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Preface

The United Nations Conference on Environment and Development (the Earth Summit), which took
place in Rio de Janeiro in 1992, emphasised the need for integrated irrigation development and man-
agement. In the context of sustainable development - the main thrust of the Earth Summit - this means
that there is a need for an agro-hydro-salinity model that can be used in both the planning and the
design of irrigation and drainage projects in areas prone to, or suffering from, problems of waterlogging
and soil salinity. Such a model must be useable by design engineers and researchers. It must require
a limited database. And it should be able to predict long term developments, using different agricultur-
al and water-management options under varying climatic and soil conditions.

Four years after Rio, in November 1996, ILRI held a jubilee symposium at its offices in Wageningen,
The Netherlands, to mark the fortieth anniversary of its establishment and the thirty-fifth successive
year of its post-graduate International Course on Land' Drainage. The main theme of the symposium
was the improvement of the integration of irrigation and drainage management for sustainable agricul-
tural development, as discussed during the Earth Summit. The symposium proceedings included an
article by ILRI’s R.J. Oosterbaan, entitled ‘Saltmod: a tool for the interweaving of irrigation and drainage
for salinity control’. Saltmod is a computer model that Oosterbaan developed to be a powerful weapon
in the fight against the degradation of agricultural lands. :

Since its appearance, Saltmod has been used to model the effects of irrigation and drainage in many
countries that suffer from waterlogging and salinity of their agricultural lands. It has also been used as
" training material for the participants in ILRI's Land Drainage Course. Now it is possible for interested
parties to download Saltmod from the Institute’s Web site at WWW.ILRI.NL. A Saitmod user’s manual
has been in limited circulation for some time in draft form, but our expectation is that now, as an official
ILRI Special Report, it will reach an even larger audience.

In areas of great topographical and geo-hydrological variability, the user must apply Saltmod to each of
the different spots separately. To enhance Saltmod’s integration of spatial variability, the author com-
bined the model with the polygonal groundwater model SGMP, which is also available from ILRI. The
combined model, called Sahysmod, has been used experimentally in irrigation projects in India, Iran,
Kazakhstan, and Pakistan. This year, it too will be made available to a wider public.

| am confident that these products of ILRI’s research programme will enhance the knowledge and

actions that are required to reclaim saline lands for sustainable development worldwide.

Wageningen, 11 April 2001 Ir AW.H. van Weelderen
Director of ILRI
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1. Introduction

11 General

Saltmod is computer program for the prediction of the salinity of soil moisture, ground water and
drainage water, the depth of the watertable, and the drain discharge in irrigated agricultural lands, using
different (geo)hydrologic conditions, varying water management options, including the use of ground-
water for irrigation, and several crop rotation schedules.

The water management options include irrigation, drainage, and the use of subsurface
drainage water from pipe drains, ditches or wells for irrigation.

The computer program was made in Fortran by R.J. Oosterbaan and Isabel Pedroso de Lima
at ILRI. A user shell in Turbopascal was developed by H. Ramnandanlal, and improved by R.A.L. Kselik
of ILRI, to facilitate the management of input and output data.

The program was designed keeping in mind a relative simplicity of operation to promote its use
by field technicians and project planners. It aims at using input data that are generally available, or that
can be estimated with reasonable accuracy, or that can be measured with relative ease.

The program is available on diskettes for use on personal computers or laptops under MS-DOS
operating systems. A 360 Kb RAM computer memory is amply sufficient to run the program.

The present version of Saltmod is an extended version of previous ones but the method is still
being improved upon. Notably a combination of Saltmod and a model for groundwater flow is being pur-
sued to obtain more flexibility in the description of the depth of the watertable. A provisional version of
the combined model is now available under the name Sahysmod (Spatial agro-hydro-salinity model).

Saltmod has been used and tested extensively. A selection of reports and publications on the
use of Saltmod is given in the references.

1.2 Rationale

Most of the computer models available for water and solute transport in the soil (e.g. Swatre, Drainmod)
are based on Richard’s differential equation for the movement of water in unsaturated soil in combina-
tion with a differential salinitity dispersion equation. The models require input of soil characteristics like
the relation between unsaturated soil moisture content, water tension, hydraulic conductivity and
dispersivity. These relations vary to a great extent from place to place and are not easy to measure. The
models use short time steps and need at least a daily data base of hydrologic phenomena. Altogether
this makes model application to a fairly large project the job of a team of specialists with ample facilities.

There is a need for a computer program that is easier to operate and that requires a simpler
data structure. Therefore, the Saltmod program was designed keeping in mind a relative simplicity of
operation to prornote its use by field technicians, engineers and project planners. It aims at using input’
data that are generally available, or that can be estimated with reasonable accuracy, or that can be
measured with relative ease. Although the calculations are done numerically and have to be repeated
many times, the final results can be checked by hand using the formula’s in this manual.

Saltmod aims at predicting the long-term hydro-salinity in terms of general trends, not in exact
predictions of how, for example, the situation would be on the first of April in ten years from now.

Further, Saltmod gives the option of the re-use of drainage and weil water and it can account
for farmers’ responses to water logging, soil salinity, water scarcity and overpumping from the aquifer.
Also it offers the possibility to introduce subsurface drainage systems at varying depts and with vary-
ing capacities so that they can be optimized.

Other features of Saltmod are found in the next section.
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2. PRINCIPLES
2.1 Seasonal approach

The computation method Saltmod is based on seasonal water balances of agricultural lands. Four
seasons in one year can be distinguished, e.g. dry, wet, cold, hot, irrigation or fallow seasons. The
number of seasons (N;) can be chosen between a minimum of one and a maximum of four. The larger
the number of seasons becomes, the larger is the number of input data required. The duration of each
season (Tg) is given in number of months (0 < T < 12). Day to day water balances are not considered
for several reasons:

— daily inputs would require much information, which may not be readily available;

— the method is especially developed to predict long term, not day-to-day, trends and predictions for
the future are more reliably made on a seasonal (long term) than on a daily (short term) basis, due
to the high variability of short term data;

— even though the precision of the predictions for the future may still not be very high, a lot is gained
when the trend is sufficiently clear; for example, it need not be a major constraint to design appro-
priate salinity control measures when a certain salinity level, predicted by Saltmod to occur after 20
years, will in reality occur after 15 or 25 years.

2.2 Hydrological data

The method uses seasonal water balance components as input data. These are related to the surface
hydrology (like rainfall, evaporation, irrigation, use of drain and well water for irrigation, runoff), and the
aquifer hydrology (like upward seepage, natural drainage, pumping from wells). The other water
balance components (like downward percolation, upward capillary rise, subsurface drainage) are given
as output. The quantity of drainage water, as an output, is determined by two drainage intensity factors
for drainage above and below drain level respectively (to be given with the input data), a drainage re-
duction factor (to simulate a limited operation of the drainage system), and the height of the watertable,
resulting from the computed water balance. Variation of the drainage intensity factors and the drainage
reduction factor gives the opportunity. to simulate the impact of different drainage options.

2.3 Agricultural data

The input data on irrigation, evaporation, and surface runoff are to be specified per season for three
kinds of agricultural practices, which can be chosen at the discretion of the user:

A: irrigated land with crops of group A
B: irrigated land with crops of group B
U: non-irrigated land with rainfed crops or fallow land

The groups may consist of combinations of crops or just of a single kind of crop. For example, as the
A type crops one may specify the lightly irrigated cultures, and as the B type the more heavily irrigated
ones, such as sugarcane and rice. But one can also take A as rice and B as sugarcane, or perhaps
trees and orchards.

Further, a specification must be given of the seasonal rotation of the different land uses over
the total area, e.g. full rotation, no rotation at all, or incomplete rotation.
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Variation of the area fractions and/or the rotational schedule gives the opportunity to simulate
the impact of different agricultural practices on the water and salt balance.

24 Soil strata

Saltmod accepts four different reservoirs three of which are in the soil profile:
a surface reservoir

an upper (shallow) soil reservoir or rootzone

an intermediate soil reservoir or transition zone
a deep reservoir or aquifer.

L N

The upper soil reservoir is defined by the soil depth from which water can evaporate or be taken up by
plant roots. It can be equailed to the rootzone. It can be saturated, unsaturated, or partly saturated,
depending on the water balance. All water movements in this zone are vertical, either upward or down-
ward, depending on the water balance. (In a future version of Saltmod, the upper soil reservoir may be
divided into two equal parts to detect the trend in the vertical salinity distribution.)

The transition zone can also be saturated, unsaturated or partly saturated. All flows in this
zone are vertical, except the flow to subsurface drains.

If a horizontal subsurface drainage system is present, this must be placed in the transition
zone, which is then divided into two parts: an upper transition zone (above drain level) and a lower tran-
sition zone (below drain level).

If one wishes to distinguish an upper and lower part of the transition zone in the absence of a
subsurface drainage system, one may specify in the input data a drainage system with zero intensity.

The aquifer has mainly horizontal flow. Pumped wells, if present, receive their water from the
aquifer only. In the combined SAHYSMOD model, the flow in the aquifer is determined depending on
area variations of depths and levels of the watertable.

2.5 Water balances

The water balances are calculated for each reservoir separately. The excess water leaving one reservoir
is converted into incoming water for the next reservoir. The three soil reservoirs can be assigned differ-
ent thicknesses and storage coefficients, to be given as input data. In a particular situation, the transi-
tion zone or the aquifer need not be present. Then, it must be given a minimum thickness of 0.1 m.

The depth of the watertable, calculated from the water balances, is assumed to be the same
for the whole area. If this assumption is not acceptable, the area must be divided into separate units.

Under certain conditions, the height of the watertable influences the waterbalance compo-
nents. For example a rise of the watertable towards the soil surface may lead to an increase of evapo-
ration, surface runoff, and subsurface drainage, or a decrease of percolation losses from canals. This,
in turn, leads to a change of the waterbalance, which again influences the height of the watertable, etc.
This chain of reactions is one of the reasons why Saltmod has been developed into a computer pro-
gram. It takes a number of repeated calculations to find the correct equilibrium of the water balance,
which would be a tedious job if done by hand. Other reasons are that a computer program facilitates
the computations for different water management options over long periods of time (with the aim to
simulate their long term impacts) and for trial runs with varying parameters.
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2.6 Drains, wells, and re-use

The sub-surface drainage can be accomplished through drains or pumped weils.

The subsurface drains are characterised by drain depth and drainage capacity. The drains are
located in the transition zone. The subsurface drainage facility can be applied to natural or artificial
drainage systems. The functioning of an artificial drainage system can be regulated through a drainage
control factor.

When no drainage system is present, installing drains with zero capacity offers the opportunity
to obtain separate water and salt balances for an upper and lower part of the transition zone.

The pumped wells are located in the aquifer. Their functioning is characterised by the well
discharge.

The drain and well water can be used for irrigation through a re-use factor. This may have an
impact on the salt balance and the irrigation efficiency or sufficiency.

2.7 Salt balances

The salt balances are calculated for each reservoir separately. They are based on their water balances,
using the salt concentrations of the incoming and outgoing water. Some concentrations must be given as
input data, like the initial salt concentrations of the water in the different soil reservoirs, of the irrigation
water and of the incoming groundwater in the aquifer. The concentrations are expressed in terms of elec-
tric conductivity (EC in dS/m). When the concentrations are known in terms of g salt/l water, the rule of
thumb: 1 g/l —> 1.7 dS/m can be used. Usually, salt concentrations of the soil are expressed in ECe, the
electric conductivity of an extract of a saturated soil paste. In Saltmod, the salt concentration is expressed
as the EC of the soil moisture when saturated under field conditions. As a rule, one can use the conver-
sionrate EC : ECe = 2 : 1.

Salt concentrations of outgoing water (either from one reservoir into the other or by subsur-
face drainage) are computed on the basis of salt balances, using different leaching or salt mixing effi-
ciencies to be given with the input data. The effects of different leaching efficiencies can be simulated
by varying their input value.

If drain or well water is used for irrigation, the method computes the salt concentration of the
mixed irrigation water in the course of the time and the subsequent impact on the soil and groundwa-
ter salinities, which again influences the salt concentration of the drain and well water. By varying the
fraction of used drain or well water (to be given in the input data), the long term impact of different frac-
tions can be simulated.

The dissolution of solid soil minerals or the chemical precipitation of poorly soluble salts is not
included in the computation method, but to some extent it can be accounted for through the input data,
e.g. by increasing or decreasing the salt concentration of the irrigation water or of the incoming water
in the aquifer. ' : :

2.8 Farmers’ responses

If required, farmers’ responses to waterlogging and salinity can be automatically accounted for. The
method can gradually decrease:

1. the amount of irrigation water applied when the watertable becomes shallower;
2. the fraction of irrigated land when the available irrigation water is scarce;
3. the fraction of irrigated land when the soil salinity increases; for this purpose, the salinity is

given a stochastic interpretation.
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The responses influence the water and salt balances, which, in their turn, slow down the
process of waterlogging and salinization. Ultimately an equilibrium situation will be brought about.

The user.can also introduce farmers’ responses by manually changing the relevant input data.
Perhaps it will be useful first to study the automatic farmers’ responses and their effect and thereafter
decide what the farmers’ responses will be in the view of the user.

2.9 Annual input changes

The program may run with fixed input data for the number of years determined by the user. This option
can be used to predict future developments based on long-term average input values, e.g. rainfall, as
it will be difficult to assess the future values of the input data year by year.

The program also offers the possibility to follow historic records with annually changing input
values (e.qg. rainfall, irrigation, agricultural practices), the calculations must be made year by year. If this
possibility is chosen, the program creates transfer files by which the final conditions of the previous
year (e.g. watertable and salinity) are automatically used as the initial conditions for the subsequent
period. This facility renders it possible to use various generated rainfall sequences drawn randomly
from a known rainfall probability distribution and obtain a stochastic prediction of the resulting output
parameters. ,

If the computations are made with annual changes, not all input parameters can be changed,
notably the thicknesses of the soil reservoirs and their total porosities as these would cause illogical
shifts in the water and salt balances.

2.10 Output data

The output of Saltmod is given for each season of any year during any number of years, as specified
with the input data. The output data comprise hydrological and salinity aspects. The data are filed in
the form of tables that can be inspected directly or further analyzed with spreadsheet programs. The
interpretation of the output is left entirely to the judgement of the user. The program offers the possi-
bility to develop a multitude of relations between varied input data, resulting outputs and time. Different
users may wish to establish different cause-effect or correlational relationships. The program offers
only a limited number of standard graphics, as it is not possible to foresee all different uses that may
be made.

Although the computations need many iterations, all the end results can be checked by hand
using the equations presented in the following sections.

2.11 Other users’ suggestions

In the previous paragraphs some users’ suggestions were given. Some other suggestions are given
below. :

Some of the input data are-inter-dependent. These data can, therefore, not be indiscriminate-
ly varied. In very obvious illogical combinations of data, the program will give a warning. The correct-
ness of the input remains the responsibility of the user.

The selection of the area to be analyzed by Saltmod should be governed by the uniformity of
the distribution of the cropping, irrigation and drainage characteristics over the area. If these charac-
teristics are randomly varied in space, it is advisable to use a larger area and the area average values
of the input parameters. If, on the other hand, more uniform subareas can be identified, it is advisable
to use the subareas separately for the analysis. It is also possible to use first the larger area approach
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and to use some of the outputs as inputs in the restricted area approach. For example, an area may
have non-irrigated, fallow, land next to irrigated land. The resulting capillary rise in the fallow land can
be obtained as output from the larger area approach, and used as groundwater input in a separate
analysis for the fallow or irrigated land.

If the user wishes to determine the effect of variations of a certain parameter on the value of
other parameters, the program must be run repeatedly according to a user-designed schedule.

This procedure can be used for the calibration of the model or for the simulation runs.

The program is designed to make use of spreadsheet programs for the detailed output
analysis, in which the relations between various input and output variables can be established
according to the scenario developed by the user.

3. Water balance equations

3.1 The reservoir concept

The principles of the water balances in Saltmod are illustrated in fig. 1, where the four reservoirs are
shown on which the model is built: (1) surface reservoir, (2) rootzone (3) transition zone and (4) aquifer.
For each reservoir a water balance can be made with the hydrologic components. All quantities of the
components are expressed as seasonal volumes per unit surface area, giving a seasonal depth of
water with dimension [L].

A water balance is based on the principle of the conservation of mass for boundaries defined
in space and time and can be written as:

Inflow = Outflow + Storage (1)

When the storage is positive the water content increases and, when negative (i.e. there is depletion
instead of storage), it decreases. C e

In fig.1 it is assumed that all balance factors are uniformly distributed over the area and that
the watertable remains within the transition zone. They represent a particular case of Saltmod. In later
sections, adjustments to other conditions are made.

311 The surface reservoir

The surface reservoir is located on top of the soil. The water balance of the surface reservoir for a cer-
tain period reads:

Po+lg=Ey + \j + b + S + AW (2)

where: P, is the amount of water vertically reaching the soil surface, such as precipitation and sprin-
kler irrigation, Iy is the gross irrigation inflow including the natural surface inflow, the drain and well
water used for irrigation, but excluding the percolation losses from the canal system, E, is the amount
of evaporation from open water, \; is the amount of water infil trated through the soil surface into the
rootzone, I, is the amount of irrigation water leaving the area through the canal system (bypass), S, is
the amount of surface runoff or surface drainage leaving the area, and AW; is the change in amount
of water stored in the surface reservoir.
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Figure 1. The concept of 4 reservoirs with hydrological inflow and outflow components

3.1.2 The rootzone

The rootzone corresponds to the depth of soil from which evapotranspiration takes place. Its water bal-
ance reads:

N+ R o=Ea+ L+ AW + AW, (3)

where: R, is the amount of capillary rise into the rootzone, E, is the amount of actual evapotranspira-
tion from the rootzone, L; is the amount of percolation loss from the rootzone, AW is the storage of
moisture in the rootzone between field capacity and wilting point, and AW is the storage of water in the
rootzone between field capacity and full saturation.

The factor R; is the opposite of L, and these components cannot occur simultaneously, i.e.
when R, > 0 then L, = 0 and vice versa.

When water balances are made for fairly long periods of time, for instance a season or a year,
the storage AW is often negligibly small compared to the other hydrological components. In Saltmod,
therefore, this storage is set equal to zero and the water balance changes to:

)\i+Hr=Era+Lr+AVVr (4)

3.1.3 The transition zone

The transition zone is the zone between rootzone and aquifer. Its lower limit can be fixed in different
ways according to local conditions: (a) at the interface between a clay layer on top of a sandy layer, (b)
at the annually greatest depth to watertable, (c) at the greatest depth to which the influence of a sub-
surface drainage system extends, (d) at the depth where horizontal groundwater flow is converted into
vertical flow of groundwater or vice versa. The water balance of the transition zone, reads:
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L+ L+ Vi = R+ VL + Gy + AW, (5)
where: L is the percolation loss from the irrigation canal system, Vg is the amount of vertical upward
seepage from the aquifer into the transition zone, W is the amount of vertical downward drainage from
the saturated transition zone to the aquifer, Gy is the total amount of natural or artificial drainage of
groundwater to ditches or pipe drains, and AW, is the water storage in the transition zone between field
capacity and wilting point.

The component VR is the opposite of V| and these cannot occur simultaneously, i.e. when
Vr > 0 then V| = 0 and vice versa.

3.1.4 The aquifer

The water balance of the aquifer can be written .as:

where: G; is the amount horizontal groundwater inflow through the aquifer, G, is the amount of hori-
zontal groundwater outflow through the aquifer, Gy, is the amount groundwater pumped from the aquifer
through wells, and AWj is the groundwater storage in the aquifer.

3.1.5 Combined balances

When the watertable is in the transition zone, the balances of the surface reservoir and the rootzone
may be combined into the topsoil waterbalance, by adding egn. 2 and 4: —

Po+ g+ Le=Ex+1Io+ S + AW, + AW, 7)
with:

Ea = Eo + En (8)
where E, is the total actual evapotranspiration.

In the topsoil waterbalance, the infiltration component A is not present. The same holds for the
components R; and L;. All these components represent vertical flows linking the two reservoirs.
Using:

k=1lg— I 9)

Vo = P+ k- S : (10)

where V; represents the total surface-water resource and k is the net field irrigation, eqn. 7 can be
reduced to:

Vs + LC = Ea + AW[ + AWX (11)

With a watertable in the transition zone, the balances of the transition zone and aquifer can be com-
bined into the geo-hydrologic water balance, in which the storage AW, may be considered zero as the
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aquifer is fully saturated:
L + Lc+ G =R + Go + Gg + Gy + AW, (12)
Here, the linkage components Vg and V| have vanished.

When the watertable is not in the transition zone, it may be above the soil surface, in the rootzone or
in the aquifer. The water balances can be adjusted accordingly, as discussed below.

3.1.6 Watertable above the soil surface

When the water table remains above the soil surface, the values of AW,, AWy and AW, are zero, as
the soil is fully saturated. When, in addition, the water flows from the subsoil into the surface reservoir,
the infiltration A; becomes negative. Thus, it is preferable to combine the water balances of all the
reservoirs:

Po+lg+Lc+ G==E+1Il+ 8+ G + Gy + Gv + AW (13)

In this overall water balance, all linkage components have disappeared.

3.1.7 Watertable in the rootzone

When the watertable is in the rootzone, the capiliary rise R; and percolation L, do not exist, because
the transition zone is saturated. Also, the values of AW, and AW, are zero. Thus it is preferable to com-
bine the water balances of rootzone, transition zone and aquifer, giving the subsoil waterbalance:

)\j+Lc+Gj=Era+GQ+Gd+Gw+AWr (14)

3.1.8 Watertable in the aquifer

When the watertable is in the aquifer, the rootzone and transition zone are unsaturated and the com-
ponents Vg and V| have to be replaced by A and L. Thus, it is preferable to combine the water bal-
ances of the surface reservoir, rootzone and transition zone, giving the agronomic waterbalance:

Po+lg+ Le=1l + So + Ea + Gg + AW + AW, + AW (15)

3.2 Model calculations for the topsoil water balance

Saltmod accepts a maximum of four seasons, the durations of which are expressed in months. The
total duration of the seasons is 12 months. During the year, the agricultural land use may change from
season to season and the distribution of the water resources depends on the agricultural land use. To
accommodate the rotational land use, saltmod distinguishes 3 types of land use (fig. 2):

A: irrigated land under group A crops

B: irrigated land under group B crops

U: non-irrigated land (U)
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" “Figure 2. Three types of rotated agricultural land use (A,B, and U) with the different hydrological factors-involved-

The distinction between group A and B crops is made to introduce the possibility of having lightly and
heavily irrigated crops. Examples of the second kind are submerged rice and sugarcane. The latter
crop may cover more than one season. The distinction also gives the possibility to introduce perma-
nent instead of arable crops like orchards. The non-irrigated land may consist of rainfed crops and tem-
porary or permanently fallow land.

Each land use type is determined by an area fraction A, B, and U respectively. The sum of the
fractions equals unity:

A+ B+ U-=1 (16)
The total field irrigation k (expressed in m3/season per m? total area) of eqn. 9 can also be written as:

k = laA + LB (17)
where (fig. 3): l;a and /g are the field irrigation applications to the areas under group A and B crops
respectively (m3/season per m2 area under A and B crops respectively). The quantity of irrigation water
or surface flow entering the area J, (m3/season per m? total area) is found from:

b=k + Iy + Le — FuGw — Gy (18)

where: Fy is the fraction of the pumped well water Gy, used for irrigation and Gy is the quantity of sub-
surface drainage water used for irrigation. '
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Figure 3. Waterbalance factors of the canal, drain and well systems.

The total percolation from the rootzone L; (m3/season per m? total area) is calculated from:
L = LA + LigB + LyU (19)

where: Lia, Lig, and Ly are the amounts of percolation from the rootzone of the A, B and U land respec-
tively (m3/season per m2 area of A and B and U land respectively), and:

Lin = Va — Eaa (19a)
Ls = Ve - Eas (19b)
Ly = W - Ew (19¢)

where: Vi, Vg, W are the amounts of surface water resources of the A, B, and U land respectively, Ega,
Egp, and Eyy are the amounts of actual evapotranspiration of the A, B and U land respectively. All units
are in m3/season per m? area of A and B and U land respectively.

. The total surface water resources Vs (m3/season per m? total area) in eqn. 10 can also be
calculated from:

Ve = VaA + VBB + WU : | , (20) -
where:

Va = Py + ha — Son (20a)

VB = Py + g — Sop (20b)

W="F + Su- Swu (20c)
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where: Va, VB, Wy are the site specific surface water resources of the A, B, and U land respectively
(m3/season per m2 area of A and B and U land respectively), and Spa, Sos, Sou are the amounts of

surface runoff or surface drainage from the A, B, and U land respectively (m3/season per m? area of A

and B and U land respec tively).

The capillary rise R; in 12 depends on atmospheric demand, characterised by the potential
evapotranspiration Ep, available water Vs, and depth of watertable Dy,. The processes and calcu lations
involved are described in section 3.3. With the results obtained, the capillary rise R, (m3/season per m?2
total area) can be determined as:

where: Ria, A, and R,y are the amounts of capillary rise into the rootzone of the A, B, and U land
respectively (m3/season per m? area of A and B and U land respectively).

The actual evapotranspiration E; of egn. 12 depends on atmospheric demand, characterised
by the potential evapotranspiration £y, available water Vs, and capillary rise R, delivered to the root-
zone. The processes and calculations involved are also described in section 3.3. With the results
obtained, the actual evapotranspiration E; (m3/season per m? total area) can be determined as:

Ea = EqpA + EggB + EquU (22)

3.3 Capillary rise and actual evapotranspiration

The amount of capillary rise depends on the depth of the watertable (D,,, m), the potential evapotrans-
piration (Ep,, m/season), the surface water resources (Vs, m/season) and the moisture deficit (Mg,
m/season), representing the dryness of the topsoil. In Saltmod, the seasonal average depth Dy deter-
mines a capillary rise factor (F).

capillary rise factor
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Figure 4. The S-curve of the capillary rise factor approximated by straight line segments.
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3.3.1 . Depth of the watertable and capillary rise factor

When the watertable is below a critical depth (D, m), there is no potential capillary rise. When the
watertable is shallower than halfway the rootzone (fiD;, m), the potential velocity of capillary rise is max-
imum as determined by the moisture deficit but not more than E,. The influence of the depth of the
water table between 2D, and D; is expressed in Saltmod by a capillary rise factor (Fc) which ranges
from 1, when Dy, < %2D;, to 0, when Dy, > D.. Within the range there is a linear relation. Hence:

F. = 1 [Dw < V2D (23a)
F.=0 [Dw 2 D] (23b)
Fe =1 — (Dw = YD)/ (Ds - VD) [V2Dr < Dy < D (23c)

The above equations represent an approximation of the usually reported S-curves (e.g. Kabat and
Beekma 1994) by 3 straight lines (fig. 4).

3.3.2 Potential evapotranspiration and moisture deficit
The moisture deficit (Mg, m/season) is defined as:
My = Ep — FsVs, with the condition My = O. (24)

where: E, is the potential evapotranspiration (m/season), Fs is the storage fraction (-) of the surface
water resources, representing the moisture holding capacity, and V; is the surface water resources
(m/season, eqn.20).

When no capillary rise occurs, the product FsVs represents the effective surface water
resources, i.e. the part of the resources that is available for the evapotranspiration, whereas the quan-
tity (1 — F5) Vs represents the part lost by percolation. When capillary rise does occur, Saltmod adjusts
the effective and lost quantities of the resources V.

When the term £, — F5 Vs is negative, the effective quantity of resources V; is more than the
evapotranspiration Ep, and there is no moisture deficit. Then, and My is taken equal to zero.

3.3.3  Apparent capillary rise and actual evapotranspiration
In Saltmod, the apparent quantity of capillary rise (R,, m per season) is found from:
Ry = FcMy (25)

i.e. the product of the capillary rise factor and the moisture deficit. When any of these two factors is
zero, there is no capillary rise. The actual evapotranspiration (E,, m/season) is found from:

Ea = FsVs + Aa (26a)

With the above equations it is ensured that the evapotranspiration E; is never greater than the evapo-
transpiration Ep. :

The principles described for the calculation of the site specific surface water resources Vs of
the areas under group A crops, group B crops and the non-irrigated (U) land, can also be applied to
calculate the site specific values of E,. For this we use the site specific values Fga, Fsg, Fsu given with
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the input and the site specific apparent capillary rise Raa, Ras, Rau to be derived from egn. 25 as well
as the site specific moisture deficit Mya, Mag and Mgy to be derived from eqn. 24, one gets the site spe-
cific values of E, as:

Ean = FsaVea + Raa (26b)
Es = Fs8Vse + Ras (26¢)
Eau = FsuVsu + Ray (264d)

3.3.4 Capillary rise

In Saltmod, the amount of capillary rise (R} is defined as the contribution of the groundwater to the
evapotranspiration. A part of the apparent evapotranspiration R, represents the return of percolation
losses of the surface water resources from the transition zone into the root zone, whence it evaporates
or transpires. This part can be considered as recovered after having been temporarily lost during the
season. It does not represent a contribution from the groundwater. Therefore the capillary rise proper
is calculated as:

R =E, - Ve (27)
Hence, the part considered temporarily lost but recovered is:

le = Ra — R = (1 - F)Vs (28)
The principles described for the calculation of the site specific surface water resources Vs of the areas

under group A crops, group B crops and the non-irrigated (U) land, can also be applied to calculate the
site specific values of R;:

Ra = Ean — Vsa (29a)
Re = Eas — Vi (29b)
Ru = Eay — Vau (29c)

The depth of the watertable Dy, influences the values of the factor F¢, the evaporation E; and the cap-
illary rise R, which in their turn will influence the depth D,. Therefore, Saltmod uses a numerical
method, by trial and error, until the correct balance is reached.

3.4 The subsurface drainage

In Saltmod, the presence of a subsurface drainage system is indicated by the key Ky, which can attain
the values 0 or 1. Kg = 0 indicates that no subsurface drainage system is present and the subsurface drain
discharge Gq = 0. When K4 =1, a subsurface drainage system is present (fig. 5) and the drain discharge
is calculated on the basis of Hooghoudt’s drainage equation (Ritzema 1994):
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8KoDe(Dg — Dy)  4Ka(Kg — Dw)?
Gdt = + (30)

Y2 y2

where: Gg; is the total drain discharge (m/day), Dy is the drain depth (m), D, is the depth of the
watertable (m), Ky, is the hydraulic conductivity below drain level (m/day), D, is the equivalent depth of
the impermeable layer (m), Kj is the hydraulic conductivity above drain level (m/day), and Yis the drain
spacing (m). :

The first term on the right-hand side of eqn. 30 represents the discharge (Ggp) from below the
drain level and the second term the discharge (Gga) from above drain level.

Writing:
H = Dy — Dy (31)

where H is the hydraulic head (m), one obtains:

Gat = Ga + Guaa (32a)
where:

Gaa = 4KuHR | Y2 (32b)

Gap = 8KoDoH/ Y2 . (32¢)

Here, the condition has been set that H > 0. When H < 0, the values of Gy, and Ggp (m/day) are set
equal to zero.

In Saltmod, the drains are assumed to be situated in the transition zone so that the drain depth
Dq must be in the range D; < Dy < D, + Dy, where D is the thickness of the rootzone (m) and Dy is the
thickness of the transition zone (m).

impermeable layer

Figure 5.  Some factors in Hooghoudt’s drainage equation
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Defining:
Gaa/HP = 4Ky/Y2 = Q2 (Ratio of G, to HR) (33a)
Ga/H = 8KpDe/ Y2 = Qu1 (Ratio of Gy to H) (33b)

it can be seen that the ratio’s Qn1 and Qug represent the hydraulic conductivity and depth of the soil
and the drain spacing. Now, one can write:

Gat = QuiH + QuaH? (34)

Saltmod provides the opportunity to introduce a checked drainage system through the introduction of
a drainage control (drainage reduction) factor Fq, having values between zero and 1. When the factor
is 1, the drainage is fully checked and, when zero, it is totally unchecked. The factor F4 can also be
used for partial drainage of the area. Thus, eqn. 34 changes into: '

Ge = (1-Fra)(QuiH+QuoHP) (35a)

where G, stands for the controlled drain discharge. Similarly the two discharge components change
into:

Gca

(1-Fra) Ga (35b)
G = (1-Fra)Gp (35¢)

To change the discharge from m/day to m/season, the following conversions are made:

Ga = 30 Gca Ts (36b)
Gb = 30 Gcb Ts (360)

where T; is the duration of the season (months).

When Dy, < 0, there is a ponded water case (the watertable is above the soil surface}, and the
drain discharge is higher than the case is according to the Hooghoudt equation. Saltmod-then simply
assumes a double value of the discharge:

Gpd = 2Gy [Dw < 0] (37a)
Gpa = 30G;Ts [Dw < 0] (37b)
Gpb = 30GpTs [Dw < O] (37c¢)

The depth of the watertable influences the values of the head H and the discharges G, Gy and Gy,
which again will influence the depth D,. Therefore, Saltmod uses a numerical method of inte gration of
the drain discharge over the season, using a trial and error procedure, until the correct balance is
obtained. The procedure must also incorporate the trial and error procedure developed for the relation
between capillary rise, actual evapotranspiration and depth of watertable.
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3.5 Model calculations for the water balance of the transition zone

Eqgn. 6 can be rewritten in two ways:
W= Go — G + Gy + W, [VR=0, W 20] (38a)
VR= G - Go + Gy + Wy [VL=0, Vr=>0] (38b)

where the components G;, G,, and Gy, are supposed to be known, so that Y| and Vg can be calculated.
Further, Eqn. 5 can be rewritten as:

Go =L +Lc+ V= R - W - W (39)

and the subsurface drainage Gy needs to meet this condition. However, the subsurface drainage is also
found from eqn. 35¢ or 36, depending onthe depth of the watertable D,,. The reconci liation of the
values is discussed in section 3.4.

3.6 Model calculations for the depth of the watertable

The percolation from the irrigation canal system L. (assumed to be a known quantity), total pe‘rcolation ‘
from the rootzone L, (egn. 19), the total capillary rise R (egn. 21), the total subsurface drainage (Gy),
and the incoming and outgoing ground water flow in the aquifer (G; and G,;) make up the geo-hydro-
logic waterbalance (eqn. 12). Setting the total seasonal storage equal to:

AW = AWs + AW, + AW + AW, (40a)
.and combining the water balances of all four reservoirs (egn 13), we find:
AW = Pp + Ig + Lr + Gi - Ea - /0 - So - Gd - Go - GW (40b)

To find the change in the depth of the watertable due to the storage, the total storage AW is first
assigned to the reservoir in which the initial average watertable is found:

Dy = Dui — AWIP, (41)

where: D,, seasonal average depth of the watertable (m), Dy; is the initial depth of the watertable (m),
i.e. the seasonal average depth of the previous season, P is the drainable or refillable pore space of
the reservoir in which the initial watertable is found, equal to Peq when the initial watertable is in the
aquifer, Pex when in the transition zone, Per when in the root zone, and Pss = 1 when in the surface
reservoir. The pore spaces are supposed to be known.

When it appears that initial and new watertable are found in different reservoirs, the maximum
- possible storage AWw in the initial reservoir is subtracted from the total storage AW, the initial
watertable is moved to the boundary between the initial and next reservoir, the initial depth of the
watertable is set equal to the boundary depth with the next reservoir (Dgp), and the remaining storage
AWp is assigned to the next reservoir. Thus, egn. 41a changes to:

Dy = Dgn — AWp/Psi (42)

with:
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AWp = AW — AWy (43)

and:
AWmi = Pei(Dn — Dwi) (44)

When the storage W is positive, the watertable rises and the depth of the watertable decreases. The
next reservoir is the one encountered just above the initial reservoir. When the storage AW is negative,
the watertable drops and the depth of the water table increases. The next reservoir is the one to be
found just below the initial reservoir.

When the watertable passes through more than one interface, the procedure is repeated as
many times as required.

The depth of the boundary between the surface and rootzone reservoir Dy, the rootzone and
transition zone D», the transition zone and aquifer, Ds, and the bottom depth of the aquifer, D4, are
found from:

Dy = 0 (45a)
D> = D (45b)
Ds = D+ D (45¢)
Dy = Dr+ Dy + Dy (45d)

where: D is the thickness of the rootzone {m), Dy is the thickness of the transition zone (m), and Dy is
the thickness of the aquifer (m). These values determine the boundary depth Dgp, of the next reservoir.

As the depth D,, determines the water balance while the water balance determines the depth
D, a numerical calculation procedure by trial and error is required to strike the correct balance.

3.7 Irrigation efficiencies and sufficiencies

The field irrigation efficiency F is defined as the ratio of the amount of irrigation water evaporated to
the amount of irrigation water applied to the field. For the group A crop(s) we find:

Fia = (Eaa — Rea)/ (laa + Pp) (46a)
The irrigation efficiency of the group B crop(s) is similarly given by:

Fig = (Ea — Am)/ (ks + Pp) (46b)
The total irrigation efficiency, disregarding the bypass, is:

Fn = [A(Ean — Rn) + B(Eag — Re)l/ [k + (A + B)P] (47)
where:

h=k+ Lg (48)

The field irrigation sufficiency Js is defined is defined by the ratio of the amount of actual over potential
evapotranspiration. For the group A crop(s) it is found from:
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Jsan = Ean/ Epa (49a)
The field irrigation sufficiency of the group B crop(s) is similarly calculated as:

JB = Ea/ Eps : (49b)
The total irrigation sufficiency becomes:

Jst = (JsaA + JgB)/ (A + B) {49c¢)
Irrigation can be:
efficient and sufficient
inefficient but sufficient

efficient but insufficient
inefficient and insufficient

A ON =

The product of efficiency and sufficiency is a measure for irrigation effectiveness.
The effectiveness of field irrigation for the land under group A crops is:

Jer = Fiadsa

The effectiveness of field irrigation for the land under group B crops is:
Jes = FiaJsB

and the toal field irrigation effectiveness becomes:
Jot = (Adop + Bdep) /(A + B)

The irrigation sufficiencies, efficiencies and effectiveness are a tool to judge variations in agricultural
and water management practices on irrigation performance.

4. Salt balance equations

4.1 Changein salt content
The salt balances are, like eqn. 1, based on:
incoming salt = outgoing salt + storage of salt
In addition we have:
— incoming salt = inflow x salt concentration of the inflow

— outgoing salt = outflow x salt concentration of the outflow
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— salt concentration of the outflow = leaching efficiency x time averaged salt concentration of the
water in the reservoir of outflow

— change in salt concentration of the soil = salt storage + amount of water in the soil

Hence, the salt balances are based on the water balances.

In Saltmod, the salt balances are calculated separately for the different reservoirs and, in addi-
tion, for different types of crop rotation, indicated by the key K; which can reach the values 0, 1, 2, 3,
and 4. K; = 0 indicates that there is no annual crop rotation and all land use types are fixed to the same
areas each year. K; = 4 indicates that there is full annual crop rotation and that the land use types are
continually moved over the area. The other values of K; indicate intermediate situations which are
explained elsewhere.

The time averaged salt concentration of the percolating water is calculated according to the
theory of leaching.

In the following, all salt concentrations are expressed as electric conductivity (EC) in dS/m.
Salt concentrations of soil moisture are given on the basis of saturated soil. Quantities of salt, being
the product of an amount of water in m/season and a concentration in dS/m, are expressed in
dS/season.

4.2 Salt leaching

When the soil is being desalinised by percolation (leaching) one usually obtains an exponentially
decreasing salinity in the course of time (e.g. van Hoorn and van Alphen, 1994). The graphic presen-
tation of this phenomenon is called leaching curve or salinity depletion curve (fig. 6).

The salt concentration (C; dS/m) of the water percolating from a reservoir can be taken pro-
portional to the salt concentration in the reservoir (C,, dS/m):

C| = F'|Cf (50)
where the factor F is called leaching efficiency

The change of the salt concentration C; can be described by the differential equation:

soil salinity
Cro

t4 1/2(t4+ to) t2

time t
Figure 6. The leaching curve and the geometric mean of soil salinity in a time interval
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dG,
r0 — - — LG (51)
dt

where: P, is the total porosity fraction (=) of the reservoir, D is the thickness (m) of the reservoir, L is
the percolation velocity (m per unit of time), and tis the time (any unit).
Using eqn. 49 and writing « = LARG,/ PD, the above equation can be changed into:

dG
= - _aC (52a)
dt
or:
dC;
— = —qa.dt (52b)
Cr
or:
dinC; = —a . dt (52¢)

The general solution of egn. 51c¢ is:
where: B. is the integration constant.

Using C, = C1, Cr= Co,and Cr = Cywhen t=t, t=t, and tn = 2 (11 + &) (i.e. the mid time) respec-
tively, one finds from eqn. 53a:

NGy = —at; + Pe ot = (Bc - INC))/a (53b)
INC; =—ab + Be o b = (Bc - INCy)/ (53¢c)
INCyn =—atm + Be or: tn = Be — INCyp) / (53d)

Using again tn = (t + &) / 2 one gets from eqn. 53b and c:

Bc — INCy + Bec — InC, Bc — %2In(C1Cp)
tn = = (54)
2a o

Comparing eqgn. 54 with eqn. 53d one can see that:

INCn = %2 In(C1Cy) (55a)
or:
Cn = (C182)%5 = C1C2 (55b)

Egn. 55b shows that the time averaged salinity Cr, can be taken as the logarithmic (or geometric) mean
of the initial (C1) and final (Cz) salinity (fig. 6).

Saltmod uses the geometric mean to calculate the leaching. Since the amount of salt removed
depends on Cn, which depends on C; and C», and since C» again depends on the amount of salt
removed, a trial and error procedure is required to find the correct balance. -
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4.3 Salt balances under full crop rotation

In the salt balances under full crop rotation (Ki=4), all hydro logical and salinity values of the different
land use types are pooled (fig. 7)

4.3.1 Rootzone
The salt balance of the rootzone made on the basis of the topsoil waterbalance (eqn. 12):
AZy = PG + (lg — I)Ci = So(0.1Cwi + C) + ACui — LCla (56)

where: AZ4 is salt storage in the rootzone when K; = 4 (dS/season), C;, is the salt concentration of the
rain water (dS/m), G is the salt concentration of the surface irrigation water including the use of drain
or well water for irrigation (dS/m), Cuaj is the salt concentration of the soil moisture in the rootzone at
the start of the season when saturated, equal to the salt concentration of the same at the end of the
previous season (dS/m), Cxi is the salt concentration of the capillary rise based on soil salinity in the
transition zone, when saturated, at the end of the previous season and depending on the presence or
absence of a subsurface drainage system as defined in eqn. 57a, b (dS/m), and Ci4 (see eqgn. 60) is
the seasonal average salt concentration of the percolation water (dS/m).

When a subsurface drainage is present we find:

Cui = Cxai (57a)
otherwise:
Cuwi = Cy (57b)

where: Cy; is the salt concentration of the water in the tran sition zone, when saturated, at the end of
the previous season (EC in dS/m), Cxai is the salt concentration of the water in the part of the transi-
tion zone which is above drain level, when saturated (EC in dS/m).

A

——7T

0|I surface

Ea’A

rootzone

\
|
|
|
|
{
-

Flgure 7. Pooled hydrological factors in areas under full crop rotation (K, 4)
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The concentration C, can usually be taken equal to zero, but in coastal areas it may reach a
positive value that is assumed to be known.

4.3.1.1 Salt concentration of the irrigation water
The salt concentration C; of the irrigation water depends on the use of groundwater for irrigation:

G = (hCi + D4Cui + FwGwCqi) / (I + Dg + FwGw) ' (58)
where: Cy is the known seasonal average salt concentration of the inflowing canal water (dS/m), Cy; is
the salt concentration of the drainage water at the end of the previous season (dS/m), Cy; is the salt
concentration of the water in the aquifer, when saturated, at the end of the previous season (dS/m).
4.3.1.2 |Initial salt concentration of the drainage water
The calculation of the salt concentration Cg; is based on egn. 31 and found from:

Cai = Fix(GawCxbi + GdaCxai) / Ga (59)
where: Fiy is the leaching efficiency of the transition zone (-), Cxyi is the salt concentration of the soil
moisture in the part of the transition zone below drain level, when saturated, at the end of the previous
season (dS/m), Cxai is the salt concentration of the soil moisture in the part of the transition zone above
drain level, when saturated, at the end of the previous season (dS/m).
4.3.1.3 Seasonal average salt concentration of the percolation water
The seasonal average salt concentration Ci4 of the percolation water is found from:

CL4 = Ferr4v . - (60)

where: Cy is the seasonal average salt concentration of the soil moisture in the rootzone when satu-
rated (dS/m), and F, is the leaching efficiency of the rootzone (-). The average Cuy is calculated from:

Cray = (CraiCrar)? [Crat < Crail (61a)

Crav = (Cuai + Cuan)l2 [Crar > Crail (61b)

where: Cus is the final salt concentration of the soil moisture in the rootzone when saturated (dS/m), at
the end of the present season (dS/mj.

4.3.1.4 Final salt concentration in the rootzone
The final salt concentration of the soil moisture in theb rootzone, when saturated, is calculated as:

Cuat = Cui+ AZu ! PyD: (62)
Since the salt storage, or change in salt content, AZr4 depends on the salt concentration of the perco-

lation water C_4, which again depends on the final salt concentration Cif, a trial and error calculation
procedure is required to strike the correct balance for the calculation of Cyss in eqgn. 62.
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4.3.2 Transition zone

The salt balance of the transition zone depends on the absence or presence of a subsurface drainage
system.

4.3.2.1 Absence of a subsurface drainage system

In the absence of a subsurface drainage system, the salt balance of the transition zone is based on the
water balance of the same (eqgn. 4):

L:Cla + LG + VRqu = RCw + FxVLCw + AZ (63)
where: Gy is the salt concentration of the water in the aquifer, when saturated, of the previous season
(EC in dS/m), Cyy (eqn. 64a,b) is the seasonal average salt concentration of the water in the transition
zone, when saturated (EC in dS/m), and AZ, is the storage of salt in the transition zone.
4.3.2.2 Presence of a subsurface drainage system
When a subsurface drainage system is present, the steady state water balance of the transition zone
(egn. 4) is split into a balance of the upper part, above drain level, and a lower part, below drain level.
For the upper part we have:

L+ L+ W—W-G, = R + Ga (64a)
and for the lower part:

Hence, the salt balance of the upper part becomes:

AZva = LiCla + LCic + (VR — VL = Gp)FixCxbi — ArCxa = FixGaCxa (65)
where: AZ,, is the salt storage in the part of the transition zone above drain level (dS/season), Cyay IS
the seasonal average salt concentration of the water in the part of the transition zone, when saturated,
above the drain level (EC in dS/m}, and Cypi is the salt concentration of the water in the part of the tran-
sition zone below drain level, when saturated, at the end of the previous season (EC in dS/m).

The salt balance of the lower part becomes:

AZw = Fx(le + Lc — Rr— Ga)Cxav + VRqu - Fix(VL + Go) Gy (66)
where: AZy, is the salt storage in the part of the transition zone above drain level (dS/season), Cxpy iS
the seasonal average salt concentration of the water in the part of the transition zone, below the drain
level (EC in dS/m).

4.3.2.3 Seasonal average salt concentration of the water in the transition zone

In the absence of a subsurface drainage system, the seasonal average salt concentration Cyy of the
transition zone, when saturated, is found from:
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Cw = (GiCx)'? [Ca < G (67a)

G = (Gt Cx)2 [Cx > Gil (67b)

where: Gy is the salt concentration of the soil moisture in the transition zone, when saturated, at the
start of the season, equal to the salt concentration of the same at the end of the previous season
(dS/m), Cy is the final salt concentration of the soil moisture in the transition zone, when saturated, at
the end of the season (dS/m).

In the presence of a subsurface drainage system, the seasonal average salt concentration
Cxav of the upper part of the transition zone, when saturated, above the level of the watertable, is found
from:

Crav = (C.xaiCxaf)1/2 [Cxaf € Cxall (68a)

Gav = (Guai + Grar)/2 [Cxat > Cxall (68b)

where: Gy, is the salt concentration of the soil moisture in the transition zone, when saturated, above
drain level at the start of the season, equal to the salt concentration of the same at the end of the pre-
vious season (dS/m), Cyqs is the salt concentration of the same at the end of the season (dS/m).

In the presence of a subsurface drainage system, the seasonal average salt concentration
Cxv Of the lower part of the transition zone, when saturated, below the level of the watertable, is found
from:

Gaov = (CuoiCuon) 2 [Cxot < Cuvil (69a)

Caov = (Cxoi + Car}2 [Cxot > Cxoil (69b)

where: Cy, is the salt concentration of the soil moisture in the transition zone, when saturated, below
drain level at the start of the season, equal to the salt concentration of the same at the end of the pre-
vious season (dS/m), Cyps is the salt concentration of the same at the end of the season (dS/m).

4.3.2.4 Final salt concentration in the transition zone

In the absence of a subsurface drainage system, the final salt concentration of the soil moisture in the
transition zone, when saturated, is calculated as:

G = Gy + AL/ PiDx (70)

Since the salt storage, or change in salt content, Z;, depends on the salt concentration of the water
draining vertically downward to the aquifer, which again depends on the final salt concentration Cy, a
trial and error calculation procedure is required to strike the correct balance.

In the presence a subsurface drainage system, the final salt eoncentration of the soil moisture
in the upper part of the transition zone, when saturated, above drain level, is calculated as:

Crat = Cxai + Adya / {Po{Dg-Dr)} (71a)

Since the salt storage, or change in salt content, Zy,, depends on the salt concentration of the
drainage water, which again depends on the final salt concentration Cyy1, a trial and error calculation
procedure is required to strike the correct balance.

In the presence a subsurface drainage system, the final salt concentration of the soil moisture
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in the lower part of the transition zone, when saturated, below drain level, is calculated as:

Cxoi = Cxoi + Ao / {Po(Dr + Dx — Dq)} (71b)
Since the salt storage, or change in salt content, Z,, depends on the salt concentration of the drainage
water, which again depends on the final salt concentration Cxps, a trial and error calculation procedure
is required to strike the correct balance.
4.3.3 Aquifer
The salt balance of the aquifer zone is based on the water balance of the same (eqn. 5):

AZy = GCh+ VLG (Go + VR + Gw)Coy (72)
where: Gy is the salt concentration of the horizontally inflowing groundwater (dS/m), Coy is the seasonal

average salt concen tration of the horizontally outflowing groundwater (dS/m), and Cx is the salt con-
centration of the water in the transition zone, depending on the absence or presence of a subsurface

drainage system (dS/m):

Cuxx = Cxv [Kd = 1] (73b)
The final salt concentration of the soil moisture in the aquifer, when saturated, is calculated as:
Since the salt storage, or change in salt content, AZ;, depends on the seasonal average salt concen-
tration of the water draining horizontally out of the aquifer Coy, which again depends on the final salt
concentration Cgs, a trial and error calculation procedure is required to strike the correct balance.
4.3.4 Salt concentration of drain and well water
The seasonal average salt concentration Cq (EC in dS/m) of the subsurface drainage water is calcu-
lated on the basis of eqn. 31 as a weighted average of the seasonal average salt concentrations of the
flows entering the drain from above and below drain level:

Cd = Fix(GaCxav + Gxbv) / Gy (75)

The seasonal average salt concentration C,, of the pumped well water is found from:

Cw = Iquv | (76)

4.4  Salt balances under zero crop rotation

In the salt balances under zero crop rotation (K; = 0), all hydrological and salinity values for the root
zones of the different land use types are separated, but in the transition zone they are pooled (fig. 8).
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441 Rootzone

The salt balance of the rootzone (eqn. 56) is split into 3 parts:

AZoa = PpCp + laCi + RiaCui — Soa(0.1Cr0ai+ Ci) — LiaCioa (77a)
AZos = PpCp + laeGi + RisCxki — So(0.1Cr08i+Ci) — LieClos (77p)
AZoy = PpCp+ SiuGi + RiuuCxi — Sou(0.1Croui+Ci) — LiuCiou (77¢)

where: AZoa is the salt storage in the rootzone of the irrigated group A crop(s) when K, = 0
(dS/season), AZgg is the salt storage in the rootzone of the irrigated group B crop(s) when K; = 0 (dS
per season), AZgy is the salt storage in the rootzone of the non-irrigated land when K; = 0 (dS/season),
Croai is the salt concentration of the soil moisture in the rootzone, when saturated, of the group A
crop(s), at the start of the season, equal to the salt concentration of the same at the end of the previ-
ous season (dS/m), Ciopg; is the salt concentration of the soil moisture in the rootzone, when saturated,
of the group B crop(s), at the start of the season, equal to the salt concentration of the same at the end
of the previous season (dS/m), Cyoui is the salt concentration of the soil moisture in the rootzone, when
saturated, of the non-irrigated land at the start of the season, equal to the salt concentration of the
same at the end of the previous season (dS/m), CLoa is the seasonal average salt con centration of the
percolation water from the irrigated group A crop(s) (dS/m), Cigs is the seasonal average salt concen-
tration of the percolation water from the irrigated group. B crop(s) (dS/m), and Ci_ou is the seasonal aver-
age salt concentration of the percolation water from the non-irrigated land (dS/m).

In the above equations it can be seen that the salt concentration of the surface drainage S, is
assumed to be equal to the concentration C; of the irrigation water plus 10% of the salt concentration
of the rootzone C;. Hence, the leaching efficiency of the surface drainage water is tentatively set at a
low value 0.1. In a future version of Saltmod, this value may be made variable.
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Figure 8. Separated hydrological factors in the rootzone under zero crop rotation (K, = 0), pooling of factors in
the transition zone
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The seasonal average salt concentrations Cioa, Cios, and Cioy of the percolation water are found
from:

Cioa = FrCroav (78a)
Clos = FrCrosv (78b)
Clou = FArCrouv (78c)

where: Coay is the seasonal average salt concentration of the soil moisture in the rootzone, when sat-
urated, of the group A crop(s) when K; = 0 (dS/m), Ciopy is the seasonal average salt concentration of
the soil moisture in the rootzone, when saturated, of the group B crop(s) when K; = 0 (dS/m), and Crouy
is the seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of the
non-irrigated land when K; = 0 (dS/m). They are calculated from the following six equations depending
on whether the salinity is decreasing or increasing:

Coav = (CroaiCronr)'’2 [Croat < Cronl (79a)
Croav = (Croait+Croar) / 2 : [Croat > Croail (79b)
Croav = (CroaiCroar) 2 [Croat < Cronl] (79c)
Croav = (Croait+Croar) / 2 [Croat > Croail (79d)
Croav = (CroaiCronr) "2 [Croat < Croal] (79)
Croav = (Croai + Croar) / 2 [Croat > Croail (79f)

where: Cyas is the final salt concentration of the soil moisture in the rootzone, when saturated, of the
group A crop(s) at the end of the present season (dS/m), Cigg; is the final salt concen tration of the soil
moisture in the rootzone, when saturated, of the non-irrigated land at the end of the present season
(dS/m), Crous is the final salt concentration of the soil moisture in the rootzone, when saturated, of the
non-irrigated land at the end of the present season (dS/m).

The final salft concentrations of the soil moisture in the rootzone are calculated as:

Croat = Coai + AZioa/PeDy (80a)
Cost = Ciosi + AZwos/PiD; ‘ (SOb)
Crout = Croui + AZou/ P Dy (80c)

Since the salt storage, or change in salt content depends on the salt concentration of the percolation
water, which again depends on the final salt concentration, a trial and error calculation procedure is
required to strike the correct balance for the calculation of the final salt concentrations in egns. 80a, b
and c.

442 Transition zone

The seasonal average salt concentration Cig of the percolation water into the transition zone is calcu-
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lated as the weighted average of the salt concentrations of the percolation water from the A, B, and U
areas:

Co = (LrACrOAvA + LigCrogvB + LiuCrouwvl) / (LinA+ LigB + Lyl (81)

The other salt balances of the transition zone are calculated with the equations of section 4.3.2, Cio
replacing Ci4.

4.5 Salt balances under intermediate crop rotations

4.5.1 Types of crop rotation
Saltmod offers the following three intermediate-crop rotation types:

1. Anpart or all of the non-irrigated land is permanently used unchanged such throughout the seasons
(e.g. permanently uncultivated land, non-irrigated grazing land, non irrigated agro-forestry, aban-
doned land). The rotation key K; is set equal to 1. . B

2. Apart or all of the land under group A crop(s) is perma nently used unchanged such throughout the
seasons (e.g. the land under irrigated sugarcane, double irrigated rice cropping). The rotation key
K; is set equal to 2.

3. Anpart or all of the land under group B crop(s) is perma nently used unchanged such throughout the
seasons (e.g. the land under irrigated orchards). The rotation key K; is set equal to 3.

It is immaterial whether one assigns a permanent land use type either to the A or B group of crop(s).
Also, a group of crops may consist of only one type of crop. It would be good practice to reserve one
group for the intensively irrigated crops and the other for the more lightly irrigated crops.

The Saltmod program calculates the minimum seasonal area fraction of the land use land use
fractions A, B and U. These minima are called A;, B; and U respectively. Depending on the value of
K:, we have the following situations:

1. K, =1. The fraction U, is used as the permanently non- irrigated land, throughout the seasons,
and the fraction 1 -~ U is the land with fully rotational land use of irrigated A and/or B type crops
and/or non-irrigated land

2. K,=2. The fraction A; is used as the permanently irrigated land under group A crop(s), through-
out the seasons, and the fraction 1 — A, is the land with fully rotational land use of irrigated A and/or
B type crops and/or non-irrigated land

3. K.=3. The fraction B; is used as the permanently irrigated land under group B crop(s), through-
out the seasons, and the fraction 1 — B; is the land with fully rotational land use of irrigated A and/or
B type crops and/or non-irrigated land

452 Part of the area permanently non-irrigated, K,= 1
4.5.2.1 Rootzone
The salt balance of the rootzone (eqn. 56) is split into 2 parts, one separate part for the permanently

non-irrigated area Uc and one pooled part for the remaining area 1 — Uc = U* with full crop rotation
{fig. 9). The balance reads:
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AZy = PpCp + SuCi + RiuCxii — Sou(0.1Crui + Gi) = LuCiyu (82a)
AZy- = PG + (Qialaa + Q1§/aB + QuSu)C + (QaRn + QA + Q1uA) Cxi

— (Q1aS0a + Q1BSos + 1uSoeu) (0.1Cr1+ + C)

— (QaLla + QipLlis + Qqulw) Gy (82b)

where: AZ4y is the salt storage in the rootzone of the perma nently non-irrigated land, throughout the
seasons, when K; = 1 (dS/season), AZ;- is the salt storage in the rootzone of the land outside the
permanently non-irrigated area, when K; = 1 (dS/season), Cry; is the salt concentration of the soil mois-
ture in the rootzone, when saturated, in the permanently non-irrigated land, at the start of the season,
equal to the salt concentration of the same at the end of the previous season (dS/m), G+ is the salt
concentration of the soil moisture in the rootzone, when saturated, of the land outside the permanently
non-irrigated area, at the start of the season, equal to the salt concentration of the same at the end of
the previous season (dS/m), Cpqy is the seasonal average salt concentration of the percolation water
from the permanently non-irrigated land (dS/m), Ci+- is the seasonal average salt concentration of the
percolation water from the land outside the permanently non-irrigated area (dS/m). Q4y, Q44 and 4
are area weight factors defined as follows:

Quu = (U=-U) /(1 - o) (83a)
QA = A1 = U) (83b)
Qi = B(1 — W) (83c)

The seasonal average salt concentrations Cy 1y and C, 1+ of the percolation water are found from:

rootzone

CL1 u = Ferr1 Uv (843)
Ci1- = FrCrvy (84b)
= U* = 1-Ug 5 —
| < v
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Figure 9. Separate hydrological factors in the rootzone of the permanently non-irrigated land (Uc) and pooled
factors in the remaining rotational land (U”)
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where: C1yy is the seasonal average salt concentration of the soil moisture in the rootzone, when sat-
urated, of the permanently non-irrigated land, when K; = 1 (dS/m), G4+ is the seasonal average salt
concentration of the soil moisture in the rootzone, when saturated, of the land outside the permanently
non-irrigated area, when K; = 1 (dS/m). They are calculated from the following four equations depend-
ing on whether the salinity is decreasing or increasing:

Cruy = (CruiCriu)2 [Crur < Crui] (85a)
Criuv = (Crui + Criun) / 2 [Criut > Criul (85b)
Criwv = (CriiCr)'2 [Cr1v < Crrvi] : (85¢)
Criry = (Crvi+ Cri) / 2 [Cr1+t > Crrl] (85d)

where: Cius is the final salt concentration of the same at the end of the present season (dS/m), Cr1+
is the final salt concen tration of the same at the end of the present season (dS/m).
The final salt concentrations of the soil moisture in the rootzone are calculated as:

Crui + AZny / PuDr (86a)

Crut

Gt = Crvi+ AZy- | PeDy (86b)

Since the salt storage, or change in salt content depends on the salt concentration of the percolation
water, which again depends on the final salt concentration, a trial and error calculation procedure
is required to strike the correct balance for the calculation of the final salt concentrations in eqn. 86a
and b.

4.5.2.2 Transition zone
The seasonal average salt concentration Ciy of the percolation water L, from the rootzone into the tran-
sition zone is calculated as the weighted average of the salt concentrations of the percolation water
from the Uc and U* =1 — Uc areas.

The percolation Ly~ in the U* area, i.e. outside the perma nently non-irrigated land, expressed
in m3/season per m?2 outside area, is found from:

Ly = Qqulw + Qialia + Qilis (87)

and the salt concentration Cy4 from:

Ci1 = [LwChavlec + LG~ (1= U]/ L (88)
The other salt balances of the transition zone are calculated using the equations of section 4.3.2, Ci 4
replacing Ci4.
453 Part of the irrigated area permanently under group A crop(s), K; = 2

4.5.3.1 Rootzone

When K; = 2, the salt balance of the rootzone (eqn. 56) is split into 2 parts in a similar way as described
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in section 4.5.2 (fig. 8) for K; = 1. One part represents the permanently irrigated area Ac under group
A crop(s), and one part the remaining area 1 — Ac = A* with full crop rotation. The two salt balances of
the rootzone thus read:

AZppp = PpCp + haCi + RiaCxxi - Soa(0.1C2ai+C) - LiaClon (89a)
AZip = PpCp + (Q2akan + Qoplag + QouSiU)C + (QoaRa + QR + QouAiy) Cui

= (©22a50a + Q2880 + Q2uSou) (0.1Cr24i + C)

— (Qoalia + Qealis + Qouliy) Clot (89b)

where: AZq2a is the salt storage in the rootzone of the perma nently irrigated land under group A crop(s),
throughout the seasons, when Ki=2 (dS/season), AZy- is the salt storage in the rootzone of the land
outside the permanently irrigated area under group A crop(s), when Ki=2 (dS/season), Cra; is the salt
concen tration of the soil moisture in the rootzone, when saturated, in the permanently irrigated land
under group A crop(s), at the start of the season, equal to the salt concentration of the same at the end
of the previous season (dS/m), C,>+ is the salt concentration of the soil moisture in. the rootzone, when
saturated, of the land outside the permanently irrigated land under group A crop(s) at the start of the
season, equal to the salt concentration of the same at the end of the previous season (dS/m), Ci2a is
the seasonal average salt concentration of the percolation water from the permanently irrigated land
under group A crop(s), throughout the seasons (dS/m), Cio- is the seasonal average salt concentration
of the percolation water from the land outside the permanently irrigated area under group A crops
(dS/m). Qoy, Q24 and Qyp are area weight factors defined as follows:

Qoa = (A-Ag) / (1-Ag) (90a)
Qo = B/(1-Ac) ' (90b)
Doy = U(1-A) (90c)

The seasonal average salt concentrations Ci 24 and Ci»- of the percolation water are found from:
Cioa = FrCroav (91a)
CL2' = FIrCr2*v (91 b)

where: Cpoay is the seasonal average salt concentration of the soil moisture in the rootzone, when
saturated, of the permanently irrigated land under group A crop(s), when K; = 2 (dS/m), Cyo+, is the
seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of the land
outside the permanently irrigated land under group A crop(s), when K; = 2 (dS/m). They are calculated
from:

Cioav = (Cr2aiCroaf)'2 [Cr2at < Cioail (92a)
Croav = (Croai + Croaf) / 2 [Croat > Ciaall (92b)
Coovv = (C2iCr) 12 [Crovt < Cravi] (92c)

Cov = (Cezri + Cro) / 2 [Crot > Cravi] (92d)
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where: Crapt is the final salt concentration of the same at the end of the present season (dS/m), Cro+ is
the final salt concen tration of the same at the end of the present season (dS/m).

The final salt concentrations of the soil moisture in the rootzone are calculated as:

Croat = Cropi + AZppa [ PyD; (93a)

Crort = Cr2vi + AZi2 | PuD - (93b)
Since the salt storage, or change in salt content depends on the salt concentration of the percolation
water, which again depends on the final salt concentration, a trial and error calculation procedure is

required to strike the correct balance for the calculation of the final salt concentrations in egns. 93a
and b.

4.5.3.2 Transition zone
The seasonal average salt concentration Ci» of the percolation water L; from the rootzone into the
transition zone is calculated as the weighted average of the salt concentrations of the percolation water
from the Ac and A* = 1 — Ac areas.

The percolation L;a+ in the A* area, i.e. outside the permanently irrigated land under group A
crop(s), expressed in m3/season per m2 outside area, is found from:

Leas = Qaalia + Qplig + Qauly (94)
and the salt concentration C » from:

Clo = [LiaCroavAc + Lia-Crar (1 = AJ)l/ Ly : (95)
The other salt balances of the transition zone are calculated using the equations of section 4.3.2 with
Ci4 replaced by Ci».
4.5.4 Part of the irrigated area permanently under group B crop(s), K, = 3
4.5.4.1 Rootzone
When K; = 3, the salt balance of the rootzone (eqn. 56) is split into 2 parts in a similar way as described
in section 4.5.2 for K; = 1. One part represents the permanently irrigated area Bc under group B crop(s), -
and one part the remaining area 1 — B¢ = B* with full crop rotation. The two salt balances of the root-
zone thus read:

AZag = PpCp + lagCi + RisCuki — So(0.1Cr2i + C) — LiCiss (96a)

AZy = PoCp + (Q3alan + Qaplag + QauSiu)Ci + (Q3aRia + Q3R + QauRu) Cxki

— (Q3aSoa + Q38Sos + N3uSou) (0.1C3+i + C)

— (Qaalia + Qssls + Qaul) Cia ‘ (96b)

where: AZgg is the salt storage in the rootzone of the perma nently irrigated land under group B
crop(s), throughout the seasons, when K=2 (dS/season), AZ3- is the salt storage in the rootzone of
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the land outside the permanently irrigated area under group B crop(s), when K=2 (dS/season), Ciopi is
the salt concen tration of the soil moisture in the rootzone, when saturated, in the permanently irrigat-
ed land under group B crop(s), at the start of the season, equal to the salt concentration of the same
at the end of the previous season (dS/m), Co+ is the salt concentration of the soil moisture in the root-
zone, when saturated, of the land outside the permanently irrigated land under group B crop(s) at the
start of the season, equal to the salt concentration of the same at the end of the previous season
(dS/m), Cisg is the seasonal average salt concentration of the percolation water from the permanent-
ly irrigated land under group B crop(s), throughout the seasons (dS/m), Cis- is the seasonal average
salt concentration of the percolation water from the land outside the permanently irrigated area under
group B crops (dS/m). Qgs, (2a3z and Qy3 are area weight factors defined as follows:

Qs = (B-B)/(1-B) (97a)
Qan = A/ (1-By) (97b)
Qau = U/(1-By) (97¢)

The seasonal average salt concentrations Ciag and Ci 2+ of the percolation water are found from:
Cias = FirCiagv (98a)
Cis* = FrCiay (98b)

where: Ciapy is the seasonal average salt concentration of the soil moisture in the rootzone, when
saturated, of the permanently irrigated land under group B crop(s), when K; = 3 (dS/m), C3~ is the
seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of the land
outside the permanently irrigated land under group B crop(s), when K; = 3 (dS/m). They are calculated
from:

Crapv = (CragiCragr) 2 [Cragt < Crasil (99a)
Cragv = (Cragi + Cragr) / 2 [Cragt > Crssil (99b)
Crav = (CraiCrav)'2 [Crat < Crari] (99c)
Cisv = (Cai+ Ca) / 2 [Cra+t > Crari] (99d)

where: Ciag;i is the salt concentration of the soil moisture in the rootzone, when saturated, in the
permanently irrigated area under group B crop(s) land, when K; = 3, at the start of the season, equal
to the salt concentration of the same at the end of the previous season (dS/m), Crsps is the final salt
concentration of the same at the end of the present season (dS/m), Cs+ is the salt concentration of
the soil moisture in the rootzone, when saturated, of the land outside the permanently irrigated land
under group B crop(s), when K; = 3, at the start of the season, equal to the salt concentration of the
same at the end of the previous season (dS/m), C.3+ is the final salt concentration of the same at the
end of the present season (dS/m).
The final salt concentrations of the soil moisture in the rootzone are calculated as:

Cragt = Cragi + A3/ PuDr (100a)

Cr3"f

Crai + A3/ PyDy (100b)
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Since the salt storage, or change in salt content depends on the salt concentration of the percolation
water, which again depends on the final salt concentration, a trial and error calculation procedure is
required to strike the correct balance for the calculation of the final salt concentrations in eqns. 100a
and b.

4.5.4.2 Transition zone

The seasonal average salt concentration Ci 3 of the percolation water L, from the rootzone into the tran-
sition zone is calculated as the weighted average of the salt concentrations of the percolation water
from the Bc and B* = 1 — AB areas.

The percolation L;g- in the B* area, i.e. outside the permanently irrigated land under group B
crop(s), expressed in m3/season per m= outside area, is found from:

L = Qasslis + Qaalia + Qaulw (101)
and the salt concentration Ci 3 from:
Ci3 = [LisCr3gvBc + Lig-Crpey (1 - Bc)] /L (102)

The other salt balances of the transition zone are calculated using the equations of section 4.3.2 with
Cis replaced by Cis.

5. Area frequency distribution of salinity

The spatial variation in soil salinity under irrigated conditions is very high and the variation itself is-very
dynamic depending upon the agricultural, irrigation and drainage practices. The Gumbel distribution is
assumed to fit the cumulative probability distribution of the root zone salinity: it is appropriately skew to
the right, and it permits an easy introduction of a standard variation proportional to the mean.

The root zone salinities that are likely to occur at 20%, 40%, 60% and 80% of cumulative fre-
quencies are computed by taking the predicted root zone salinity as the mean.

The cumulative Gumbel distribution, applied to salt concentration C, can be written as:

C=pu—-dcoa-{n{-Ind)}/a (103)
where: Cy is the value of C at cumulative frequency ® (dS/m), | is the mean of C values (dS/m), ¢ is
Euler's constant, equal to 0.577, a equals w/c\/6, and o is the standard deviation of the C values
(dS/m). By assuming the relationship: '

o =€-| (104)
where is a constant proportional to the size of the area, egn. 103 is converted to:

C = p[1-0.45¢ — 0.78¢ {In(-InD)} ] (105)
In table 1 different values are given to , depending on the size of the area. The relation is empirical and

derived from various cases based on traditional soil sampling with an auger up to 30 cm depth. Larger
size samples would give smaller e values.
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Table 1. Values of the proportion € = o/l in relation to size of the area (ha)

Area lower limit

Area upper limit

€

0

100
1000
10000

100
1000
10000
100000

0.35
0.41
0.53
0.67

The Gumbel relations used in Saltmod are arbitrary and need to be verified for a larger number of sit-
uations. However, the procedure used at least gives a reasonable indication of the possible area vari-

ations.

Fig. 10 shows an example of a Gumbel frequency distribution of soil salinity with a plot of the
field data and the line used in Saltmod. The data are obtained in the traditional way from the Gohana
region, Haryana, India, and refer to an area of 2000 ha. In total 400 samples were taken in groups of
4. Per group, the average value is used. The figure is therefore based on 100 data. Their mean value
is 4 = 5.1 and the standard deviationiso = 3. 5.

In the example of fig. 10 the concurrence of the field data and the Saltmod estimates is fairly

high.

Gohana

Gumbel frequency distribution
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Figure 10 Cumulative Gumbel frequency distribution of soil salinity observations in the Gohana area, Haryana,
India, and the Saltmod prediction (data from D.P.Sharma, CSSRI, Karnal, India)
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6. Farmers’ responses

To simulate farmers’ responses, the irrigated areas (A and B) can be gradually reduced if the watertable
becomes shallow, or if the salinity of the rootzone becomes high. This is done by defining the farmers’
response key Ki = 1 in the input data file. The responses are the following:

— areduction of the irrigated area when the land becomes saline; this leads to an increase in the per-
manent fallow land, abandoned for agriculture

— areduction of the irrigated area when irrigation water is scarce and the irrigation sufficiency low; this
leads to an increase in the rotational fallow land

— a decrease of the field application of irrigation water when the watertable becomes shallow; this
leads to a more efficient field irrigation, reduced percolation, a greater depth of the watertable, and
higher soil salinity

When Saltmod is used with intermediate changes in the input data during the whole period of calcula-
tion, the response key is automatically set equal to zero, because it is supposed that the adjustments
to simulate farmers’ responses will be done by the user.

6.1 Reduction of irrigated area when salinization or irrigation deficiency
occurs .

When the final rootzone salinity of the irrigated area under A or B type crops is more than the initial
salinity (Cao, Cgo, as given with the input) and more than 5 dS/m, or when the irrigation sufficiency (Ta,
Tp as calculated by the program) is less than 0.8, the irrigated fractional areas A and B are reduced as
follows:

An = B1Ap (108)

where: An, Ap, B, and B, are the A and B values of the next and the present year respectively, and the
fly values are given in table 2.

Table 2. ~ Relation between reduction factor fly, soil salinity (dS/m)
and irrigation sufficiency (-)

Salinity ' Sufficiency B4
>10 < 0.7 ' 0.90

5-10 07-0.8 0.95
< 5 >0.8 1.00

When judging the salinity limits used one may take into account that they are area averages, so that
there are patches of fand with a higher salinity, and that the salinity at field saturation used here is about
half the salinity of the commonly used saturation extract. The increased value of the non-irrigated area
fraction Ulis:

Un = 1_An—Bn (108)
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When the soil salinity is greater than 5 dS/m and the value of the rotation key K; is not equal to 1 (i.e.
there is no permanently fallow land), its value is changed into 1, so that the presence of permanently
fallow, abandoned, land is assured.

When the sufficiency Fsa and/or Fsg of field irrigation equals unity, then the bypass (/on) of irri-
gation water in the canal system is increased accordingly:

lon = /op + TA (Ap —An) laa + T8 (Bp - Bn) laB (109)
where: Ion and Iy are values of |, in the next and present year respectively, and 7a = 1 when Fsa = 1,
8 = 1 when Fsg = 1, otherwise Fsa and Fsg are zero.

At the same time, when the sufficiency is less than one, then the amounts of field irrigation in
the reduced areas are increased:

o/ B1 (110a)

IAn

Isp/ B4 (110b)

/Bn

where: Ian, Iap, In, and Igp are the amounts of field irrigation /ya and /zg in the A and B areas of the
next and present year respectively.

Now, the adjustment of the soil salinity values of the permanently non-irrigated area U, (if
K: = 1), the permanently irrigated A (if K= 2) and B (if K; = 3) areas is required respectively as follows:

Un (1-B1) Gt + UcCrius

Cium = (111a)
U (1=B1) + U
An (1 =B1)Crart + AcCraat
Coptn = (111b)
An(1-B1) + Ac
Bn (1 - B1) Gzt + BoCiapt
Csgn = (111c)

Br(1-B1)+ B

where: Coan is the adjusted final salt concentration of the soil moisture, when at field saturation, in the
rootzone of the permanently irrigated land under group A crop(s), used for the start of the next year,
K: = 2 (EC in dS/m), Cisen is the adjusted final salt concentration of the soil moisture, when at field sat-
uration, in the rootzone of the permanently irrigated land under group B crop(s), used for the start of
the next year, K, = 3 (EC in dS/m), and C1un is the adjusted final salt concentration of the soil mois-
ture, when at field saturation, in the rootzone of the permanently non-irrigated land, used for the start
of the next year, K; = 1 (EC in dS/m)

As a result of the area reductions and irrigation increases, it may happen that the salinity in
the irrigated areas is reduced again. If this brings the soil salinity below the initial levels, as given in the
input, then the above processes are reversed (i.e. multiplication with fl becomes division and vice
versa), but the irrigated areas will not become larger, and the amounts of field irrigation not smaliler,
than their initial values as given with the input.
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6.2 Reduction of irrigation when waterlogging occurs and adjusting the
bypass accordingly

If the seasonal average depth of watertable D,, is less than 0.6 m, the bypass is increased and the irri-
gation is reduced as follows:

on = lon + Ba(la0Ap+/B0Bp) (112)
Pan = Ian - Balao (113a)
I'sn = Ign- Bolso (113b)

where: I'an, I'sn and l'oen are the adjusted values of the field irrigation in the A and B areas and the
adjusted value of the bypass for the next year respectively, /an, len and locn are the previously (section
5.1) adjusted values of the field irrigation in the A and B areas and the previously adjusted value of the
bypass respectively, lag and /go are the initial values of the field irrigation in the A and B areas as given
with the input respectively, and A, and B, are the adjusted values of the A and B areas as discussed
in the previous section, and the reduction factor B2 is given in table 3.

Table 3. Relation between average depth of water
table Dy, (m) and reduction factor Bo

Dy, range B2
05-06 0.05
04-05 0.10
03-04 0.15
02-03 0.20
0.1-0.2 0.25
<01 0.30

The reductions of the field irrigation due to the presence of a shallow watertable may reinforce or
reduce the irrigation adjustments discussed in the previous section. When, due to the area reductions
discussed in the previous section, the watertable drops again to greater depths, then above process-
es are reversed, (addition instead of subtraction and vice versa) but the irrigation will not become
greater than the initial irrigation given with the input. ‘

7. Alphabetical list of all symbols used

A Fraction of total area occupied by irrigated group A crops (-)

Ac Fraction of total area permanently occupied by irrigated group A crops throughout the
seasons (—)

An Adjusted fraction of total area occupied by irrigated group A crops for the next year (-)

Ap Fraction of total area occupied by irrigated group A crops in the present year ()
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B
Bn

B1
B2
Be

Cy
Co
Cao

Factor inversely proportional to the standard deviation of salt concentration expressed in
EC (m/dS)

Fraction of total area occupied by irrigated group B crops (-)

Fraction of total area permanently occupied by irrigated group B crops throughout the
seasons (—)

Adjusted fraction of total area occupied by irrigated group B crops for the next year (-)
Fraction of total area occupied by irrigated group B crops in the present year (-)

Reduction factor for irrigated area fractions (=)

Reduction factor of irrigation applications (-)

Integration constant

Euler constant (-)

Salt concentration (dS/m)

Salt concentration at time 1 (dS/m).

Salt concentration at time & (dS/m)

Initial salt concentration of the soil moisture, when at field saturation, in the rootzone of the
irrigated land under group A crop(s) (EC in dS/m)

Seasonal average salt concentration of the drainage water (EC in dS/m)

Salt concentration of the subsurface drainage water of the previous season (EC in dS/m)
Salt concentration at cumulative frequency (EC in dS/m)

Salt concentration of the capillary rise depending on the presence or absence of a subsurface
drainage system (EC in dS/m)

Salt concentration of the capillary rise at the end of the previous season (EC in dS/m)

Salt concentration of the horizontally flowing water into the aquifer, when saturated (dS/m)
Salt concentration of the surface irrigation water including the use of drain or well water for
irrigation (dS/m) :
Seasonal average salt concentration of the inflowing canal water (EC in dS/m)

Salt concentration of percolation water (EC in dS/m)

Seasonal average salt concentration of the percolation water to the transition zone when
K; = 0 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the irrigated group A crop(s)
when K; = 0 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the irrigated group B
crop(s) when K; = 0 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the non-irrigated land when
K: = 0 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the permanently non-
irrigated land when K; = 1 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the land outside the
permanently non-irrigated area when K; = 1 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the permanently irrigated
land under group A crop(s) when K; = 2 (EC in dS/m)
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Co
CisB
Cia
Cis
Cm
Cof

Coi

Ciogt

Ciogi

Crout

Croui

Criut

Crui

Cr1Un

Cr1 Uv

Cr1 *f

Seasonal average salt concentration of the percolation water from the land outside the
permanently irrigated area under group A crop(s) when K; =2 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the permanently irrigated
land under group B crop(s) when K; = 3 (EC in dS/m)

Seasonal average salt concentration of the percolation water from the land outside the per-
manently irrigated area under group B crop(s) when K; = 3 (EC in dS/m)

Seasonal average salt concentration of percolation water when K; = 4 (EC in dS/m)

Salt concentration at time £y, (dS/m)

Salt concentration of the horizontally outflowing water from the aquifer, when saturated, at the
end of the present season (EC in dS/m)

Salt concentration of the horizontally outflowing water from the aquifer, when saturated, at the
end of the previous season (EC in dS/m)

Seasonal average salt concentration of the horizontally outflowing water from the aquifer,
when saturated (EC in dS/m)

Salt concentration of the rain water (EC in dS/m)

Salt concentration of the soil moisture in the aquifer, when saturated, at the end of the present
season (EC in dS/m)

Salt concentration of the soil moisture in the aquifer, when saturated, at the end of the previous
season (EC in dS/m)

Seasonal average salt concentration of the water in the aquifer, when saturated (EC in dS/m)
Initial salt concentration of the groundwater in the aquifer (EC in dS/m)

Salt concentration of the water in a reservoir (EC in dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the group A crop(s),
when K; = 0, at the end of the present season (EC in dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the group A crop(s),
when K: = 0, at the start of the season, equal to the salt concentration of the same at the end
of the previous season (EC in dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the group B crop(s),
when K; = 0, at the end of the present season (EC in dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the group B crop(s),
when K = = 0, at the start of the season when saturated, equal to the salt concentration of the
same at the end of the previous season (EC in dS/m})

Salt concentration of the soil moisture in the rootzone, when saturated, of the non-irrigated
land, when K; = 0, at the end of the present season (EC in dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the non-irrigated
land, when K; = 0 at the start of the season, equal to the salt concentration of the same at the
end of the previous season (EC, dS/m)

" Salt concentration of the soil moisture in the rootzone, when saturated, in the permanently

non-irrigated land, when K; = 1, at the end of the present season (dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, in the permanently
non-irrigated land, when K; = 1, at the start of the season, equal to the salt concentration of
the same at the end of the previous season (dS/m)

Adjusted final salt concentration of the soil moisture, when at field saturation, in the rootzone
of the permanently non-irrigated land, used for the start of the.next year, K; = 1 (EC in dS/m)
Seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of
the permanently non-irrigated land, when K; = 1 (dS/m)

Salt concentration of soil moisture in the rootzone, when saturated, of the land outside the
permanently non-irrigated area, when K; = 1, at the end of the present season (dS/m).
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Crivi

Cr1 *v

Croat

Cooai

Cr2An

Cr2Av
Cr2*f

Cioi

Cr2’*v

Ciagf

CiaBi

CrIBBn

CrSBv

Cr3*f

Cr3"i

Cr3"v
Cr4f
Crai
Cr4v
Cxaf

Cxai

Salt concentration of the soil moisture in the rootzone, when saturated, of the land outside the
permanently non-irrigated area, when K; = 1, at the start of the season, equal to the salt
concentration of the same at the end of the previous season (dS/m)

Seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of
the land outside the permanently non-irrigated area, when K = 1 (dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, in the permanently
irrigated land under group A crop(s), when K; = 2, at the end of the present season (dS/m)
Salt concentration of the soil moisture in the rootzone, when saturated, in the permanently irri-

" gated land under group A crop(s), when K; = 2, at the start of the season, equal to the salt

concentration of the same at the end of the previous season (dS/m)

Adjusted final salt concentration of the soil moisture, when at field saturation, in the rootzone

of the permanently irrigated land under group A crop(s), used for the start of the next year,
=2 (EC in dS/m)

Seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of

the permanently irrigated land under group A crop(s), when K; = 2 (dS/m)

Salt concentration of the land outside the permanently irrigated land under group a crop(s),

when K; = 2, at the end of the present season (dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the land outside the

permanently irrigated land under group a crop(s), when K; = 2, at the start of the season, equal

to the salt concentration of the same at the end of the previous season (dS/m)

-Seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of

the land outside the permanently irrigated land under group A crop(s), when K; = 2 (dS/m)
Salt concentration of the soil moisture in the rootzone, when saturated, in the permanently
irrigated land under group B crop(s), when K; = 3, at the end of the present season (dS/m)
Salt concentration of the soil moisture in the rootzone, when saturated, in the permanently irri-
gated land under group B crop(s), when K; = 2, at the start of the season, equal to the salt
concentration of the same at the end of the previous season (dS/m)

Adjusted final salt concentration of the soil moisture, when at field saturation, in the rootzone
of the permanently irrigated land under group B crop(s), used for the start of the next year,
K; = 3 (EC in dS/m)

Seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of
the permanently irrigated land under group B crop(s), when K; = 2 (dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the land outside the
permanently irrigated land under group a crop(s), when K; = 2, at the end of the present
season (dS/m)

Salt concentration of the soil moisture in the rootzone, when saturated, of the land outside the
permanently irrigated land under group a crop(s), when K; = 2, at the start of the season, equal
to the salt concentration of the same at the end of the previous season (dS/m)

Seasonal average salt concentration of the soil moisture in the rootzone, when saturated, of
the land outside the permanently irrigated land under group A crop(s), when K; = 2 (dS/m)
Salt concentration of the soil moisture in the rootzone at the end of the season, when satu-
rated and K; = 4 (EC in dS/m)

Salt concentration of the soil moisture in the rootzone, at end of the previous season when
saturated and K; = 4 (EC in dS/m)

Seasonal average salt concentration of the soil moisture in the rootzone when saturated and
when K; = 4 (EC in dS/m)

Salt concentration of the water in the part of the transition zone above drain level, when
saturated, at the end of the season (EC in dS/m)

Salt concentration of the water in the part of the transition zone above drain level, when
saturated, at the end of the previous season (EC in dS/m)
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Crav
Can
Cupt

Cobi

Seasonal average salt concentration of the water in the transition zone, above drain level,
when saturated (EC in dS/m)

Initial salt concentration of the groundwater in the upper part of the transition zone, i.e. above
drain level (EC in dS/m)

Salt concentration of the water in the transition zone below drain level, when saturated, at the
end of the season (EC in dS/m)

Salt concentration of the water in the transition zone below drain level, when saturated, at the
end of the previous season (EC in dS/m)

Seasonal average salt concentration of the water in the transition zone below drain level, when
saturated (EC in dS/m)

Initial salt concentration of the groundwater in the transition zone below drain level, when
saturated (EC in dS/m) :

Salt concentration of the water in the transition zone, when saturated, at the end of the season
(EC in dS/m)

Salt concentration of the water in the transition zone, when saturated, at the end of the
previous season (EC in dS/m)

Salt concentration of the capillary rise at the end of the previous season and depending on the
presence or absence of a subsurface drainage system (dS/m)

Seasonal average salt concentration of the water in the transition zone, when saturated
(EC in dS/m)

Initial salt concentration of the soil moisture in the transition zone (EC in dS/m)

Initial salt concentration of the soil moisture, when at field saturation, in the rootzone of the
non-irrigated land (EC in dS/m)

Salt concentration of the soil moisture, when at field saturation, in the rootzone of the
permanently non-irrigated land at the end of the season, K, = 1 (EC in dS/m)

Salt concentration of the soil moisture, when at field saturation, in the rootzone of the land out-
side the permanently non-irrigated land at the end of the season, K; = 1 (EC in dS/m)
Adjusted final salt concentration of the soil moisture, when at field saturation, in the rootzone
of the permanently non-irrigated land, used for the start of the next year, K, = 1 (EC in dS/m)
Seasonal average salt concentration of the pumped well water (EC in dS/m)

Thickness of a reservoir (m)

Boundary depth of adjacent reservoir (m)

Critical depth of the watertable for capillary rise (m), D. > D;

Depth of subsurface drains (m), Dy < Dy < Dr + Dy

Hooghoudt’'s equivalent depth of the impermeable layer (m)

Thickness of the aquifer (m)

Thickness of the rootzone (m), D; 2 0.1 > Dgr

Thickness of the transition zone between rootzone and aquifer (m)

Seasonal average depth of the watertable below the soil surface (m)

Initial depth of the watertable (m), equal to Dy, of the previous season

Initial depth of the watertable in the first year (m)

Depth of the boundary between surface and rootzone reservoir (m)

Depth of the boundary between rootzone and transition zone (m)

Depth of the boundary between transition zone and aquifer (m)

Depth of the bottom of the aquifer (m)

Remaining change in storage after a reservoir has been filled (m3/season per m total area)
Maximum possible storage in a reservoir (m3/season per m2 total area)

Change in storage of water in the aquifer (m3/season per m? total area)

Storage of water in the rootzone reservoir (m3/season per m? total area)

Storage of water in the surface reservoir (m3/season per m? total area)
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AWy  Storage of water in the transition zone (m3/season per m2 total area)

AW Total storage of water (m3/season per m? total area)

AZoa Salt storage in the rootzone of the irrigated group A crop(s) when K; = 0 (dS/season)

AZop Salt storage in the rootzone of the irrigated group B crop(s) when K, = 0 (dS/season)

AZoy Salt storage in the rootzone of the non-irrigated land when K; = 0 (dS/season)

AZqy Salt storage in the rootzone of the permanently non- irrigated land, throughout the seasons,
when K; = 1 (dS/season)

AZ4-  Salt storage in the rootzone of the land outside the permanently non-irrigated area, when
K: = 1 (dS/season)

AZop  Salt storage in the rootzone of the permanently irrigated land under group A crop(s), through-
out the seasons, when K; = 1 (dS/season)

AZy+  Salt storage in the rootzone of the land outside the permanently irrigated land under group A
crop(s), when K, = 1 (dS/season)

AZ3g  Salt storage in the rootzone of the permanently irrigated land under group B crop(s), through-
out the seasons, when K; = 3 (dS/season)

AZ3-  Salt storage in the rootzone of the land outside the permanently irrigated land under group B
crop(s), when K; = 3 (dS/season)

AZy Salt storage in the rootzone when K; = 4 (dS/season)

AZy Salt storage in the transition zone (dS/season)

AZ,,  Salt storage in the part of the transition zone above drain level (dS/season)

AZy  Salt storage in the part of the transition zone below drain level (dS/season)

AZ, Salt storage in the aquifer (dS/season)

E, Total actual evapotranspiration (m3/season per m? total area)

Ean Actual evapotranspiration (m3/season per m? irrigated area under group A crop(s)

Eaxs Actual evapotranspiration (m3/season per m? irrigated area under group B crop(s)

Eau Actual evapotranspiration (m3/season per m2 non-irrigated area)

Ea Actual evapotranspiration from the rootzone (m3/season per m2 non-irrigated area)

Epa Potential evapotranspiration of irrigated group A crop(s) (m3season per m? irrigated area
under group A crops)

Eps Potential evapotranspiration of the irrigated group B crop(s) (m3/season per m? irrigated area
under group B crops)

Epu Potential evapotranspiration of the non-irrigated area (m3/season per m= non-irrigated area)

€ Proportionality factor (-)

P Cumulative frequency (-)

Fe Capillary rise factor (—)

Fia Field irrigation efficiency of group A crop(s) (-)

Fig Field irrigation efficiency of group B crop(s) (-)

Fit Total field irrigation efficiency (-)

F Leaching efficiency (=)

Fiq Leaching efficiency of the aquifer (-)

Fir Leaching efficiency of the rootzone (-)

Fix Leaching efficiency of the transition zone (-)

Fra Reduction factor of the drainage function for watertable control or for partial drainage of the
area (-)

Fsa Storage efficiency of irrigation and rain water in irrigated land under group A crop(s): fraction
of irrigation and rainwater stored in the rootzone of A crop(s) as an average for all irrigations
and rain-storms (-)

Fsg Storage efficiency of irrigation and rain water in irrigated land under group B crop(s): fraction

of irrigation and rain water stored in the rootzone of B crop(s) as an average for all irrigations
and rain-storms (-)
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FsU

Fu
()

Gy
Ga

Go

JeA
JeB
Jet
JsA
JsB
Jst
Ka
Ko

K

Efficiency of rain water in non-irrigated land: fraction of rainwater stored in the rootzone of non-
irrigated lands as an average for all rain-storms ()

Fraction of pumped well water used for irrigation (=), 0 < Fy, < 1

Cumulative frequency (=)

Total amount of subsurface drainage water (m3/season per m? total area)

Subsurface drainage water originating from groundwater flow above drain level (m3/season
per m? total area)

Subsurface drainage water originating from groundwater flow below drain level (m3/season
per m2 total area)

Total amount of controlled subsurface drainage water (m3/day per m? total area)

Subsurface drainage water originating from groundwater flow above drain level (m3/day per
m? total area)

Subsurface drainage water originating from groundwater flow below drain level (m3/day per m?
total area)

Part of the subsurface drainage water used for irrigation (m3/season per m? total area)
Horizontally incoming groundwater flow through the aquifer (m3/season per m? total area)
Horizontally outgoing groundwater flow through the aquifer (m3/season per m? total area)
Groundwater pumped from wells in the aquifer (m3/season per m? total area)

Hydraulic head (m)

Irrigation water applied to the irrigated fields under group A crop(s) (m3/season per m? area
under group A crops)

Irrigation water applied to the irrigated fields under group B crop(s) (m3/season per m? area
under group B crops)

Irrigation water applied to the irrigated fields under group A crop(s) in the next year (m%sea-
son per m? area under group A crops)

Irrigation water applied to the irrigated fields under group A crop(s) in the present year
(m3/season per m? area under group A crops) _

Irrigation water applied to the irrigated fields under group B crop(s) in the next year (m%sea-
son per m? area under group B crops)

Irrigation water applied to the irrigated fields under group A crop(s) in the present year
(m3/season per m2 area under group A crops)

Part of the irrigation application recovered after percolation by capillary rise (m/season)
Amount of irrigation water applied to the fields (m3/season per m? total area)

Gross amount of field irrigation water (m3/season per m? total area)

iIrrigation water supplied by the canal system {(m3/season per m? total area)

Water leaving the area through the irrigation canal system (m3/season per m? total area)
Total amount of irrigation water applied, including the percolation losses from the canals, the
use of drainage and/or well water, and the bypass (m3/season per m? total area)

Field irrigation effectiveness of group A crops (-)

Field irrigation effectiveness of group B crops (-)

Total field irrigation effectiveness (-)

Field irrigation sufficiency of group A crops (-)

Field irrigation sufficiency of group B crops (-)

Total field irrigation sufficiency (-)

Hydraulic conductivity of the soil above drainage level (m/day)

Hydraulic conductivity of the soil below drainage level (m/day)

Key for the presence of a subsurface drainage system: yes — Kqg=1,no—> Kq=0

Key for farmers’ responses to waterlogging, salinization or irrigation scarcity: yes —> Ki = 1,
no—> Ki=0
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K

LrA
LrB

Mg
977
{2
Qoy
1977
Q38
Qau
Pei

Per

Pex

Key for rotational type of agricultural land use (-). K; =0, 1, 2, 3 or 4. Possible landuse types

are: irrigated land under group A crops, irrigated land under crops group B crops, and non-irri-

gated land (U);

K. =0 no rotation

K =4 full rotation

Ki =1 part or all of the U-type land remains perma nently unchanged, the remaining land is
under full rotation

Ki =2 part or all of the A-type land remains perma nently unchanged, the remaining land is
under full rotation

Ki =3 part or all of the B-type land remains perma nently unchanged, the remaining land is
under full rotation

Key for yearly changes of input data (=), 0 —> no, 1 —> yes

Velocity of percolation (m/time unit)

Percolation from the rootzone (m3season per m? irrigated area under group A crops)

Percolation from the rootzone (m3/season per m? irrigated area under group B crops)

Percolation from the irrigation canal system (m3/season per m2 total area)

Total percolation from the rootzone (m3/season per m2 total area)

Percolation from the rootzone in the non-irrigated area (m3/season per m2 non-irrigated area)

Infiltration through the soil surface (m3/season per m2 non-irrigated area)

Moisture deficit in a reservoir (m/season) ,

Mean value of soil salinity used in the Gumbel frequency distribution (EC in dS/m)

Number of seasons per year, min. 1, max. 4

Number of years for model running (-), max. 99

Weight factor for the irrigated land under group A crop(s) in the presence of permanently non-

irrigated land, K; = 1 (=)

Weight factor for the irrigated land under group B crop(s) in the presence of permanently non-

irrigated land, K- =1 (-)

Weight factor for the irrigated land under group A crop(s) outside the permanently irrigated

land under group A crop(s), K =2 (-)

Weight factor for the part of the irrigated land under group B crop(s) outside the permanently

irrigated land under group A crop(s), Kr=2 (-)

Weight factor for the part of the non-irrigated area in the presence of permanently irrigated

land under group A crop(s), K =2 (-)

Weight factor for the irrigated land under group A crop(s) in the presence of permanently

irrigated land under group B crop(s), Kr =2 (-)

Weight factor for the part of the irrigated land under group B crop(s) outside the permanently

irrigated land under group B crop(s), K =3 (-)

Weight factor for the part of the non-irrigated area in the presence of permanently irrigated
land under group B crop(s), K = 3 (-)

Drainable or refillable pore space in the reservoir where the water table is located at the start
of the season (-)

Effective porosity (drainable or refillable pore space) of the rootzone (m/m)

Effective porosity (drainable or refillable pore space) of the aquifer (m/m)

Effective porosity (drainable or refillable pore space) of the transition zone (m/m)
Rainfall/precipitation (m3/season per m? total area)

Total pores pace of the aquifer (m/m)

Total pore space of the rootzone (m/m)

Total pore space of the transition zone (m/m)

Ratio of drain discharge and height of the watertabie above drain level (m/day per m)

Ratio of drain discharge and squared height of the watertable above drain level (m/day per m2)
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R
Rs
Ra
R
AR
Siu

SoA
SoB

SoU

h
)

Im

Ue
Un
Va

Ve
3
VR

Vs
W

8.

8.1

Capillary rise into the rootzone (m%/season per m? irrigated area under group A crops)
Capillary rise into the rootzone (m%/season per m? irrigated area under group B crops)
Apparent amount of capillary rise into the rootzone (m/season)

Total capillary rise into the rootzone (m3/season per m? total area)

Capillary rise into the rootzone of the non-irrigated land (m%season per m? non-irrigated area)
Surface inflow of water from surroundings into the non- irrigated area (m3season per m? non-
irrigated area)

Outgoing surface runoff or surface drain water from irrigated land under group A crop(s)
(m3/season per m? irrigated area under group A crops)

' Outgoing surface runoff or surface drain water from irrigated land under group B crop(s)

(m3/season per m? irrigated-area under group B crops)

Outgoing surface runoff water from the non-irrigated area (m3/season per m? non-irrigated
area)

Standard deviation of soil salinity used in the Gumbel frequency distribution (dS/m)

Time (T)

Moment 1 of time (T)

Moment 2 of time (T)

Middle time (T)

Duration of the season (months)

Dummy variable (-)

Non-irrigated fraction of total area (-)

Permanently non-irrigated fraction of total area throughout the seasons (=)

Adjusted non-irrigated fraction of total area for the next year (-)

Surface water resources in the irrigated area under group A crop(s) (m®/season per m? irri-
gated area under group A crops)

Surface water resources in the irrigated area under group B crop(s) (m3/season per m? irri-
gated area under group B crops)

Vertical downward drainage into the aquifer (m%season per m? total area)

Vertical upward seepage from the aquifer (m3/season per m? total area)

Total surface water resources (m3/season per m? total area)

Surface water resources in the non-irrigated area (m3/season per m? non- |rr|gated area)
Spacing of parallel subsurface drains (m)

User menu

The main menu

The user menu is designed to let the user operate the Saltmod program smoothly. It can be put into
operation giving the DOS command “MENU" from the Saltmod directory on the hard disk or on the flop-
py drive, or from any other directory in which the program is found.

After presenting an ILRI screen, a welcome screen, and an introductory screen (the latter can

be left by striking any key to continue, as is seen below the introduction), the “MENU” command pro-
duces the following screen image:
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MAIN MENU

- Go to input menu

- Do the calculations
- Go to output menu
- Exit

The desired (sub)menu is invoked by using the or arrow keys down or up until the desired option is
highlighted, and then striking the <Enter> key. This can also be seen when the F1 (Help) key is
pressed. Press any key to return from the F1 function to the menu.

From top down, the chosen (sub)menu will activate the programmes FILL_IN.EXE, SALT-
MOD.EXE or SEE_OUT.EXE respectively.

8.1.1  The input menu

The input menu is designed to assist the user in the preparation of a file with input data (the input file).
It shows the following choices:

INPUT MENU

- Edit an existing input file
- Create a new input file
- Quit to the main menu

The desired choice is invoked by using the or arrow keys down or up until the option is highlighted,
and then by striking the <Enter> key. This can also be seen when the F1 (Help) key is pressed, as indi-
cated in the bottom line on the screen. Press any key to return from the F1 function to the input menu.

8.1.1.1 Edit an existing input file

The choice to edit an existing input file is used to call (retrieve) an existing input file, to view
it, and/or to introduce changes in the input data. When the option is invoked the following text appears
on the screen:

RETRIEVE

— Give file name without extension —

File name: MPBAS
Directory: CA\SALTMOD\EGYPT

> MPBAS

The default file name MPBAS under the default (sub)directory CASALTMOD\EGYPT is a standard file
name given along with the program as an example, and it contains data of the Mashtul Pilot Area in
Egypt’s Nile Delta (Oosterbaan and Abu Senna 1990), but also other names may appear. The default
names of the file and (sub)directory are those that the user worked with last time.
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At the bottom of the screen the following options are indicated:

F1 = Help

F2 = Change directory
F3 = List of directories
F4 = List of files

Their use will be explained below.

If one decides not to change the names, then strike the <Esc> key and the contents of the
default file will be displayed.

If one wishes to change the file name, than simply type the new name at the place of the >
prompt. The file name should give only the header of maximum 8 characters, not the extension. In other
words, the name should not contain a full stop. The menu will automatically add the extension .INP
(abbreviation of the word input). _

Alternatively one may use the F4 key to display a list of input files available and move the
cursor, using the or keys, to the required name followed by <Enter>. The F4 option is shown in the
bottom bar of the screen.

If one wishes to edit a file in another (sub)directory than shown by default, one must use the
key F2, as shown in the bottom bar on the screen, and the following screen image will appear:

CHANGE DIRECTORY

Active directory:
CASALTMOD\EGYPT

New directory:
> C:\SALTMOD\EGYPT

Now one can type the new (sub)directory (or path name) at the place of the > prompt (e.g. AASALT-
MOD)\), followed by <Enter>.

Alternatively, one may use the F3 key to display a list of (sub) directories available and move
the cursor, using the or keys, to the required path name followed by <Enter>. The F3 option is shown
in the bottom bar of the screen. Also, using <Esc>, one may decide not to change the default
(sub)directory.

The editing of the input file is discussed in section 8.2.

8.1.1.2 Create a new file

When the choice is made to create a new input file, the program will show a standard blank file format
where new data can be entered to create a new input file. The standard file shows a format suitable for
data of one season only. However when the number of. seasons per year (maximum 4) is specified
under the symbol Ns in line 1, position 2, to a value greater than 1, then automatically the format is
enlarged to accommodate data for all specified seasons.

When a drainage system is present (Kq = 1, line 1, position 3), the format will give 19 lines,
line 18 and 19 giving specifications of the drainage system and related parameters. Otherwise (Kq=0)
there are only 17 lines.

The editing of a new file is discussed in section 8.2.
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8.1.1.3 Save the data in a file
After having called an input file to the screen for viewing or editing, one may leave the screen press-

ing <Esc>. Then the following message will appear in red colour (the colour indicates a warning that
one must carefully follow the instructions lest one may inadvertently lose the editorial work):

SAVE

Do you wish to save the
data to a file?

<Give Y{es) or N(0)>

Now simply press Y for yes or N for no. When N(o) is given, the program will return to the input menu.
The data will not be stored and will be lost when re-editing the data, calling another data file or leaving
the Saltmod program. Until then, however, the data will be kept in the memory and they can be used
for the calculations. After striking Y(es), another message will appear on the screen, similar to the mes-
sage shown for retrieving an input file:

SAVE

— Give file name without extension —;

File name: MPBAS
Directory: CA\SALTMOD\EGYPT

> MPBAS

There are now two possibilities: the names are changed or unchanged.

The names are unchanged

If one decides not to change the names, then strike the <Esc> key. The following warning will then be
displayed in red:

SAVE

———  Warning
This commanu wm

overwrite the data
in the existing file.
Do you wish to overwrite?

<Give Y(es) or N(0)>

Now simply press Y or y for yes and N or n for no. When N(0) is given, the program will return
to the previous screen and provide the opportunity to define another name of the input file for the
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storage of data. When Y(es) is given, the new data will be written in the selected file and the old data
will be lost. Then the program returns to the input menu, ready for new action.

The names are changed

If one wishes to change the file name for data storage, then follow the procedure described in section
8.1.1.1 (Edit an existing input file). However, when the F4 key is used to display the list of files and
select a file name, the same warning is shown and the same action is needed as discussed above.

When the program is run year by year with annual input changes, one can either keep the
name of the master input file constant or one can change the name year by year to keep record of the
input changes. In the latter case one obtains a number of input files while in the first case the master
input file is overwritten all the time.

8.1.1.4 Quit to the main menu

With this choice one leaves the input menu and returns to the main menu.

8.1.2 Calculations

When, in the main menu, the choice is made to make the calculations, the menu will show the same
screen used for the retrieval of an input file as discussed in section 8.1.1.1 so that the pro gram knows
what input data to use. Once the input file is identified, the program will perform the calculations through
SALTMOD.EXE and produce an output file with the same header as the input file but with the exten-
sion .RES (abbreviation of the word result).

The calculations are done annually or continuously in one run for the number of years speci-
fied in the input file. Annual calculations are made when, in the input file, the key K, is set to 1. When
Ky = 0, the calculations will be done in one run for the number of years specified in the input file.

When K, = 1 and there are no obvious input errors, the program will show the following
question:

You have requested calculations with input
file: . . (Name) . . for: . . (Number) . . years, while
you wish to introduce annual input changes.

The end of the intermediate annual calculations
of year . . (Number) . . is reached.

The intermediate results are stored in file
.. (Name) .. (sub)directory . . (Name) . .

Do you wish to continue the annual calculations?
Give Y(es)/N(o):

Please type y or Y for yes or n or N for no and give <ENTER>.

In case the answer to the question is Y(es)

When the answer is Y(es), the program will append the results to the output file that will keep the same
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name as the master input file except that it is given the extension .RES.
Further the program produces a transfer file which keeps the resulting values of water table
and soil salinity while, except in the last year, it gives the following message on the screen:

Please proceed to the input menu to introduce the
the annual changes.

It will not be necessary to adjust the initial

values of water level and soil salinity.

This is done automatically.

The original values of the root zone, transition
zone and aquifer thickness as well as their total
porespace will be maintained constant.

The key Kf is set to 0 and the key Ky is fixed at 1
Strike any key to continue. .

From the above message it can be concluded that, even if one or more of the values (K;, Dy, Cao, Cgo,
Cuo, Cxo: Cxan, Cxbo, Cqo, Dy Dy, Dy, Py, Pix, Piq) mentioned in the message are changed in the input
file, the changes are ignored and, instead, the corresponding values recorded in the transfer file will be
used for the computations of the following years. Otherwise an illogical jump in water and salt balances
might occur. Also the value 1 of the key Ky will be maintained. The key K; will be set to zero to ex clude
the option of simulating the farmers’ responses as these are now supposed to be simulated by the user,
if required.

It is not recommended to bring about any change in the above data. If a change is introduced,
it will be overwritten by the data in the transfer file and there will be no effect on the results, but part of
the input file loses its validity. In only some cases a warning will be given of an incorrect change and
the program will stop, asking the user to re-adjust the input.

Further all other data can be adjusted from year to year, like the climatic data, the irrigation
and drainage practices, the irrigated area fractions and crop rotations, the surface inflows and outflows,
the pumping from wells, the storage and leaching efficiencies, the storage coefficients and dra/nab/e
pore spaces.

When the irrigated area fractions are changed, the program automatically adjusts the yearly
initial salinities using a weighted average with weights proportional to the new and previous area
fractions.

The program permits annual installation or removal of subsurface drainage systems or annu-
al changes in drain depth, even though some changes may not be realistic. The program will auto-
matically adjust the salinities Cyx; and Cyp of the transition zone above and below drainlevel. However,
it is generally recommended to adjust annual changes in functioning of the drainage system rather
through the drainage control factor Feg.

If one wishes to study the effects of certain annual changes in input, it is recommended to
lntroduce only few changes at a time, otherwise too many interferences may occur, which may be
difficult to interpret.

In case the answer to the question is N(o)

When the answer to the question is N(o), the program will stop the calculations. If by mistake the
answer should have been Y(es), the aannual calculations will have to be resumed from the beginning,
i.e. the first year.
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Note

It may occur that one wishes to run the program initially year by year immediately followed by an unin-
terrupted sequence of years with constant input. In that case one will have to continue to execute the
calculations year by year but it will not be required to call the input file to introduce the changes.

Program execution

During the running of the program, some input data are checked against a permissible value range.
This is not done rigorously but only for some of the most salient features. Warnings may be given that
input data are outside a permissible range. In that case, the user is requested to adjust the input, and
by striking any key to continue, the program will return to the main menu and be ready for the required
input corrections.

While running, the program indicates the year and season for which calculations have been
completed. On fast computers, and when the calculations are done in one run for the number of years
specified, the indications will follow each other too quickly to be followed by the eye, so the tracing of
the progress of the calculations is useful mainly for slow machines. When, on the other hand, the cal-
culations are done year by year with possible intermediate input changes, the indications can be help-
ful to the user in remembering the stage which the calculations have reached.

When the calculations are completed, a message will appear showing the name of the file in
which the output is stored. Then, the user will be invited to strike any key to return to the main menu.
Then, one may decide to inspect the output, to do the

calculations with another input file or to edit again the input file.

8.1.3 The output menu
When in the main menu the option “Go to output menu” is called, a similar same screen is shown as
used for the retrieval of an input file discussed in section 8.1.1.1 so that the program knows what out-

put data to use. Once the output file is identified, the program will offer a selection of 9 groups of out-
put data as follows:

OUTPUT SELECTION SCREEN

— Soil salinities rootzone

— Other salinities

— Drain/well flow, watertable

— Percolation

— Capillary rise

— Canalffield irrigation, bypass

— 1rrig. efficiencies/sufficiencies, EaU
— Crop area fractions

— Scroll through the entire output file

The desired choice is invoked by using the or arrow keys down or up until it is highlighted, and then
striking the “Enter” key. This can also be seen when the F1 (Help) key is pressed. Press any key to
return from the F1 function to the output menu.

The last choice, scrolling, is required when one wishes to inspect output data that
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have not been included in the previous groups, notably the areal frequency distribution of rootzone soil
salinities.
The inspection of the list is discussed in section 8.3.

8.2 Editing the input

When, through the input menu, an existing or a blank file is edited, the screen shows a list with sym-
bols and numbers as shown in the example of table 4.

The first two lines of the input file are meant for general text and identification. The user may
write here whatever he considers necessary to a maximum of 70 characters per line.

The number of columns in the format depends on the number of seasons defined under Ns in
line 1, position 2.

When a drainage system is present (Kq = 1, line 1, position 3), the format will give 19 lines,
with line 18 and 19 giving specifications of the drainage system and related parameters. Otherwise
(Kq = 0) there are only 17 lines.

To understand the meaning of a symbol in the format, one can move the cursor, using the
arrow keys, to the number just below the symbol. At the bottom of the list one will see the definition of
the symbol, including its physical dimensions. In table 4, the cursor is set at Ns and in the bottom line
one sees the explanation: Number of seasons per year (1 < Ns < 4).

For ease of reference the input symbols have been listed separately in section 9.

When the cursor is positioned at a certain place, one can change the corresponding value by
typing the new value followed by <Enters.

The lowermost bar on the screen indicates that:

the key F1 produces a help function

the key F7 a produces a function to save the input file for
use in a spreadsheet program

the key F10 sends the file to a printer. .

Use of the key F1 will produce a table with operational information.

Use of the key F7 will produce a file with the extension .PRN and further the same name as
that of the input file. The numbers in the .PRN file are quoted (“ “) so that, when imported into a spread-
sheet program, they do not appear as text but as numerical values. All character symbols appear as a
single text filling just one cell in the spreadsheet. The program is designed to make use of spreadsheet
programs for the detailed output analysis, in which the relations between various input and output
variables can be established according to the scenario developed by the user.
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Table 4. An example of an input file with 2 seasons per year, with cursor positioned at

the number of seasons and corresponding indication at the bottom of the file

- FILENAME: MPBAS.INP INPUT TO SALTMOD
— Basic data Mashtul Pilot Area, Nile Delta, Egypt
1. Area Ns Kd Kf Kr
52.8 2] 1 0 4
2. Ny Ky
10 0
3. Ts1 Ts2
5.017.0
4. A1 B1 A2 B2
0.800 0.200 1.000 0.000
5. Lci lo1 Lc2 lo2
0.046 0.000 0.030 0.000
6. laA1 EpA1 laA2 EpA2
0.530 0.450 0.500 0.450
7. laB1 EpB1 laB2 EpB2
0.800 0.500 0.000 0.000
8. Pp1 EpU1 Pp2 EpuU2
0.000 0.300 0.010 0.30
9. FsA FsB FsU
0.800 0.600 1.000
10. Git Gol Gi2 Go2
0.000 0.080 0.000 0.060
1. Siu1 SoU1 Siu2 SoU2
0.000 0.000 0.000 0.000
12 SoA1 SoB1 SoA2 SoB2
0.000 0.000 0.000 0.000
13. Gwi Fw1 Gw2 Fw2
0.000 0.000 0.000 0.000
14. Dr Ptr Dx Ptx Dg Ptg
0.600 0.500 6.000 0.500 50.00 0.600
15. Per Flr Pex Flx Peq Flg
0.050 0.800 0.050 0.800 0.100 1.000
16. Cx0 Cqo0 Cic Ch Cp
5.000 2.000 0.400 0.000 0.000
17. CAo CBo CUo DwO Dc
10.00 10.00 10.00 0.600 1.200
18. Dd QH1 QH2 Gul Gu2
1.350 0.003 0.000 0.000 0.000
19, Cxa0 Cxb0 Frd1 Frd2
5.000 4.000 0.000 0.000
Ns: Number of seasons per year (Ns =1, 2, 3 or 4)
F1Help | F7 Save file for spreadsheet F10 Print file
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Use of the key F10 will provide the number of printer ports available and the user will be asked to type
the port nhumber he wishes to use:

Type the number of one of the
following valid printer ports

Lpt1: 1
Lpt2: 2
etc.

After completing all the required changes in the input file, one leaves the input format, striking <Esc>
and the program will provide the opportunity to save the data as explained in section 8.1.3.

8.3 Inspecting the output
From the groups of output data shown in section 8.1.3 one can choose any group for inspection by

using the or arrow keys down or up until the desired group is highlighted and then striking the “Enter”
key. The groups are discussed below.

8.3.1  Soil salinities rootzone
When the option “Soil salinities rootzone” is selected, one will see the following screen image:

OUTPUT DATA

Soil salinity root zone (dS/m)

Year Season CrA CB CruU Crd C1* ca* C3*

etc.

In the table, the dot positions are filled by values or by the abbreviation n.a. {not applicable). The sym-
bol C stands for salt concentration (dS/m). The meaning of the suffixes is briefly explained when strik-
ing the F9 key. This gives the following screen image:
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EXPLANATION

List of symbols of salt concentration in the rootzone

C .. Salt concentration of the soil moisture in the root zone, when
saturated, at the end of the present season (EC in dS/m)

CrA C.. of the irrigated land permanently under group A crops,
used when the rotation key Kr = 0 or 2

CrB  C.. of the irrigated land permanently under group B crops,
used when the rotation key Kr =0 or 3

CrU  C.. of the permanently non-irrigated land, used when the
rotation key Kr =0 or 1

Cra  C.. of the land under full crop rotation, used when the rotation
key Kr=4

C1* C.. of the land outside the permanently non-irrigated land,
used when the rotation key Kr = 1

C2* C.. ofthe land outside the irrigated land permanently under
group A crops, used when the rotation key Kr = 2

C3* C.. of the land outside the irrigated land permanently under
group B crops, used when the rotation key Kr = 3

With the <Enter> key one leaves the list of the symbols. A more precise explanation of the symbols is
found in section 10.

By positioning the cursor in any column table and pressing F8, one will see a graph of the cho-
sen values against time in terms of years and seasons. The graph may be saved by using key F5 or
F6 for printing on a colour printer or a black and white printer. When the key F6 is pressed and the
desired file name is specified, the black/white graph is displayed on the screen. This graph may give
clearer picture on black/white monitors than the graph displayed initially, which is designed for colour
monitors.

As discussed in section 8.2, the F7 and F10 keys can be used here also to produce a spread-
sheet file and a print-out respectively.

8.3.2 Other salinities

When the option “Other salinities” is selected, one will see the following screen image:

OUTPUT DATA

Other salinities (dS/m)

Year Season Cxf Cxa - Cxb . Cqf Ci Cd Cw

etc.
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In this table too, the dot positions are filled by values or by the abbreviation n.a. (not applicable). The
meaning of the symbols is briefly explained when pressing the F9 key, which gives the following screen
image:

EXPLANATION

List of symbols of other salt concentrations

C .. Salt concentration of the soil moisture in the root zone, when sat-
urated at the end of  the present season (EC in dS/m)

C. Salt concentration of water (EC in dS/m)

Cd C . of the drainage water

Ci C . of the irrigation water

Cgf C.. of the soil moisture in the aquifer

Cxt  C.. in the transition zone, used when no subsurface drainage
system is present (Kd = 0)

Cxa C.. inthe transition zone above drain level

Cxb C.. inthe transition zone below drain level

Cw C . of the pumped well water

The other facilities are the same as explained in section 8.3.1.

8.3.3 Drain/well flow, watertable

When the option “Drain/well flow, watertable” is selected one will see the following screen image:

OUTPUT DATA

Drain/well flow, watertable (m)

Year Season Gd Ga Gb Gw Dw

etc.
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Again, in this table, the dot positions are filled by values or by the abbreviation n.a. (not applicable).
The meaning of the symbols is briefly explained when pressing the F9 key. This gives the following
screen image:

EXPLANATION

List of symbols of drain/well flow, watertable depth

Gd  Total amount of subsurface drainage water
" (m3/season per m? total area)

Ga . Amount of subsurface drainage water originating
from groundwater flow above drain level
(m3/season per m? total area)

Gb  Amount of subsurface drainage water originating
from groundwater flow below drain level
(m3/season per m? total area)

Gw  Amount of pumped well water
(m3/season per m? total area)

Dw  Seasonal average depth of the watertable
below the soil surface (m)

The other facilities are the same as explained in section 8.3.1.

8.3.4 Percolation

When the option “Percolation” is selected one will see the following screen image:

OUTPUT DATA

Percolation {(m)

Year Season LrA LB LrU Lr

etc.

In the table, the dot positions are filled with values. The symbol L stands for amount of percolation water
(m/season), the affix r stands for “from the rootzone”, and the affixes A, B, and U signify the irrigated
area under group A crops, group B crops and the non-irrigated area respectively. The affix t stands for
“total”. Further, the facilities are the same as explained in section 8.3.1.
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8.3.5. Capillary rise
When the option “Capillary rise” is selected one will see the following screen image:

OUTPUT DATA

Capillary rise (m)

Year Season RrA RrB RrU Rr

etc.

In the table, the dot positions are filled with values. The symbol R stands for amount of capillary rise
{m/season), the affix r stands for “into the rootzone”, and the affixes A, B, and U signify the irrigated
area under group A crops, group B crops and the non-irrigated area respectively. The affix t stands for
“total”. Further, the facilities are the same as explained in section 8.3.1.

8.3.6 Canalffield irrigation, bypass
When the option “Canalffield irrigation, bypass” is selected, one will see the following screen image:
OUTPUT DATA
Canal/field irrigation, bypass (m)

Year Season It Is lo laA laB

etc.

where the dot positions are filled with values and the symbol | stands for amount of irrigation water
(m/season). Further, the facilities are the same as explained in section 8.3.1.

8.3.7 Irrigation sufficiencies/efficiencies, EaU

When the option “Irrigation sufficiencies/efficiencies, EaU” is selected one will see the following screen
image:

OUTPUT DATA
Irrigation sufficiencies/efficiencies, EaU

Year Season FfA FfB Fft JsA JsB EaU

etc.
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where the dot positions are filled with values. The symbol F stands for irrigation efficiency (-), J for irri-
gation sufficiency (-), and EaU is the actual evapotranspiration of the non-irrigated land (m/season).
Further, the facilities are the same as explained in section 8.3.1.

8.3.8 Crop area fractions, rotation key
When the option “Crop area fractions, rotation key” is selected one will see the following screen image:

OUTPUT DATA

Crop area fractions, rotation key

Year Season A Ac B Bc U Uc Kr

etc.

where the dot positions are filled with values. The symbol F stands for irrigation efficiency (-), J for irri-
gation sufficiency (-), and EaU is the actual evapotranspiration of the non-irrigated land (m/season).
Further, the facilities are the same as explained in section 8.3.1.

8.3.9 Scroll through the entire output file

When the option “Scroll through entire output file” is selected, one may see a screen image
with output results arranged by year and season. The symbols used are the same as discussed above
and as presented in the list of output symbols (section 10).

The space between the seasonal data blocks is used for the areal frequency distributions of
soil salinities, depending on the input value of the K; key indicating the kind of crop rotation specified
(Kr=0,1,2,3o0r4). _

The first data blocks indicate the seasons for year 0. As no calculations have yet taken place,
the values of the output variables still to be calculated by the program are all zero, and only those out-
put variables whose initial values are defined in the input file do show their initial values. However, not
all the input values are shown. An example is given in table 5.
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Table 5. An example of the first part of an output file

SALTMOD: A predictive computation method for soil and groundwater salinity and the watertable depth in
agricultural lands using varying hydrologic conditions and watermanagement options.

The user menu was developed by Henk Ramnandanlal and Rob Kselik, the program by R.J. Oosterbaan
and Isabel de Lima, ILRI, Wageningen.

This version 1.1 dates from January 1998.

Name of this output (result) file: MPBAS .RES

YEAR: 0 Name of input (data) file used: MPBAS .INP

FRHH AR HHH K

Season: 1 Duration: 0 months.

t = .000E+00 Is = .000E+00 lo = .000E+00

laA = .530E+00 laB = .800E+00

FA = .000E+00 FiB = .000E+00 Fft = .O00E+00

JsA = .000E+00 JsB = .000E+00 EaU = .000E+00

LrA = .000E+00 LB = .000E+00 LU = .000E+00 Lr = .000E+00
RrA = O000E+00  RrB = .000E+00 RrU = .000E+00 Rr = .000E+00
Gd = .000E+00 Ga = .000E-+00 Gb = .000E+00

Gw = .000E+00 Dw = .600E+00

A = .800E+00 Ac = .000E+00 B = .200E+00 Bc = .000E+00
u = .000E+00 Uc = .000E+00 Kr = 4

CrA = - CB = - CrU = - Cr4 = .100E+02
C1* = - c2r = - C3* = -

Cxf = - Cxa = .500E+01 Cxb = .400E+01 Caf = .200E+01
Ci = .000E+00 Cd = .000E+00 Cw = .000E+00

#

Cumulative frequency distribution of Cr4

20% .721E+01 40% .862E+01 60% 101E+02 80% 121E+02

YEAR: 0 Name of input (data) file used: MPBAS .INP

FkdkH IRk

Season: 2 Duration: .0 months.

etc.
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9. List of symbols of input data

The symbols of input data used in the computer program are slightly different from those used in the
description of the theory due to the difference in possibilities between a programming language and a
word processor.

In some of the following symbols of input variables the sign # is used to indicate the season number:
#=1,2 3 0r4

A# Fraction of total area occupied by irrigated group A crops in season # (—), 0 < A# <1

B# Fraction of total area occupied by irrigated group B crops in season # (—), 0 < B# <1

Cic Salt concentration of the incoming canal water (EC in dS/m)

Cao Initial salt concentration of the soil moisture, at field saturation, in the rootzone of the irrigated
land under group A crop(s) (EC in dS/m})

Cgo Initial salt concentration of the soil moisture, at field saturation, in the rootzone of the irrigated
land under group B crop(s) (EC in dS/m)

Ch Salt concentration of the incoming groundwater (EC in dS/m)

Go Salt concentration of the rain water (EC in dS/m)

Cqo Initial salt concentration of the groundwater in the aquifer (EC in dS/m)

Cxo Initial salt concentration of the soil moisture in the transition zone (EC in dS/m) .

Cxao Initial salt concentration of the groundwater in the upper part of the transition zone, i.e. above
drain level (EC in dS/m)

Cxbo Initial salt concentration of the groundwater in the lower part of the transition zone, i.e. below
drain ievel (EC in dS/m)

Cuo Initial salt concentration of the soil moisture, when at field saturation, in the rootzone of the
non-irrigated land (EC in dS/m)

D, Critical depth of the watertable for capillary rise (m), D > Dy

Dy Depth of subsurface drains (m), Dy > D,

Dy Thickness of the aquifer (m)

D, Thickness of the rootzone (m), D, 2 0.1 > D,

Dy Thickness of the transition zone between rootzone and aquifer (m)

Do Initial depth of the watertable (m)

Eoa#  Potential evapotranspiration of irrigated group A crop(s) in season # (m%season per m?2
irrigated area under group A crops)

Eos#  Potential evapotranspiration of irrigated group B crop(s) in season # (m3season per m?
irrigated area under group B crops)

Epou#  Potential evapotranspiration of non-irrigated area in season # (m3/season per m? non-irrigated
area)

The symbols of input data used in the computer program are slightly different from those used in the
description of the theory due to the difference in possibilities between a programming language and a
word processor.

In some of the following symbols of input variables the sign # is used to indicate the season number:
#=1,2 3 0or4

Fia Leaching efficiency of the aquifer (-), Fia >0
Fr Leaching efficiency of the rootzone (=), Fi >0
Fit Leaching efficiency of the transition zone (-), Fy > 0
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Frd

FsA

FsB

FsU

Fu#
Gu #

Gi#t
Go#

Gw#
IaA#

IaB#
ot

K4
K;

Reduction factor of the drainage function for watertable control or for partial drainage of the
area (-)

Storage efficiency of irrigation and rain water in irri gated land under group A crop(s): fraction
of irrigation and rainwater stored in the rootzone of A crop(s), average of all irrigations and rain
storms (), 0 < Fga < 1

Storage efficiency of irrigation and rain water in irri gated land under group B crop(s): fraction
of irrigation and rain water stored in the rootzone of B crop(s), average for all irrigations and
rain storms (=), 0 < Fsg < 1

Efficiency of rain water in non-irrigated land: fraction of rainwater stored in the rootzone of non-
irrigated lands as an average for all rain storms (=), 0 < Fgy < 1

Fraction of pumped well water used for irrigation (=), 0 < Fy <1

Subsurface drainage water used for irrigation in season # (m3/season per m? total area),
Gu# < Gy

Horizontally incoming groundwater flow through the aquifer in season # (m3/season per m2
total area)

Horizontally outgoing groundwater flow through the aquifer in season # (m3/season per m?2
total area)

Groundwater pumped from wells in the aquifer in season # (m3/season per m? total area)
Irrigation water applied to the irrigated fields under group A crop(s) in season # (m3/season
per m2 area under group A crops)

Irrigation water applied to the irrigated fields under group B crop(s) in season # (m3/season
per m2 area.under group B crops)

Water leaving the area through the irrigation canal fsystem in season # (bypass, m3/season
per m? total area)

Key for the presence of a subsurface drainage system: yes —> Kgy=1,n0—> Kyg=0

Key for farmers’ responses to waterlogging, salinization or irrigation scarcity: yes —> K; = 1,
no—> Ki=0

The symbols of input data used in the computer program are slightly different from those used in the
description of the theory due to the difference in possibilities between a programming language and a
word processor.

In some of the following symbols of input variables the sign # is used to indicate the season number:
#=1,2 3 or4

Ke

Key for rotational type of agricultural land use (). K =0, 1, 2, 3 or 4. Possible landuse types
are: irrigated land under group A crops, irrigated land under group B crops, and non-irrigated

land (U);
K=0 no rotation
=4 full rotation

Ki=1 part or all of the non-irrigated land remains permanently unchanged, the remain-
ing land is under full rotation

K= part or all of the irrigated land under group A crop(s) remains permanently
unchanged, the remaining land is under full rotation

K=3 part or all of the irrigated land under group B crop(s) remains permanently

unchanged, the remaining land is under full rotation
Key for yearly changes of input data (-)
Percolation from the irrigation canal system in season # (m3/season per m2 total area)
Number of seasons per year, Ns=1, 2, 3, or 4
Number of years for model running (=), 1 < Ny <99

|
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Peq
Per
Pex
Po#
Py
P
Pix
Q1

Q2
Siu#

SoA#
SoB#

SOU#

Ac

Bc

Cq

CrA

CrB

CrU

Cy

Effective porosity (drainable or refillable pore space) of the aquifer (m/m), 0 < Peq < Pyq
Effective porosity (drainable or refillable pore space) of the rootzone (m/m), 0 < Per < Py
Effective porosity (drainable or refillable pore space) of the transition zone (m/m), 0 < Pex < Pix
Rainfall in season # (m3/season per m= total area)

Total pore space of the aquifer (m/m), Peq < Pig < 1

Total pore space of the rootzone (m/m), Per < Py < 1

Total pore space of transition zone (m/m), Pex < Pix < 1

Ratio of drain discharge and height of the watertable above drain level (m/day per m)

Ratio of drain discharge and squared height of the watertable above drain level (m/day per m?2)
Surface inflow from surroundings into the non-irrigated area in season # (m3/season per m?
non-irrigated area) ’

Outgoing surface runoff or surface drain water from irrigated land under group A crop(s) in
season # (m3/season per m? irrigated area under group A crops)

Outgoing surface runoff or surface drain water from irrigated land under group B crop(s) in
season # (m3/season per m? irrigated area under group B crops)

Outgoing surface runoff water from the non-irrigated area in season # (m3season per m2 non-
irrigated area)

Duration of the season # (months)

List of symbols of output data

Seasonal fraction of the area under irrigated group A crop(s) (-), equal to the input value A,
Az, As or A4, depending on the season, or determined by eqn. 106 when the key for farmers’
responses Ki= 1

Fraction of the area permanently under irrigated group A crop(s) throughout the seasons (-)
Seasonal fraction of the area under irrigated group B crop(s) (=), equal to the input value By,
Bs, B; or By, depending on the season, or determined by eqn. 107 when the key for farmers’
responses Ki =1

Fraction of the area permanently under irrigated group B crop(s) (-)

Seasonal average salt concentration of the drainage water, eqn 75 (EC in dS/m)

Salt concentration of the soil moisture in the aquifer, when saturated, at the end of the season
(EC in dS/m), egn. 74

Salt concentration of the soil moisture in the rootzone, when saturated, of the permanently
irrigated land under group A crop(s) at the end of the present season (EC in dS/m), only used
when the rotation key K; = 0 or K; = 2 and equal to Croas in eqn. 80a or Craa¢ in egn. 93a respec-
tively

Salt concentration of the soil moisture in the rootzone, when saturated, of the permanently irri-
gated land under group B crop(s) at the end of the present season (EC in dS/m), only used
when the rotation key K = 0 or K; = 3 and equal to Ciogs in eqn. 80b or Ceags in egn. 100a
respectively

Salt concentration of the soil moisture in the rootzone, when saturated, of the permanently
non-irrigated (U) land at the end of the present season (EC in dS/m), only used when the
rotation key K; = 0 or K; = 1 and equal to Cyous in egn. 80c or Cryys in eqn. 86a respectively
Salt concentration of soil moisture in the rootzone, when saturated, of the land outside the
permanently non-irrigated (U) area at the end of the present season (EC in dS/m), only used
when the rotation key K; = 1 and equal to G+t in eqn. 86b

Salt concentration of the soil moisture in the rootzone, when saturated, of the land outside the
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Ca

Cr4

Cxo

Cu

EaU
Fia
Fis
Fr
Gq
Ga

Gp

lo

s

h

JsB
K

permanently irrigated land under group A crop(s) at the end of the present season (EC in
dS/m), only used when the rotation key K; = 2 and equal to Cyo+f in eqn. 93b

Salt concentration of the soil moisture in the rootzone, when saturated, of the land outside the
permanently irrigated land under group B crop(s) at the end of the present season (dS/m), only
used when the rotation key K; = 3 and equal to Cy3+ in egn. 100b

Salt concentration of the soil moisture in the rootzone, when saturated in the fully rotated land
at the end of the season (EC in dS/m), only used when the rotation key K; = 4 and equal to
Cias in eqn. 62 Cy,Salt concentration of the soil moisture in the transition zone aquifer above
drain level, when saturated, at the end of the season (EC in dS/m), only used when the
drainage key Kq = 1 and equal to Cxat in eqn. 72a

Salt concentration of the soil moisture in the transition zone below drain level, when saturated,
at the end of the season (EC in dS/m), only used when the drainage key Kgq = 1 and equal to
Cxbt in egn. 72b '

Seasonal average salt concentration of the soil moisture in the transition zone, when satur-
ated, at the end of the season (EC in dS/m), only used when the drainage key Ky = 0, egn. 70

" Seasonal average salt concentration of the pumped well water (EC in dS/m), eqn. 76

Seasonal average depth of the watertable below the soil surface (m), eqn. 41, 42

Actual evapotranspiration in the non-irrigated land (m3/season per m2 non-irrigated area),
eqgn. 27

Field irrigation efficiency of group A crop(s) (-), eqn. 46a

Field irrigation efficiency of group B crop(s) (-), eqgn. 46b

Total field irrigation efficiency (-), eqgn. 47

Total amount of subsurface drainage water {(m3/season per m? total area), only used when the
drainage key K4 = 1, eqn. 36a and 38

Subsurface drainage water originating from groundwater flow above drain level (m3season
per m2 total area), only used when the drainage key Ky = 1, eqn. 36¢

Subsurface drainage water originating from groundwater flow below drain level (m3/season
per m? total area), only used when the drainage key Ky = 1, eqn. 36b

Amount of field irrigation (m3/season per m? irrigated land under group A crop(s)), equal to the
input value laa1, haa2, faas Or /a4, depending on the season, or determined by egn. 110a and
113a when the key for farmers’ responses K; = 1

Amount of field irrigation {(m3season per m? irrigated land under group B crop(s)), equal to the
input value /g1, lap2, lap3 Or /g4, depending on the season, or determined by eqn. 110b and
113b when the key for farmers’ responses K; = 1

Water leaving the area through the irrigation canal sys tem (bypass, m3/season per m? total
area), equal to the input value o1, k2, los or ha, depending on the season, or determined by
eqgn. 109 and 112 when the key for farmers’ responses K; = 1

Net amount of irrigation water supplied by the canal system including the percolation losses
from the canals, but excluding the use of drain and well water and the bypass (m3/season per
m? total area): ks = k(eqn. 18)-Iy

Total amount of irrigation water applied, including the percolation losses from the canals and
the use of drainage and/or well water, but excluding the bypass (m3/season per m? total area),
eqn. 48 Jsalrrigation sufficiency of group A crop(s) (=), eqn. 49a

Irrigation sufficiency of group B crop(s) (=), eqn. 49b

Key for rotational type of agricultural land use (-). K; =0, 1, 2, 3 or 4. This value may be the
same as the one given with the input or it may be changed by the program. Possible landuse
types are: irrigated land under group A crops, irrigated land under crops group B crops, and
non-irrigated land (U); ‘

K=0 no rotation

Kr=4 full rotation
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K=1 part or all of the non-irrigated land remains permanently unchanged, the remain-
ing land is under full rotation

Ki=2 part or all of the irrigated land under group A crop(s) remains permanently
unchanged, the remaining land is under full rotation

K=3 part or all of the irrigated land under group B crop(s) remains permanently
unchanged, the remaining land is under full rotation

L Total percolation from the rootzone (m3/season per m? total area), eqn. 19

Lia Percolation from the rootzone (m3/season per m? irrigated area under group A crops), eqn.
19a

L Percolation from the rootzone (m®season per m2 irrigated area under group B crops), eqn.
19b

Ly Percolation from the rootzone in the non-irrigated area (m3/season per m2 non-irrigated area),
eqn. 19c : :

R Total capillary rise into the rootzone (m3/season per m? total area), eqn. 21

Ria Capillary rise into the rootzone (m3/season per m? irrigated area under group A crop(s),
eqn. 27a

AR Capillary rise into the rootzone (m3/season per m? irrigated area under group B crop(s),
eqn. 27b ‘

R Capillary rise into the rootzone of the non-irrigated land (m3/season per m? non-irrigated area),
eqn. 27¢ 4

U Seasonal fraction of the non-irrigated area (=), equal to the input value Uy, Us, Uz or Uy,
depending on the season, or determined by eqn. 108 when the key for farmers’ responses
Ki =1

Ue Fraction of the permanently non-irrigated area throughout the seasons (-)

11. Case study Egypt

The case study based on the article “Drainage and Salinity Predictions in the Nile Delta, using Saltmod”
{Oosterbaan and Abu Senna, 1990).

11.1 Introduction

The Mashtul area in the Nile Delta, Egypt, suffered from waterlogging and salinity. For reclamation, a
drainage pilot area was installed and many water and salt balance factors were measured. However,
some factors could not be measured, notably the leaching efficiency of the rootzone and the natural
drainage of groundwater through the aquifer (there was no upward seepage of groundwater from the
aquifer into the upper soil layers). Before applying Saltmod, these factors must be determined. This can
be done by running trials with Saltmod, using different values of leaching efficiency and natural
drainage, and choosing those values that produce soil salinities and depths to watertable that corre-
spond with the actually measured values. The procedure is called calibration.

Thereafter, as an example of application, the effects of different drain depths will be investi-
gated and the optimum drain depth will be determined. Further the initial situation will be reconstruct-
ed using the farmers’ responses to waterlogging and salinity.

In the Mashtul area, there are irrigated crops of group B (rice, 20%) and A (non-rice, 80%) in
summer and only crops of group A in winter (100%).

The basic data of the pilot area are in the file MPBAS.DAT (table 1, section 8.2).
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11.2 Calibrating the leaching efficiency

Leaching efficiencies of the rootzone (F;) are given a range of arbitrary values and the corresponding
salinity results of the program are compared with the values actually measured. The efficiency pro-
ducing the best match is assumed to be the real efficiency. The arbitrary F; values are taken as 0.1,
0.2, 0.4, 0.6, 0.8 and 1.0. One can introduce these values in the input file through the input menu, by
renaming the input file each time the value of A, has been changed, e.g MPO1.INP, MPO2.INP,
MPOA4.INP etc. By doing the calculations, the output files, in this example, will be named MPO1.RES,
MPO2.RES, MPO4.RES, etc. By inspecting the output files and transferring the values of the salinity
results to a spreadsheet program, fig. 11 was prepared.

In fig. 11 the actually measured salinity values are also indicated. Since the soil salinity
expressed in EC at field saturation is about double the soil salinity expressed in ECe of the saturation
extract, and the actual measurements were done on ECe values, the necessary'corrections have been
made. From the figure the following conclusions can be drawn:

1. The curve corresponding to F = 0.8 is matching best to the observed values.

2. The match is not perfect due to random or systematic measuring errors and/or imperfec-

tion of the model. However, the fitting is close enough to warrant the conclusion that the
real F; value is 0.8. From here on all subsequent calculations will be based on this F;
value.

3. Changes of F; values in the range of 0.6 to 1.0 have relatively little influence on the salin-

ity, whereas changes in the range of smaller F values have a considerable influence.

Case study. Egypt, soil salinity

Flr = leaching efficiency (-)
11

10

Salinity (ECe in dS/m}
)]
T

0 20 40 60 80 100 120

Time in months
O Observed + FiIr=0.2 o FIr=04 & Fir=086 X FlIr=0.8 v FIr=10

Figure 11.  Calibration of leaching efficiency (F;) to observed soil salinity.




CASE STUDY EGYPT ' 69

Vanegas (1993) carried out a similar study in the Tagus delta, Portugal, but he found a much lower
probable value of Fy: in the order of 0.15. This explained the difficulty of reclaiming these soils to a great
extent. The Nile and Tagus deltas both have heavy alluvial clay soils but they must have quite different
leaching properties.

In fig. 12, trends of the salinity (Cya) of the upper part of the transition zone, above drain level,
and the salt concentration (Cq) of the drainage water are shown. It can be seen that the salinity Cxa
exhibits a slight increase during the first year as the leaching of the rootzone brings the salts down-
ward, but it decreases later on. The salinity Cq is not very variable as the drains receive their water from
below drain level. Yet a slight curvature can be detected: during the first 5 years there is a slight
increase and thereafter a decrease.

Due to the comparatively smaller vertical scale fig. 12 shows, more clearly than fig. 11, that in the
course of the time there is a slight resalinization during the summer (second season), but it is taken
care of during winter and the salt balance is well under control as the salinities establish themselves at
a low enough level.

It can be concluded that the reaction of Cya lags somewhat behind that of Cy4, but the reaction
of Cq4 lags behind that of the upper part of Cxat.

Case study Egypt

Salinities (C}) in time

Salinity (EC in dS/m)
(4]
T

0 20 40 60 80 100 120

Time in months
O Time in months +  Cr4 (rootzone) ¢ Cxa (trans.zone)

Figure 12.  Salinity (EC in dS/m) of the rootzone (C.4), upper part of the transition zone (Cy,) and of the drainage
water (Cq4) at the end of the season versus time.
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11.3 Determining the natural subsurface drainage

The natural subsurface drainage (Gn = G, — G)) is defined as excess of the horizontally outgoing over
the horizontally incoming groundwater in m/season. It can be determined by setting the G; values at
zero, varying arbitrarily the G, values, and finding the corresponding values of the depth to watertable
(Dy) and the drain discharge (Gg). The most likely value of the natural drainage is the one giving Dy
and Gy values that agree with the observed values. Taking into account that the 1st season (5 months)
is shorter than the second season (7 months), the arbitrary Gy1 and Gy values, i.e. the G, values for
the 1st and 2nd season respectively, are in pairs: (0.00, 0.00), (0.03, 0.04), (0.06, 0.08), (0.09, 0.012),
and (0.012, 0.016). As the inflow G; is taken equal to zero, the G, values of both seasons together give
the annual Gy values as shown in table 7. For the 2nd year, the resulting D, and Gy values are also
shown in the table.

As rainfall in the Nile Delta is negligibly small, and the High Dam has an enormous capacity
providing a constant irrigation over the years, it is not required to introduce annual changes in rainfall
and irrigation, so that the drainage results for the years beyond year 5 are the same as in table 7.

In the first years, due to transition from an undrained to a drained situation, the D, and Gy val-
ues are somewhat different, and therefore the more stable fifth year was chosen to present the results
of the computations.

Table 7. Values of annual natural drainage towards the underground (Gn, m/year),
seasonal average depth of the the watertable (Dy, m) and quantity of
drainage water (G4, m/season) for the 5th year.

Gn 1st season (summer) 2nd season (winter)
annual

value Dy, Gy . Dy, Gy
0.00 0.95 0.18 1.14 0.15
0.07 1.01 0.15 1.20 0.11
0.14 1.07 0.13 1.26 0.06
0.21 1.13 0.10 1.32 0.03
0.28 1.24 0.05 217 0.00

It was observed that the actual seasonal average depth of the watertable varied between 1.0 and 1.1
m in summer (season 1) and between 1.2 and 1.3 m in winter (season 2), with corresponding drain dis-
charges between 100 and 150 mm in summer and 50 and 100 mm in winter. Comparing the observed
values with those of table 7 learns that the actual annual G, value is probably in the range between
0.10 and 0.20 m. Although this result is not very accurate, there is proof that a modest amount of nat-
ural drainage is present. For further calculations it will be assumed that the correct value of the annu-
al natural subsurface drainage amounts to G, = 0.14 m, from which follows G, = 0.06 and Gy = 0.08
m/season for the 1st and 2nd season respectively, in proportionality to the duration of both seasons (5
and 7 months respectively).

11.4 Simulating effects of varying drain depths

As an example of the effects that can be calculated for different water management options, we will
study the effects of varying drain spacings to see if there exists an optimum drain depth. We will
also use the drain depth Dy = 0.6 m as it existed before the installation of the pilot area as well as
Dy = 1.4 m, the drain depth adopted in the pilot area. The whole range of Dy values and the corre-
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sponding results of the calculations of some of the decisive parameters are shown in table 8.

When Dg = 0.6 m, the rootzone depth D; must be changed into 0.5 m, otherwise a warning will
be given that the condition Dg>D; is not met.

Table 8 shows that an increase of the drain depth decreases the soil salinity (Cr4) and increas-
es the drain discharge (Gg), but in this example the effects are not dramatic. The influence on depth to
watertable (D) is more pronounced. Safwat Abdel- Dayem and Ritzema (1990) have shown that the
seasonal average drain depth in the Nile delta should not be less than 0.7 m to
i avoid decline in crop yield (fig. 13). Therefore, according to the table, a minimum drain depth
; of Dy = 1.0 is required to safeguard the crop production. A drain depth of Dy = 1.4 m appears to be

excessive.

Table 8. Drain depth (Dg, m), soil salinity (Cr4, dS/m), field irrigation efficiency
of the group A crops (FaA, -), field irrigation sufficiency of the group A
crops (JsA, —), seasonal average depth of the watertable (D, m), and
quantity of drainage water (Gg, mm per season) for the 10th year.

i Drain 1st season (summer)
i depth
; Dd Cia FaA JSA Dy Gd
0.6 2.7 0.84 0.99 0.37 105
0.8 2.5 0.83 0.98 0.55 112
1.0 2.4 0.82 097 0.74 17
i 1.2 2.2 0.81 0.96 0.93 122
: 1.4 2.1 0.80 0.95 1.12 127

2nd season (winter)

0.6 2.8 0.86 0.97 0.55 31

0.8 2.7 0.84 0.95 0.74 37

1.0 25 0.82 0.93 0.94 45

1.2 2.3 0.81 0.92 1.12 54

1.4 2.2 0.80 0.91 1.31 57
: yield in t/ha

} 9

o maize, dry grains, 7*
o wheat, dry grains, 13*
a cotton, lint and seed, 18*

*average number of
‘samples per point

0 |
0 0.5 1.0 1.5 2.0
Figure 13. The average yield of some irrigated crops versus seasonal average depth of the watertable.
Data from the Mashtul pilot area in the Nile Delta, Egypt (Safwat Abdel-Dayem and Ritzema

I depth of water table in m
l 1990)

(seasonal average)




72 SALTMOD

It is unlikely that farmers will maintain the high irrigation applications when the watertable becomes
shallow, as is the case when the drain depth is 0.6 m. The farmers responses will be simulated in the
next section.

11.5 Reconstructing the initial conditions

To reconstruct the initial conditions, before the installation of the drainage pilot area, the farmers
responses have to be simulated. This can be done by changing manually the input values of the cor-
responding parameters each year. Saltmod also has a provision for automatic adjustments, which will
be applied here. We use the same data as in the previous section, restrict ourselves to the case with
Dy=0.6m, D, =0.5m, and Q41 = 0.002 (i.e the original drainage system was shallower and less inten-
sive than the later system), change the value of the farmers’ response key K; from 0 (= no response)
to 1, and give the initial rootzone salinities Cag, Cgo, and Cyo the value 2 dS/m, approxi mately equal
to the value attained 10 years after the installation of the pilot area. The results are shown in fig. 14,
but only for the first season.

Fig. 14 shows that after the first 5 months of the first season, the watertable rises close to the
soil surface (the depth D,, = 0.1 m). The farmers respond by cutting the irrigation supply (/3a) from 530
mm to about 370 mm/season with oscillations of about 50 mm/season. The desired result is an
increase in the depth of the watertable (Dy) to about 0.6 m with oscillations of 0.05 m. The gains are
saving irrigation water and give a better agricultural performance. The field irrigation efficiency (Fia)
goes up from 85% to almost 100% The price is a decrease in field irrigation sufficiency (Jsa) from 100%
to below 90%, indicating that the crop production may drop due some shortage of water. Worse, how-
ever is the gradually increasing soil salinity Cr4 from 0.2 S/m (or 2 dS/m) to 0.5 S/m (or 5 dS/m), due
to insufficient leaching.

Case study Egypt

Summer data only (1st season)
1.1

1.—
o ><\/\/\//A

0.8 -

07 -

0.6 -

05 -

04 -

03 |-

02 -

0.1 -

0 1 i 1 ] 1 1

Time in years
o Cr4 +  laA ©  FaA & JsA X  Dw

Figure 14. Soil salinity of the rootzone (Cy4, S/m), seasonal quantity of field irrigation of group A crops
(laa, M), the corresponding irrigation efficiency (Faa, —) and sufficiency (Jsa, —), and depth of
water table (Dy, m) for the first season (summer) against time.
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12. Case study interactions

12.1 Introduction

Saltmod can be used to analyze data from pilot areas, as done in the previous case study, where data
are available for calibration, but also to demonstrate the interactions between irrigation, watertable,
salinity and agriculture.

A scenario is presented for an area with a watertable at 10 m depth when irrigation starts.
There are two seasons: an irrigation season, and a non-irrigation season when agriculture is rainfed.
Initially, during the irrigation season, 100% of the area is under irrigation. There is no natural or artifi-
cial drainage and no use of groundwater for irrigation. For this scenario, Saltmod is run in “automatic
gear”: the program runs for 25 years without changing the external boundary conditions (e.g. rainfall)
but generating automatic internal responses to changing internal conditions, such as the farmers’
responses, which are simulated through in built mechanisms. For example:

— reduction of irrigated area when irrigation water is scarce,

— reduction in irrigation supply per ha when the watertable becomes shallow,

— abandoning land upon salinization.

In this scenario, the option to change conditions annually and manually (“manual gear”) by interactive
intervention is not used.

Table 9 shows the input file and the results of the computations with those input data are pre-
sented in the following figures prepared by a spreadsheet program in which the groups of output data,
saved in .PRN files, were imported.

The trends revealed in the figures and the interactions between the various variable involved

are discussed hereunder.
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The figure shows the reason for the first reduction. It presents the irrigation sufficiency, defined
here as the ratio between actual evapotranspiration and the potential evapotranspiration of the irrigated
crops.

Table 9. Input data used in the case study “Interactions”.
- Filename interact.inp
— Simulation farm responses
1. Area Ns Kd Kf Kr
100.0 2 0 1 4
2. Ny Ky
20 1
3. Ts1 Ts2
5.0 7.0
4. A1 B1 A2 B2
1.000 0.000 0.000 0.000
5. Lct lo1 Lc2 lo2
0.100 0.000 0.000 0.000
6. laA1 EpA1 laA2 . EpA2
0.500 0.700 0.000 0.800
7. laB1 EpB1 laB2 EpB2
0.000 0.000 0.000 0.000
8. Pp1 EpU1 Pp2 EpuU2
0.100 0.500 0.500 0.800
9. FsA FsB FsU
0.800 0.500 0.900
10. Gi1 Go1l Gi2 Go2
0.000 0.000 0.000 0.000
11. Siut SoU1 Siu2 SoU2
0.000 0.000 0.000 0.000
12. SoA1 SoB1 SoA2 SoB2
0.000 0.000 0.000 0.000
13. Gwi1 Fw1 Gw2 Fw2
0.000 0.000 0.000 0.000
14. Dr Ptr Dx Pix Dq Ptq ‘
0.600 0.500 4.000 0.500 6.000 0.500 l
15. Per Flr Pex Flx Peq Flg |
0.050 0.700 0.050 0.800 0.200 1.000 |
16. Cx0 Cq0 Cic Cg Cp 1
1.000 1.000 0.500 0.000 0.000 {
17. CA0 (012]0] Ccuo DwO Dc
2.000 2.000 2.000 10.00 1.500 i
12.2 Irrigation efficiency, sufficiency, depth to watertable and irrigated
area fraction
Fig. 15, giving only the data for the irrigation season, shows that the irrigated area decreases in the first
3 years from 100% to about 80%, and that in the years 8 to 15 it again decreases to less then 60%
These two reductions have different causes. !

In the first 5 years, the sufficiency increases from less than 70% to over 90% Apparently there is not
enough irrigation water available to irrigate all crops with acceptable sufficiency and the farmers leave
some of the land fallow so that more water can be applied to the remaining irrigated land. The fallow
land is not permanently left fallow, but in rotation with the irrigated land.
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Case study "Interactions”

Data of irrigation season only

110
100 -
90 -
2
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@
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30 -
20 -
10 -
0 1 1 1 Il 1 1 1 1 | 1 1 L Il Il i 1 1 1 Il ]
0 2 4 6 8 10 12 14 16 18 20
Time in years
O Afirrig.area) +  laA (irrigation) ©  Fit (efficiency) & JsA (sufficiency)

X Dw (water table)

Figure 15. Relations between irrigated area (A, %), amount of field irrigation water
(lan, cm/season), total irrigation efficiency (Fx, %), field irrigation suffi-
ciency (Jsa, %) and depth to watertable (D, dm).

Fig. 15 also shows a peak in sufficiency (almost 100%) in the fifth year, when the watertable rises close
to the soil surface. The peak is also related to the irrigation efficiency, defined here as the ratio between
the amount of irrigation water used by the crop and the amount of irrigation water applied. Due to the
rise of the watertable, field irrigation losses by deep percolation reduce and, therefore, both efficiency
and sufficiency increase.

Initially, the efficiency drops slightly from 70% to 65% as the farmers decrease the irrigated
area and apply more water per ha, so that the percolation losses increase. From year 3 to 6, the
efficiency increases to over 80% due to the rise of the watertable. Thereafter, from year 7 to year 15,
it decreases again to less about 65%, which decrease is related to the simultaneous reduction of the
irrigated area from 80% to about 55% . Apparently, for some reason, the farmers have decided to
increase the deep percolation and leaching during this period. The explanation is offered in fig. 16.

12.2 Irrigation and soil salinity

Fig. 16 shows that the salinity Cr4 increases abruptly from 25 ¢S/m (or 2.5 dS/m) to 55 ¢S/m (or 5.5
dS/m) between the years 5 and 8, when the watertable becomes shallow, the irrigation efficiency
increases and the deep percolation decreases. Hence the leaching of salts brought in by the irrigation
water is reduced and the land becomes saline.

Salinity usually develops patch-wise and the area frequency distribution of the salinity (not
shown here, but to be found by scrolling through the output file) will show that, in year 8, 20% of the
land has a salinity higher than 80 ¢S/m. In the salty patches, crop production becomes so low that agri-
culture is not feasible, and the patches are abandoned for irrigated culticultivation. The abandoned land
becomes dry and capillary rise of water from the watertable to the soil surface occurs. Upon evapora-
tion of the water, the salts remain behind in the soil and the soil salinity increases further (see Cy in
fig. 16). At the same time, the abandoned land serves as a drainage area for the surrounding irrigated
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Data of irrigation season only
160
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Units: see explanation below

Time in years
0O Crd4 (salinity) +  CrU (salinity) ¢ C1*(salinity) & Dw (water table)

Figure 16. Relations between depth of watertable (D,, dm), soil salinity of the rootzone of the area
under rotated land use (Cis, EC in ¢S/m), soil salinity of the rootzone in the permanently
fallow and abandoned land (Cyy, EC in ¢S/m) and soil salinity of the rootzone in the
unabandoned land (Cy-, EC in ¢S/m).

land, so that here percolation and salt leaching can continue. Hence, the salts are transported from the
imgated to the non-irrigated land, thereby safeguarding the irrigated from salinization. Therefore, from
year 11 to year 18, the salinity Cy- of the irrigated land next the abandoned land is reduced from 70
¢S/m to 40 cS/m. In the years 9 to 11 there is a transition phase, as the land is not abandoned abrupt-
ly but gradually. : ST

After year 16 the situation stabilizes with oscillations as the farmers continue to try and irrigate
more land but after some time they discover the unfavourable effects and subsequently they reduce
the irrigated area again, etc.

The above land and water management measures are combined in fig. 17 illustrating an
increase of application of irrigation water per ha during the years 8 to 16. This is made possible by leav-
ing more land non-irrigated and at the same time the leaching of the irrigated land is increased. Fig. 18
depicts the subsequent processes of percolation and capillary rise.

12.3 Conclusion
From the previous examples the following conclusions are drawn.

1. Irrigation and agricultural practices both determine the water and salt balance, which in turn
determine these practices. There is a boomerang effect. All contributing factors are inter-
woven into a coherently knitted tissue.

2. Isolated drainage measures to combat problems of waterlogging and salinity run the risk of
failure.

3. Hydro-agro-salinity models such as Saltmod are a useful tool to understand the intricate
interrelations.
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Figure 17. Combined relations between parameters shown and explained in fig.15 and 16.
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Figure 18.  Average percolation as if resulting from the total area (L,) and average capillary rise (R,).
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