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We thank both reviewers and the associate editor for their helpful comments and sug-
gestions. Please find below our responses.

Reviewer 1

This study aims to quantify the ENSO contribution to the East African rainfall
variability and examine vegetation response to future rainfall variability as in-
fluenced by projected intensified ENSO. The topic is quite interesting and the
manuscript is generally well-organized.
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- We are grateful to the reviewer for the encouraging comments and constructive sug-
gestions.

It seems that authors deemed that ENSO will be intensified under the RCP8.5,
high emissions scenario. So by contrast, the ENSO should be relatively weak-
ened under the low emissions scenarios, such as RCP 2.6. In this case, com-
paring simulated results driven by two scenarios climate outputs should also
provide useful information about vegetation response to intensified ENSO. I un-
derstand this would result in much more workload for model simulation, how-
ever, the authors are expected to explain why they only used climate outputs
under the RCP8.5 scenario.

- Our reasons to choose RCP8.5 were two folds: i) in order to capture the furthest
range as presented by RCPs, and ii) current trajectory already points beyond RCP8.5
(Sanford et al., 2014).

However, we found that the ENSO signal as identified by the EOT method to be very
weak in the Global Climate Model (GCM) outputs. Intensifying it to its observed
strength (Figure S3), already resulted in significant changes in the ecosystem re-
sponses. In a sense, it could be argued that we did not even applied an extra intensi-
fication due to RCP8.5 (as we discuss in the manuscript, L514-524). In other words,
our results show “what would it be like if the GCMs were able to capture the coupled
tropical Pacific Sea Surface temperature-East African rainfall teleconnection, assuming
this teleconnections would be at least as strong as historical observations”. Hence, if
we were to use a lesser intensification in order to represent RCP2.6 under the same
methodology, it would imply we assume ENSO would be weakened relative to present-
day (not relative to RCP8.5) under RCP2.6 conditions. We intensified the future ENSO
signal to be at least as strong as what is being observed historically because previous
paleoclimate studies (Wollf et al., 2011) suggest that a possible future warming will in-
tensify the interannual to centennial-scale changes in ENSO-related rainfall variability
in East Africa.
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Also, more quantitative results are expected in abstract, especially about pro-
jected vegetation response to ENSO. LPJ-GUESS is a dynamic vegetation model,
but authors did not show any results about changes in vegetation distribution. I
would be curious if vegetation distribution would change a lot under the RCP8.5
in this region.

- In this study, as we were mainly interested in the overall ecosystem metabolism in
terms of carbon and water cycle, we focused on the fluxes. Nevertheless, LPJ-GUESS
being a dynamic vegetation model is also important for obtaining more realistic pre-
dictions for fluxes as biogeochemical and hydrological cycles are linked to vegetation
dynamics as well as the changing climate.

In our previous simulation studies for the region with LPJ-GUESS, we mainly focused
on the changes in the vegetation distribution and composition (Fer et al., 2015; 2016).
From these studies it was apparent that significant changes in East African vegetation
distribution would be more likely under stronger changes in the East African climate
such as the wet periods during the mid-Holocene. However, changes in vegetation
distributions might still be relevant for certain locations, especially in terms of tree cover.
We could provide an assessment of the vegetation cover and composition in terms of
Leaf Area Index/PFT and include discussion in the text.

Specific comments:

1. Abstract, P2, L33, please specify what this study simulated, carbon and water
fluxes or vegetation distribution?

- We could explicitly specify that we simulated the fluxes in the corresponding line as:

Then, we simulated the ecosystem carbon and water fluxes under the historical climate
without components related to ENSO teleconnections.

2. P58-61 and P105-109, Authors kind of repeat research objectives in two
places; please reorganize them accordingly.
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- We intended the last sentence of the introduction to outline the roadmap for the paper.
We could rephrase it as suggested.

3. Results section: need a separate sub-section to present future results.

- We thank the reviewer for pointing this out, a sub-heading is necessary and will be
added to the results section.

4. Besides spatial patterns, results of temporal variations in carbon and water
fluxes as influenced by ENSO are expected in results section.

- As we conducted the study for the whole East Africa domain, and as ENSO impact
would differ from site to site, each grid cell (1550 in total) would have their own temporal
variation. That is why we decided to report the spatial patterns to summarize the overall
response. However, following the strategy we adopted in the paper, we could provide
such temporal variations in the north and south transects and discuss accordingly.

5. Please have a paragraph or sub-section to identify uncertainties involved in
this study.

- We thank the reviewer for this remark. Indeed the parameter and driver uncertainties
would be important to discuss. LPJ-GUESS has been parameterized and validated for
this region before (Fer et al. 2015), and the model sensitivity to drivers were tested to
a certain extent (Fer et al., 2016). We would be happy to include further discussion on
uncertainties.

Reviewer 2

The Major Problem The conclusion of the paper states: There is a relationship
between the East African rainfall and ENSO events in agreement with previous
studies (so nothing new), and climate models (CMIP5) are not good at captur-
ing rainfall variability due to ENSO (also not new), therefore the future vegeta-
tion would be different from what is simulated using these climate models out-
puts. Both of these conclusions are already known. Thus what is new in this
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manuscript is the projection based on CMIP5 climate models that do not cap-
ture the most important parameter – precipitation, and very probably they also
not to capture properly the temperature, which are required as inputs to the LPJ-
GUESS model. Therefore the authors provide the statement that the future would
be different from what is simulated using these climate models outputs.

- While we agree that these two findings were known to a certain extent, they were also
the main motivation of this study: there is a known relationship between East African
rainfall and ENSO events, and GCMs are not good at capturing this rainfall variability
due to ENSO. This immediately raises the question: what is the extent of this discrep-
ancy? What are we missing when we drive our vegetation models with these GCMs for
future projections? Is it a negligible difference or does it make our forecasts unreliable?
This is a crucial gap to fill in our knowledge given that these projections are often being
used in decision making. Indeed, our quantification showed importance of captur-
ing this relationship (hence, the urgency). The reason why we reiterated the “already
known” findings in the conclusion as well is that we established them independently
using the EOT method in this study and presented in a self-contained framework. We
would be happy to re-phrase the conclusion section to highlight this context better.

Why than should be the manuscript published? The manuscript can be still use-
ful if the authors would concentrate on the model projected differences between
two plausible scenarios. If we succeed in controlling CO2 emission, we may fol-
low a path close to the RCP4.5 scenario. If we fail to control the emission it would
be close to RCP8.5. I recommend considering these two scenarios, and concen-
trating on model projected differences between the two alternatives (RCP4.5 and
RCP8.5). This will require a major revision or a re-submission, but it will signif-
icantly improve the quality of the paper. Fact that some papers were published
using only RCP8.5 should not be an excuse to continue this less than the best
possible practice.

- We agree that the fact that other papers were published using only RCP8.5 cannot be
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an excuse to do so. However, our reasoning was the other way around: As we already
mentioned above, under the current trajectory the RCP8.5 seems to be the more plau-
sible scenario amongst the alternatives. Using all or more alternatives would certainly
provide further information. However, when it comes to assessment of ecosystem ser-
vices and mitigation efforts, studying the full range is strategically justified as that is the
extent to be considered while defining and consolidating climate change adaptation
programs. Therefore, we do not find it meritless to use RCP8.5 only in these studies,
including ours.

Finally, the aim of this study is to quantify the ENSO influence on East African vege-
tation and understand its future implications for ecosystem services. We believe this
was achieved with our current analyses without necessarily needing additional scenar-
ios: We were able to show that driving our models with future GCM outputs as they
are would be as if simulating the present-day vegetation with climate data without any
ENSO contribution by only bringing the future ENSO signal to its observed strength.
Hence, this discrepancy would hold regardless of the scenario.

Minor Points:

(1) Several CMIP5 climate models were used for the presented study. How were
these models selected from about 40 existing models and why? What was the
criterion for the selection? If different models would be used how would be the
results changed?

- In this study, we used the dynamically downscaled GCM outputs by the CORDEX (Co-
ordinated Regional Climate Downscaling Experiment) program. Regional climate mod-
els (RCMs) dynamically downscale GCM output to scales better suited to end users
and are useful for understanding local climate in regions that have complex topography
such as East Africa (Endris et al., 2013). Therefore we were limited to CORDEX out-
puts which consisted of 10 models at the time. The results would of course not exactly
be the same if we had used all existing CMIP5 models. That being said, we believe
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the main findings and implications of the study would remain the same as we used the
ensemble mean of CORDEX outputs in our study. We can add add this statement to
the text as well.

(2) There have been several papers published recently suggesting two kinds of
El Nino events (EP and CP El Nino) with the suggestion that the future global
warming will produce more El Nino just of one type. Is your El Nino projection in
agreement with this statement?

- This is a very good question. In our methodology, we cannot separate between two
different modes of El Nino as the coupling of tropical Pacific Sea Surface temperature-
East African rainfall variability emerges from the data. However, we note that while the
region that explains the most variability in East African rainfall is closer to the Nino-3.4
region in our historical analysis (Figure S1), it shifts towards the Nino-4 region in the
EOT analysis with GCM outputs (Figure S2) which agrees well with the statement that
the intensity of CP El Nino will be increased in the future. This would be a very good
discussion point for this study, we thank the reviewer for this remark.

(3) The models used for future projection should be supported by showing an
agreement with the past observations (necessary but not sufficient condition).
This is not a guarantee that the models will provide reliable future projections,
but if models cannot agree with the past observations their use for future projec-
tions is not justified. Since the LPJ-GUESS requires the precipitation and tem-
perature as a part of input, please show how the ensemble mean of the CMIP5
models used simulate the past precipitation and temperature of East Africa.

- We thank the reviewer for pointing this out, and we cordially agree that this is an
important point in vegetation modeling studies. However, we already extensively tested
LPJ-GUESS for historical and mid-Holocene periods in a previous study (Fer et al.,
2015). Our past simulations showed good agreement with observational data for both
periods and have been reported in a peer-reviewed journal which we refer the more
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interested reader to on L137-138.

(4) It is now 2017, why are you using only 1951-2005 as a historical period? His-
torical models simulations can be extended till present (e.g. 2016) using parts
(2005-2016) of future RCP projections.

- We were following the division as provided by CORDEX outputs, which were using
1950-2005 as historical and 2006-2100 as future period. We could have rearranged
the years but we adhered to the CORDEX setting for interpretability and reproducibility
reasons.

(5) Consider how your projections confirm or contradict recent observations of
widespread greening (e.g. Forzieri et al, Science 2017; Brandt et al, Nature Ecol-
ogy and Evolution 2017).

- While it is not possible for us to directly confirm or contradict findings of these stud-
ies (Forzieri et al., a global study investigating energy budget in terms of LE and H;
Brandt et al., a continental study including human population growth in their analyses;
neither studies linking observations to ENSO events), we believe these papers would
be important to include in our discussion. Forzieri et al. remark the importance of the
interplay between LAI and surface biophysics, which reinforces our findings as ENSO
affects the LAI temporal variability in East Africa. Besides wet-cool (El Nino), dry-warm
(La Nina) ENSO events in East Africa is a good example of their extreme conditions
case. Brandt et al. report a decreasing trend in woody vegetation over East Africa
for 1992-2011 associated with high human population growth. It is interesting to see
that, the regions that experience woody vegetation decrease and human population
increase the most are also the regions where ENSO impact is the highest. Such inter-
connections will enrich our discussion, we thank the reviewer for pointing these studies
out.

(6) I don’t see the urgency implied in the title. Please, consider a different title.
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- We could propose two alternatives or would be happy to conform to suggestions from
the editor:

Title A: Influence of El Niño-Southern Oscillation regimes on East African vegetation
and its future implications

Title B: East African vegetation response under El Niño-Southern Oscillation influence
show discrepancies
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