
ADVANCES IN ATMOSPHERIC SCIENCES, VOL. 31, JANUARY 2014, 85–94

Investigation of Uncertainties of Establishment Schemes in
Dynamic Global Vegetation Models

SONG Xiang and ZENG Xiaodong∗

International Center for Climate and Environment Sciences, Institute of Atmospheric Physics,

Chinese Academy of Sciences, Beijing 100029

(Received 4 February 2013; revised 24 April 2013; accepted 26 April 2013)

ABSTRACT

In Dynamic Global Vegetation Models (DGVMs), the establishment of woody vegetation refers to flowering, fertiliza-
tion, seed production, germination, and the growth of tree seedlings. It determines not only the population densities but
also other important ecosystem structural variables. In current DGVMs, establishments of woody plant functional types
(PFTs) are assumed to be either the same in the same grid cell,or largely stochastic. We investigated the uncertainties in
the competition of establishment among coexisting woody PFTs from three aspects: the dependence of PFT establishments
on vegetation states; background establishment; and relative establishment potentials of different PFTs. Sensitivity experi-
ments showed that the dependence of establishment rate on the fractional coverage of a PFT favored the dominant PFT by
increasing its share in establishment. While a small background establishment rate had little impact on equilibrium states of
the ecosystem, it did change the timescale required for the establishment of alien species in pre-existing forest due totheir
disadvantage in seed competition during the early stage of invasion. Meanwhile, establishment purely from background(the
scheme commonly used in current DGVMs) led to inconsistent behavior in response to the change in PFT specification (e.g.,
number of PFTs and their specification). Furthermore, the results also indicated that trade-off between individual growth and
reproduction/colonization has significant influences on the competition of establishment. Hence, further development of es-
tablishment parameterization in DGVMs is essential in reducing the uncertainties in simulations of both ecosystem structures
and successions.
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1. Introduction

Vegetation is one of the most important elements of the
Earth’s biosphere. It works as a CO2 sink, a modulator of
hydrologic flow, and has a very close relationship with cli-
mate change through water circulation and energy cycles
(Moorcroft, 2003; Friedlingstein et al., 2006; Lewis, 2006;
Meir et al., 2006; Stoy et al., 2008). In recent years, various
vegetation simulation models have been developed to study
terrestrial ecosystem processes and the relationship between
climate change and vegetation; of these, Dynamic Global
Vegetation Models (DGVMs) are important members (Foley
et al., 1998; Smith et al., 2001; Sitch et al., 2003; Levis et
al., 2004; Krinner et al., 2005; Haywood and Valdes, 2006;
Mao et al., 2007; Sato et al., 2007; Sitch et al., 2008). So far,
most DGVMs can reproduce the global distribution of natural
vegetation under the current climate conditions, and capture
the relationship between natural vegetation distributionand
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climate conditions (Kucharik et al., 2000; McCloy and Lucht,
2004). However, the most important mission of DGVMs is to
predict the transient responses of ecosystem distributionand
structure to climate change (Friend et al., 1997; Moorcroft
et al., 2001; Zeng, 2010). Unfortunately, current DGVMs
are still in their infancy and hence do not work well as pre-
dictive tools. One of the biggest problems is the uncertain-
ties in models, which may be introduced by uncertainties in
physics sub-models (including imprecise physics, data-driven
empirical models) (Knorr and Heimann, 2001; Alton et al.,
2007) and excessive simplification of parameterizations. In
this context, we discuss the parameterization of establishment
in the present paper.

In nature, the well-known process that includes seed
production, propagation, storage, and the establishment of
saplings, is a uniquely effective way to reproduce for most
trees and shrubs, and it plays a key role in community
structure and transitions (Grime, 2001). Generally, a fail-
ure to grow or an inability to reproduce/establish are the
two major limitations to vegetation distribution (Crawford,
2008). Competition–colonization trade-off is an important
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mechanism of vegetation coexistence (Fargione and Tilman,
2002), especially in resource-limiting regions, where vegeta-
tion with a greater capacity for seed production may have an
advantage in occupying open space, at least during the early
stage of colonization. The successfulness of establishment of
a species/plant functional type (PFT) is affected by various
factors, such as climate and environmental factors (light,soil
moisture, temperature, growing-degree days, aboveground
litter etc.) (Enright and Lamont, 1989; Vazquez-Yanes and
Orozco-Segovia, 1992; Vieira and Scariot, 2006; Urbieta et
al., 2008; Gonzalez-Rodriguez et al., 2011), the physiolog-
ical traits of plants (seed yields, size of seeds etc.) (Paz et
al., 1999; Rey et al., 2004; Baraloto et al., 2005), the current
state of the vegetation (e.g., biomass or percentage of cov-
erage), competition among surrounding seedlings, and toler-
ance of shading from already-established vegetation (Coomes
and Grubb, 2003).

DGVMs consider the major biogeophysical, biogeo-
chemical, and ecological processes on individual and popu-
lation levels. Much attention has been focused on individual
growth, such as formulations of photosynthesis (Adams et
al., 2004), allocation of net primary production (Foley et al.,
1996; Friend et al., 1997; Friedlingstein et al., 1999), com-
petition for light and water (Cox, 2001; Sitch et al., 2003;
Hughes et al., 2004; Krinner et al., 2005; Arora and Boer,
2006), and so on. However, processes at the population level,
especially establishment and mortality, have not been well
formulated, despite these processes having great effects on
vegetation distribution (Bugmann, 2001). In a given model,
establishment may refer to a sequence of biological processes
including flowering, fertilization, seed production, germina-
tion, and the establishment of new individuals. When the
establishment rate equals the death rate, the tree population
density will be close to steady state. Furthermore, competi-
tion for establishment from different PFTs also plays an im-
portant role in ecosystem structure and transition.

Existing DGVMs possess various establishment schemes,
in which the real establishment process is simplified based on
one or several physical or ecological mechanisms. Two steps
are usually included: (1) the species or PFTs that can estab-
lish in the given year (or reference time) are determined by
the current environmental conditions, such as precipitation,
light availability at the forest floor, temperature, and growing-
degree days; and (2) the increment of population density, i.e.,
individuals for each species or PFT to be established, is cal-
culated. Some models, such as LPJ (Lund-Potsdam-Jena Dy-
namic Global Vegetation Model) (Sitch et al., 2003, 2008),
CLM-DGVM (Community Land Model-Dynamic Global
Vegetation Model) (Levis et al., 2004), SDGVM (Sheffield
Dynamic Global Vegetation Model) (Sitch et al., 2008) sup-
pose that the population density increment of the established
PFTs is proportional to the available area, and each estab-
lished woody PFT has the same population increment. SEIB-
DGVM (Spatially Explicit Individual-based Dynamic Global
Vegetation Model) has four different establishment schemes
for woody PFTs. One of them is similar to that of LPJ,
i.e., every woody PFT that meets the establishment condi-

tions shares the available mesh box equally, while another
scenario is that only one woody PFT can monopolize the
available space. The other two scenarios are a little more
complicated. In the first of these, it is assumed that, to begin
with, every established woody PFT has the same establish-
ment rate; then, after a given year, the available mesh box al-
located among woody PFTs is proportional to their biomass.
In the second of these last two scenarios, long-distance seed
dispersal is considered based on the third approach. TRIFFID
(Top-down Representation of Interactive Foliage and Flora
Including Dynamics) (Cox, 2001) is special in that there is no
separate establishment sub-model and does not have the def-
inition of population density for PFTs. Instead, in each year,
a minimum “seed” fraction for all PFTs is added in the car-
bon balance equation to ensure their establishment for each
time step. Similar to TRIFFID, CTEM (Canadian Terres-
trial Ecosystem Model) (Arora and Boer, 2006) simulates the
change in community structure with modified Lotka–Volterra
equations. However, it assumes that, as long as the climate
permits, each PFT has the potential of establishment, which
depends on colonization rates, i.e., a PFT without a “parent”
can also be established successfully. This point is guaranteed
by the traits of the modified Lotka–Volterra equations. In
the ED model (Ecosystem Demography Model) (Moorcroft
et al., 2001), the recruitment of new seedlings is governed by
a Neumann boundary condition of a partial differential equa-
tion, and the number of seedlings is determined by the given
PFT’s net primary production, the probability of seed germi-
nation and survival, as well as the size of seeds.

Unlike DGVMs, forest gap models usually use a random
number with uniform (Bugmann, 1994) or Poisson (Pren-
tice et al., 1993; Smith et al., 2001; Wramneby et al., 2008)
distribution to calculate the number of new individuals, and
the traits of distributions are related to species characteris-
tics (e.g., the maximum sapling establishment rate and some
physiology traits) and/or the maximum sapling establishment
rate, patch size, environmental conditions (e.g., light condi-
tions at the forest floor, soil moisture etc.).

The differences in the above establishment parameteriza-
tion schemes may have impacts not only on the global distri-
bution of each PFT, but also may influence the PFT fractional
coverage and variability in each grid cell through population
dynamics. Considering that the biogeographical constraints
delineating PFT establishment can be somehow inferred from
field observations and are not very different among DGVMs,
the major uncertainties of establishment schemes exist in
three aspects: (1) the total amount of individuals to be es-
tablished from all PFTs in a grid cell; (2) the partitioning of
this total establishment to different PFTs; and (3) the pro-
portion of established seedlings that can eventually mature.
With the aim to address the uncertainty concerning the sec-
ond of these three aspects, a revised CLM-DGVM is used as
the test bed. The paper is organized as follows. Section 2 in-
troduces the revised CLM3.0-DGVM, focusing in particular
on its establishment sub-model, and then a more general form
of establishment scheme is brought forth. This is followed by
sensitivity tests and analysis in section 3, and further discus-
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sion and conclusions are presented finally in section 4.

2. Description of the revised CLM3.0-DGVM
and a more general scheme for establish-
ment

2.1. Model description

CLM3.0-DGVM refers to the Dynamic Global Vegeta-
tion Model (Levis et al., 2004) of the Community Land
Model 3.0 (Oleson et al., 2004). It considers photosynthe-
sis, respiration, phenology, allocation, competition, survival
and establishment, mortality, litter decomposition, soilres-
piration, as well as fire disturbance. Different processes are
calculated on different time scales varying from twenty min-
utes to one year. In this paper, a revised version of CLM3.0-
DGVM (Zeng et al., 2008; Zeng, 2010) is used. The revised
model involves a sub-model of temperate and boreal shrubs,
a “two-leaf” scheme for photosynthesis, and a new defini-
tion of fractional coverage of PFTs. The default and revised
CLM-DGVM have been used to simulate the global distribu-
tion of forest, shrub land, grassland, and desert (Bonan and
Levis, 2006; Zeng et al., 2008), as well as roughly reproduce
corresponding relations between vegetation distributionand
climate (Zeng, 2010).

PFT fractional coverage(F) is one of the most impor-
tant vegetation state variables in evaluating a DGVM’s per-
formance. It has remarkable impacts on surface processes,
such as regional water balance (Yang et al., 2009), soil wa-
ter, temperature and so forth. As a mean field model, CLM-
DGVM ignores the difference between individuals within the
same PFT, and calculatesF of woody PFTs as (Zeng et al.,
2008)

Fi = σiPi, (1)

where σi (m2) and Pi (individuals m−2) are the averaged
crown area and population density of theith woody PFT, re-
spectively. In the model,P is a prognostic variable, and its
change(∆P) in a given time step (i.e., 1 year) is determined
by

∆P = ∆Pest−∆Plight−∆Pmort−∆Pfire, (2)

where∆Pest is the establishment rate, and∆Plight,∆Pmort,∆Pfire

are the population decreases due to light competition, mor-
tality and fire, respectively. Meanwhile,σ is a diagnostic
variable calculated from the tissue biomasses according to
allometric relationships, and it is worth noting that the tis-
sue biomasses are averaged among the grown-up and newly-
established individuals.

Thus, establishment has two direct impacts on the dy-
namic behaviors of the system. First, at steady states, estab-
lishment counterbalances the other decreasing terms in Eq.
(2). Second, during the initial spin-up period and disturbance
period, when the size differences between saplings and es-
tablished individuals for a given tree PFT are small, the es-
tablishment can increase the individual number as well as the
PFT total biomasses rapidly, and thereby increase the frac-
tional coverage.

In the following, we focus on the establishment scheme
of CLM3.0-DGVM and introduce the new scheme.

2.2. CLM3.0-DGVM’s establishment scheme for woody
PFTs

The revised model uses the same establishment scheme as
the default CLM-DGVM, except that the newly added shrub
PFTs are treated as woody PFTs and follow the same formula
of establishment (the default model cannot simulate shrub
PFTs).

CLM3.0-DGVM has two steps in its establishment
scheme. First, a given woody PFT can establish in a grid
cell if the required climate conditions are satisfied, e.g.,
Tc,min < Tc < Tc,max,GDD5 > GDDmin,GDD23 equals to zero,
and the annual precipitation is greater than 100 mm. Here,Tc

refers to the 20-yr running mean of the minimum monthly
temperature, GDD5 and GDD23 are the 20-yr running means
of the annual growing-degree days above 5◦C and 23◦C, re-
spectively. The parametersTc,min,Tc,max,GDDmin are PFT-
dependent constants.

Second, the establishment rate of a given woody PFT,∆Pi,
is calculated once a year as [Eq. (53) of Levis et al. (2004)]

∆Pi = ∆Pmax[1− e−5(1−Fwoody)](1−Fwoody)
1

nest,woody
, (3)

where ∆Pmax is the maximum establishment rate, which
equals 0.24 individuals m−2yr−1; Fwoody is the total fractional
coverage of woody PFTs in the grid cell; the term (1−Fwoody)
is the space that is not occupied by the existing woody PFTs;
the term 1− e−5(1−Fwoody) refers to the shading effects (Sitch
et al., 2003); the term∆Pmax[1− e−5(1−Fwoody)](1− Fwoody)
denotes the total establishment rate for all woody PFTs in
the given grid cell;nest,woody refers to the number of estab-
lished woody PFTs in the grid cell in the current year; and
the term 1/nest,woody indicates that all the established woody
PFTs have the same establishment capability. Without loss of
generality, 1/nest,woody can be replaced by

gi

∑
nest,woody
k=1 gk

, (4)

wheregi denotes the weight of theith woody PFT in estab-
lishment competition, and Eq. (3) corresponds to the case of

gi ≡ 1. (5)

Therefore, a more general establishment scheme can be for-
mulated by

∆Pi = ∆Pmax[1− e−5(1−Fwoody)](1−Fwoody)
gi

∑
nest,woody
k=1 gk

. (6)

2.3. Competition of establishment among woody PFTs

Equation (5) (i.e., the scheme in CLM-DGVM) assumes
that all woody PFTs have the same establishment rate. It ne-
glects the current states of the PFTs, such as fractional cover-
age, net primary production (NPP), the number of seeds and
so forth. To solve such an unrealistic aspect in the establish-
ment of different PFTs, the following three aspects should be
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Fig. 1. Variation of the establishment rate (Pest, individuals m−2yr−1), population density (P, individuals m−2), and fractional
coverage (F , %) in the 800-yr single-point simulations. In (a)–(c),α = 0, while in (d)–(l)α = 1/3,1/2, and 1, respectively.
The center of the grid cell is (14.3◦N, 105.0◦E).
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incorporated: (1) Generally speaking, the photosynthate al-
located for reproduction is related to the amount of canopy
area for photosynthesis (Weiner, 1988; Greene and Johnson,
1994; Moles and Westoby, 2004). So, a PFT with higher frac-
tional coverage would reach suitable germination sites more
often than other PFTs, and hence has more chance of estab-
lishment in a given area. However, individuals of the same
PFT usually tend to grow in clusters; seeds produced in the
central area of a PFT distribution are less likely to be suc-
ceeded in establishment due to shading effects and resource
competition, while the seeds produced in exterior areas find
it easier to reach suitable sites. Hence, the relationship be-
tween PFT fractional coverage and establishment rate might
be nonlinear. (2) Besides the establishment from seeds pro-
duced in the current year by local existing PFTs, there may
also be settlement from seeds produced in the previous year
and/or invasion from surrounding grid cells may also lead to
establishment in the receiving grid cell, which can be treated
as background establishment. This is important in the model
because it ensures the re-establishment of temporally extin-
guished species. (3) Different PFTs may have different es-
tablishment capacity. For example, some species, especially
those with relatively lower productivity in the region might
evolve a competition strategy in that they allocate a higher
amount of their NPP to reproduction, so that they can pro-
duce relatively larger amount of seeds (i.e., higher establish-
ment rate) and hence quickly expand and outnumber the PFT
with higher productivity but a lower reproductive rate. There-
fore, a more general scheme can be formulated as

gi = gi0[ε0 +(1− ε0)F
α
i ], (7)

wheregi0 is the PFT-dependent constant of relative establish-
ment potential, i.e., the establishment capability of theith
PFT whenFi = 100%;Fi is the fractional coverage of theith
woody PFT in the current year;α < 1 is an exponential fac-
tor representing the cluster effects; andε0 ≪ 1 is a constant
denoting background establishment.

It is worth pointing out that Eq. (5) can be considered as
the extreme case of Eq. (7) withα ≡ 0 andgi0 ≡ 1. Ac-
tually, in the early stage (i.e., spin-up) whenFs of all woody
PFTs are small, the background establishment plays the dom-
inant role in the establishment rate, and the scheme in Eq. (7)
acts more or less as Eq. (5). However, whenFs of one or a
few woody PFTs gradually become larger, these PFTs also
become dominant in overall establishment, making establish-
ment for other PFTs more difficult.

3. Sensitivity tests with the revised CLM3.0-
DGVM

Because there are not enough observational data to deter-
mine the parameters (α,ε0 andgi0) in Eq. (7), sensitivity ex-
periments were performed to investigate the uncertaintiesof
the establishment scheme by evaluating the impacts of these
parameters on the structure of simulated ecosystems. The
revised CLM-DGVM was used as the test bed. First, global

offline simulations, running 800–1500 years and forced cir-
cularly with 50 years of reanalysis surface atmospheric fields
(1950–99) from Qian et al. (2006) were performed using the
default establishment scheme in CLM-DGVM [i.e., Eq. (3)].
A grid cell located in the Indo-China Peninsula [centered at
(14.3◦N, 105.0◦E)] was selected, which satisfied two condi-
tions, i.e., (a) tree PFTs were dominant, and (b) there were
at least two tree PFTs withF > 10%, allowing the establish-
ment competition between different tree PFTs to be depicted.
In this grid cell, the mean annual precipitation and tempera-
ture was about 1600 mm and 27◦C, respectively. Such humid
tropical climate conditions satisfied the growth conditions of
BET-Tr (tropical broadleaf evergreen tree), BDT-Tr (tropical
broadleaf deciduous tree) and C4 grass, with theirFs being
about 25%, 52% and 23%, respectively. There also existed

Fig. 2. Comparison betweenα = 0 andα = 0.5 in the grid cell
(14.3◦N, 105.0◦E). ∆Ftree(%) denotes the difference in the total
fractional coverage summed over tree PFTs with BDM-Sh re-
moved;∆Fdiff (%) denotes the change in the difference between
the fractional coverage of BDT-Tr and BET-Tr with BDM-Sh
removed.
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BDM-Sh (temperate broadleaf deciduous shrub) withF less
than 0.1%, and hence was omitted from the results.

Sensitivity tests with different values ofα,ε0 and gi0

were then performed on the selected grid cell. For simpli-
fication, the base values of the parameters were chosen as
α = 0.5,ε0 = 0.01, andgi0 = 1, and only one parameter
was changed in each set of experiments. For comparison,
in each set there was one experiment withα = 0 (or ε0 = 1)
andgi0 = 1, which corresponded to the default establishment
scheme in CLM-DGVM.

3.1. The advantage of the dominant woody PFT in estab-
lishment

Figure 1 shows the results of 800-yr single-point simu-
lations. Whenα = 0, all woody PFTs that met the climate
conditions in the grid cell were able to establish and had the
same establishment rate (Fig. 1a), even if some PFTs had
negative NPPs. Consequently, the differences among popu-
lation densities of existing woody PFTs were relatively small
(Fig. 1b). However, whenα = 1/3,1/2, and 1, the incre-
ment of sapling individuals was proportional to itsFα , so the
dominant woody PFT with largerFhad the advantage in es-
tablishment (Figs. 1d, g and j), and hence had the highest

population density in the grid cell (Figs. 1e, h and k), which
further enhanced the difference inF between the dominant
woody PFT and other PFTs, with the difference becoming
larger asα increased.

3.2. Impact of the woody PFTs with low Fs

Usually, there are more than two woody PFTs existing
within a grid cell. Some of them have very lowFs and
hence their impacts on ecosystem dynamics should be very
small. However, this is not the case whenα = 0. For ex-
ample, when all woody PFTs withFs < 1% were removed
from the same grid cell as used for the experiment described
in Section 3.1, and only two dominant tree PFTs (BET-Tr and
BDT-Tr) and C4 grass were allowed to establish and survive,
significant differences in ecosystem composition were found
whenα = 0 (Fig. 2), in which the total tree coverage(Ftree)
increased by about 8%, and the difference between theFs
of BET-Tr and BDT-Tr(Fdiff ) also increased slightly, by 1%.
Such unrealistic behavior is caused by the assumption that
woody PFTs in a grid cell share the same establishment rate
in Eq. (5). However, whenα = 0.5, the removal of PFTs
resulted in slight differences in bothFtree andFdiff during the
spin-up period, but such differences gradually attenuatedto

Fig. 3. Impacts of the potential establishment capability (gi0) of PFTs onF andP with α = 0.5,
wheregi0 = 1 and PCTreprod= 10% for all woody PFTs, butgi0 = 2, PCTreprod= 15% for
BET-Tr in (a) and (b), andgi0 = 4, PCTreprod= 20% for BET-Tr in (c) and (d). The center of
the grid cell is the same as in Fig. 1.
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Fig. 4. Comparison of the time scale of PFT invasions betweenα = 0 andα = 0.5 with different
ε0, where year 0 in the figure corresponds to the year when BDT-Tris introduced and BET-Tr
as well as C4 grass reach equilibrium. In (a) and (b),α = 0 and in (c) and (f)α = 0.5, with
ε0 = 0.1 and 0.01, respectively.F(%) is the fractional coverage of PFTs, andP (individuals
m−2) is the population density of PFTs.

almost 0 after 200 years of simulation.

3.3. Establishment strategy for PFTs inferior in competi-
tion

In the simulations with Eq. (7) described above, all the
tree PFTs were assumed to apply the same establishment
strategy, e.g., invest the same percentage of annual NPP in

establishment (PCTreprod, 10%). In order to depict different
establishment strategies for different PFTs, two sensitivity
simulations using Eq. (7) were performed on the same grid
cell as used for the experiment described in section 3.1, with
gi0 = 2 and 4 for BET-Tr (the second dominant tree PFT when
α = 0) respectively, whilegi0 = 1 for all other woody PFTs.
Meanwhile, PCTreprod for BET-Tr was increased to 15% and
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20%, respectively. Compared with the results shown in Figs.
1h and i, bothP andF of BET-Tr increased significantly (Fig.
3). It took much longer for BDT-Tr to exceed BET-Tr (Fig.
3a), i.e., 475 years cf. 150 years (Fig. 1i), and BET-Tr eventu-
ally became dominant (Fig. 3c), by limiting theP of BDT-Tr
to a relatively lower level (Fig. 3d).

3.4. The time scale of PFT invasions

Plenty of observational work has shown that the number
of seeds and the survival probabilities of seeds and saplings
play critical roles in species invasion (Richardson, 1998;
Clark et al., 2001; Arai and Kamitani, 2005; Iponga et al.,
2009). In order to investigate the effects from different es-
tablishment schemes on the time scale of PFT invasions, two
sensitivity simulations were performed on grid cell (14.3◦N,
105.0◦E). First, only the second dominant tree PFT (BET-Tr)
and C4 grass were allowed to establish withα = 0. Then, af-
ter the model reached the point of approaching steady state,
the first original dominant tree PFT (BDT-Tr) was added,
with α = 0 and 0.5 respectively, to simulate the effects of
invasion from alien species. The results showed thatα = 0.5
slowed the invasion rate of BDT-Tr (Figs. 4c and e vs. Fig.
4a) by slowing its growth ofP (Fig. 4d and f vs. Fig. 4b).
The time taken for BDT-Tr to become dominant was almost
370 years whenα = 0.5 andε0 = 0.1 (Fig. 4c), compared
with about 250 years whenα = 0, and the time scale was
lengthened asε0 became smaller (370 years vs. 450 years).
BET-Tr was the absolutely dominant PFT with about 80%F
at the beginning. Hence, whenα = 0.5, the seed produc-
tion, spread and establishment rate for the invader (BDT-Tr)
remained at a low level for a long period. However, when
α = 0, the invasive species had the same establishment rate
with local dominant PFTs, and hence itsP increased quickly.

4. Discussion and conclusions

The uncertainties in competition of establishment among
woody PFTs in DGVMs have been investigated. A revised
version of CLM-DGVM was used as the test platform. The
main conclusions of the study are: (1) The dominant PFT
may take the advantage in competition of establishment with
the dependence of establishment rate on vegetation states,but
coexistence of different PFTs may be possible if the clus-
ter effects factor [i.e.,α in Eq. (7)] is small. (2) While a
small background establishment rate (ε0) mainly influences
the timescale required for the establishment of alien species,
a largeε0 (as implied in the scheme commonly used in cur-
rent DGVMs) may lead to inconsistent model behaviors, e.g.,
changes in the total tree fractional coverages in response
to the removal or adding of locally rare species. (3) Fur-
thermore, trade-off between individual growth and reproduc-
tion/colonization will have a significant influence on the com-
petition of establishment.

For simplicity, background establishment rate is assumed
to be spatially homogenous and independent of species in
most DGVMs. Our results imply that background estab-

lishment rate,ε0, has a significant influence only on PFTs
with low fractional coverage, e.g., during the recovery or es-
tablishment of invading species. Hence, major uncertainties
caused byε0 may come from the marginal areas. For ex-
ample, within the ecotone (transition zone between different
ecosystems), competition among species is strong, and the
ecosystem is sensitive to climate and environmental changes.
Population densities are usually low compared with central
areas of the corresponding PFT’s distribution, and hence
seeds propagated from neighboring areas are very important
in maintaining species population and may have large vari-
abilities. Another special case is island effects. Being far
away from large continents, the background establishment
rates for locally non-existing PFTs should be nearly 0, and
hence the response of the island ecosystem to climate change
would be quite different. These situations should be consid-
ered in the parameterization of establishment.

The strategy of individual growth and reproduction trade-
off by different PFTs is known to be very important in veg-
etation competition, but is usually ignored in most DGVMs.
This is reflected by the establishment potentialsgi0 in this pa-
per. Besides, there are also differences in seed traits, such
as seed weight and size, propagation properties, shade toler-
ance, mortality rate, and so on. For example, some PFTs pro-
duces a large number of small seeds that disperse widely and
germinate faster but with higher mortality, while others have
smaller seeds, and such seeds usually have greater viability
and lower mortality when subjected to external disturbances
or environmental changes (Milberg and Lamont, 1997; Khu-
rana and Singh, 2001; Rey et al., 2004). Such details may
have impacts on both the equilibrium of ecosystem states as
well as an ecosystem’s response to changes in climate and the
environment. Therefore, how to introduce the above details
into establishment schemes, and how influential they are, re-
quire further investigation.
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