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Abstract

Introduction

This paper reviews research on the causes and effects of rapid shallow groundwater dynamics in response to recharge
events and their contribution to soil salinization in arid and
semi-arid areas. It identifies some of the major research
questions which should answered for a better understanding
and consequently a successful management and sustainability of these valuable resources. First, we give an overview
of shallow groundwater systems with an emphasis on the
rapid and disproportionate response of shallow water tables
to recharge events. In this context, we highlight the two major
phenomena responsible for such behavior, namely the Lisse
Effect (LE) and the Reverse Wieringermeer Effect (RWE). The
LE occurs when water infiltration caused by intense rain seals
the surface soil layer to airflow, trapping and compressing air
under pressure in the unsaturated zone. The RWE, as was usually defined, occurs wherever the capillary fringe is close to
the ground surface. We believe that RWE also occurs in cases
with a certain unsaturated zone over the capillary fringe and
in response to sub-surface lateral inflow. This work also discusses the causes and potential effects of rapid water table
rise in Metouia Oasis, South Tunisia, where the occurrence of
rapid water table rises and soil surface salt accumulation, are
presented. In Metouia Oasis, a highly dynamic saline shallow groundwater coupled with an arid climate characterized
by high evaporation and low precipitation led to a soil salinization problem which is currently threatening the sustainable
development of agriculture in the Oasis.

The Intergovernmental Panel on Climate Change (IPCC) reported in 2007 that water resource is becoming scarce. Thereafter, global water crisis has been discussed mainly in terms of
water shortage. In addition to water shortage crisis, however,
excess water crisis also is another issue to be solved especially
in arid and semi-arid areas, where both water shortage caused
by excess groundwater use and shallow groundwater formation
caused by excess irrigation, threaten crop productions and lives
of residents. It should be noticed that irrigation induced shallow
groundwater rise, occasionally resulting in water logging, have
caused soil salinization under dry climates. Understanding shallow groundwater behavior represents a fundamental prerequisite to predict and control salt accumulation in these areas.
Shallow groundwater systems (SGS), found in many regions
in the world, have been recognized to have mutual relationships
with a broad variety of systems and resource management issues, including forestry (Heuperman, 1999; Bliss and Comerford,
2002), environment (Westbrook et al., 2005), ecosystem (Minh
et al., 1998; Nachabe et al., 2004), climate research (Yuan et
al., 2008), management of water resources (Abdul and Gillham,
1984; Jaber et al., 2006), crop water requirement (Zhang et al.,
1999; Soppe and Ayars, 2003), and soil salinization (Oguchi et
al., 2004; Northey et al., 2006; Xu et al., 2008).
One of the important shallow water table’s properties, especially for hydrologists and hydrogeologists, is their interdependencies with overlying land and surface water. This topic
was addressed by the XXV Congress of IAH, 1994. The theme
of that meeting was “Management to Sustain Shallow Groundwater Systems”. Selected papers from that congress were published in a book edited by Dillon and Simmers (1998). In the
opening review paper “Shallow groundwater systems” of this

Key words: shallow groundwater, reverse Wieringermeer effect, Lisse effect, salinization.
__________________________________________________
* Corresponding authors: amiyat@soil.en.a.u-tokyo.ac.jp

36

Journal of Sustainable Watershed Science & Management - ISSN 1949-1425. Published By Atlas Publishing, LP (www.atlas-publishing.org)

book, Townley (1998), after summarizing discussions, both on
surface water–groundwater interaction and on flow and solute
transport models, concluded that most of the processes involved
in the movement of water and contaminants in shallow aquifers
are probably well understood, for most practical purposes, but
there will always be issues that require further investigations,
especially when coupled physical, chemical and biological processes are involved, and also where the local characteristics of
soils, vegetation and climate make the hydrology of the region
apparently different from other areas which are well understood.
The question that arises with respect to shallow water table’s
properties is on their fluctuation in response to recharge and discharge phenomena. In this context, many researchers reported
an important phenomenon observed in SGS; the disproportionate water table rise in response to rainfall events (e.g. O’Brien,
1982; Gillham, 1984; Abdul and Gillham, 1989). They showed
that shallow water tables can often rise disproportionately compared to the volume of infiltrated water. Kayane and Kaihotsu
(1988) have confirmed these observations noting that the rise in
the water table in response to rainfall or irrigation is frequently
much greater than would be predicted on the basis of water
balance calculations using fillable porosity and net groundwater
recharge. More recently, Hogervorst et al. (2003) reported that
the groundwater level at depths between one and two meters in
sandy soils without macropores can rise within hours after rainfall, much faster than predicted by models based on the standard Richards equation. Moreover, Jaber et al. (2006) studied
water table response under shallow groundwater conditions in
southwest Florida. They noted that a water table rise of 6.71
cm to a 0.16 cm rainfall event which is unexpectedly high. They
added that the 6.71 cm of water table rise multiplied by a typical specific yield of 0.22 for the sandy soil of their study would
result in 1.5 cm of recharge water compared with the 0.16 cm
of rain that actually occurred during the storm.

Causes of the Rapid Water Table Response to Recharge Events
Fluctuations and trends in the groundwater level are the result
of a number of natural and artificial causes (Van Geer, 1987).
Groundwater was reported to fluctuate in response to barometric pressure (Balugani and Antonellini, 2011), earth tide (Inkenbrandt et al., 2005), ocean tide (Gregg, 1966), earthquakes
(Parker and Stringfield, 1950), precipitation (Fan et al. 1997;
Leduc et al., 1997; Park and Parker, 2008; Rodríguez et al.,
2011), irrigation (Forkutsa et al., 2009), and snow-melt (Rosenberry and Winter, 1997). Some authors even reported groundwater responses to nearby traffic, e.g., movement of trains and
heavy trucks (Parker and Stringfield, 1950). Turk (1975) determined additional mechanisms for the high frequency fluctuations
including temperature-induced air volume and surface tension
changes. He explained that as temperature increases, the volumetric air content can be increased due to thermal expansion of
trapped air, resulting in a rise of the water table when it is close
to the land surface.
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In the present review, we focus on the phenomena that induce
rapid shallow water table responses to recharge events (precipitation, irrigation, snow-melt, etc…). The observed disproportionately large rise in the water-table in response to recharge
events has been often attributed, in the absence of preferential flow, to one of the two major phenomena: the Lisse effect,
LE (Heliotis and DeWitt, 1988; Weeks, 2002) and the reverse
Wieringermeer effect, RWE (Gillham, 1984; Novakowski and
Gillham, 1988; Horn, 2006). Both phenomena are reviewed in
the next section.
Prior to explaining the physical basis of the LE and the RWE,
it is necessary to define the relevant terminology. The air entry value is defined as the pressure head of the pore water
where air begins to displace water, as evidenced by the first decrease in water content in the water retention curve (Sophocleous, 1985). The Capillary fringe or zone of tension saturation is
the nearly saturated region immediately above the water table
which extends from zero water pressure head to approximately
the air entry value (Gillham, 1984; Sophocleous, 1985). Soil
texture and soil structure are the major factors controlling the
thickness of capillary fringe (Novakowski and Gillham, 1988).
In case where the soil is uniform, the height of capillary fringe is
equal to the air entry value of its water retention curve (e.g. Lu
and Likos, 2004). The specific yield of a porous material is the
ratio of the volume of water which, after being saturated, it will
yield by gravity, to its own volume (Healy and Cook, 2002). It
was demonstrated either through numerical studies (Sophocleous, 1985), or laboratory as well as field investigations (Jaber
et al., 2006), that the estimation of water table responses to
recharge events based on ultimate specific yield, which can be
estimated from an equilibrium soil water profile (Sophocleous,
1985), is erroneous and always underestimates the rate and
total amount of water table rise especially in shallow water
table environments. Therefore, the concept of “variable specific
yield” was introduced. Likewise, Gillham (1984) pointed out
that the shallow water table response to added water could
be explained by considering the specific yield above a shallow
water table to be variable, with values decreasing as the water
table approaches ground surface. This phenomenon, according
to Gillham (1984), is related to the shape of the water content
profile above the water table and its potential significance is
determined by the water content-pressure head relation for the
particular geologic material.
The Lisse Effect
The Lisse effect was first noted and explained by Thal Larsen
in 1932 from water-level observations obtained in wells located
in the garden of horticultural school in the village of Lisse, Holland (Weeks, 2002). The LE was shown to occur when infiltration
caused by intense rain seals the surface soil layer to airflow,
trapping and compressing air under pressure in the unsaturated
zone (Urie, 1977; Heliotis and DeWitt, 1987; Weeks, 2002).
As Weeks (2002) pointed out, the LE results in a very rapid
water-level rise in the well, despite the fact that the water table
is essentially unaffected, with a water-level recession lasting for
several hours to few days. Hence, the LE attributes the dispro-
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portionate water table rise to air entrapment and an increase
in the gas pressure above the capillary fringe during infiltration.
The infiltrating rain acts as a tightly closing lid, which results in
the water table rising to the level required to compensate for
the pressure increase (Heliotis and DeWitt, 1987, Guo et al.,
2008). In this context, Kayane and Kaihotsu (1988) mentioned
the consequence build-up of a pneumatic potential following the
infiltration at a high rate of rainfall or flooding water into the
soil due to entrapped air in the soil between the downwardmoving wetting front and the water table. Similarly, Miyazawa (1976) reported field observations in a flat upland which
provide a clear evidence of the pneumatic effect on the water
table changes. Furthermore, Fayer and Hillel (1986) carried out
laboratory as well as field investigations of air encapsulation
phenomenon and determined that part of the large and rapid
rise of shallow water tables during infiltration may be the result of air encapsulation. They simulated the effect of infiltrating
water on water table when air was and was not encapsulated,
and they found that the water table rose two to five times higher
and more rapidly in the profile when air was encapsulated than
when it was not. They added that the shallower the water table
was, the more pronounced the effect.
For several decades, the LE has been explained as being
caused by the compression of air ahead of an advancing wetting front that results in elevated unsaturated zone gas pressure
relative to the atmospheric pressure (Figure 1). In 2002, Weeks
revisited the LE phenomenon and completed this explanation by
considering the effect of the confined air pressure on movement
of the wetting front. He further explained that such a consideration leads to the conclusion that the confined air pressure is
a function of the pressure head of water held just beneath the
wetting front. Recently, Guo et al. (2008) presented a threedimensional numerical model to test the LE theory as presented
by Weeks (2002). They found that Weeks’s theory results do not
completely conform to the results of their complicated model.
The reason of this discrepancy according to these authors is the

occurrence of escaped air which was considered in the simulation but ignored in Weeks’s theory of LE. Additionally, Zhang et
al. (2011) conducted numerical modeling of shallow water table
behavior with LE using two numerical models: IHM (Integrated
Hydrologic Model) and HYDRUS-1D (single phase, one-dimensional Richard’s equation model). They pointed out that the two
models failed to reproduce the observed depth of groundwater
mainly due to lack of consideration of air entrapment effect. It
is thus critical to incorporate air entrapment in prediction models
for better modeling of shallow water table behavior under LE
conditions.
The LE was noted by many researchers both at field as well
as at laboratory scales. For instance, Urie (1977) recorded the
occurrences of the LE in shallow water tables (depths between
0.6 and 1.5 m) in the Udell Experimental Forest (Manistee, Michigan, USA). In this study, the hydrologic measurements lasted for
10 years and were made under jack pine and red pine plantations and under native hardwood forests typical of these sandy
outwash plains. Urie (1977) pointed out that this LE creates a
problem of separating the well response due to percolating
rainfall, which recharges the saturated zone. De Zang (1981)
observed exceptionally high fluctuations of groundwater during
rainfall at the Dutch island of Schiermonnikoog. He attributed
such fluctuations to the LE phenomenon which implies that the
phreatic level can rise rapidly due to an increased pressure of
the soil air above the capillary fringe. The increase of the pressure is caused here by the capillary infiltration of rainwater in
the soil. De Zang (1981) added that at Schiermonnikoog the
depth of wetting front and the extent of groundwater rise were
determined by the thickness of a semipervious layer at the surface with strong capillary tension.
The Reverse Wieringermeer Effect
The term “Wieringermeer effect” was first used by Hooghoudt (1947, cited by Gillham, 1984) to refer to the rapid de-

Table 1. Main characteristics of the Lisse Effect and the Reverse Wieringermeer Effect.

Lisse Effect

Reverse Wieringermeer Effect

First noted by Thal Larsen (1932), in the village of Lisse,
Holland

Hooghoudt (1947) used “Wieringermeer effect” to refer to
the rapid decline of water table in Wieringermeer polder
in Holland.
The capillary fringe extends from the water table to almost
the ground surface
Sharp rise in water level followed by an equally sharp
decline
May be triggered by gentle as well as intense rains
Occurs equally in both a fully penetrating well tapping the
water table and in the water table level

Depth to water table larger than the capillary fringe
height
Sharp rise in water level followed by slow recession
lasting several hours to few days
Occurs only during high intensity rains
Occurs in a fully penetrating well tapping the water
table, however the actual water table level is not
affected
Water table rises to the level required to compensate
for the pressure increase

Water table rises usually to soil surface
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Figure 1. The conditions of the Lisse effect occurrence. CF: capillary
fringe; m: depth of infiltrated water following an intense rain; ΔH: water level rise in the observation well resulting from sharp wetting front
during intense rain trapping air and increasing soil air pressure.

Soil surface
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θr
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Figure 2. The conditions of the Reverse Wieringermeer effect occurrence. CF: capillary fringe; θr: residual water content; θs: saturated
water content; dh: water table rise; a: water recharge.

cline of groundwater level that he observed in the Wieringermeer polder in Holland. The inverse phenomenon (i.e. rapid rise
of groundwater) has been referred to as the “reverse Wieringermeer effect” (Gillham, 1984). This mechanism deals with the
case where the capillary fringe extends from the water table
almost to the ground surface. In this case the addition of a very
small amount of water would fill the air filled pores at the capillary fringe. The effect is of similar magnitude to, but of different
origin than the Lisse effect. Table 1 summarizes the main characteristics of each phenomenon.
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Gillham (1984) registered a water table rise of about 30
cm in 0.25 min in response to the addition of 0.3 cm of water
during laboratory experiments. He explained such rapid and
disproportionate shallow water table response to added water
by considering the specific yield and the capillary fringe concepts. He pointed out that the values of specific yield decrease
as the water table approaches ground surface, and suggested
that the capillary fringe could contribute to the rapid groundwater response to precipitation. Gillham (1984) speculated that
in the case where the capillary fringe extends from the water
table to the ground surface, the specific yield is close to zero
and the application of a small amount of water will result in a
rapid and large rise in groundwater. Heliotis and Dewitt (1987)
have confirmed Gillham’s observations noting that in the RWE
the capillary fringe extends to land surface, and only a small
amount of rain is required to fill the capillary menisci and bring
both the water table and the water level in the well to near land
surface. They further noted that the RWE may be triggered by
gentle as well as intense rains and is characterized by a sharp
rise in water level, followed by an equally sharp decline. Similarly, Kim and Bierkens (1995) indicated that a phreatic surface
at a depth beneath the surface equal to the air entry value of
the porous medium would need an infinitely small amount of water to change the pressure in the tension saturated zone from less
than atmospheric to greater than atmospheric. This would result
in an instantaneous rise of the phreatic surface. Brutsaert (2005)
indicated that for most soils within the nearly saturated capillary
fringe, a small change in water content can result in a relatively
large change in pore water pressure. He further postulated that
based on this fact, the addition of a very small amount of water to a relatively moist soil can raise the water table rapidly,
almost as a pressure wave type of propagation, to produce a
saturated soil profile.
Figure 2 depicts the hypothetical moisture profiles above a
rising shallow water table. After a change of water level, the
water table will rise by dh to a new level. The area a represents
the volume of water per unit area that is added to storage due
to the water-level rise. In order to explain the physical basis
of RWE, Healy and Cook (2002) reasoned that in the case of
a shallow groundwater the capillary fringe is close to the soil
surface and the water table depth is not great enough to allow
moisture content at land surface to reach the value of residual
moisture content (Figure 2). In this case, the area a representing the water yield is less than Sydh. The discrepancy between
actual yield and that calculated on knowledge of Sy and dh has
been observed to increase as depth to water table decreases (e.g. Gillham, 1984, Sophocleous, 1985, Healy and Cook,
2002). This phenomenon is reflected by a nearly instantaneous
rise in water level in response to only a small amount of infiltration.
The RWE has been shown by numerous researchers to occur in a variety of shallow water table environments (Table 2).
Novakowski and Gillham (1988) have conducted field investigations of the nature of water table response to precipitation in
shallow water table environments. Several water table response
tests were performed in undulating topography at a field site
near Chalk River, Ontario. The tests were performed by apply-

Reference

Study
Condition

Location

Soil type

Kaihotsu and Tanaka (1982)

Field

Kanto loam

Abdul and Gillham (1984)

Laboratory
experiment
Field test
Field and
Laboratory
Field: beach
Field
Lysimeter
Field study

Yatabe near Tsukuba Academic New Town,
Japan
Laboratory
Flat sandy area at Borden, Ontario, USA
Northwestern lower Michigan, USA

Sand
Peatland, Large peat
cores
Beach sand
Fine sand
Sandy soil
Silt loam to loam,
Silty clay loam

Turner and Nielsen (1997)
Drabsch et al. (1999)
Jaber et al. (2006)
Shilling (2007)

0

US Atlantic coast
Estuarine intertidal sand flat, New Zealand
Florida, USA
Walnut Creek watershed, Iowa, USA

Rainfall

20

Medium-fine sand

40

GW fluctuation

35

Irrigation

40

30

60

25

80

20

100

15

120

10

140

5

160

0

3/10/09

4/9/09

5/9/09

6/8/09

7/8/09
8/7/09
Date (m/d/y)

9/6/09

Rainfall (mm)

Gillham (1984)
Heliotis and DeWitt (1988)

Water table level (cm)
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Table 2. The reverse Wieringermeer effect (RWE) reported by some workers in field and laboratory conditions.

10/6/09 11/5/09

Figure 3. Observed shallow groundwater fluctuations in Metouia Oasis from March to November 2009. Water
table levels were recorded at 30 min intervals (after Ibrahimi et al., 2010).

ing simulated rainfall to a study site instrumented in detail with
porous membrane tensiometers. Changes in hydraulic head were
measured using a pressure transducer and a hydraulic switch.
Results showed a disproportionate rise in water table in areas
where the zone of tension saturation (capillary fringe) extended
to ground surface. Novakowski and Gillham (1988) reported a
rise of about 13 cm of the water table in the lowest lying areas
for rainfall of only 5 mm over a duration of 5.3 min. In the area
of higher elevation, the rise was only 5 cm for the same rainfall
amount. They concluded that the magnitude of the response in
the low-lying area can only be explained by the presence of the
capillary fringe.
The RWE phenomenon was also reported by a number of researchers focusing on beach studies (Turner and Nielsen, 1997;
Cartwright et al., 2006; Horn, 2006). For instance, Turner and
Nielsen (1997) noted that the rapid and disproportionate rise

of the water table within the swash zone results from the special
case situation of the upper extent of the capillary fringe coinciding with the sand surface. These authors further explain that the
amount of water required to cause the water table to rise to the
sand surface is in the order of a grain diameter (less than 1mm
for beach sands), in comparison to the change in water table
elevation, which is on the order of the height of the capillary
fringe. This was substantiated by the research of Cartwright et
al. (2006) who showed that in the case of an extending of moisture to the sand surface in a sandy beach, for the loss (or gain)
of an amount of water of the order less than a grain diameter
the pressure may fluctuate up to the order of a capillary fringe
height. These authors used the RWE to refer to this phenomenon.
The disproportionate and rapid water table rise in response to
added water event was observed in playas and sabkhat systems (Tyler et al., 2006). In their review paper summarizing the
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dynamics of water tables beneath playas and sabkhat, Tyler
et al. (2006) noted that in cases where the water table is very
close to the land surface, small precipitation events or slight
changes in evaporation rate can cause the water table to rapidly rise to the land surface and inundate the playa. They further
mentioned that rapid response of water tables to direct infiltration has been well explained however the corollary, i.e., what
will be the response of a water table to changes in evaporation
demand, is less well documented.

Discussion
Thanks to the numerous researchers who investigated the rapid shallow water table response to recharge events, this previously called anomalous phenomenon is being currently, to some
extent, more evident. However, despite this huge effort, many
related aspects remain to be clarified and require further investigation. Likewise, there are many unsolved or partially solved
questions such as: (i) Does the RWE occur in response to subsurface recharge (i.e. without rainfall or irrigation at the site), and
if it does, in which conditions? In fact, in many hydrogeological
environments, water table has been shown to rise during rainless
periods owing to lateral subsurface groundwater inflow (Li et
al., 2008; Wang et al., 2009; Ibrahimi et al., 2010), (ii) What
is the effect of soil type, water table level and recharge volume
on the RWE and the LE phenomena? (iii) Is it possible to simulate
groundwater response under RWE or LE conditions? Furthermore,
there is very little information available on the possible effects
of these phenomena. Thus, more clarification is needed regarding their hydrological, environmental and agricultural implications, if any.
In the following, we will be discussing some of these aspects.
Specifically, the possible extension of the RWE concept and the
potential effects of the rapid and high shallow water table rise
with emphasis on soil salinization risk.
Need of an Extension of the RWE Concept
In case where the top of unsaturated capillary zone does not
extend to ground surface, Kayane and Kaihotsu (1988) noted
that the water table response due to mass flow through porous
media would be recognized when the wetting front reaches the
top of unsaturated capillary zone. Ibrahimi et al. (2011) conducted laboratory experiments to study shallow groundwater
response to recharge events using one dimensional columns filled
with sandy (Toyoura sand, TS) and clayey (Chiba light caly, CLC)
soils. They showed that groundwater exhibited a RWE response
type to water input when water table was initially set at shallow depths of 20 cm and 15 cm in the case of TS and CLC, respectively. This phenomenon was reflected by a rapid and large
water table rise in response to a small volume of added water.
In fact, a water table rise of about 120 mm, and 50 mm was observed in response to 1 mm rainfall in TS and CLC, respectively.
For deeper levels (40 cm in the case of TS, 30 cm in the case of
CLC) they found also a disproportionate groundwater response
but with lower magnitude and higher time response compared
to shallow depths. Based on these findings it seems likely that
41

the RWE, which was usually considered to occur in response to
surface recharge and for groundwater level less than the capillary fringe height, can occur in response to lateral subsurface
recharge and for groundwater levels exceeding the capillary
fringe height. This leads to the question on whether we need
to extend the RWE concept to account for these cases. These
laboratory observations were supported by a field study conducted by Ibrahimi et al. (2010) in Metouia Oasis (South East Tunisia; 33o58’00.12”N-10o00’02.55”E) where a high frequency
based assessment of shallow water table was carried out. Figure
3 provides their detailed data of shallow groundwater fluctuations in Metouia Oasis obtained using high resolution water table
monitoring over a period of 250 days (Ibrahimi et al., 2010). It
reveals a very dynamic behavior with highly complex and transient fluctuations. This behavior was the consequence of climatic
conditions as well as of several hydrological processes taking
place in the observation site and in the upstream areas. During
2009, total rainfall was 147 mm which was similar to the longterm average (146 mm/y) in Metouia Oasis. The question here
is how the annual precipitation of about 15 cm water depth can
cause the frequent fluctuation of groundwater between 60cm
and 150 cm below the surface? Ibrahimi et al. (2010) analyzed
this result and concluded that these frequent groundwater fluctuations are attributed to the RWE. They reasoned that the water
table rise was not only observed during rainfall but also during
rainless periods and with no irrigation at the observation site
and was mainly due to water inflow from surrounding irrigated
area. In this condition the occurrence of an advancing infiltration front (a major condition for LE occurrence) is unlikely. Both
natural rainfalls and irrigation activities in the neighboring areas
close to the observation site are responsible for the RWE.
The above discussed laboratory and field results are implying the possible extension of RWE concept from the case where
capillary fringe extends from the water table almost to the
ground surface to the case where capillary fringe remains within
the subsurface zone over which the unsaturated soil zone is covering above. In this extended RWE, the addition of a very small
amount of water would infiltrate into the unsaturated surface soil
zone before filling the menisci of the capillary fringe. In other
words, a sharp rise in water level, followed by an equally sharp
decline, may be more or less in the extended RWE. However,
the unsaturated vertical flow dynamics in the upper soil zone
and subsequent quick responding flow dynamics in the capillary
fringe zone where RWE is dominating is still vague and needs to
be explained clearly.
Effects of Rapid Water Table Fluctuations
Although a wealth of information exists on the causes of rapid and large shallow groundwater fluctuations, comparatively
little research has been conducted on their effects. Heliotis and
DeWitt (1987) emphasized the environmental significance of
such phenomenon. They quoted that a failure to recognize and
account for rapid water table responses could lead to an overestimation of wastewater loading rates, flooding, and transport
of wastewater into neighboring water bodies. In his study of
the capillary fringe effects on the rapid shallow water table
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response to precipitations, Gillham (1984) emphasized the importance of considering the hydrological implications of such
phenomenon. He discussed some examples including recharge
and consumptive use calculations, streamflow generation, contaminant migration to surface waters and contaminant transport
in shallow water table regimes. Among these hydrologic processes, Abdul and Gillham (1984, 1989) focused on the capillary
fringe effects on streamflow generation. They showed through
laboratory as well as field studies the significant role of the capillary fringe in stream flow generation under certain conditions.
However, Cloke et al. (2006) showed numerically that for many
riparian zones based on the Abdul and Gillham model, capillary
fringe groundwater ridging does not produce the high proportions of pre-event water observed in the field.
With respect to solute movement following rapid water table
response, questions regarding whether the rapid water table
rise transports solutes to soil surface or not continue to challenge
researchers at laboratory and field scales. For instance, in the
case of a saline shallow water table undergoing RWE, the question arises as to whether its rapid and large response affects soil
surface salt accumulation or not?
Based on the literature, it is difficult to draw definitive answer
to these questions. On the one hand the studies dealing with
the effect of shallow water table rapid rise on salt accumulation are very scarce. On the other hand, some of the existing
few researches provided contradictory findings. Likewise, in the
Harran Plain, south-eastern Turkey Çullu et al. (2010) observed
significant seasonal variations in the salt dynamic with the fluctuation levels of the groundwater. This was not the case for soils
with less water fluctuation which showed lower salt accumulation
in the root zone. Additionally, after a thorough characterization of shallow groundwater fluctuation in Metouia Oasis (aforementioned), Ibrahimi et al. (2010) discussed the effect of such
behavior on soil salinization which is becoming a major problem threatening the Oasis sustainability. They inferred that the
frequent and rapid groundwater fluctuation seems to cause not
only more salt to accumulate at soil surface but also an enhancement of the phenomenon. Figure 4 depicts soil salinity profile in
an observation site located in the eastern part of the Metouia

60
80
100
120
140

Figure 4. EC profile in the field of Metouia Oasis.

5

6

Oasis. It can be seen that the soil has high salinity values ranging between 3.1 dS/m to 4.9 dS/m (EC1:10) throughout the
soil profile. Salt accumulation has occurred at depths between
30 cm and 60 cm. This soil salinity distribution is most likely the
result of salt leaching from soil surface by irrigation water and
water supply by capillary rise from saline shallow groundwater.
The rainfall in Metouia oasis is too low to continuously play a
significant role in leaching of accumulated salts (Ibrahimi et al.,
2010). Another example of the potential contribution of groundwater rapid fluctuations to soil salinization was reported in the
Songnen Plain, Northeast China (Wang et al., 2009). In this Plain
many researches showed the major role of groundwater in soil
salinization specifically in areas where water table level is shallow (below 2-2.5 m) (Qiang et al., 2009; Wang et al., 2009).
For instance, Qiang et al. (2009) conducted a field experiment
in the Da’an Sodic Land (southeast of Songnen Plain) in order
to reveal the dynamics of the soil water and solute inﬂuenced
by the shallow groundwater. They pointed out that the soil salt
content was mainly controlled by the groundwater dynamics in
the subsoil layer under 100 cm and decreased with the groundwater level receding. Chi and Wang (2010) stated that soil
salinization in Songnen Plain is a result of upward movement
and evapo-concentration of soluble salts present in the shallow groundwater. In opposition to the aforementioned studies in
Harran Plain (Çullu et al., 2010), in Metouia Oasis (Ibrahimi et
al., 2010) and in Songnen Plain (Qiang et al., 2009), Abit et al.
(2008) reported different findings from their field evaluation of
solute transport in the capillary fringe and shallow groundwater
at the northeast end of Juniper bay in Robeson County, USA.
They indicated that although there was a large and rapid water
table rise, the Br plume did not move up. They reasoned that the
upward movement of the water table is not generally produced
by upward-moving water, but rather by down-ward moving water that enters air-filled pores in the CF.

Conclusion
This review addresses the rapid and disproportionate water
table rise in response to recharge events observed in shallow
groundwater systems. Specifically, the main causes and effects
of this phenomenon are presented and discussed. Based on
the reviewed literature, it was shown that shallow water tables
can often rise rapidly and disproportionately compared to the
volume of infiltrated water. The fast response time of shallow
groundwater systems to hydrologic change was attributed to
one of the two major phenomena, namely the Reverse Wieringermeer Effect and the Lisse Effect. The RWE was usually considered to occur in response to surface recharge and for groundwater level less than the capillary fringe height. However, a
number of studies reported its occurrence in response to lateral
subsurface recharge and for groundwater levels exceeding the
capillary fringe height. Accordingly, we suggest the extension of
this concept to account for these cases.
Although these phenomena were addressed by numerous
studies, nevertheless a number of related aspects are poorly
understood and still making the subject of scientific debate until
this day. For instance, little research has been conducted on the
42

Journal of Sustainable Watershed Science & Management - ISSN 1949-1425. Published By Atlas Publishing, LP (www.atlas-publishing.org)

effects of these phenomena in general and their contribution to
solute movement in particular. In this context, while a number of
studies showed the enhancement effect of shallow groundwater
rapid fluctuation on soil salinization, some others found that this
phenomenon has no contribution to salt accumulation at soil surface layers. Therefore, more research is needed to draw definitive conclusions on the effects of the rapid water table rise on
solute movement from saturated to unsaturated zone. In order to
address these questions researchers need to examine these phenomena more minutely, first at laboratory scale and then through
field investigations. The current advancement of measurement
tools can be of great help.
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