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1. Introduction

Carbon cycling in soil is driven by microorganisms (Schimel and Schaeffer, 2012; Liang et al.,
2017), and thus changes in microbial community composition and functional diversity can
affect carbon cycling rates (Graham et al., 2016). Evidence from laboratory studies where
microbial species richness is manipulated suggests that richer communities are associated
with higher respiration rate or decomposition capacity compared to communities
encompassed by fewer taxa (Setalad and McLean, 2004; Bell et al., 2005; Tiunov and Scheu,
2005; Wilkinson et al., 2012; Valentin et al., 2014; Domeignoz-Horta et al., 2020). Richer
communities also tend to exhibit faster microbial biomass growth rates (Setédla and McLean,
2004, Costantini and Rossi, 2010; Wilkinson et al., 2012; Domeignoz-Horta et al., 2020).
Fewer studies found inconsistent or decreasing trends in respiration (Costantini and Rossi,
2010) or growth rate (Toljander et al., 2006) as diversity was artificially increased. Therefore,
evidence points in most cases to positive effects of diversity on decomposition. However, in
most of these studies microbial richness was low for practical reasons, raising the question
as to how much diversity affects decomposition rates under natural conditions with
extremely diverse microbial communities.

Natural disturbances and forest management are expected to alter—and often reduce—
microbial functional diversity, possibly undermining some soil functions. For example,
clearcutting virtually eliminates mycorrhizal fungi (Kyaschenko et al., 2017), some of which
have the capacity to degrade complex organic matter (Lindahl and Tunlid, 2015) and thus
release nutrients necessary for plant growth. Quantifying how these changes in functional
diversity affect carbon cycling is important when predicting carbon storage variations after
disturbance or when trying to optimize land management for carbon sequestration.

Mathematical models of soil carbon cycling could help to account for the effects of diversity
loss, but most models lack a detailed (or even a simplified) description of microbial
communities and their role in controlling carbon fluxes (Manzoni and Porporato, 2009; Le
Noé et al., 2023). Most soil carbon cycling models have been derived in more or less direct
ways from initial attempts to describe soil carbon cycling with first-order kinetics (Jenkinson
and Rayner, 1977; Parton et al., 1987; Andren and Katterer, 1997). These models do not
describe microbial processes in an explicit way, requiring the use of rate modifiers to capture
the result of such processes. Soil temperature and soil moisture modifiers are already used
(Bauer et al., 2008). Here we propose to include a further rate modifier to account for
microbial diversity. The rationale behind this choice—as opposed to considering microbial
diversity as a model result—is that major disturbances alter the microbial communities over
time scales longer than those of other environmental drivers, so that the effects of such
changes can be captured by re-scaling the decomposition rate constants in the models.

This modifier is constructed based on the expected power law relation between microbial
functions (such as decomposition) and microbial functional diversity that was derived in
HoliSoils deliverable D2.2.a(i) (Khurana et al., 2023). This rate modifier accounts for any
interaction among microbial groups in the community and is meant to capture complex
microbial processes in a way that is consistent with the mathematical formulations of soil C
models. In this report, we summarize the theory behind the rate modifier and describe its
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implementation in the models already included in our model ensemble for forest soil
simulation (Century, Roth-C, Yasso07, ICBM, and Millennial).
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2. Methods

We implemented a rate modifier to account for microbial diversity in soil carbon cycling
models. Section 2.1 summarizes the theory behind the formula used for the rate modifier
and Section 2.2 describes its implementation in soil carbon cycling models. A full description
of the theory behind our definition of the rate modifier is presented in Deliverable 2.2a(j).

2.1 A rate modifier for microbial diversity

Following Khurana et al. (2023), we define microbial functional diversity as the weighted
variance of microbial resource acquisition capacity,

B .
f= ZLJT;] (Vprod,i,j - Uprod)zu (1)

where v,,,4; ; is an aggregated trait that characterizes the capacity of a microbial functional
group j to take up a substrate i; 7,4 is the community-mean value of this resource
acquisition trait; B; is the biomass associated with microbial functional group j.

Using a reaction network model to represent substrate-microbe interactions, Khurana et al.
(2023) calculated various ecosystem properties (in particular decomposition capacity) and
microbial functional diversity under a range of scenarios and through time during
decomposition of an initial amount of organic matter. The scenarios encompassed various
combinations of initial substrate amounts, number of substrate compounds, number of
microbial functional groups, and variability in the functional traits that characterize the
microbial community. These scenarios allowed exploring simulation outcomes that result in
a range of ecosystem properties and values for functional diversity. The obtained samples of
microbial functional diversity values and initial amounts of substrate are then used as
independent variables to predict decomposition rates using linear mixed effect models.

Organic carbon decomposition kinetics are characterized through the decay constant (k,,, d
1) associated with corresponding first order kinetics. The decay constant is calculated as the
inverse of the time to reach 10% of organic carbon loss. The k;, was predicted using two
statistical models differing in the type of considered the choice of independent variables, but
in this report we focus on results from ‘model I, in which predictors were initial microbial
functional diversity (f;) and initial available carbon (C,),

B
kio = ﬁofo fcfc. (2)

where B, B and ¢ are the associated model parameters. Using synthetic data from the
model simulations, Khurana et al. (2023) found the following proportionality

k1o ~ fo10Co°. (3)
Equation (2) provides a link between decomposition capacity and microbial diversity, at an
aggregation level consistent with that of typical soil carbon cycling models based on first-

order kinetics. Next, we describe the soil carbon cycling models (Section 2.2) and how Eq. (2)
is implemented in their structure (Section 2.3).

2.2 Soil carbon cycling models
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Working together for forest soils

=
ﬁ H 0 I isoi I s D2.2a(ii) Implementation of microbial diversity rate modifier

Five soil carbon cycling models were considered for implementation of the rate modifier for
microbial diversity (Figure 2; see details in D2.1): Century (Parton et al., 1987, 1988), Roth-C
(Jenkinson and Rayner, 1977; Jenkinson, 1990), Yasso07 (Liski et al., 2005), ICBM (Andren
and Katterer, 1997; Katterer and Andrén, 2001), and Millennial (Abramoff et al., 2018, 2022).
All these models are based on a set of interconnected carbon compartments that exchange
carbon with other compartments and release carbon as CO, (respiration) and (in Century and
Millennial only) its solution via dissolved organic matter leaching. The interpretation of
carbon compartments varies across models, ranging from simple conceptual pools with
different turnover times (ICBM), to chemically different pools (Roth-C, Century, Yasso07) or
physically distinct soil fractions (Millennial).

In four of these models (Century, Roth-C, Yasso07, ICBM), carbon exchange rates between
compartments are regulated by first-order kinetics, in which the rate is calculated as the
product of a ‘reference’ rate constant, rate modifiers, and the carbon content of the donor
compartment (Figure 1). The reference rate constant is the value of the kinetic constant
under standard conditions, whereas the rate modifiers (non-dimensional scaling
coefficients) account for the effects of soil moisture, temperature, and other environmental
conditions on the carbon exchange rates. In these first order kinetics models, the carbon

content or stock in each compartment is described by a mass balance equation in the form,

LD 1) -ty -A-K-C(), @)

where I(t) is the vector of carbon inputs, A is the matrix of transfer coefficients, K is the
diagonal matrix of decomposition rate coefficients, C(t) is the vector of carbon contents or
stocks, and &é(t) is an overall rate modifier accounting for the effects of water-related
variables (i.e., soil moisture or precipitation and potential evapotranspiration, depending on
the model), and soil or surface temperature. Such effects in the original models are captured
by two independent modifiers (respectively f,, and f;, where subscripts M and T refer to
water-related and temperature-related variables), so that é(t) = f, fr (Bauer et al., 2008).

The model Millennial is different from the other models, as the kinetics of carbon exchange
are nonlinear functions involving not only the donor compartment, but also microbial
biomass—the actual driver of carbon transfer via extracellular enzymatic and metabolic
reactions. In Millennial, microbial functional diversity is expected to affect only the carbon
fluxes affected by microbial biomass, which are the depolymerization of particulate organic
carbon (POC) into the low molecular weight carbon (LMWC), and loss of microbial biomass
via respiration. Depolymerization of POC is regulated by the mass balance equation (Eq. (1)

in Abramoff et al., 2022),
dp(t)

dt _piFi+paFa_Fpa_Fplr (5)
where P(t) is the POC content, p; is the proportion of carbon input allocated to POC, F; is the
aboveground and belowground plant litterfall rate, p, is the proportion of carbon from
aggregate breakdown allocated to POC, F, is the rate of aggregate carbon breakdown
allocated to POC, F,, is the rate of aggregate carbon formation from POC, and F,, is the rate
of depolymerization of POC into LMWC. Depolymerization is governed by the reverse
Michaelis-Menten kinetics,
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For = fufr-ap - P): 2O (6)

Kpi+B(t)'

where a,,; is the maximum rate of POC decomposition at a baseline temperature, modified by
the Arrhenius temperature modifier fr, and K, is the half-saturation constant; f), is the
moisture modifier capturing both the diffusion limitation to microbial uptake of substrate
P(t) and the microbial response to water stress (as in the first order models), and B(t) is the
carbon content in the microbial biomass.

The other pool driven by microbial activity is the microbial biomass pool, which is regulated
by the mass balance equation (Eq. (20) in Abramoff et al., 2022),

dB(t)
= Fip — Fpm — B, (7)

where B(t) is the microbial biomass carbon content, and the rates Fy;, F,,,, and F,,, represent
carbon uptake, microbial mortality, and carbon loss by respiration. In the original Millennial
model, uptake is modelled by a reverse Michaelis-Menten kinetics,

Fiy = fu - fr- aw - B()- L) (8)

Kip+L(t)

where q;;, is the maximum uptake rate of LMWC at a baseline temperature, modified by the
Arrhenius temperature modifier f;, and Kj;, is the half-saturation constant; f, is the moisture
modifier and L(t) is the carbon content in the LMWC pool.

Respiration is modelled as a proportion of carbon uptake according to the (temperature
dependent) carbon use efficiency (CUE),

Fpr = Fip{1 = [CUEyor — CUER(T = Trep)] ), ®)

where subscript ref indicates reference conditions and CUE; is the sensitivity of CUE to
changes in temperature.

In Section 2.3 we describe how diversity effects are included by adding a third term in &(t)
for both the four linear models (Eq. (4)) and the nonlinear Millennial model (Egs. (6) and (8)).
In practice, this means multiplying the existing rate modifiers f;, and f; by the new one.
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Figure 1. Kinetics of decomposition in soil carbon cycling models. The plots illustrate qualitatively the effect of
substrate C, microbial biomass, soil moisture and temperature on decomposition rates, for linear (soil black lines in
the top panels) and inverse Michaelis-Menten kinetics (dashed green lines in the top panels).
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Figure 2. Simplified schematics of the soil carbon cycling models. Solid arrows indicate carbon transfers among
compartments; red dotted arrows indicate carbon losses as CO, (microbial respiration). Bidirectional arrows indicate
that carbon flows from one compartment to the other and vice versa, but generally these rates depend on different
kinetic constants. Thick arrows indicate rates where the new microbial diversity modifier is implemented (see
Section 2.3 for details).
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2.3 Implementation

Our goal is to capture the effect on decomposition of a change in microbial diversity caused
by disturbance events or forest management. Let us call the diversity at a given site f, and
the associated decay constant k. Let then consider a maximum diversity a site can
theoretically reach f; ;44 @and the associated decay constant kyg 4, - Let us further assume
that carbon availability does not change due to the disturbance itself (as would be the case
with intense fires), while of course carbon availability is expected to change in the following
years as the ecosystem recovers. Using Eq. (3), we can then approximate the ratio of the
decay constant for a given biodiversity f, and the maximum decay constant as,

(5 )" 10

K10,max fomax

Rearranging Eq. (10), we find the decay constant after disturbance as a function of the
maximum theoretical decay constant and the change in function diversity relative to
maximum diversity,

0.1
k1o = K10max (ff—o) ) (11)
omax
where the rate modifier is fpp = (fo/fo,,,mx)o'1 (subscript FD refers to microbial functional
diversity). Acknowledging that the exponent g, = 0.1 was a result of the analysis of model
simulations, so that its numerical values depend on the underlying modelling assumptions, it
is reasonable to expect variations when applying this rate modifiers to field conditions. The
rate modifier can thus be written in more generic form as

frp =( £ )ﬁ- (12)

fo,max

This modifier is implemented in the codes of the first order models described in Section 2.2
(ICBM, Roth-C, Century, Yasso07), by adding a term to the overall rate modifier &(t),

§(t) = fufrfrp- (13)

In the microbial explicit model Millennial, the new modifier fz, affects the rate of
depolymerization of POC into LMWC (Eq. (6)) and the rate of carbon uptake by the microbial
biomass (Eq. (8)), which are modified as,

B
Kpi+B’

For=fu fr fep ap P (14)

L
Klb‘l'L‘

Fip=fu fr fep: aw-B- (15)

By including frp in the carbon uptake rate, diversity effects also propagate to microbial
respiration (Eq. (9)), consistent with empirical evidence that both microbial growth and
respiration (or substrate mass loss) scale similarly with diversity (Figure 6 in Khurana et al.,
2023).

2.4 Testsite

www.holisoils.eu 10
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We tested the implementation of the new rate modifier by running the models with data from
the Karstula test site. The results reported are useful to demonstrate the effect of the
microbial rate modifier on model outputs for the test site conditions. Karstula is located at
62°54'43.343"N; 24°34’16.021"E and it is part of a fertilisation experiment, established by the
Finnish Forest Research Institute in 1959. The experiment consists of two control plots
(control 75 and 76), and two fertilized plots (N 75 and 76). Trenched plots have also been
established to isolate the heterotrophic contribution to respiration.

Soil organic carbon (SOC) and other soil variables were measured in 2009 (Saarsalmi et al.,
2014). Since 2009, monthly mean surface temperature and precipitation data are available
(Figure 3). Monthly mean potential evapotranspiration was estimated from surface
temperatures and daylight hours with Blaney-Criddle’s and Thornwaite’s formulas (Zhan and
Lin Shelp, 2009), and the two values were then averaged to obtain a single estimate.

Daily soil temperature and soil water content (SWC) were measured since 2016. To complete
the dataset, in this test run we assumed that, between 2009 and 2015, these variables
attained the same values measured in the following years (Figure 4). Yearly litter input
between 1980 to 2020 was estimated from tree stand biomass using allometric functions
(Liski et al., 2006; Tupek et al., 2015). Finally, every two weeks CO, fluxes were measured
starting in May 2021. CO; fluxes from the trenched experiment (i.e., heterotrophic
respiration) were compared to modelled respiration rates, which do not include root

respiration.
Daily mean surface temperature
& L - _;,\1 . "i'.“ !::;,; .i'»{Y i ilall
| AL - T L A M ._.v n -Ii LT
O o - - T hS e ™ t?'H Q‘ Wa" f.;,‘ i -\';I, i ‘.‘qi
= roy ¥ i

T T T
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EFRY! ol
B N Ty
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£ 8-

2010 2015 2020

Figure 3. Climate variables at Karstula between 2009 and 2022.
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Figure 4. Soil climate variables at Karstula between 2009 and 2022 in the different plots and treatments. Data
between 2009 and 2020 was generated by repeating the average values measured in 2027-2022.
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Figure 5. Annual litterfall rates in the different plots and treatments.
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2.5 Test simulations

We ran the models from 2009 to 2022, using Karstula data as input variables and CO, fluxes
from the experiment trenched plots in order to compare model outputs with and without the
rate modifier for microbial diversity. Our goal was not to assess model performance by
comparing outputs to data, but to show that the models—even without a specific
calibration—capture the main trends in the respiration data and that their outputs are
sensitive to the chosen level of microbial diversity. The simulations were run with default
parameter values and here we only show the results for the control 75 site (simulations for all
the treatments are added at the bottom of the document as Supplementary Material). Note
that these simulations were run for demonstration purposes, otherwise model parameters
should be calibrated beforehand to match observed CO, fluxes. All models were transformed
to run at a daily time step and the environmental rate modifiers were adapted accordingly.

The microbial diversity rate modifier was added to the models as explained in Section 2.3.
Khurana et al. (2023) defined functional diversity as the weighted variance of microbial
resource acquisition capacity (Eq. (1)), but the rate modifier f;,, depends on the ratio
between diversity at the site of interest and a maximum diversity level. This means that we
do not need to specify exact values of diversity and that our implementation is largely
independent of the exact definition of functional diversity (as long as the chosen diversity
index scales linearly with the index in Eq. (1)). Hence, we tested two scenarios: one in which
microbial diversity is maximum (i.e., fo = fo,max, SO that fo/fo.max = 1) and one in which
microbial diversity is low (20% of the maximum;i.e., fo = 0.2f nqx, SO that fo/fo max = 0.2).
In the first scenario, the diversity modifier attains a value of one and the models are in their
original form. For this test simulations, we also assumed the exponential g to be 0.1 as in
Khurana et al. (2023).

3. Results and discussion

3.1 Results of the test simulations

Figure 6 shows the simulations of the soil carbon cycling models on the control 75 site with
the two f,/ fo,max Values. We can see that the accumulation of SOC stocks is higher with

fo/ fomax = 0.2 than with £,/ fo max = 1, as an effect of decreased decomposition rate with
lower microbial diversity. CO, fluxes were slightly decreased when f;/ fo max = 0.2, @s
compared t0 f,/fomax = 1 (Table 1). The results are consistent for the other treatments and
are shown in the Supplementary Material.

The predicted changes in SOC stocks are large, especially for the ICBM model, but it is
important to recall that the models were not calibrated as here we are interested only in the
differences between predictions with different values of microbial diversity. The seasonal
patterns that some models produce are mostly caused by temperature variations, as litter
input (measured on an annual basis) was assumed to be spread evenly throughout the year.
This means that respiration seasonality in the current model version cannot be captured
well. Part of the reason the model underestimate respiration in the first year of
measurements is that after trenching there is often a pulse of CO, emissions due to
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decomposition of the trenched roots—an artefact of the experimental setup that was not
included in the model.
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Figure 6. Simulations of SOC stocks and CO: fluxes at the control 75 site, with fy/ fo max = 0.2 and fo/ fomax = 1, for
the five tested models (distinguished by different colours). Grey curves are model ensemble mean values for SOC
stocks and CO; fluxes. Measured CO; fluxes are plotted in brown with their standard deviation bars.

Table 1. Predicted differences in SOC stocks and CO- fluxes after 14 years of simulations, between the scenario with
reduced diversity (fo/fomax = 0.2) and reference simulations (fy/fomax = 1), at the control 75 site. Positive values
indicate that predictions under fy/ fo.maqx = 0.2 increased the value of the variable. Last-year average absolute and
percentage differences are shown for multi-model mean (MMM) and model-specific simulations.

Abs Agoc stock  AbSAco, frux  WAsoc stock %Aco, flux
MgC ha’ MgC ha' yr? % %

MMM 2.74 -0.11 4.90 -2.63
Roth-C 1.73 -0.13 3.09 -3.34
Century 1.95 -0.07 3.54 -1.56
ICBM 2.62 -0.15 3.95 -3.73
Yasso07 2.58 -0.13 4.53 -2.99
Millennial 4.83 -0.09 10.66 -1.86

3.2 Microbial diversity rate modifier implementation

As shown in Figure 7, by setting the exponent g in Eq. (12) to a higher value we would be able
to increase the effect of the microbial diversity modifier (f+,) on model outputs. This is
because higher values of g correspond to a more linear response to changes in diversity in

www.holisoils.eu 15




Working together for forest soils

=
ﬁ H o I isoi I s D2.2a(ii) Implementation of microbial diversity rate modifier

the range between f;, = 1 and f, = 5. In contrast, lower values of 8 decrease the sensitivity of
frp to changes in diversity (i.e., dfrp/3f,) when diversity is high, but increase the sensitivity
at very low diversity levels. Due to the shape of the fz, function, lower values of B also result
in higher decomposition rate for a given diversity level.

frp = ( fo / finax )"
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Figure 7. Values of the diversity modifier (fzp) as a function of scaled microbial diversity (fy/ fomax) for different
values of the exponent 8 in Eq. (12).

3.3 Outlook for model testing and application

Equation (12) provides a testable hypothesis on diversity effects due to a disturbance event.
If the relative change in diversity is assessed in the field (i.e., if f3/fo max is known), Eq. (12)
can be used to re-scale decomposition rates accordingly, providing predictions of relative
changes in decomposition due to the disturbance-driven changes in microbial community
composition. This model-generated hypothesis can be tested as follows:

1) Calibrate the selected carbon cycling models on data from the control site

2) Run the models with its original parameterization at the disturbed sites

3) Run the models with its original parameterization except for the decay constants,
which are modified using Eq. (12)

4) Compare the performance of the models with/without diversity effects

If the performance of the model accounting for diversity effects is higher, we can conclude
that microbial diversity effects can be captured by the proposed rate modifier. It is important
to emphasize that this conclusion would hold if the models can capture the changes in
environmental conditions caused by the disturbance through the default soil moisture and
temperature rate modifiers (Eq. (4)). If the consequences of such environmental changes
cannot be captured, we would not be able to single out the consequences of changes in
microbial diversity.
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There is an additional risk in this approach—if environmental conditions and microbial
diversity interact in complex ways, we would not be able to capture such an effect. For
example, diversity could have an effect only in specific ranges of soil moisture or
temperature. If that is the case, multiplying the rate modifier to the other modifiers
accounting for environmental conditions would not be enough to capture the diversity
effects.

If the new rate modifier for microbial diversity effects improves model performance, we can
use at other sites where disturbances (or forest management) has altered microbial
communities in a quantifiable way. We also note that model testing would need to be
performed using different measures of diversity to identify the measure that best reflects
changes in soil function.

Finally, it should be noted that the proposed modifier is ‘static’, meaning that it alters the
decomposition rates by a fixed factor at sites where a disturbance reduced microbial
community diversity to the point of lowering its functional capacity. However, the modifier
does not account for microbial community recovery after the disturbance, so that it cannot
be applied as is for long-term SOC predictions. One option could be to allow fzj, to return to
pre-disturbance levels with a prescribed relaxation time. For example, mycorrhizal fungi start
recovering after clear cutting after ~10 years (Kyaschenko et al., 2017). The other
consequence of the static nature of f5 is that it only describes the net effects on early
decomposition of processes such as competition and mutualism within the microbial
community (Khurana et al., 2023). Therefore, it does not explain why some combinations of
microbial traits in the community are more effective in decomposing organic matter than
others.

4. Conclusions

In this report, we presented the methodology to include a rate modifier accounting for
microbial diversity effects in soil carbon cycling models. The rate modifier is based on
theoretical results presented in D2.2a(i). Preliminary tests of models including the new
modifier show that lower diversity induces an increased accumulation of SOC stocks, as an
effect of decreased organic matter decomposition rate when microbial communities are less
diverse. The absolute values at this point of model development were arbitrary as the aim of
the study was to demonstrate the variation in the modelled SOC change and CO, emissions
when altering the microbial diversity level. The next steps for applying the proposed
approach across sites is to test model predictions when microbial diversity effects are
considered or neglected, and to identify the best measure of microbial diversity to capture
changes in soil functions.
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5. Supplementary materials
5.1 Supplementary figures
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Figure S1. Simulations of SOC stocks and CO: fluxes at the N 75 site, with f,/ fo max = 0.2 @and fo/ fo.max = 1, for the
five tested models (distinguished by different colours). Grey curves are model ensemble mean values for SOC stocks
and CO; fluxes. Measured CO- fluxes are plotted in brown with their standard deviation bars.
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Figure S2. Simulations of SOC stocks and CO; fluxes at the control 76 site, with fy/ fo max = 0.2 and fo/fomax = 1,
for the five tested models (distinguished by different colours). Grey curves are model ensemble mean values for SOC
stocks and CO; fluxes. Measured CO; fluxes are plotted in brown with their standard deviation bars.
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Figure S3. Simulations of SOC stocks and CO fluxes at the N 76 site, with f,/ fomax = 0.2 @and fo/ fo.max = 1, for the
five tested models (distinguished by different colours). Grey curves are model ensemble mean values for SOC stocks
and CO; fluxes. Measured CO; fluxes are plotted in brown with their standard deviation bars.
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5.2 Supplementary tables

Table S1. Predicted differences in SOC stocks and CO; fluxes after 14 years of simulations, between the scenario
with reduced diversity (fy/fomax = 0.2) and reference simulations (fy/ fomax = 1), at the remaining sites. Positive
values indicate that predictions under f,/fomax = 0.2 increased the value of the variable. Last-year average absolute
and percentage differences are shown for multi-model mean (MMM) and model-specific simulations.

Abs Asoc stock AbS Dco, frux %lsoc stock %Aco, flux Treatment
MgC ha’ MgC ha' yr? % %

MMM 2.75 -0.10 4.52 -2.02 N 75
Roth-C 1.90 -0.14 2.93 -3.32 N 75
Century 2.17 -0.08 3.42 -1.65 N 75

ICBM 1.66 -0.04 2.72 -0.76 N 75

Yasso07 2.87 -0.14 437 -3.05 N75
Millennial 5.16 -0.08 10.45 -1.59 N 75

MMM 2.36 -0.08 4.54 -2.09 Control 76
Roth-C 1.57 -0.11 2.87 -3.29 Control 76
Century 1.77 -0.07 3.32 -1.62 Control 76

ICBM 1.52 -0.03 2.78 -0.86 Control 76

Yasso07 2.37 -0.11 4.31 -3.03 Control 76
Millennial 4.59 -0.08 10.78 -1.86 Control 76

MMM 3.64 -0.12 5.70 -2.35 N 76
Roth-C 2.11 -0.15 2.99 -3.28 N 76
Century 2.37 -0.09 3.42 -1.60 N 76

ICBM 5.79 -0.19 9.49 -3.70 N 76

YassoQ7 3.14 -0.15 4.37 -3.01 N 76
Millennial 477 -0.04 10.28 -0.60 N 76
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