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Localized irrigation or Micro-Irrigation

Basic characteristics:

• localised apportion

• low flow

• at frequent intervals

Several techniques :

• line system (Bas-Rhône system)

• mini-diffuser system

• drip system

“...sustainable irrigation must
harmoniously balance the
concurring water demands for
industrial and municipal uses
with the requirements of
natural ecosystems.” (Vico &
Porporato, WRR 2010)



After Vico and Porporato, 
Advances in Water 
Resources, 2011
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Changes in the global surface implementing 
microirrigation worldwide



Ecohydrological basis of microirrigation

Concept (stress avoidance irrigation):
Ø Maximize crop production (contrary to deficit

irrigation)
Ø Water must be delivered before soil moisture

hits the stress level
Ø Stress level can be associated to that inducing

stomatal closure, s*

- Rain fed irrigation, i.e. no artificial
irrigation (dotted line)

- Traditional (furrow or flood)
irrigation (dashed line)

- Microirrigation (solid line)

water stress, while minimizing runoff and percolation losses.
This also results in reduced leaching of soluble chemicals
(e.g., pesticides and fertilizers [Böhlke, 2002]), although it
may also increase the risk of soil salinization [Bras and Seo,
1987] or reduce recharge to groundwater and streams [English
et al., 2002].
[5] The two irrigation schemes are idealized as follows:

(1) a modern microirrigation scheme with continuous supply
of water which maintains the root zone soil moisture just
above the stress level until the next rainfall event and (2) a
traditional irrigation scheme, consisting in concentrated
applications of water, when soil moisture reaches the same
stress level, that bring soil moisture back to field capacity.
These two idealized irrigation schemes are optimal in the
sense that they avoid crop water stress while minimizing
water losses by percolation and runoff. Furthermore, they
cover the two extremes cases of continuous and fully
concentrated irrigation. More general irrigation schemes,
including deficit irrigation, will be analyzed in further
contributions.
[6] We consider both random timing and amounts of

rainfall, and physically model the processes in the soil‐plant
system at the daily level. Such a time scale is intermediate
between the subdaily scale of farm level irrigation models
(e.g., California Irrigation Management Information Sys-
tem) and the seasonal scale of models used to quantify
growing season irrigation needs [e.g., English et al., 2002,
and references therein] for long‐term and regional‐scale
planning. Our approach accounts in a parsimonious way for
the main climate, soil and vegetation characteristics, and
includes the most important source of uncertainty in soil
moisture variability (i.e., rainfall) with a stochastic ap-
proach. The soil moisture model used here builds upon
previous stochastic soil moisture models employed in eco-
hydrology [Rodriguez‐Iturbe and Porporato, 2004;
Rodriguez‐Iturbe et al., 1999]. We assume that plant pro-
ductivity is not nutrient limited and do not discuss salinity
problems. Moreover, we only consider statistically steady
state conditions for time‐homogeneous vegetation and cli-
matic conditions during the growing season, as discussed
below. Within the vast literature on irrigation, the analytical
solutions presented here provide a valuable alternative to the
fully numerical optimization schemes that include the effect
of stochastic rainfall variability [see, e.g., Bras and
Cordova, 1981; Georgiou and Papamichail, 2008;
Protopapas and Georgakakos, 1990; Zhang and Oweis,
1999, and references therein], in that they clearly show the
impact of the main soil, vegetation and climate character-
istics on irrigation requirements.

2. Model Formulation

[7] Assuming negligible lateral soil moisture fluxes, the
water balance averaged over the root zone reads

nZr
dsðtÞ
dt

¼ RðtÞ þ IðsðtÞÞ % ETðsðtÞÞ % LQðsðtÞÞ; ð1Þ

where n is the soil porosity, Zr is the active soil depth (where
most of the roots are located), s is the relative soil moisture,
s = (! − !r)/n, with ! volumetric soil moisture and !r the
residual water content (here assumed to coincide with
wilting point for simplicity). Hence s represents here the

plant‐accessible water (with !r/n ranging between 0.08 and
0.19 for loamy sand and loam, respectively [Laio et al.,
2001]).
[8] The inputs to the soil moisture balance are rainfall,

R(t), and irrigation, I(s(t)). Rainfall is modeled as instanta-
neous events occurring according to a marked Poisson
process of rate (mean frequency of rainfall events) l, and
with exponentially distributed depths with mean a
[Rodriguez‐Iturbe and Porporato, 2004; Rodriguez‐Iturbe
et al., 1999]. R(t) may be purged of canopy interception,
which reduces both the frequency of effective rainfall and its
depth [Daly et al., 2008; Rodriguez‐Iturbe et al., 1999].
Accordingly, rainfall process is censored, l′ = le−D/a,
where D is the crop‐dependent rainfall depth threshold be-
low which no rainfall reaches the ground [Rodriguez‐Iturbe
et al., 1999], and the mean rainfall depth is reduced as a′ =
ka [Daly et al., 2008]. Irrigation is a state‐dependent input
as its timing and amount typically depend on soil moisture
status, according to the two different schemes described in
section 1.
[9] The main soil water losses are accounted for in

equation (1): ET(s(t)) is the rate of loss of soil moisture due
to evapotranspiration (ET), while LQ(s(t)) combines deep
infiltration and runoff losses. Daily ET is assumed to vary in
time only through soil moisture. For simplicity, the impacts
of day‐to‐day variability on transpiration rate (chiefly due to
changes in air temperature and humidity, and solar radia-
tion) will be neglected here. They could be included using
the approach of Daly and Porporato [2006a], but tend to
have a secondary effect compared to rainfall. Plant growth
and changes in leaf area index may be more relevant for ET,
in particular when annual crops are considered. Nevertheless,
to keep analytical tractability, the dependence of transpiration
rate on soil moisture, ET(s(t)), will be assumed to be time
invariant, and interpreted as an average value over the
growing season. Hence, our model results are more readily
applicable to perennial crops and to cases where higher soil
water evaporation at the beginning of the season offsets the
lower transpiration due to low leaf area index. Deep infil-
tration and runoff losses, LQ(s(t)), are also treated here in a
simplified manner, as they were by Milly [2001] and
Porporato et al. [2004]. Accordingly, they are assumed to
take place instantaneously (at the daily time scale) whenever
soil moisture reaches a threshold s1, typically around soil field
capacity or slightly above it. Thus, when (effective) rainfall
exceeds the available storage capacity, nZr(s1 − s), any excess
is immediately lost as runoff and deep infiltration. In vege-
tated ecosystems and in agricultural fields, where the mech-
anism of rainfall excess runoff production is dominant and
soil tends to be well drained, this assumption, which allows
analytical tractability, is quite realistic [see also Rigby and
Porporato, 2006]. While for most of the analytical results
reported below the specific form of ET(s(t)) is not important,
the quantitative applications of section 3 employ a piecewise
linear dependence on soil moisture [Rodriguez‐Iturbe and
Porporato, 2004; Rodriguez‐Iturbe et al., 1999]. Especially
for monocultures [e.g., Kalapos et al., 1996; Morison and
Gifford, 1984], in fact, empirical evidence shows a roughly
linear dependence of ET on soil moisture from basically zero
at wilting point (here s = 0) up to a maximum rate Emax at the
point of incipient stomatal closure (s*), and then constant and
equal to Emax for higher soil moisture values (i.e., under well
watered conditions). Emax depends on type of plant, soil and

VICO AND PORPORATO: IRRIGATION WITH STOCHASTIC SOIL MOISTURE W03509W03509

2 of 11

Vico and Porporato, WRR, 2010



(a) Average soil moisture and (b) long-term soil water balance for fixed total growing season rainfall depth 
(Rtot= 400 mm) and variable l and a, for rain-fed agriculture (short-dashed lines), microirrigation (solid 
lines), and traditional irrigation (long-dashed lines). In Figure 2a the dash-dotted line represents s*. In 
Figure 2b, irrigation volumes, V, are compared to deep percolation and runoff losses, LQ (short-dashed 
line refer to LQ for rain-fed agri- culture). The components of the water balance are expressed as volumes 
per unit area, i.e., depths. The growing season duration, Tseas, is assumed to be 180 days; all the other para-
meters are as in Figure 1. 



Comparison between irrigation methods
After Vico and Porporato, 
Advances in Water 
Resources, 2011



Line system (Bas-Rhône)

Water distribution is done by means of calibrated nozzles 
of variable diameter (1.2 – 2.1 mm), deployed as 
derivation of a PE ramp (dimater 25 mm ca.) layed down 
within shallow furrows parallel to the tree line



Mini-diffuser systems 
Done by means of small static 
sprinklers whose continous jet only 
covers the surface occupied by the 
crops.

Mini-diffuser
Operating pressure: 1 – 2 bars
Flowrate: 20 – 60 l/h (occasionally 
120 l/h  and up to 6 bars for self 
regulating devices)

Distributing ramp
- Buried or above the soil (diffuser 
elevated 50 cm above soil)
- Suspended (diffuser attached 
directly to the ramp)
 

Shape of the irrigated surfaces depending on the type 
of mini-diffuser



Dripping system (goute à goute)

Water is deliverd by drippers, which 
function at low pressure (<1 bar) and 
punctually deliver a flowrate of max 10 
l/h

This system is the most used 
worldwide and so we shall 
concentrate on this one.



Principal factors governing micro-irrigation

• soil characteristics à bulb shape and dripper density

• water quality à risk of clogging and soil salinisation

• topography à uniformity of distribution 

• type of crops



General deployment

§ water point (pressure line from surface or GW 
sources)

§ head installation (to control, regulate, 
filter,integrate, etc.)

§ network of main pipes (generally buried, in PVC 
or PE)

§ network of secondary pipes (manifolds) (buried
or above ground, PVC or PE)

§ ramps supplying the distributors (generally in 
flexible PE, diameter: 10 - 30 mm)

- laid on the ground
- laid above ground



§ Generally fixed networks

§ Easy to automate

Head installation example General scheme



Ramps deployment



Classification of the drippers

• Ramp mounting method

• Number of outlets

• Pressure dissipation mode



Dripper in derivation

Grooved end

Online dripper

Grooved end

Inserted into the pipe, after
cutting, by means of 2
fluted end pieces

Integrated dripper

Inserted into the pipe as it is
extruded; the pipe is not
severed



• type of crops

• soil type

• topography

• water quality

• financial resources, etc.

Drippers choice

• Low, regular flow rate (qq litres per hour)

• Low sensitivity to pressure variations

• Orifices of appropriate diameter d:

d < 0.5 mm à high susceptibility

0.5 < d < 1.0 mm à medium susceptibility

d > 1.0 mm à low susceptibility

• Cheap solution*

Desired characteristics

* Drippers may represent 25 to 60% of the cost of the network

è Choice = compromise between technical and 
economic requirements



Special parts

T

Raccord

Vanne Coude

Réduction
Collier de prise

Bouchon
fin de ligne



Hydraulic functioning of drippers

b= Hbq
b: dripper constant
b : flow characteristic

Values of b :

• laminar flow (capillaries, porous pipes)

b ≅ 1

• partially turbulent regime

drippers with path 0.5 < b < 0.8

Ø orifice drippers b ≅ 0.5

Ø vortex drippers b ≅ 0.4

Ø compensated drippers 0 < b < 0.25

• turbulent regime



b= Hbq


