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Processes considered in the model

Evapotranspiration: HAUDE, TURC WENDLING, PENMAN-MONTEITH,
imported ETref others (indirect CO, effect considered)

Water balance: Capacity model, parameters derived from texture, organic
matter content, free drainage, capillary rise from groundwater

Nitrogen transformations: net N-mineralisation (1. order kinetics),
denitrification (Michaelis-Menten kinetic), N-uptake by crops (radial
convection/diffusion)

Nitrogen transport (convection-dispersion)

Crop growth (SUCROS basis, generic): processes considered: crop
development (enhanced through stress), gross assimilation (CO, effect),
respiration, partitioning, water stress, nitrogen stress



Capacity parameters derived from texture classes
of German soil mapping guide (KA4)

silt

clay



Temperature functions soil moisture dependency

correction factor

soil water content
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he algorithms for CO , effects

CO,— Crop growth :

1. SUCROS approach: direct impact of CO, to Radiation use
efficiency and photosynthesis (Nonhebel, 1996)

2. Michaelis-Menten approach: combined effect of CO, and
radiation on photosynthesis (Hoffmann, 1995)

3. Simplified Farquhar & von Caemmerer model (Mitchell, 1995)
CO, — Transpiration:

1. Combined approach of a transpiration model (Penman-
Monteith; Allen et al. 1998) and a model for stomata resistance
(Yu, 2004)



he algorithms

The Nonhebel approach

SUCROS approach: direct impact of CO, to radiation use
efficiency and photosynthesis

C.-G

. _C,-C
C,+2G

and A xco,y = 350 - GXAmax(SSO)

A temperature effect to A, Is already implemented in SUCROS and
HERMES.

RUE,, =



he algorithms

The Hoffmann approach

Michaelis-Menten approach: combined effect of CO, and
radiation on photosynthesis (Hoffmann, 1995)
CO, - C
K = k,+CO, - G
<O 350- G
k,+350- G

where k; =220 + 0.158 « GS und G= 80 — 0.036 * GS

GS = Global radiation [J m2 s]

A temperature effect to A, Is already implemented in HERMES.



he algorithms

The Mitchell approach

Model approach following Farquhar and von Caemmerer (1982):

CO, effect on light use efficiency and photosynthesis (Mitchell,
1995)

C - C*)pV
Amax — ( | ) C max

C. +KC><1+Oi
K

(0]

C, O, K., K, and V.., are dependent on temperature

_ 0.37>(C, - ¢¥)
4.5>C, +10.5>G*
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gross carbon assimilation [kg CO
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he algorithms

The Allen/Yu approach

Combined approach of a transpiration model (Penman-Monteith;
Allen et al. 1998) and a model for stomata resistance (Yu, 2004)

DR, - G)+ 7, x, (6. - e.)
JET = 2

D+g 1+:S
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Simulated and observed root length density
( data Groot & Verberne, 1991)

cm root cm 3 cm root cm 3 cm root cm 3

observation simulation
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Initial contents observed

oil-1D
"Iilmm (2)

water(z)

field/polygon-ID
date

Nmin (Z)

water (z)

Polvqon Attribute-Table

'soil-ID
field-1D

; -’! Polygon-ID

GW:-high level
GW- low level
irrigationy/n = = = =

Soil profile

soil-ID

no. Horizonts x

Corg (x)

texture class(x)
lower boundary (x)
bulk density class (x)
stone % (X)
C/N-ratio (x)

rooting depth

irrigation

field-ID

date

amount

N- concentration.

Crop rotation

field-1D

crop(y)

sowing date (y)
harvest date (y)
tillage date (y)
residues % (y)
tillage depth (y)
yield (1% crop)

fertilization

field/poly-ID
amount
fertilizer type
|date




Hierarchical order of input and parameter files for HERMES

Weather data
File.YYY

Model settings
DEMO.DRV

Polygon-attributes
PATdemo.TXT

soil profile description

SOIL.TXT
Initial N and water
NMININIP.TXT field spec. crop cultivation
ROTATION.TXT
site specific fertilization field spec. irrigation
SSPFERT.TXT IRRIG.TXT
Fertilizer definitions crop spec. growth parameters texture spec. capacity parameters
FERTIL.TXT PARAM.crop HYPAR.TRU
crop spec. residue parameters texture/gw spec. capillary rise
CROP_N.TXT PARCAP.TRU




Example crop parameter file

Parameter crop model
crop: winter wheat
crop no./ abbreviation
AMAX: Max. CO2 assimilation rate (kg CO2/ha leave/h)
Type of temperature dependency (C3 =1/C4 =2)
Minimum temperature crop growth (Grad C)
maximum effective rooting depth(dm)
root distribution function no. (only 1 available)......

crop N-content function no. (critical and max. N-conten
above ground organs (numbers of compartiments increasing
Start conzentration N in ab. gr. biomass (% i. d.m.)

Start concentration N inroots (% i.d.m.) ..........

Number of crop compartiments..............ccc........

Compartiments................. root leave  stem ears -
initial weight kg d.m./ha ...... 00053.. 00053.. 00000

Maintainance rates of organs ... 0.010.. 0.030.. 0.015

initial kc factor for evapotranspiration ...............

number of development phases...........c..cceeeeees

-------- development phase 1: sowing til emergence ------
development phase 1 temperatur sum ....................

Base temperature inphase 1........ccccevvvennnnn.

Vernalisation requirements (days) ...........c......

day length requirements (hours) ........ccccccee......

Base day length in phase 1(hours) ......cc............

drought stress below ETA/ETP-quotient of..............

critical aircontent intopsoil ...

specific leave area (area per mass) (m2/m2/kg TM) .....
N-content root end of 1. phase . 0.02

Partitioning at emergence 0.500.. 0.500.. 0.000.. 0.0
death rate at end of phase 1 ....0.000.. 0.000.. 0.00
kc factor for evapotranspiration at end of phase 1
development phase 2: emergence til double ridge
development phase 1 temperatur sum

ts).... 1
order) 234
2.0

.. 00000.. 00000
.. 0.010.. 0.000

0..

0.65

00.. 0.000
0.000.. 0.000
0.65
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Modelling crop rotation at Mincheberg

[t dm ha ] vyield

16 ] sugarbeet : winterwheat :winterbarley : winterrye/ :sugarbeet  winter wheat
12 7 : : . oilradish - A ]
g - 5 5 5 s S .
4 ' ' ' ' ' :
0 - ; L
1993 : 1994 i 1995 i 1996  : 1997  : 1998
[t dm ha ™' ] above ground biomass;
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Long term simulation of two crop rotations in semi-arid Saskatchewan/ Canada

continous spring wheat wheat-fallow respectively fallow-wheat
above-ground biomass [kg ha '1] above-ground biomass [kg ha ]
9000 1 39 29 20 Cn a3 [ 9000 1 5 5 5 5 16
7000 | | | | [ 7000 ] | | i | [
5000 | | | | | 5000 i | - | i | i
] T | | | | ] i | ‘ i [
3000 T | | | | 3000 ] | o' | | é " i
1000 1 ‘ ‘ ‘ ‘ 1000 1 ‘ | ‘ ! A ‘ -
..... o fer e
1967 1968 1969 1970 1971 1967 1968 1969 1970 1971
9000 { 44 o  »  x o i 90001 5 | E | 5 | 5 | 5 g [
7000 | | | | [ 7000 3 | i | i T
5000 ; 1 1 1 1 5000 1 | - T
3000 | 1 1 1 1 00§ /F i T
1000 1 : : : : 1000 1___ & A S S
1972 1973 1974 1975 1976 1972 1973 1974 1975 1976
9000 1 55 55 30 el 33 i 90001 5 I 3 1 | 1 3 5 5 [
7000 - S | | | [ 7000 3 i x| i | [
5000 - 1 1 1 1 : 5000 ] 2 - E ;
3000 j[l | | ﬁ | | ﬂ : 3000 - E | Py [
1000 1 | | | | i 1000 1 - I gl I
........... —— | INENSNENEY ; U S 4 S N - 2SI A .
1977 1978 1979 1980 1981 1977 1978 1979 1980 1981
001 7 | 2 i a4 i u . ou %00y sTF L8 5 -
7000 | | | | = | 7000 ] . | | | [
5000 ; 1 1 1 1 : 50001 I 1 | i
3000 ] i i : _— ﬂ I 3000 ] ,5? : i | }_“? : S I
E | | | | - 1 l l 1 | / i
1000 il e |ﬁ|ﬂ| ........... 1000 |opmretiErmpre Tttt Y WS S S A -
1982 1983 1984 1985 1986 1982 1983 1984 1985 1986
] | | | | i ] | | | | +
90001 4 . 56 9 Y 49 [ 9000 ] 11 ] n 4 3 4 3 11
7000 ] | | | | i 7000 | | : g
5000 1 1 1 1 1 : 5000 & | o
3000 1 fﬁ i : ! ! I 3000 ] j-| i Iz | i o
1000 ] s | | : 1000 1 S
rrtrrrrrrrrrfrrrrqrrrorrrfprrr&r&rrrrrrrfgrrrr&orrorrrfrrrrrrerr ey fT————— | LALIL I B B e LI N e LI L N
1987 1988 1989 1990 1991 1987 1988 1989 1990 1991
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Comparison of measured and simuated crop biomass and grain yields
of two crop rotations in semi-arid Saskatchewan/ Canada

a) b)
I S N O B B
10000 | | | | | | : | - 4000 ° //

o y = 279.4 + 0.883x 1y y =-100.1 + 1.175x 1:1
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Total dry matter [kg ha 7]

Total dry matter [kg ha ]

Simulated and observed above-ground biomass

with different CO2 concentrations (FACE Braunschwel 9)

Total dry matter - ambient CO 5, N+
Barley Sugar beet Wheat Barley Sugar beet Wheat

30000.0 - 374 ppm

25000.0 + g IOA: 0-99
$ ’
20000.0 +
& Mean
15000.0 - Predicted
10000.0 -
5000.0 4
nn |
Total dry matter - 550ppm CO , N+
Barley Sugar beet Wheat Barley Sugar beet Wheat
30000.0 - 550 pp”]
: : loA: 0.99
20000.0 + o
<& Mean
15000.0 - {3 —— Predicted
10000.0 +
5000.0 ~
0.0 T 7

2000 2001 2002 2003 2004 2005



Total dry matter [kg ha

Simulated and observed yields

with different CO2 concentrations (FACE Braunschwel Q)

Barley Sugar beet

Yield - ambient CO ,, N+
Wheat Barley

i)

Sugar beet Wheat

374 ppm
l0A: 0.98

& Mean
Predicted

Barley Sugar beet

16000 - o
14000 - o

Yield - 550ppm CO ,, N+

Wheat Barley Sugar beet Wheat

i

550 ppm
l0A: 0.97

& Mean
Predicted

2000 2001

2002

2003 2004 2005
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water content 0-60 cm [mm]

Soil moisture under winter wheat
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