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1 Introduction

1.1 Development of CCB (purpose)

CCB (CANDY carbon balance) is a simplified version of the carbon dynamic
model in CANDY (find the CANDY manual under www.ufz.de/candy). It
describes the turnover of decomposable carbon in annual time steps for
average site conditions depending on crop vyields, input rates of fresh
organic matter and the initial organic carbon content of the soil. The biologic
active time is estimated from site conditions (soil physical parameters of the
top soil, tillage system, average rainfall and air temperature) if not known

from CANDY simulations. Outputs of CCB include dynamics of total organic
carbon, SOM reproduction and Nitrogen mineralization.

The model has been validated using a dataset from 40 long-term experiments situated in Central Europe
including 391 treatments with a total number of 4794 C,, observations. Statistical measures to prove
model validity were mean error (ME = -0.001) and root mean square error (RMSE = 0.119). In addition a
number of tests were performed to make sure that the model has no systematic error for different types of
site conditions and management activities.

After this successful validation the CCB model is considered applicable for advisory service for arable

fields on a wide range of site conditions.

1.2 Overview of CCB

The CCB model can be used in different workflows depending on the modelling demands, data availability
and scale of interest. The standard workflow is considering the simulation on field scale including the
availability of C,y measurements for the parameterization of the initial concentration and the validation of
the simulation.
Key procedures of the standard workflow are:
e Simulation of soil carbon concentration, soil carbon mineralization, soil carbon reproduction on
annually time step
e Simulation of soil nitrogen dynamics (esp. N-mineralization from fresh organic matter and soil
organic matter) on annually time step
e Within the model setup it is possible to consider the following criteria:
crop rotations, crop yield, handling of by-products,
application of organic manure and mineral fertilizer
soil properties of the topsoil (e.g. soil texture)
climate data (temperature, rainfall)
conventional tillage and reduced tillage (conservation tillage)

O O O O O
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Furthermore the CCB model system can be used in several “expert” modes which adapt CCB to special
modelling demands that mainly result from special situations of data availability. These special application
cases are described in section 2.6 and cover the topics:
e Indicator based simulation: Assessment of the humus supply level without the need of
measurement data for Corg.
e Simulation of a pre-treatment: If an experiments starts with considerable changes of the
management it may be reasonable to include the history of this place in the simulations.
e Simulation in ‘regional-mode’ Developed for meso to large scale studies. Inter alia crop share
statistics can be used as data input instead of crop rotations.

The following chapters contain an user guide for the program interface and then provide a more detailed
description of the algorithms implemented in CCB together with an explanation of the model parameters
(‘3 Theoretical Documentation’). The description of the program interface is based on the standard
workflow. Information concerning the expert mode are only mentioned where necessary and are described
in an extra section at the end of the Theoretical Documentation. Finally section ‘4 Input-/Output
Parameters & Database’ describes the CCB Database and its manipulation.



2 Interface of CCB

2.1 Install Interface / Initialization

To start the CCB model following files are necessary:
- CCB Exe file (e.g. CCB_2016.exe)
- borlndmm.dll (library necessary to run CCB)
- CCB compatible database (e.g. CCB_sample_db.mdb)

The best way for a first start is to copy all files in one directory. Then start the CCB exe file and the

program is asking for a connection to a CCB compatible database (when starting CC the very first time):

cdy_UIF.access_con ConnectionString ﬁ
Source of Connection
Use Data Link File
| - | Browse...
# Use Connection String
|.EDB:Compact Without Replica Repair =False; Jet OLEDB:SFP=Falze; | Build...
0K Cancel Help

Figure 1: Start the creation of a CCB database connection

Click on [Build] to tell the model how it can connect to the database file.

First step is the specification of a DB-Provider. The selection of “Microsoft Jet 4.0 OLE DB Provider” is

recommended, but “Microsoft Office 12.0 Access Database Engine OLE DB Provider” works as well.

EF | Datenverkniipfungseigenschaften

Provider |\|’erbir1d|.|ng | Erweitert I Alle |

=]

Wahlen Sie die Daten aus, zu denen Sie eine Verbindung
herstellen machten:

OLE DB-Provider

ESRI GeoDatabaze OLE DB Provider
icrosoft Jet 4.0 OLE DB Provider

Microsoft OLE DB Provider for Analysis Services 10.0
Microsoft OLE DE Provider for Indexing Service
Microsoft OLE DB Provider for ODBEC Drivers
Microsoft OLE DB Provider for Oracle

Microsoft OLE DB Provider for Search

Microsoft OLE DB Provider for SQL Server

Microsoft OLE DB Simple Provider

MSDataShape

OLE DB Provider for Microsoft Directory Services

Microsoft Office 12.0 Access Database Engine OLE DB Provider

[0k ) (b

Hiffe:

Figure 2: Selection of database provider



Select the provider and click [Weiter]. Then you have to specify the filename (and path) of the CCB —
Access-Database that you have got together with CCB.exe. It is strongly recommended to make a copy of
the template and give it a name that reminds you to the content (like ccb_my_experiment.mdb)

In the next step you have to select this file. This is easy with the Jet 4 Provider. Just click on [...] and open
the file.

=

£F | Datenverknipfungseigenschaften

Verbindung | Erweitert | Alle

Geben Sie folgende Angaben an. um zu Access-Daten zu verbinden:

1. Geben Sie den Datenbanknamen ein, oder wahlen Sie einen aus:
< [ ==

2. Geben Sie Informationen zur Anmeldung bei der Datenbank ein:

\

Benutzemame: Admin

Kein Kennwort [ Speichem des Kennworts zulassen

[ ok ][ Apbrechen | [ Hife |

Figure 3: Selection of the CCB database

After finishing this step click on [Ok] (you may check the connection with [Verbindung testen] but if you
don’t mix up the file names it should work anyway.

Now you see:

cdy_UIF.access_con ConnectionString =N
Source of Connection
Use Data Link File
| - | Browse...
+ Use Connection String
|Provider=Mia'osoft.Jet. OLEDE.4.0;User ID=Admin;Data Source=C:| Build...
oK Cancel Help

Figure 4: Finish the creation of a CCB database connection

Click [Ok] and you should have a proper running CCB program showing its data connection in a listbox.



CCB will store the information about this data connection in the registry of the computer system and on

the next start it will try to connect to the same database. If this fails you will be asked to select the desired
file.

-
©e4 Where is the database ?

—~—
ftas) [ ] « Lokaler Datentrager (C:) » #DATEN » Arbeiten_Halle » 2016-11 CCB-Manual b Testmodell » < \&,H Test

Organisieren ~  Neuer Ordner

&, Lokaler Datentrager () ~ MNeme Anderungsdatum  Typ GroBe
> )l - Felix R Spielereien
ZDATEN

#Privat

Backup 1710.201617:17 Dateiordner
2] CCB_Regio_leer (ohne tmp Tabellen).mdb  13.05.2016 16:00 Microsoft Access ... 1,304 KB

Benutzer
. DLF
LANDesk
Perflogs
Programme
. Programme (x86)
. Python2s
SwatCrop
Windows
k) DVD-RW-Laufwerk (V)
> ¢ dfs (Wintranet.ufz.de) (¥:)
> € Netawerk
> B8 Systemsteuerung 2

Dateiname: - |access (*.accdb; *mdb) -
I

m

Figure 5: Selection of CCB database when connection fails.
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2.2 Main Interface

++ CarbonBalanceInterface; Model=CCB
/ﬁ HELMHOLTZ
ZENTRUM FUR

UFZ

Plot Selection
Climate Data
Parameters
S50L - module
Data Transfer

Settings

system database=CCE_sample_DB.mdhb

End

UMWELTFORSCHUNG

Change System Database

CCB 2016 / int Version= 2016.3.45 |

Figure 6: CCB main interface

This main form provides following menu items:

Plot Selection:
Climate Data:
Parameters:
SQL — module:
Data Transfer:
Settings:

Change System Database:

data input , model start and result presentation
Edit climate data (weather and N-deposition)
View and edit model parameters

Tool to run short sql scripts

Move selected data sets into another database
Check and change the configuration n

Select the database

11



2.3 Data input

2.3.1 Generation of experiments & plots

First step is the selection of the database containing model parameters and user specific data. The last
used database is shown at the lower part above the button ,Change System Database”. If this field is
empty or if the database shall be changed — click on the button and select the appropriate file from the
standard windows dialog.

«4| CarbonBalanceInterface; Model=CCB | = s

/ﬁ' HELMHOLTZ

ZENTRUM FUR
UMWELTFORSCHUNG
UFZ

; —
< Plot Selection 3

Climate Data

Parameters
S5AL - module

Data Transfer

Settings
<:Sys(ckﬂtabase=CCEI_SameIe_DEl.mdl:l
\Change Sys{ém Database
End
CCB 2016 / int Version= 20.16.3.45 |4

Figure 7: Database selection (red circle) and editing user data (green circle)

The data in CCB are usually organised as treatments (plots) of an experiment. Each experiment may
contain numerous plots and one database can contain several experiments. Of course an experiment has
not to be a real one — it may contain as well records of different farm fields or similar units. Click on “Plot
Selection to start editing your data.

12



=~ % C:MCCB_Manual_Ex,_CR_samnle DR mdh |

N———T CrEate 3 NEW EXPEriMED] ]

database simulation

refresh outlier indication
site condition report

Update-Statistics
N-balance

"R" interface

script based statistics

Figure 8: Create a new experiment folder

A right click on the path of your current database is opening a context menu where you should select
Lcreate a new experiment, give it a name and continue.

=}

+4 (:\CCB_Manual_Example\CCB_sample_DB.mdb; regional mode NOT enabled
el DB.mdb Basicinfo | Management Observation C-dynamics miscresults  SOM-Reproduction
=@ test_experiment <0
E files . . FL_ID= 0
E| & oots ~Site Conditions:
Y area soil ploughed initialisation
I R S e e
—
plot ‘new_plm ) |
—
source |77 |
state |- |
< update changes > show references
sail |—7- v‘ biol. active time [cAs] l:l
wegther |‘7' " print site desc.
| model run (platy | repeat EEX fram
Endl

Figure 9: Editing a plot name

The new experiment is shown as folder containing already one plot. Click on the sheet-like pictogram to
edit the data for this first plot. More plots can be added from the context menu (right click) of the plots
symbol. The model results depend on the items soil, weather, the selection of the initialisation mode, and
the selection of the tillage option (soil ploughed) — all other fields in this tab are only for the description.

The plot name will be shown in the tree view at the left side of this form.
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2.3.2 Soil data

You have to select the soil data for your corresponding plot in the ‘Basic-Info’-tab of the ‘Plot Selection’.
The drop-down menu will show you all soils stored in the CCB database. To add additional soils you can
either directly use the database (see section ‘4 Input-/Output Parameters & Database’) or use the CCB
internal tools.

w4 C:\CCB_Manual_Example\CCB_sample_DB.mdb; regional mode NOT enabled

B rr——— ig DB .mab Basic-info | bdanagement Ohservation C-dynemics miscresults SOM-Reproduction
=@ test_expenment <0
i e - - FLID= 0
=1 plots Site Conditions
=B new_plat area soil ploughed initialisation

plot ‘new_plm

S0UrCe ‘?7

state -

update changes

show references

soil [FFO_H - biol. active time [djr] I:I
weather |’?’ v print site desc.

tnodel run (plot)

repeat E : > fram

Encl

Figure 10: Selection of soil data

For using the CCB internal tools you can either double-click on ‘soil' or go to the main menu, click
‘Parameters’ and select the ‘Soil Profiles’ tab. CCB needs some information about the uppermost soil
layer 0-3 dm. All underlined items are necessary inputs all other parameters will be used by the model if
specified from the user — otherwise the model is calculating estimates during the simulation run.

14



preselection  OM-Pam  Crop-Parm  Fertilizers Acliuns\SOl‘PfDNeS} Propetties  Fesults references  allemative methods  ACCESS-DATABASE

Q D 6 ELIER 3 soil - underlined items are datory
sail_ID profile soil type [ReichsBodenS chétzunal || T
» 356 PFO_H Skelet [ |
si| 4
Fine Particles ne
Bulk Density
PoreVolume
Field Capacity
Permanent ‘willing Paint

expert level
C-nert-Factor [CIF) ljl

use this CIF

] 4 » M = usenone | A < v > X 3]
|

End |

Figure 11: Creating new soil datasets

Enter the new soil name instead of the “?” and click on ,ENTER". At finish the data should be saved

clicking on the . button.
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2.3.3 Climate data

Same as with soil data you have to select the climate data for your corresponding plot in the ‘Basic-Info’-
tab of the ‘Plot Selection’. The drop-down menu will show you all climate stations stored in the CCB
database. To add additional climate data you can either double-click on ‘weather’ or go to the main menu,
click ‘Climate data’.

w4 C:\CCB_Manual_Example\CCB_sample_DB.mdb; regional mode NOT enabled =
ple_DB.mdb Basic-info | Management Observetion C-dynamics miscresults SOM-Reproduction
- test_experiment <0>
e fles 3 - FL_ID= 0
E| & pots Site Conditions
~p-[E new_plot area soil ploughed initialisation
plot ‘new_plm |
S0UrCe ‘?7 |
state - |
update changes show references
soil [PFO_H - biol. active time [disr] I:I
weather [PFO_H_climate v print site desc.
—
rnodel run (plot) repeat EE'X fram
Encl

Figure 12: Selection of climate data

The climate data is stored separately and can be assigned to any plot. CCB is able to use climate data
(annual rainfall and average air temperature) for each year or only one record as long term average. The
last case is indicated using the year 0. Start editing with a new name for this site and click on “create new

H ”
station”.
=+ CCB climate data =e
Station Dverview weather | annual M-depasition  historic N-Deposisition
climate 1D station climate |01 day month  year temperature precipitation
» 71 PFO_H_climate E L il 0 0 0 10 )
-
M L] o v X [}
p— B
‘:l cieate new station | |PFO_H_clmate > M L] P lH || =~ |X|D
delete curent station close

Figure 13: Editing climate records
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With the 3 tabs ‘weather’, ‘annual N-deposition’ and ‘historic N-Deposition’ following climate information
can be edited:

climate_ID Unique value [

station Name [
temperature Annual average [°C]
precipitation Annual sum of precipitation [mm]
N_dep_y Annual N-deposition [kg ha™ a™]
basic year First year to start calculated N-deposition  [-]
N-dep(basic) Initial value of N-deposition [kg ha™ a™]
final year Last year to finish calculated N-deposition  [-]
N-dep(modern) Final value of N-Depositions [kg ha™ a™]

The input of N-deposition has only an impact on the calculation of N-balances and is not used during
simulation of SOM turnover.

17



2.3.4 Management data

o) CGA\CCB_Manual_Example\CCB_sample_DB.mdb; regional mede NOT enabled &

=k [ CMCCB_Manual_Ex..CB_sample_DB.mdb

=G test_experiment <05
e files
=R plots

<= new_plot

Endl

Basic-Infd Management JObservation C-dynamics miscresults SOM-Reproduction

new_plot selection: e gl harvest org.amendment M fertilizer soil tilage

DATE ACTION SUBJECT INTEMSITY UNIT =
» 1995 harvest, crop res. removed  maize grain 935 dttha
1395 oiganic manure manure compost 5 diFtd/ha =
1896 harvest, crop res. iemoved  winter wheat BE.8 dt/ha
1396 arganic manure manure compost 75 dift/ha
1997 harvest, crop res. remaved  spring barley 42.2 dttha
1397 oiganic manure manure compost 5 diFtd/ha
1998 harvest, crop res. removed  maize grain 935 dttha
1998 organic manure manure compost 75 dtFtdsha
1999 harvest, crop res. remaved  spring barley 42.2 dttha

Management Event

Insert Fecord  « Chverwrite Record e

01.01.1935 - harvest crop res. remowved -
print management
maize grain -
X save as PDF; no preview
yield (main) 935 di/ha

update

Figure 14: Editing management data

The Management-sheet is a compilation of management events for the selected plot. In the lower part of

the form you can edit every single ,Management Event":

Insert Record:
Overwrite Record:
Date:

Event description:

delete record:

print management:

The record is added to the database

The current record is changed

Only the year is significant — if known day and month can be given to have a better

documentation

- Please select first the appropriate event from the upper dropdown menu
(,harvest, crop res. removed", ,organic manure“, ,mineral N fertilizer", “irrigation*,
,harvest, crop res. ploughed” and (in ‘regional mode’) “reduced tillage”)

- after that please select the related object (crop, fertilizer ...)

- and finally edit the intensity (yield or amount).

- When using the ‘regional-mode’ also the regional share of the affected area of an

management event has to be defined using the item “FLA%” (for further details see

section 2.6 Special application cases’).

Only the current record is deleted

Output of management data on printer or as PDF-file

It is important to select the proper harvest mode: “crop res. removed" means that all by-products are

removed together with the main product while “crop res. ploughed” means that e.g. straw is left on the field

(only not coupled with a ploughing event if the tillage option is turned on).

18



You can copy the management data from one plot to another plot using drag’'n drop. First activate the
‘source’ plot and open the management tab. Point with the mouse on the source plot, hold shift and start
dragging the plot symbol to drop it onto the ‘destination’ plot. During this operation the mouse pointer will
change to give you some assistance.

2.3.5 Observations

CCB works with data about C,y (Mmandatory) and some other optional indicators like N; (see following
table). All can be selected using the drop-down menu. Cyy and N; dynamics require to specify an initial
value checking the box. This will set the year number to 0. If there is a soil sample from the same year that
should be used for model assessment it will have the year number 1.

[\ total soil nitrogen [M%]
mic.biom. C C in microbial biomass [ug/g]
organic Carbon (C,g) total organic carbon [M9%]
o) CGA\CCB_Manual_Example\CCB_sample_DB.mdb; regional mede NOT enabled &
=k % C:NCCE_Manual_Ex..CB_sample_DE.mdb Basic-nfo  Management C-dynamics N-dynamics miscresults SOM-Reproduction
- test_experiment <0
E fles new_plat
= - D‘m " datum  property value variance vonr | |-
D] nevc 199 Nt 0127 [
13 1895 arganic Carbon [Corg 1.0564353375 1}
1395 arganic Carbon [Corg 1.26 1 L
1336 arganic Carbon [Corg 0.96 2
1397 oiganic Carbon [Corg 123 3
2000 arganic Carbon [Corg 1.24 E
2001 organic Carbon [Carg 15 7
2002 arganic Carbon [Corg 129 8
-
editdata
Insert Fiecard * Dwenwrite Record
. . delete recard
sampling date ohsersation
01.01.1995 +| |arganic Carbon [Corg) - print
1056438 % save &t PDF; no preview
vatiahce (optional) update

Endl

Figure 15: Editing observation data

Also in this sheet you find the Options ,Insert Record" and ,Overwrite Record” as well as following items:

sampling date: Only the year is required day and month are ignored by the model.

observation: Select the category

initial value: Only one is allowed for N; and Cyq
variance: Insert variance (optional)

print: Print or send the data to a PDF-file
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2.4 Editing parameters

2.4.1 Overview

« CarbonBalanceInterface; Model=CCB

/f' HELMHOLTZ

ZENTRUM FU

UFZ

UMWELTFORSCHUNG

Plot Selection

Climate Data

R

( Parameters )

Settings

End

S0L - module

Data Transfer

system database=CCB_sample_DB.mdb
Change System Database

CCB 2016 / int Version= 20.16.3.45 |4

Figure 16: Start editing parameters

Go to the main menu and select ,Parameters” to start the editing of model parameters. You find a

collection of sheets for different parameter types. There are two kinds of sheets: sheets containing

adaptable parameters and sheets showing model parameters which are not changeable, thus just for your

information. The sheet “ACCESS-DATABASE” is providing you access to the complete datasets of the

model database.

preselection:

OM-Parm:
Crop-Parm:
Fertilizers:
Soil Profiles:
Properties:

Actions:

Results:
ACCESS-DATABASE:

select parameters which shall be shown in the dropdown menus of the
management parameterization

parameterization of organic matter: residues & org. substrates

parameterization of crops

parameterization of mineral fertilizers

parameterization of soil profiles (top soil, 0-30cm)

list of selectable observations to be used for model assessment (helpful to
directly read the database table “measurements”)

list of selectable management actions with their item_ix (helpful to directly read
the database table “cultivation”)

overview over aggregated model results (error analysis and N balance)

access to the complete model database
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2.4.2 Preselection

Within the sheet “preselection” you have the possibility to select (-1) and unselect (0) management
options. You can either double-click on an item to change the selection status or manually type in the
desired option (-1 or 0). Management options that are unselected will not be shown in the dropdown
menus of the management parameterization of your plots (plot selection). This is especially handy if you
have a large collection of management options.

+54| CCB-Parameter | !
preselection | OM-Parm  Crop-Parm Fertiizers  Soil Profiles  Propertiss  Actions  Results  ACCESS-DATABASE
Crops ORE Amerapent Fertilier
select ITEM_[= Mame - select ITEM_[ Name - select ITERM_[ Mame -
13 1) 19 camot A » -1 223 Grinroggen + Silomais » -1 7 calcium ammonium nitrate
o 835 spring titicale 3 1 EOD summer squash = 1 2 ammonium phosphate
o 86 winter titicale 1 EOT summer squash bwine 1 3 AHL
o 107 sugar beet 1 184 Putenmist 1 4 ammonium sulfate
1} 102 fodder beet -1 211 Hihnertrackenkot -1 5 urea 1
1} 161 fallow -1 213 Massklarschlamm -1 E calcium nitrate
-1 95 camot -1 214 Kalklarschlamm -1 7 ammonium ritiate
1 41 green ve 1 218 Jauche 1 8 sulphur acid ammania
1 1EE  spring triticale 1 219 Kartoffelfruchtwasser 1 9 sodium nitrate
1 184 winter triticale 1 222 Grunoggen 1 10 Matansalpeter [Chiles.)
1 187 sugar beet 1 36E Shoh [Raps) 1 11 MPK a
1 93 fodder beet 1 377 Luzeme [Schritt] 1 12 MPK b
1 147 B-sugar beet 1 394 Stoh [Lein] 1 13 Kalkstickstaff [RST)
1 120 B-fodder beet 1 396 Lupinen 1 14 Ammansulfatsalpeter [455]
1 4 fallow i 405 Grasschnitt
1 116 radish 1 403 Stoh [Erbse)
1 162 zpring fodder barley(125C] = 1 530 Stoh (allgemein] - -
4 ] 4 » 1 ]
useal | usenone | invert use all invert useal | usenone | invert
End

Figure 17: Preselection of management options

2.4.3 Organic matter, crops, fertilizers & soil profiles

Within the following sheets model parameters are easily adaptable by typing the new values into the
corresponding fields. For a description of the individual model parameters please see the sections ‘3
Theoretical Documentation’ and ‘4 Input-/Output Parameters & Database’.

2.4.4 Results

The ‘Results’ sheet gives an overview on aggregated model results (error statistics and N-balance).
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44| CCB-Parameter = NE)

preselection  OM-Parm  Crop-Parm  Fertilizers  Soil Profiles  Properties Actions|Hesults|ACCESS-DATAEASE

Result-Tables FL_ID med s n SN 3
» 3009 -0.01565 012512 7 0.050682
3010 0.00001 0.00001 a 0.0000001

T

cch_stat_corg
cch_stat_nt
cch_n_bilanz
cch_nsaldo

expart ko XLS

End

Figure 18: Results sheet
Error statistics

The error statistics statistics for C,q and N; simulations can be (re)calculated for all datasets using the
context menu of the database in the tree-view of the form ,plot selection”:

(=% CNCCE_Marwal_Ex..CB_sample_DB.md |

-G test_ewpenment  <0x

i files

create a new experiment
database simulation

refresh outlier indication

B new_plat
site condition report

Update-5tatistics

M-balance

"R" interface

script based statistics

Figure 19: (Re)calculate error statistics

The results are stored in the tables ‘ccb_stat corg’ and ‘ccb_stat nt'. In many cases an export to Excel
may be helpful for further using these results.

FL_ID unique plot identifier

med mean error (error = residue= difference between model and measurement)
rms root mean square error

n record count

smw standard error of the residues (,/a?/n)

22



S standard deviation of the (hypothetical) normal distribution of residues (square root of

variance)
rele med (mean error) related to observation mean of the plot
r_krit least significant r value (as reference)
r_sim correlation between observation and simulation results
r_dif correlation between med (mean error) and time
ef model efficiency
rmsprz relative root mean square error
medprz relative mean error (residues related to each single observation)

only for Corg for a detailed assessment a decomposition of the mean standard deviation of the residues following H.G.Gauch, J.T.G.Hwang G.W.Fick
(2003): Modelevaluation by comparison of model-based predictions and measured values. Agron. J. 95:1442-1446

SB squared bias

NU non unity slope
LC lack of correlation
N-balance

The context menu of the database in the tree-view of the form ,plot selection” provides the opportunity to
(re)calculate the nitrogen balance for two different viewpoints. During the calculation several tables are
filled with data.

Table ‘ccb_n_bilanz’ (annual balance elements):

FL_ID plot identifier
year balance time step
idx unigue indicator: str(FL_ID) + "_" + str(year) (plot_year)
sources
N_m_om N mineralisation/imobilisation from turnover of organic compounds (SOM &FOM )
N_Org_inp total N input with organic amendments (manure, compost etc.)
N_kop_inp N input with by-products left on field
N_SAAT seed bound N input (table N_SAAT_IMP)
n_dng N-input with mineral fertilizer
n_bindung symbiontic N fixation of legume crops (table LEG_PARM)

n_deposition

atmospheric N.deposition (from climate data )

asym_nbind  asymb. N-fixation (depends on application rate of min. N.fert.)
sinks

N_EWR N uptake of the crop residues (stubble+root)

n_entz total N-Uptake by crop (main + by-product)
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Table ‘ccb_nsaldo’ (average data over the whole time interval):

FL_ID plot identifier

n_mindg_inp N-input with mineral fertilizer

n_orgdg_inp total N input with organic amendments

n_mos_inp Nflux from turnover of organic ccompounds (SOM&FOM)
n_leg_inp symbiontic N fixation of legume crops

n_asym_inp  asymb. N-fixation

n_depos_inp atmospheric N.deposition

n_saat_inp seed bound N input

N_gratis n_bindung + asym_nbind + n_deposition + n_saat

n_ewr_upt N uptake of the crop residues (stubble+root)
n_HUKP_upt total N-Uptake by crop (main + by-product)

n_saldo_soil (N_gratis) - (n_entz+n_ewr)

n_saldo_plot (n_org_inp + n_dng + N_gratis) - (n_entz)

The final balance tables that are shown in the interface are: ‘Nmin_saldo’ and ‘NT_saldo’:

Table ‘Nmin_saldo’: balance of the fluxes related to the N, pool neglecting the N losses (average data
over the whole time interval):

FL_ID plot identifier
n_pflanze_out total N-Uptake by crop (main + by-product)

n_mindg_inp N-input with mineral fertilizer

n_mos_inp Nflux from turnover of organic ccompounds (SOM&FOM)
n_leg_inp symbiontic N fixation of legume crops

n_asym_inp asymb. N-fixation

n_depos_inp atmospheric N.deposition

n_saat_inp seed bound N input

saldo_nmin_soil (N_mineralised + N_gratis) - (N_entz + N_ewr)
anz aggregated years

Table ‘NT_saldo’: balance related to the total nitrogen stock in the topsoil of a field, neglecting the N
losses (average data over the whole time interval):
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FL_ID plot identifier

n_abfuhr N offtake from field: n_entz - n_kop_inp
n_mindg_inp N-input with mineral fertilizer
n_orgdg_inp total N input with organic amendments
n_leg_inp symbiontic N fixation of legume crops
n_asym_inp  asymb. N-fixation

n_depos_inp atmospheric N.deposition

n_saat_inp seed bound N input

n_saldo_plot (n_org_inp + n_dng + N_gratis) - (n_entz)

2.4.5 Access-database

++4 CCB-Parameter | = sy

preselectionn OM-Parm  Crop-Parm Ferbiizers  Soil Profiles  Propertiss  Actions  Results | ACCESS-DATABASE

climate_data

_koppel_prdkt Y
—arg_dnger climate_ID day manith year temperature  precipitation
bal_fak 3 bl 0 0 0 10 231
beregrung_jsumn

chi_setting =
ech_driiver

cch_n_bilanz

cch_niesult

cch_nsaldo

cch_protokoll

cch_stat_coig

cch_stat_nt

cch_zby

COVAKTION

COYMINDG

cdyopspa

cdypflan

cdysel_crop

cdysel_frt

cdysel_ops

climdsim

expart to XLS

Figure 20: Access to the complete model database

The sheet ‘ACCESS-DATABASE’ gives you access to the complete model database. First double-click on
a dataset then right-click on a record and use tab to navigate through the data. To change values: move to
the item (background is yellow), press ENTER (background is blue, complete item is selected), click on
the item (background is white) and start editing single symbols.

2.5 Simulation & result presentation

2.5.1 Start simulation runs

Choose the ,Basic-Info” tab and click ,model run (plot)” to simulate one selected plot.
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e+ G\CCB_Manual_Example\CCB_sample_DB.mdb; regional mode NOT enabled | = ﬁ

= [ CACCE Manual Bx LB_sample_DE.mdb Basic-info | Management Observation C-dynamics h-dynamics miscresults SOM-Reproduction
E-E test_ewperiment <0>
= oy FL_ID= 3008
5 18 plts Site Conditions
W8 naw_plot EHEE s0il ploughed initialisation

plot ‘newﬁplm |

SOUrCe ‘77 |

state ‘— |

upciate changes

sail [PFO_H - biol activetime [dt] |

weather |PFO_H_El'mﬁtE " print site desc.

model run {plot) repeat EEX fram |1935

Encl

Figure 21: Start simulation of the selected plot

It is possible to simulate a certain management in a circular mode without entering the same data for each
year. This repetition mode requires the number of cycles and the year where the repeated cycle should be
started (Figure 21, green circle).

Furthermore it is possible to simulate one complete experiment (all plots: ,experiment simulation“) or the
complete content of the database (,database simulation®).

oo
=8 CB_zample_DE.mdb BasicInfo | | .’ C:ACCE_tanual Ex. .CB_sample TR mgh D | [ Baei Im‘l hd H
E|E3 test_empenmant <D create a new experiment
delete experiment 4 E F'Ilef < database simulation >
plots
-1 plots experiment simulation ] new refresh outlier indication
= Qexpenment simulation > F | +_plot |
B Copermentimisior > )
experiment report b site condition report i
show references Update-5Statistics |:
5
MN-balance r
shift plots FL_ID
P - "R" interface
Sniererenlt L script based statistics [
| T —

Figure 22: Select simulation of one complete experiment (left) or the complete database (right)

If appropriate, it is possible to repeat the management scenario several times starting at a given year. This
may reduce the effort for data input especially for general problems for instance if a cropping system can
only be described with yield data that are constant over time.

When a database simulation or experiment simulation was selected an additional screen will allow you
(un)select plots, which will be simulated:
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[} C:HCCB_Manual_Ex...CB_sample_DB.mdb
-2 test_experiment <0
I fiies v 3003: new_plat ===> 77
=18 plots
-~ new_plot

test_expariment

| all H naone H invert | repeat E X from 1995 ‘ model run far selection

End |

Figure 23: Stat simulation run of one complete experiment or the complete database

The run button brings up the simulator form that shows all selected plots for this simulation run. Please
click the ,calculate* button to proceed (only necessary when simulating an complete experiment or

database).

| database |

[ save OM state | |C:\CCB_Manual_ExampletCCE_sample_DB.mdb |

. U I-3Crpt |
messages iztogram —

database | assessment | L

FLID  con e dsariian TEAR_ MEAS_WALL SIM_WALUE MEAS_ID CCE run started: 12:00:19
| L = ptf_mode=3 / Lieberath

> 3003 obsval  new_plot pf_wp=4.2

pf_fk=1.8

zoil clazzes | ABS

method : CCB

silt from soil class | O==rmean

3ql 2.8

sql 38

CREP_ewra
CREP_od:8
CREP_kop:0

crep_year:8

corg updates 1

Morg updates:1

crop_er 8

crop_ap :0

plough up :0

crop_oa 8

cops KPrecs:0

cops OArecs:8

- . cops ERrecs:8

+| recalc BAT ~ | STOPRUN

€ calculate p

Figure 24: Summary screen of a simulation run

During the run you can see messages from the model that may help to identify possible errors in the input
data (green circle, Figure 24).
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2.5.2 Checking results

After finishing the simulation we go back to the user interface and may view the results in the appropriate
sheets as a simple graph together with some statistics. These can also be reported (printer or PDF file) or
exported (XLS file).

The sheets ‘C-dynamics’, ‘OM-turnover’, ‘N-Dynamics’ and ‘micr.BM’ are presenting the results of the
simulation run with respect to Coq, Norg @and C in microbial biomass respectively (only if observation values
are available). Measured values are considered for the statistics and the plot as well. Outliers will be
shown as red triangles if the option for outlier identification has been activated from the context menu of
the database.

o] b=l
=1 CACCE_Manual_Ex..CB_sample_DE.mdb Basic-nfo  Management Obsenfﬁtlun( Crchynarmics )OM—tumDver miscresults
-3 test_experiment <0
E files o year_ meas_value sim_value N =7 0.0156520009205715
-1 plots » 0 1995 1.0864353375 11275 o N Zr Az
p-E new_plat 1 1995 1.26 11275 E =0.0242160436535214
RMSE  =0.125128043550257
2 123 0% 11753 RMSErel =0.101830833655617
£ 137 1.29 12113 efficiency=0. 40466934527 0505
1998 1.2653 5 =0134092150485063
smw=0.0506820841113419
1333 1.432 o signifiant bias detected
3 2000 124 13171 critical 1 value =0.754434530914126
7 2001 15 13812 o [obs™sim) r=0.643651587337816 |
| co.[dif t} r=0.01 91646251 924652
squared biag=0.000244385383500087
[0.015646539218285397)
150 . vty sip=0.00T3704 3544 346697
[0.593451134015252)
140 lack of com=0.006041 60645574801
[0.385871873801858)
F 130 ) L
B * .
a 1.20
110
» ==>xls
1.00
[ ]
create report
1885 1896 1997 199593[1 999 2000 2001 2002
v save as POF: skip preview
Endl

Figure 25: Presentation of results (C-dynamics)

While the sheet ‘C-dynamics’ is presenting the temporal development of C,yq, the sheet ‘OM-turnover’ is

given an overview about carbon fluxes:

Column name Plot selection Description Unit

SOM gain SOM reproduction Corg input from FOM to SOM kgC/hal/a
SOM loss SOM decomposition  Cgg loss from SOM to CO, kgC/hal/a
saldo SOM saldo SOM balance = C,, - C_mineralisation kgC/hal/a
CO2 prod. total C emission total carbon loss from SOM and FOM to CO, kgC/ha/a
soil C storage total C in soil total C in soil from all SOM pools t/ ha

BAT BAT biologic active time d/yr
REP_IX REP_IX SOM reproduction index = Ce,/ BAT -
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4 C:\CCB_Manual_Example\CCB_sample_DB.mdb; regional mode NOT enabled | HIS
= [ CACCB_Manual_Ex..CB_sample_DB.mdb Basicinfo  Management Obsensation C—dynamxcs( ONHumover) misc.results
-2 test_experiment <0x
E files year  50M gain [kgCrhada] S0M loss kgCrhala] saldo [kgCrhada] CO2 prad. [kaClhada] s0il C starage [t4ha] BAT [diyr] REF_IX
=1 plots » 19% 3033 595.8 2507.2 16117 449 204 150.9
- 'E nev_plo 1996 27869 8284 1958 4 1756.7 467 20.4 1359
- 1897 25073 1004.6 14976 17309 481 204 1223
1998 3976 1207.8 1989.8 22846 50.4 204 156
1999 2559.5 1360.3 11931 21006 51.3 204 1248
2000 24781 14657 1mz4 21631 523 20.4 1209
2001 31939 1E0E.3 1587.5 2680.2 54.2 20.4 156.8
2002 27342 17265 1067.7 26588 551 204 1363
selection
2000 R » * 50M - reproduction
3100.0 J0 )
30000 SOM - decompasition
2800.0 total C emission
2800.0 o @ total Cin soil
2700.0 S0M zaldo
2600.0 ® BaT
2500.0 ° a REP IX
1885 1996 1987 1998 1988 2000 2001 2002
End e ==>xlg

Figure 26: Presentation of results (OM-turnover)

Within the sheet ‘misc. results’ a collection of different outputs is presented. For more information on the

individual outputs please also see the sections 3 (Theoretical Documentation) and 4 (Input-/Output

Parameters & Database):

Column name

Dropdown-menu

Description

n_m_om
n_ops
C_ops
c_som
n_som
c_lts
cnr
crep

bat

bd

pwp

N-mineralisation
N in FOM
Cin FOM

phys.stab. SOC
CNR

C_rep flux

BAT

BD

PWP

N mineralisation from organic matter
total N in fresh organic matter

total C in fresh organic matter

total C in soil organic matter

total N in soil organic matter

physical stable C in soil organic matter
cabon-nitrogen ratio

C reproduction flux from FOM into SOM
biological active time

bulk density

permanent wilting point
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Unit
[ka/ha/a]
[kg/ha]
[kg/ha]
[kg/ha]
[kg/ha]
[kg/ha]
[kg/ha/a]
[day]
[g/cm?]
[VOL %]



2.6 Special application cases

2.6.1 Indicator based simulation

A common problem of applications on meso to large scale is the availability of reliable information about
the initial C,,q concentration. One option is here to leave the quantitative calculation of the C-dynamics and
not provide information about initial Cyq. In this case the model calculates the indicator Rep_IX that
includes the soil carbon reproduction as well as the site conditions for an assessment of the management.

2.6.2 Simulation of a pre-treatment

If an experiments starts with considerable changes of the management it may be reasonable to include
the history of this place in the simulations. In this case it is possible to simulate the history (i.e. as pre-
treatment) in a separate plot of the experiment and enable the scenario option within the “settings”.

<44 CCB settings == el

ppath |C:\ﬂDATEN\Albeiten_HaHe\Zm 5 Regio Paperhech run 212

method |CCR

database |C:\CCBfManuaLE wample\CCB_sample_DE.mdb

oF wp [22
oF Fi |12

\
\
\
sol scheme [RBS J
\
\
\

pif mode |°

dynamic bulk density simulate & dynamic LTS pool simulate LTS pool with Hassink-saturation

A call [ path_to_teve |

R iesult [anyname.tst |

BAT recalc |1 |
PDF-reader | ‘
\

polf dir |

< scenaio save SOM state during CCB run disabled >

cancel zave + retumn

Figure 27: Possibility to enable the scenario option for simulation of a pre-treatment

The soil condition after this pre-treatment is stored in the tables ‘'som_state’ and ‘fom_state’. This data can
be used as initial condition for other plots under the pre-condition that the last year of the pre-treatment
simulation is just prior the intended start of the scenario simulation. The plot with the pre-treatment can be
selected as initial condition instead of “obsval” or “null”:
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Site Conditions
area soil ploughed
1 ha il -

initialisation

1styear|1992 | |1:pre management

plot \cont durum

source |77

state -

update changes

Figure 28: Set a pre-treatment as initial condition

A pre-management can also be helpful if no initial value for C, is available. Some pre-management like a
standard crop rotation may be applied for a long time interval. This pre-management itself requires an
initial value but the longer the pre-management is simulated the lower is the impact of this initial Cog 0N
the results of the actual scenario.

2.6.3 Regional-Mode

The ‘regional-mode’ was developed for meso to large scale studies, where crop rotations are not
available. Within the Regio-CCB modification crop share statistics can be used as data input instead of
crop rotations. Furthermore also the share of conservation tillage and conventional tillage can be
considered. Input of crop shares and tillage shares can be parameterized on an annually basis.

To activate the ‘regional-mode’ right-click on your database within the ‘Plot Selection’ and then click on
‘regio mode’. When the ‘regional-mode’ is activated the additional item (“FLA%") will be available in the
management parameterization (see also section ‘2.3.4 Management data’). The “FLA%”" item is defining
the regional share of the affected area of an management event, e.g. the regional share of a cultivated

crop.

4

@EE_ManuaLEx...CB_sampIe_DE.mdh

create a new experiment

database simulation

-E mew_plat refresh outlier indication
site condition report

Update-5tatistics
MN-balance

"R" interface

script based statistics

Figure 29: Activation of the ‘regional mode’

The ‘regional-mode can only be activated for a complete database. It is recommended to back-up your
database before doing so. Furthermore please consider to check your management parameterization of
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already existing plots. The ‘regional-mode’ has a different theoretical concept in the parameterization of
the agricultural management.

2.6.4 Using the batch mode

CCB can be started from the command prompt as well. In this case the program call has to be
complemented by a selection of following options / parameters (not case sensitive):

GO automatic start of simulation run
RC= <repletion count> number of cycles
TC=< initial year> cycle loops back to this year

PPQ=<preprocessing sql script> | useful to select several plots to be simulated

POQ=<postprocessing sql script> | useful for automated result processing

ID=<unique plot identifier> recommended if a single plot is simulated
DB=<mdb file > name of the database incl. complete path
NW or ! exit from application after finishing the simulation run

Further options may be available for special applications - please contact the developer.

If the model is used in batch mode it is simulating all plots that are marked with status=1 in the table
‘site_state’ (see section ‘4 Input-/Output Parameters & Database’). This behaviour can be used to start the
model for a number of plots. In this case it is recommended to provide an appropriate SQL script over the
PPQ parameter.

Following an example for starting CCB in batch mode:

cch.exe DB= CCB_sample_DB.mdb PPQ1l=use_none.sql PPQ2=use_all.sql go'!

with ‘use_none.sql’:

UPDATE field_description INNER JOIN site_state ON field_description.FL_ID = site_state.FL _ID SET
site_state.status = 0

and ‘use_all.sql’:

UPDATE site_state SET site_state.status = 1 WHERE (((site_state.FL_ID)>0));

2.7 Known problems

There may be some adaptations required to make CBB running properly. If you edit the data with the CBB
interface it is recommended to use a decimal point as decimal symbol because all data changes are made

via SQL which is using the semicolon as list separator! Furthermore it is recommended to have a short
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date format as dd.mm.yyyy. These settings can be customized or checked at the MS-Windows Control
Panel under “Region and language” (German: Systemsteuerung “Region und Sprache”) and [Additional
Settings/Weitere Einstellungen]:

b 4 Region and Language 53 ¥ Customize Format [e=]
Fomats | Location | Keyboards and Languages | Administrative Numbers | Currency | Tme [ Date [ Sorting|
Format: Example
[Ge(man (Germany) v] Positive:  123,456,789.00 Negative: -123,456,789.00

Change sorting method

Date and time formats

Short date: [dd.MM‘m}r - | Decimal symbol: . -
Long date: dddd, d. MMMM yyyy - No. of digits after decimal: 2 -
Short time: [HH:mm v| Digit grouping symbol: . -
Long time: [HH:mm:ss v| Digit grouping: [123,456,?89 -
First day of week: [Montag - | Negative sign symbol: - -
What does the notation mean? Negative number format: [_1_1 -
Examples Display leading zeros: lUJ -
Short date: 02.06.2015
Long date: Dienstag, 2. Juni 2015 List separator : v
Short time: 15:03 Measurement system: [Metric =
Long time: 15:03:01 Standard digits: lO]ZB‘SGTSS} -]
Additional settings... Use native digits: lNe\rgf |
Go online to learn about changing languages and regicnal formats Click Reset to restore the system default settings for ‘ Reset

numbers, currency, time, and date.
T Lo ) [omat ][

Figure 30: MS-Windows Control Panel “Region and Language” (left) to control the [short date/Datum (kurz)] entry and the [additional
settings/Weitere Einstellungen] (right) to customize the [Decimal/Dezimaltrennzeichen] and [Digit grouping symbol/Symbol fur
Zifferngruppierung]

If required, the user may change the settings in the registry database of the windows system. Therefore
you need to start the program regedit.exe that is localized in the windows folder. The information is stored
under

- HKEY_CURRENT_USER/Software/cch
If changes are necessary users should proceed very carefully to avoid problems with the CCB model.
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Daten

(Wert nicht festgelegt)
CACCE_Manual_Example\CCB_sample_DB.mdb
CACCB_Manual_Example\CCB_sample_DB.mdb
000000000 (0)

0400000000 (1)

000000000 ()

E

cce

18
42
0400000001 (1)

CA\EDATEN\Arbeiten_Halle\2015 Regio Papericch ...

Provider=Microsoft.Jet. OLEDB.4.0;
3

c\path_to_r.exe

anyname.tt

anyscript.r

000000001 (1)

000000000 (0

RBS

2016.3.47

Datei Bearbeiten Ansicht Favoriten ?
418 Computer ][ Mame T
&} HKEV_CLASSES ROOT o] Standard) REG. 57
4. | HKEY_CURRENT_USER 28] dutabace ReG 7
b ). AppEvents oB0 REG o7
| Console -
b : Control Panel Eayn by REG_DWORD
)l Environment f?']dyn_\ts REG_DWORD
L)L EupC L -:hassmk REG_DWORD
b )L Identities 28]language REG_SZ
[+ 1 Keyboard Layout b methode REG_SZ
bl Metwork 2] pef_dir REG_SZ
b |, Printers ab] pdf_reader REG_SZ
4. ]| Software 28] pf_fic REG_SZ
bl 7-Zip 28] pf_wp REG_SZ
b1 Adobe || 5% power REG_DWORD
bl Alps 28] ppath REG_SZ
bl AppDatalew 8] provider REG_SZ
b-iJi Bethesda 5] ptfmode REG_SZ
b1 Bethesda Softworks ablr call REG 57
b-dy Broadcom )1 result REG 57
-t ccb) ;‘bl 3B]r_script REG_SZ
- #recalc_bat REG_DWORD
bl q“;:; %) scenario REG_DWORD
- | Clients
'; : Cygwin 25]s0il_scheme REG_SZ
N b
L. Dats Dynamics b]version REG_SZ
b+ Dropbox
b~ DropboxUpdate i
Computer\HKEY_CURRENT_USER\Software\cch

Figure 31: Registry Editor with the keys for the CCB model
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3 Theoretical Documentation

3.1 Model structure

The general construction of the CCB model is shown in Figure 32. The used pools are the same as in the
CANDY model (Franko, 1989; Franko et al., 1995). SOM is divided into an active pool (A-SOM), where the
mineralization takes place, a stabilized pool (S-SOM) representing the passive but decomposable part of
the SOM and a long term stabilized pool (LTS-SOM) that is here taken as inert. Beside SOM there are a
number of FOM pools that are characterized by the origin of organic matter (OM).

database CcCB
(CO2)

: organic amendments
o onaer [Lerr IS

i SOM
Initial Corg m Stabile SOM
LTS - SOM
model results

SOM
background

Active SOM }decomposable

Figure 32: CCB general approach

The modelling of turnover kinetics is based on first order kinetics. The used time variable t is the Biological
Active time (BAT) according to the concept used in CANDY (Franko et al., 1995, Franko and Oelschlagel,
1995). BAT is calculated as annual value according to the air temperature, the amount of rainfall plus
irrigation water and the soil texture (content of fine particles < 6.3 micrometers, including clay and fine silt).
In order to provide information about nitrogen mineralization the model must be able to describe the
interaction between SOM turnover and nitrogen fluxes connected with the turnover of the FOM pools and
the mineralisation of the active SOM.

The state variables for the pool sizes in the model have the dimension of mass unit per area unit — usually
kg ha™* which is equal to 10™ g m™. The observation data for carbon and nitrogen storage in soil are often
available as concentration (ppm or M%) in the fine soil material (< 2 mm grain size). Therefore the model
results are presented as concentration using the bulk density, gravel content and the depth of the top soll
layer to transform the units. Generally a top soil layer of 0.3 m is assumed. The conversion between mass
(M) and concentration (CONC) of any pool is accomplished according to the following equation (Eq. 1):
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GC
M=CONC-pB-h-<1——)-104 Eq. 1

100
M: pool mass in g m?2
CONC: matter concentration in %
PE: bulk density in g cm’3
GC: gravel content in %
h: depthin m

SOM dynamics are usually explored by C,4 observations but because its close relation to soil nitrogen the
C/N ratio is often used to additional characterize the SOM. Therefore the model description includes
relations to nitrogen fluxes and pool sizes.

Table 1: CCB input variables that pertain to conversions between mass and concentration

Variable Definition Unit Name in database Database table
Ps soil bulk density g/cm?® BD soilproperties
GC gravel content % skelett soilproperties

3.2 Supply of fresh organic matter
The supply of fresh organic matter to the soil results from:
a) organic amendments,
b) by-products that are left on the field after harvest and
c) crop residues such as roots and stubble.
The amount of FOM input from organic amendments (FOM,,) is given in the scenario data and the carbon

input C,, can be calculated from the substrate specific parameters for dry matter content (DM,,) and
carbon content in dry matter (CC,,).

Coq = FOM,, - DM, - CC,pq Eq. 2

The FOM flux from the other both pathways has to be calculated as follows. The amount of by-products
(FOMy,) is calculated from the yield and a crop specific harvest index (HI):

FOMy, = yield - HI Eq. 3

Knowing the FOM,, amount the by-product related carbon input Cy, is calculated using the parameters for
dry matter content (DMy,) and carbon content in dry matter (CChy):
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Cbp :FOMbp'DMbp'CCbp Eq4
The contribution from crop residues is also determined in relation to the crop yield calculating the size of
the residual related N-pool (N,es) and the adequate C amount of the crop residues (C,es) from the substrate
specific C/N ratio ysom:

Nyes = Fres * yield - Neont + Kres Eq.5

Cres = Nres “Yfom Eq. 6

Fres- Kres: Neont: Crop specific constants describing the yield depending nitrogen amount of crop residues
after harvest.

Table 2: CCB input variables that pertain to the supply of fresh organic matter

Variable Definition Unit Name in database Database table

DM,,/ DM,, dry matter content in fresh matter (substrate % TS_GEHALT cdyopspa
specific)

CCou/ CCpp carbon content in dry matter (substrate specific) % C_GEH_TS cdyopspa

HI Harvest index (crop specific) - HI cdypflan

Vfom C/N ratio (substrate specific) - CNR cdyopspa

Fies constants describing the yield depending nitrogen kg/dt FEWR cdypflan
amount of crop residues after harvest (crop specific)

Kies constants describing the yield depending nitrogen kg/ha CEWR cdypflan
amount of crop residues after harvest (crop specific)

N_ont Nitrogen content of crop residues (crop specific) % N_GEHALT cdypflan

3.3 Quantification of site specific turnover conditions

Biologic active time (BAT) is a concept that describes the impact of environmental conditions on biologic
activity on soil organic matter (SOM) turnover (Franko et al. 1995). In a given time interval a certain
biologic activity in a suboptimal environment will produce a specific turnover result. The same results
occur when the time interval is split in BAT and non-BAT. During the BAT interval the microbial activity is
only limited by the substrate, while during non-BAT there is no activity at all. In the CANDY model the
calculation of the BAT interval includes the effects of soil temperature, soil water and soil aeration.
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turnover: > (Ip « R(t) < At); At: 1 time step (1d)

]

Intensity

. turnover: ¥ (lo - At)= ¥ (I - BAT); At= R(t) - At=BAT B
A ] ] ] ] ] N
° >
time (date)

Figure 33: Schematic representation of the turnover calculation by the standard approach (A) and the BAT approach due to
transformation of time steps (B).

The scheme in Figure 33 demonstrates the principle how different intensities of uniform time steps (Figure
33 A) are transformed into time steps of different length and uniform intensity (Figure 33 B). The
calculated turnover, symbolized by the bar area, will be the same for both approaches, anyway. In the
latter case (B) the new calculated time step (At") is a product of the reduction function R(t) and the origin
time step (At). In this case the non-BAT time step is represented as the blank space between the BAT
bars (Figure 33 B). The CANDY model calculates BAT in daily time steps for each of the 3 top soil layers
(0-3 dm). A more detailed description of BAT calculation can be found in the CANDY manual. For the CCB
model we use only annual BAT sum as indicator for the potential turnover under the given conditions.
Based on simulation results with the CANDY model a meta model for the annual sum of BAT was
developed by Franko and Oelschlagel (1995) that considers soil texture and annual climate data (air
temperature and rainfall) including the annual irrigation amount within the natural rain and an additional
adaptation for conservation tillage.

The following R script may be the best way to explain this simplified BAT calculation as interpolation
between different soil types:

BAT <- function(afat, ltem, nied) {
a <- c(3.3541, 3.1825, 3.0629, 2.1824, 2.1698, 2.0054, 1.8676)
b <- ¢(0.015698, 0.01325, 0.003204, -0.009797, -0.02726, -0.03232, -0.03178)
€ <-¢(9.0870, 10.2234, 14.5547, 23.0218, 23.6263, 22.9473, 22.9300)
fattab <- ¢(6.0, 8.0, 11.5, 15.0, 22.0, 32.0, 44.0)
i<-0
nied <- min(nied_, 700)
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nied <- max(nied, 450)
repeat {
i<-i+l
if ((afat <= fattabli]) | (i==8)) { break }
}
if (i==1) {
bat <- a[1] * Item + b[1] * nied + c[1] } else {
if (i<8){
il<-i-1
hl <- a[il] * ltem + b[i1] * nied + c[i1]
h2 <- a[i] * ltem + b[i] * nied + cf[i]
p <- (afat - fattab[i1]) / (fattabl[i] - fattab[i1])
bat<-(1-p)*hl+p*h2
}
}
if i==8) {
bat <- a[7] * ltem + b[7] * nied + c[7]
}

return(bat)

Adaptations of BAT for conservation tillage

We hypothesize that the reduction of the tillage depth leads to a stratification of SOM because of the
missing soil mixing events. In order to acknowledge this effect, we hypothesize that the turnover activity is
reduced in deeper soil layers. For ploughed soils this effect will be compensated by mixing the soil layers.
If conservation tillage is applied the average turnover conditions should be reduced due to this depth
depending reduction of turnover activity. Following the basic principles of the CCB model this effect has to
be expressed as a changed value for the Biologic Active Time (BAT).

A reduction factor a was introduced that describes an exponential reduction of turnover activity of the next
downward soil layer assuming a layer thickness of 1 dm.

a =exp(y/Fg " Fp) Eq. 7

The factor a depends on two components: a reduction due to reduced gas exchange Fp depending on soil
texture that is here represented by the amount of fine soil particles < 6.3 um (FP). The calculation of this
factor is taken from the CANDY model as it has been described by Franko et al. (1997):

Fp = FP-0.2844 — 1.4586 Eq. 8
FP: amount of fine soil particles < 6.3 um

The second component Fr represents an aggregation of the impacts from soil temperature and soil
moisture in relation to optimal conditions and can only be estimated because of the annual time steps in
the model. Here is assumed that this factor is aggregated within the annual BAT sum of the tilled system:
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Fr = 265 Eq. 9

If the top soil is annually mixed by ploughing all three assumed soil layers have the same weight Gi=1 in
the turnover process.

For no-plough conditions, if the soil layers are not mixed, the (virtual) three top soil layers take part in the
turnover with the weight values of 1, 1/a and 1/a”.

This leads to the relation between the BAT values of a tilled (BAT,) and a non-tilled (BAT,,) system:

BAT;

BAT,, = 2=

1 1
'(1+;+; Eq.10

3.4 Soil organic matter turnover

3.4.1 Turnover of carbon

Soil organic matter (SOM) dynamics may be handled by different approaches. The CCB approach uses
conceptual pools and describes C and N dynamics as well. As the SOM pools in the CCB model have
conceptual character they are not measurable (Figure 34).

~

-
’f

Figure 34: Conceptual pools and fluxes within the soil organic matter module in CCB; *dyn-LTS: only when dynamic LTS-pool is
enabled

Organic matter in soil is subdivided into four compartments: (1) fresh organic matter (FOM), (2) biological
active soil organic matter (A-SOM), (3) stabilized soil organic matter (S-SOM) and (4) long term stabilized
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soil organic matter (LTS-SOM). After each time step the resulting pool size for C,4 can be recalculated
from the sum from all SOM pools.

Corg =Cy+ Cs+ Cirs Eq. 11
Cy carbon content of corresponding compartments of organic matter in soil
(Ca=A-SOM, Cg = S-SOM, C 15 = LTS-SOM, Croy = FOM) in kg C ha-1

All processes of the C turnover are formulated as first-order reactions (Franko et al. 1995). The
decomposition of fresh organic matter is determined by its turnover coefficient kroy:

dCrom(t) _ .
—dr Crom = krom * Crom(t) Eq. 12

The FOM decomposition results in the creation of A-SOM. The carbon flux from FOM into A-SOM is called
Crep. The relation of the A-SOM production to the FOM decay is described by the synthesis coefficient

Nrom -

dCrep(t) .

i Crep = Crom * NFom Eg. 13

The turnover of the active SOM pool includes the reproduction flux from FOM (C,p), the mineralization to
CO, (turnover coefficient k,) and an internal matter exchange with the stabile SOM pool (turnover
coefficients k, and kg), using the general parameters k;,;=0.00556 dt, k,=0.00032 d*, and ks=0.0009 d:

dCu(t) . :
—3 = Ca = Crep  ka Cs(0) = ks * Ca(0) = K * Ca(0) Eq. 14

Consequently the carbon turnover of the stable SOM pool is:

dCs(t)

dt = CS = kS ) CA(t) - ka ) Cs(t) Eq 15

Table 3: CCB input variables that pertain to the turnover of carbon

Variable Definition Unit Name in database Database table

Krom Turnover coefficient for the decomposition of fresh - K cdyopspa
organic matter

Nrom FOM synthesis coefficient determining the relation - ETA cdyopspa

between the production of A-SOM to the FOM decay
(=CO, production)
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3.4.2 Nitrogen fluxes

Nitrogen fluxes modelled by CCB are closely connected to the carbon turnover. The CCB model considers
only the N fluxes but not the mineral nitrogen pool itself hypothesizing an unlimited availability of mineral
nitrogen in case of nitrogen immobilization (mineral nitrogen is not limiting the OM turnover). In order to
provide information about nitrogen mineralization CCB must be able to describe the interaction between
SOM turnover and nitrogen fluxes connected with the turnover of the FOM pools and the mineralisation of
the active SOM.

The decomposition of FOM also results in a release of mineral nitrogen controlled by the C/N ratio of the
given FOM pool yrom:

1
YFoM

dNpom(t) _ A
—a Npom = Crom

Eq. 16

The FOM decomposition results in the creation of A-SOM. The quantity of nitrogen required for the newly-
formed amount of active SOM depends on the C,¢, flux and the C/N ratio of the active SOM (y,=8.5):

ANyep(t) — N — C s
dt rep rep "

Eqg. 17
The turnover of the active SOM pool also includes the mineralization of A-SOM to CO, Hypothesizing that
nitrogen mineralisation from SOM is controlled by the dynamics of carbon turnover the nitrogen release
from the mineralization process is determined by the C/N ratio of the active SOM (kn, = 0.00556 d™):

dN4(t - 1
;t( ) _ Ny = k- Cu () - Eq. 18

The total nitrogen flux into (positive values) or from (negative values) the pool of mineral nitrogen (N,,)
results from Eq. 16, Eq. 17 and Eq. 18:

AN (t) . . . .
dt = Nm = NA + NFOM - Nrep Eq 19

For better illustration of the nitrogen flux calculations in CCB Figure 35 is presenting two examples with
respect to FOM decomposition (Ngowm) and nitrogen flux from FOM into A-SOM (N,ep). Depending on the
C/N ratio of the given FOM pool yrom (10 or 20) the FOM decomposition results in a net N mineralization
(+2) or immobilization (-3). A possible mineralization of the A-SOM pool is not considered within this
example.
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Figure 35: Examples for Net N mineralization and immobilization.

Table 4: CCB input variables that pertain to nitrogen fluxes

Variable Definition Unit Name in database Database table

Vrom C/N ratio of the given FOM pool (substrate specific) - CNR cdyopspa

3.4.3 Soil carbon initialization

At runtime the actual sizes for the active, passive and long term stabilised pool must be initialized. This is
based on a given value for Cqy and Ngyg at t=0. The CCB model will use the values from the measurement
data that are indicated with year number 0. Generally it is not recommended to take the first real
observation value for this purpose because all observation values include an error and selecting one
special observation as initial value would give this result more importance compared to the later
observations and the error of the initial value would have an impact on the model results for the following
years.

Therefore we recommend to estimate a “virtual” initial value at time t=0 by
means of optimisation that gives the model the best fit to the whole set of
observations. The sum of squared deviation can be used as a criterion for
a good fit and can be minimised by a selection of an optimal initial value
leaving all other parameters constant.

A practical implementation of this procedure is available with the
OPTIMIZER (http://www.ufz.de/index.php?en=39727) that can be easily
connected with CCB and is using the Downhill Simplex Method in multi

dimensions as described in detail by Press et al. (1989).
The following paragraph describes the initialization algorithm in more detail:

The carbon amounts of active (C,) and stabile (Cs) SOM together form the decomposable carbon Cgec.
The initial value of Cge. is the difference between C,q and C s with an upper limit of 2 M% Cg:

Cdec(o) = MIN[Z, Corg (O) - CLTS(O)] Eqg. 20
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The quantification of C_+s is derived from the CIPS model (Kuka et al., 2007) as proposed by Puhlmann et
al. (2006). The amount of carbon stored in soil pores related to the permanent wilting point (PWP) is
expressed by the factor F s and is regarded here as stabilized in the long term:

Crrs(0) = Corg (0) - Fyrs Eqg. 21
with
Ty 13- PWP
Firs-som = 11y PV 413 PWP-(r; —1y) + 11 FC- (13 —13) Eq. 22
r: pore radius: r;=5 pm; r,=10 um (soil type “L"; 12 um); rz= 500 um
PWP: soil moisture at permanent wilting point in VOL%
FC: soil moisture at field capacity in VOL%
PV: soil pore volume in VOL%

The amount of Cy.(0) is distributed between C, and Cs according to the model equations (Eq. 23, Eq. 24)
assuming steady state conditions.

a

ka_ks

Corg(o) = Cgec(0) Eqg. 23

Cs(0) = Cgec(0) — C4(0) Eq. 24

The C/N ratio of the decomposable SOM is fixed to 8.5. If an initial value for No¢(0) is known it is used to
calculate the C/N ratio of the LTS pool (y.ts) from the C/N ratio of the complete SOM (ysowm).

8.5 ¥som(0) * Cirs
8.5 Corg (0) — ¥som (0) - Cgec(t)

Yirs(®) = Eq. 25

3.4.4 Dynamics of the physically stabilized SOM

Following the ideas of the CIPS model (Kuka et al., 2007) there is a highly stabilized SOC pool that is
associated with the micro pores in soil. Hitherto CCB and CANDY addressed this pool as long term
stabilized (LTS-SOM) and assume this pool as constant because changes of this pool size were expected
to be insignificant small.

Assuming the LTS-SOM dynamic is controlled by soil physics, the pool size calculation is ruled by
following equations:

SOC=a- (A, +An +Ay) Eq. 26

a areal specific carbon concentration
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A: inner area of micro (4), meso (m) and macro (M) pores in soil

Cirs=a- 4, Eq. 27

A
Cire=S0C ——F*  =S0C-F Eq. 28
LTS A# A, + Ay LTS q

Firs:  soil structure depending factor relating the LTS pool size to total SOC

Further details of F 15 calculations were given by Kuka et al. (2007), Puhimann et al. (2006) and Franko et
al. (2011).

In our approach a change of the LTS pool size will be triggered by a change of the wilting point (©,) pore
volume that is related via the (virtual) radius r and the total length | to the inner area of micro pores,
assuming cylindrical pores (please also see section ‘3.5 Estimation of soil parameters’):

V=0, =m-1}"1, Eq. 29
O
Ay=m-nl,=2— Eg. 30
Tu
O
CLTS=2'Q'E=,8'®;1 Eqg. 31
B: variable factor relating the LTS C to the Volume of micro pores
ACirs =B A0, Eqg. 32

The initial value of 8in Eq. 32 is given by

_ SOC : FLTS

0 Eq. 33

u

In each calculation step the 8 value has to be adapted according to the changing carbon storage within
the micro pores.

Implementation of carbon and nitrogen fluxes

In the CIPS model the carbon flux into the micro pore space is restricted to dissolved organic carbon
(DOC). Any DOC flux is closely related to microbial activity. The A-SOM pool of the CCB model behaves
very similar to soil microbial biomass. Therefore we assume that the flux between timestep t; and t.;
to/from the LTS pool is affecting the A-SOM pool and hypothesize that:
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ACyps = —ACy = Cprs(tiv1) — Crrs(ty) Eqg. 34

Both pools LTS-SOM and A-SOM have a different C/N ratio (y) meaning that also a flux (Nsy) between the
mineral nitrogen and an organic N pool has to be considered:

Ya—Y
Ya ' Virs

A growing LTS-SOM pool (N-poor) will withdraw C from the N-rich A-SOM pool and set mineral nitrogen
free (meaning prevent the mineral nitrogen from being immobilized during the decomposition of fresh
organic matter). A decreasing LTS-SOM pool leads to nitrogen immobilization due to the A-SOM growth
and has to be considered as N-sink.

3.5 Estimation of soil parameters

The minimum soil dataset required by the model was limited to clay content (< 2 pm) and soil type (soil
textural class) according to the German classification system “Reichsbodenschatzung” (Arbeitsgruppe
Boden, 2005; BMJ, 2007; Capelle et al., 2006; Lieberoth, 1982). This requires a number of soil data
conversions carried out by pedotransfer functions. If the silt content is known it is not necessary to specify
the soil type.

If the content of silt is unknown it is calculated from the German soil classification scheme assuming the
mean silt content of the given soil class.

Further the fine (< 6.3 ym) and medium (6.3 — 20 um) silt content is calculated using a loglinear
interpolation according to Nemes et al. (1999) between clay and silt.

Interpolation of soil texture

p(dz) —p(d,)
In(dz) — In(d,)
d;: diameter of particle class

p(dy) = p(dy) + (In(dy) —In(d,)) -

Eq. 36

p(d): cumulative amount of particles with d < d;

Soil bulk density

It is possible to calculate soil bulk density using Eq. 37 and Eg. 38 following the approach of standardized
bulk density TRDs (Ruehlmann and Kdérschens, 2009) to find an appropriate b value.

TRD = TRDse 2 Corg Eq. 37
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TRDs; = 2.684 + 140.943 - b Eq. 38

Following the results of Rihimann and Kérschens (2009) we can express the standardized bulk density as
a function of soil clay content:

TRD, = 1.78345 — 0.0081 - clay Eqg. 39
The combination of the last both equations leads to an approach to get b from clay content:

b = (1.78345 — 2.684 — 0.0081 - clay)/140.943 Eq. 40
b = —0.00639 — 5.747 - 107> - clay Eq. 41

Soil particle density

The particle density (op) is required in order to calculate the pore volume (PV). An useful equation for this
purpose was published by Rihimann et al. (2006):

1
=0 10 Eq. 42
pom pm
Pm: density of mineral component in g cm™
Pom: density of organic matter component in g cm™
where
Pm = 2.659 4+ 0.003 - clay Eg. 43
and
. Corg
Pom = 11274+ 0.373-Qp;y, wWith Qo = oo Eq. 44

Hydrological properties

The combination of bulk density and particle density provides the pore volume of the soil:

pv = (1= . 100 Eq. 45
14

PV: pore volume in VOL%
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In the standard approach (with constant soil physical properties) the values of field capacity (Eq. 46) and
permanent wilting point (Eq. 47) are calculated from soil texture using the pedotransfer function published
by Lieberoth (1982).

FC =340+ 0.85-ABT Eq. 46
FC: field capacity in VOL%

ABT: settleable components less than < 20 um

PWP =123+ 0.74 - clay Eq. 47
PWP: moisture at permanent wilting point in VOL%

The characteristic values PV, FC and PWP of a specific water retention curve are required to calculate the
amount of long-term stabilised carbon with the F 15 parameter.

For the simulation of dynamic soil physical properties a more complex approach is used in order to reflect
the impact of SOC and BD on hydrological parameters. Generally, the widely used model of Van
Genuchten (1980) can be used to predict soil moisture at characteristic matric potential (h=50000 hPa
(pF=4.7) for PWP and h=63 hPa (pF=1.8) for FC)

6, — 0,

o) =6,+ A+ @ @™ Eq. 48
a van Genuchten parameter [cm™]

n van Genuchten parameter [

m van Genuchten parameter [

w matric potential [hPa]

or residue water content [0..1]

Os saturation water content [0..1]

The parameters of the van Genuchten model are calculated with another pedotransfer function from
Vereecken et al. (1989), which calculates the van Genuchten parameters using USDA7 texture classes.

6, =0.81-0.283-BD +0.001-T Eqg. 49
0, =0.015—-0.005-T + 0.014 - Cyry Eqg. 50
o = e(~2486+0.025:5-0.351-Coyg—2.617-BD—0.023-T) T Eq. 51
n = ¢(0.053-0.009-5-0.013-T+0.00015-57) Eq. 52
m=1 Eqg. 53
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3.6 Benchmarks

Benchmarks for a successful evaluation of carbon turnover models have not been established yet.
However, one could expect to have values of RMSE, RMSE,,, ME, ME,;, SEM and the value of (1-r) as
close to 0 as possible.

n ERY:
RMSE = M Eq. 54
n
n ERY:
RMSE,, = 190- / i=1(0: — F) Eq. 55
0 n
i=n¢n. _ p.
ME = M Eq. 56
n
i=n/n. _ p.
MErel — 1(_)0 . Zi:l(Ol Pl) Eq. 57
0 n
™ .(0; — P)?
EF =1-— iz (0 = B Eqg. 58

(0, — 0)?

0-2
SEM = |— Eq. 59
n

S0 P~ (20) (TP)
r= Eq. 60

Jzoz -1 oy -[zrt -1 -ry

O:: observed value at time step i M%

Pi: predicted value at time step i M%

N: number of measurements -

RMSE, RMSE,,;: root mean square error M% or %
ME, ME,: mean error M% or %
SEM: standard error of the mean difference M%

2 standard deviation of the difference O-P M%

r: Pearson correlation coefficient -
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The correlation between O; and P; is significant if the value T, (Eqg. 61) is not lower than the right-tail value
of the Student's t-distribution (p=0.95, f=n-2):

Vn—2
To(r) = Irl = £q. 61
-Tr

Statistical measures of model performance have serious limitations as the different datasets show a
considerable heterogeneity in terms of their data quality. Graphical displays can be useful for showing
trends, types of errors and distribution patterns. In this study the comparison of observed and predicted
values in diagrams was also regarded to judge the quality of model performance at specific sites.

For a comparative evaluation of a CCB calibration with other approaches Akaike's Information Criterion
should be calculated in its standard form:

0; — P)?
AIC=2-k+n-ln<¥> Eg. 62
Or using the corrected version for finite sample sizes:
0; — P;)? 2-k-(k+1
AICc=2-k+n-ln<Z(‘ ‘)>+ ( ) Eq. 63
n n—k—1
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4 Input-/Output Parameters & Database

4.1 User-data tables

4.1.1 field_description
Content:

Basic information as fixed data with general description of each homogenous simulation object.

attribute meaning unit/type
Fl_id Unique identifier number
Herkunft Data source / project (documentation purpose) string
soil_id pointer to soil data (soilproperties) number
climate_id pointer to climate number
(climate_station =» climate_data )
Location Appears as folder name string
site_description Appears as plot name string
comment Space for remarks string
versuch_code Pointer to table experiments number
area Plot area number
|_con Type of initial condition (obsval, null, pre managment) string
notill Selected tillage option (0 for allways, 1 for never, 2 for manual input  string
Mw_bat Average BAT (updated by the model) [da™]
Remarks:

Depending on the purpose of the model application it is recommended to extend the table to store
additional information that may be useful for the result interpretation.

4.1.2 climate_station
Content:

Basic information about the location of the climate station and N-deposition.

attribute meaning unit/type
climate_id Unique identifier number
station Name of the site string
breite Latitude (documentation purpose) number
laenge Longitude (documentation purpose) number

year0_nd Initial year for calculated N deposition Number
yearl nd Last year for calculated N deposition ~ Number
ndep_0 N deposition rate of the initial year Kg/ha

ndep_1 N deposition rate of the last year number
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4.1.3 climate_data
Content:

Climate data in annual time steps.

attribute meaning unit/type
climate_id Pointer to climate_station number
year Observation year; a 0 indicates a long term average number
temperature Average annual air temperature at 2 m [°C]
precipitation Annual precipitation sum [mm]
Remarks:

Day and month are options for future development and now should be given a 0 value.

4.1.4 cultivation
Content:

Management data.

attribute meaning unit/type
cultivation_ID  Unigque number number
FL_ID Pointer to field description number
FL ID alt Internal buffer number
year Year of activity number
Macode Action code; Pointer to cdy_action number
Item_IX Object code; pointer to parameter table number
Sim_Quantity Internal buffer number
Quantity Amount or yield number
part Spatial weight (in %), only available in ‘regional-mode’ number
Remarks:

Day and month are options for future development and now should be given a 0 value
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4.1.5 measurements

Content:

Observed data and initial data for SOC and N..

attribute meaning unit/type
meas_ID Unique number number
FL_ID Pointer to field_description number
M_IX Property code; pointer to cnd_mwml| number
year Year of observation number

year_number Count of the year; 0 means initial value number
meas_value  Object code; pointer to parameter table number

Corg_m Internal buffer number
vrnz Varianz of observed value ( optional) number
Remarks:

Day and month are options for future development and now should be given a 0 value.
M_IX=7 : SOC; M_IX=0 : NT

4.1.6 soilproperties
Content:

Parameters of the (top) soil.

attribute  meaning unit/type
soil_ID Unique identifier number
profile Name shown in the interface string
BA_RBS Saoil type according to “Reichsbodenschatzung” string
clay Clay content [%)] number
silt Silt content [%] number
silt_org y(es) if provided by user y/n
sand Sand content [%] number
sand_org y(es) if provided by user y/n
FAT Fine particles (clay + fine silt) content [%)] number
FAT org y(es) if provided by user y/n
PWP Permanent wilting point number
PWP_org y(es) if provided by user y/n

PV Pore volume number
PV _org y(es) if provided by user y/n

FC Field capacity number
FC org y(es) if provided by user y/n

PD Particle density number
PD_org y(es) if provided by user y/n

BD Bulk density number
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BD_org y(es) if provided by user y/n

cif Part of LTS carbon number
cif_org y(es) if provided by user y/n
skelett Stone content [%] number
fbio Calibration factor for microbial biomass number
Remarks:

More attributes may be added for convenience of a study.

4.1.7 experiments
Content:

Register of the folder objects (experiments, farms etc.) within the database.

attribute meaning unit/type

location Folder name shown in interface string

vcode Unique code string
exp_id Unique number number
herkunft Description of data origin string
select Informal field number
Remarks:

Don't forget do add a record here if you are manually extending the database.

4.1.8 site_state
Content:

Formal register of the plot objects within the database - only these objects can be selected for simulation.

attribute meaning unit/type
FL_ID Link to field_description numeric
status Use for simulation: 1 = use; 0 = skip numeric
res_val Informal field numeric
Remarks:

Don't forget do add a record here if you are manually extending the database.
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4.2 Model-parameter tables
Only a selection of the model-parameter tables is described within this CCB-manual. For further

information please also see the CANDY-manuals.

4.2.1 CDYAKTION

Content:

Description of management actions.

attribute meaning unit/type
ACTION Name of action string
ACTION_ID Key integer
UNIT_INTENSITY Unit of the quantitative attribute string

DEF _INTENSITY Definition of the quantitative attribute  string

4.2.2 cdyopspa

Content:

Parameters for fresh organic matter turnover.

attribute meaning unit/type
item_ix Index integer
Name Name string

K Decomposition coefficient [d?]

ETA Synthesis coefficient number
CNR_ALT Total C/N-ratio Corg/ (Norg + Nmin) number
CNR Ratio in organic matter (Corg/ Norg) number
TS_GEHALT Dry matter content [M. %]
C_GEH_TS  C contentin dry matter [M. %]
MOR Ratio of mineral and organic nitrogen Npyi,/ Noig  Number

4.2.3 cdypflan
Content: Parameters for crops.

attribute meaning unit/type
ITEM_IX Key integer
NAME Name string
ewr_ix Pointer to a record in cdyopspa to characterise harvest residues and roots integer
grd_ix Pointer to a record in cdyopspa to characterise aboveground biomass integer
after ploughing up (not supported in CCB)
kop_ix Pointer to a record in cdyopspa to characterise by-products integer
FEWR factor between N in harvest residues, roots and yield [kg kg™
CEWR N amount in harvest residues independent from yield [kg N ha]
N_GEHALT N-concentration in yield [kg N dt™]
TS _BEZUG_HP Dry matter content
HI Harvest index [cm]

55



4.3 Result tables

For further information on the result tables please see the sections ‘2.4.4 Results’ (esp. regarding error
statistics and N-balance tables) and ‘2.5.2 Checking results’.
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