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Abstract

This paper discusses a model of forest soil organic matter based on the concept of succession stages of soil organic
matter decomposition marked by different groups of soil fauna inherent to forest soils in contrast to well-mixed
agricultural soils with microbiology kinetics. This model allows the calculation of the dynamics of soil organic matter
and the corresponding dynamics of nitrogen, including the evaluation of the amount of mineral nitrogen which is
available for plants. The input parameters are the amount and quality of litter input, climatic data and initial amounts
of soil organic matter and corresponding nitrogen. The litter may be split into different cohorts which are
characterised by different ash and nitrogen contents and location on/in a soil as above-ground and below-ground
litter cohorts. A specially developed simulator of soil climate is also described. A comparison was made with a
previous, more restricted version of this model. The origin of the differences is discussed in detail. Examples of
simulation scenarios show a wide range of possible applications for the model as a separate unit of models for forest
ecosystems dynamics. © 2001 Elsevier Science B.V. All rights reserved.
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tem simulation because of the great importance of
the soil processes of organic matter accumulation
and decomposition for the nutrient supply,
ecosystem stability and carbon balance in terres-
trial ecosystems. At the same time, this modeling
is important to the study of theoretical soil sci-
ence, which allows one to understand the main
functional patterns of soil systems. The SOM
modeling began last century, but it actually began

1. Introduction

The modeling of soil organic matter (SOM)
dynamics plays a crucial role in terrestrial ecosys-
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with the seminal paper by Jenny et al. (1949), in
which the negative exponential function of the
decomposition of soil organic matter was pro-
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posed. Later, a similar simple model was devel-
oped by Olson (1963). Nowadays, the SOM mod-
eling is developed through agroecosystem
simulations and, additionally, through compari-
sons of the recent models (Powlson et al., 1996;
Smith et al., 1997; Chertov et al., 1999).

It should be pointed out that the existing SOM
models of agroecosystems are mostly based on
field observations on the measured organic debris
input (as crop residues and organic manure) and
the corresponding SOM dynamics in fluctuating
environmental conditions. These models, there-
fore, reflect the existing agropedological field data
on the rate of soil processes, only. The models
based on laboratory microcosm experiments on
organic matter transformation in controlled con-
ditions reflect the rate of the SOM transformation
as ‘rectified” processes without any deviations re-
lated to the environmental variations and possible
weaknesses in the measured variables and
parameters. Therefore, such models can help to
point out some gaps in the authors’ knowledge on
soil and the functioning of the corresponding
ecosystem, such as the role of fine root litter in the
SOM dynamics, which can be important in the
humus accumulation. The models constructed by
data from the microcosm study of the SOM trans-
formations are considered as more advantageous
when exploring the soil system behavior from the
points of view of carbon budget and turnover.

Another specific feature of the majority of re-
cent SOM models is the consideration of the
functional activity of soil microorganisms by de-
termining their biomass as separate pools only,
without making a division between fungi, acti-
nomicetes and bacteria. However, the definition
of biomass is based on indirect methods, which do
not seem to be very precise. On the other hand, a
microbiological concept of the SOM transforma-
tion is incomplete because of the great role of soil
fauna in this process, as well as the existence of
functional groups (communities) of destructors
consisting of organisms of different taxonomic
status. One feels certain that a definition of the
integral rate of processes in the SOM mineralisa-
tion, with a quantification of the role of different
groups of organisms-destructors, but without a
consideration of the biomass of organisms (being

less 1% of decomposing material), is a more reli-
able approach than a calculation of microbial
biomass and its functional activity.

It should be stressed that a common approach
to the simulation of the SOM dynamics is based
on a generalisation of the SOM pool as a well-
mixed substrate, the model dynamics of which
may be described in terms of chemical kinetics. In
the case of agro-ecosystems, this seems to be true
because the most intensive processes of destruc-
tion are located in the upper, regularly destroyed,
soil layer. One specific feature of forest soils is the
natural succession dynamics of destructors on lit-
ter cohorts. In forest soils, the stages of decompo-
sition of fresh litter can be distinguished, which is
partially reflected in the morphological structure
of the soil profile. It allows one to describe the
general process of the forest SOM decomposition
as a sequence of succession stages with specific
tasks for different groups of soil biota in the
destruction processes.

The previous model, SOMM (Chertov and Ko-
marov, 1996, 1997), based on earlier simulation of
forest floor mineralisation and humification
(Chertov, 1985), has been developed using the
classic pedological concept of the ‘humus types’.
This model has one pool of litter fall and three of
SOM: undecomposed litter, partly humified or-
ganic material (forest floor and peat), and humus
bonded with the mineral matrix of the top soil.
There are three processes of SOM humification by
three communities of organisms-destructors, and
three processes of mineralisation. This model rep-
resents a system of ordinary differential equations
with coefficients that depend on the soil tempera-
ture and moisture, litter nitrogen and ash content,
and on the C/N ratio in the mineral topsoil. The
dependencies of the coefficients on the above vari-
ables are taken from experimental data on litter
decomposition in controlled conditions. This
model also considers nitrogen transformation and
release.

A comparison of the SOMM model with other
models (Chertov et al., 1997; Smith et al., 1997)
has shown that it simulates the SOM dynamics
quite satisfactorily, but that it should be extended
in relation to a more detailed consideration of the
litter input (leaf and root litter) and the soil
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properties (clay and humus content) influencing
the mineralisation and humification. These prob-
lems have been solved and a new version RO-
MUL (model of Raw humus, mOder and MULI)
has been compiled. Additionally, a climate gener-
ator has been developed for the new model
(Bykhovets and Komarov, in press) in order to
convert standard meteorological data (air temper-
ature and precipitation) to forest soil temperature
and moisture. The generator also uses soil hydro-
logical parameters affecting the soil moisture and,
correspondingly, the rate of the SOM transforma-
tion. The objectives of this article are hence to
describe this new model of the SOM dynamics,
ROMUL, and to present the results obtained
from testing it in comparison with the SOMM
model, as well as to provide an example of its
application in Forest Management operations.

2. A description of the model

2.1. The main assumptions and the general system
of equations

Firstly, one would like to reiterate the main
assumptions of the SOMM model (Chertov and
Komarov, 1995, 1997), which take into consider-
ation the new improvements concerned with a
more detailed description of the main variables
and parameters. The theoretical basis of this ap-
proach as a consequence of communities of or-
ganisms-destructors in the process of formation of
various humus types (‘mor’, ‘moder’ and ‘mull’)

K

has been described in detail in previous work

(Chertov and Komarov, 1997).

A model of the formation and functioning of
raw humus (Chertov, 1985, 1990) has been used
as the basis of SOMM. This basic model takes
into account: (i) the litter fall mineralisation and
humification; (ii) the humified litter (forest floor)
mineralisation; and (iii) nutrient release due to
these processes.

The idea of a complex of humic substances with
undecomposed plant debris (CHS) was proposed
to make the model efficient. This complex is re-
sponsible for the ‘phase of slow decomposition’ in
plant debris, which still contains a lot of easily
mineralisable substances. It takes place because
CHS, being impregnated with humic acids, is
transforming with the rate of ‘true humus’. This
idea gives new explanation to the ‘soil protective
effect’” (VanVeen and Paul, 1981), which has pre-
viously been attributed to the lignin content in
organic debris. It corresponds to a fraction of the
humified organic layer in the forest floor and peat,
and to ‘labile (active) SOM’ in the mineral
topsoil.

The main features of the ROMUL model (Fig.
1) are as follows:

1. The main assumption is that there is a corre-
lated successional change of complexes of or-
ganisms-destructors in the process of SOM
decomposition corresponding to the concepts
of ‘raw humus’, ‘moder’ and ‘mull’ existing in
forest pedology (Wilde, 1958; Duchaufour,
1961).
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Fig. 1. Flow-chart of ROMUL model.
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The biomass of soil organisms represents a
negligible part of all decomposed matter and
has a high rate of decomposition; it is not
taken it into consideration as a separate pool.

. The number and species composition of de-

composing organisms are dependent on the
biochemical properties of the organic debris,
hydrological and thermal conditions. It was
postulated that there are no barriers for a
rapid invasion of new organisms. Thus, it is
possible to calculate the decomposition coeffi-
cients for the communities as a function of the
biochemical properties of litter, temperature
and moisture. The time of soil biota activation
after stresses (drought, frost) is not taken into
account. As a difference to SOMM the organic
debris was divided into two main groups:
above-ground litter coming on the soil surface
in certain conditions of litter temperature and
moisture, and below-ground litter consisting of
root debris and decomposition depending on
the soil temperature and moisture. ROMUL,
unlike SOMM, has the possibility to take into
consideration the above-ground and below-
ground cohorts of litter differing by its chemi-
cal properties. The number of cohorts is not
restricted.

. The rate of the nutrients release due to miner-

alisation corresponds to the rate of the organic
matter mineralisation. The only exception is
the nitrogen kinetics in the organic layers
(forest floor and peat), presumably. Because of
its high rate of consumption by soil micro-or-
ganisms, the gross rate of nitrogen mineralisa-
tion is sufficiently lower than the same of
carbon in the organic layers. In mineral hori-
zons the rate of nitrogen release corresponds
to the rate of carbon mineralisation when C/N
ratio <8 only (Alexandrova, 1970). The dy-
namics of nitrogen have been described by
Chertov and Komarov (1995) and could be
evaluated in ROMUL, including the evalua-
tion of the nitrogen available for plants (Cher-
tov et al, 1999a,b). The corresponding
equations will be described in detail.

It was postulated that the community of Bac-
teria and Arthtropoda produces humus with a
C/N ratio 15, and the community of Lumbri-

cidae forms humus with a C/N ratio 8. These
complexes of organisms spend 20% of the
CHS nitrogen on their biomass, and 80% of
nitrogen goes to humus formation. These con-
siderations have been used for the calculations
of the humification rate. The nutrients of the
consuming matter are fully mineralised and
available for plants for 1 year because of the
short ontogenesis of Arthtropoda and Lumbri-
cidae. To obtain the values for these parame-
ters for soil Arthropoda and Oligohaeta
activity, data on litter production was used in
the temperate forests of the East European
plain transforming by these groups annually
(Goryshina, 1974), information on soil fauna
biomass and their turnover (Chernova et al.,
1975; Striganova et al., 1987; Dindal, 1990;
Edwards and Bohlen, 1996) and the propor-
tion of nitrogen assimilated by the soil fauna
from the litter was calculated. For example,
taking into account that earthworms consume
all annual litter (3—4.7 ton ha~! with C/N
ratio 20) for the vegetation period and pro-
duce maximally 0.2 t of faunal biomass with a
C/N ratio of about 7, a proportion of assimi-
lated nitrogen of 15-23% was obtained.

6. It was assumed that nitrogen and elements
being released due to mineralisation have been
fully consumed by plants. If excessive nitrogen
remains, then it is immobilised into the soil.

7. The leaching and diffusion of the soil organic
matter and the input of nitrogen from the
atmosphere, nitrogen fixation and denitrifica-
tion are not taken into account in the RO-
MUL basic module, but the ways of
accounting for these may be fully considered
in the ecosystem model, when the nitrogen
balance is calculated in the ecosystem.

Corresponding with these postulates, the kinet-
ics of organic litter and humus transformation in
the soil can be expressed by a system of linear
differential equations of the first order with vari-
able coefficients. The same system of equations
has been written for nitrogen and other elements
in the soil organic matter. The equations for
phosphorus, potassium, calcium and magnesium
are the same as for the total organic matter. The
equations for nitrogen, being a principal limiting
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factor of plant nutrition in forest ecosystems,
have some additional kinetic parameters, reflect-
ing nitrogen retention in the soil system (Cher-
tov, 1985, 1990). One distinguishes between
above-ground (leaves/needles, branches etc.) and
below-ground (the root system with its compart-
ments) litter cohorts. The system of equations for
the above mentioned two groups of the soil or-
ganic matter, nitrogen and their components is
as follows:

dLi/dt = Li— (ki + k)L,
dNy/dt=Nio— (ki ML+ k5 )N,
dL{/dt =Ly — (k{s+ kis)L{,
dN{,/dt = N{ o — (k{sM{ + k{s)N{.,
dFdt = ki L' — (kb + ki + kis)F',
dNL/dt = ki NE
— (k5L M(F', N) + ki + kss)N,
dFi/dt = kisLi — (kis(H) + kis + ki)F,
dN{,/dt = k{N{,
— (K3s(H)M | (F{, N{) + ks + kis)
N,
dH/dt = 6 3. (Z"kiy Nia + 2k 4sN L)
+ 0 Lo BTSN E + Xk IN L) — koH,
dNy/dt = p(E" (ki + k5s)N + Z'(kds + k)N i)
— keMy(H, Ny)Ny, (1)

where superscript i denotes the i-th cohort of
above-ground litter, j denotes the cohort of be-
low-ground litter, n and m are the corresponding
numbers of the cohorts, further on, superscript
indexes are omitted in the text but in each case
the description concerns a separate litter cohort;
L, and N, are the inputs of L and N, on soil;
L, and N, are the inputs of below-ground
litter and its nitrogen, L and N, are undecom-
posed above-ground litter and the corresponding
litter nitrogen contents; L, and N, are unde-
composed below-ground litter cohorts and the
corresponding litter nitrogen contents. F and Ng
are CHS originating from above-ground litter co-
horts and its corresponding nitrogen contents, F,

and Ng, are CHS and its nitrogen contents of
below-ground litter cohorts. H and Ny are fully
humified material (humus) and its nitrogen con-
tent in soil. It should be noted that there are
different and independent forms of decomposi-
tion for above- and below-ground litter cohorts
for the first two stages of litter transformation
and one united pool of humus bonded with the
mineral topsoil. Coefficients Jg,.,, O7ump and vy
reflect the relations between the spending of ni-
trogen to the destructors’ biomass and humus
formation. The dimensions of L, L, F, F,, H,
Ny, Ni, Ng, Ng, and Ny are (kg m~?), k,
(day ~").

The coefficient k,; is the rate of above-ground
litter mineralisation by a complex of soil destruc-
tors consisting of Fungi and Acarina; kg is the
corresponding rate of below-ground litter miner-
alisation by this complex; k,; and k,g are the
rates of mineralisation of above- and below-
ground CHS, correspondingly; k;; and ki are
the rates of litter transformation to CHS as a
process of organic debris humification; k,; and
ks are the rates of CHS (originated from above-
and below-ground cohorts correspondingly) con-
sumption by a community of Bacteria +
Arthropoda; ksg is a rate of CHS consumption by
earthworms; kg is a rate of true humus minerali-
sation; M;, My, Mg, My are relative rates of
nitrogen mineralisation in L, L, F, F, and H
pools. It should be noted that the coefficients k;;
and k, are calculated by the same formulae us-
ing different temperature data as an input
parameters. The coefficients with index L use
litter temperature, with an index S they use soil
temperature. All coefficients k; are dependent on
litter moisture, kg use soil moisture.

2.2. Evaluation of the rates of the SOM
transformation

In further calculations the coefficients index is
omitted, which is responsible for the usage of
different temperatures and the constants in the
expressions for the coefficients are described. The
values of k; or k; coefficients change depending
on the litter cohort properties (ash and nitrogen
content), temperature and moisture.
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The coefficients k. kor, ks, ki ks, and kig
describing the functioning of a fungi and micro
fauna complex have been calculated on the basis
of a synthesis of well-known literature data on
laboratory experiments on the rate of organic
debris decomposition. This method represents
piece-wise linear regression equations for the co-
efficients in dependence of: (i) nitrogen and ash
content in decomposing litter cohort; (ii) soil or
litter temperature; and (iii) soil or litter moisture
(mass percents). The material and the methods of
calculation for the coefficients have been pub-
lished earlier (Chertov, 1985, 1990; Chertov and
Komarov, 1995, 1997). Some additional labora-
tory experiments were carried out to specify the
differences between decomposition of the above
ground and underground cohorts. They are de-
scribed below.

The variable coefficients k,;, k,s and ks in
dependence on the factors were found on the
basis of experimental data referenced in literature
(Chertov and Komarov, 1995, 1997) for soil
arthropods and earthworm activity. The coeffi-
cient k4 for ‘true’ humus mineralisation has been
investigated in the work of Ionenko et al. (1986,
1987). The maximal values of the coefficients
have been quoted by Chertov and Komarov
(1995, 1997).

The corresponding equations for the values of
the earlier mentioned coefficients with some im-
provements to the SOMM model and some ex-
tensions reflecting the new model’s structure are
presented below. The calculation may be nar-
rowed down into the following steps: (i) depen-
dencies on ash and nitrogen contents (yearly
step); (i) dependencies on soil/litter temperature
and soil/litter moisture (monthly step); (iii) cor-
rections of the coefficients for below-ground lit-
ter.

2.2.1. Dependencies of kinetic parameters on ash
and nitrogen contents

Piece-wise linear dependencies for the coeffi-
cients k; in relation to ash and nitrogen contents
may be expressed by equations:

Ky = 0.002 + 0.0009x, + 0.003x,, ©)

_ {0.002x, X, <0.5% 3)
2£700.00114 — 0.00028x,  x, > 0.5%
L _ J0.005x, x; < 0.5%, @
*1700.04 — 0.003x, 5% < x, < 12%,
0.005x, X, < 2%,
)/
L {0.001 x5 > 2%, (5
0.2x, x, < 5%,
kss = 6
> {k; X, > 5%, ©
and
0 x, < 0.5%,
k=< 0.00462x, — 0.00231  0.5% < x, < 2%
0.007 2% < X,
(7
k¢ = 0.00006, ®)

where x, is the ash concentration, g 100 g—!

(0 < x, < 12); x, is the nitrogen concentration, g
100 g=! (0<x,<3). It should be noted that
Egs. (2)—(8) are equitable for any litter cohort
with the corresponding ash and nitrogen contents
including those mentioned in the system (1) co-
efficients kg, k5, k35 for the below-ground co-
horts.

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

The dependencies on temperature and mois-
ture are represented as a correction to k; (I=
I,...,6), which is a product of two functions:
a;=f,(T)g(W), where T is temperature, and W
is moisture of the decomposing materials. It
should be noted that 7 is the litter temperature
for the above-ground litter cohorts but 7 is the
soil temperature for below-ground cohorts. W
means litter moisture (mass percent) for above-
ground cohorts and soil moisture (mass percent)
for the below-ground cohorts of litter.

0 T<°C
f(T)=<0354+0325T 0°C<T<20°C (9
0.20T T > 20°C,
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s(W)=g(W)
0 W< 7%
0.0435W —0.304 7% < W < 30%
=<1 30% < W < 300%
2-0.0033W 300% < W < 600%
0 600% < W,
(10
0 T < 0°C
(T) = = 11
SD {0.0ST T > 0°C, (i
0 W< 7%

0.0233W —0.163 7% < W < 50%

o(W) =< 1.3125—0.00625W  50% < W < 90%
0.811 — 0.00068 W  90% < W < 1200%
0 1200% < W,
(12)
0 T< —3°C
f(T)=<13 —3°C<T<7°C
1.472T—0.0245 7°C < T < 60°C,
(13)
0 T <0°C
0.01T 0°C < T<10°C
£(T)=< 0.09T—0.8 10°C<T<20°C  (14)
1 20°C < T < 40°C
2.0—0.025T 40°C < T < 80°C,
0.025W W < 40%
1 40% < W < 400%
&)= 53332000330 400% < W <700%
0 700% < W,
(15)
0 T<0°C
0.03337  0°C < T<3°C
f(T)=<01T—03 3°C<T<13°C (16)
1 13°C < T < 25°C
2.0—0.04T 25°C < T <50°C,

0 W< 2%
0.0769W —0.1538 2% < W < 15%

g (W) =<1 15% < W < 70%
2.4-0.02W 70% < W < 120%
0 120% < W,

17
0 T <0°C

{1 = {0.0ST T>0°C, (1%
0.025W W < 40%

&) = {1 W > 40%. (19

To specify the differences in the rates of decom-
position of the above and below-ground cohorts,
two long-term laboratory experiments in controlled
conditions (in dark, under constant temperature,
18 + 2°C, and moisture 60 mass% for mineral
composts and 300 mass% for plant litter) were
conducted using a complex study scheme by Cher-
tov et al. (1994). This scheme had the following set
of variants: (1) single plant debris composting —
the simulation of litter decomposition; (2) compost-
ing of plant debris incorporated in humus accumu-
lative loam horizon (mixed 1:10) — the simulation
of soil organic matter transformation; (3) compost-
ing of plant debris incorporated in non-carbonate
humus-free moraine loam and sand (mixed 1:10) —
the simulation of soil organic matter accumulation
at primary succession.

Five types of plant debris were used in each
experiment. Oak bark (C/N 45, ash content, 5.0%;
lignin, 41.0%) and spruce needles (C/N 38, ash
content, 5.7%; lignin, 41.0%) were used as slowly
decomposed material. Shoots and leaves of clover
(C/N 16, ash content, 7.6%; lignin, 30.2%) were
used as easily decomposed material. Oak leaves
(C/N 21, ash content, 5.4%; lignin, 39%) and green
mosses (C/N 24, ash content, 4.2%; lignin, 31.3%)
were additionally used for the first experiment,
only. The biochemical composition of the initial
samples was also determined. The composting
process was controlled by the chemical analysis of
the dried samples (pHHZO, organic carbon, organic
nitrogen and also weight loss) at 0, 1, 3, 6, 8 and
12 months. Finally, 29 curves of loss of organic
matter weight due to mineralisation were obtained.
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The curves were analysed to evaluate the values
of the kinetic coefficients (k;) separately for pure
organic material and for plant debris incorporated
in various mineral horizons using a graphical
analysis by Chertov (1985), which is widely used in
physical chemistry (Kudriashov, 1986). A tangent
from the initial point of weight loss curve charac-
terises the initial rate of fast mineralisation of fresh
organic debris (k;) for a time determined in the
point of intersection of the tangent with horizontal
axis on the graph (time of the experiment). A
tangent at final point of the experimental curve can
be used to evaluate the rate of mineralisation of
humified organic material (k,). The rate of humifi-
cation (k;) of decomposing material can be deter-
mined by a line from a point with a co-ordinate
(x =y = 0) to the intersection of two tangents. The
curves were calculated using these graphically ob-
tained coefficients, which were fully coincided with.

Using the obtained results, a comparison of the
numerical values of the kinetic parameters for pure
litter and litter incorporated in mineral horizons
was done to compile the correction factors to the
basic values as described above (Nadporozhskaya
et al., 2000). These correction factors are as follows:

kys = 1.6k,
kos(H) = Ky (1.22 + 0.488H,,),

kss = 1.35ks,,

kas = kuy, (20)

where H,, is the humus content (%) in the mineral
horizon. The correction factors are represented as
coefficients to the k; parameters. It is interesting
to point out two aspects: (1) there is clear influence
of mineral topsoil on the SOM decomposition but
the effect of variation in soil texture on the rate of
below ground litter decomposition was not de-
tected; (2) the effect of soil humus content was
significant for k,g only.

2.3. Correction coefficients

Some correction coefficients are included in the
system of Eq. (1): M, My, My, My,, as well as
some of their modifications for different litter
cohorts.

It is well known that nitrogen mineralisation falls
behind that of organic matter at the first stage, after
which it markedly increases. Previous data
(Mikola, 1954; Staaf and Berg, 1977; Berg and
Staaf, 1980a,b, 1981) show that there are two
critical levels of nitrogen mineralisation: below the
first level, nitrogen mineralisation is about 0.1 of
the organic matter decomposition rate; between the
first and the second it is close to 0.5; and above the
second level the rates of nitrogen and organic
carbon mineralisation are equal. Taking into ac-
count the previous results (Chertov, 1985, 1990),
the relative rates of nitrogen mineralisation can be
defined as:

0.1Myy y—1.16x, <0.44;
0.5Myy 0.44 < x, —1.16x; < 1.50;
1.0Mgy 1.50 < x, — 1.16x;.

My =

21

where My is the mineralisation of organic matter
(%); My is the mineralisation of nitrogen; x; is the
initial content of nitrogen in nondecomposed litter;
X, is the current nitrogen contents of the decompos-
ing organic layer. These conditions may be applied
to the relative rates of nitrogen mineralisation of
organic compartments. In the model one set M, =

0.1; My and My, satisfy the unequality above, and
M, depends on the C/N ratio in the soil. IfC/N < 8
then My =1 else My =0.8.

The values of coefficients J z,.,, 0 ,,.» and y in the
equations for H and the corresponding nitrogen Hy
are based on item 4 of the main model assumptions.
As was mentioned above, the community of Bacte-
ria and Arthtropoda produces humus with a C/N
ratio 15, and the community of Lumbricidae forms
humus with a C/N ratio 8. These complexes of
organisms spend 20% of the CHS nitrogen on their
biomass, and 80% of nitrogen goes to humus
formation. Therefore, it can be said that y =0.8.
This assumption allows one to calculate the amount
of humus by simple operations. If there is a
complex with output C/N equal to 15 then the
relation between soil organic matter and the corre-
sponding nitrogen is SOM = 30N. Taking into
account the above-mentioned 80% coming to hu-
mus formation, one has the final relation that for
the fraction going from CHS to humus SOM =
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24N. It can said that 6g,,=24 and for
Lumbricidae complex it can be accordingly said
that SOM = 12.8N. In this case d,,,,, = 12.8.

2.4. Additional procedures as an interface with
ecosystem models

The amounts of mineralised humus and nitro-
gen available for plants are important outputs
from ROMUL. At every time step, the miner-
alised amount of humus is calculated as

Hm[ner = leL + leLu + (k2L + k4L + kss)F

+ (kZS + k4S + kSS)Fu - 53{:(?t(k4LNF + k4SNFu)
- 5Lumb(kSSNF + kSSNFu) + k()Hs (22)

H,,. may be used for evaluation of the gross
production of carbon dioxide as

CO, = 1.83H,,,,. (23)

This expression allows the application of the
model for an evaluation of carbon flow from
soil to the atmosphere due to the SOM mineral-
isation.

The nitrogen available for plants is defined as:

Nauai/ = leMLNL + leMLNLu + kzLMFNF
+ k2SMFuNFu
+ V((kth + kSS)NF + (k4s + kSS)NFu) + k6MHNHa

24)

These values are summarised for 1 year. The
other output values of variables and coefficients
were taken at the end of a year.

Some additional parameters may be included
into the ROMUL dynamics procedure as part
of the ecosystem model. They are: a humus
leached down H,,., an annual input of atmo-
spheric nitrogen N,., (4 kg ha—! in unpolluted
conditions); nitrogen leaching N, The values
of leaching for developed soils has been calcu-
lated on the basis of the Kazimirov and Moro-
zova (1973) data and the previous model of
Chertov et al. (1978):

Hleach = 00024]‘15,
Nleach = 00017Nss (25)

where H, is the total SOM mass in a soil
(Hy=L + F + H), N, is the total nitrogen mass
in L and F soil compartments. H,,,is added to
the equation for H in the main system of equa-
tions for the ROMUL dynamics, N,,, is ap-
pended to the litter nitrogen input, and N, 1S
aggregated with forest floor nitrogen.

An important compartment of the nitrogen
pool in the soil is nitrogen appended by nitro-
gen-fixing microorganisms. It was calculated and
added to the soil nitrogen using a previous for-
mula (Chertov, 1981, p. 154).

Neix = 0.004/(N. + Ng + Ny)
—0.0003 (kg m~?2 year— "), (26)

where N, Np and Ny are nitrogen contents
in L, F and H soil compartments, correspond-
ingly.

The iteration step in the ROMUL sub-model
is one day, but in the ecosystem model input
data is used as monthly average values.

The inputs are the litter input (amount and
time), nitrogen and ash content of the different
cohorts of litter fall (%) and the same of woody
parts, the initial amounts of soil organic matter
and nitrogen in litter on/in soil (L), CHS (F)
and humus (H), the temperature of the organic
layers and mineral topsoil (monthly means), the
moisture (mass%) of the organic layers (L and
F) and the mineral topsoil (monthly means).

The model outputs include the simulated an-
nual amounts of L, F, H (organic matter and
nitrogen), the C/N ratio of humus, gross pro-
duction of carbon dioxide and the available ni-
trogen due to organic matter mineralisation.

3. Description of the soil climate generator

A soil climate generator is used in the model
for two purposes:

e as a method of evaluation of soil temperature
and moisture using measured standard meteo-
rological long-term data;

e statistical simulation (generation) of realisa-
tions of long-term series of necessary input
climate data with known statistical properties.
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The model uses monthly average data on air,
litter and soil temperature, precipitation, litter
and mineral soil moisture. Air temperature and
precipitation are usually measured at numerous
meteorological stations, soil and litter data are
seldom measured and, moreover, these data are
mostly a result of scientific forest studies. There-
fore, the procedure of simulating the necessary
monthly meteorological input data is an impor-
tant sub-model of the whole ecosystem model and
should be linked with the soil organic matter
model. One tried to develop a simple statistical
model for the simulations of these data. A de-
tailed description of soil climate generator and its
verification is described by Bykhovets and Ko-
marov (in press).

3.1.1. Air temperature and precipitation
The main assumptions of the statistical version

of the soil climate generator are based on climato-

logical investigations (Belchenko, 1989), and ver-
ified by the analysis of measured long-term
monthly series from several stations in Russia.

They are as follows:

e air temperature is normally distributed with a
monthly average T,,, and the standard devia-
tion o, ;

e monthly precipitation is distributed normally
logarithmically;

e autocorrelation in the monthly average temper-
ature series is significant as opposed to the
precipitation series;

e crosscorrelation between air temperature and
precipitation is significant, moreover, in the
boreal zone it is positive in winter and negative
in summer.

The air temperature simulation takes into ac-
count the autocorrelation with a monthly lag and
the crosscorrelation of air temperature and pre-
cipitation. Thus the monthly average air tempera-
ture (denoted as T, ,,) is simulated as

T,

a,m

= Ta,m + Baa,m : (Ta,mf 1 Ta,m — 1)
+ Bar,m : (ln Iy — ln a) + ny- ST,{l ) (27)

where T, ,, is the long-term monthly average air
temperature of m-th month, which has usually
been published in regional reference books; B,

aa,m

and B,.,. the corresponding regression coeffi-
cients obtained separately on the basis of long-
term climatic investigations, and S; , residual
deviation, n, is the normally distributed random

variable N(0, 1).

3.1.2. Soil temperature

The soil temperature (denoted as T,,) may be
simulated on the basis of the Gauss distribution
accounting both for autocorrelation and correla-
tion with air temperature. The corresponding
statistical model is

Ts,m = Ti + Bss,m : (Ts,mfl - Ts,mf l)

+ Bsa,m : (Ta,m - Ta,m) + nl ' STS m (28)

where m is the long-term monthly average soil
temperature; B, and B, the corresponding
regression coefficients and S; , the residual
deviation. "

There are usually no forest data available for
this statistical model of soil temperature. One has
enough data measured at standard conditions un-
der grass at meteorological stations in Russia.
Conversely, one has data on evaluating the differ-
ence between the soil temperature under grass at
standard meteorological stations and under the
forest (Elagin and Izotov, 1968; Pavlov, 1975). It
may be seen in Fig. 2 that the differences between
soil temperature under grass and forest are signifi-
cant and relatively stable for a large geographical
region. It allows one to assume as the first ap-
proximation that this difference does not depend
on other factors.

Consequently, the main scheme of evaluation of
soil temperature using a statistical model includes:
(1) the evaluation of soil temperature under stan-
dard meteorological conditions (under grass); and
(2) an account of the corresponding differences
between standard conditions and forest
conditions.

3.1.3. Soil moisture

The construction of a strictly statistical model
for the evaluation of soil moisture is dependent on
precipitation, air and soil temperatures, air hu-
midity, etc. This is, in principle, possible, but
there is not enough measured data. Some quite
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Fig. 2. The annual course of the difference between soil

temperatures at the depth of 0.20 m under a forest and under

a grass cover. Data used from (Elagin and Izotov, 1968) for

pine forests and from (Pavlov, 1975) for spruce forest.

simple balance equations can be used. It is clear
that a change in the water content of the active
soil layer AW = W, — W, may be defined as

AW=W,—W,=r—E—f (29)

where r is the precipitation, E is the evapotranspi-
ration, f is the total runoff, W, and W, are soil
water contents at the beginning and at the end of
the month, respectively.

The method of evaluation of evapotranspira-
tion based on accounting of the components of
water balance and their dependencies on soil
moisture was used (Budyko, 1974; Zubenok,
1976).

Evapotranspiration E is defined as

E, at W> W, (or WP > W)

E=
W@ W—Wyp

Ey——=E)——7"— t W< W, WP < Wi
WP W= W, at W< W, (or < W)
(30)

where W is the water content in the root zone, W,

is the critical value of W, WP = W — W ,,»; Wyp

is the value of W at the permanent wilting point.
Runoff is defined as

W @

w—-w
f=u-r- =T wP
k

s (31
I/Vk - WWP

where

o atr < E,

u= E 2 E 2
\/a2|:1—<1—0>:|+<1—0> atr > E,
r r

o~ 0.2 (for latitudes larger than 45°), empirical
coefficient;

y {w
WS

For the boreal zone, usually Wy = W.

The soil water balance accounts for large areas
(without a detailed soil description), W{ =
350 mm and W =200 mm. Values of W
changed from 200 mm during cold seasons to 170
mm at midsummer. For concrete sites with known
soil conditions, W changed proportionally to
WP or WER.

The evaluation of potential evapotranspiration
by this method requires additional input data: air
humidity, net radiation, etc. Therefore, the au-
thors have restricted themselves in this version to
the simple well-known model of Blaney and Crid-
dle (1950), which allows one to evaluate potential
evapotranspiration using air temperature only:

Ey=254-k, p, - (18T, +32), (32)

(field capacity) for well-drained soils,

(full capacity) if ground water is close to surface,

where p,, is the percentage sum of light duration
per month in relation to its yearly sum, which is a
function of latitude and may easily be computed;
k,, is a coefficient reflecting seasons and the vege-
tation type. It was found that k,, = 0.5 during the
vegetation period and k,,=0.2 during winter.
These values correspond well with the Budyko-
Zubenok method for the Central European part
of Russia.

After substituting the Egs. (30) and (31) into
Eq. (29) and setting W= (W, + W,)/2 the final
equation for W, was solved. Calculations were
done for the period using positive air temperature.
During winter, with negative temperatures, soil
moisture is set as constant. Precipitation (without
evaporation), are added and entered into the soil
in the first month with positive air temperatures
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(including this month’s
transition to moisture (mass%) w
following expression was used:

precipitation). For
the

weight»

Woeight = 0.1 W/dy = 0.1(W P + Wy,p)/d, (33)
where d,, is soil bulk density (g cm ~3).

3.1.4. Litter temperature and moisture

The calculation of the temperature and mois-
ture of litter is conducted in this version rather
conventionally. Litter moisture is equal to Wyeign
multiplied by 5. This is close to the measured
experimental data and reflects the difference in
corresponding bulk densities.

The litter temperature is defined as:

Taira >0 and Tsoil > Oa
T'litter = Tsoil’ lf Tair <0 and Tsoil < 0,

0 in all other cases.

if T,

air

(34)

Testing of these conventional rules using a
soil sub-model shows realistic results and may
be deemed as satisfactory at this stage. But fur-
ther extension of the soil climate generator (us-
ing additional experimental data), in particular
the simulation of litter conditions, is necessary.
The results of simulation using the described
simulator were compared with the measurements
from the Valday Laboratory of the State Hy-
drological Institute (Materials of Observations
of Valday Branch of State Hydrological Insti-
tute, 1986). The soil parameters of Fedorov
(1977) were used. An example of the compari-
son of soil temperature and moisture at the
forest site is shown in Table 1. Actual data in
the first two rows of Table 1 represent monthly
mean values for 30 years observation. Next two
rows show results of simulation of soil moisture
using measured actual data of air temperature
and precipitations for the same period. Last two
rows demonstrate the results of simulation if air
temperature and precipitation are simulated by a
generator also. It should be noted that simu-
lated results almost coincide with measured
data.

4. Program implementation

To implement the model, a pilot research ver-
sion of the ROMUL software was developed.
This was achieved with Object Oriented Design
technology as well as Microsoft Visual C+ +
software with MFC (Microsoft Foundation
Classes) (Operating Systems, 1996) under MS
Windows NT. In addition, Open Data Base
Connectivity (ODBC) technology was applied to
implement the input-output data processes (Mi-
crosoft ODBC, 1997).

5. Comparison of ROMUL and SOMM

Because the new model is based on previous
versions (Chertov, 1985; Chertov and Komarov,
1997) a comparison of ROMUL and SOMM
was carried out. A scenario for the comparison
was compiled on the basis of experimental data
on the biological productivity of Scots pine,
Norway spruce and Silver birch ecosystems in
the central boreal zone (Kazimirov and Moro-
zova, 1973; Kazimirov et al., 1977, 1978; Moro-
zova, 1991). The other set of data were
materials on the biological productivity of
meadows and soil carbon in the boreal zone
(Poniatovskaya, 1978; Bazilevich, 1993). The in-
put data for the comparisons are shown in
Table 2, where the parameters for ROMUL and
SOMM are fully identical in relation to the to-
tal amount of SOM and nitrogen in soil and
litter.

Hundred-year Monte-Carlo simulations with a
St. Petersburg climate scenario simulated by a
climate generator were run in a course of model
tests which calculated the mean values and the
corresponding standard deviations of SOM
pools. The results of the comparison of RO-
MUL and SOMM are represented in Table 3.

The results of the comparison of the models
for forest soils show quite an interesting picture.
Simulated SOM pools were practically identical
in dry, poor sandy podsolic soils of the Scots
pine stand of the Cladina type. Simulated data
for poor and medium fertility podsolic soils with
normal drainage under Scots pine and Silver



Table 1
Thirty years averages and S.D. of actual (from Materials of Observations of Valday Branch of State Hydrological Institute, 1986) and predicted by climate generator
soil moisture and temperature under Norway spruce forest, Valday, Novgorod region, Russia

Data and results Values Month

1 2 3 4 5 6 7 8 9 10 11 12

Soil moisture at the end of month, average within 0-1 m layer (wt.%)

Actual data 1957-1986 Average 18.3 17.9 18.8 19.7 16.7 15.2 14.3 13.7 14.8 16.1 17.3 17.9
S.D. 1.9 1.7 1.6 2.0 1.8 1.8 22 3.2 2.9 1.7 1.8 1.2
Predicted (with actual weather) Average 17.6 17.6 17.7 21.1 18.3 15.8 14.6 14.2 14.9 17.2 17.7 17.7
S.D. 1.8 1.8 1.9 1.1 1.6 2.1 1.9 1.7 1.7 1.6 1.9 1.9
Predicted (with simulated weather) Average 17.8 17.8 18.1 20.9 18.2 15.6 14.2 14.5 15.4 17.5 17.8 17.9
S.D. 2.1 2.1 2.1 1.3 2.4 2.1 1.6 1.7 1.9 1.8 2.1 2.1
Monthly average soil temperature at 0.20 m depth (°C)
Actual data 1957-1986 Average - - - - 6.2% 10.0 12.4 12.6 9.7 6.0% - -
S.D. - - - - 2.4 1.1 0.9 0.7 0.7 1.32 - -
Predicted (with actual weather) Average 0.1 0.0 0.1 2.3 7.3 10.0 13.7 13.6 9.6 6.2 2.7 0.9
S.D. 0.6 0.3 0.3 1.0 1.2 1.1 1.3 1.0 1.0 1.4 0.7 0.5
Predicted (with simulated weather) Average 0.2 0.1 0.1 2.5 7.3 9.9 13.7 13.7 9.5 6.5 2.8 0.9
S.D. 1.2 0.8 0.6 0.9 1.1 1.4 1.0 1.0 1.0 1.4 0.9 0.6

2 Values were calculated from a few years data only.
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Table 2

Simulation scenario for comparison SOMM and ROMUL

Vegetation Soil Initial soil organic matter pools (kg m~—2) Litter parameters
Cohort Organic layer  Nitrogen of Mineral Nitrogen of Amount (kg Ash Nitrogen
organic layer  topsoil mineral m~2 year) concentration  concentration
topsoil (g 100 g=1 (g 100 g1
Dry Scots Crust mor Above?* 1.30 0.017 0.175 2.5 0.55
pine forest  sandy
of Calluna  surface-podzoli
type c
Below* 0.20 0.002 0.048 1.3 0.40
Total 1.50 0.019 7.50 0.150 0.223 2.3% 0.52°
Scots pine Mor (raw Above 5.00 0.050 0.350 1.7 0.72
forest of humus) sandy
Myrtillus podzol
type
Below 0.60 0.008 0.095 1.3 0.45
Total 5.60 0.058 9.80 0.245 0.445 1.6 0.66
Pendula birch Moder loamy Above 1.60 0.027 0.370 3.5 1.00
forest of podzolic
Oxalis type
Below 0.20 0.003 0.100 1.1 0.60
Total 1.80 0.030 10.0 0.280 0.470 3.0 0.90
Norway Mor loamy Above 1.66 0.024 0.385 3.0 0.66
spruce gley-podzolic
forest of
Myrtillus
type
Below 0.20 0.003 0.095 1.3 0.50
Total 1.86 0.027 10.50 0.262 0.480 2.8 0.63
High Loamy Above 0.69 0.030 0.300 6.0 1.30
productivity sod-podzolic
grassland
Below 1.00 0.040 0.700 4.0 0.70
Total 1.69 0.070 16.30 0.670 1.000 4.6 0.88
Mean Sandy loam Above 0.30 0.003 0.160 6.0 1.30
productivity sod-podzolic
grassland
Below 0.70 0.007 0.470 3.0 0.60
Total 1.00 0.010 9.70 0.300 0.630 3.7 0.78
Low Loamy sand  Above 1.00 0.060 0.060 3.0 1.30
productivity sod-podzolic
grassland
Below 2.00 0.130 0.140 2.0 0.60
Total 3.00 0.190 7.50 0.450 0.200 23 0.81

* Here and below: above, above-ground fraction of forest floor or grass litter; below, below-ground fraction of organic material being not bonded with soil minerals

(‘labile, active fraction of soil organic matter’) to run ROMUL model.
® Here and below: weighted mean values calculated by fractions’ concentration to run SOMM model.

<0¢
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Table 3

Soil organic matter pools, kg m~2 after 100 year simulation with two models

Vegetation

Soil

ROMUL

SOMM

Above-ground®

Below-ground?®

Organic layer

Mineral topsoil

Organic layer

Mineral topsoil

(L+F) (L,+Fy total (H) total (L+F) (H)
Dry Scots pine forest Crust mor (raw humus) 5.048 +0.154 1.238 +0.044 6.286 + 0.160 7.794 4+ 0.007 6.577 +0.297 7.806 4+ 0.008
of Cladina type sandy surface-podzolic
Scots pine forest of Mor sandy podzol 2.882 4+ 0.037 0.342 4+ 0.084 3.224 4+ 0.092 11.243+£0.024  4.026 +0.178 10.931 +0.023
Mpyrtillus type
=126 t=29.7
Pendula birch forest of Moder loamy podzolic  1.495 +0.073 0.089 + 0.006 1.584 +0.074 12.789 +£0.018  2.187 £+ 0.097 13.082 +0.018
Oxalis type
t=15.6 t=364
Norway spruce forest Mor loamy 3.155+0.153 0.304 +0.076 3.4594+0.171 11.662 + 0.021 4.080 4+ 0.190 11.855 +0.021
of Myrtillus type gley-podzolic
t="17 t=20.5
High productivity Loamy sod-podzolic 0.630 £ 0.040 0.677 +£0.113 1.307 £ 0.120 19.476 £ 0.055  3.356 +0.173 22.831 +0.033
grassland
t=30.7 t=1653
Mean productivity Sandy loam 0.336 +0.021 0.551 4+ 0.086 0.887 + 0.088 10.960 +0.029  2.648 +0.112 12.901 £+ 0.020
grassland sod-podzolic
r=39.1 r=288.2
Low productivity Loamy sand 0.168 + 0.009 0.172 £ 0.027 0.340 £+ 0.028 8.031 £0.027  0.922 +0.034 9.229 +0.022
grassland sod-podzolic
t=16.6 t=108.9

2 See notes to Table 1.
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birch stands demonstrate a 19-28% lower accu-
mulation of organic layers for ROMUL simula-
tions, with 2—-3% difference only in the SOM pool
in the mineral topsoil. In poor drained gley-pod-
solic soils of the Norway spruce stands there was
15% lower accumulation of forest floor and prac-
tically identical amounts of humus in the mineral
topsoil.

One clear difference in the results of the com-
parison of the models for grassland soils entailed
a 2-3 times lower accumulation of SOM in pools
of ‘pure’ organic material: grass floor and active
humus. However, in relation to SOM accumula-
tion in mineral topsoil, the simulation shows an
irregular difference of 13-20% between ROMUL
and SOMM.

The comparison of the models shows that there
is one regular difference between ROMUL and
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Fig. 3. Comparison of amounts of available nitrogen as out-
puts of ROMUL and SOMM models.

Table 4
A pool of simulated available nitrogen kg m~2 year—! (aver-
ages of ten Monte Carlo runs and S.D.s)*

Model Rich grassland
sod-podsolic soil

Poor grassland
sod-podsolic soil

SOMM  0.0050 £+ 0.00015
ROMUL 0.0070 + 0.00046

0.0017 + 0.000047
0.0022 £+ 0.000146

* Averages of organic matter for different models are distin-
guishing with significance level 0.001 for each soil.

SOMM. The amount of available nitrogen re-
leased in a process of full mineralisation of soil
organic matter (Norway spruce forest of Myrtillus
type) is significantly higher in ROMUL (Fig. 3).
In grassland soils, where root fall is dominant, the
pool of available nitrogen, calculated as the mean
value for a period of 80—100 years of simulation
in a relatively steady state, is shown in Table 4.
The difference between ROMUL and SOMM in
this case is 39% in rich soil and 34% in poor soil.

6. Example of the response of soil organic matter
dynamics at forest clear cutting

An experimental simulation of the response of
forest soil to forest clear cutting was conducted
using the ROMUL model. The scenario was as
follows: a stationary system °‘spruce forest/soil’
(Norway spruce forest of Myrtillus type) with the
initial data of soil corresponding with Table 2 and
a constant litter flow of 0.4 kg m 2 year ~ !, with
clear cut at 16 simulation steps. Soil characteris-
tics varied around certain steady states in corre-
spondence with the amount and quality of litter
(spruce needles with ash content 1.7%, nitrogen
content 0.6%; branches with ash content 1.5%,
nitrogen content 0.24%; fine roots with ash con-
tent 2.0%, nitrogen content 0.6%; coarse roots
with ash content 1.5% and nitrogen content
0.2%). This litter flow corresponded to the soil
characteristics in Table 2. The climate scenario
was based on Petrozavodsk (Russian Karelia) me-
teorological data.

Clear cutting was simulated when litter flow
sharply increased and at the same time the litter
amount increased by a factor of 6 for all litter
cohorts. Further litter flow simulated the growth
of spruce forest up to the previous steady state
(Fig. 4A). The corresponding dynamics of soil
organic matter in the forest floor and in mineral
topsoil is shown in Fig. 4B.

The dynamics of organic matter reflects the
changes in litter input. The CHS complex demon-
strates a rather complicated response to the large
amount of litter in one year. A decrease in the
amount of CHS occurs due to a decrease in the
litter input and the amount of CHS returns to its
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Fig. 4. Simulation of response of forest soil system to clear
cutting. (A) Dynamics of litter, (B) dynamics of soil organic
matter in different soil layers.

steady state only after 50 years. It should be noted
that in this scenario the recovery of litter input is
faster than in real forest. Humus in mineral
topsoil demonstrates more smoothing dynamics
but its response may also be easily seen.

This simple simulation experiment shows the
possibilities of ROMUL for simulating real
operations of Forest Management for a wide
range of forest, soil and climate conditions.

7. Discussion and conclusion

Both the SOMM and the ROMUL versions
have two common principal features.
1. They realise the idea of succession changes for
communities of organisms-destructors of vari-

ous taxonomic status, which are consequently
decomposing fresh litter. It should be noted
that these successive changes are inherent to
undisturbed forest and grassland soils. Usually
the fauna complex in agricultural soils is sig-
nificantly reduced and in these conditions the
microbial community is dominant. Thus, al-
most all existing models of SOM dynamics
utilise only the microbiological concept of
SOM mineralisation and transformation due
to the fact that they originated from agricul-
tural applications (Powlson et al., 1996). In
undisturbed forest soils, the stages of SOM
decomposition can be marked by fauna indica-
tors and, correspondingly, evaluate rates of
decomposition which are concomitant to visu-
ally marked fauna changes.

2. They yield experimental data in laboratory
experiments on organic matter decomposition
in controlled conditions, unlike the models
using microbiological concepts, which are
mostly based on the results of long-term field
observations of SOM dynamics (Powlson et
al., 1996; Smith et al., 1997; Chertov et al.,
1999).

A compilation of the model displayed sufficient
gaps in available experimental data, in particular,
for the decomposition of below-ground litter.
New experimental data were obtained which spe-
cified numerical values of kinetic coefficients for
decomposition of below-ground fractions of soil
organic matter. These data show quite specific
shifts in the rates of some below-ground pro-
cesses. Nevertheless, there is a necessity for addi-
tional efforts to check the coefficients and
correction factors in a wider range of environmen-
tal conditions and soil parameters.

The disputable feature of the model is the pos-
tulate on the assimilation of 20% of nitrogen from
organic material by soil mesofauna. The classic
trophic pyramid shows about 10% of organic
matter produced by the upper level from the
matter of the lower one. The proportion differs in
relation to elements. For nitrogen, being a limit-
ing factor in the majority of terrestrial ecosystems,
this increase of nitrogen concentration at other
trophic levels is well documented (Odum, 1959).
To understand the role of this proportion some
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calibration runs of ROMUL have been conducted
using another value for assimilation of nitrogen
by mesofauna. The result was a 3% increase in the
SOM pool in the mineral topsoil only for a 100-
year simulation, when the part of nitrogen assimi-
lated by the soil fauna from organic material was
set at 10%. From the model structure (Eq. (1)), it
can be easily seen that this variation does not
influence the rates of decomposition in organic
horizons. Moreover, the more important model
output for the forest ecosystem models, the avail-
able nitrogen, mostly comes from the organic
layer (forest floor). Thus, this poorly defined pro-
portion from the experiments does not signifi-
cantly influence the SOM and nitrogen dynamics.
Note, when calculating carbon pools this propor-
tion may be more significant, hence one is plan-
ning to calibrate ROMUL more precisely for this
purpose.

The main cause for the development of this new
version of a soil organic matter model, ROMUL,
resulted from earlier model evaluations using ex-
perimental datasets (Chertov et al., 1997). The
previous version, SOMM, demonstrated satisfac-
tory results in relation to forest soils with domi-
nant leaf litter fall, and overly high accumulation
of organic layers in grassland soils. The structure
of ROMUL was improved with the addition of
pools of below-ground litter and humified organic
material corresponding to fractions of ‘labile’ or
‘active’ humus in mineral horizons.

The evaluation of the SOMM model met
difficulties in relation to input data for soil tem-
perature and moisture. Now, in ROMUL, the soil
climate generator with monthly steps was espe-
cially compiled for the correct calculation of input
data for soil temperature and moisture, which are
the driving variables in the model. It provides the
possibility to simulate weather parameters for a
wide range of climatic conditions.

The comparison of the ROMUL model with
the previous version, SOMM, has shown that the
simulation results are practically identical for raw
humus forest soils with a domination of surface
litter fall. A significant difference in the fraction
of the total organic layer was detected in soils
with a high proportion of below-ground litter. A
small accumulation of the fraction of below-

ground pure organic material (F,) in ROMUL
runs was found because of higher mineralisation
of root litter fall when it was considered as a
separate pool. A higher rate of available nitrogen
formation in ROMUL was also observed here.
This is a very significant feature from an ecologi-
cal point of view when the crucial role of the soil
nitrogen supply in the majority of forest ecosys-
tems is considered.

Existing dynamic models of SOM transforma-
tion, as a rule, have no pool of organic layer
(Smith et al., 1997). Therefore, it seems that the
application of these models, when quantifying
forest soil dynamics, will meet difficulties in rela-
tion to the adequacy of simulation. The expansion
of grasslands SOM models has been attempted to
simulation of forest soils by including a pool of
organic layer, as was done by Friend et al. (1997)
in relation to the CENTURY model (Paustian et
al., 1992).

The ROMUL model demonstrates quite com-
plicated dynamics of soil systems. The decomposi-
tion dynamics in organic and mineral topsoil is
driven by different complexes of organisms de-
structors, and ROMUL reflects these circum-
stances as gross carbon dioxide and available
nitrogen outputs. This is a very important aspect
for the calculation of the carbon balance and
productivity of an ecosystem.

ROMUL has been developed as a compartment
of a forest ecosystem model (Chertov et al.,
1999a). The advantage of ROMUL is the possibil-
ity to calculate a quite comprehensive balance of
organic matter, nitrogen and, potentially, the dy-
namics of other elements in forest soils as driven
by the input of various cohorts of litter. It allows
a simultaneous calculation of the dynamics of
leaves fall, big wood litter due to forest distur-
bances (gap formation due to storm activity with
tree windfall) and different litter cohorts from
ground vegetation.

It is thought that these specific features of the
ROMUL model are promising. It now allows the
simulation of SOM dynamics in undisturbed
forest and grassland ecosystems. Moreover, RO-
MUL linked with a soil climate generator can be
applied to a wide range of climatic conditions.
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