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RAINFALL CHARACTERISTIGENNARID ENVIRONMESNT

F.G.Caroll§, M.A. Serig, V. Ferr8

® Dipartimento Scienze Agrarie e Forestali, University of Palermo, Italy,
francescogiuseppe.carollo@unipa.it

Water soil erosion is a process of detachment and transport of soil particles due to rainfall and
runoff and it is a normal aspect of landscape development. The acceleration of the process
through anthropogenic perturbation has severe impacts on soil amdrenmental quality.
Rainfall erosivity, i.e. the capability of rainfall to detach soil particles, is the most important
parameter for quantifying erosion processes and it can be represented by its kinetic energy per
unit time and area, named kinetic powe?,.

Many researchers proposed empirical relationships estimating kinetic power by rainfall
intensity and having different mathematical forms (polynomial, exponential, logarithmical, and
power type (Salles et al., 2002)). The most commonly used reddtipnestimating P as
function of rainfall intensity is that proposed by Wischmeier and Smith (1978) according to
which the ratio between kinetic power and rainfall intensity/IPincreases for rainfall
intensity value less than or equ#d a thresholdvalue, |, equal to 76 mm f and then it
becomes constant for rainfall intensity greater thanWwischmeier and Smith (1978) justified
this threshold value suggesting that the median volume diametgr(i2. the diameter that
divides the drop size disbution (DSD) in two parts of equal volume) does not increase when
rainfall intensities exceed. ISalles et al. (2002), carrying out an overview of many empirical
relationships Rl showed that, for a fixed rainfall intensity, these relationships yieldery
different values of kinetic power. Salles et al. (2002) concluded that a global parameter, as
rainfall intensity | or median volume diametegp, s not sufficient to determine the rainfall
erosivity since that the kinetic power measurements are alspendent on other parameters
such as rain type, altitude, climate and method of measurement.

Kinetic power may be also determined by adding the contribution of single raindrops
once their mass and terminal velocity are known. In other words, detactyabilsoil due to a
rainfall event can be indirectly measured if the DSD and a relationship between terminal
velocity and drop diameter are known. In particular, combining the Gamma distribution of
Ulbrich (1983) and the terminal velocity relationship posspd by Ferro (2001), Carollo and
Ferro (2015) deduced theoretically a relationship linking the ratio between kinetic power and
rainfall intensity, B, to parametersmandL 2 F | ft o NA OKQ&a RAAGNNOdzOA2Y S
depends on the intrinsic chartristics of rainfall.

In this paper the measurements of DSD carried out in Palermo (Italy) and in El Teularet
(Spain), using an optical disdrometer are presented. Both sites are located in Mediterranean
area at the same latitude but they are characterizbg different climate condition.
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Experimental site of Palermo is located at 50 m a.s.l. and its climate is typically Mediterranean
¢ temperate (dry and hot summer and mild and rainy winter). The site El Teularet, which is
located at 760 m a.s.l. and at 100n southwest from Valencia, is characterized by a
Mediterranean continental climate (cool winter and hot summer with rainfall irregularly
distributed).

The used optical disdrometer (model ODM 70 made by Eigenbrodt) measures drop
diameters in the range 035 - 0.60 cm. Drop diameter is measured by registering light
damping due to the passage of the drop in the control volume bounded by two diodes. The
disdrometer divides the diameter range into 128 classes and gives the number of drops
belonging to a partalar class for each recording minute. For excluding both rainfalls having
low erosive power and DSDs having a small sample size, only the DSDs for which the rainfall
intensity was greater than 0.5 mm/h and the measured diameter classes were at least@0 wer
analyzed.

Using this filter, more than 42000 DSDs registered during the 523 rainfall events
occurred at Palermo in the period June 2@0®larch 2014 were obtained. From July 2015 to
date, the disdrometer is installed at El Teulaagid, during the 41 rainfall events occurred in
the period July 2016 January 2016, the disdrometer recorded over than 2500 DSDs.

For both datasets, in order to better focus the influence of rainfall intensity on DSD and
rainfall energetic characteristi¢c the DSDs were aggregated in intensity classes. The Sicilian
DSDs are characterized by rainfall intensity variable in the rang203.5nm/h, while Spanish
dataset is characterized by 0.5 < | < 470 mm/h. However, the 10 DSDs registered at El Teularet
for I > 150 mm/h were not analyzed because they present a behavior (mean, standard
deviation, median diameter andgpvery different from the DSDs registered for | < 150 mm/h
(it is possible that they are referred to hailstorm events).

The DSD analysis hiiginted that, for a given rainfall intensity, the DSDs registered at
Palermo present mean, median diameter and standard deviation values greater than the ones
detected in El Teularet. Instead, the median volume diametg)y {@lues are practically
overlgpped. In other words, for a given intensity, the rainfall occurring at El Teularet presents
characteristics different from the one detected in Palermo. In any case, both dataset are
characterized by similar trend with I: the mean and median diameter shawedhcreasing
trend for lowest values of rainfall intensity (I <15 mm/h), while no trend can be observed for |
> 15 mm/h; the standard deviation and, iicrease with rainfall intensity values until | = 40
mm/h and then become quasionstant.

The reliabdh G & 2F ! foNAOKQa fF g F2NJ NBLINRRdAzOAy 3
positively verified using both maximum likelihood and momentum methods for estimating
and L parameters of the distribution. These two parameters resulted correlated each other
even if he experimental pairan{L ) relative to the two datasets are not overlapped.

The raindrop size measurements were used to determine the experimental rainfall
kinetic power values, P The experimental pairs (I,/B obtained by the two datasets are
overlgpped. This circumstance implies that, in the two experimental sites, the same rainfall
intensity determines different DSDs and similar kinetic power values. As wej| #seDatio
P/l increases with rainfall intensity for | less or equal to 40 mm/h #uaah it becomes quasi
constant. This trend agrees with Wischmeier and Smith (1978) approach even if the threshold
value |= 40 mm/h resulted less than the one proposed by Wischmeier and Smith (187 8H(|
mm/h). This result can be justified taking irdocount that the unstable large drops break into

THIRDCONFERENCE GO SACTIONES1306CONNECTINEUROPEAKBONNECTIVITRESEARCH
HYDROLOGICAL AND EROSION PROCESSES IN MEDITERRANEAN LAND
IMPACTS OF LAND MANAGEMENT ON CONNECTIVITY
28" Februaryc 5" March, 2016, Palermo, ITALY



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLHcr7qIgMcCFUS8FAod61gAQA&url=http://math.unipa.it/~library/&ei=F6K4VfH0AcT4UuuxgYAE&bvm=bv.98717601,d.bGQ&psig=AFQjCNGAtnGZfIM1PeTI5P7Pl54XKNaGfw&ust=1438249844549671

,\,\"T‘ ST['///

e _t8% UNIVERSITA
é@‘” Z DEGLI STUDI
;I €& DI PALERMO

Zorg g™

“

Connecteur

s PANOR "

",

small drops (disaggregation) and this circumstance, determining an increase of the number of
drops, promotes an effect of collapse of drops. For small rainfall intensity (I < 40" )ntheh
drop collapse déct prevails on the disaggregation phenomenon and the rainfall kinetic power
increases more rapidly than rainfall intensity. For high intensity (I > 40 mm/h) an equilibrium
condition between disaggregation and collapse is reached and, as a consequenb&Dhand

D, become quasinvariable. In other words, when the rainfall intensity increases the total
number of drops increases too without varying the D&barid L become constant) and,
according to the relationship proposed by Carollo and Ferro (20i& kihetic power becomes
proportional to I. Using Wischmeier and Smith (1978) relationship witii8@ mm/h implies a
mean error on estimate of Pequal to 5.2 % and 10.7% for Palermo and El Teularet data,
respectively. Setting £ 40 mm/h, the mean erroresults equal to 4.1% for Sicilian data while
no appreciable improvement occurs changingalue for El Teularet data.

However, the comparison between the pairs (}/IRnd (I, @) corresponding to
datasets of present investigation with the ones obtdnin other sites of the world (Marshall
Islands, New Jersey, Alaska, Indonesia, Oregon, Hong Kong, Ethiopia) by different
measurement techniques (drop camera, piezoelectric force transducer, blotting paper)
highlighted that these datasets did not overlafherefore a single relationship/P- 1 or O - |
is not reliable for estimating rainfall kinetic power at any site. In other words, according to
Salles et al. (2002), rainfall intensity | is not sufficient to determine the rainfall kinetic power or
medan volume diameter ) since that the these measurements are also dependent on other
parameters (as rain type, altitude, climate and method of measurement). Instead, the
experimental pairs (§) R/I) relative to all available datasets resulted qupsifectly aligned
around a single increasing curve. This circumstance confirms that trenddep@nds strictly
on the [ one, confirming the Wischmeier and Smith (1978) hypothesis. Finally, in sbntra
with Salles et. al. (2002), the global parametgisisufficient to determine the ratio R and it
is a variable free from at site effects and useful to characterized rainfall erosivity.

The exponential distribution of Marshall and Palmer (1948), wités referred to the
unit area and time, can be assumed formally identical to a Gamma distribution (Ulbrich, 1983)
settingm= 0.67. According to Ulbrich (1983),i®linked only td. and mparameters so that,
assuming m=0.67,L parameter can be dedwed by only Pvalue. Therefore, the relationship
theoretically deduced by Carollo and Ferro (2015) for estimating kinetic powen &gd
L values can be rewritten obtaining that the ratig/IPdepends directly on median volume
diameter . This theoreticly derived relationship resulted fully applicable to all available
datasets. This relationship represents a theoretical confirmation of the Wischmeier and Smith
(1978) hypothesis that R depends on median volume diameter.

Further investigations are nessary to understand if other variables, in addition to
rainfall intensity, influence the median drop diameter and, as consequence, the rainfall kinetic
power.
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INTERNAL STRUCTURE OF EROSIVE AMRNGNE STORM
EVENTS FOR INTERPRETATION OF EROSIVE PROCESSES

F.Todiscd

®Dipartimento Scienze Agrarie, Alimentari e Forestali, University of Perugia, Italy,
francesca.todisco@unipg.it

The talk is focused on the importance of the instarm characteristics analysis for the
interpretation of the erosive processeszainfall characteristics and rainfall intevent
temporal dynamics affedhe detachment ofsoil particles by impacting watethe entrapping
and transport of soil particles by flowing watdrainfall profilehas therefore an impact on the
soil physical and topographical characteristics, the spatial configuration of the connections, the
distribution of energytransport pathways and in general affediydrological and sediment
connectivity at plot scale but also at hillsand basin scaléAn understanding of intratorm
variations has been proven to be very important, not only in runoff genamedind soil erosion
studies (Dunkerley, 2012; Frauenfeld and Truman, 20Rd€n et al., 2012 but also in
partitioning water among interception, evaporation, infiltration, ponding, and overland flow
(Hanke et al., 2004; Struthers et al., 200¥}he landslides activation (Melillo et al., 2015), in
the geomorphologic evolution and, in general, in tiydrological and sediment connectivity
During the first stages of soil wettinmgany processes linked to the variation of the aggregate
stability occur (& Bissonais, 2016). All these processes affeshectivity(Antoine et al., 2009)
and their dynamic iextremelyinfluenced byrainfall intensityand rainfall fluctuationFurther
during the rill formation process the system experiences much stronger equbst
connectivity (Bracken et al. 2015)hreshold conditions for rill initiatiowan be found in the
soil strength Torri et al. 1987) hat is even so dependent orainfall characteristics (both
antecedent and during the erosive eventfhe parameter tht includes all the soil
characteristics (both static and dynamic) is typically the soil erodibdjtyesenting the soil's
response to rainfall and runoff erosivityrhe erodibility should thereforeeflect intraevent
dynamics and the specific charaaggics of the rainfal{Borselli et al., 2012)

In literature disciplinespecific exploration analyzing the influence of the temporal
variability of rain on the processese infrequent(Parsons and Stone, 200Ban et al., 2012
Rainfall is typically deribed using overall propertieg.g. mean intersity, total depth and
duration), or properties related to rainfaBub-periods €.g. maximum intensity in a specific
time interval Xie et al, 2002 Drop size and kinetic energye evaluated inrainfall simulation
even ifthe keyrainfall propertiesemployed to date lack a complete correspondence witatth
of natural erosiveevents Indeed thesimulated rain rates are typically both constant and too
high in comparisonto the natural onesand ofen are designed to represent only different
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wetting rapidity (Dunkerley, 2008; 2012serloh et al., 2013arsons and Stone 2006; Ran et
al., 2012.

Simplified functions to describe saihd erosion processesitiation and dynamicsn
terms of rainfallcharacteristics (both antecedent and during the erosive event) are therefore
recommended to drive change of input parameters in various soil era@stimationmodels
such as the Revised Universal Soil loss Equation (RUSLiE)s purpose the knowledge of
intra-eventnatural erosive rainfall characteristichould be useful also mainfall simulation In
other words, knowing the time distribution of rainfall @rosivestorms(rill and/or interrill) is
of the utmost importance for use in various reseagestd applied fields, and therefore requires
further investigation as this aspect has been partially explored only in few papers until now.
The analysis of the 228 rainfall event (selected according to Wischmeier and Smith, 1978)
recorded at Masse (Centrlhbly) has extensively shown that a large amount of the total rain
falls within a small fraction of its duration. It has also been clarified that in comparison with
non-erosive rainfall time series, erosive rainfall time series are characterized by several
sequences of positive deviations from normal conditions that are also of long duration. On this
basisthe methodologyproposed (Todisco, 201#jtroduces concepts of rainfall disaggregation
and of rainfall deviation sequencesing reference values igrosion studies The goalis to
develop ways of representing the time distribution of rainfall that might have explanatory
power in terms of soil losT he statistics describing the internal structuretioé high intensity
wet periods that have positive ediations (unsg from a reference valuep) is used to
formulate compound criteria toedect erosivestormsfrom pluviograph recordsind then to
designerosive rainfall profilegor rainfall simulation

The rainfall events characterized by at least ane are included in the analysis and
are referred to asstorms A Masse for p;=9.6 mm/h (corresponding to a cumulative
probability of 0.95)the 98% of the erosive events and only the 30% of thearosive events
are storms.

For storm classification the analysis isinitially focused on theoverall rainfall
characteristics K, depth; D, duration; S, total severity of the runs)in Central Italy the
conditionP <7.6 mm is incompatible with an erosive event &d 19 mm oD > 19 h or§ >
5.5 mm wih a nonerosive eventA rainfall storm with at least oneinand8 <P< 20 mmD <
19 h, andS < 5.5 mm could be either erosive or not erosive. The presence of a transition zone
proves that in some cases the difference between an erosivenanekrosive events might be
attributed to the event profile characteristics that the overall variables cannot represent.

The effects ofP and D are further investigated using a class frequency analy$is.
time distribution modelsare presented as probabiy distributions (Huff, 1967 and provide
quantitative measures of both the intestorm variability and the general characteristics of the
time sequence of precipitation in stormgery shortly the analysis shows thtte nonerosive
storms are concenéited almost entirely within the burst that contains theghest run «-I)
around which theprobability distributionsgrows rapidly On the averagehe erosive events
instead focughe 30% ofP on the burst that contains-I, and onethird of that burst isabove
the threshold The probability curves gradually grows.

For the characterization of the rainfall dynamic within the storms, the high intensity
periods are deepened analyze&pecification of the number afins per event,n-r, or of the
duration of the runs dr, are additional criteria selected to identify the erosive events among
the storms Very shortly the analysis shows thain averagethe erosive storms have-r=4
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(maximumn-r= 15, mediam-r=4, and standard deviation of 2.6) ambn-erosiven-r=1.2 on
average (maximumm-r= 3, mediam-r= 1, and standard deviation of 0.5} storm with more
than 2¢3 runs is almost certainly erosiv&storm that has runs with durations-r, higher than
10 min is almost certainly erosive.

Furthermore he statistcal properties of the characteristics- d-r, initial time) of
the more severe runs and of the corresponding surrounding rairifafist (startend time,
severity before and after the rynantecedent rainfaldepth) are derived andexpressed as
percertage ofPor D.

All the information derived, adequately usedprovide bothcompound criteria for
erosive storm identificationand statistics todesign rainfaf corresponding with those of
natural erosive events i@entral Italy.

The stepprocedure for the erosive rainfall design 8. chooseP and D according to the
compound criteria identified; 23elect the probability level and the corresponding probability
time distribution. Thusthe shape of therobabilistichyetograph is et; 3) select the number of
runs and use the statistics on the more severe runs fealistically disaggregag the
hyetograph.

The same procedure can also be applied to characterize and repradircevents
that lead to the formation of rid.
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HOW MUCH IMPORTANCE DOES THE SOIL HYDROLOGIC
BEHAVIOR PLAY ON WATER DYNAMICS IN THE SOIL
VEGETATIONTMOSPHERE SYSTEM? A VOYAGE OF RECENT
PROGRESS THROUGH SCALES

N. Romand®

 Department of Agricultural Sciences, Division of Agricultural, Forediasgstems

Engineering, University of Napoli Federico I, Italy.

PLYGSNRSLI NLIYSyGlFt wSaShkNOK / SyGiNB T2N 9y GBANRYY
I, Italy.

nunzio.romano@unina.it

Major limitations of current studies on assessing the impaxd climate and landise changes

are lack of: ij good quality observational data and model parameters, especially the soil
hydraulic characteristics, and)(information on how the nature of spatial variability of soils
affects the soil hydrologic respse over a range of scales. Traditional methods for soil
hydraulic characterization are burdensome, whereas information on soil spatial variability are
particularly relevant for certain studies, such as distributed hydrologic modelling and precision
agriailture. All these issues are patrticularly relevant when assessing the effects that hydrologic
and sediment connectivity exerts on land and water resources management and soil erosion.
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At pedon scale, optimal performance of numerical modeling of thevegjetatioratmosphere

(SVA) system mandates accurate assessment and description of the soil hydraulic properties,
namely the water retention (WRF) and hydraulic conductivity (HCF) functions. These functions
are commonly described by simple unimodal ariabftrelations that guarantee mathematical
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flexibility with few parameters in the majority of soil types. However, many soils are
characterized by a complex structure yielding a bimodal or even a multimodal distribution of
pore sizes. In these cases, rbla hydrologic predictions can be obtained resorting to more
complex hydraulic functions, yet more accurate and robust ones. To overcome some
drawbacks of the classic unimodal hydraulic relationships, Romano et al. (2011) have
developed closedorm bimodallognormal relations for improving the description of both WRF
and HCF. The reliability of this description of the soil hydraulic behavior is often tested at the
curve fitting level only, but comparisons between unimodal and bimodal soil hydraulic
relationships are more effective and informative when performed in functional terms as
recently shown by Romano and Nasta (2016).

Direct determinations of the soil hydraulic properties are somewhat impracticable
already for surveys to be carried out at field aniistope scales, but become definitely
challenging, and probably unfeasible, for laggmle modeling applications. Pedotransfer
functions (PTFs) are empirical relationships between parameters of soil models and more
easily obtainable data on soil propar$i. PTFs have become an indispensable tool in modeling
soil processes. As alternative methods to direct measurements, they bridge the data we have
and data we need by using soil survey and monitoring data to enable modeling favaddl
applications. PTd are extensively used in soil models addressing the most pressing
environmental issues. If predictions of PTFs are distributed in space, then they require a spatial
evaluation. Three aspects of performance can be considered in the evaluation of a gpatiall
distributed PTF: a) the correlation of observed and predicted quantities across different spatial
scales, b) the reproduction of observed variance across different spatial scales, and c) the
spatial pattern of the model error.

Observations Model predictions

Fedon MMAWMWMMM MM AV A A g A
BRIV VA WA VIR WA VIWa VAT )

Catchment /—\M e N

Position on transect Position on transect

Catchment scale:
Adequate reproduction of variance
Significant correlation

When moving to the larger spatial scales, the following problem usually arises: water
movement through the vadose zone is generally described in detail by the Richards equation
(RE), which however is capable of simulating complex hydrologic processésrdabatscale
studies (at core or plot-scale) with accessible direct measurements. Due to -Selle
heterogeneity, hydrologic applications at such scales mandatorily require a large amount of
distributed information and high computational power thahdermine the performances of
REbased hydrologic models and usually force users to rely on alternative solutions based on
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strong assumptions and ovsimplifications, such as the bucket hydrologic model. A traifie

between model simplification and modekliability depends strongly on the technique

SYLX 28 SR (2 effeciivé  AKY® RINK 8z2f &§O LJ NI YS{( Sdy& sof T (G KS
profile that should be able to generate the same hydrologic response as the corresponding
actual multilayered soil profe. This talk will also summarize some key parts of a recent and

novel study carried out by Nasta and Romano (2016), who addressed the question of
identifying the effective soil hydraulic parameterization of a layered soil profile by using a
conventional msteady drainage experiment leading to field capacity.

Finally, one key aspect toward the procémsed understanding of hydrologic and sediment
connectivity is the determination of soil moisture values and the characterization of their
spatial patterns(Romano, 2014; Tarolli et al., 2014). This talk will briefly review the recent
O2yOSLIi 2F SadlofAaKAy3d ySatég2Ny1a 2F 91 NIKQA
modeling tools employed for the analysis of the gathered information.

(a) 25 March 1998 13 August 1998 18 February 1999

L L Observed
(b) 25 March 1998 13 August 1998 18 February 1999

Simulated
02 025 03 035 04 045 05 055

(c) 25 March 1998

Residuals
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INFILTRATION MEASUREMERNJDR SOIL HRAULIC
CHARACTERIZATION

Rafael Anguldaramill, Laurent Lassabatéte

abUniversity of Lyon; Ecology of Natural and Maapacted Hydrosystems laboratory LEHNA,
UMR 5023 CNRS, ENTPE, U@8h 1, Vaubenivelin, France.
angulo@entpe.frlaurent.lassabatere @entpe.fr

The appropriate measurement strategy for soil water status and soil hydraulic properties in
conjunction with transfer studies must recognizecharacteristic processof soil water

conditions. Infiltration based experimentsare then a preferredtechnique to conventional

laboratory or long term fieldbbservation to investigateoil hydraulic propertiesA detailed

analysisof infiltration methods is given in the forthcoming boak Ly FAf G N> GA 2y YSI &ad
F2NJ a2Af K& RNJI dzf A.QAng@ddaraddlc) & Bagdrdild, ¥Aoginbéandd & w
Lassabatére (ed. Springer, 2016, in predsjong the large number of existingethodsand

references described in the bogk recentoneis theBeerkammethod.

The Beerkan method along with BESgdorithms(Beerkan Estimation of Soil Transfer
parameters)is an alternative technique to conventional laboratory or field measurements fo
rapid and lowcost estimation of soil hydraulic propertigbkassabatere et al., 200BEST
software can be downloaded for free dittps://bestsoilhydro.wordpress.cojn Themethod
was developed to accuray determine the soil water retention curyédn(q), and hydraulic
conductivity curve K(g). BEST relies oboth analysis of asinglering infiltration and easily
collected soil texture and soil structure dafae(,cumulative particle size distributiodry bulk
density, initial and final volumetric water content3jhe analysis used in BEST relies on the
formulations of 3D cumulative infiltration developed by Haverkamp et al. (1994). They
postulate that the cumulative infiltration in 3D correspatd the infiltration in 1D pls a term
proportional to time;the proportionality coefficient being a function of sorptivity, the radius of
the ring and a shape coefficiegt Cumulative infiltration in 1D is a function of time, the soil
properties and another siipe coefficienb. These coefficients are supposed to be constant, to
be slightly dependent upon the kind of soil and thus usually takdrr@%andg=0.75.

The goals othe presentationare: to briefly introduce BEST method atite errors in
the estimatons of hydraulic curveb(q) andK(g) by considang constantgand b valuesor
specificvalues depending osoil type; and to report two different studies where BEST has
played an important role. These two studies where carried outddferent environmenal
contexts when alequate water management is required to improve the efficiency and
sustainability of agricultural systems
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Estimation of unsaturated soil hydraulic properties with BEST
Numerical modelwas used tocalculate referencenfiltrations under 1D and 3D, for several
initial conditions anddifferent soil types (i.e., sand, loam, silt and siltgy). Numerically
optimized values fogandb are then proposed depending upon soil typeverse analysis of
infiltration was performed to derivé& andsorptivity, S

The values fog and b could be optimized to improve the fitting of numerical data.
Optimal values differ from usuatonstant values and depend upon the soil type. The
implementation of BEST with the new valuesdandb improve BET results.

Temporal variability of soil hydraulic properties under drip irrigation

The identification of a temporal variation in soil hydraulic properties in the course of a
cropping season subject to drip irrigation can contribute to the improvemenwvater use
efficiency and the mitigation of adverse environmental effects. Saturated hydraulic
conductivity, K; and the characteristieeffective pore radiusif., the mean characteristic
dimension of hydraulically functional pgres, are fundamental parameters governing water
transfer in soil under drip irrigation. Series Béerkaninfiltration testswere carried out on a
loamy soil of a corn field drip irrigated in the southern of Frafeabarak et al., 2009).

Two treatments: a fli (FT) and a limited (LTryigation treatment were investigated.
Infiltration measurement were taken within each treatment on the top soil layer during the
cropping season. The®'lset of measurements was done beforé frigation. Sx to eight
infiltration measurements were performed on a 9m2 gpibt. For both irrigation treatments,
soil hydraulic properties are strongly affected by the first irrigatiBarametersk; | y R, Vv
drastically decrease with cumulative water application depth from the firgiation untilthe
root systems approximately reach its maximal value. Then these two parameters seem to re
increase slowly with timeAt the beginning, his temporal evolution could be due to the soll
restructuration process under irrigation. While, aetend of irrigation season, where irrigation
decreased due to lower water requirements for the both treatments, the irrigation effect was
overlaid by the biological activity and the root development effect creating new channels or
continuity between existig pores. The processes affecting these properties are similar for
both irrigation treatments, but with a different response intensity. imited drip irrigation
treatment (LT) presents higher mean values for béth y* R than those of the full irrigation
treatment (FT). This can be due to the different water amounts applied to the treatments
especially at the beginning of the irrigation season. This can be also attributed to the
alternated daily effects of wetting and drying cycles of the dilng limited treatment (LT).

As a consequence of irrigation and root development, soil hydraulic properties showed
a dynamic evolution in time. This state of fact raises the question about the interest to take
into accounttemporal variability of hydraulic propertider improving water use efficiency.

Comparison of field and laboratory methods for estimating unsaturated hydraulic properties
under different land uses

The aim of the secondtudy was to determine unsaturated soil hydraytimperties under
different landuses and to compare the results obtained with different measurement methods
(i.e. Beekan, tension disc infiltrometer, Wind method pedotransfer function). The study has
been realized on a tropical sandy soil irsmall watershed in NE Thailangbiltecho et al.,
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2014) The experimental plots were positioned in a rubber tree plantation in different
positions along a slope, in ruzi grass pasture and in an original forest site.

Non parametric statistics demonstrated thatrv&enuchten(1980) unsaturated soll
parameters K, a andn), were significantly different according to the measurement methods
employed whereas location was not a significant discriminating factor when all methods were
considered together. However withieach method, parametersr and a were statistically
different according to theand use and the topographic position. A decrease in hydraulic
conductivity downwards the slope in the rubber tree plantation was systematically observed,
and could probably beetated to translocation of finer particles downslag@espite showing
slightly higher level of organic matter and unlike what would commonly be expected, forest
soil had the lowest hydraulic conductivity. The higher content in finer particles (clay gnd sil
was most probably responsible for lowi€rvalues in theforest site and in some extend in the
ruzi grass site. During the early stages of the rubber tree plantati@nsoil surface was not
covered and therefore more vulnerable to erosion. The fini garticles were translocated
downslope and down the soil profile.

Estimatedparameters wereused inHydrus1D for a one yeawater flow simulation
Computed water pressure head ditbt show noticeable differences for the various sets of
parameters, higlghting the fact that for modellingpurposes,any of these measurement
methods could be successfullyemployed. The choice of the measurement method would
therefore be motivated byts simplicity, robustness and low cost.

Ongoing research

In our research weaim to contribute to understanding howwater-solute-particles flow
through unsaturated soilswhat cognitive and sense making processas be incorporate to
BEST methodnd how to improve them. Specifically, the research expldierent topics.

(i) Anew version of BESiffiltration is developedor water and solutdransport studies. This
method aims the use of new devices like the nautomated tension disc infiltrometer (Di
Prima, 2015), and lies within the framework of collaboration with Univedditiyalermo. The
use of the new automated infiltration device will be an important as§aeautomatedSicilian
infiltrometer revealedbe veryefficient for hydraulic characterization of differetytpe of soils
(Di Prima et al., 2015).

We continue the impovement of rew or revisited numerical and analytical models to
increase the robustness and precision of existing BEST method. In particalecaont for
multiple-porosity, hydrophobicity and organic mattesffects on infiltration. These factors
controlsclogging and preferential flow.

Our research objective continues on the design of new stratdgiesstimation of soil
hydraulic and solute transfer parameters, among which the saturateshturated hydraulic
conductivity and sorptivitywhich are fundenental in soil science.
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INFILTRATION PROCESSNTO MACROPORGCBIBLS

Laurent Lassabate and Rafael Anguldaramillo

University of Lyon; Ecology of Natural and Mieapacted Hydrosystems laboratory LEHNA,
UMR 5023 CNRS, ENTPE, U@8h 1, VaubenvVelin, France.
laurent.lassabatere@entpe,fanqulo@entpe.fr

In the vadose zone, preferential flow is more a rule than the exception (Kéhne et al., 2009).
During infiltration inb the vadose zone, water flow may be uneven with rapid movement of
water and solutes through restricted zones of the porous media and water and solute
exchange with stagnant pockets of water. Despite the fact that flow pathways develop in
restricted zonesof the soil, water infiltration at soil surface may provide no evidence of
preferential flow. The development of preferential flow may be linked to the soll
macroporosity (macropores and cracks), soil hydrophobicity or fingered flow due to hydraulic
instaklity. Macroporosity includes cylindrical biopores made by burrowing soil animals and
plant roots, planar fissures formed by wetting/drying or freezing/thawing cycles, and
ANNB3IdzAE NI & &KIFLISR WLIOlAy3a @2ARaAQ 0SGsSSy R
Macroporosity may be activated when water pressure is high enough, leading to the
development of flow essentially into the macropores and to +eguiilibrium and preferential
flow phenomena in the soil.

Concepts and related models developed for preferantiow in macroporous soils are
often classified into single porosity with n@guilibrium flow, dual porosity, dual permeability
and multiNB 3 A2y Y2RSt & 0~ A Y dafBehbilit dpprdachasshypethesize 0 @ 5 dzt
that water flow in and between two gre regions, i. e. matrix with slow flow and a féistv
NBEIA2yd ¢KSaS Y2RSta SyoOo2yLlaa YvYz2ad OlFasSa 27 L
article, we present successively the conceptual models developed for the description of
preferential flav (Lassabatere et al., 2014) and related analytical and numerical models, and
we demonstrate the utility of dugbermeability approaches for the detection or preferential
flow and soil hydraulic characterization using infiltration experiments.

Modelling infiltration processes in macroporous soils

Dual porosity and duglermeability models are among the most famous approaches for

modelling preferential flow in soils. For dual porosity model, water flow is restricted to the

fractures or the interaggregatepores and macropores, whereas water does not move at all in

GKS YIGNAE® wAOKIFNR&AQ SljdzZ G§Az2y A& O2yaARSNBR 7T
term to account for water exchange between the mobile and stagnant zones. The dual
permeability modelconsiders two singlpermeability media separated by a permeable

interface. Several alternative models were proposed on the basis of the dual flow approach,

but flow equations are modified for the macropore or fdlsiw region. Such changes are
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required ty the physics of flow that no longer follow DarcydzO1 A Y AKI Y flF 46 | yR w
equations. Usually, alternative laws are considered for the description of flow into the fast

flow region. Some alternatives consider that capillarity is negligible in theflfagtregion

(large size of macropores) and that flow is mainly driven by gravity and viscous forces. In such

case, water flux is defined in function to water content by power low and kinematic wave

equations are used (Germann, 2014). More complex physiesnbrilaminar and turbulent

flow can also occur and require specific models. The choice of the model depends on the

physics of flow and Coppola et al. (2009) proposed a conceptual classification for preferential

flow according to field conditions and tgp of soil: (i) preferential flow in real namapillary

macropores, (ii) preferential flow in intexggregate pores considered as capillary pores, (iii)

fingering flow due to the instability of the wetting fronts, often encountered at the interface

between two materials with a lower unsaturated hydraulic conductivity below, and (iv)
LINBEFSNEBYGALFf Ft2¢ RdzS (G2 aLIl GAFEf ANNBIdzA I NARGAS:
equation applies to the two pore domains (matrix and féistv region) in caes (ii), (i) and (iv)

and thus dual permeability approaches may be considered. For the first case, the kinematic

wave equation or HageRoiseuille equation should be considered instead.

The boom of computer science and facilities may explain the greatloement of
numerical approaches to the detriment of analytical approaches. Indeed, several numerical
tools were developed for the conceptual models described above. However, Lassabatere et al.
(2014) extended the model proposed by Haverkamp et al. (1@@4eloped for water
infiltration into homogeneous soils the case of dpafmeability soils. Lassabatere et al.
(2014) summed the cumulative infiltration over matrix and {ffistv regions proportionally to
volumetric ratios occupied by each region, to gome the total cumulative infiltration. This
model addresses the cases of 1D water infiltration and 3D water infiltration over a disc source
into dual permeability soils.

Characterizing dual permeability soils using water infiltration experiments

Modelling water infiltration by duapermeability models or any models accounting for
preferential flow demonstrates that preferential flow enhances water infiltration but does not
disrupt the shape of cumulative infiltration. Clearly, with infiltration data, éhé no way to
discriminate between the hypothesis of highly permeable soil or dual permeability soil. As a
consequence, the Beerkan method (water infiltration into ponded single rings) along with BEST
method is insufficient to detect and characterize dpafmeability behavior and may lead to
incoherent and unreliable results. In this study, we clearly demonstrate such inadequacy, using
the model developed by Lassabatere et al. (2014) to generate synthetic numerical data. In
opposite, we demonstrate that aitiple tension infiltration experiments can be used to detect
dual permeability behavior. In particular, the analysis of errors showed a strong
autocorrelation of errors, with underestimation of cumulative infiltration for the lowest and
highest water presure heads along with owvestimation at intermediate water pressure
heads. Duapermeability behavior induces a sharp increase of cumulative infiltration close to
zero for water pressure head applied at surface increases. Based on the presented itesults,
can be concluded that muitension experiments are needed to detect dual permeability soil
and proposed the following advice: (i) the values of the applied water pressure head should be
chosen so as to activate the matrix and the ffistv region progessively, (ii) volume of water
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infiltrated during the application of water pressure heads should be of the same order,
meaning much longer times for the lowest water pressure heads.

On this basis, a method is proposed to extend BEST approach to the case-of dual
permeability soils. The final objective is to characterize the complete set of unsaturated
hydraulic properties of the matrix and the macropore. The new BIESMethod is dedated
to dual permeability soils and combines water infiltration at two water pressure heads, the
related measures of water contents, and soil texture data. Cumulative infiltration at the lower
water pressure head is analyzed using BEST method to deriwetlué hydraulic parameters
of the matrix. The difference in cumulative infiltration is assigned to the macropore domain
only and analyzed with the BEST method to derive related hydraulic parameters. This approach
is illustrated on both experimental datnd numerically generated data and are discussed in
light of other numerical and experimental studies combining water infiltration experiments
with additional experimental procedures and observations (solute injection, dyes, etc.}. BEST
2K developments areghe very first proposed extensions of the BEST method for dual
permeability soils. These appear quite promising and, along with inverse numerical method
address the challenging topic of hydraulic characterization of-gaaheability soils. This
challengeis a prerequisite for the understanding of preferential water flow and solute
transport in the vadose zone.
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HYDROLOGICAL RESPONSE OF WATERSHEDS IN ARID AND
SEMIARID AREAS

S. Assoulirfe

#Institute of Soil, Water and Environmental Sciences, AVRIGani Center, Israel,
vwshmuel@agri.gov.il

Natural arid and sermarid environments present low vegetation cover and relatively large
areas with bare soil surfaces. They are also charactebgestort rainfall events with peaks of
very high intensity. High kinetic energy raindrops impacting on a bare soil induces the
formation of a disturbed, more compacted, layer with reduced hydraulic conductivity at the
surface, described as seal or crustdr (Assouline, 2004). Therefore, the formation of the seal
layer affects significantly the hydrological response of arid and semiarid watersheds to short
but intense rainfall events. A brief description of the conceptual model of soil surface sealing
proposed by Assouline and Mualem (1997) is presented. The conceptual model relates the seal
properties to those of the undisturbed soil and to those of the applied rainfall, under the given
initial and boundary conditions that define the flow system. The dyioa of the seal
formation is related to the rainfall intensity, the variance of the drop size distribution, the
maximal drop diameter, the limit of compaction of the undisturbed soil, and its initial shear
strenght which depends upon its initial bulk dépsand water content. The model is applied to
illustrate the effect of soil surface sealing on infiltration, ponding, rainfall excess, and runoff.
The impact of thareal heterogeneity of the soil is also illustrated.

Applying the cell model of Diskat al. (1984), the runoff hydrograph, at the outlet of a
hypothetical small bare catchment, could be simulated. Two water catchments types,
homogeneous and heterogeneous, with two different soil surface states, unséalgidhed)
and sealed were considexd. Relative to the runoffroduced in the homogeneous unsealed
catchment, the runoff was augmented by a factor of 10 during soil surface sealing and by a
factor of 20, when the soil surface was already sealed. On a relative thesisnpact of soil
sealng on runoff is much more important than that of soil heterogeneity. Assuming four
different spatial organizations of the 10 cells composing the heterogeneous catchment, all
representing the same distribution oK, the importance of the deterministic spat
distribution of soil propertiesffecting local connectivitgn the hydrological response of small
watersheds could be showssouline and Mualem, 2006)

The combined impact of soil surface sealing, microtopography and vegetation patches
on surface hgrological processes in a semiarid hillslope at the Lehavim LTER, in the Negev,
southern Israel, is also presented. modeling approach including a twayer conceptual
infiltration model and a twedimensional surface runoff metlwas developed to studyhe
related rainfallrunoff relationships (Chen et al.,, 2013). The resulting combined model is
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applicable toheterogeneous areas with spatially varying soil properties, landscape and land
cover characteristics. Data from a runoff plot at the LTER undemttural storms were used

to validate the model and analyze fundamental hydrological mechanisms. Rieslidatethat

the seal layer, microtopography and vegetation all play an important role in dryland runoff
processes: seal layer controls runoff genima; vegetation patches affect overland flow by
enhancing locally infiltration ratesnicrotopographyhasa small impact othe total amount of
runoff, but shapesthe spatial pattern of overland flowl'he presenceof vegetationpatches
amplifies the effet of microtopographyby increasing the spatial variability of infiltration and
runoff. Results also show thatater resourcesallocation favos vegetation patches through
surface runoff with maximum bcal cumulative infiltration being oneorder of magnitae
higher than theamount of water available from rainfallThis suggests a sophisticated
mechanism of water resources distribution in semiarid ecosystdhrough complex
interactions among essential environmental factors.

Upscaling to the hillslope levéChen et al., 2016)esults show that runoff depth
decreases with increasing the scale following a pelaer relationships, mainly due to reon
mechanism. The spatial distribution of the vegetation cover affecting local connectivity slightly
impacts on he scaling law, cumulative runoff, and runoff hydrograph.
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HYDROLOGICAL PROCESSES IN {RAPROLENT SOIL
CONDITIONS. SOME EXAMPLES IN THE MEDITERRANEAN

A. Cerda, M. Burguet,

University of Valencia, Spain

I f GK2dAK dzy (At 0KS ¢pnQa GKS az2Aift 41 GSNJ NBLISH
characteristic, now is considered a key soil property to understand the soil hydrology. Some
authors demonstrated that the soil water repellency (SWR) occurrence over diffecds,
bedrocks, climate and vegetation types, is well recognized across the Planet. And this is why in
the last decade it was found a growing interest to understand the origin and causes of the soil
water repellecy. Soil water repellency first foundcitrus orchards in Florida, and later in the
5dzi OK {lyR 5dzySax ¢l a Ffaz2z YSIFadiNBR Ay (KS aSR
Now water repellency is a soil property that is relevant to understand the connectivity of the
flows from mm to m scaleand probably to slope and watershed scale. The source of the SWR
may be linked to biological interface of the soils. Our research is focussed in the water
repellency in agriculture land, forest and fire affected ecosistems. We found that agriculture
lands are having almost no water repellency, but once abandoned or once applied organic
farming strategies the water repellency is recovered. Forest soils show water repellent
responses during the dry seasons, mainly in Summer, and fire use to remove the water
repellency, or translocate the hydrophobic substances some cm deeper in the soil profile.
Soil water repellency is still no fully understood in Mediterranean Type Ecosystems and
we need to discuss the role the soil water repellency plays in the runoffrgeoe and the
water redistribution in the soil profile, slope and watersheds. This will be discussed in our

presentation.
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INNOVATIVE METHODS FOR IMPROVING HYDROLOGICAL
PREDICTIONS

L. Broccd S. Camigi C. Massafj L. Ciabatty S. Barbettj A.Tarpanelft, G. Zucch
P. Macciorfi T. Moramarcd

#Research Institute for Gédydrological Protection, National Research Council, Italy,
stefania.camici@irpi.cnr.it

The understanding of the physicptocesses governing the interaction between the land
surface and the atmosphere is fundamental for improving our capability to make robust and
reliable hydrological predictions of extreme events. Floods, landslides and erosion processes
are among the mostlangerous and costly of all natural disasters causing extensive economic
and social damages worldwide. This issue is compounded by the recent intensification of the
frequency and magnitude of extreme events (e.g., heavy precipitation, storms) likelyodue t
climate change (Camici et al., 2014). In this context, the development of innovative methods
for improving hydrological predictions is required for the mitigation of the impact of natural
hazards on society.

In hydrological sciences, it is widely recagal that the two most important climate
variables influencing runoff generation, and consequently kadslide triggering androsion
processes, are rainfall and soil moisture. In particular, in flood modelling, rainfall represents
the main input determming the magnitude of the flood event, which, in turn, is strongly
influenced by the soil moisture conditioas$ the beginning of the rainfall eveni@ssatri et al.

2014). The alvanced monitoring of these two variables (rainfall and soil moisture) idyhigh
required and, recently, remote sensing techniques are becoming more and more accurate for
this purpose.

Specifically to soil moisture, currentigeveral satellitederived products are freely
available on a global scale and they can be efficiently fmethe monitoring of soil moisture
in ungauged and remote areas. These products are characterized by different spatial and
temporal resolutions. For instance, data with a (nearly) daily revisit thoewith a coarse
spatial resolution (~30 km), arprovided by the SMAP (Soil Moisture Active and Passive)
mission, the SMOS (Soil Moisture and Ocean Salinity) mission, and the ASCAT (Advanced
SCATterometer) sensor onboard MetOp (Meteorological Operational) satellites. Soil moisture
observations with a highespatial resolution are expected to be available in the near fubyre
Sentinell (~1 km)but with a lower revisit time (@2 days), andy the Second Generation
Scatterometer sensors (MetGRG SCA) that will be characterized by a spatial resolution of 15
km and a daily revisit time. The exploitation of skeesatellite-derived datasets is an exciting
and promising research activity that will providaluableinformation on their effective use for
natural hazards mitigation.
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In the recentfive years, thedHydrology group of the Research Institute for Geo
Hydrological Protection hageveloped a series of innovative methods tlilgmonstrate that
satellite soil moisture data can provide significant benefits for the management and
monitoring of natural hazardsThese techniques, relies upon the ingestion of remotely sensed
information of soil moisture in models for tharediction of floods, landslides, and soil losses

estimation.
For instance,

inflood modelling, Massari et al.

(2011 developed a Simplified

Cortinuous RainfalRunoff Model (SCRRM) that exploits at best satellite soil moisture
information, and it is highly suitable for operational applicatioims SCRRNhere is no need

for continuous and uninterrupted rainfall/evapotranspiration tirseries asn the standard
continuous approach, and it is easy to use and flexible. SCRRM was firstly applied for a small
catchment in Greece in the context of a European project addressing the development of an
early warning system for flood and fire risk assessmamid management (FLIRE,
http://www. flire.eu/en/). More recently,Massari et al. (2015) use®lCRRMb model floods in

a database ofmore than 30 basins throughout Italy (Figure l&ft) by using satellite soil
moisture products fromthe § | C LINE 2 SSAT SatelitdAp@ication Facility on Support
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Figure 1: LEFT: Application of SCRRM model to 35 basins throughout the Italian territory. The
upper panels show the NaSutcliffe efficiency, NS, obtainedr feach basin by using two
different soil moisture products (SBDAS2 and SMOBSL). The lower panel shows the
application to the Po River at Carigliano gauging station or the 9 flood events occurred in the
study period 2012013.
RIGHT: Comparison betwe®bserved (green) and estimated (red) crack aperture for the
Torgiovannetto landslide: al) time series, and {&) scatter plots (r: correlation coefficient,
RMSE: root mean square error). The predictors are: (a,e) rainfall variables (i.e., total rainfal
and maximum rainfall for duration of 1 h; (b,f) rainfall and Antecedent Precipitation Index,
AP}y; (c,g) rainfall and ASCAT Soil Water IndexzsSit¥lh) rainfall, ABj and SWi.
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In this experiment, SCRRMhas demonstrated to have agreat potential as an
operational tool for flood detection and monitoring in the whole Mediterranean region,
particularly in poorly gauged areas where ground observations are scarcely available (or of low
quality, e.g., precipitation data).

For landslidesBrocca et al. (2I2) used ASCAT soil moisture observatiofus the
monitoring the Torgiovannetto landslide in central Italy. Notwithstanding the coarse spatial
resolution (25 km) othe usedsatellite data, ASCAT soil moisture insesfound to be very
useful for the predttion of landslide movement on a local scdlgure 1 right). These
findings, although valid for a specific area, preserdatew opportunity for the effective use
of satellitederived soil moisture estimates to improve the detection and prediction of
landslide events.

Very recently, Todisco et al. (2015) developed a new formulation of USLE (Universal
Soil Loss Equation), named Soil Moisture Eoosion (SM4E), which directly incorporates soil
moisture information for the estimation of (event) soil losses at the plot scale. SM4E was
appliedin the Masse area, in central Italy, by using modeled moisturedata and satellite
observations obtaied from ASCAT. The obtained agreement between observed and estimated
soil losses through SM4E was fairly satisfactory with significant consequences for the
operational estimation of soil losses. Indeed, through satellite data, there is the potential of
applying the SM4E model for largeale monitoring and quantification of the soil erosion
process.

The hydrological models, the satellite observations and the results briefly mentioned
above will be presented at the meeting. Specifically, we expect to utadetdrowthe role of
connectivity in controlling runoff and erosiomight be incorporated in the developed
approaches to further increase their reliability and the accuracy.
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MODHLING AND USING STRUCTURAL AND FUNCTIONAL
CONNECTIVITY

SM. Reaney

Department of Geography, Durham University, Durham, County Durham, DH1 3LE
sim.reaney@durham.ac.uwww.durham.ac.uk/sim.reaney

The understanding of hydrological connectivity is often broken down into two distinct types:
functional and structural (see Bracken et al 2013). Functional connectivity refettse
dynamic feedbacks that occur within the short timescale of storm events, such as surface flow
dynamics and erosioq deposition of the soil surface. Structural connectivity refers to the
controls that the fixed characteristics of the environment; é&xample, landscape topography
and vegetation pattern, have on the strength of the connectivity over long time scales. This
paper presents how both functional and structural connectivity can be modelled and examples
of how the structural connectivity appach has been used as a key dataset within a spatial
decision support system.

An approach to the representation of the structural, time integrated, hydrological and
sediment connectivity is the Network Index (Lane et al. 2004). This connectivity index is
derived from the analysis of a detailed digital elevation model (DEM), normally either NextMap
or Lidar based dataset. The analysis is made up to two steps: Firstly, the propensity for runoff
generation at each point in the landscape is calculated usirgidpographic wetness index
(Beven and Kirkby, 1979). This calculation determines the wetness and runoff generation
characteristics for each point in the landscape as a function of the upslope contributing area
and the local slope gradient. The second ateps a flow path tracing algorithm to analyse the
runoff transmission characteristics of the points on the downslope flow path to the river or
lake. This flow tracing determines the landscape scale wetness required for each point to be
capable of generatig runoff and for there to be a connected pathway to the river or lake. This
index gives the relative pattern of connectivity potential across the landscape.

The relative pattern of connectivity potential can be converted into i
probabilities of connection through the use of a fully distributed landscape scale catchment
hydrological simulation model (Lane et al. 2009). The CRUM3 model was used tdesthrila
soil moisture patterns and at each model temporal iteration (between every 50 seconds and
every six hours depending on rainfall), the connected areas were calculated using the network
index approach. These connections were processed to give thageemount of time each
location was connected to the river channel for. These values can then be related to the
network index to enable prediction of connection potentials based on the computationally
efficient DEM analysis rather than the time consuntiydrological model which takes on the
order of 1,000,000x longer to compute.
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The Network Index has been integrated in to a decision support tool for the
identification of the potential source areas of diffuse pollution, SCIMAP (Reaney et al. 2011).
The SMIAP tool uses a combination of the hydrological connectivity, the spatial pattern of
sediment risk and an observed pattern of sediment concentrations. The approach has been
applied to consider the impacts of diffuse pollution onstream ecology using kaon and
trout as indicators (Reaney et al. 2011) and on geochemicals using nitrogen and phosphorus as
the indicators (Milledge et al. 2012). The SCIMAP tool is freely available as a library within an
open source GIS system (SAGA GIS) and is also avadable web application
(http://my.scimap.org.ul. The approach is widely used within the UK by both governmental
(including the Environment Agency and Natural England) and third sector groups (including
many individué Rivers Trusts and communityogips). These organisations are using the
SCIMAP tool to target where to undertake mitigation works, such as tree planting, the creation
of buffer strips and land management modifications within their catchments, to reduee th
diffuse pollution pressure and move the water bodies towards attaining Good Ecological Status
under the Water Framework Directive.

To simulate the temporally dynamic functional connectivity, a novel flow tracing
algorithm was created based on softwargeats. The hydroAgent approach (Reaney 2008)
0N} OSa GKS Y20SYSyid 2F mnnInnnQa 2F AYRAGARAZ f
changing hydrological environment. The CRUM2D hydrological model (Reaney et al 2007)
generated the environment and eadtdividual hydroAgent makes its own decisions regarding
its movement in response to the local hydrological conditions (the amount of water infiltrating,
the flow speeds and the flow direction). This modelling approach is capable of predicting for
river flow, where and when the water originally fell in the landscape as rainfall, how long it
took to reach the river and the details of the flow path travelled along. This approach
therefore gives a detailed insight into the functional connectivity of the whtsvs within the
simulation model.

These approaches to modelling functional and structural connectivity have been
applied in semarid and temperate contexts and for a range of applications. The structural
connectivity index, the Network Index, has beenplemented within a decision support
system that is widely used within the UK. These modelling tools provide a useful experimental
toolkit for investigations into the dynamics of hydrological and sediment connectivity at the
small catchment to landscapease.
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The 1988/1989 algealisaster urged the North Sea and Skagerrak countries to take
orchestrated measures to control the outflow of sediment and nutrient rich water to the sea
(Qygarderet al,, 2007). Many of these measures aim at the reduction of sediment loss from
agriculturd soils. Flooding is another spearpoint in the Norwegian authorities' policies that
concern hydrology. Temperature and precipitation characteristics of the majority of the
climate scenarios for Norway indicate increased flooding risk at an increased nuwhber
locations (Kelman, 2011). Because it is the largest-pwmnt source of water pollution,
agriculture has a significant potential to improve water quality. Policies and subsidies are since
in place to encourage agronomic practices that conserve sgil,timing and type of tillage,
riparian buffers and grassed waterways.

The suitability and effectiveness of these measures were estimated based on field
trials at plot scale. Much less is know about the compound effect of measures at the
catchment scale. d find out more about the effect of conservation measures at this scale, a
long term monitoring programme, run by NIBIO, has been in place for over 20 years. Runoff
and sediment load are recorded, as well as farmers' agronomic records in a total of 13
catchment with sizes ranging from 0.5 to 30 km2. No obvious or unambiguous results about
the effectiveness of the implemented measures are documented as yet. The reason for this is
that the scale of the effect of weather variability may exceed the effect ef ieasures.
Another reason might be that there is insufficient understanding of the effectiveness of
measures within the hydrological topology. The effect of a soil conservation measure will at
least partially depend on its position in the path from soutoesink (i.e. the freshwater
system).

Strategies to decrease sediment delivery and peak runoff could roughly be divided into
measures aimed at the sources and those aimed at the pathways. Years of field trials and
modelling has resulted in a body of knedbe about sediment and runoff sources. Water and
particle/solute fluxes from agricultural soils can be estimated from models, allowing
researchers to advise farmers and policy makers certain agronomic measures, mainly aimed at
reduced or differently timedillage. Much less quantitative knowledge is available about the
pathways. Pathways have structural attributes, such as the permanent natural and artificial
drainage networks, slope length, land use, and infiltration capacity of the soil profile. Tbey als
have functional aspects, varying in time and space and a function of the cropping calendar and
weather dynamics. These aspects include tillage induced soil roughness, rills and ephemeral
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gullies and soil compaction. Besides these, nordic climate conditiesults in runoff and
sediment (dis)connections that are a function of snow cover and melt, soil frost and ice layer
formation.

The challenge to researchers today is to quantify the structural and functional
attributes of runoff and sediment connectiyiin order to come up with measures that make
sense in time and space. This does not mean that the current set of available measures is
deemed unsuitable or inefficient. It does mean that the design of these measures has to be
optimised in a spatial contéxbridging the gap between the process understanding at plot
scale and the measurements at the catchment outlet.
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UNDERSTANDING VEGETATION PATTERN CONTROLS ON
HYDROLOGIC CONNECTIVITY AND EROSBEMIARID
LANDSCAPES

P.M. Sach M. Morenade las Herds Saskia Keessfrand Samira Azatli

& Civil, Surveying and Environmental Engineering, The Univerbignafastle, Australia
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Arid and semarid areas constitute over 30% &S g2 NX RQa I yR & dz2NFI OSo ¢
as tightly coupled ecologichlydrological systems with strong feedbacks and interactions
occurring acrossine to coarse scaled.¢dwig et al., 20050kin et al, 201p Generally, the
vegetation of these regits consists of a mosaic of patches with high biomass cover
interspersed within a lowcover or bare soil component. A key condition for the development
and maintenance of thesenosaics of vegetations the emergence of a spatially variable
infiltration field with low infiltration rates in the bare areas and high infiltration rates in the
vegetated areas (Tongway and Ludwig, 2001). Several field studies have reported much higher
infiltration rates (up tol0 times) under perennial vegetation patches than in interpaokas
(Ludwig et al.,, 2005Tongway and Ludwig, 200dnd references in thede The enhanced
infiltration rates under vegetated patches are due to improved soil aggregation and
macroporosity elated to biological activity (e.g., termites, ants, and earthworms are very
active in semarid areas) and vegetation roots (Ludwig et al., 2005).This spatially variable
infiltration has been observed in many field studies and is responsible for theopevent of
a runoffgrunon system, and the subsequent redistribution of water and sediments.

¢CKAAd NBRAAGONROdzAAZ2Y 2F &dz2NFIFOS 41 0SNJ Aa (K
O 2 y y S OHexe@ve ddline @onnectivity as the extent to which water and sedinfieixes
can move, be spread, or be redistributed from one place to another within the landscape (Okin
et al., 2015). As discussed by Okin et al. (2015), the concept of connectivity is emerging as a
key analytical tool for understanding semiarid systetimat tare shaped by various interacting
fluxes that are, in turn, driven by coevolving structural patterns and processes operating across
a range of spatial and temporal scales. The redistribution of resources between the
functionality in drylands. Disturbances such as grazing and wood harvesting that affect patch
structure and surface water connectivity can lead to severe degradation (Okin et al., 2015;
Moreno-de las Heas et al., 2012)Increases in connectivity potentially increase runoff and
erosion (this last ondeing particularly important in steep slopes) which can lead to flow
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concentration and rill developmento a decrease in overall productivity, and to chasgethe
coevolving vegetation patterns (Morere las Heras eal., 2012;Sacoand Moreno-de las
Heras, 2013 and references in there).

Here weinvestigate theimpact of degradation processésducedby grazing pressure
across a precipitation gradierin Australia using connectivity measures. We use remote
sensing data from more than 40 plots in sites with Mulga (Acacia Aneura vegetation). The sites
were carefully selected in the Northern territory and tMulga Lands Bioregiom NSW and
Queensland, so thaorior information and robust rainfall records are available in all sifés.
compute structural connectivity trends obtained from the coupled analysis of remotely sensed
vegetation patterns and drainage directions in sevefaheseMulga landscapes sjdrted to
different levels of disturbance. We also compute the rainiigkt efficiency of these landscapes
using rainfall records and Modis NDVI data. Our results indicate that small reductions in the
fractional cover of vegetation near a tipping point gamduce abrupt changes in ecosystem
function, driven by large nonlinear increases in the length of the connected flowpaths.

We further analytically investigate the dynamic response of these sites using a coupled
landscape evolutiovegetation model to simulate coevolving vegetation patterns and
geomorphology. We use the model to analyse changes in functional hydrologic ceiipecti
responsible for the existence ahese tipping points.The model captures the dynamics of
spatially variable infiltration rates that are responsible for the development of the rgnoff
runon system, which determines the surface connectivity of the leaps and modulates the
resulting sediment erosion and depositional areas. Therefore the amount of water and
sediments retained by the landscape is linked to the dynamic surface connectivity between the
upslope and downslope areas. We analyse and comparepéiiterns of surface connectivity
resulting from hillslopes with varying slopes, and varying soil erodibilities and diffusivities. We
investigate the effect of different vegetation covers, with varying degrees ofceedr
protective effect, which giveise to both banded and striped vegetation patterns. Surface
connectivity resulting from different (initial) topographies, as well as varying soil erodibilities
and vegetation characteristics are analysed and contrasted. More general model results
further suggest that these sharp variations are related to thresholds on slope and soail
erodibility, regulated by feedback effects dependent on vegetation, response times and soil
depths. These results have important implications for restoration efforts in degrseiedarid
areas.

Finally, we use the model to investigate the effect of changes in functional connectivity
for several of the Mulga sites along the precipitation gradient. We compute mean values of
functional connectivity for these sites, based on an index that capturgabla contributing
area and changes in spatially distributed vom values. We analyse the spatial variability and
evolution of this functional connectivity index in time and its relation to the observed
structural connectivity to further understand thebeerved threshold behaviour for ecosystem
function.

In summary, this work based on both observation and modelling results supports the
idea of the existence of tipping points leading to degradation states in Mulga lands in Australia.
The analysis of theythamic behaviour of these systems show that small changes in landscape
conditions can trigger a large shift in ecosystem function if a critical degradation threshold is
exceeded. This behaviois linked to changes indth structural and functional conneiwity
measures that were computed for plots with increasing disturbance (decreasing vegetation
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cover) for sites with varying mean rainfalheseresults highligt the usefulness of indicators
derived from landscape hydrological connectivatyalysis for ranitoring landscape health in
semiarid and aridecosystemslmplications for ecosystem resilience and land management
strategies will be discussed.
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PARTIAL AREA HYDROLOGIC RESPODISERECTIVITY AND
EROSION?

M. A. Nearing

USDA ARS Southwest Watershed Research Center, Tucson, AZ, USA
mark.nearing@ars.usda.gov

Infiltration rates are heterogeneous at many scales. We are looking at the potential
relationships between partial area hydrologic response and soil erosion orf filbs in semi

arid landscapes of the western United States.

The theory and concepts are illustrated as:

Contributing
Area

G(f)

Rainfall
Intensity

Cumulative Distribution Function

0

0 Infiltration Rate, f (L/T)

Figurel Cumulative distribution funizin of point scale infiltration

=F s

1 =i

Steady-state Runoff, q (L/T)
Infiltration, f (L/T)

o

0 Rainfall Intensity, i (L/T)

Figure2 Conceptual model between rainfall intensity, apparafittration, and runoff rates
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Figures 3 and 4. From Stone et al., 20Q8isAomputed runoff contributing area assuming

curvilinear response of apparent infiltration vs. intensity, as suggdsyefitone et al. and
Hawkins, 1982
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Figure 5. Plot of rainfall simulation data of sediment vs. computed contributing area using
assumption of a curvilineaesponse (probably incorrect)

Results of our simulation plots indicate thatQ A Y ONB I &it, thus indicaikg partidli Sy
area responseghut the response is lingdn most cases (Fig. 6). The ontijstribution of fthat
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Figure 6. Our results for Loamy Sands in Arizona for apparédtmatidn vs. rainfall intensity
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Figures 7 and 8. Conceptual model for infiltration response for a bimodal distrilofitfmint
scale infiltration, f

Our currently working hypothesis is that as the runoff on the contributing area increases as a
function of increasing rainfall intensity, the sediment transport connectivity between
contributing areas increases, which is the controlling factor for the sediment discharge.

Figure 9 Walnut Gulch Rainfall Simulator
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