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Summary

In an eariier report (Van Dam et al., 1997) the applied flow and transport concepts of
SWAP and their background have been described. This report describes the structure
of the model and how the modei can be used. After the introduction, chapter 2 starts
with a brief summary of the system modelled by SWAP and the flow and transport
processes considered. Chapter 3 presents the model structure. SWAP includes 7 sub-
modeis: Meteo, Crop (detailed general, detailed grass and simple), Soil, Irrigation and
Timer. One simuiation may consist of 70 sequential or parallel sub-runs. SWAP
calculates first the potential crop growth for the entire sub-run period and next the
actual crop growth in interaction with water flow, solute transport and heat flow. As the
Soil sub-model forms the heart of SWAP, the order in which the boundary conditions
and relevant processes are calculated in Soil, is shown in detail. The data flow to and
from the sub-models is discussed. In order to adapt to a data base structure, the input
of different kind of data (meteoroiogy, crop, irrigation, soil, drainage, surface water) is
divided over different input files. In chapter 4 all the input files are described. First an
overview of required and optional input files is given, including their general format
rules. Next the input files are discussed one by one, while of each file an exampie is
shown. Chapter 5 explains the program execution and lists the output files that can be
generated by the sub-models Crop, Soil and Irrigation. Chapter 6 describes an
application and contains exercises to explain program use. The application refers to
water and solute transport on a maize field in the Hupsel catchment. Exercises indicate
the effect of different meteorological years, irrigation, different crops, soil texture,
hysteresis of the retention function, scaling of the soil hydraulic functions, and different
root density distributions. Also the effect of errors in soil profile description and of
preferential flow on bromide leaching to surface water is shown. The final exercise
applies to drainage design. In the annexes the SWAP subroutines and the main
program variables are listed.
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1 Introduction

Knowledge of water flow and solute transport processes in the vadose zone is essential
to derive proper management conditions for plant growth and environmental protection
in agricultural and environmental systems. Numerical models are widely used as
helpful tools to gain insight in the processes occurring in these complex systems and to
analyse optional management scenarios.

One of these numerical models is SWAP (Soil-Water-Atmosphere-Plant), the
successor of the agrohydrological model SWATR (Feddes et al., 1978) and some of its
numerous derivatives. The experiences gained with the existing SWATR versions were
combined into SWAP, which integrates water flow, solute transport and crop growth
according to current modelling concepts and simulation techniques. Main
improvements are accurate numerical solution of the Richards’ flow equation and
incorporation of solute transport, heat flow, soil heterogeneity, detailed crop growth,
regional drainage at various levels and surface water management.

The model offers a wide range of possibilities to address both research and practical
questions in the field of agriculture, water management and environmental protection.
DLC Winand Staring Centre and Wageningen Agricultural University have developed the
computer model SWAP 2.0 in close co-operation.
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2 Brief theoretical description

The theory of the processes simulated by SWAP 2.0 is extensively described by Van
Dam et al. (1997). This chapter summarises the most important theoretical concepts,
which should be known for proper use of the program.

2.1 System definition

SWAP is a computer model that simulates transport of water, solutes and heat in variably
saturated top soils. The program is designed for integrated modelling of the Soil-Atmosphere-
Plant System (figure 1). Transport processes at field scale level and during whole growing
seasons are considered. System boundaries at the top are defined by the soil surface with or
without a crop and the atmospheric conditions. The lateral boundary simulates the interaction
with surface water systems. The bottom boundary is located in the unsaturated zone or in the
upper part of the groundwater and describes the interaction with regional groundwater.

precipitation |
Atmosphere _-__ Integrated modelling of the
Soil-Water-Atmosphere-Plant system

mterceptio ]
7y soil-evaporation
Plant
N N Slrface runoff Surface waters

Unsaturated B™

Zonhe !
Saturated

zZone

‘""!Wj plations
smge |

T

Deep Groundwater
Fig 1. A schematised overview of the modelled system

2.2 Soil water flow
Spatial differences of the soil water potential cause flow of soil water. Darcy's equation is

used to quantify these soil water fluxes. For one-dimensional vertical flow, Darcy's equation
can be written as:
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d(h+2)

q=-Kh)—5—

(1)

where g is soil water flux density (positive upward) (cm d’ ", K is hydraulic conductivity {cm d'
"), h is soil water pressure head {cm) and z is the vertical co-ordinate (cm), taken positively
upward.

Water balance considerations of an infinitely small soil volume result in the continuity
equation for soil water:

=~ -7 -Sh) (2)
z

where Gis volumetnc water content cm® cm®), tis time (d) and S is soil water extraction rate
by plant roots (cm® em®d™).

Combination of Eq. 1 and 2 results in the well-known Richards’ equation:

oh
Kh)| = +1
Jd _ oh _ [ [az ]]
a W™ " @

where C is the water capacity (d6/dh) (em™).

Richards’ equation has a clear physical basis at a scale where the soil can be considered as
a continuum of soil, air and water. SWAP solves Eq. 3 numerically, subject to specified initial
and boundary conditions and with known relations between 8,  and K. These relationships,
which are generally called the soil hydraulic functions, can be measured directly in the soil, or
might be obtained from basic scil data. The Richards’ equation is solved using an implicit
finite difference scheme as described by Belmans et al. (1983). This scheme has been
adapted such that the solution applies both to the unsaturated and saturated zone, that water
balance errors due to nen-linearity of the differential water capacity are minimised and that
calculated soil water fluxes at the soil surface are more accurate. Phreatic or perched
groundwater levels are found at the transition from negative to positive soil water pressure
heads.

Important features of the Richards’ equation are that it allows the use of soil hydraulic data
bases and simulation of all kinds of management scenarios. The soil hydraulic functions are
described by analytical expressions of Van Genuchten (1980) and Mualem (1976) or by
tabular values. Hysteresis of the water retention function can be taken into account with the
scaling model of Scott et al. (1983). Root water extraction at various depths in the root zone
is calculated from potential transpiration, root length density and possible reductions due to
wet, dry or saline conditions.

2.3 Soil heat flow
Soil temperature may affect the surface energy balance, soil hydraulic properties,

decomposition rate of solutes and growth rate of roots. SWAP version 2.0 uses the soil
temperatures only to adjust the solute decomposition rate. Combination of the general soil
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heat flux equation and the equation for conservation of energy vields the differential
equation for transient scil heat flow:

aT _ 3 aT
Cheat"é}"‘“é;( heat"é';] (4)

where Chex is the soil heat capacity (J cm™® °C ") and T is the soil temperature (°C).

This equation is solved either analytically or numerically. In the analytical solution a uniform
thermal conductivity and soil heat capacity are assumed, and at the soil surface a sinusoidal
temperature wave is adopted. In the numerical solution the thermal conductivity and the sail
heat capacity are calculated from the soil composition and the volume fractions of water and
air as described by De Vries (1975). At the soil surface the daily average temperature is used
as boundary condition.

2.4 Solute transport

SWAP simulates convection, diffusion and dispersion, non-linear adsorption, first order
decomposition and root uptake of solutes. This permits the simulation of ordinary pesticide
and salt transport, including the effect of salinity on crop growth. In case of detailed
pesticide or nutrient transpont, daily water fluxes can be generated as input for other
groundwater-quality models, such as PESTLA (Boesten and van der Linden, 1981; Berg
and Boesten, 1998) and ANIMO (Groenendijk and Kroes, 1997, Kroes and Roelsma,
1998). The model SWAP simulates the residence time of solutes in the saturated zone
analogous o mixed reservoirs. In this way solute transport from soil surface to surface
water can be derived.

2.5 Crop growth

Crop growth can be simulated by the code WOFOST 6.0 (Hijmans et al., 1994). The cropping
pattern may consist of maximal three crops per agricultural year.

WOFOST calculates the radiation energy absorbed by the canopy as function of incoming
radiation and crop leaf area. Using the absorbed radiation and taking into account
photosynthetic leaf characteristics, the potential gross photosynthesis is calculated. The latter
is reduced due to water and/or salinity stress, as quantified by the relative transpiration, and
yields the actual gross photosynthesis. Part of the carbohydrates (CH,0) produced are used
to provide energy for the maintenance of the existing live biomass (maintenance respiration).
The remaining carbohydrates are converted into structural matter. In this conversion, some of
the weight is lost as growth respiration. The dry matter produced is partitioned among roots,
leaves, stems and storage organs, using partitioning factors that are a function of the crop
phenoclogical development stage. The fraction partitioned to the leaves, determines leaf area
development and hence the dynamics of light interception. The dry weights of the plant
organs are cbtained by integrating their growth rates over time. During the development of
the crop, part of living biomass dies due to senescence.

If simulation of crop growth is not needed, the user might just prescribe leaf area index, crop
height, rooting depth, and root density distribution as a function of development stage.
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2.6 Soil heterogeneity

Spatial variability of the soil hydraulic functions is described with the scaling concept of Miller
and Miller (1956). The user may provide the reference curve and a number of scaling factors,
and SWAP will generate for each scaling factor the soil hydraulic functions and the
corresponding water and solute balance and relative crop yield.

In cracked clay soils the shrinkage characteristic is used to determine crack volume, area and
depth. Water and solutes collected in the cracks will infiltrate at the crack bottom into the soil
matrix or flow rapidly to the surface water. In the clay matrix, the Richard equation is applied
for water fiow and the convection-dispersion equation for solute transport.

Flow and transport in water-repellent soil is based on the concept of a mobile and an
immobile soil volume. The actual mobile volume at a certain depth depends on the soil water
pressure head. In the mobile volume the Richards’ equation and the solute transport equation
apply. In the immobile volume, the water flux is assumed to be zero. Solutes diffuse between
mobile and immobile volume.

2.7 Irrigation and drainage

Irrigation may be prescribed at fixed times or scheduled according to a number of criteria.
The scheduling option allows the evaluation of alternative application strategies. The timing
criteria include allowable daily stress, allowable depletion of readily available water in the root
zone, allowable depletion of totaily available water in the root zone, and critical pressure head
or water content at a certain depth.

Field drainage can be calculated with a linear flux-groundwater level relationship, with a
tabular flux-groundwater relationship, or with drainage equations of Hooghoudt and Emnst.
The use of drainage equations allows the design or evaluation of drainage systems.

2.8 Surface water system

At sub-regional level the interaction between soil water balance, crop growth and surface
water management can be simulated. The surface water system can be partitioned in up to
five channel orders, each defined by its bed level, bed width, side-slope and spacing. In each
channel, except from the primary channel, the surface water has the same level, which is
either input or calculated from the sub-region water balance. The water level of the primary
channel is input. Drainage to each channel order is calculated with the corresponding
drainage resistances. Also infiltration from the channels, using the corresponding infiltration
resistances, is calcuiated when the surface water level is higher than the groundwater level.
In case of surface water level as output, for each water management period, a fixed or
automatic weir can be simulated. The user should provide a water management scheme that
specifies the target level for surface water, the maximum mean groundwater level, the
maximum soil water pressure head and the minimum air volume in the soil. SWAP will select
the highest surface water level for which all criteria are met.

2.9 Sensitivity and limitations
To gain insight in the sensitivity of the resuits of the model SWAP to changes on some of
its input parameters, a global sensitivity analysis was performed with this model by

Woesseling and Kroes (1998). Generation of parameier values and the analysis were
carried out with the statistical package Usage (Jansen and Withagen, 1997) for different
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crop-soil combinations. The analysis was carried out with a range of meteorological years,

which included average and extreme metecrological data. Input parameters were selected

that are associated with a number of processes in the SWAP-model: soil physics,
evapotranspiration, drainage, regional hydrology. For each input-parameter a distribution
type, its average, variance, minimum and maximum value were selected using existing
databases and expert-judgement. The analysis focussed on results as cumulative terms of
the water balance and groundwater level. Some conclusions drawn from this analysis are:

* Boundary conditions (both upper and lower) are of crucial importance when applying
the model SWAP,

¢ For all soil-crop combinations the soil and crop evaporation were strongly depending on
the function describing the Leaf Area Index (LAl);

Drainage, simulated as lateral discharge, is very sensitive to the surface water levels;
High groundwater levels are strongly related to surface water levels; low groundwater
levels depend on a combination of LA, soil physical parameters and surface water
levels; the average groundwater level is mainly determined by the ievel in the primary
drainage system;

» At low values for the saturated hydraulic conductivity the model SWAP did not succeed
in finishing the simulations within one hour cpu-time; this occurred for peat at values
below 0.1 cm d™'. and for ciay at values below 0.06 cm d”'. At these low values the
Richards equation could not be solved within the specified cpu-time.

SWAP 2.0 is developed for calculations with daily meteorological input data. Exceptions
are e.g. studies with surface water runoff, for which the user may provide actual, short time
rainfall intensities. In general, model results should be analysed on a daily base. For many
cases this will be sufficient; for analyses using more detailed and complete meteorological
data other models such as SWAPS (Ashby et al., 1996) are recommended. Other
limitations of this version of SWAP are:

* no simulation of regional groundwater hydrology;

s no interaction between crop growth and nutrient availability;

* no non-equilibrium sorption of pesticides and no simulation of metabolites
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3 Technical model description

3.1 Model structure

A flow chart representing the main structure of the model Swap is given in figure 2. The

structure of the program is such that one simulation run may consist of:

« A simulation period of 70 years (sequential sub-runs);

e Up to 70 scenarios of a growing period with a maximum length of one year (parallel
sub-runs);

o Up to 70 sub-runs of a growing period with a maximum length of one year, with each
sub-run its own soil hydraulic functions according to similar media scaling (parallel sub-
runs).

Simulation and sub-run control parameters are initialised at the start of the simulation
(figure 2, top left). The simulation starts for each sub-run with the potential crop production
of the first day. Potential crop production is defined as the total dry matter production of a
green crop surface that, during its entire growth period, is optimally supplied with water and
nutrients, and grows without interference from weeds, pests and diseases. The production
level is essentially determined by the prevailing weather conditions. To get an estimate of
the potential production, the complete period of the sub-run is calculated (figure 2, biock A).
Once potential crop production is determined, the simulation of water-limited crop growth
starts with an initialisation of sub-models for Timing and Soil. Optionally the Irrigation sub-
model is initialised. Next the simulation starts the day at 00.00 hour with the intake of
meteorological data after which the sub-model Soil solves the discretized equations for
water flow, solute transport and heat flow {figure 2, block B). These calculations are
performed with a reduced timestep, which will be decreased, maintained or increased
according to numerical conditions for the solution of water flow and solute transport
equations (see Van Dam et al., 1997, par. 2.4 and par. 3.3).

Within the sub-model Sail the top, lateral and bottom boundary conditions are determined
first, after which the sink term of root water extraction is caiculated. With boundary
conditions and sink terms known, the Richards equation is solved, resulting in values for
pressure heads and moisture contents for the next timestep. Soil temperatures are then
determined by solving the heat flow equation. Parameters for hysteresis are updated and
the daily water fluxes are integrated. If interaction with the surface water system is required
{extended drainage), the various surface water flows are calculated. Also during each time
step the solute transport equation is solved using the actual soil water fluxes. The sub-
model Soil is called for each timestep until the end of the day.

Once the end of a day is reached and the calculations with the sub-model Soil are finished,
the actual crop growth rates are determined and its corresponding state variables are
integrated. After updates of some parameters the next day of simulations starts.

Once the last day of a simulation sub-run is reached the sub-model Soil is terminated and
once the end of the last sub-run is reached the complete simulation ends.
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Fig 2. Main structure of Swap 2.0
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3.2 General data flow

The main module of the model Swap consists of 7 submodels (figure 3): Meteo, Crop
(detailed non-grass, detailed grass and simple), Soil, Irrigation and Timer. Sub-models are
divided into parts for initialisation, rate calculation, integration and termination. The sub-
models perform calls to subroutines, of which an overview is given in Annex B.

In order to facilitate tailored use of SWAP by researchers, Annex C contains the main
variables of the program.

Each submodel requires specific input. In detail this will be explained in the next chapter.
An overview of the general data flow is given in figure 3. A summary of required input and
output data is given in respectively annex E and F.

Apart from one general input file, all files have variable file names and fixed file extensions.
In figure 3 the file extensions are given between brackets.

The general input file (Swap.key) contains the switches that arrange the various simulation
options.

Metecrological data can be supplied as daily data or, in a separate file, as short-term
rainfall data to allow the calculation of surface runoff.

Values of crop parameters enter the corresponding sub-model for Crop growth, which can
either be a detailed mechanistic model (Wofost) for annual crops or grassland, or a simple
empirical crop model. Up to three crops per year are supported in any combination of the
mechanistic and the empirical model. In case of grass production however, only one crop
per year is allowed as the grassland is supposed to be permanent. The crop rotation
scheme is given in a separate input-file.

The sub-model Soil reads spatial discretisation (geometry) and important soil
characteristics. Separate input is given for soil physical data, bottom boundary conditions,
surface water system, heat flow and solute transport.

The sub-model Irrigation reads from separate input-files: prescribed irrigation gifts or
criteria to simulate irrigation gifts.

The sub-model Timer extracts information from the general input file Swap.key and the
sub-mode! Soil.

3.3 Model extensions

For some appilications the usual array lengths may be insufficient, or the user might wish to
decrease some array lengths to use less memory. This is possible by changing parameter
values that specify certain array lengths in the file PARAM.FI, and subsequent recompiling
the program. The array lengths that might be changed are:

— maximum number of years in the simulation period, (standard 70)

— maximum number of compartments, (standard 40)

- maximum number of horizons, (standard 5)

- maximum number of applied irrigations, (standard 366)

— maximum number of open water leveis (basic drainage) , (standard 366)

— maximum number of water levels primary system (ext. drainage) , (standard 366)

— maximum number of water levels secondary system {(ext. drainage) , (standard 366)

— maximum oscillation of groundwater level {ext. drainage) , (standard 1000.0 cm)

— maximum number of management periods (ext. drainage) , {standard 52)
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Fig 3 Main data flow of Swap 2.0
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4 Program inputs

4.1 Introduction

A summary of ali input files the model can handle is given in table 1. Some files are
required, other files are optional. The general input file named Swap key refers to the input
files of the actual simulation. Apart from the name of the file Swap.key, all file names can
be freely chosen. The file extensions are fixed however and indicated in bold in table 1.
Other restrictions that apply to the file names are:

s The name of the meteo file with daily data consists of the name of the meteo station
and an extension equal to last 3 digits of the year considered. The optional file with
detailed rainfall has an equal name, with addition of an ‘r’ before the extension (see
table 1);

* A generic name is used for the input files *.swa (soil profile description), * .slt (solute
transport data) and *.hea (heat flow data). In the example of table 1, the generic name
is 'Hupsel'.

Table 1 Summary of input file reguirements

Kindofdata  Description of file-content {kind of Filename Aequired  Optional
parameters)
General Simulation and I/O-options Swap.key +
Meteo Daily data Hupsel.yyy +
Detailed rainfall Hupselir.yyy +
Imigation Irrigation fixed Hupsel.irg +
Irrigation calculated irrig.cap +
Crop Rotation Year80.cal +
Detailed non-grass Maize.crp +
Detailed grass Grass.crp +
Simple crop model MaizeS.crp +
Soil related Soil water Hupselswa +
Soil hydraulic functions Sandt.gol +
Drainage lateral: basic Hupsel.drb +
Drainage extended: surface water Hupsel.dre +
Bottom boundary conditions Hupsel.bbc  +
Heat Heat flow Hupsel.hea +
Solute Solute transport and transformation Hupsel.sit +

In the input files of each parameter the symbolic name, a description and an identification is
given. The identification between square brackets uses the following convention:

1) range (recommended minimum and maximum)

2) unit

3) data type (I = Integer, R = Real*4, Ax = character string of x positions)

For example: [-5000 ..100 cm, R] means: value between —5000 and +100 with a unit in cm,
given as a Real™4 data type (which means that a dot must be added).

Swap uses the units day for time, cm for length and mg for mass. Exceptions are the input
of meteorological data (see par. 4.3), crop data (see par. 4.8 - 4.10), drain spacings and
weir discharge coefficients in case of surface water management (see par. 4.14).

General rules for the formats of input files are:

o order of variables is fixed

+ free format with structure ‘VariableName' = ‘value’
» comment in lines is allowed starting with * or V'

SC-DLO Technical Document 53 O 1999 0 23



s Dblank lines are allowed
in the following paragraphs each of the input files will be briefly discussed.

4.2 General information (Swap.key)
4.21 Section 1: Environment

The project name (maximum of 8 characters) will be used as a generic file name for severai
input files, notably the .SWA file (soil water flow data), the .SLT file {solute transport data)
and the .HEA file (heat flow data).

The variable Path indicates the directory where the user wants to store the input and output
files. An example is: 'c:\SwapiexampleV' or ‘.\exampleV. If no characters (Path = ") are
given then the program will assume that all input files are located at the current directory
(the directory from which the model is executed). Output files will also be written to the
directory specified with the variable Path.

AR R KT R H AR RW AW R N A RN R AR RN AR AR AR AR Ik kAW kA A wdw kKA w Rk hh ko kA AR F ANk Ao ANk ko
* Filename: SWAP.KEY

* Contents: SWAP 2.0 - General input data
AR ARk R A A AN AT AT AR A T A AR WA R AN NN R AN AT A NN A AT AN N TR AR AN R AARANEANRR NN W NN

* Comment araa:
*

*C Case: Water and solute transport in the Hupsel areaz,

Llod a catchment in the eastern part of the Netherlands
*C

*C Example of the User‘s Guide: reference situatiaon

*C

*C A set of input data to explors SWAP

ER s e L R e R T A L L

EE g e T )

* Section 1: Environment
-

Project = ‘Hupsel* ! Generic name for .SWA, .SLT and .HEA files, [A8]

Path = ! Path to data directory, [AS50]

CType =1 ! Switch, computer type, [PC=1., VAX & Workstation =2)
SWSCRE = 1 ! Switch, display progreasion of simulation run, [(Y=1, N=0]

LR Al R R R e L R R R L e A Rl L R e T R e e

ER R R R L L R e T L R P R L)

* gegtion 2: Time variables
*

SSRUN = 01 01 1980 ! Start date of simulation run, give day month year, [3I]

ESRUN = 31 12 1%80 ! End date of simnlation run, give day month year, [3T)

FMAY =1 ! Firgt month of the agricultural year, January = 1, [1..12, I]
PERIOD = 0 1 Output interval, ignore = 0, [0..366, I]

SWRES =1 ! Bwitch, reset output interval counter each year, (¥=1, N=0]
SWODAT = 1 ! Switch, extra output dates are given in table, [Y¥=1, N=0]

* If SWODAT = 1, table with additicnal cutput dates
* Date records of type dd mm yyyy (max. 366), {1..31 1..12 1..3000, 3I
31 01 1988
29 02 19880
31 03 1%40
30 04 1580
31 Q5 1988
30 06 1980
31 07 1980
31 08 1980
30 09 19480
31 10 1280
30 11 1980
31 12 1980
* End of table

F AR AT R RN AN R ARk b ke b e R kR A RN R N A A AN AN R RN E NN NN NN N RN AW AR R IR h kb ok kW

File swap.key with general information: section 1 and 2
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file://'c:/Swap/example/'

4.2.2 Section 2: Time variables

Start and end of the simulation period must be specified. The maximum length of the
simulation period amounts 70 years. A year in SWAP does not necessarily start on January
1%, but rather on the first day of the month named “first month of the agricultural year'. Note
that input files with time dependent data (except the meteo data files) relate to an
agricultural year.

Swap output can be generated at reqular intervals and additionally at irregular output dates,
which must be specified explicitly. The day counter signalling the end of an output interval
may be reset each sequential sub-run or just proceed.

4.2.3 Section 3: Meteorological data

The variable METFIL is the name of file with values of daily meteorological data and
reference evapotranspiration data. The content of the file is discussed in paragraph 4.3.
The name of the file should maximally be 7 characters long as it functions as the first pan
of the name of related meteo data files. The file extensions are derived from the three last
digits of a year number. An example is: a file with the name 'Hupsel.998' contains meteo
data from station Hupsel and year 1998. Note that internally SWAP calculates with actual
year numbers (4 digits), so that no millennium problem will occur.

Latitude and altitude of the meteo station are used in the Penman Monteith equation. If
reference evapotranspiration values are used instead of meteorological data (variable
SWETR) then dummy values for latitude and altitude should be given.

The variable SWETR indicates whether SWAP should calculate potential
evapotranspiration rates from daily meteorological data (using the Penman Monteith
equation) or from daily reference evapotranspiration values.

In addition to daily rainfali data in the meteo files, detailed short timestep rainfall data may
be specified in a separate data file. The variable SWRAI indicates if such a file will be used.
A file with detailed rainfall related to the meteo data file given above should have the name
'HupselR.998'".

4.2.4 Section 4: In- and output files for the simulation runs

A simulation run may comprise a period of 70 years (sequential run). Alternatively, up to 70
simulations for the same year {(or part of the year) with changing input conditions for this
year can be carried out (paraliel run). A sequential run for more than one year or a parallel
run for more than one case contains a number of sub-runs. Each sub-run may have its own
specific input data with respect to soil water boundary conditions and crop rotation scheme,
whereas each crop (maximum = 3) in the scheme is related to a specific model type
(detailed, detailed grass only or simple), cropping period and irrigation water application
rules.

For each sub-run the next filenames (no extensions !) might be specified {optional can be
skipped):
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» |RGFIL - (optional} input file with fixed irrigation data (*.IRG). Fixed irrigations are an
alternative to calculated irrigations and can be applied both within and outside a
cropping period.

» CALFIL - (optional) input file with the crop rotation scheme (*.CAL). In case this file is
not specified, bare s0il is assumed throughout the simulation period.

» DRFIL - (optional) input file for the basic drainage routine (*.DRB) or the drainage
routine extended to surface water (*.DRE). Which type to be specified (if any) is one of
the run options in section 5.

¢ BBCFIL - input file with the bottom boundary condition (*.BBC).

o« OUTFIL - generic name of output files for this year.

4.2.5 Section 5: Processes which should be considered

For the simulation of lateral drainage three options are available:

e no simulation of lateral drainage;

* simulation with the basic drainage routine (lateral drainage to maximally 5 drainage
levels, no simulation of the surface water balance);

« simulation with the extended drainage routine (lateral drainage to maximally 5 drainage
levels, taking into account simulation of the surface water balance).

The possibility to simulate solute and heat transport can be switched on or off.

4.2.6 Section 6: Optional output files

Under output options the user can specify whether additional output files of the extended
drainage routine and the profile file (for each output day: vertical profiles of soil water
content, solute concentration, soil temperature, soil water flux and solute flux) must be
produced.

4.2.7 Section 7: Optional output files for water quality models
This section contains switches that arrange output to files which are commonly used by
water quality models like PESTLA (Berg and Boesten, 1998) and ANIMO (Kroes and

Roelsma, 1998). Options can be switched on and off and names for the related output files
can be specified.

26 0 SC-DLO Technical Document 53 O 1999



TR AR LR A AR R AR AR A KRN AR AR R A F N A Ak AR AR AR Ak Rk ko Rk R h oo kN i w o dede v o e Aok oo o o o o e o o

* Section 3: Meteorolegical data

*

METFIL = 'Wageni-’ File name without extension of meteorolegical data, [A7]

]
LAT = 52.0 ! Latitude of meteo station, [-60..60 degrees, R, North = +]
ALT = 10.0C ! Altitude of meteo station, [-400..3000 m, R]
SWETR = 0 ! Switch, use ETref values of metec file [¥=1, N=0]
SWRAI = O ! Switch, use detailed rainfall data [Y¥=1, N=0]

LE 2 R 22 R e R R R R R e A e R L R R R R R R R RS sl

L R R R R L R R R A e R R R L e AR R RS RS SRR E 2RSS 2L S

Section 4: In- and cutput files for the sub-runs

*
x
* Specify for each simulation sub-run (max. 70) the following 5 file names
* without extension (absence of file as *'} [AB]:
* 1 - the (cptional) input file with fixed irrigation data [.IRG]
* 2 - the (eptional) input file with the crcp rotation scheme ({.CAL]
* 3 - the (optional) input file for the basic drainage routine [.DRB]
* or the (opticnal) input file for the extended drainage routine [.DRE]
* 4 - the input file with the bettom boundary conditicn [.BBC]
* 5 - generic name of output files
x
* IRGFIL CALFIL DRFIL BBCFTL OUTFIL

‘Hupsel” ‘Year80' ‘Hupsel’ ‘Hupsel’ ‘Result’
* End of table

A A A AN N W W RN A I AR AN A AN F A AR A A A AL AN AR AN T AR AR LTI NI A NKAR LA NN AL AAEANTNRRR AR AR W AARR

R T A T

* Secticn 5: Processes which should be considered

SWDRA = 1 ! Switch, simulation of lateral drainage:
* ¢ = No simulation of drainage
* 1 = Simulation with basic drainage routine

* 2

Simulation with extended drainage routine

SWSOLU = 1 ! Switch, simulation of solute transport [Y=1, N=0]
SWHEA = 1 ! Switch, simulation of heat transport [¥=1, N=Q]

HHA AR KRN T R AU AN A RN RN AT R AR AR A AR R T R IR NN A AR AR I NN WA AR RN NN KRR R AR NN NIRRT kAR WAk kR T %

A A A A NN AW W I A A A A A A A I AR AR AR A AN NI AN AR AR KRR TN T T NTRRAKNNNTNELER AR AR AT AL TR Ak R

* Section 6: Opticnal output files, each run generates a separate file

*
SWVAP = 1 | Switch, output profiles of moisture, sclute and temperature [Y¥Y=1, N=0]
SWDRF = 0 ! Switch, output drainage fluxes, conly for extended drainage [¥=1, N=0]

SWSWE = 0 ! Switch, output surface water reservoir, only for ext. dr. [¥=1l, N=0]
HRERE TR WA R PR R AR AR E R AR RT AT AR R I W N AT AW R PR PR RN R R T PN A AR P TANTANERNARAAN TN R T ONN

L L e R T L R R L T et s

* Saection 7: Cpticnal output files for water quality models or specific use,

* one file covers the total simulatien pericd

-
SWAFD =0 ! 8witch, output file with formatted hydrolecgical data, [Y=1, N=D]
AFONAM = ‘Result’ ! File name without .AFO extension, [AB]
SWAUN = 0 ! Switch, output file with unformatted hydrological data, [¥=1, N=0]

AUNNAM = ‘Result’ ! File name without .AUN extension, [AB]

SWATE 0 ! Switch, output file with scil temperature profiles, [¥Y=1, N=0]
ATENAM = 'Result’ ! File name without .ATE extension, [AS8)

SWAIR 0 ! Switch, output file with irrigation data [¥Y=1, N=0]
AIRNAM = 'Result’ ! File name without .AIR extension, [A8]

* End of file HHA NI U I A AN KK TN AR AN A IR AN EANRK KN KT WAL LT EN AR ARKR AN E AR AR RN AL AN XK

File swap.key with general information: section 3, 4, 5, 6 and 7
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4.3 Daily meteo data (station.yyy)

SWAP uses daily evapotranspiration data. Also the rainfall data should be specified for
each day, but in addition the actual rainfall intensities may be specified in the file
stationnr.yyy.

The ranges, units and datatype of the meteo data are:

DAY ettt [0.3td,]1]
MONEN .o [1.12m, ]
Y AN ... ottt et eans [1..3000vy, 1]
Daily global Radiation (RAD)...................... [0..5.E6 kd/m2, R]
Minimum temperature (Tmin) .......ccccccveeveeeennne. [-50..35 C, R]
Maximum temperature {Tmax) ......ccccccverrvrenreenen [-30..60 C, R]
Average vapour pressure (HUM).........c.coveeneee [0..10 kPa, R]
Average windspeed (WIND) ...........................[0..60 m/sec, R]
Total rainfall (RAINY ..o, [0..1000 mm, R]
Reference evapotranspiration(ETref) ............... [0..100 mm,R]

Missing values in the input file should be indicated with -99.0 or lower. The following rules

apply to missing meteo data:

s missing values of rainfall are never allowed;

o f potential evapotranspiration must be calculated, no missing values are allowed of the
data BAD,Tmin, Tmax, HUM and WIND; potential evapotranspiration will be calculated
in case ETref values are not used (specified in SWAP.KEY, section 3), or when ETref
values are missing;

s no missing values for Tmin and Tmax are allowed if a crop is present or soil
temperature must be simulated;

= no missing value for RAD is allowed in case the detailed crop model or the detailed
grass model is active.

Violation of these rules cause program termination, after first writing the date and the cause

of the fatal error to the log file.

4.4 Detailed rainfall (stationR.yyy)
Detailed rainfall data are necessary if runoff needs to be simulated accurately.

Each data record represents a reading from a raingauge, which is empty at 00.00 hours
and will be emptied again at the end of the day (24.00 hours). This means that data entered
should be cumulative over 24 hours.

Day, month, year, hour and minute should be entered as integers. Rain should be entered
at least in tenth of a millimetre.

Note that in addition to the detailed rainfall, also the daily rainfall amounts should be
specified in file station.yyy.
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E2 2R R R RS S AR 2 RS R R 2 Rl 2R R AR SRR LR R RS R RS2 2RREE 2 S )
* Filename: Wageni.9B80

* Contents: SWAP 2.0 - Meteo data of Wageningen weather station

KA AR Ak A A AR AR T R R T A A A A A A AT TN A AR U AN AAR AR RAAREUENAR R R XN NRENRRR NN
* Comment area:

*

*

KAEKK AR R KA AN KR AR T NN ALK AN KAARR NN AN AN Wk koo r ko khhk kv AN Ak kkrw kA kb w A A AR

*  Station DD MM YYYY RAD Tmin  Tmax HUM WIND RAIN ETref
* nr nr nr kJ/m2 c c kPa m/s mm mm
AAAEANR AN KA XN RN AANT TN TR RAAE N RAANTNRER R AN AA AN e r Ak kb krwdh ke rwhhhkhkarwdkdhk
'Wageningen' 1 1 1980 2540. -1.2 1.4 .62 3.5 6.2 ~99.9
'Wageningen' 2 1 1980 3520. -6.5 1.4 .53 1.7 .0 -95.9
*‘Wageningen' 3 1 1980 1510 -8.2 L1 .49 2.2 .2 -99.9
'Wageningen' 4 1 1980 740. -3 3.5 .66 4.5 7.0 -85.9
'Wageningen' S5 1 1980 950. 2.8 5.1 .78 3.0 2.2 -95.9
'Wageningen' 6 1 1380 1090. 3.8 6.0 .82 2.7 8.7 -95.9

‘Wageningen’' 21 12 1980 630.

.1 4.0 .69 2.6 2.5 -99.9
‘Wageningen' 22 12 1980 1060 . .3 B.0 .80 2.9 .0 -99.9
‘Wageningen' 23 12 1980 480. 7.7 11.1 1.10 5.1 2.4 -99.9
‘Wageningen' 24 12 1980 1120, 8.4 12.0 1.02 5.1 .0 -99.9
‘Wageningen' 25 12 1980 1420. 2.8 3.8 .86 4.6 3.9 -99.9
‘Wageningen' 26 12 1980 2530. .8 5.7 .64 3.8 0 -99.9
‘Wageningen' 27 12 1980 3220. -3.3 4.3 .60 1.1 7 -99.9
'Wageningen' 28 12 1980 870. -2.7 3.4 .62 2.8 c -99.9
'Wageningen' 29% 12 1980 350. 3.3 7.2 .87 3.5 .0 -99.9
'Wageningen’ 30 12 1980 320. 6.4 8.2 .92 4.3 .0 -93.9
'Wageningen’ 31 12 1980 57Q. 5.7 B.86 82 7.2 2.0 -99.9

File Wageni.980: daily meteorological data

HHEE K RA R R KT R R R AN T KT RA AN R R RN AN AN AR R AR NN KR W W v hk kA kA XTI ha ke khw kA kdw

* Filename: Wagenir,b980
* Contents: SWAP 2.0 - detailed rainfall data of weather station

L R e e

LR R R R kR R e e

* Station DD MM YYYY HR MN Rain

* Units: nr nr Anr nr nr mm
HER AR NN N RN R RN TN A RARE AN A AN R AR AN AAN RN TRk ke wwwww kA kA ww kA AR A Ak wk sk hk ke khkw

'Wageningen' 01 01 1980 14 00 3.Q
'‘Wageningen' 01 01 1980 15 00 4.5
'Wageningen' 01 01 1580 17 00 6.2
'Wageningen' 01 01 1980 24 00 6.2
'Wageningen' 04 01 13980 06 00 1.5
'Wageningen' 04 01 1980 09 00 3.0
'Wageningen' 04 01 1980 10 00 6.9
‘Wageningen' 04 01 1980 24 00 7.0

File wageniR.980: detailed rainfall data
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4.5 Irrigation fixed (*.irg)

Two different types of irrigation can be specified in SWAP. The choice between the types
depends on the economical and physical constraints of the irrigation area (see Van Dam et
al, 1997, chapter 8). Either a fixed irrigation schedule can be specified, or irrigation
application can be calculated according to a number of criteria. A combination of fixed and
calculated irrigation is also possible. An example of this would be a pre-irrigation (flooding
the field) before planting and later on irrigation based on crop development. Fixed irrigation
can be specified the whole year round,; irrigation scheduling can only be active during a
cropping period. Both types of irrigation may overlap, but fixed irrigation has priority: if
irrigation is prescribed on a certain day, no irrigation will be calculated for the same day.

This paragraph described the input data for a fixed irrigation schedule. These input must be
specified in a file with extension *.IRG and must be given for each year with fixed
irrigations, as indicated in SWAP.KEY, section 4.

The type of irrigation can be specified as being: a sprinkling (0) or a surface (1) irrigation. In
case of sprinkling irrigation, interception will be calculated.

KR KT AN AN KA NN AT E R AR A AA R I AAR AR AR RN N TR A RN N A A A A A A AN Ak kA A N AR AR R AR AN A AR TRRN

* Filename: Hupsel.IRG

* Contents: SWAP 2.0 ~ Fixed irrigations

HHH Rkt w Ak kA R R A AR A A AR RN KA AR AN AANA AT N ATk bk kb rwhhh
Comment area:

*
*
* Case: Water and solute transport in the Hupsel area,

* a2 catchment in the eastern part of the Netherlands
w

w

w

w

Example of the User’s Guide: reference situation
A set of input data to explore SWAP

AR AN R T R A NN A A AN AN TR A A AN A A A AR N Ak kA kA A A A A NI ARNIRI R TR R TEE RN R ANRRSL

* List for each irrigation application [max 50 records):

* day menth depth concentraticn sprinkling (=0) or surface (= 1) application
* mm mg/cm3
5 1 5.0 1000.0 1

* Frd Of File ®hdrd sk a ke r h kA kA Ak Kk ARk A N ARk Ak ANk AR TR AR KA AN AN R A ARk kT &

File hupsel.irg: fixed irrigation
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4.6 Irrigation calculated (*.cap)

In the previous paragraph (par. 4.5) a general description was given of the two options for
irrigation.

This paragraph described the input data required for irrigation applications according to a
number of criteria. Scheduling irrigation can be a more optimal strategy if certain objectives
need to be reached in crop production, like economic returns or efficiency. In order for the
irrigation scheduling to be active, the *.CAP file needs to be specified in the crop calendar
file *.CAL.

4.6.1 Section 1: General

The water quality of the irrigation water and type of irrigation (sprinkling or surface) should
be defined.

4.6.2 Section 2: Irrigation time criteria
Five different timing criteria can be chosen:

1) Allowable daily stress. This parameter determines the fraction [0..1, R] of the
potential transpiration rate below which the actual transpiration rate should fall
before initiating an irrigation.

2) Allowable depletion of readily available water. This parameter determines the
depletable fraction [0..1, R] of the amount of water in the soil profile between h=-
100 cm (field capacity) and the point at which water uptake is reduced (hs, Fig 2.2
of Van Dam et al, 1997), before irrigation should be started. The point of reduced
water uptake depends on the atmospheric demand. These parameters are crop
specific and should be specified for each crop model in the crop file *.CRP. section
Crop water use.

3) Allowable depletion of totally available water. This parameter determines the
depletable fraction [0..1, R] of the amount of water in the soil profile between h=-
100 cm (field capacity) and the wilting point (h,, Fig 2.2 of Van Dam et al, 1997),
before irrigation should be started. The wilting point is crop specific and shouid be
specified for each crop model in the crop file *.CRP. section Crop water use.

4) Allowabie depletion amount. This value determines a predetermined amount of
water [0..500 mm, R] which can be extracted below h=-100 cm (field capacity),
before irrigation should be started.

5) Critical pressure head or moisture content exceeded. In this case irrigation is
initiated as soon as a hypothetical sensor in the soil indicates that the pressure
head or moisture content drops below a specified value. This would be typicai in
many automated systems. The user should specify the depth of the sensor.

Each of the options gives the opportunity to define the timing criteria as function of crop
development stages, giving the possibility of dynamic irrigation scheduling. It is conceivable
that a crop can be allowed different levels of water and/or salinity stress depending on its
development stage.
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4.6.3 Section 3: Irrigation depth criteria

The back to field capacity option is useful in the case of sprinkler or micro irrigation. SWAP
calculates the amount of irrigation water needed to bring the pressure heads in the root
zone until h =-100 cm.

An over {positive) or under (negative) irrigation amount [0..100 mm, R] can be specified
depending on the development stage of the crop. This can be useful if salts need to be
leached or reqular rainfall is expected.

The fixed depth irrigation [0..200 mm, R] is generally used when gravity irrigation systems
are simulated, which generally allow little variation in application depth. Again it is possible
to specify the irrigation amount depending on the crop development stage.

AR R R R AR T AR N A R R T A A AR AR LT R RN AR R A RPN AR RR AR NN R A RRAR IR RN RE RN AN N R R b

* Filename: IRRIG.CAP

* Contents: SWAP 2.0 - Irrigation scheduling criteria and parameters
kkdwwkdkdhkkwwdkdkdkdwrwrdkhrbkkwdwrrhhbrradrarwrhkddthbhkddrrrdhdbrrrdbdrrkhddkrwrrr bkt kkkrwrkddn
* Comment area:

*

R ]

L L L R L e L e R R R R T2

Sk kAR ek Rk kR ke Wk h bk drdrdr kbbb dr b b b b b ok ok ko ek

* Section 1l: General
*

ISUAS = 1 ! Switch, type of irrigation methed during scheduling phase:
* 0 = sprinkling irrigation
* 1 = surface irrigation

CIRRS = 0.0 ! solute concentration of scheduled irrig. water, [0..100 mg/cm3, R)

L R L L LT T T ]

File Irmig.cap: simulated irrigation, section 1. general info
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* Section 2: Irrigstion time criteria
-

* Choose one of the § options:

TCS1l = 1 ! Switch, criterion Daily Stress, [¥=1, N=C]

-
*# If TCS1 = 1, specify mimimum of ratio actual/potential transpiration [§..1, RI].
* as function of development Stage (0..2, R], maximum 7 records:
* DVS Ta/Tp

0.0 0.85

2.0 0.95

* End cf table

™SS2 = 0 ! Bwitch, criterion Depletion of Readily Available Water, [¥Y=1, N=0]

*
* Tf TCS2 = 1, specify minimal fraction of readily available water [0..1, R],
* as function of development stage {0..2, R]. maximum 7 records:
* DVS RAW

0.0 0.9%

2.0 0.95

* End of table

TCS3 = 0 t Switch, eriterion Depletion of Totally Available Water, [¥=1, N=0]
£l
* If TCS3 = 1, specify minimal fraction of totally available water [C..1, R].
* as function of development stage [0..2Z, R], maximum 7 records:
* DVS TAW
0.0 O0.s0
2.0 0.50

* End of table

TCS4 = (Q ' Switch, eriterion Depletion Water Amount, [Y=1, N=0)

-
* If TCS4 = 1, specify maximum amount of water &epleted below field cap. [C..500 mm, R],
* as function of development stage [0..2, R], maximum 7 records:
* DVS DWA

0.0 40.0

2.0 40.0

* End of table

TCES = D ! Switch, criterion preasure head or moisture content, (Y=1, N=0]

*

If TCS5 = 1, specify:

PHORMC = 0 ! Switch, use pressure head (PHORMC=0) or water content (PHDRMC=1)
DCRIT = ~-30.0 | Depth of the eensor [-100..0 ¢m, R]

*

also specify critical pressure head [-1,0E6,.-100.0 om, R) or moisture

content [0.0..1.0 cm3/emd, R], as function of development stage DVS (0.0..2.0, Rl:
DVS VALUE

0.0 1c¢c€0.0

2.0 1co0cC.0

* End of table

ARk AR AR NN N AR AR R R R E A AN AN AR AR AR NA A R AR R kWA a A A AR AR KN R AR R AR AR R T E NI N e vtk ry

*

*

Ak A E A A AR AR AR A A A AN R R A RN R AR R AR AR R RN Rk R A A N A kAR AR R AR A KR AR RN ER TN N ANANANR TR R RS

* Section 3: Irrigation depth criterias
%

* Choose one of the 2 options:

Desl = 1 ! Switch, criterion Back to Field Capacity, (¥=1, N=0]
x
* If DCS1 = 1, specify smount of wnder (-) or ever (4) irrigation [0..100 mm, R],
* ag function of development stage [0..2, R}, maximum 7 records:
* DV dI
0.0 0.0
2.0 0.0

* End of tabkle

oesz = 1 ! Switch, criterion Fixed Irrigation Depth, [¥=1, N=0}

"
* If DCS2 = 1. epecify fixed irrigation depth [0..200 mm, R],
* as function of development stage [0..2, R], maximum 7 records:
* DVSs TFID

c.0 0.0

2.0 0.0

* End of table

* Pad Of File wwwdwudtmmm ik b b kA A A R AR RN R R RN R R A AN R R AR TR AR

File Imig.cap: simulated irrigation, sections 2 and 3: timing and depth of irrigation
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4.7 Crop rotation (*.cal)

Up to three crops can be simulated in each agricultural year using SWAP. For each crop, in
a separate record, crop type, parameters, emergence and harvest and irrigation scheduling
should be specified. Only one crop can grow in the field at one time, so emergence and
harvest dates should be sequentially and cannot overlap.

The file containing the crop parameters, without the extension *.CRP, needs to be indicated
here. The type of crop model should be indicated. SWAP uses the crop model WOFOST
6.0 (see Chapter 7 of Van Dam et al, 1997), but the user can also choose to use a simple
crop model, which does not calculate crop development, or can use WOFOST attuned to
permanent grass. During an agricultural year combinations of these three crop model types
can be used. The user's choice of detail in the crop mode! will depend on the user's interest
in detailed output or the availability of input data. Note that radiation and temperature data
are necessary if the user specifies any of the options that use WOFOST.

Indicate the month and day of crop emergence, this will be the day the model uses to start
calculation of crop development stage and plant transpiration. The emergence date should
not be prior to an earlier crop’s harvest date.

Indicate the harvest date, which will also be the day yield will be calculated in the detailed
crop model and transpiration calcutation will be terminated. The harvest date should not be
later than a following crop’s emergence date.

Indicate the day the scheduled irrigation should start. In most cases this is the same as the
date of crop emergence. However a different date can be indicated, according to the users
preferences.

hhkRewkdkh ke kb kAR kR AR R Rk kA Ak ok k ko drdr ok vk ardr e ok bk ko ok

* Filename: Year80.cal

* Contents: SWAP 2.0 - Crop calendar

AR AR AN H R Tk r R R AR A AR AN A A R R A A R A A AR R AR RN A A A AT R N R AR N AR RN RNAT R NN NN AR Rk wrwdhd
*c Comment area:

*c

*C Rotation scheme Hupsel 1980

AR RN Rk ek A A A A R A RN R R A kAN A AR A AR AN AN A R AN N RAR NN NN W NAT Rk wwr ek hwhd

* gpecify for each crop (maximum 3):

* CRPFIL = Crop data input file without .CRP extension, [AB]

* Type = Type of crop medel: simple = 1, detailed = 2, grass = 3

* CAPERIL = Irrigation calculation input file with without .CAP extension, [AS8]
* EMERGENCE = Emergence date of the crop

* END crop = Forced end of crop grawth

* START sch = Start of irrigation scheduling period

* CRPFIL Type CAPFIL EMERGENCE END crop START sch

* dl ml d2 m2 d3 m3
rMaizeS§* 1 ' 0l 05 15 10 01 05

* End_cf _table

File year80.cal: crop rotation scheme
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4.8 Detailed crop growth (*.crp)

Depending on the availability of input date the user can choose between several crop
models. If the user has chosen the detailed crop model option in the crop calendar *.CAL,
then, for each crop chosen by the user, detailed crop growth data need to be specified for
the WOFOST 6.0 model.

Note that although the user can choose to use ETRef, the user will need daily radiation and
temperature data in order to use the detailed crop model.

4.8.1 Section 1: Crop factor or crop height

Crop height or crop factor may used to determine the potential crop evapotranspiration. If

daily meteorological data are used as input (paragraph 4.3) then both options are possible.
If reference evapotranspiration is used as input then only crop factors can be used.

R s A T T T

* Filename: WwheatD.CRP

* Contents: SWAP 2.0 - Crop data of detailed crop model

KX T * A A Ak A A AR A A AN RN AR RN R AR NN AN AR AR A AR A R A A A A R A A A AR I AR NI A AR TN F NN RN RARRANR IR IR TR AT AT hhok
*c Comment area:

*c

*c¢ Winter wheat - Tritium aestivum L.

LR R L e A s e e s R e e A R A A A s e e R )

* Section 1: Crop factor or crop height
k]

SWCF = 1 ! choice between crop factor [=1] eor crop height [=2]

I1Ff SWCF
If SWCF

1, list crop facter {0.5..1.5, R], as function of dev. stage [C0..2 -,R]:
2, list crop height {0..1000 cm, R], as function of dev. stage [0..2 -,R]:

* * * B W

DVS CF or CH {(maximum 15 records)
CFTB =

1,00 1.00

2,00 1.00
* End of Table

kN A NN R TN TR TN b h ket ko wd kbt dedd bk Atk hkdwhdhr ko wwktkhrhbkdkkkhdkrwdhtkdkdkkwd vk kx

File wheatd.crop: detailed crop growth, section 1

4.8.2 Section 2: Crop development

Growth simulation is started at the emergence date, specified by the user in the crop
calendar file. A crop passes through the successive phenological stages from 0 to 2,
depending on the development rate. The develepment rate can depend either on
temperature or daylength or both. In modern cultivars, the day length can generally be
ignored if an appropriate temperature sum is chosen. For more information the user should
check Van Dam et al (1997) par. 7.2.

If temperature is chosen, appropriate temperature sums should be defined, which will
determine the development stage of the crop. If daylength is chosen, appropriate optimum
and threshold daylengths should be defined to determine the reduction factor for the
development rate of the crop. If the combination option is chosen, the user should specify
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both the temperature and the daylength parameters. The daily increase in temperature sum
does not need to be linear. It is conceivable that the increase is lower at higher average
temperatures. The relationship can be defined in a maximum of 15 data pairs. Finally the
development stage at harvest should be defined.

4.8.3 Section 3: Initial values

The initial growth parameters needed are the initial crop weight, the leaf area index and the
maximum relative increase of LAI.

4,84 Section 4: Green surface area

In the second (assimilates limited) growth stage the maximum increase in leaf area index is
determined by the specific leaf area. The specific leaf area of a crop can differ depending
on the development stage. SWAP allows introduction of a curve describing the specific leaf
area in up to 15 data points as a function of the development stage.

To calculate total assimilation it is necessary to know the green area of the stems and
storage crgans since these can absorb radiation.

Under optimal conditions {censtant 35 °C) leaves have a certain life span. Lower
temmperatures limit the life span of the leaves. Next to the optimal temperature of 35 °C, a
lower threshold temperature, which is crop specific, should be specified.

4.8.5 Section 5: Assimilation

This section contains the parameters needed to calculate the assimilation rate from the
solar radiation data. Detailed information about the assimilation calculations can be found
in par. 7.3 through 7.5 of Van Dam et al (1997). The extinction coefficients and light use
efficiency are needed to calculate a potential gross assimilation for the crop. These
determine how much radiation can be used for assimilation. The assimilation rate is than
reduced by either the phenological stage of the crop, the average daytime temperature or a
low minimum temperature at night, when the assimilates are transformed.

The maximum CO2 assimilation rate (AMAX) is a function of the crop development stage.
The user can enter a specific relationship (up to 15 data pairs) to characterise this
relationship.

The reduction factor (TMPF) based on average daily temperature accounts for sub-
optimum temperatures. The input allows for a relationship defined by up to 15 data pairs

The influence of a low minimum night temperature on the reduction factor of AMAX also
can be defined by a relationship of up to 15 data pairs.
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