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1. Yasso15 litter and soil carbon model

1.1. Introduction

The Yasso15 model describes cycling of organic carbon in soil (Jarvenpaa et al. 2015). It is an improved
version of an earlier Yasso model (Liski et al. 2005) as well as the Yasso07 model (Tuomi et al. 2009, Tuomi
et al. 2011a, Tuomi et al. 2011b). The Yasso07 was based on a substantially larger number of measurements
and more advanced mathematical methods than the original Yasso. In addition, uncertainty estimates are a
fixed part of Yasso07 results. In the current Yasso15 model, even more diverse data set is used for model
calibration as well as some improvements are introduced. Furthermore, in the development of the Yasso15
model more emphasis was put on modelling choices and some mathematical details leading to better
understanding of the methods and the underlying environmental processes. Uncertainty estimates are an
important part of the Yasso15 model.

The Yasso15 calculates the stock of soil organic carbon, changes in the stock of soil organic carbon and
heterotrophic soil respiration. Applications the model include, for example, simulations of land use change,
ecosystem management, climate change, greenhouse gas inventories and education. The Yasso15 is a
relatively simple soil organic carbon model requiring information only on climate and soil carbon input to
operate. For a comprehensive list of applications of the Yasso model, visit www.syke fi/project/Yasso —
Publications.

In addition to this graphical user interface version (GUI), an official R-version of the Yasso15 model has been
created. The R-version allows for more complicated prediction tasks than the GUI.

1.2. Structure and operation

In the Yasso15 model litter is divided to five soil organic carbon compound groups (Fig. 1). These groups are
compounds hydrolysable in acid (denoted with A), compounds soluble in water (W) or in a non-polar solvent,
e.g. ethanol or dichloromethane (E), compounds neither soluble nor hydrolysable (N) and humus (H). The
AWEN form the group of labile fractions whereas H fraction contains humus, which is more recalcitrant to
decomposition. Decomposition of the fractions results in carbon flux out of soil and carbon fluxes between the
compartments (Fig. 1).

The basic idea of Yasso15 is that the decomposition of different types of soil carbon input depends on the
chemical composition of the input types and climate conditions. The effects of the chemical composition are
taken into account by dividing carbon input to soil between the four labile compartments explicitly according to
the chemical composition (Fig. 1). Decomposition of woody litter depends additionally on the size of the litter.
The effects of climate conditions are modelled by adjusting the decomposition rates of the compartments
according to air temperature and precipitation. In the Yasso15 model separate decomposition rates are
applied to fast-decomposing A, W and E compartments, more slowly decomposing N and very slowly
decomposing humus compartment H.

The Yasso is a global-level model meaning that the same parameter values are suitable for all applications for
accurate predictions. However, the current GUI version also includes possibility to use earlier
parameterizations.
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Figure 1. Flow chart of Yasso15 soil carbon model. The boxes represent soil carbon compartments, the arrows
carbon fluxes; only those carbon fluxes are shown that deviate significantly from zero (see Table 2).

1.3. Data

The parameter values of Yasso15 are based on measurements related to cycling of organic carbon in soil
(Table 1). An extensive set of litter decomposition measurements was fundamental in developing the model
(Fig. 2). This data set covered, firstly, most of the global climate conditions in terms of temperature
precipitation and seasonality (Fig 3.), secondly, different ecosystem types from forests to grasslands and
agricultural fields and, thirdly, a wide range of litter types. In addition, a large set of data giving information on
decomposition of woody litter (including branches, stems, trunks, roots with different size classes) was used
for fitting

In addition to woody and non-woody litter decomposition measurements, a data set on accumulation of soil
carbon on the Finnish coast and a large, global steady state data sets were used in the parameterization of the
model. These two data sets contain information on the formation and slow decomposition of humus. Because
of these two data sets the Yasso15 model captures also the late phases of the decomposition process and
humus formation.
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Figure 3. Distribution of global climate conditions on land (grey dots) from the CRU 3.1 data base (Harris et al. 2014). Variables Pa
and Tm are the annual precipitation and the mean annual temperature, respectively.
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1.4. Parameter values

The parameter values of Yasso15 were estimated by fitting the model simultaneously to all the data available
(Table 1), litter and woodly litter decomposition data, accumulation of soil carbon data as well as steady state
stocks data. No strong prior assumptions were used in order to “let the data speak”.

Bayesian framework was used for fitting the model to the diverse data sets as it allows to take into account the
uncertainties in measurements and in the model prediction in a consistent way. To obtain the uncertainty
estimates for the parameters and model prediction as well as useful summaries of the parameter values
(Table 2), an optimization algorithm and an adaptive Markov chain Monte Carlo method was used. Emphasis
was put on trying to keep the model as of not overparametrized while allowing to model to fit all the data well.
The measurement errors and reliability of each data set was taken into account when fitting model to data.

When inspecting the fit to data as a whole, the results were found to be mostly free of bias with respect to litter
type, climate conditions, time since the start of decomposition and ecosystem type (Jarvenpaa et al. 2015).

Table 1 . Data used in the development of the Yasso15 model.

Data n No. of Time Trange Prange Elevation Note Reference
species range (a) (°C) (mm) range (m)

Non-woody litter Mesh size

decomposition (cm)
CIDET 1259 10 0-6 -9.8-9.3 261-1782 48-1530 0.25x0.5 Trofymow 1995
LIDET fine roots 2608 4 0-10 -7.4-26.3 150-3914 0-3650 0.055x0.055 Gholzetal. 2000
LIDET litter 5900 29 0-10 -7.4-26.3 150-3914 0-3650 0.055x0.056 Gholzetal. 2001
EURODECO 2184 5 0-5.5 0.2-7 469-1067 46 -350 1x1 Berg etal. 1991a, b
United States 192 4 0-5 6.7 3676 270 0.3x0.2  Hobbie 2005
Benin 135 5 0-0.5 29.31 1604 na 0.33x0.33 Guendehou etal. 2013
Total 12278

Woody litter Diameter

decomposition (cm)
Finland 1 1281 3 0-60 31 570 na 45-40.9 Mékinen etal. 2006
Finland 2 183 3 0-3 1.9 523 220 1 Palviainen etal. 2004
Finland-Estonia 107 1 0-71 4 616 na 12.50-50 Tarasov & Birdsey 2001
Russia 474 1 0-4 0.3-5.2 480-649 78-180 1-2 Vawrova et al. 2009
Total 2045

SOC Soil depth

accumulation (cm)
Finland 26 5300 3 500 0 0-30 Liski etal. 1998, 2005

SOC stock
Global 4113 -26.9-28.0 0-5663 0-3900 0-100 Zinke etal. 1986
Finland 30 3.2 681 115-180 0-100 Liski & Westman 1995
Total 4143

Total 18492




Table 2. Posterior mean and 95% Bayesian credibility intervals for the Yasso15 parameters.

parameter 2.5% mean 97.5%
ana 0.44 0.49 0.54
oy 4.5 4.9 54

ag 0.22 0.24 0.27
an 0.075 0.095 0.12

P wa 0.4 0.44 0.48

P Eea 0.044 0.25 0.46

P na 0.84 0.92 0.98

P aw 0.99 0.99 1
Pew 0.0027 0.084 0.26

P nw 0.00029 0.011 0.041

P Ae 1.60E-05 0.00061 0.0022
P we 1.20E-05 0.00048 0.0018
P NE 0.0074 0.066 0.14

P an 2.00E-05 0.00077 0.0028
Pwn 0.086 0.1 0.12
Pen 0.47 0.65 0.82
W; -0.16 -0.15 -0.15
(P -0.024 -0.02 -0.015
W3 -1.1 -0.92 -0.78
Wy -0.0014 -0.0004 -1.00E-05
Ws -0.00061 -0.00017 -4.40E-06
B1 0.084 0.091 0.1

B2 -0.00054 -0.00021 -1.20E-05
B 0.039 0.049 0.059
Bnz -0.00029 -7.90E-05 -1.90E-06
B 0.028 0.035 0.047
B2 -0.0006 -0.00021 -8.60E-06
y -1.9 -1.8 1.7
YN -15 -1.2 -0.91
YH -20 -13 -6.4
PH 0.0038 0.0046 0.0054
ay 0.0011 0.0013 0.0015
6, -1.3 -0.44 -0.023
0, 0.71 13 2.2

r 0.23 0.26 0.28
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2. User-interface of the Yasso15 litter and soil carbon model

2.1. Installation

Yasso15 user-interface can be downloaded from Yasso web pages at www.syke.fi/projectsiyasso —
Download.

Windows: The user-interface can be run by unpacking the distributed files to the same directory and
executing yasso.exe (Windows). Opening the Yasso15 user-interface can take 30 seconds.

OSX:

1. Download GFortran from https:/gcc.gnu.org/wiki/GFortranBinaries#MacOS

2. Download Enthought Canopy Express https:/store.enthought.com/

3. Download Yasso15 for OSX and unpack the files to the same directory. The .zip file includes a
“Yasso15_master “file.

4. Open Enthought Canopy choose "Tools” > ” Canopy terminal”’

5. Type the file path” cd Documents/Yasso15-master “ (if the .zip file is unpacked to “Documents”)

7. Open the user-interface with “./run_yasso.sh

8. Close the user-interface: Enthought Canopy “File” > “Close”

2.2. Structure

Yasso15 user-interface consists of three sheets (Fig. 4). "All data" sheet gives input data to the model. "Data
to use" sheet selects, which of the input data given on the "All data" sheet is used in the simulation. "Model
run" sheet runs the model and selects output options. The user-interface opens with an example data for the
Yasso15.


https://gcc.gnu.org/wiki/GFortranBinaries#MacOS
https://store.enthought.com/
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File Edit

Nﬁhlmmmmlmﬂmdﬂmq
New... Open... [ ] PR ]EWHHIMBJH“TJI{GW{EHKNJH

THIS FILE CONTAINS EXAMPLE DATA FOR YASS501S
Data: Tuomi et al. 200%. Ecological Modelling.
THE CHANWNGES YOU MAKE HERE HAVE CNLY EFFECT AFTER YOU SAVE THE CHRNGES

commented out rows begin with the # chacter
numbers must be whitespace separated (space or tab)
decimal separator is ., no thousands separator

Initial state]

Data as walue pairs, mean and standard deviation, except for the size of
woody litter mean only

Mass as unit of mass, chemical composition as percentages of the total mass,
size of woody litter as diameter in cm

Data: mass, acid hydrolyzable, water soluble, ethanol soluble, non-soluble,
humus, size of woody litter (diameter in cm)

MM e e e e e e e e e e e e e e e

$TUNDRL

#Picea mariana

1 0 0.39 0.039 0.21 0.021 0.11 0.011 0.29 0.022 D 0 O
#Betula papyrifera

#1 0 0.31 0.031 0.37 0.037 0.07 0.007 0.25 0.025 0 0 O
#

#BOREAL ZONE

#Pinus banksiana

¥1 0 0.44 0.044 0.16 0.016 0.07 0.007 0.34 0.034 0 0 0O
#Populus tremuloides

#1 0 0.41 0.041 0.2% 0.029 0.11 0.011 0.1% 0.01% 0 0 O
#

#¥TEMPERATE ZONE

#Thuja plicata

#1 0 0.38 0.038 0.26 0.026 0.15 0.015 0.21 0.021 0 0 O
#Fagus grandifolia

#1 0 0.5 0.05 0.16 0.016 0.07 0.007 0.26 0.026 0 0 O

#

#TROPICS

#Pinus elliocttii

#¥1 0 0.41 0.041 0.2 0.02 0.17 0.017 0.21 0.021 0 0 O
4#Drypetes glauca

¥1 0 0.40 0.04 0.41 0.041 0.08 0.008 0.11 0.011 0 O O

[Constant so0il carbon input]
# Data as value pairs, mean and standard deviation, except for the size of

Figure 4. Opening screen of the Yasso15 user-interface
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2.3. Input information

Input information is given to Yasso15 user-interface on “All data” sheet (Fig 4). Input information, which is used
in the simulation, is selected on the "Data to use" sheet (Fig. 5). Any changes made on "All data" sheet must
be saved before they take effect on "Data to use" sheet. The user-interface uses only those rows that do not
begin with “#” character. Avoid using special characters and &, 8 and 0 letters.

Yasso15 user-interface requires three kinds of input information, 1) soil carbon stock in the beginning of the
simulation, 2) carbon input to soil during the simulation and 3) climate during the simulation (Fig. 4).

2.3.1.So0il carbon stock in the beginning of the simulation

There are three alternative ways to give the soil carbon stock in the beginning of the simulation to Yasso15
user-interface 1) non zero, which is the stock specified by user, 2) zero, which sets the stock to zero or 3)
Steady state, in which the user-interface calculates the steady-state stock based on the carbon input specified
by the user (Fig. 5).

The soil carbon stock in the beginning of the simulation is given by the five chemical compartments of
Yasso15 soil carbon model (see Fig. 1), compounds hydrolysable in acid (denoted with A), compounds soluble
in water (W) or in a non-polar solvent, ethanol or dichloromethane (E), compounds neither soluble nor
hydrolysable (N) and humus (H). The data is given as data pairs for each compartment, namely mean and
standard deviation. Examples of chemical compositions of different litter types are given on the web pages
www.syke.fi/projects/yasso.

The steady state option calculates soil organic carbon assuming a steady state in the beginning of the
simulation. If the soil carbon input is given as yearly carbon input for the simulation (see 3.2), the user-
interface applies values of the time step 0 for the calculation of the steady state stock. If the input values for
the time step 0 are not defined, the user-interface applies input values of step 1. The user-interface uses the
input values of the time step 0 only in the calculation of the steady state stock. If soil carbon input is given as
monthly time series, the user-interface calculates the steady state-stock based on the first 12 months.

2.3.2.Carbon input to soil

Soil carbon input and climate information can be given to Yasso15 interface in three alternative ways, 1) yearly
time series, 2) yearly constant values or 3) monthly time series (Fig. 5).

Regarding soil carbon input, the information is needed on its quantity and chemical quality, i.e. the division of
soil carbon input into the five chemical compartments of Yasso15 model (see Fig. 4). For the part of the input
that is woody litter, the physical size of this litter (diameter) needs also to be given. Soil carbon input from
plants does not contain humus. The possibility to take in humus as a part soil carbon input is included in the
user-interface to make it possible to simulate land-use change and the associated additions of soil organic
carbon to the simulated land-use class (see 2.3.4 Land-use change below).

To account for the uncertainty in the results of Yasso15 user-interface, which is caused by uncertainty about
the values of soil carbon input, there is a possibility to give standard deviation for each soil carbon input value.
The percentage shares of A, W, E and N compartments need to add up to 100%. Therefore, the user-interface
calculates the values for the W compartment based on the values given to the A, E and N compartments. The
W compartment contains the fastest decomposing compounds, which have the smallest effect on the
simulation results in the long simulations times. The total uncertainty about the results is an approximation
estimated by the user-interface based on both these uncertainty estimates of initial carbon stock and carbon
input and the error estimates for the parameter values of Yasso15 model (see "4 Model run").

9
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File Edit

All data | Datatouse | Modelrun | About

Parameter set:|Yassol15 * | Leaching parameter: 0.0

Initial state: g non zero Zero Steady state
mass mass std A Astd w W std E E std M N std H H std size class
1.0 0.0 0.39 0.039 0.21 0.021 0.1 0.011 0.29 0.029 0.0 0.0 0.0

ST R @) Zero Constant yearly Monthly

Yearly

Climate: ) yvearly @ Constant yearly Monthly

Mean temperature: -4.0
Annual rainfall: 500.0
Variation amplitude: 10.1

Figure 5. "Data to use" sheet of Yasso15 user-interface.

2.3.3.Climate during the simulation

Climate can be given as 1) yearly time series 2) constant yearly values or 3) monthly time series. The
temperature is given as Celsius (°C) and precipitation in millimetres (mm). The temperature amplitude is the
difference between the mean temperature of the warmest and coldest month divided by two.

The monthly time series is limited to 12 months, i.e. it can be applied to define the variation in climate within a
single year. For a simulation of several years, the same climate is applied repeatedly.

The estimation of steady state is based on the yearly climate from the time step 0 if defined, otherwise the
climate from step 1 will be used. If the simulation run is longer than the time series of climate, the climate time
series will be used again from the beginning after reaching the end of the series. In other words, after using
the last values of the climate time series, the first ones will be used again for the next time step of the
simulation.

10
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2.3.4.Land use change

The Yasso15 model can be used to simulate the cycle of soil organic carbon by land use class, for example,
as a part of a greenhouse gas inventory. These simulations may involve transfers of land and soil organic
carbon between the simulated land use class and other land use classes.

To account for a decrease in the area of the simulated land use class, there is a possibility in the user-
interface to give values of relative change in the simulated area by time step. During these time steps of area
change, each soil organic carbon compartment of Yasso15 model is reduced by a similar relative amount.
During the following time step, the simulation continues from the reduced stock of soil organic carbon.

The changes in land use are given as relative changes. For example, a change of 0.01 increases the area by
1% and a change of -0.1 reduces it by 10%. The change in the area will be directly reflected in the initial
carbon stock in soil for the next time step. If the simulation run is longer than the defined time series, no input
is used for the remaining time. If the user defines input for the time step 0 of yearly or monthly time series, it
will be used only for the steady state estimation. In the absence of time step 0 data, the steady state
estimation will be based on the input of time step 1.

2.3.5.Leaching parameter

To compare Yasso15 estimates of litter decomposition to measurements in litterbag experiments, the user-
interface allows the user to choose a negative leaching parameter that corresponds to the mesh size of the
litterbags (Table 3). Yasso15 is a global model, i.e. the model applies one parameter set to estimate soil
carbon stock and changes in the stock. The Yasso15 model accounts the differences in the decomposition
rate resulting from different mesh size in the litterbag experiments with leaching correction term.

Table 3. The mesh sizes of the litterbag experiments and corresponding leaching parameters

Origin Mesh bottom 1 [cm]  Mesh bottom 2 [cm]  Leaching parameter
EURODECO! 1 1 -0.154872
CIDET? 0.25 0.5 -0.019568
LIDET? 0.055 0.055 -0.000167
Hobbie* 0.3 0.2 -0.000404
Guendehou® 0.33 0.33 -0.917171

1) (Berg et al. 1991a, b) 2 (Trofymow 1995), 3 (Gholz et al. 2000), 4(Hobbie 2005), 5 (Guendehou et al. 2013)

2.4. Model run

To run Yasso15 model using the user-interface, the user selects 1) sample size 2) the number of time steps
and 3) the length of a time step, which is either a year or a month (Fig. 6). The woody size limit indicates the
minimum diameter of litter plotted in the woody matter graph. The choice of the woody size limit affects only
the plotting of the simulation results in the graphical user-interface not the simulation.

The parameter set contains 10000 samples from the posterior distribution for the Yasso15 parameters that has
been generated using Markov Chain Monte Carlo methods. These values contain the uncertainty in the
Yasso15 parameters and by choosing sample size large enough, e.g. 100, this uncertainty is taken into
account in the prediction.

11
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Figure 6. “ Model run” sheet of the Yasso15 user-interface

2.5. Results

The Yasso15 user-interface shows simulation results on the screen and the results can also be saved to a file
(Fig. 6). On the screen, Yasso15 user-interface shows alternatively the results of Soil carbon stock, Change in
soil carbon stock by time step or CO2 production (i.e. carbon flux out of soil carbon pool) (Fig. 6). The graphs
illustrate the most probable values and their 95 % credible interval. The soil organic carbon originating from
non-woody and woody-litter are shown separately based on the minimum size given for woody litter on the
"Model run" sheet (Fig. 3).

The simulation results can be saved to a file in two formats, 1) raw results based on each parameter
combination used for the simulation or 2) moment results, which contain statistical characteristics calculated
from the raw results (Fig. 3). These files are in text format, and they contain a header describing the contents
of the file and settings of the simulation that produced the results.

2.6. Help

Additional information on Yasso15 litter and soil carbon model and contact address of research team are
found at Yasso web pages www.syke.filyasso

12
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2.7. Examples

With the following examples we show how the Yasso15 model can be applied to
1) simulate the decomposition of litter,
2) compare Yasso15 estimates of decomposition to specific litterbag experiments,
3) study the development of litter and soil carbon stocks and
4) simulate carbon stock changes in agricultural soils.

The data to run the examples is available from the Yasso web pages.

Example 1. Simulation of the decomposition of litter

This example demonstrates the simulation of non-woody litter decomposition in different climatic conditions,
namely tundra, boreal forest, temperate forest and tropical forest. Characteristic coniferous and deciduous
species are selected for each climate zone, tundra Picea mariana and Betula papyrifera, boreal forest Pinus
banksiana and Populus tremuloides the temperate zone Thuja plicata and Fagus grandifolia, and the tropics
Pinus elliottii and Drypetes glauca (Tuomi et al. 2009). The chemical composition of the species is based on
data collected in long-term decomposition experiments (Trofymow 1995, Gholz et al. 2000). Climatic
conditions applied in the simulations represent characteristic values for each climate zone (Tuomi et al. 2009).

To simulate this example

1) download the file Demo_litter_decomposition.txt file from the Yasso web pages and open it with the user-
interface.

2) “All data” sheet: choose species and corresponding climate conditions. The user-interface uses only those
rows that do not begin with “#” character (Fig. 4). Press Save.

3) “Data to use” sheet: choose Initial state = Non zero, Soil carbon input = Zero and Climate = Constant yearly
(Fig. 5).

4) “Model run” sheet: choose Sample size = 100 and Number of time steps = 100 and Time step length = 1
year (Fig. 6).

5) Run model and Save moment results for further analysis (Fig. 6).

The estimates of litter decomposition of the selected species in different climate conditions are presented with
95% credible interval in the Figure 7.

13
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Figure 7. The decomposition of litter in different climate conditions. The estimates are presented with 95% credible intervals.

Example 2. Comparison to litterbag experiments

This example demonstrates the use of leaching parameter when comparing Yasso15 estimates to specific
litterbag experiment measurements. In this example the Yasso15 estimates of litter decomposition are
compared to decomposition measurements of i) Sugar maple leafs (Acer saccharum) in Andrews, USA
(Gholz et al. 2000) and ii) Scots pine (Pinus sylvestris) needles in Jadraas, Sweden (Berg et al. 1991a, b). The
measurements of Sugar maple leafs and Scots pine needles are from LIDET and EURODECO data,
respectively (Berg et al. 1991a, b, Gholz et al. 2000).

To simulate litter decomposition with Yasso15 in this example

1) download the file Demo_leaching.txt file from the Yasso web pages and open it with the user-interface.

2) “All data” sheet: choose either Sugar maple or Scots pine species and corresponding climate conditions.
The user-interface uses only those rows that do not begin with “#” character (Fig. 8). Press Save.

3) “Data to use” sheet: choose Initial state = Non zero, Soil carbon input = Zero and Climate = Constant yearly
(Fig. 9)

4) Choose the leaching parameter that corresponds to mesh size used in the litterbag experiment (Table 3,
Fig. 9).

4) “Model run” sheet: choose Sample size = 100 and Number of time steps that corresponds the duration of
the litterbag experiment (in this case 6 years)

14
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5) Run model and Save moment results

The leaching parameter correction models the systematic error that is caused by some of the litter leaving
from the litterbags through,the mesh. Without the leaching parameter the litterbag measurement indicate faster
decomposition raten than estimated with the Yasso15 model, and with the leaching parameter the model
estimates are in line with the measurements (Fig. 10).

%= Yasso 15 EI@

File Edit

Alldata | Datatouse | Modelrun | About

Mew. .. ][ Open... ][ Cave ” Save as... ]F:‘l,YlS\DEMO_LEACHING.b(t
13 N
2 # THIS FILE CCNTAINS EXAMPLE DATA FOR YASSQ1S
3%
4 ¢ THE CHANGES YOU MAKE HERE HAVE ONLY EFFECT RFTER YOU SAVE THE CHANGES
5%

6 ¥ commented out rows begin with the # chacter

T# numbers must be whitespace separated (space or tab)

84 decimal separator is ., no thousands separator

9%

10 [Initial state]

11 # Data as wvalue pairs, mean and =standard deviation, except for the =ize of
12 # woody litter mean only

12 # Mass as unit of mass, chemical composition as percentages of the total mass,
14 # =ize of woody litter as diameter in cm

m

154 Data: mass, acid hydrolyzable, water soluble, ethanol soluble, non-soluble,
16 ¥ humus, size of woody litter (diameter in cm)

17 %

18 %

19 # Lcer saccharum, LIDET data, Lndrews site, USL

200%1 0 0.276 0.007 0.482 0.041 0.082 0.037 0.160 0.006 0 0 O
21 % Pinus sylvestris, EURODECC data, Jaedraos =site,Sweden
221 0 0.4%0 0.020 0.161 0.035 0.106 0.010 0.244 0.023 0 0 O

23
Figure 8. “All data” sheet in Demo_leaching.txt
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Climate: ) yearly

Mean temperature: 3.8
Annual rainfall: 722.0

Variation amplitude: 11.4

'@ Constant yearly

Monthly

e Yasso15 oo e
File Edit
All data | Data touse | Modelrun | About
Initial state: g non zero Zero Steady state
mass massstd A Astd w W std E E std N N std H H std size class
1.0 0.0 0.49 0.02 0.161 0.035 0.108 0.01 0.244 0.023 0.0 0.0 0.0
Soil carbon input: @) Zero Constant yearly Monthly
Yearly

Figure 9. Inserting leaching parameter for the EURODECO data to “Data to use” sheet.
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Figure 10. The estimates of mass remaining with Yasso15 and Yasso15 with leaching parameter. The symbols represent litterbag
measurements of Scots pine needles in Jadrads, Sweden (Berg et al. 1991a, b)
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Example 3. Litter and soil carbon stocks in boreal forest

This example demonstrates the simulation of the development of litter and soil carbon stocks in a Norway
spruce (Picea abies) stand growing in southern Finland and with a rotation period of 90 years (Repo et al.
2015). Litter input and the decomposition of organic matter determine the size of soil carbon stock. In this
example the litter input to the carbon pools of litter and soil is estimated with the forest growth and stand level
carbon budget model CO2FIX 3.2 (Masera et al. 2003, Schelhaas et al. 2004). The forest is thinned at the
ages of 40, 60 and 80 years. In thinnings and final fellings branches, foliage and roots were directed to litter. In
thinnings 15%, and in final fellings 10%, of stem wood was added to the litter pool, half of this amount as
unmercantable tops and half as stump (Repo et al. 2015). The simulation starts from the first year after the
final felling and can be continued up to 270 years. The yearly litter input consists of needles, branches, roots,
and stumps. A diameter of 2 cm is applied for branches, 6 cm for roots and 30 cm for stumps. The diameter of
the unmercantable top is 3 cm, which corresponds to half the diameter of pulpwood (Repo et al. 2015). The
litter input of the year zero is the average litter input over a forest rotation period of 90 years and is used for
the calculation of steady state stock for in the beginning of the simulation period.

To simulate this example

1) download the file Demo_Boreal_forest.txt file from the Yasso web pages and open it with the user-interface.
2) “Data to use” sheet: choose Initial state = Steady state, Soil carbon input = Yearly and Climate = Constant
yearly (Fig. 11)

3) “Model run” sheet: choose Sample size = 100 and Number of time steps as desired

5) Run model and Save moment results for further analysis (Fig. 12)

%o Yasso 15 Se )
File Edit
All data | Data to use | Model run | About
Parameter set:| Yasso15 -
Initial state: ) non zero Zero @) Steady state
Soil carbon input-© Z=r° Constant yearly Monthly
Yearly
timest.. mass mMass s.. A A std W W std E E std N M std H H std size cl..  *
o 1.235 0.0 05 0.05 0.09 0.009 0.05 0.005 0.35 0.035 0.0 0.0 0.0
o 0.504 0.0 0.68 0.068 0.01 0.001 0.01 0.001 03 0.03 0.0 0.0 20
o 0.495 0.0 0.68 0.068 0.01 0.001 0.01 0.001 03 0.03 0.0 0.0 6.0
o 0.152 0.0 0.68 0.068 0.01 0.001 0.01 0.001 03 0.03 0.0 0.0 3.0 kv

timestep relative change in area

Climate: ) yearly @) Constant yearly Monthly

Mean temperature: 3.2
Annual rainfall: 681.0
Variation amplitude: 11.6

Figure 11. “Data to use” sheet in the Demo_boreal_forest.txt
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%i: Yasso 15 EI@

File Edit

Al data | Datatouse | Modelrun | About

Sample size: 100 MNumber of timesteps: 270 Timestep length: 1 @) Year Month

Woody size limit: 3.0 Run model
Show: @) C stock C change Co2 production | Save raw results... || Save moment results. ..
AS:@ Chart (0) Array Chart type: @) Comman scale Autofit

Total organic matter Woody mattar Non-woody matter

T T T T T T T T T
o 50 100 150 200 250 0 50 100 150 200 250 o 50 100 150 200 250

A w E

120 + 120 + 120 +

100 + 100 + 100 +

80 + 80 + 80 +

60 1 60 1+ 60 1+

40 1+ 40 + 40 +

20 -M 20+ 20+

0 t } t } } 0 = == i 0 + + + + t
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250

N H

120 + 120 +
100 +
80 +

60 +

100
80 1
60 1
40+

20 +

40
204
} 0 } | } } |
0 50 100 150 200 250 0 50 100 150 200 250

Figure 12. “Model run” sheet of the Demo_Boreal_forest.txt

Example 4. Carbon stocks of an agricultural soil

This example demonstrates the role of various organic amendments with different carbon quality for
development of soil carbon stocks with the Yasso15 model. The performance of the Yasso07 model soil
carbon model in predicting changes in the soil carbon stock at Ultuna long-term soil matter experiment in
Sweden, in response to different organic amendments has been tested by Karhu et al. 2012. Two treatments
from this study are chosen as examples for model simulations for the period 1956-1991, i) fallow (no C input)
and ii) farmyard manure (a mixture of cow dung, urine and straw as organic amendment). The Ultuna field had
been in cultivation for hundreds of years, which was assumed to be a long enough time for the soil to reach
steady-state with the litter input (Karhu et al. 2012) The steady-state C stock equal experimental plots in the
beginning of the experiment in year 1956 was reached with a C input of 1750 kg C ha-" yr1.

To simulate this example

1) download the file Demo_agricultural_soil.txt file from the Yasso web pages and open it with the user-
interface.

2) “All data” sheet: choose either Ultuna fallow or Ultuna farmyard manure treatment by commenting out with
“#” one of the treatments (Fig. 13)
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2) “Data to use” sheet: choose Initial state = Steady state, Soil carbon input = Yearly and Climate = Yearly
(Fig. 14)

3) “Model run” sheet: choose Sample size = 100 and Number of time steps = 37

5) Run model and Save moment results for further analysis.

The Yasso15 is able to predict the direction and relative magnitude of the C stock changes in the fallow and
farmyard manure treatments (Fig. 15)

%: Yasso 15 =N R =)
File Edit
All data |Daiatnuse |Mode| run |Abnut |
[ New... ” Open... ][ e J[ a—— ]F:‘\YIS\DEMO_.ﬂGR_ICULTURAL_SOIL.b(t
40 [Yearly soil carbon input] -
434 Data as value pairs, mean and standard deviation, except for the size of
43 ¢ woody litter mean only
43# Mass as unit of mass, chemical composition as percentages of the total mass,
44 ¢ size of woody litter as diameter in cm
454 Data: year, mass, acid hydrolyzable, water soluble,
46# ethanol soluble, non-soluble, humus, size of woody litter (diameter in cm)
474 Ultuna experiment, choose 1) or 2)
48+ 1) fallow == no carbon input
48\ 2) farmyard manure == manure, urine and straw | |
S50# 1) ULTUNA FALLOW, year == 0 input (kg C ha -1 yr -1) for calculation of the steady state.
S1# 0 1750 0 0.71 0.071 0.08 0.008 0.03 0.003 O0.18 0.018 0 0 @
52 %
53 #2) ULTUNA FARMYARD MANURE (kg C ha -1 vr -1)
540 1750 0 0.71 0.071 0.08 0.0 0.03 0.003 0.18 0.018 0 0 O S
S5(1 1189 135.2%9 0.71 0 o 03 0.003 0.18 0.018 0 0 O
561 2964 0 0.645 0.08 0.12 9 2 0.00 0.045 0 0 0
572 106 6.63 0.71 0 0.018 0 0 O
0.001 O 0.645 7 0.1l 0.045
37.39 0.71 0.18 0. m
1 7 0.161
0 1 .18 0.0
624 0.001 0 7 0.161
635 1454 181.17 0.71 0.003 0.18 0.01
E64|5 3084 0 0.645 0.08 0. 07 0.181 0.045
656 282 44.16 0.71 0 0.18 0.018 0 0 O
666 0.001 0 0.645 T 0.1l 0.045 oo
6877 1178 111.3 0.7 0.18 0.018 0o
687 0.001 0 0.8&45 7 0.161 0.045 oo
698 560 106.43 0.7 03 0.18 0.018 0 O O
J0l8 4000 0 0.845 0O 0.007 0.161 0.045 0 0 O
71% 0.001 0 0.71 0.0 .03 0.003 0.18 0.018 0 O O
F29 0.001 0 0.8&45 072 0.007 0.161 0.045 0 0 O
F3{10 0.03 0.003 0.18 0.018 O
7410 T 0.1l 0.045
7511 0.18 0.018 0 O
TJ6(11 0.00 0.007 0.161 0.0
7712 349 65.92 0.71 0.003 0.18
T8 12 4000 0 0.645 0. 0.007 0.161
TS 13 670 37.46 0.71 0.003 0.18 0.018 0 0 O
8013 0.001 0 0.645 0 0.007 0.161 0.045 0 0 0
8114 247 102.34 0.71 0.003 0.18 0.018
82 14 4000 0 0.8&45 0.007 0.161 0.045 O i
‘l....,— T cot oo oo b
< [ 3

Figure 13. “All data” sheet of the Demo_agricultural_soil.txt
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e Yasso 15 =En
File Edit
All data | Data touse | Model run | About
Parameter set:| Yasso15 )
Initial state: ™) non zero Zero @ Steady state
Soil carbon input: Zero Constant yearly Monthly
@ Yearly
timest... mass mass... A A std W W std E E std N M std H H std size cl..  *
0 17500 0.0 071 0.071 0.08 0.008 0.03 0.003 0.18 0.013 0.0 0.0 0.0
1 1189.0 13529 071 0.071 0.08 0.008 0.03 0.003 0.18 0.013 0.0 0.0 0.0
1 29640 00 0.645 0.08 0.123 0.029 0.072 0.007 0.161 0.045 0.0 0.0 0.0
2 106.0 6.63 071 0.071 0.08 0.008 0.03 0.003 0.18 0.013 0.0 0.0 00 L
timestep relative change in area
Climate: @) vearly Constant yearly Manthly
timestep mean temp annual rainfall temp variation amplitude i
0 5533 537.285 11.602 =
1 4148 479.299 12.371
2 5.468 687.099 10.047
3 4828 578.199 11.617
4 6.767 4475 12584
5 5699 743.399 11.785
& 6.495 639.999 10.652
7 458 524799 9.879
8 4836 456.199 12.653
9 5677 3896 10107 -
4 n 3
Figure 14. “Data to use” sheet of the Demo_agricultural_soil.txt
8
—Fallow —— Farmyard manure
6 L 0©0
o= ce XS
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Figure 15. Simulated (line) and measured (symbols) soil carbon stocks in Ultuna long-term soil matter experiment. The grey lines

indicate the 95% credible interval of the simulated soil carbon stock.
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