Reviewer 1

The manuscript Peano et al. compared results from seven land surface models (LSMs) to remote
sensing estimated leaf area index (LAI) at global scale regarding the seasonal timing of LAI
trough (lowest value) and peak (highest value) and amplitude (max. — min.). The results indicate
that all studied LSMs tended to show delayed timing of LAI trough and peak, in particular for
the Northern Hemisphere while the modeled amplitude is smaller than satellite estimates. While
overall the work is pretty straightforward, I do have a few major comments.

We thank the reviewer for reading the manuscript and providing her/his comments.

1. Model description of phenology scheme (L85-125) and related discussions do not
provide enough details for readers who are not familiar with these models or with the
different phenology schemes or both to understand what might be contributing to the
current variations in model simulated LAI and its seasonal dynamics. While most models
tend to show delayed timing of LAI trough and peak, there’s one model, LPG-GUESS
did a better job capturing this (L170, L180). Why so? Similarly, when model differences,
model-data discrepancy across different biomes/regions all present, it would be
interesting to discuss the potential causes why we see all these differences. While the
discussion tried to talk about the different sources of variability (L280) and potential
observation biases (L295), it’s quite thin and not well organized to address the observed
spatiotemporal data-model discrepancy. I think expanding discussion and organize it in a
similar way as how the results are organized, and maybe also add a little more detail on
different phenology schemes in each LSM can be very helpful. It would also be nice to
see some suggestions for future model development or priority areas for data collections
for better model parameterization or better observations for model benchmarking.

We thank the reviewer for this comment. The companion paper (Peano et al., 2021) provides in
Table 1 a description of the main differences in the phenology scheme used by the seven LSMs.
The mentioned table is split into two sections: the first provides the main vegetation features of
the LSMs, and the latter focuses on describing the drivers of the start and end of the growing
season. We will add the following table in this manuscript which is similar to Table 1 in Peano et
al (2021) but includes references on the computation of LAI, which we hope addresses the
comment:



LSM Original PFT | CFT | Phenology LAI driver LAI Reference
Resolution schemes
CLM4.5 1.25¢ x| 15 1 C3 | Evergreen; Leaf Carbon | Thornton and
0.9375° Seasonal Specific Leaf | Zimmermann
Deciduous; Stress | Area (2007)
Deciduous
CLMS5.0 0.5°x0.5°| 15 | 2C3 | Evergreen; Leaf Carbon | Thornton and
Seasonal Specific Leaf | Zimmermann
Deciduous; Stress | Area (2007)
Deciduous
JULES-ES | 1.875° x| 13 1 C3, | Deciduous Trees | Balanced LAI | Cox (2001)
1.25° 1 C4 Temperature
JSBACH 1.9°x1.9° | 12 1 C3, | Evergreen; Maximum Dalmonech et
1 C4 | summergreen; LAI al. (2015)
raingreen; Temperature | Bottcher et al.
grasses; tropical | Soil Moisture | (2016)
Crops; Net Primary
extratropical Productivity
crops
LPJ-GUESS | 0.5°x 0.5° | 25 | 3 C3, | Evergreen; Specific Leaf | Reich et al
2 C4 | Seasonal Area (1992)
Deciduous; Stress | Leaf Biomass | Smith et al.
Deciduous (2014)
ORCHIDEE | 0.5°x 0.5° | 15 1 C3, | Deciduous;  dry | Temperature | Polcher (1994)
1 C4 | and semi-arid; Krinner et al
grasses and crops (2005)
ISBA- 1°x1° 16 1 C3, | Leaf biomass Leaf Biomass | Delire et al.
CTRIP 1C4 Specific Leaf | (2020)
Area Gibelin et al
Leaf Nitrogen | (2006)

Table 1: Grid spatial resolution used for each land surface model (LSM) and references for their
principal features about Phenology and Leaf Area Index (LAI) computations. PFT stands for

plant functional type, and CFT stands for crop functional type.

Following the reviewer's suggestion, we will increase the discussion on the differences between
LSMs by expanding the discussion in the result section and section 4.3. Furthermore, we will add
suggestions for model development and missing observations in the discussion sections.

2. How much of the data-model discrepancy in LAI seasonality can be contributed to model
structure and parameterization respectively? I know this is not the main focus of this
study, but I think it’s very important to know this before we conclude that we need better
phenology models (specifically refer to model structure improvement). Related, it is not
clear to me how simulated distribution of the different PFTs (evergreen vs deciduous:
they vary in phenology in addition to many other features that can influence plant growth
and mortality thus phenology) can influence the modeled LAI seasonality both spatially



and temporally. Is it possible that the delayed timing of LAI trough and LAI peak is a
mismatch between the observed and the simulated vegetation type that dominate a
particular grid cell?

The comparison between the two versions of the Community Land Model, namely CLM4.5 and
CLMS5.0, supplies a “quality assessment” of the contribution of model structure versus model
parameterization. The two LSMs apply the same phenology scheme (= model parameterization)
but differ in representing other soil and vegetation processes (= model structure). In this case, it
is possible to see differences in the simulated magnitude of the Leaf Area Index but limited
differences in timings.

The difference in PFT distribution between models and observations is another potential source
of discrepancies. This factor has a limited impact on the intra-models comparison since all the
LSMs derive their PFT distribution from the same original dataset (i.e. Land Use Harmonization
version 2, LUH2). However, differences in the amount of resolved PFTs can impact the final
result. Similarly, LUH2 should account for observed PFT distribution, mitigating this source of
discrepancy.

We will refer to these points in the revised version of the manuscript.

Specific comments

L20: add relevant citations.

We will add the reference to Running and Coughlan (1988), Bonan et al. (2012), Murray-
Tortarolo et al. (2013), Fang et al. (2019).

L40: maybe can expand to add a little more detail here.

We thank the reviewer for the suggestion. We will expand the introduction to satellite datasets
and their applications.

L140: how the different domain resolution might influence model results? Also how coarse is the
model resolution?

The original resolution used by each LSM will be added to the novel table 1 (see reply to point 1
above). The seven LSMs have an original resolution spanning from half-degree to almost two
degrees in horizontal resolution. This discrepancy in the original resolution may influence the
representation of vegetation heterogeneity and will be part of the results' discussion.

L168&: multi-model ensemble mean



We thank the reviewer for pointing at this typo.
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