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Figure 1 Structure of the dynamic global vegetation model of Integrated Blosphere Simulator (IBIS
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Dynamic global vegetation models (DGVMs) are key components of earth system models (ESMs), which aim to understand
ecosystem processes and their interactions with the atmosphere. DGVMs are designed to simulate the structural and functional
responses of global vegetation to changes in climate and atmospheric CO, concentration with the coexistence of plant function-
al types (PFTs). PFTs are groups of plant species with similar functions based on morphological, physiological, biochemical,
reproductive, and demographic characteristics. DGVMs typically assign each PFT with fixed parameters representing the above
characteristics, consequently ignoring their variations within PFT and their responses to environmental changes. This parame-
terization scheme can simplify plant species represented in DGVMs but inevitably result in large uncertainties in model predic-
tions on ecosystem processes. Therefore, a new generation of DGVMs are urgently needed to overcome the limitations of PFTs
by replacing the PFTs parameterization scheme with continuous variation in plant functional traits.

Plant functional traits (FTs) are defined as morphological, physiological, and phenological characteristics that affect plants
via their effects on the growth, reproduction, and survival. Plant FTs that mediate the structure and function of ecosystems can
be implemented into DGVMs as variables rather than PFT-specific parameters with fixed values. The plant FT scheme not only
provides a widely applicable approach for forecasting ecosystem shifts and changes in ecosystem structure, but can also be
linked with ecosystem functions under a changing climate. This holds great potentials for predicting possible responses of ter-
restrial ecosystems to environmental changes.

This review first introduces the state-of-the-art DGVMs based on PFTs. PFTs represent most of the world’s vegetation types
and characteristics through their functional behaviors and attributes. Although PFT-based DGVMs play a pivotal role in simu-
lating atmosphere-land interactions by quantifying the processes of global carbon, nitrogen, and water cycles, uncertainties arise
from inadequate PFT parameters and incomplete PFT classification. For example, many traits vary more within PFTs than be-
tween PFTs. Moreover, the values assigned to different PFTs often do not differ much—so little is gained (and much uncer-
tainty is added) compared to a generic model where all plants behave identically.

This paper also reviews the recent progress in plant FTs for developing new generations of DGVMs, which includes: (1) de-
scripting adaption strategies of plants to the changing environment, (2) revealing the mechanisms of coexistence between plant
species, (3) highlighting the close relationship with the structures and processes of ecosystems, and (4) summarizing their ap-
plication in the parameterization of vegetation models. We also summarize the main approaches to improve current or build
new DGVMs based on FTs, such as building a transitional framework for a PFT-FT hybrid DGVM and building a completely
FT-based DGVM.

Based on those discussions, several future research directions are recommended for developing a new-generation DGVMs,
such as improving the prediction power of traits within the PFTs, building the mechanism expressions between plant adapta-
tions and environments, and standardizing of the data sharing for FTs. We argue that constructing next generation of DGVMs is
not simply a matter of incorporating trait-climate relationships, but more importantly to combine optimality concepts and clas-
sical vegetation dynamic theories making vegetation modelling more reliable and robust. Botanists, geographers, vegetation
modelers, and other relevant scientists should cooperate and share the trait data to elucidate the huge potential of plant FTs in
constructing the next generation of more reliable, robust and realistic DGVMs. We hope this review will promote the develop-
ments and applications of new generation DGVM:s in China.

dynamic global vegetation models (DGVMs), plant functional types (PFTs), plant functional traits (FTs),
strategies for model improvement
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