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Processes considered in the model

• Evapotranspiration: HAUDE, TURC WENDLING, PENMAN-MONTEITH, 

imported ETref others (indirect CO2 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 (CO2 effect), 

respiration, partitioning, water stress, nitrogen stress   



Capacity parameters derived from texture classes
of German soil mapping guide (KA4)
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N mineralisation from organic matter
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Functions to simulate denitrification
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CO2 – Crop growth :

1. SUCROS approach: direct impact of CO2 to Radiation use 
efficiency and photosynthesis (Nonhebel, 1996)

2. Michaelis-Menten approach: combined effect of CO2 and 
radiation on photosynthesis (Hoffmann, 1995)

3. Simplified Farquhar & von Caemmerer model (Mitchell, 1995)

CO2 – Transpiration:
1. Combined approach of a transpiration model (Penman-

Monteith; Allen et al. 1998) and a model for stomata resistance 
(Yu, 2004)

The algorithms for CO 2 effects



The Nonhebel approach

SUCROS approach: direct impact of CO2 to radiation use 
efficiency and photosynthesis 

and

A temperature effect to Amax is already implemented in SUCROS and 
HERMES.
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The Hoffmann approach
Michaelis-Menten approach: combined effect of CO2 and 
radiation on photosynthesis (Hoffmann, 1995)

where k1 = 220 + 0.158 • GS und G= 80 – 0.036 • GS

GS = Global radiation [J m-2 s-1]

A temperature effect to Amax is already implemented in HERMES.
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The Mitchell approach

Model approach following Farquhar and von Caemmerer (1982): 
CO2 effect on light use efficiency and photosynthesis (Mitchell, 
1995)
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The algorithms



Comparing gross assimilation rates 
for a clear day without stress
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The Allen/Yu approach

Combined approach of a transpiration model (Penman-Monteith; 
Allen et al. 1998) and a model for stomata resistance (Yu, 2004)
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Simulated and observed root length density 
( data Groot & Verberne, 1991)
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Soil map

Field map

GW-distance

Polygon-Attribute-Table

GW-high level
GW- low level
irrigation y/n

Polygon-ID

field-ID
soil-ID

Crop rotation

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

field-ID
crop(y)

irrigation

date
amount
N- concentration. 

field-ID

Soil profile

no. Horizonts x
Corg (x)
texture class(x)
lower boundary (x)
bulk density class (x)
stone % (x)
C/N-ratio (x)
rooting depth

soil-ID

Initial contents

N  (z)
water(z)

min

soil-ID

fertilization

amount
fertilizer type
date

field/poly-ID
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texture/gw spec. capillary rise
PARCAP.TRU

Model settings
DEMO.DRV

site specific fertilization
SSPFERT.TXT

Polygon-attributes
PATdemo.TXT

field spec. irrigation
IRRIG.TXT

Weather data
File .YYY

field spec. crop cultivation
ROTATION.TXT

soil profile description
SOIL.TXT

Fertilizer definitions
FERTIL.TXT

texture spec. capacity parameters
HYPAR.TRU

crop spec. residue parameters
CROP_N.TXT

Initial N and water
NMININIP.TXT

crop spec. growth parameters
PARAM.c rop

Hierarchical order of input and parameter files for  HERMES



Example crop parameter file
Parameter crop model
crop: winter wheat
crop no./ abbreviation .............................. .......   1  WW 
AMAX: Max. CO2 assimilation rate (kg CO2/ha leave/h) ......52..   52
Type of temperature dependency (C3 = 1/ C4 = 2) ..... .........   1
Minimum temperature crop growth    (Grad C) ......... .........   4     
maximum effective rooting depth(dm) .................. .........  12
root distribution function no. (only 1 available)...... .......   1
crop N-content function no. (critical and max. N-conten ts)....   1
above ground organs (numbers of compartiments increasing order)  234 
Start conzentration N in ab. gr. biomass (% i. d.m.) .........   2.0
Start concentration N in roots (% i. d.m.) .......... .........   2.0
Number of crop compartiments......................... .........   4
Compartiments.................   root leave stem ears - ----
initial weight kg d.m./ha ...... 00053.. 00053.. 00000 .. 00000.. 00000
Maintainance rates of organs ... 0.010.. 0.030.. 0.015 .. 0.010.. 0.000
initial kc factor for evapotranspiration ............... ......   0.65
number of development phases......................... .........   6
-------- development phase 1: sowing til emergence ------ ------------
development phase 1 temperatur sum .................... ......   148
Base temperature in phase 1 ......................... .........   1
Vernalisation requirements (days) ................... .........   0
day length requirements (hours) ...................... ........   0
Base day length in phase 1(hours) .................... ........   0 
drought stress below ETA/ETP-quotient of.............. ........   1
critical aircontent in topsoil ....................... ....   0.08 
specific leave area (area per mass) (m2/m2/kg TM) ..... .......   0.002        
N-content root end of 1. phase ...............................   0.02                         
Partitioning at emergence 0.500.. 0.500.. 0.000.. 0.0 00.. 0.000
death rate at end of phase 1 ....0.000.. 0.000.. 0.00 0.. 0.000.. 0.000
kc factor for evapotranspiration at end of phase 1 ..... ......   0.65
-------- development phase 2: emergence til double ridge --------
development phase 1 temperatur sum .................... ......   284
......



5%%���!���� ���!�!-�
 #�
��" 7��$ $
�
���
�
��" "��� %��% 
���
"



       1993        1994        1995        1996        1997        1998
0

4

8

12

16
[t dm ha -1 ]  yield

       1993        1994        1995        1996        1997        1998
0
3
6
9

12
15
18

[t dm ha -1 ] above ground biomass

       1993        1994        1995        1996        1997        1998
0

50
100
150
200
250
300
[kg N ha -1 ] nitrogen uptake

sugar beet winter rye/

oil radish

winter wheat winter barley sugar beet winter wheat

Modelling crop rotation at Müncheberg
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Long term simulation of two crop rotations in semi-arid Saskatchewan/ Canada
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Comparison of measured and simuated crop biomass and grain yields
of two crop rotations in semi-arid Saskatchewan/ Canada



Total dry matter - ambient CO 2, N+
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Yield - ambient CO 2, N+
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Soil moisture under winter wheat 
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