We thank the referee for providing a review of the manuscript and agree that the suggested
changes and clarifications improve it. We have made the changes outlined below in the revised
manuscript. Each item starts with the reviewer’s comment followed by the changes to the
manuscript. The text in blue is a re-written or new paragraph/sentence which was added to
the manuscript. The page and line numbers of where changes have been made to the updated
manuscript are included at the end of each reply.

Comments

- General comments; I can’t understand the novelty of this manuscript. 1 agree

that the novelty is the performance confirmation of JULES. Please rethink why
the authors would like to show others the original results via this manuscript.
And, for all things, if the content is related to just JULES unique performance
confirmation, it might not directly help the reader’s scientific knowledge. At
such times the authors need to improve the explanation by changing the stand-
point. Please rewrite the manuscript to serve to help the readers in getting
maximum benefit from what the authors revealed.
This study provides an evaluation of JULES at global and regional scales and provides
details on which ecosystems/regions to focus on for future improvements of the model.
Changes have been made to the manuscript as suggested and we have added extra text
to the manuscript in order to improve and clarify it.

- Please organize all the information of the model introduction. The authors
wrote them in 1. Introduction section and 2.1 Model description. Naturally
the 2.1 section should be included contents directly related to this study’s
discussion, and omit the explanation that had little to do with this study.
For example, the authors wrote the interminable explanation for the GPP
calculation method, but the reader can understand several author statements
in discussion section without such knowledge; there is no explanation about
spatial resolution as model structure ...etc.

The model description section has been re-written in order to include only the contents
directly related to this study and to explain the effect of the meteorological data on
photosynthesis and thus GPP (Pages 3-4). The following text was added:

JULES is driven by the downward shortwave and longwave radiation fluxes, rainfall and
snowfall rates, surface air temperature, wind speed, surface pressure and specific humidity.
The downward shortwave and longwave radiation fluxes play an important role in the
surface energy balance, where the downwelling radiation fluxes must equal the outgoing
fluxes of sensible heat, latent heat, ground flux, reflected shortwave radiation and upwelling
thermal energy, and the calculation of photosynthesis (Best et al. 2011} |Clark et al., 2011)).
GPP is the total C used by plants in photosynthesis at the canopy scale with potential
(without water and ozone stress) leaf-level photosynthesis calculated as the smoothed
minimum of three limiting rates: (1) Rubisco-limited rate (determined using surface air
temperature and atmospheric CO, concentrations), (2) Light-limited rate (determined
using downward radiation fluxes) and (3) Rate of transport of photosynthetic products
(Cs plants) and PEP-Carboxylase limitation (C4 plants) (determined using surface air
temperature and pressure) (Clark et al., 2011). By taking soil moisture stress into account,
leaf-level photosynthesis is calculated by multiplying the potential leaf-level photosynthesis
by a soil moisture factor (determined using mean soil moisture concentration in the root



zone and thus, precipitation).

In JULES, there are two options available for radiation interception and the scaling of
photosynthesis from leaf-level to canopy-level: (i) big leaf approach and (ii) multi-layer
approach. For all model simulations performed in this study, the multi-layer approach
was used which takes into account the vertical gradient of canopy photosynthetic capacity
(decreasing leaf nitrogen from top to bottom of canopy) and includes light inhibition of leaf
respiration (Option 4 in Table 3 of (Clark et al.| (2011])). Canopy-scale fluxes are estimated
to be the sum of the leaf-level fluxes in each canopy layer, scaled by leaf area. LAI is
calculated for each canopy level (default number is 10), with a maximum LAT prescribed
for each PFT.

Please more explain why the authors used different climate dataset. What of
the JULES GPP estimate do the authors reveal? Why did you examine just
sensitivity to each dataset? (why didn’t you choose the sensitivity to each
meteorological parameter?). Please add the comparison among three climate
datasets into results. I can’t understand the impact of climate dataset on GPP
(e.g., fig. 2,3 ...), because I don’t know the difference of the climate dataset
specific feature related to this study. Moreover, please add the explanation
of the relationship between JULES and the meteorological parameters in 2.1
Model description section. It means, the reader would like to know the model
structural interpretation in discussing what types of calculation approach to
choose.

Reasons for why we used different meteorological datasets to drive JULES were added to
the experimental design section (Page 4, lines 22-25).

A general overview is provided of how sensitive JULES GPP is to the meteorological
dataset used at global scales rather than for each meteorological variable. By analysing the
models sensitivity to each meteorological dataset, different analyses of the global climate
are compared and therefore a multi-factor analysis of combined changes in meteorological
variables can be performed.

The sensitivity to meteorological parameters was performed in Chapter 6 of the PhD thesis
of Darren Slevin(Slevin|, [2016]). A brief summary of this sensitivity study is provided in
section 4.4 (Page 15, lines 23-32).

A simple sensitivity study of the model to changes in climate (surface (2m) air tempera-
ture, precipitation and atmospheric CO, concentrations) when simulating GPP at global
and regional scales for 2000-2010 was performed in Chapter 6 of the PhD thesis of Darren
Slevin(Slevin| . Only changes to one climate variable were made at a time due
to complex interactions associated with multiple changes in climatic factors resulting in
complex non-linear ecosystem responses which can be difficult to explain. JULES GPP
was found to be sensitive to changes in all three climate variables with modelled LAI only
sensitive to changes in surface air temperature . At the regional scale, for
model simulations with varying air temperature, GPP increased with increasing tempera-
ture in the extratropics, but decreased with increasing temperature in the tropics. Model
simulations with varying precipitation at regional scales show the same trend as those
at global scales with GPP increasing with increasing precipitation and decreasing with
decreasing precipitation except for the magnitude of the effect observed.

Information on how differences in the three climate datasets (WFDEI-GPCC, WFDEI-
CRU and PRINCETON) affect GPP simulations has been included in various parts of the
manuscript (Page 11, lines 19-24; Page 15, lines 1-16). In the model description section



(2.1), a paragraph has been added which provides an explanation of the relationship
between JULES and the meteorological parameters (Page 3, lines 25-30; Page 4, lines 1-
5). This relationship between JULES and the meteorological parameters is also included
in the discussion section (Page 12, line 30-Page 13, line 10; Page 15, lines 1-8; Page 15,
line 33-Page 16, line 9).

The authors should organize first and second paragraph of “1. Introduction”.
The authors should integrate the two paragraphs into one. P1 L19-20: delete
the sentence (Changes in atmospheric CO2 ...). P2 L2 and L4: “location
of” — reservoir in? P2 L3: “Changes in the land surface” is not clear. P2
L7: “models and observations (Friedlingstein” — the existing studies (e.g.,
Friedlingstein .

The first two paragraphs of the introduction have been combined into one with changes
made to the text and repetitive text removed. The new paragraph follows (Page 1, line
18-Page 2, line 8).

The land surface is an important component of the climate system, provides the lower
boundary for the atmosphere and exchanges energy, water and carbon (C) with the atmo-
sphere (Pielke et al., [1998; [Pitman, [2003; [Seneviratne and Stockli, 2008]). It also controls
the partitioning of available energy (into latent and sensible heat) and water (into evapo-
ration and runoff) at the surface (Bonan| 2008). Changes in the land surface due to human
activities, such as those from tropical deforestation, can influence climate at various time
and spatial scales and since the land surface is the location of the terrestrial C cycle,
it’s ability to act as a C source or sink can influence atmospheric CO, concentrations
(Le Quéré et al., 2009; [Pan et al., 2011} |[Le Quéré et al.| [2013; Tian et all 2016). The
reduced ability of the land surface to absorb increased anthropogenic CO, emissions in
the future has been shown by models and inferred from observations (Friedlingstein et al.,
2006; (Canadell et all [2007 |Friedlingstein et al.l 2014} |Sitch et al., 2015). [Friedlingstein
et al.| (2006]) and |[Friedlingstein et al.| (2014) have suggested that a major source of model
uncertainty is the land C cycle and this can affect the ability of earth system models
(ESMs; also known as coupled carbon-cycle—climate models) to reliably simulate future
atmospheric CO,, concentrations and climate (Dalmonech et al., [2014).

The explanation relevant to data used is strange format (P5 L10-P7 L21). For
example, why is parameter’s unit necessary here? most explanation of “P6
L28-P7 L9” is for the Zhao’s work, not this study. After downloading the
data, what did the author do as the data pre-processing? The explanation
directly related to this study (P7 L13-21) should be written at the start of the
paragraph ... etc.

The units of the meteorological variables used to drive JULES has been tidied up in
the Data section (Section 2.3) (Page 5, lines 26-28 and lines 32-33). The information
provided regarding Zhao’s work has been shortened (Page 6, lines 14-26). Information on
how the data was pre-processed has been included at the end of the paragraph (Page 6,
lines 24-26). The paragraph regarding CARDAMOM was structured in such a way that
general information on the framework was put first followed by the model output used in
this study (Page 6, lines 27-34; Page 7, lines 1-4).

P10 L19-21: The statement does not match with fig. 3. It is significant
mistake.
The statement now reads (Page 8, lines 24-26)



This value is greater than that estimated by MODIS, FLUXNET-MTE and CARDAMOM
with annual average global GPP estimated to be 112, 130 and 114 PgC year—!, respec-
tively, for the same period (Figures 2a, b and d).

P15 L13-14: “In general, CARDAMOM was better at simulating GPP than
JULES.”. Please present factual evidence if the statement is correct. The
dataset is created with ground observations, and the empirical method is used
to expand it from point to spatial data; CARDAMOM may include some
significant error.

The statement “In general, CARDAMOM was better at simulating GPP than JULES.”
was used since global GPP simulated by CARDAMOM GPP (Figure 2) and the pattern of
zonal means of total annual model simulated GPP (Figure 5) was between that of MODIS
and FLUXNET-MTE. However, we removed this sentence from the Conclusions section
(Page 17, lines 1-7). All GPP estimates have errors, but these are not always quantified
and provided.

In the conclusions, the following paragraph was added which discusses the sources of error
in the three benchmarking datasets (Page 17, line 30—Page 18, line 4).

The three benchmarking datasets all contain sources of error. Since observations of GPP
do not exist at global scales, the MODIS and FLUXNET-MTE datasets are referred
to as observation-based estimates of GPP as they are generated using observations and
models. CARDAMOM may contain significant error from the assimilated data and model
structure (number of pools, fire resilience of ecosystems), but so do the empirically based
FLUXNET-MTE data (up-scaling of a partitioning algorithm) and MODIS GPP (a model
based on PFT specific light-use efficiency). The advantage of CARDAMOM is that it is
a process-based model and it ensures that the whole ecosystem functioning is coherent,
while the observation-based datasets are only empirically based representations of GPP.
In Figure S4 of the Supplementary Information of Bloom et al. (2016), there is a detailed
study of the sensitivity of CARDAMOM to these various factors at 4 selected pixels
representing temperate, boreal, wet and dry tropical ecosystems. Overall, there is not
much difference in retrieved parameters because of the large error/uncertainty terms used
when computing the likelihood.

Fig. 7: As everybody knows, accuracy of the satellite observations is essen-
tially not good at low latitude because of bad observed condition by cloud
cover. The authors should represent the difference of GPP in not only low
latitude but also other region. Since the evaluation data is global scale, you
can do the comparison at global scale. If you keep the way to compare your
results with others at just low latitude, please explain the reason.

The reason for only examining the difference in GPP fluxes between 15°N-30°N (Figure 5)
was to find out which region contributed most to this difference and the possible reasons
behind it. We suggest that this difference in GPP was due to incorrect simulation by
JULES in Mexico (Figure 7). Even when JULES was driven with multiple meteorological
datasets, it was unable to simulate GPP in this region (Figure 5) (Page 12, lines 14-29;
Page 15, lines 6-8).

Abstract; L6: delete “it was found that” L8: delete “fluxes” L9: delete “It was
found that L9: between — among L9-11: this sentence is not clear. L12: what
is the meaning of “no impact” — Please add the quantitative interpretation.

The words were deleted as suggested (Page 1, lines 5-7; Page 1, line 8; Page 1, lines



9-10). The sentence at lines 9-11 was re-written (Page 1, lines 9-10). A quantitative
interpretation was added to Line 12 (Page 1, lines 10-12).
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