1. Description of the ROMUL model

1.1. General description

ROMUL is represented as a system of differential equations based on known descriptions of mai
processes and a set of assumptions about connections between leading variables. ROMUL approact
basel on a generalized description of soil organic matter (SOM) pools dynamics in different soil horizons
without division into detailed compounds but taking into account successive SOM transformations by soi
pedobionts whose activity depend on dynamics df radrition elements and environmental factors. It
allows for a calculation of coefficients being sometimes nonlinear and which includes direct account o
mi croorganisms activity and soil ani mals contr
(Chertov et al., 2001).

The theoretical background of the ROMUL model is (i) a concept of fast mineralization of fresh plant
debris at an early phase of decomposition, and its transformation into partially humified material tha
decomposes slowly; (ii) theonsideration of the role of soil fauna in the process of SOM transformation,
and (iii) the simulation of SOM dynamics simultaneously in organic layer and in mineral topsoil. The
approach corresponds to the concepts of humus forms (types) and theindftfectional properties (raw

humus, moder and mull) (Figure 1).
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Figure 1. Conceptual scheme of soil biota functioning and SOM formation at three main humus forms. The

dominating functional groups of organismsgructors are only reflected on the scleem

This approach allows for a successful use of standard soil descriptions and 4shgsigoal

parameters of organic and mineral horizons for model initialization. We assume that main processes



SOM transformations are reflected by soil profile and bkorizons, and humus formmark different
patterns of soil processes.

The different fresh aboveground litter fractions (leaves, needles, etc.) reflected in the model a
undecomposed littdr (kg/sg.m). It is a pool of organic matter, corresponding tworizon of forest floor
(Figure 2). It contains undecomposed and partially decomposed litter with big plant fragments.
Microorganisms and fungi compose a main complex of organissuctors with a rate of mineradtion
kiL and transformation into a nexv@ with a rateksL (both depending on nitrogen and ash concentration
and on forest floor moisture and temperature). The domination of this process at plant debri
decomposition leads to the formation of raw humus.

Ly (kg/sg.m) is a pool of SOM, which cams undecomposed and partly decomposed fine and coarse
root litter. Rate of mineraation isk;L, and transformation into the next poolksL , (depends on ash
concentration and mineral soil temperature and moisture). Part of this pool is metabolized by
decomposing organisms and the corresponding carbon is released as gasedissGQiPocess controls
formation of labile humus in mineral topsoil.

The majority of the organic matter ends up in a more slowly decomposing complex of partly
decomposed orgéc matter with newormed humic substances (CHS) (kg/sg.m), which is a pool of
organic matter that contains partly decomposed litter with small decomposed plant fragments an
corresponds td= horizon of the forest floor. The transformation of this pooégdy two groups of
organismdestructors:

1. The community of Bacteria, Fungi and Arthropoda with kateansforms part of SOM into
H pool of forest floor and a rest part in a stable humus in mineral hor&oigStable humus) and
produces SOM with a C/Natio 15. Moder humus develops at a domination of this way at
decomposition.

2. Transformation (humification) of SOM by the community of earthworms and
macroarthropodsorms mull humusSh in mineral horizons with a C/N ratio 8, rate of this
transformation iks.

A specific parameted is a ratio to divide SOM flow between these ways. This parameter depends on
C/N ratio in F: the larger is C/N the greater part of humified matter stays in H of organic layer.

Labile humusLh (kg/sg.m) is a belowground analoguieooganic layer. Transformation of this pool
also goes by two groups of organisiastructorsk, is rate of transformation by Bacteria and Arthropoda
ks is rate of transformation by earthworms.

The transformation of orgaerical mat tSand masdflowst I é
ks and ks, is based on the assumption that all the organic matter in the compar®héns 'mostly
produced by the metabolism of the decomposing organisms (Fungi, Bacteria, Protists, Arthropods ar

Lumbricidae).
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Figure 2. Flowchart of the ROMUL model. Explanations of symbols are in the text

Nitrogen has a special role in this phase: the rate of nitrogen moving from compafthémis the
compartmeniNsy is calculated using soomo d i f jaenrds 29()ud i n the main schem
(Figure 3). We postulated that 20% of nitrogen consumed by soil fauna is transformed into their biomas
and80%i nto stable humus (2 = 0.8) with .dhe@dfttdar at
amount of nitrogen in the humified material was used to calculate the SOM flow from the compaftments
to the compartmerh u s i n g p a;that medua to 24.00for Bacteria and Arthropoda communitty
and 12.8 for Lumbricidae dominatene.

The fAst alshigasodecomposing, at a rather slow rate, modified by the soil temperature and
moisture. The decomposition flux has a range from a minime2@6lannually up to 15% annually,
depending on the soil texture, actually clay cont&faximal rate ofSh decomposition was observed in
arable soils. However, as roughly a half of the soil organic matter in the Boreal zone is in the compartmel
Sh, the value of the rate factks has a significant effect on the total storage of organitemand nitrogen

in the soil.
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Figure 3. Flowchart of nitrogen in the ROMUL model. Explanations of symbols are in the text

1.2. The general system of equations

The system of equations at its present state is as follows:
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where sbscripti denotes thé-th cohort of abovground litter, ydenotes the cohort of beleground
litter, Li are running undecomposed masses of different litter fractiotterfall; are the inputs of
corresponding abovground litter fractionsN,; are heir nitrogen amounts ; similar variables with
subscript; are the similar amounts of belegrvound litter and its nitrogen.

F and Nr are transformed complex of humic substances (CHS) originating from -gbowed litter
cohorts and its corresponding oiglen contentsl.H and Ny are similar masses and their nitrogen of
belowground partially decomposed litter cohorts (labile humus, particulate organic matter) . It should be
noted that at this stage all cohorts are merged and total mass of organic maatiteiranitrogen masses in
F and separately ihH cohorts are summed up.

Relations betweehll and SHtogether with multiplied dividing different flows between these carbon
and corresponding nitrogen pod¥s and Nsy are described earlier. Note that eatef mineralization of
these poolskand kg are similar in their role in organic matter transformations but they depend on different
temperatures and moisturé$:andNy depend on forest floor conditions, aBél andNsy on mineral soill
conditions.

It shodd be noted that thie are different and independent ways of decomposition for atzmck
belowground litter cohorts for the first two stages of litter transformation and one united pool of humus
bonded with the mineral pgma @hddreflecotfe retatmmpssbhetween theC o «
spending of nitrogen to the soil faunasd biom
dimensions of, Lu, F, LH, H, SH, N, Niu, N&, Niw , Ny andNsp are (kg mh 3, ki, (day §. The coefficients
k; are different for aboveand belowground litter fractions (not marked in the system of equations above).
ki is the rate of fresh litter mineralization by a complex of soil destructors consistiungf k is the rate
of mineralization of CHS ks is the rate of litter trafisrmation toF as a process of organic debris
humification; k, is the rate ofF (different for above and beleground fractions) consumption by a

community of BacteriatArthropodg ks is a rate of F consumption by earthwormks;is a rate of H



mineralization; kg is a rate ofSH mineralization;M_, Mg, My, Msy are relative rates of nitrogen
mineralization inL, L, F, F, andH pools. It should be noted that the coefficiehtsandk;s are calculated
using different temperature and moisture data as an pgraimeters. The coefficients with indexuse

litter temperature, with an indeXthey use soil temperature. All coefficiers are dependent on litter

moisture ks use soil moisture.

1.3. Rates of the SOM transformation which are specified on the bigsof organic debris (litter or
transformed litter) chemical properties
Dependencies of kinetic parameters on ash and nitrogen contents are listed in Table 1. Necesse

nitrogen and ash contents for several plant species are listed in a Table in Agpendix

Table 1. Dependencies of kinetic parameters on ash and nitrogen contents, N to lignin ratio and pH

ki | Aboveground litter | Belowground litter Correction for Correction for
Nitrogen/lignin ratio pH
¥ (Nitr) g(Nitr , Ash mtNitr / Lignin) h(ph)
ki | 0.0005+0.0054*nitr | 0.0136+0.0006*Ash! 0.0920ignin /nitr )°7*%, 0.701ph 1.61!
AshO0 lignin , O,nitr .0 -0.038 pn*,
0. Ash<0 1else 3¢ ph ¢&.2
lelse
ks | 0.0089+0.0078*nitr | 0.03940.0021*Ash, | 0.0622X)ignin hitr )°**’ -
0 OAs h O1 8| lignin, O,nit ,0
0, Ash>18.762 | Llelse
ko 0.000496 0.00126 0.0027ignin hitr )°***7 | 0.701ph  1.61t
lignin, O,nitr ,0 -0.038 pi°,
1,else 3¢ ph ¢6.2
lelse
ks | 0.0005* nitr, nitr ¢ 2 | 0.0005 nitr, nitr ¢ 2 -
0.001 else 0.001 else
Ks= 0.007*2.0 nitr - 1’ 0.007*2'0 nitr - 1’ - .
K 3.0 3.0
0.5<nitr ¢2 0.5<nitr ¢2
0.007 nitr > 2 0.007 nitr > 2
0,else 0,else




1.4.Other coefficients which are specified from external sources (literature or regional traits

ks and k values vary from 0.0006 fd in sandy soils to 0.00006 fflin heavy loams and clays (the
only parameter is to be calibrated in some cases).

Coefficientsd, d and g reflect nitrogen experntires for calculation humus formation by soil fauna
(Chertov et al., 2001).

d, =240
a =128
g=0.8

My, Mg, My= My, - corrections for nitrogen mineralization rates in relation to SOM mineralization
rates inL, F, H dLH. M =0.1

£0.1, N./FA00- 1.16(N _con_ab ¢ 0.44
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€1.0,SH @.5/ Ng, ¢ 8

M SH =

- : 0.5,else

N_con_als average weighted nitrogen content of abgraund litter fractions (in %):
a N _Litter,
i=1,2... 5

— 5 ——Q00
a Litter;

i=1,2..

N _ con_ab=

N_con_bas average weighted nitrogen content of belpnaund litter fractions (in %):

d is a coefficient which reflects aion between reallocation of organic matter flow betwédrorizon
in forest floor andSH pool in mineral soil. In north taiga soils where SOM content in mineral horizons is
small d is equal to 1, and flow defined by coefficiekf goes completely to fose¢ floor H horizon.
Inversely in temperate zone where forest floor is almost (or temporarily) absent this coefficient is equal t

zero (or to small value). At the moment, assigned value is an expert evaluation but it could be further



special procedure geloped whera will be calculated in dependence of hydrothermal conditions and soil
biota activities.
1.5. Moisture functionsF(W)

For more general approach, and more simplicity of further modification, the function G(W), that
describe dependences of ROM coefficientsk; on soil moisture should be written &(W, Wyp, Wes,

Wsa), whereWi actual moisture valu&\yp T moisture at permanent wilting poiMi, T moisture at field
capacity,Wsa 1 total capacity (moisture value at full saturation).

Atthecurrent stage, we used ViiksWrWa The furctibas beea usede s
before (Chertov et al., 2007) were transformed into the new form, with some general assumptions abo
Wk for soils and plant litters used in the old experimdits:.~300% mass for plant litters used for
estimates ok; i ks and ~30% for loamy soils for ks). For ks and k (coefficients of mineralization of
organic matter in H and in SH correspondingly) we now use the same dependence, that was elaborated
coefficientsk; T ks, but in the new Anormali zedo for m. We
the dependences, obtained for substrates with different physical properties, than the usage of dependent
based on mass water content.

Advantage of sucmormalized moisture values is that there are no differences between moisture units
(mass %, volume % or mmBi per layer) we use initially; the result should be the same. We only have to
use the same units both f&f as well asWec (or other soil hydrologal constants if they are used). So,
while we use soil moisture values expressed as mass % in our climate scenarios, we should use inj
values of hydrological constants for ROMUL expressed in the same units.

Dependencies of the kinetic parameters on ($ittiér) temperature and soil (litter) moisture are listed in
Table 2.

Table 2. Dependencies of the kinetic parameters on soil (litter) temperature and soil (litter) moisture

f(t) J (W)

k, | 0.1595+0.0319"t,-5<t¢1 0, Wy <0.023
0.1754* €™**" 1<t ¢ 35 9.297 * (W)>**®?  0.023¢Wy < 0.417,
8.791- 0.1465t,35<t ¢ 60 1 0.417 ¢ Wy < 1.333,
0,else

29.53*0.07889"  1.333¢W,
ks 0, Wy, <0.023
9.297 * (W)>>*?  0.023¢Wy < 0.417,
1 0.417 ¢ Wy < 1.333,

29.53*0.07889" 1.333¢ WA,




1.3

=2, -3<t¢0
(1+1.97G?)
13, 0<t¢7
780-130 o oo
53.0
0, else
ko | 0.1595+0.0319"t,-5<t ¢ 1 0, Wy <0.023
0.1754" " 1<t ¢ 25 9.297* (Wn)>%*%2  0.023¢Wy < 0.417,

1.53425<t ¢ 35
3.69- 0.0615°t,35<t ¢ 60

1 0.417 ¢ Wy < 1.333,
29.53*0.07884" 1.333¢ W,

0, else

ks | 0.1595+0.0319°t,-5<t¢1 7.5 W, Wy < 0.133
0.1754* %™ 1<t ¢ 20 1 0.133¢ Wy < 1.333,
1,20<t¢ 40 2.333 Wi 1.333¢ Wy < 2.333
2.0- 0.025*t,40<t ¢ 80

0 2.333¢ WA,

0,else

ks | 0.078+0.0156"t,-5<t¢1 0 W 0.067,
0.0675 €*2%%*" 1<t ¢ 13 2.307* Wi 0,1538 0.06% Wy < 0.500,
113<t¢ 25 1 0.500¢ Wy < 2.333,
2.0- 0.04*t,25<t ¢ 50 0 401 0.6 » 333 W
0,else 401 0,67 Wh ' N

ke, | 0.1595+0.0319"t,-5<t ¢ 1 0, Wy <0.023

ke | 0.1754 €™ 1<t ¢ 275 9.297 * (W)>**®2  0.023¢Wy < 0.417,

1.95275<t¢ 35
4.68- 0.078*t,35<t ¢ 60
0,else

1 0.417 ¢ Wy < 1.333,
29.53*0.0788Y" 1.333¢ WA,

1.6.Additional procedures as an interface with ecosystem models
The amounts of mineralized humus and nitrogen available for plants are important outputs from
ROMUL. At every time step, the mineralized amounhoius is calculated for each litter fraction (above

or belowground) as

Hminer :a klo-| +a kla-uj +(k2+k4+k5)<:F - (dB &4+dL &S)CNF +
i i

+(k2 +k4+k5)d—H - (dB c"k4+dL Ck5)CNLH +(k6 +kl5)®" - dL CR5CNH +kSCSH



Correspondingly the nitrogen available for plants is defined as:
Navail = a. ML Ckld\lLi +a ML &10\1 +[MF c"k2 +(1_ g)Cék“ +k5)]0\IF +
i j

Luj

+[MF &, +(1' g)QKA +k5)]CNLH +[k6 +(1' )Ckls]CNH + M G N,



2. Guide to ROMUL program

ROMUL is a program working in the operata environment of Microsoft Windows. It is intended for
modeling processes of mineralization and humification (recalcitrance formation) of soil organic matter. An
interaction with the program is based on algorithms that are typical for Windows app$icatmhmost

operations in the program would be clear for users of OS Windows family.

2.1. Preparation of input files for the ROMUL model

2.1.1. Preliminary information

For the program stat p it i S necessary to have t becebingspec

configuration of the program configuration and three input files:
1. file with cohorts of litter fall (dead organic debris input),

2. file with climatic data,

3. initial soil parameters and conditions.

If you have a number of experimental m@&asnents of variables or even one measurement then you can
place them on the graphic for visual comparison of the measured data with modeling results. For thi

purpose an additional special file with measured data can be added.

What is the scheme of thercws ent confi guration of the program
This version of the ROMUL program is included in DLES platform (Bezrukova et al. 2012) intended for a
development of the program complex that is joining a large number of simutatamalytical models of

various processes in terrestrial ecosystems. The scheme indicates what models participate in compu
experi ment according to the userds scenari o anit
this version a prototypef the prepared project is described. It consists of input files, united by some

scenario, which is realized by the ROMUL model and a shell with incorporated graphic interface.
The DLES platform has a number of advantages:

A 1t all ows frious madeisiandihas @ nuenbes df bittools fr simplification of the accounting of

spatial interactions when modeling natural processes and the phenomena in various ecosystems.
A Al parameters of system havteXMtstandhmr d descri ptio

A DLES allows carrying out data exchange between t
working with the different spatial and temporary resolution, and for this purpose, the general area of memory of
t he sy snelésmsed Alsodhe kernel provides an automatic transformation of the data expressed in various

dimension units.



A The platform allows running simultaneously severa
and provides facilitiefor comparison of results of modeling.

The ROMUL program works with a monthly time s
coefficients are calculated for a daily step. For example, k8 is equal to 0.00b(used later as an input
value), indictes the rate of mineralization of stable pool of soil organic matter in one day of the vegetative

period under certain conditions.
Warning

The file with the working scheme of modeling (modSoil_v7_0_2 users.dlessch) is stored in the
DLES use4 dataA ROMULS folder (this folder may contain different ROMUL projects and it is
prescribed in the project scheme with this name.. Please do not rename and do not change location of
this file in order to avoid failures in the work of the program.

Files with test data a& prepared in the same folder: LitterFall.csv, InitValues_users.txt, climate.csv. You
can do the following using these files: 1) to carry out the test run to compare results with given in this
manual; 2) to prepare your own data files used test files aspkates. Please don't change anything in
initial test files of the project at preparation of input files with your data, let these files be always fixed in
the folder: dated ROMULS. Save your data with other names but keep specific extensions.
Please first y rename test files #fALitterFall.csv
creation of files with your own data and only after that you would incorporate your data.

, I ni {

Table 3. Main files properties

Parameter Type of input file
Type of data, | File with litter | File with initial soil | File with climatic File with
File name cohorts data data experimental
(LitterFall_ x.csv)| (I ni t Val ues (climate points( A A R _ R
File type: Comma Text Comma Comma
Separated Separatealues | Separate®/alues
Values
File extension .CSV Axt .CSV .CSV
Separator comma blanc comma comma
between data
Separator Decimal point
between integel
and fractional
part in number:
Names of names of parameters should be written down by Latin lettersiaodnsist of
parameters: several words then use underlining instead of blanc
In the 2nd line all numbers have to be written down as real numbers
of the_ file (1 for example: zero as 0.0, unit as 1.0, etc.
modelling step)




2.1.2. File with scenario of litter input(LitterFall.csv).

It consists of the consecutive description of cohomtacfions) of plant litter (kg/fdmonth'). Cohorts

consist of monthly values of litter biomass (not carbon!) of different fractions of vegetation: leaves,
branches, roots, etc. Fractions have to differ accordingly to nitrogen, ash and lignin contehis. So t
seasonal dynamics of litter flow has reflected in the scenario. For example, birch leaves fall in autumn, ar

dry branches fall evenly all year.

The file with litter flow is arranged as follows: every line contains data on miscellaneous litter cohorts
(leaves, branches, etc.) for one step of modeling (with comma as a separator). The number of cohorts c
be no more than 14 (it is stated in the program scheme). Number of monthly time modeling steps must |
minimally 1, if litter flow is constant, or 12f(it is unevenly distributed within a year). | If litter flow is

distributed unevenly during the year but not changes in sequence of years then it ids convenient to use |
foll ow programbs property: i f t hettakes ag mow agairdaade s n
continues input further. If litter flow changes during the modeling time then number of file rows must
correspond to number of modeling steps to avoid repeating of the last row. At the preparation of the inpt
file, an importanpoint is that the sequence of litter cohorts can not be broken. If any litter cohort is absent
then its value shall be written as zero (0.0). Thus, each column data corresponds to litter cohort of a certe

type. Names of columns and their order cannatianged.
Simplest way to prepare this file is as follows:
1) open the fild.itterFall.csvin Excel program, and rename it, for example, latterFall_1.csy,

2) insert your data into Excel then convert them in the table form. For this purpose matathg cursor

and rewrite them using memataA4 Text on columngwith comma as a separator) to a tabular form;
3) replace demonstration litter flow data with your own data;
4) save file (in our exampléitterFall_1.csv) with .csv expansion in the same ROLS folder.

Warning

After saving of LitterFall_x.csv file with litter cohorts, it is necessary to open it in Notepad or similar
editor and to check whether commas are really separators and decimal points are separators in numbers
(it could depend on regimal settings of Excel). Change them if necessary. If not all 14 cohorts (it is a
maximal number for our ambient scheme) are used then you need to check that on the first step (the 2nd
line of the file) all figures (the last cohort) must be zero with declnpaint 0.0 because Excel keeps
simply 0 in the form of an integer! It is obligatory only for second line!

5) open the prepared fil&itterFall_1.csV) in the Notepad and check separators again: comma between of
cohorts, and decimal point before fractiopalt of numbers. You may do necessary changes by Replace

menu in EJi Make necessary changésg. 4):



[ LitterFall_1.csv - Note;

File Edit Format Yiew Help

=10l ]

4,0.00756;0.00347;0.003;0,0,0;0.00163,0.00373;0.00038;0.00065,0.00043;0,0,0

Step; Lit_00;Lit_01;Lit_02;Lit_03;Lit_04;Lit_D5; Lit_06;Lit_07;Lit_08:Lit_09;Lit_10;Lit_11,Lit_12;Lit 13 4l

SIDDQ"'IFIFIFI nnaFirAeNet sl aEinaa N niniriaaNe e mialn e (ninlnlan ul DDDASIDIDID
aRiay Replace 2 Xlaonaz000
7000 _ . 00043:0:0:0
aoop; Frdvhet | 00043:0:0:0
9:0.00; Replace with: IJ Replace | 00043:0:0:0
10:0.00 0065:0.00043:0:0:0.04
11:0.00 Replace Al | [ 00043:0:0:0 |
1200, -
0; T
[~ Match case ﬂl hd
ﬂ »
| tn1, con 4

Figure 4. Checking correctness of litter flow files (LitterFall.csv) in the Notepad: the given format is

incorrect: there are semicolons insteadahmas, correct it.

Now the file looks so (Fig. 5):

[P LitterFall_1.csv - Notepad

Filz Edit Format View Help

=10/ %]

200.00347,0,0,00,0.00163 0.00375,0.00033,0.00065 0.00043,0,0,0

30.00766,0.00347,0.003,0,0,0,0.00163,0.0037%,0.00035 0.00065,0.00043,0,0,0
4.0.00766,0.00347,0.003,0,0 0,0.00163,0.00375,0.00035 0.00065,0.00043,0,0,0
50.022595,0.00347,0.010,0,0 0,0.00163,0.00379,0.000358 0.00085,0.00043,0,0,0
65,0.00766,0.00347,0.003,0,00,0.00163,0.00379,0.00035 0.00065,0.00043,0,0,0
7.0.00766,0.00347,0.003,0,0 0,0.00163,0.0037% ,0.00035 0.00065,0.00043,0,0,0
d,0.00766,0.00347,0.003,0,0 0,0.00163,0.00375,0.00035 0.00065,0.00043,0,0,0
9.0.00766,0.00347,0.003,0,00,0.00163,0.00379,0.00035 0.00085,0.00043,0,0,0

11.0.00766,0.00347,0.003,0,0,0,0.00163,0.00375 0.000358 0.00065,0.00043,0,0,0

Ftep Lit_00\Lit 01 Lit 02 Lit 03,Lit 04 Lit 05,Lit 06 Lit 07 Lit DF,Lit 09,Lit 10t 1Lt 12t 13 =]
1,0.0,0.00347 0.0,0.0,0.0,0.0,0.00163,0.00379 0.00038 0.00065,0.00043,0.0 0.0,0.0

10,0.01532,0.00347 ,0.010,0.04 0.02 0,0.00163,0.00379,0.00033 0.00065,0.00043,0,0,0.04

ki

o

[ tn1, colt

4

Figure 5. File of litter flow (LitterFall.csv) in the Notepad after corrections

6) check that all zeros in the second line were written down as real numbers "0.0";

7) save file (in our example agterFall_1.csy.

2.1.3. The file of initial soil characteristicqInitValues_users.txt).

Representation of the soil horizons in ROMUL and calculation of pools of carbon and nitrogen for soill

horizons

The ROMUL model calculates transformation of generalizeslspof soil organic matter and nitrogen

according to the following scheme. The soil profile is separated into organic and mineral horizons. The

organic horizons are understood as three horizons of forest floor (L, F, H), (Figure 6) and also grass swa

and peat. The detailed description of these horizons is provided in (Chertov et al. 2001; Modelling of



Organic Matter €&, 2007) . Al soi l organi c matt e
in one pool, designated AB. For poor soils witlalkbw profile, the calculation within a roathabited
layer is acceptable. However it is necessary to point out that values of all variables, including hydrologice

constants, must be given for the whole modeled soil layer.

Russian taxonomy International taxonomy
Previous Recent® Previous Recent™
= Undecomposed plant litter o Excluded L oL
Partially decomposed organic 02 — F OF
material, fermentation layer o]
Decomposed organic layer, 03 /); for all H OH
humified forest floor organic layer™™
Humus horizon of mineral topsoil A1 A (AQAHAJAY etc.) Ah A, AE
Elluvial herizen, often as A2 E E E
podzol horizon
Hluvial horizon B B (BMF, BFM etc.) B B

Notes:

* Thereisagreatnumber indices for transitional and specific horizons as a combination of basic indices
** These basic indices have a great number of subscript indices showing various specific features of basic ones
*** There are some other indices for organic layers of different kind without their sub division

Some horisons can absent in describing soil profile

Figure 6.Indices of soil horizons.

Pools of organic matter or nitrogen in soil horizons can be calculated with the following formula if we
know bulk density of the soil horizon,[dm3 kg) (see below list of necessary parameters), thickness of
soil horizon Z and @rcent of the content of organic matter (or nitrogen) in the horizon (name it as P) pool
of SOM organic matter (or nitrogen)

SOM=D,*Z*P*S,

where S is area unit (for exampl€?, ha etc.).

Sometimes there are no data for F or H horizons or tleegilzgent in the profile. Therefore it is convenient

to consider a whole organic layer being F or H as input parameter in the model. If there are no bot
horizons then obviously corresponding pool is equal to 0.0.

Pool of organic matter AB of mineral layar ROMUL consists of labile and stable parts. Division into

these fractions can be made at initialization in two ways.



1. If there were experiments on decomposition of soil organic matter from AB horizon then loss of weight
V can be presented as the suntvad negative exponents:

V = Al*exp (-R1) + A2*exp (R2).

Maximal A coefficient in this equation describes fast decaying component and corresponding term of the
equation can be taken for an estimation of labile organic matter. The second term rdgpscthe
estimation of a stable component.

2. The amount of a labile organic matter in this horizon depends on vegetation dominants and originate
presumably from root litter fall. It can be calculated by expert way (for example, for a spruce treeroot li

in the mineral soil is assumed to be %% from all organic matter in this horizon, for a pine respectively

it represents 30% from measured full amount of organic matter in the mineral topsoil (horizon of AB). In
general, this portion varies betweg® and 30% in natural soils in all climatic zones (in wet rich soils this
portion can be higher, for example, in dadored meadow gley soils). The degraded arable and pasture
soils can have a portion of labile fraction even less 0.1 (10%). This poehmpio be a calibrating
parameter at initialization of soil characteristics. Sometimes AB horizon does not contain organic mattel
consequently this value in the input file will be set to 0.0.

It is necessary to know the size of soil bulk density angtorthickness of the mineral soil horizons for
recalculation of analytical concentration of organic matter and the corresponding nitrogen to their pools. |
this case, it is possible to use the previous equation, and then to summarize pools in alhorizera to

100 cm of depth. If data represent soil carbon, value of organic matter can be calculated with conversic
coefficient 1.774 or 2.0 (for taiga soils).

The nitrogen pool of a labile fraction is calculated assuming at the first approximati@ihegtio in the

labile fraction is the same as in the H horizon of forest floor. Then nitrogen pool can be easily estimate
from labile organic matter pool by formula

Niabile = Cas/C/Ny,

where Gg is a pool of carbon in labile organic matter, Gisl C/N ratio in H horizon of forest floor.
Respectively, value of nitrogen pool of stable organic matter is equal to

Nstable= Nas - Niabile,

where N is the total pool of nitrogen in the mineral horizons.

This file contains initial values of model variab| soil characteristics, characteristics of litter cohorts,
some coefficients and soil and hydrological constants. These data are collected altogether in this file wi
the A.txto expansion (Fig. 7), the detailed des



P Init¥alues_users.tut - Notepad Y ] [

Flle Edit Format Wiew Help

MAR VALUE

#number of litter cohorts:

LITTER_CCOUNT 9

#names of litter cohorts:

narmes Leawves_Oaktwigs flowers acarms Ash_leaf Ash_keys ingecthazel fine_radtnnnnn
#is cohart abave () ar below {13

keyOOOOOOOOT00000

#nitragen content in each cohart:

nitr 1.23 097 233084 1.31.73181.2628000000000.0
#ash content in each cohort:
ash281650902924524272832000000000.0

#lignin content in each cohor, %:
lignindoo00oo0o0o0o0o000o0000000000

#organic matter cantent in sub-horizon L:

Lkg/mZ] 000000000000000000000000000.0
#nitrogen content in sub-horizon L

M_L[kafmZ] 0.00.00.00000000000000000000000.000
#arganic matter cantent in sub-harizan F:

Flkamz] 0.91

#nitragen content in sub-harizan F

M_FlkafimZ] 0.011

#organic matter content in sub-harizon H:

Hlkaim2] 0.0

#nitrogen content in sub-harizon H:

MW_Hlka/m2] 0.0

#organic matter stock of labile humus:

Labile_humus[kg/m2] 0.028

#nitrogen stock of labile humus:

M_Lahile_humus[kgfmz] 0.001

#arganic matter stock of stabile humus:

Stahle_tumus(kaim2] 16.956

#nitragen stock of stable humus:

M_Stable_humus[kaima] 0.606

#density of organic layer, kg/dm3:

O_0RG 01

#density of mineral soil, ka/dm3:

O_hdll 0.99

#Facidity:

ph 4.04

#Fparameter for transformation by eanthworms from F subharizon and labile to stable humus - 1 - activity of earthworms, 0- earthworms are absent:
kA_sail 1.0

#Fparameter far transformation by eathwaorms from H subharizan to stahle humos - 0.001 - activity of earthworms, 0 - earthwaorms are absent:
ka_soil_H0.001

#eoefficient of mineralization far H:

kE_goil 0.00006

#eoefficient of mineralization far stable humus:

kB_sail 0.00006

#Fredistribution of SOM flow between H and stahle humus; if d=0.0 and k5=0.0- the absence of H sub-horizon:
do.o

#s0il hydrological constants:

WWOWP_ff5.2

WFC ff2a.0

Wy Sat ffa5.0

WOWP_ms 237

WWFC ms 3849 b

W_Sat_rms 62.2 -
Kl _>|_I

| | tnt, colt 4

| »

Figure 7. File of initial soil characteristics (InitValues_users.txt)

Specification for preparation ofnitValues_users.txile

The short comments are in the lines beginning with symbol # and being after a line with numerical value
in the text of inptfile.

Pl ease pay attention that |l ines fAnameso-(@roe na
bel owground (1) cohort, Ainitro contains values

ash concentration, finin icantertsn @ohott ausnbers dave to besidendical andi g



correspond to the number of cohorts in the file with litter flow (no more than 14) in all these lines. It

should be filled by figure 0.0 in a case of absence of data.

Simplest way to prepare the fild mitial soil characteristics is as follows:

1) please open the InitValues_users.txt filaté4 ROMULS folder) in the Notepad and save it under

other name, for example: InitValues_users_1.txt;

2) replace soil data in this file by your own data;

3) savethe file (in our example: InitValues_users_1.txt) with the.txt expansion (with blanks as separators)
in the same ROMULS folder;

Warning
Please check whether there are no excess gaps especially in the ends of lines, and whether there are no
excess emptines at the end of the file; count number of cohorts in above specified lines.

Below is an example with values of parameters from one project.

LITTER_COUNT 10

# it is integer value indicating number of all litter cohorts in considered data (14 coherthe greatest

value, 10 are in this example)

names needl twigs need?2 leaf grasst root bt root a g root b sh root ash root bnnnn

# names of litter cohorts written with blank as a separator. If the name consists of several words thel
underlining shald be used as a separator between words belonging to the same name! The number ¢
names should correspond to number of declared litter cohorts in the first line (in this exarh@je

Absent cohorts can be designated by any letter (in this example
key000001010120000

# indicator of above(0) or belowground (1) cohort; litter cohorts in the model are separated on above
(foliage/needles, branches, cones and so forth) and belowground (coarse and fine roots). It should be dol
because aboveand belowground cohorts are in different temperature and moisture conditions. The
number of values has to correspond 14; if data is not present on any cohort, then the value must be eqt

to 0.0 (a real number).

nitr 0.82 0.69 1.1 1.26 1.380.6 0.6 1.2 1.1 0.0 0.0 0.0 0.0



# nitrogen content in litter cohort (%) this line contains nitrogen content for each litter cohort. The
number of values has to correspond 14; if data is not present for any cohort then the value must be equ
to 0.0 (a real numbér

ash3.831.161.713.743.441.71.72.81.791.790.00.00.00.0

# ash content in litter cohort (%) this line contains ash content for each litter cohort. The number of
values has to correspond 14; if data is not present for any cohort then treeaakt be equal to 0.0 (a

real number).
lignin 0.0 0.0 0.00.00.00.00.00.00.00.00.00.00.00.0

# lignin content in litter cohort (%) this line contains lignin content for each litter cohort. The number of
values has to correspond 14; if data istpresent for any cohort then the value must be equal to 0.0 (a
real number). If there are no data at all then set 0.0 for all cohorts.

L[kg/m? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

# sometimes it is possible to estimate pools of acgaatter in L horizon proportionally to litter cohorts

i from the modeling point of view, the first stage of fresh litter decomposition is different for different litter
cohorts and still depends on their nitrogen, ash and lignin contents separatelftirdesrieis possible to
distinguish their origin: the remains of leaves, needles, branches, etc. Fractions of belowground litter, witt
rare exception, are absent and then it is more correct to consider these fractions as equal to zero. In son
cases this brizon can be absent as, for example, in the deciduous forests, litter is transformed quickly anc
this horizon, as a rule, is not observed in the spring yet. Taking these compartments into account is need
because rate of decomposition of organic mattehe L horizon depends on the rates of decomposition of
components that didn't yet lose their properties, and it differs for different fractions. Distribution of
organic matter in the L horizon between fractions can be done proportionally to the médaes o
cohorts. The number of values has to correspond 14; if data is not present for any cohort then value mus

be equal to 0.0 (a real number).
N_L[kg/m?] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

# pools of nitrogen of the L horizontlwvcorresponding redistribution of nitrogen of the L horizon on litter
fractions similarly to described above redistribution of organic maffére number of values has to

correspond 14; if data is not present for any cohort then value must be equal#oréal number).
F[kg/m?] 0.0

# pool of organic matter of the F soil horizon ( the organic matter is not split into fractions in F horizon
because owing tdhe impact of biological, physical and chemical processes it represents relatively

homogenous na and is characterized by variables described below.



N_F[kg/nf] 0.0

# pool of total nitrogen in F horizgn

H[kg/m2] 0.0

# pool of organic matter of the H horizon of forest floor;
N_H[kg/m?] 0.0

# pool of total nitrogen of the H horizon of forest floor;
Labile_humuslkg/rf] 0.0

# pool of labile organic matter in mineral soil (as described above);
N_Labile humugkg/m?] 0.0

# pool of total nitrogen in labile organic matter;
Stable_humus[kg/m2] 0.0

# pool of stable organic matter which is calculated asfiernce between the measured pool of organic

matter in whole AB horizon and labile organic matter;
N_Stable_humus[kg/fh0.0

# pool of total nitrogen in stable organic matter;
D_ORGO0.15

# bulk density of the soil organic layer, kg/fiensity of soibrganic and mineral horizons are necessary

for calculation of dependences of rates of decomposition on moisture.

D MIN 1.5

# bulk density of mineral soil, kg/dm

Pl H205.00

# soil pH because some rates of organic matter decomposition dep&d on
k5 soil 1.0

# - parameter of organic matter transformation by earthworms from F horizon and labile organic matter
into stable organic matter: if it is equal to 1 theniaity of worms is considered, if it is 0.0 then worms
don't influence the rate of organic matter transformation. In soils of temperate zone, Lumbricidae actively
mixing soil and transforming soil organic matter but in boreal zone they are mostly absemtioré this

indicator of their activity is inserted. Can take intermediate values in dependence on soil fauna activities.

k5_soil_H 0.001



# parameter, reflecting organic matter transformation by worms from H horizon to stable humus: if it is
equal to 0.01 then the activity of worms is considered, if 0.0 then worms do not influence the rate of
organic matter transformation . Thus, it is possible to consider or exclude activity of worms at this flow of

organic matter similarly to the previous comment.

k6 _soil 0.00006 coefficient of organic matter mineralization in H horizon of a forest floor. This
coefficient is a calibration one and changes from 0.00016 till 0.00001 in dependence on soil texture o
organic floor. The more clays then the rate of decoiipasof organic matter in this horizon is smaller. It
depends on temperature and moisture of organic horizon contrarily to k8 soil. It depends on temperatur

and moisture of organic horizon
k8_soil 0.00006

# coefficient a mineralization of organic matiarthe mineral horizon AB. This coefficient is calibration
and changes from 0.0006 till 0.00001 it dependences on soil texture of mineral soil, mostly of clay percen
It depends on temperature and moisture of mineral horizon not on temperature anderafistwest floor
contrarily to k6_soil. The more clays then the rate of decomposition of organic matter in this horizon is

smaller.
d1.0

# d is a parameter of redistribution of flow of soil organic matter between organic H horizon and stable
humus in miaral soil. This parameter is equal to 1.0 in the absence of forest floor or H horizon. It is
calculated by empirical function depending on C/N of F horizon and manages redistribution of humified
matter between forest floor and mineral horizons. See tadll@vbwith correspondence between d and
k5_soil_H.

d What means
d =0.0
k5 soil H=0.0

All humic substances remain in H horizon

All humic substances move to mineral horizons AB due t
d =1.0 activity of soil macrofauna (earthworms)and H horizon o
forest floor is absent

W_WP_ff7.1

# forest floor moisture content at the permanent wilting point, in volume %;
W_FC_ff 33.0

# forest floor moisture content at field capacity, in volume %;

W_Sat ff62.8

# forest floor moisture content at saturationg(tiotal porosity), in volume %;
W_WP_ms 8.0



# mineral soil moisture content at the permanent wilting point, in volume %;
W_FC_ms 32.2

# mineral soil moisture content at field capacity, in volume %;

W_Sat ms 52.4

# mineral soil moisture content at saturati(the general porosity), in volume %.

2.1.4. File with climatic data (climate.csv)

File with climatic parameters contains average monthly temperature and moisture of forest floor anc
mineral soil. This input file (climate.csv) is with .csv expansiomm@s as separators (Table 3). These
parameters are calculated by the climatic generator SCLISS (see its Manual). t_lit is average month
forest floor temperatures, C°, t_soil is average monthly mineral soil temperatures, C°, m_lit is averagt
monthly moistire of forest floor in volume %, m_soil is average monthly moisture of mineral soil in
volume %. Month is a time step. Reading from file is looped (if the program does not find next line at any
step then it takes the first line from the scenario agairg.riimimum number of steps is 12 for 1 year, or
bigger in dependence on number of modelling steps. The order of columns and their headings cannot
changed. Detailed preparation of this file is described in SCLISS Manual. Structure of the file is describe
in Table 4.

Table 4. Sequence of columns at preparation of the climatic input file for ROMUL

step t it t soll m_lit m_soill
1 4.9 6.0 27.0 54.1
2 3.0 5.0 28.1 56.2
é é é é é

2.1.5.File with experimental data

There is an example of file in the ROMBLfolder. Data have to be written down in the file with the.csv
expansion. At the preparation of the file, please check commas between variables and decimal poin
between integer and fractional parts of the values. In the second line, all zero hawerittebedown as

real numbers "0.0". Structure of the file is as followisstFcolumn contains modeling step, values of the
measured variable are written in the second one, third column contains its standard deviation (if it was n
measured then in thiolumn it is necessary to put value 0.0), further columns are filled similarly (see

Table 4). The number of variables (columns) is unlimited.



Table 4-Sequence of data in file with experimental data

step | Exp_value_min_so| Exp_value_min_soil_S X
1 16.956 2.434 X
49 20.408 3.758 X
121 17.542 2.5760 X
181 16.426 1.9730 X
X X X X




3. Description of the ROMUL model interface

3.1. Work with demonstration data

1. Start shell (prShellGUILes_user.exe) then aain window of the program will be open on theesn
(Fig. 8).

4% DLES 1.0.1 ESEETS)
File Simulation Tools Display < Main menu
+ | ] 1 | P« Toolbox

Figure 8. Main window

At the main window, the program name (DLES) is displayed as a headaig; menuandtoolbar are

located below.

+

2. The new project start.For this purpose, please press the bu-—_ at toolbar or make this opei@t

throughSimulation4 +Add project menu. After this Blew Projectdialog box will arrive (Fig. 9).



" & DLES 101 =] ® |

File Simulation Tools Display

+El: e EREP

New Project E

Project Mame Prefix
sim_a a

Project Description
22:58:06 01.01,2013 &

Model Scheme

Input Data:

Data type |Input File ’

Figure 9.New Projectdialog box

First of all you have to specify the scheme of the project by pressing l|:|| nearModel Scheme
window. Choose modSoN7_0 2 users file (Fig. 10) from folder DLES_user/data/ROMULS. Then load

test files with input data: InitValues_users.txt, Climat.csv, LitterFall.csv (Fig. 11).



& DLES1.01
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File Simulation Tools Display
+ | 1 R =E|F
. L
MNew Project el
Q Open Model Scheme ﬁ
Project Mame
sm b » Marrca: | |, ROMULS - @ T e M
Project Description = Wran ’ [Jlata wsmeHenna Tun
22:49:29 01.01.2013 ) bl . Alice-Holt 15122012 18:21 Manka c ¢
Hegaerne (i o diSoil vi 0 2 users 26.12.2012 13:04 Qaiin "DL
MECTE
Model Scheme
|| PaBounii cron
Input Data:
Data type |Input File e
EnBanoTexn
TV
Komnerotep o | 1 | 3
L . Wrma paiina: modSeil_v7_0_2_users - OTHpeITe
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Figure 10. Addition of the new project, loading of the scheme of the project

&% DLES 1.01

== =

File Simulation Tools Display

+lE: '»wEERP

Mew Project
Project Mame Prefix
sim_b b
Project Description

22:49:29 01.01.2013

Model Scheme

Ci\Users\Elena'Downloads\DLES _user\DLES _user'data \ROMULS \modSoil E]

Input Data:

Data type |tnput File |
InitValues D:\DLES _user\Data \ROMULS \InitValues_users, txt E]
Climate D:\DLES _user\Data \ROMULS\Climate. cav

LitterFall D:\DLES_user\Data \ROMULS LitterFall. cav

Figure 11. loading of test files with input data

After loading of the scheme of the project in heading of main window, the name of the open project



On information linebelow a data repoRroject successfully loade@dFig. 12) is also displayed.

48 DLES - modSoil_v7_0_2_users.dlessch - sim_a = | B
File Simulation Tocols Display
| ¥ | 1 | |

Project successfully loaded

Fig. 12. Main window with loaded scheme of the project

3. Initialization the project. It is carried out by the buttc & at toolbar or througl®imulationd Init all
projectsmenu Please initialize the project each time from the beginning when it is necessary to make
model experiment.

4 . Set up the number of model step#t the toolbar, there is an entry form of number of model steps

, by default it is equal to "1". One moddeg corresponds to one month; respectively 12 steps
correspond to 1 year. Enter the necessary number of steps (Fig. 13). The number of the executed step:
modeling and information messageRybject initialized, O calculated step (&) displayed in théottom of

a window in Information line.



48 DLES - modSoil v7_0_2_users.dlessch - sim_a = | B [ S

Eile  Simulation Tools Display

B2 2R EH R

Project initizlized: 0 calculated step(s)

Figure 13. Main window indicating duration of modeling2 months (1 year)

. . . 3 : . .
5. Simulation starts by pressing the butta “ _ at the toolbar, or throug8imulation 4 Step all projects
menu. In the bottom of window imformation linethe number of modeling steps and information report

12 calculated step (S)Fig. 14) have to appear.
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12 calculsted step(s)

Figure 14. Main window with the indication of the executed steps of modeling

If to press theStepbutton again, the program will add aexiecute the same number of steps. It is possible
not to specify all period of modeling, and to consider it as short pieces. It can be convenient if the period c

simulation run is very long.

If it is necessary to begin the run from the beginning, pleassspthe initialization button and the

simulation will start again (from the first step).
6. Choice of data for visualization. The choice of data for vizualization in the form of graphs or tabular

data is made in tool palett@vailable Data" (the buttor B | or Tools4 Selecting datanenu). The list of
categories of data is provided in the opened menu on the right side (Fig. 15). The double click of mouse ¢
category opens the list (Fig. 16). In revealing lists, you need to mark by ticks the required datplio da
clear all marks, it is necessary to click the corresponding category twice. It should be noted that th
program remembers marks of the variables made at the previous call to the program. Therefore at the fil
call of the program, it is necessaryreamove by double cliques on all categories the marks made at the

previous calls.
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&[] climate L
-] LitterFall
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Accept and View

12 calculsted step(s)

Figure 15. List of categories of data

Three categories of data are provided in the prograr@lifjate contains data from climate input file, 2)
Litterfall contains data &m the input file with litter fractions, 3nodSoil_7_0_Gcontains the list of the
model outputs variables. Choice of all variables belonging to the category may be done if you will mark i
by tick. The double click on category opens the complete lisaa@lles of this category. If you mark the
variables by ticks then they will be selected for presentation on the graphs (in the given example, a
organic matter of a forest floor and size of
marked)(Fig. 16).

Please press th&ccept and Viewbutton for a confirmation of the choice (Fig. 16). The chart with graphs

will appear (Figure 17).
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Figure 16. The list of categories of the variables given with the opened list
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Figure 17. Main window with gghs and a legend with the list of variables



If necessary, it is possible to display the chart with other variables at any timé'osisg Selectingdata

menu (buttonrﬂb"n’l |). If you make one click by left mouse button on parameter(s) form, you may add
graph(3 by pressingAccept and View After that these parameters will be drawn on the same chart with
the graphs drawn earlier. If you make a double click by the left mouse button (as it was already offere:
earlier) on one selects item then the graphs of tlosen parameter only will be drawn. In the program, all
results of the model run irrespectively of choice of data for visualization are remembered.

The chart window also has standard Windows comm,E’@ - to minimize, minimize
maximize the screen, and tmseé. If several windows with graphs are opened on the screen then you can
put the cursor in the field of window which you want to close and click by mouse. Also, if you maximized
a window in all screen then it is possible to come back to previous viebispjays4 Windows4 Tile

menu.

If to initialize the simulation once more (pressing but,‘}f,l at the toolbar), the results of continuation of
computed experiment will display on the graphs in addition to previous ones for number of steps specifie
in the Entry of number of model stepdt is possible to enter other number of steps. The total number of
steps of modeling is displayedlmformation line in the bottom of the chart.

Results of simulation experiment can be seen on the table as well (the B trmthe Display#, Table
menu) (Fig. 18).
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Figure 18. Main window with table and graph with data
It is possible to open several diagraimarts with different parameters at the same time in the working area

of the screen (Fig. 19). For this purpose, choasas4 Selecting datamenu (buttor & |) and mark data
for other graph.
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Figure 19. Main window with two charts

the graph windows can occupy the whole screen or be settled down as a cascade, the choice of a mod

carried out in th®isplays4 Windowsmenu.

It is passible to close all windows Wyisplays4 Close allmenu



The chosen list of data for visualization is remembered automatically at program switching off. At

following start of the program, it is possible to visualize graphs with the same variables bygplessin
e or throughDisplays4 Series Charimenu.

6. Editing of the chart. You need to call a chart element (an axis, a legend, a series of data, the char
name) with double click and change properties of an element in the appeared palette (Fig.[@isithles

to change name of charts, names of axes (to add units of measurement of parameters); thickness, co
view of line; look and the size of fonts or to make an element invisible. It is also possible to edit any
properties of the chart through tbleart editor ¢lick by the right button of mous4 Editor).

P 8
Title
Text [ Font |
Legend Options Ex l Value
Alignment
w3 Labels Series Properties ]
LZJ .
@ Left () Custom () Right 3 & Deamals [ Font | Title
sim_c. forest_floor )
Bottom Scales Graph Title =]
Custom position 4,975 Max V| Auto /| Active e
.y Results
left 14 Top 31 [d 3 3 0.000  Min Auto | g .| | Pen —
Logarithmic X:4.00; Y: 49007 y —
/| Visible Font Min: 4.7579; Max: 4.9283 /1 Visible ‘ﬂl

Figure 20. Palettes for property changes in the chart (legend, axes, series of data, chart name).

So, for example, if it is necessary to edit the scale of temperatures (Fiytt2h pleas load the cursor

on a scale and after call of pap menu click once with right mouse button. Choose object for editing in
the editing catalogeditor 4 Axis (axis)(Fig. 20-2).

Further please choose menu for left axis editihwgsA4 Left Axis (fig. 20-2) and change usual way for

Windows parameters of axistinimum (the minimum value on the axig{laximum (the maximum value

on the axis),Increment (step between the specified values of scale) and choose necessary values b

pressing‘m and bring value in the emed window (fig. 28). Confirm choice b;. If

you specify maximum value of scale as an integgvlaximum menu, and put "0" in th®ffsetwindow,

then you will see integers on the graph axis (fig420
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Figure 201. Chart editing
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Figure 204. Chart editing
By Tools4 Close all toolboxesnenu it you may close at once all panels opened on the right.

7. If necessary, you madd points of laboratory or field measurements of parameters on the graple
demonstration file contains experimental data of 16 years observation of soil organic matter (humus

dynamics. You may display experimental data using file with experimental data versus simulating soi



dynamics for 20 years (240 steps) at the samaplgrLet we display the graph of soil organic matter

dynamics (ticking on corresponding variable in invariable list (Fig. 21).
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Figure 21. Opening data on humus dynamics in soil (results of computer experiment on 240 steps, i.e. :

years)

Please open adobnal menu clicking right mouse button at the window with graph (Fig. 22). Add
experimental pointd, menu choose the file with experimental poiep_data The result of experimental

points with standard deviations loading on the diagram is presahtgure 23.
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Figure 22. Opening menu for addition of experimental points on the graph

Figure23. Result of loading of experimental points with standard deviations on the graph



