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Abstract: High-magnitude floods characterize deserts, commonly explained by the high rain intensities coupled
with the low vegetation cover, surface smoothness and the sealing capability of biocrusts. Nevertheless, runoff
generation and the subsequent high-magnitude floods stand out when considering the high evaporation, the relatively
dry desert surfaces and the high stoniness that characterize many of the surfaces. Also, the rain amount that stems
from high intensity (convective) rains is not necessarily higher than in subhumid regions, and indeed, based on a
study of runoff dynamics over biocrusted sand dunes in the Negev Desert, runoff was generated already at low to
medium intensities of 9-12 mm/h, explained by the high-water absorbance of the extracellular polymeric substances
(EPS) that is excreted by the variable microorganisms inhabiting the biocrust. In the Negev, convective intensities
were found to primarily result from unstable daily atmospheric conditions following by daytime surface heating.
Daytime heating, coupled with cool/cold nighttime temperatures, were also found responsible for the occurrence of
temperature-induced vapor flux (TIVF) and the subsequent occurrence of wet-dry cycles that may last for up to 1-2
weeks following a rain event. We hypothesize that the wet cycles which stem from an upward vapor movement from
the warm subsurface soil towards the cool soil surface during the night result in biocrust saturation, triggering in turn
runoff generation. By wetting the surface (commonly already during the late afternoon), TIVF may trigger runoff in
deserts. This is supported hereafter following a thorough four year-long analysis (1990-1994) of rain-runoff
relationship that took place on a pair of biocrusted plots covering dunes in the Negev. Albeit the ~20% higher
intensities measured during daytime that should have resulted in higher runoff, nighttime runoff amount, runoff flow
duration, runoff yield per average rain intensities and runoff yield per the average intensity of each event were 1.8-,
1.5-, 1.5- and 3.1-fold higher during nighttime in comparison to daytime. It is suggested that in addition to the role
played by runoff intensity and the surface properties, TIVF provides an additional mechanism that explains the high
runoff generation already at low- to medium-intensities, also explaining, at least partially, the relatively high runoff
yield and potent floods in the Negev and other arid regions.
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1 INTRODUCTION

High-magnitude floods are common in deserts. While result-
ing from short but high-intensity rain spells, they may last for
hours, endangering life and infrastructure. Unstable daily atmos-
pheric conditions, resulting in high rain (and convective) inten-
sities, are commonly thought to explain the potent occurrence of
desert floods (Kutiel and Sharon, 1980; Zipser et al., 2006; Rosin
et al., 2024), but yet, rain intensities may not necessarily be es-
pecially high in comparison to subhumid regions (Biasutti et al.,
2013). Runoff may however be promoted by sparce vegetation
(Tadmor and Shanan, 1969; Cerda, 1998), surface smoothness
(Dunne and Dietrich, 1980; Kidron, 2007), high sodium content
(sodicity) (Tadmor and Shanan, 1969; Keren et al., 1983; Agassi
et al., 1985; Zhang et al., 2024), and biocrusts (Kidron and Yair,
1997). Yet, the high-magnitude floods take place despite the high
dryness of the surface and the high evaporation that may hinder
water accumulation and flow, and despite excessive stoniness
that characterize many desert surfaces (Kidron and Starinsky,
2012; Stavi et al., 2019; Tamova et al., 2024), which increases
the runoff flow path, thus impeding flow velocity (Lavee and
Poesen, 1991) and increasing in turn the amounts of loci that
serve as water sinks (Poesen et al., 1990).

Sodicity occurs in sodium-enriched soils during which so-
dium ions, which are attached to clay particles, cause the parti-
cles to repel each other resulting in dispersion (deflocculation).
This inhibits fluctuation and subsequently aggregation, which
act in turn to promote infiltration (Williams et al., 1995; Or et al.,
2007; Rossi et al.,, 2012; Rodriguez-Caballero et al., 2013;
Canton et al.,, 2020; Redmile-Gordon et al., 2020). While
sodicity may be confined to restricted soil surfaces, mainly to
channel banks (Nachshon, 2016) and sabkhas (Bui, 2019), large
areas in arid and semiarid regions are covered by biocrusts,
which their role in promoting runoff generation was substanti-
ated in recent decades.

Covering extensive surfaces in arid and semiarid regions, bi-
ocrusts, mainly composed of cyanobacteria, lichens, mosses,
fungi and bacteria and embedded within the surface mineral
grains, were found to trigger runoff generation (Kidron and Yair,
1997; Malam-Issa et al., 2009; Wu et al., 2012; Rodriguez-Ca-
ballero et al., 2013; Lazaro et al., 2015; Guan and Cao, 2019;
Xiao et al., 2019a). Aiming to pinpoint the main variable respon-
sible for the biocrust capability in runoff generation, sprinkling
experiments and field measurements were conducted. Verified
by lab (Mazor et al., 1996; Kidron et al., 1999) and field (Kidron,
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1999; Kidron et al., 2003) measurements, extracellular poly-
meric substances (EPS), which are excreted by many of the bi-
ocrust components (cyanobacteria, lichens, fungi, bacteria) were
mainly found responsible for clogging the surface and hinder in-
filtration, which upon wetting, readily swells and seals the sur-
face (Chenu, 1993; Mazor et al., 1996; Or et al., 2007; Fischer et
al., 2010; Yu et al., 2024).

The surface properties, whether the high smoothness, high
sodicity or the presence of biocrusts, are closely linked to the
mechanism governing runoff generation in arid and semiarid re-
gions. Unlike humid and temperate regions, runoff in deserts
does not require the saturation of the entire soil profile, and sub-
sequently, does not take place by saturation overland flow (SOF)
(Dunne and Black, 1970; Beven and Kirkby, 1979). Rather, run-
off in arid and semiarid regions takes place by infiltration-excess
overland flow, also known as Hortonian overland flow (HOF),
during which the infiltration capacity of the soil surface skin is
surpassed, regardless whether the soil profile is wet or not (Hor-
ton, 1933; Kidron, 2021). Under these conditions, during which
saturation of the millimeter/centimeter-thick surface suffices to
generate runoff, long hours of rain duration are not required, and
short-duration rain flashes may suffice to generate runoff, which
is facilitated, as mentioned above, by the smooth surface,
sodicity and EPS-enriched biocrusts.

High amounts of runoff were also recorded in the Hallamish
dunefield in the Negev. Mostly covered by cyanobacterial crusts
that inhabit all sandy interdunes and most of the dune slopes,
runoff was readily generated on the biocrust-covered sand. Four
year-long research (1990-1994) that was conducted at the site
established the rain-intensity thresholds required for runoff gen-
eration. Commonly, high- (>20 mm/h) and convective- (> 30
mm/h) intensity rains take mainly place at the late afternoons
(Kutiel and Sharon, 1980). Nevertheless, runoff generation took
place already following 1-2 minutes of low (<10 mm/h) to me-
dium (10-20 mm/h) intensities of 9-12 mm/h (Kidron and Yair,
1997), explained by the high amounts of the EPS that character-
ize the crusts (Kidron et al., 2003). These intensities are one or-
der of magnitude lower than the 300-360 mm/h required to gen-
erate runoff on uncrusted sand (Lichner et al., 2010; Xiao et al.,
2019b).

Often, runoff was generated during nighttime. In many in-
stances rain was noticed to hit wet surfaces albeit the fact that the
previous rain took place days before, sometimes even 10 days
before. Surface wetting was often noted during the late after-
noon, lasting until the following morning hours, when it dried
out, only to be rewetted during the following afternoon. Such
wet-dry cycles (WDCs), observed in many deserts (Jackson,
1964; Rose, 1968a, b), were also investigated in the Negev (Ki-
dron et al., 2022, 2024).

The magnitude of the wet phases was monitored in the Negev
during daily moisture measurements using cloths attached to the
sand surface following rain events (Kidron et al., 2022), substan-
tiating the occurrence of temperature-induced vapor flux (TIVF)
i.e., vapor transport that stems during the night from the wet and
relatively warm subsurface to the cool/cold surface (Philip and
De Vries, 1957; Jackson, 1964; Cary, 1966; Rose, 1968a,b; Ha-
das, 1968; Cahill and Parlange, 1998; Zeng et al., 2009; Lu et al.,
2011). For many mornings, the amounts recorded were > 0.1
mm, i.e., above the threshold which denotes vapor condensation.
i.e., liquid (Lange et al., 1992), therefore regarded as distillation
(Monteith, 1957; Kidron et al., 2026). Hypothesizing that these
wet cycles may promote nighttime runoff even under medium
intensities (10-20 mm/h), a thorough analysis of the 1990-1994
data was initiated.

2 THE RESEARCH SITE AND PREVIOUS FINDINGS

The research site lies in the Hallamish dunefield in the west-
ern Negev Desert, next to Nizzana (Fig. 1a; 34°23'E, 30°58'N).
Classified by Koppen-Geiger as BWh (Kottek et al., 2006), the
climate is hyperarid with mean annual precipitation of 95 mm
falling during the winter months (November - April). Average
annual daily temperature is 20°C; it is 26.5°C during the hottest
month of July and 11.8°C during the coldest month of January.
Potential evaporation is~2600 mm (Evenari, 1981).

Fig. 1. Location of the research site (a), general view of the research
site (b) and photographs of the two runoff plots (c).

West-east trending linear dunes, 8-15 m-high, separated by
50-200 m-wide interdunes characterize the Hallamish dunefield
(Roskin et al., 2011). The dunes are comprised of medium size
sand of which ~75% is between 250-500 pm with only 2-8% of
fines, i.e., silt and clay (Kidron, 2001). Sparse (~1%) vegetation
(mainly Stipagrostis scoparia) inhabits the dune crest while a
cover of 10-20% of shrubs (mainly Cornulaca monocantha and
Artemisa monosperma) characterizes the lower sections of the
dunes and the interdunes. Except from the high and mobile dune
crests, all the sandy surfaces are covered by biocrusts, mainly by
1-2 mm-thick cyanobacterial biocrusts with Microcoleus vagina-
tus and Phormidium sp. predominating (Kidron et al., 2010).

A four year-long study has substantiated the importance of
the hydrological role played by these biocrusts. Whereas no run-
off was monitored on the non-crusted loose sand (Kidron, 1999),
which according to Lichner et al. (2010) and Xiao et al. (2019b)
require over 300 mm/h to generate runoff, cyanobacteria readily
produced runoff at low to medium intensities of > 9-12 mm/h,
being subsequently responsible for water redistribution (Kidron,
1999). This ecological role was mainly attributed to the high con-
tent of EPS within the biocrusts, which upon wetting readily
swell, impeding water infiltration (Kidron et al., 2020). Higher
biomass cyanobacterial biocrusts were found to yield higher run-
off (Kidron et al., 2003) and subsequently, the more developed
cyanobacterial biocrusts inhabiting the sun-shaded north-facing
slopes, yielded about three times the amount produced by the
more xeric cyanobacterial biocrusts inhabiting the sun-exposed
south-facing slopes (Kidron, 1999).

Aiming to unveil the water sources of the biocrusts, extensive
field measurements were conducted. The water content of bi-
ocrusts was recorded in the field, substantiated the central role of
rain as a water source. These measurements showed a clear rela-
tion between surface wetness duration and crust biomass (Kidron
et al., 2009). These measurements also refuted the wide-held be-
lief that biocrust use dew for growth (Kidron et al., 2002; Kidron,
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2024). Whether on the biocrusted surfaces of the dunefield or on
high-altitude surfaces in the Negev Highlands, where dew yield
is higher, dew was not observed to reach the minimum threshold
of 0.1 mm found to denote liquid water (Lange et al., 1992). The
amount obtained on the soil surface commonly ranged between
0.02-0.03 mm only, explained by the relatively high surface tem-
peratures, which were substantially higher than the dewpoint
temperature required for vapor condensation (Beysens, 1995,
2018). These measurements substantiated the role played by
WDCs, explained by vapor transfer from the wet soil, due to a
temperature gradient that exists during the night between the
warm subsurface and the cool/cold surface. Providing water con-
tent > 0.1 mm, condensation may thus take place. This process,
termed distillation (Monteith, 1957; Kidron et al., 2026), may
provide long hours of surface wetness, assumed to explain the
establishment and growth of biocrusts (Kidron et al., 2022). The
high surface water content recorded during the wet phase of the
WDCs led us to hypothesize that rain that hits the wet surface
may also promote runoff generation.

3 METHODOLOGY

Rain and runoff were analyzed during 1990-1994. Rain for
1990/91, 1991/92. 1992/93 and 1993/94 amounted to 119.7 mm,
131.4 mm, 85.3 mm and 46.9 mm, respectively, averaging 95.8
mm, similar to the long-term mean of 95.0 mm. The number of
rainy days with > 1 mm during these years was 11, 19, 18 and
13, respectively (Table 1). A tipping-bucket rain gauge (Texas
Instruments, USA; accuracy 0.1 mm) was used to record the rain
amount and rain intensity per 1 min intervals. For runoff analy-
sis, we focused on two north-facing plots The plots were con-
structed with 20 cm-high thin metal strips, inserted 10 cm into
the sand (Fig. 1c). All plots were equipped with a V-notch weir
and a pressure gauge transducer (connected to a Campbell Sci-
entific datalogger), facilitating a comparison with the rain inten-
sities. General properties of the plots are shown in Table 2.

Rain and runoff were recorded in 1-min intervals, which
guaranteed a high resolution but also required some discretion.
For instance, a consecutive recording of 6, 12, 6, 12 mm/h were
interpreted as rain intensities of 9 mm/h. Also, following the lim-
ited flow duration (min) of the runoff after the cessation of the
rain spell (Kidron, 2011), a rain spell with above-threshold in-
tensities of > 9 mm/h that was followed by > 3 min-long of be-
low-threshold intensities was treated as a separate rain event.
Thus, for instance, rain spells of 3 min-long 9 mm/h, followed
by 4 min-long 6 mm/h (i.e., below the required threshold) and
then by 3 min-long 9 mm/h were considered as two separate (and
relevant) rain spells of 9 mm/h each. As for the analysis of the
possible effects of the wet phases, hours during which a potential
wet phase affected the surface was separately analyzed. Subse-
quently, rain events that occurred between 16:00 to 09:00 the
next day (potential wet phase, termed hereafter as nighttime rain)
were separately analyzed from the potential dry phase, i.e., rain
that fell between 10:00 and 15:00 (termed hereafter as daytime
rain). However, since no vapor transfer (which require a wet soil)
could have taken place during rain events that began during the
late afternoon or night and fell on a dry soil, these rain events
were not regarded as nighttime rains, but rather as ‘daytime’
rains. Also, albeit the fact that during some long rain events, the
daytime rain fell on a wet ground, we still considered it as a day-
time rain that takes place under the ‘dry’ phase in order to differ-
entiate it from the events that are affected by upward vapor
transport. We are aware of the fact that in this way we grant an
extra advantage to the daytime rains when judging their ability

to produce runoff, but, as will be seen below, albeit the seem-
ingly advantage given to the daytime rains, the nighttime rains
still showed higher responsiveness and higher yields.

Table 1. Daily rain distribution (> 0.1 mm) during 1990-1994.

Date Rain (mm) Date Rain (mm)
1990/1991 1992/1993
4.1.1991 2.6 24.11.1992 2.5
18.1.1991 34 2.12.1992 6.2

25.1.1991 21.0 3.12.1992 1.4
26.1.1991 7.0 8.12.1992 1.3
30.1.1991 2.9 14.12.1992 3.0
7.2.1991 6.3 15.12.1992 1.4
28.2.1991 3.1 16.12.1992 1.2
5.3.1991 17.5 21.12.1992 53
6.3.1991 4.8 25.12.1992 5.1
22.3.1991 15.2 7.1.1993 1.4
23.3.1991 23.6 11.1.1993 24.0
2.2.1993 1.2
1991/1992 3.2.1993 4.6
2.12.1991 1.7 4.2.1993 3.0
24.12.1991 53 9.2.1993 2.8
1.1.1992 14.3 6.3.1993 2.6
2.1.1992 274 11.3.1993 2.2
3.1.1992 7.6 12.5.1993 9.7
30.1.1992 6.0
31.1.1992 1.2 1993/1994
1.2.1992 1.4 26.11.1993 1.2
2.2.1992 1.2 27.11.1993 1.9
3.2.1992 1.4 21.12.1993 8.1
4.2.1992 2.1 22.12.1993 12.1
8.2.1992 1.4 2.1.1994 1.2
9.2.1992 16.5 14.1.1994 3.8
10.2.1992 16.6 23.1.1994 3.1
18.2.1992 2.2 24.1.1994 43
23.2.1992 1.7 25.1.1994 1.2
25.2.1992 4.5 27.1.1994 1.4
26.2.1992 8.5 27.2.1994 1.7
22.3.1992 3.7 10.3.1994 2.2
12.3.1994 2.7
Table 2. Description of the plot properties.
D L
- £ 2. £~ £E- s¢ $ig
- = S 0 = = T sSE
= E &% § &£ & ZE L%
< ]
N1 5 11-17 21 22 301 Smooth
N2 350 10-20 27 22 478 rugged

3 RESULSTS AND DISCUSSION

During the study, 1 min-long intensities of up to 72 mm/h
were recorded. In total, 31 separated runoff events took place (15
daytime and 16 nighttime), with up to 7 events during a single
rain event (eg. 22-23.1.91). Not all rain events yielded runoff.
Rain events that generated runoff are shown in Table 3. Runoff
was intermittent, taking place only once sufficiently medium and
high intensities were recorded. Minimum intensities that were
required to generate runoff were 9 mm/h when lasting for > 2
min or 12 mm/min when lasting for > 1 min. These relatively
low intensities yielded runoff only over wet surfaces. Much
higher intensities failed to yield runoff when falling on a dry sur-
face (Table 3).
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Table 3 presents an analysis of the daytime and nighttime
runoff events, while the ratios between the nighttime and the
daytime events are shown in Fig. 2. The analyses show a clear
disparity. Although total and average nighttime rain intensities
were 0.74 and 0.79 mm/h that of the daytime intensities, respec-
tively, the time duration of the effective nighttime duration was
by 1.18 higher (Fig. 2a). Thus, > 12 mm/h intensities accounted
for 32.1% of the daytime intensities in comparison to only 14.2%
of the nighttime intensities. As for the runoff, nighttime events

yielded substantially higher runoff and longer flow duration,
which resulted in higher yield of nighttime runoff per the effec-
tive rain intensities. This is shown in Fig. 2b. The average ratio
for both plots between nighttime and daytime events for runoff,
flow duration, runoff per all the effective intensities and runoff
per average intensity per event was by 1.82, 1.53, 1.45 and 3.11
times higher, respectively, supporting our view that the nighttime
wet phase plays a cardinal role in promoting runoff yield.

Table 3. Rain and runoff characteristics during 1990-1994 describing the relevant intensity spells responsible for runoff yield. ND stands

for no data.
Range of inten-  Average in- Duration Runoff Flo“ﬁ dura- Runoff Flo“f du-
Date Hour sities tensity of intensities for tion for ration
. N1 for N1 N2 for N2
(mm/h) (mm/h) (min) (L) (min) (L) (min)
26.1.91 04:49 9-12 10.5 7 ND ND 1.9 3
10:44 6-12 8.8 14 ND ND 6.1 14
11:03 6-9 8.0 6 ND ND 3.5 9
30.1.91 19:56 9-12 8.5 6 10.7 5 3 5
11:33 24 23.0 4 3.8 4 10.8 7
5.391 15:46 9-18 9.0 5 4.8 5 8.7 5
22.3.91 10:30 9-42 14.7 11 17.2 9 11.0 9
15:19 6-36 18.0 5 12.6 16 7.1 6
15:31 18-66 42.7 3 39.3 3 39.1 3
23.3.91 02:10 3-18 10.0 9 4.6 11 13.4 10
02:55 6-24 9.5 22 16.0 17 19.1 22
15:42 9-15 10.0 6 1.4 3.0 4.1 5
16:16 12-72 31.8 7 152.0 6 84.6 6
1.1.92 17:01 12-42 21.8 8 18.5 5 13.6 7
03:50 6-12 9.0 14 15.7 16 9.4 20
05:54 4-9 8.4 5 0.5 3 2.7 9
06:37 6-12 9.4 7 0.8 10 1.1 8
03:06 12-18 15.0 2 3.6 4 2.9 5
12:43 12-18 16.0 3 5.0 4 3.5 3
9.2.92 12:41 6-12 8 4 4.0 5 2.2 4
19:07 6-12 6.8 10 8.1 13 8.2 10
00:35 6-12 9.0 16 44.5 19 50.7 19
01:15 6-12 5.0 4 3.1 7 2.5 8
06:09 24-48 34.0 3 61.9 4 46.9 4
06:37 6-12 9.0 6 36.6 10 10.4 8
10:41 6-18 6.0 11 50.2 9 28.1 8
14:34 6-12 5.7 7 4.0 8 1.5 6
12.1.93 15:01 9 9.4 7 3.5 4 0.8 4
14:34 9-72 34.8 16 23.5 7 8.4 5
22.12.93 21:05 9-54 19.6 15 35.1 9 3.8 5

Ratio (night/day)
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: I I I
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Effective intensity
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3
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£ 2
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Runoff (L)

Ratio (night/day)

Runoff flow duration  RunofT per effective rain  Runoff per average rain
(min) intensity (L/(mm/h) intensity (L/(mm/h)

Fig. 2. The ratio between nighttime and daytime effective intensity, average and duration of the effective intensity (a), and the ratios between
total runoff volume, runoff flow duration, runoff volume per all effective rain intensities and runoff yield per the average intensity of each

event between nighttime and daytime events (b).
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The higher likelihood during which runoff generation took
place during nighttime is explained by the role played by vapor
flux in runoff generation. As shown during a comparison of the
rain intensities between the Negev and a Mediterranean coast
near Ashdod in the south of Israel (with mean annual rain pre-
cipitation of 502 mm), rain intensities were substantially higher
next to Ashdod, with 10 mm-long rain intensities of > 9 mm/min
amounting to 45.2% of the total rain in comparison to only
13.2% in Nizzana (Kidron and Biidel, 2014). This does not sup-
port the view that the potent Negev desert floods (Schwartz and
Greenbaum, 2008; Alexandrov et al., 2003, 2009; Greenbaum et
al., 1998; Greenbaum and Zilberman, 2017) are only linked to
the common occurrence of high intensity rains in deserts, subse-
quently supporting the involvement of TIVF.

For the occurrence of TIVF, a sharp day-night temperature
gradient is required, resulting in WDCs. Indeed, WDCs are
mainly confined to arid and semiarid regions where the high day-
time radiation is responsible for high downward heat flux during
the day while the cool/cold surface temperature during the night
facilitate upward heat flux (Rose, 1968a,b; Jackson, 1964). Un-
der wet conditions, these heat fluxes are responsible for an up-
ward vapor transport during the night and ultimately for vapor
condensation at the desert surface (Kidron et al., 2022), acting,
as currently suggested, to promote runoff generation.

TIVF may trigger runoff generation in two ways: by (i) gen-
erating nighttime upward vapor that may hinder downward water
infiltration and by (ii) wetting the surface, which implies that
nighttime rain may hit a nearly saturated surface, facilitating in
turn rapid runoff generation. Whereas the role played by the first
mechanism is expected to be marginal due to the minute amounts
that are involved, antecedent surface moistness plays an im-
portant role in promoting runoff yield (Kidron, 1999; Brocca et
al., 2008; Pathiraja et al., 2012). According to Pathiraja et al.
(2012), an underestimation of the design flood estimation can
reach up to 30% once the antecedent moisture is not fully con-
sidered. Antecedent moisture, reflected in surface wetness, was
evident during periodic morning observations that took place at
our site, during which visible surface wetness was monitored.

Cyclic wetting during consecutive days in December 1994
following a 33.00 mm rain event that fell between December 2™
and 6™ 1994 is shown in Fig. 3. Accordingly, whereas the plot
surface was almost totally wet during December, 10" at 06:00, it
dried several hours later (at 11:15), only to be rewetted by De-
cember, 11" (as noted at 06:45) and to partially dry out at 09:00
until drying out completely by 10:30 (not shown). This WDC
was enabled by a sharp temperature gradient that facilitated an
upward vapor flux (TIVF). Thus, for instance, near-surface tem-
perature gradient during November 1% to November 25", 1991
showed a gradient of > 2°C at the upper 1 cm (Kidron et al.,
2000), substantially higher than the gradient of 0.5°C/cm re-
quired to allow for vapor flux (Cary, 1965).

The described mechanism is closely linked to HOF. Accord-
ingly, the soil horizon that controls the hydrological process re-
sponsible for runoff is confined to the upper millimeters of the
surface. HOF will readily take place on EPS-enriched biocrusts
that facilitate high water absorbance, and subsequently surface
sealing, enabling runoff generation. This may explain the rapid
responsiveness of biocrusts to rain flashes, and the subsequent
runoff over biocrusts even when covering porous sand (Malam-
Issa et al., 2009; Wu et al., 2012; Guan and Cao, 2019). The
above processes build on one another: the wet phase of the WDC,
induced by TIVF, trigger biocrust establishment, which pro-
motes in turn surface sealing. While surface sealing may be es-
pecially effective on surfaces that are covered with EPS-enriched

biocrusts, cell imbibition and water sorption by clays (which are
enriched within the biocrusts following dust entrapment; Danin
and Ganor, 1991), may also assist in surface sealing. We postu-
late that this may also take place on loessial soils, and may thus
trigger runoff also over loess, principally biocrusted but also
non-crusted.

Facilitating runoff generation and water redistribution (a cru-
cial mechanism that facilitates the relatively high productivity of
deserts; Noy-Meir, 1973), this process may also explain the rel-
atively high amounts of runoff that characterize deserts. Moreo-
ver, it may elucidate the relatively high amounts of runoff that is
already generated at low-to medium intensity rain spells, and
may explain, at least partially, the potent floods common in the
Negev and other deserts.

v e b it i A &

Fig. 3. Wet-dry cycles as observed on a plot surface covered by
brown-colored biocrusts (with some patches of loose aeolian
sand deposited on the biocrust) during which a wet ground is
noted during the early morning (06:00) of 10.12.1994 with >90%
of the surface being wet, drying out already by 11:15 (with no
wet surfaces), to be wetted again during the following morning
(as evident at 06:45 during which 80-85% of the surface was
wet) and partially drying out by 09:00 (with ~20% of the surface
being wet) before completely drying out by 10:30 (not shown).

4 CONCLUSIONS

A four year-long re-analysis of rain-runoff relation from the
Negev is reported. Wet-dry cycles that were observed over bi-
ocrusted sand surfaces in the Negev following rain events were
hypothesized to affect runoff yield during the wet phase, during
which rain falls on a wet ground, subsequently enhancing runoff
generation. Indeed, when the rain and runoff events were divided
to daytime (between 10:00 and 15:00) and nighttime (between
16:00 and 09:00) sections, much higher runoff yield was rec-
orded during the night during which vapor transport responsible
for the wet phase is likely to occur. Albeit the lower intensities
that characterize the nighttime rains, runoff amount, runoff flow
duration, runoff yield per effective intensities and runoff yield
per the average intensity of each event were respectively 1.8-,
1.5-, 1.5- and 3.1-fold higher during nighttime in comparison to
daytime. In addition to long-recognized mechanisms such as
sodicity, surface smoothness and low vegetal cover that com-
monly explain the high runoff yields recorded in deserts, it is
suggested that TIVF provides an additional mechanism, assisting
to explain high runoff generation and the potent floods charac-
terizing desert environments.
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