by unit-graph method,” Engineering News-Record, vol. 108, pp. 501-505, Apr. 1932. 

[19] J.E. Nash, “The form of the instantaneous unit hydrograph,” IAHS Publication, vol. 45, pp. 114-120, 1957. 



International Journal of Environmental Protection  2017, Vol. 7 Iss. 1, PP. 8-19 

- 18 - 

DOI: 10.5963/IJEP0701002 

[20] L.J. Lane, “A proposed model for flood routing in abstracting ephemeral channels,” Hydrology and Water Resources in Arizona and the 

Southwest, 6 May 1972, pp. 439-453, 1972. 

[21] W.R. Peebles, “Flow recession in the ephemeral stream,” Ph.D. thesis, The University of Arizona, 1975. 

[22] M.O. Walters, ‘Transmission losses in an arid region,” Journal of Hydraulic Engineering, ASCE, vol. 116, pp. 129-138, 1990. 

[23] G. Ronen-Eliraz, H. Ginat, A. Dody, D. Blumberg and O. Dahan, “Flood hydrograph reconstruction from the peak flow value in 

ephemeral streams using a simplified robust single parameter model,” Hydrological Processes, vol. 30(17), pp. 3004-3013. DOI: 

10.1002/hyp.10831, 2016. 

[24] N. Greenbaum, A. Margalit, A.P. Schick, D. Sharon, V.R. Baker, “A high magnitude storm and flood in a hyperarid catchment, Nahal 

Zin, Negev Desert, Israel,” Hydrological Processes, vol. 12, pp. 1-23. DOI: 10.1002/(SICI)1099-1085(199801)12:1<1::AID-

HYP559>3.0.CO;2-6, 1998. 

[25] R. Kahana, B. Ziv, U. Dayan and Y. Enzel, “Atmospheric predictors for major floods in the Negev Desert,” Israel International Journal 

of Climatology, vol. 24, pp. 1137-1147. DOI: 10.1002/joc.1056, 2004. 

[26] B. Ziv, U. Dayan and D. Sharon, “A mid-winter, tropical extreme flood-producing storm in southern Israel: synoptic scale analysis,” 

Meteorology and Atmospheric Physics, vol. 88, 53p, 2005. 

[27] U. Dayan and E. Morin, “Flood-producing rainstorms over the Dead Sea Basin,” in: Enzel, Y., Agnon, A., Stein, M., (Eds.), New 

Frontiers in the Dead Sea Paleoenvironmental Research. Boulder, CO, Geological Society of America, pp. 53-62, 2006. 

[28] M. El Bastawesy, K. White and A. Nasr, “Integration of remote sensing and GIS for modelling flash floods in Wadi Hudain catchment, 

Egypt,” Hydrological Processes, vol. 23, pp. 1359-1368. DOI: 10.1002/hyp.7259, 2009. 

[29] G. Al-Rawas and C. Valeo, “Relationship between wadi drainage characteristics and peak-flood flows in arid northern Oman,” 

Hydrological Sciences Journal, vol. 55, pp. 377-393. DOI: 10.1080/02626661003718318; 23, 2010. 

[30] International Atomic Energy Agency, Near Surface Disposal Facilities for Radioactive Waste. SPECIFIC Safety Guide. IAEA Safety 

Standards Series, No. SSG-29, 2014. 

[31] A. Dody, A. Nahlieli, Y. Avni, H. Cohen, D. Weiner and N. Porat, “Late quaternary deposition and erosion process along the margins of 

the Yamin Plain, Northeast Negev, Israel,” Israel Journal of Earth Sciences, vol. 57, pp. 199-211, 2008. 

[32] A. Matmon, A. Dody and R. Finkel, “A 300-ky history of sand erosion in the Yamin Plain, Negev Desert, Israel,” Israel Journal of 

Earth Sciences, vol. 58(1), pp. 29-39, 2009. 

[33] E. Kernel, Syriche Bogen. Mineral, vol. 9, pp. 274-281, 1924 (in German). 

[34] A. Salomon, “The monoclines in the Northern Negev: a model of tilted blocks and shortening,” MSc thesis. Hebrew University 

Jerusalem Israel, 1987 (in Hebrew, English abstract). 

[35] R. Calvo and Y. Bartov, “Hazeva Group, southern Israel: New observations and their implications for its stratigraphy, paleogeography, 

and tectono-sedimentary regime,” Israel Journal of Earth Sciences, vol. 50, pp. 71-99, 2001. 

[36] I. Bruner, D. Weiner, M.Goldman, R. Calvo and Y. Bartov, Geophysical investigation through subsurface imaging in the Mishor Yamin 

area, Geophysical Institute of Israel. Rep 641/170/96 1999 (in Hebrew). 

[37] A. Dody and D. Wiener, “Recharge processes of the Neogene aquifer in Mishor Yamin NE Negev, Israel,” Israel Journal of Earth 

Sciences, vol. 54 (1), pp. 29-34, 2005. 

[38] R. Kahana, B. Ziv, Y. Enzel and U. Dayan, “Synoptic climatology of major floods in the Negev Desert, Israel,” International Journanl 

of Climatology, vol. 22, pp. 867-882, 2002. 

[39] U. Columbus, A. Dody, I. Renan, Y. Bogin-Zilka, Z. Siegal, M. Walchak and Y. Zvik, Ecological Survey in Yamin and Rotem Plains. 

Israel Nature and Parks, 2016 (in Hebrew). 

[40] G. Hetz, “Monitoring surface alternations in the Yamin Plateau by spaceborne images and aerial photography between 1945–2009,” 

Unpublished M.A. thesis, Department of Geography and Environmental Development, Ben Gurion University of the Negev, 2009 (in 

Hebrew, English abstract). 

[41] A. Edri, “Spatial differences in aeolian erosion of arid silty - sand soils due to surface features,” Unpublished M.A. thesis, Department 

of Geography and Environmental Development, Ben Gurion University of the Negev, 2014 (in Hebrew, English abstract). 

[42] S. Ravikovitch, The Soils of Israel: Formation, Nature and Properties. Hakibbutz Hameuchad, 1981 (in Hebrew). 

[43] G. Mazor, G.J. Kidron, A. Vonshak and A. Abeliovich, “The role of cyanobacterial exopolysaccharides in structuring desert microbial 

crusts,” FEMS Microbiology Ecology, vol. 21, pp. 121-130, 1996. 

[44] E. Zaady and Y.Z. Offer, “Biogenic soil crusts in arid zones increase soil depth by incorporating aeolian deposition,” Sedimentology, 

vol. 57, pp. 351-358, 2010. 

[45] E. Zaady, S. Arbel, D. Barkai and S. Sarig, “Long-term impact of agricultural practices on biological soil crusts and their hydrological 

processes in a semiarid landscape,” Journal of Arid Environments, vol. 90, pp. 5-11, 2013. 

[46] A. Yair, “Effects of biological soil crusts on water redistribution in the Negev Desert, Israel: Case Study in longitudinal dunes,” In: 

Belnap J, and Lange O L. Biological Soil Crusts: Structure, Function and Management. Springer-Verlag, Berlin Heidelberg, pp. 303-

314, 2001. 

[47] J. Belnap, “The potential roles of biological soil crusts in dryland hydrologic cycles,” Hydrological Processes, vol. 20(15), pp. 3159-

3178. DOI: 10.1002/hyp.6325, 2006. 

[48] A. Dody, R. Hakmon, B. Asaf and E. Zaady, “Indices to monitor biological soil crust growth rate - lab and field experiments,” Natural 

Sciences, vol. 3, pp. 478-483, 2011. 

[49] D.A. Whoolhiser, R.E. Smith and D.C. Goodrich, KINEROS a Kinematic Runoff and Erosion Model, Documentation and User Manual. 

ARS-77, USDA, 1990. 

http://pubget.com/paper/pgtmp_7f3a656e12c2e31068006b76059e311a
http://pubget.com/search?q=issn%3A0021-2164+vol%3A58+issue%3A1&from=pgtmp_7f3a656e12c2e31068006b76059e311a


International Journal of Environmental Protection  2017, Vol. 7 Iss. 1, PP. 8-19 

- 19 - 

DOI: 10.5963/IJEP0701002 

[50] J.R. Kennedy, D.C. Goodrich, C.L. Unkrich, “Using the KINEROS2 modelling framework to evaluate the increase in storm runoff from 

residential development in a semiarid environment,” Journal of Hydrologic Engineering, vol. 18, pp. 698-706. DOI: 

10.1061/(ASCE)HF.1934-5584.0000655, 2013. 

[51] G. Sidman, D.P. Guertin, D.C. Goodrich, D. Thoma, D. Falk, and I.S. Burns, “A coupled modelling approach to assess the effect of fuel 

treatments on post-wildfire runoff and erosion,” International Journal of Wildland Fire, vol. 25(3), pp. 351-362. 

http://dx.doi.org/10.1071/WF14058, 2016. 

[52] A.D. Ziegler, T.W. Giambelluca and R.A. Sutherland, “Erosion prediction on unpaved mountain roads in northern Thailand: validation 

of dynamic erodibility modelling using KINEROS2,” Hydrological Processes, vol. 15, pp. 337-358, 2001. 

[53] http://www.tucson.ars.ag.gov/kineros/. 

[54] J.E. Nash and J.V. Sutcliffe, “River flow forecasting through conceptual models part I - A discussion of principles,” Journal of 

Hydrology, vol. 10 (3), pp. 282-290, 1970. 

[55] R.E. Smith and D.C. Goodrich, “Model for rainfall excess patterns on randomly heterogeneous area,” Journal of Hydrologic 

Engineering, vol. 5, pp. 355-362, 2000. 

[56] R.E, Smith, Infiltration theory for hydrologic applications. Water Resources Monograph 15. American Geophysical Union, Washington 

DC, 2002. 

[57] Y. Alexandrov, H. Cohen, J.B. Laronne, and I. Reid, “Total water-borne material losses from a semi-arid drainage basin: a 15-year 

study of the dynamics of suspended, dissolved and bed loads,” Water Resources Research, vol. 45, W08408, DOI: 

10.1029/2008WR007314, 2009. 

[58] M.D. Powell, I. Reid, J.B. Laronne and L.E. Frostick, “Bedload as a component of sediment yield from a semi-arid watershed of the 

northern Negev,” In: D.E. Walling and B.W. Webb, eds., Erosion and Sediment Yield: Global and Regional Perspectives. Wallingford: 

IAHS Press, IAHS Publ., vol. 236, pp. 389-397, 1996. 

[59] J.B. Laronne and I. Reid, “Very high rates of bedload sediment transport by ephemeral desert rivers,” Nature, vol. 36, pp. 148-150 and 

113p, 1993. 

[60] H. Cohen, and J.B. Laronne, “High rates of sediment transport by flashfloods in the Southern Judean Desert, Israel,” Hydrological 

Processes, vol. 19, pp. 1687-1702, 2005. 

http://www.tucson.ars.ag.gov/kineros/
http://dx.doi.org/10.1016/0022-1694(70)90255-6
https://en.wikipedia.org/wiki/Journal_of_Hydrology
https://en.wikipedia.org/wiki/Journal_of_Hydrology

