Dear Prof. Dr. Claussen, dear reviewers,

Thank you very much for your assessment and the constructive comments to improve our
manuscript. Our response is detailed below, as well as being reflected in the revised manuscript.
We hope that we have addressed all concerns and questions that were raised.

With best regards,

Minchao Wu (on behalf of all authors)

Comments from reviewer #1:

This paper presents analysis of simulations with a regional climate model constrained
by an earth system model (ESM) and coupled with a dynamic vegetation model (DVM).
In the 21st c. simulation forced with the RCP8.5 scenario, including vegetation feedback
led to drying in central Africa.

(1) A clarification on the model setup is needed. The authors mention (lines 478-481) that
“SSTs were prescribed from CanESM2, therefore the land-ocean thermal contrast ...

originated solely from the changes ... induced by vegetation dynamics”. As far as | can

see, this is the last mention of the prescribed SSTs in the paper, but exactly what are

these prescribed SSTs? Climatology? For what period? Given the known sensitive of

the West and central African climate to SSTs, this needs to be explained carefully and

the SSTs prescribed need to be evaluated. A coupled model such as the CanESM2

is not necessarily producing correct SSTs for the observational period. Of particular concern for

the region of the analysis is the seasonal formation of the Atlantic cold tongue which, | believe,
generally fails to form in coupled GCMs.

Response: The SSTs (section 2.2) are from the CanESM2 simulations and they are applied in the
same manner as other boundary conditions, i.e., from the time-evolving GCM simulation. They
are not a climatology (abbreviation “SST” will be added in line 167). Both the FB and the NFB
simulation use the same set of SST forcing.

The evaluation of CanESM?2 SSTs in the oceans around Africa has been done in previous studies.
Rowell (2013) indicated an acceptable agreement of CanESM2 SSTs with observations for their
African teleconnection study; Xu et al. (2014) suggested relatively small SSTs biases from
CanESM2 among CMIP5 models over the southeastern tropical Atlantic; LaRow et al. (2014)
showed that SSTs of CanESM2 over the tropical oceans agree well with the reconstructed SSTs
(derived from surface marine observational records).

We will summarize the findings from these studies in the section 3.1 of the manuscript and will
add references to these as “The SST forcing is also important for the African climate, and the
CanESM2 SSTs have been validated and shown to be accurate in previous studies (e.g. Rowell,
2013;Xu et al., 2014;LaRow et al., 2014)”



(2)The biases in the regional model are significant (Fig. 1). The dry bias in the Congo Basin in the
regional model (Fig. 1. b2), while common in models, seems extreme but it is similar to the dry
bias in the ESM (Fig. 1.b3). It is important to consider how these biases influence the results,
especially since one of the big results is additional drying in central Africa.

Response: The figure title “Model (CanESM2)” in the original version of Figure 1, referred to by
the reviewer, refers to the NFB simulation with the RCM forced by CanESM2 boundary
conditions, and not to the global CanESM2 model. We will clarified this by changing the title and
figure text in Fig. 1.

The dry bias is similar to other RCMs (Kim et al., 2014;Nikulin et al., 2012), and very likely can be
traced back to the convective scheme, rather than the circulation simulated by the physical sub-
model. Following the reviewer’s suggestion, we have also evaluated the low-level circulation
and humidity in the CanESM-forced RCM simulation (the new figure Fig. A1), and we found that
the dry bias over central Africa and wet bias over Sahelian savannah are not primarily related to
the bias in circulation. In contrast, the model has done a relatively good job in reproducing the
overall circulation patterns, including the southern and northern trade wind over the Atlantic
ocean (the new figure Fig. A1) and the Walker circulation (Fig. 6), which is important for this
study.

We will give further explanations of this issue in section 3.1 & 4.3, and will add reference to the
studies mentioned above.

(3)The wet bias in the Sahel in the regional model is unusual — many models fail to bring
rainfall into the Sahel, as is the case for the ESM that is providing boundary conditions
for the regional simulation (Fig. 1.b3). Is it relevant to the results that the regional
model over-produces rainfall primarily in the spring?

Response: Yes, as shown by Fig.1b3, this could relate to the early onset of the rainy season. The
issue is not unique to RCA and is common among RCMs (Kim et al., 2014). This can relate to the
bias of the simulated West Africa Monsoon (WAM) dynamics, one possible explanation can be
the biased interaction between deep convection and the Africa Easterly Waves (AEW). The
propagation of AEW, which brings moisture to the Sahel regions, is dependent on the strength
of deep convection: a strong deep convection can usually spread moisture at higher vertical
atmospheric level, and cause rainfall over a wider latitudinal band along the ITCZ, whereas a
weaker deep convection can result in a narrower but more concentrated precipitation band
(Sylla et al., 2011). RCMs’ sensitivity to the intensity of WAM can explain their different
precipitation pattern over Sahel (Gbobaniyi et al., 2014). For the precipitation over central Africa,
however, precipitation is primarily driven by orographic uplifting and low-level convergence,
and it is maintained by low-level mass convergence over the ITCZ (Sylla et al., 2011) and the



Walker circulation (Nicholson and Grist, 2003;Cook and Vizy, 2015). Therefore, the influences
from such bias on the dynamics in our study should be limited.

We will give further explanations of this issue to section 3.1 as: “The simulated daily
precipitation for central Africa tends to be underestimated during the late afternoon and night
(Nikulin et al., 2012), resulting in dry bias. The wet bias over the northern savannah is mainly
caused by a too early onset of the rainy season (b1, Fig. 2) which is possibly caused by the
interactions between the simulated deep convection and the Africa Easterly Waves (Sylla et al.,
2011)".

(4) I am puzzled by the large differences between the GPCP and CRU precipitation observations
shown in the Sahel (“northern savanna”) Fig. 2.b1. | think this is more related to the choice of
averaging region than to a disparity in the observations, given the difference in the resolution of
these 2 data sets. Please check this.

Response: We have investigated the possible errors of the interpolation from a coarser to a
finer resolution. In our study we followed the approach in Nikulin et al. (2012) with bilinear
interpolation for the GPCP (1 degree) and CRU datasets (0.5 degree) to regrid respective data to
0.44 degree. We have performed some technical checks on our analysis, including a check for
mass conservation, and found mass differences due to the regridding negligible, difference is
less than 0.01%.

The disparities between the observation-based precipitation datasets are not unique. The CRU
dataset is particularly challenged by the small amount of observing stations in Africa, and there
of course are other well-recognised issues with other datasets, including satellite-based, which
cause differences. Examples of studies that have commented on this are Nikulin et al. (2012)
and Kim et al. (2014). They find considerable disparities among observation-based precipitation
products, including TRMM and UDEL, also found for the Sahel region.

We will give further information to section 3.1.

(5)References to the Charney (1975) and related studies are problematic since the idea
that vegetation changes (i.e., “over-grazing”) caused the precipitation decline in West
Africa during the 1960’s and 70’s has been thoroughly refuted in the mode modern
literature. It's SSTs forcing, of course.

Response: We agree that the role of SSTs is central, but also want to acknowledge Charney’s
paper which was seminal in hypothesising the potential impacts of vegetation changes on the
monsoon circulation, which has formed the basis for many other vegetation change-related
studies, not least those related to long-term vegetation changes in this region. Our study
investigates how vegetation changes can lead to feedback in the region.



This will be rephrased to “Hypothesised mechanisms of vegetation-atmosphere coupling include
modulations of the surface albedo (Charney, 1975), changes in the North-African monsoon
system (Claussen, 1997) and internal climate variability (Zeng et al., 1999).” in the revised
manuscript.

(6)The authors note (lines 240-242) that “The simulated patterns and magnitude of precipitation
for this area are similar to a previous study using an earlier version of RCA,

RCA3.5, without dynamic vegetation”. So doesn’t that mean that dynamic vegetation

is not influential, in contrast to the findings of this paper?

Response: The comparison to RCA3.5 in previous study refers to the simulated present-day
climate. For the present-day period, influences from vegetation dynamics are limited as the
present-day land cover types in terms of forest cover and open land are able to reproduce (Fig.
43) though given the bias in LAl, and large-scale vegetation changes rarely happen over the
short period of comparison. However, for the century-long transition period under climate
change considered in this paper, changes in climate and CO, forcing are strong enough, and lag
effects of vegetation response short enough, to induce large-scale and long-term vegetation
change and its feedback effect on climate is found to be much stronger than that seen during
the present-day period.

This will be further explained in section 4.3 as “Despite biases in the initial precipitation and
vegetation state (LAI) for some regions, our model was able to reproduce the present-day land
cover type in terms of forest cover and open land (Fig. 4a), and the simulated present-date
climate is close to previous study (Nikulin et al., 2012) using the same physical sub-model with
observed land cover type. Under future climate change, vegetation-induced changes in
circulation, thus a substantial change in moisture transport and precipitation, are mainly
triggered by changes in land cover type (Fig. 4A), therefore, we argue that the influences from
biases in initial conditions on such mechanism found in this study should be limited.”

(7)I would appreciate seeing an evaluation (e.g., a comparison with the ERAI reanalysis) of the
circulation and specific humidity at 850 hPa wind and specific humidity from the present day,
NFB simulation since the authors are pointing to changes in the circulation/moisture advection
as relevant. This seems more crucial than evaluating LAI, for example.

Response: Thank you for this suggestion. A new figure will be added (as Fig. A1) in the Appendix
and new text will be added in the section 3.1.

(8)There’s not a lot of literature on the dynamics of the Walker circulation in this region
and its sensitivity to SSTs (and/or land/sea contrast), but these recent papers will help:
Pokam WM, Djiotang LAT, Mkankam FK, 2012: Atmospheric water vapor transport and



recycling in equatorial central Africa through NCEP/NCAR reanalysis data. Climate

Dyn. 38, 1715-1729.

Pokam MW, Bain CL, Chadwick RS, Graham R, Sonwa DJ, Kamga FM, 2014: Identification
of processes driving low-level westerlies in West Equatorial Africa. J. Climate
27,4245-4262.

Cook, K. H., and E. K. Vizy, 2015: The Congo Basin Walker Circulation: Dynamics and
Connections to Precipitation, Climate Dynamics, DOI 10,1007/s00382-015-2864-y.

Response: Thank you for pointing us to these studies, new references will be added to the
section 3.3 and 3.4.

(9)A couple of minor points:
Please note that “Savannah” is the city in Georgia, U.S., while “savanna” is the grassland.
Response: The Oxford English Dictionary gives “savannah” as the preferred spelling.

(10)Figure A1l caption needs to be improved to provide more detail about what is plotted.
Response: Agreed. The revised caption will appears as “Fig. A2. Simulated seasonal surface
temperature for present day (a-d), for changes in future in the NFB experiment (e-h, future
minus present day), and for changes from vegetation feedback in future (i-I, FB minus NFB for
future). Definitions for calculation period, climate change signal and vegetation feedbacks are
given in Sect. 2.2.”



Comments from reviewer #2:

This paper presents a future prediction study on climate-vegetation interactions in Africa. While
the concept is not new, it does add to an emerging body of literature on interactive vegetation-
climate predictions and will be of interest to many readers of ESD. The paper potentially merits

publication, but quite a few major issues need to be addressed:

(1) Introduction: The flow of thought is very hard to follow. Part of the reason has to do with a

rather liberal use of terminology. Probably a more strict use of the words “change” “variability”
“pattern” “feedback” will help. The way it is now, many sentences are either vague or not

accurate, which does not serve the readers well. Needs a better organization.

Response: We will revise the introduction and will attempt to use a more strict terminology
throughout the article.

(2) Introduction: An important body of literature (e.g., Claussen 1997 climate dynamics,
Claussen 1998 global change biology; Zeng et al., 1999 science; Alo & Wang, 2010 climate
dyamics; Yu et al., 2015 climate dynamics ) on vegetation-climate interactions is missing,
although some of them are later mentioned in the Discussion section. The introduction part of a
paper should be the place where the status of science is conveyed and gaps identified.
Otherwise it will be misleading for readers who are new to the topic.

Response: We will add a new paragraph to the introduction where we will cite most of these
highly relevant papers and highlight the specific gaps that our paper is attempting to address.

(3) Partly related to (2), the statement in lines 111-112 is misleading. The first several sentences
in section 4.1 should be moved here to provide readers an accurate description of the status of
science, and the authors need to further elaborate to explain why this study adds values to
existing literature.

Response: This will be addressed, see response to previous comment. The revised statement will
be : “Recent studies have used a regional climate model to investigate the impact of climate-
vegetation interaction for West Africa, identifying significant vegetation feedback in modulating
local hydrological cycling (e.g. Wang and Alo, 2012;Yu et al., 2015;Alo and Wang, 2010).
Additionally, a number of GCM-based studies have investigated the climate effects of
anthropogenic perturbations, such as deforestation or afforestation (e.g. Lawrence and
Vandecar, 2015). Such studies point to potentially significant forcing of regional climate
dynamics, particularly rainfall patterns, as a result of changes in land cover. No study to date has,
however, characterised the coupled dynamics of vegetation and climate under future radiative
forcing for the entire African domain at a grid resolution high enough to capture regional
features and forcings.”



(4) Fig.1: The color scale is very difficult to read if one were to try to figure out the
actual magnitude of the model biases. Should use more distinguishable color scales/
use stronger contrast between the colors.

Response: This will be addressed, thanks for the suggestion.

(5) Fig.1 and 2 showed severe bias of the model in capturing the spatial pattern of precipitation
distribution and vegetation distribution. Essentially, LAl has negligible difference between the
Sahelian savannan and the central Africa forest. The discussion and statement about model
performance in Section 3.1 significantly downplayed the severity of this model biases.

Response: We agree that these biases are significant. We will add a substantial discussion of the
bias in precipitation pattern and LAl in Section 3.1, such as acknowledgement for the LAl bias “A
systematic overestimation is apparent for savannahs, and a significant underestimation for the
central Africa rainforest area” and more explanation for the precipitation bias“The simulated
daily precipitation for central Africa tends to be underestimated during the late afternoon and
night (Nikulin et al., 2012), resulting in dry bias. The wet bias over the northern savannah is
mainly caused by a too early onset of the rainy season (b1, Fig. 2) which is possibly caused by
the interactions between the simulated deep convection and the Africa Easterly Waves (Sylla et
al., 2011)”

Additionally, in response to Comment (7) from Reviewer #1 which is also relevant to this
comments, we will add a new figure (Fig A1) and related discussion evaluating low-level
circulation and humidity. We found that the dry bias over central Africa and wet bias over
Sahelian savannah are not primarily related to the biases in the circulation, but are more likely
to be related to problems with the convection scheme in the regional model (Nikulin et al. 2012).
In contrast, the model has done a relatively good job in reproducing overall circulation patterns,
including the southern and northern trade wind over Atlantic oceans (Fig. A1), Walker

circulation (Fig. 6), which are important for this study. This will be included in section 3.1 also.

(6) The model biases in precipitation and more importantly in vegetation could significantly
influence the location and magnitude of the difference between FB and NFB, and need to be
discussed explicitly.

Response: For the vegetation dynamics, the bias in simulated present-day vegetation is largely
related to a bias in precipitation. We agree that this potentially influences the simulated
difference between FB and NFB, as the latter uses the resultant, biased vegetation as forcing.
This may lead to an offset in the locations of the strongest impact of vegetation feedbacks in the
model, but we assume that this bias does not critically affect qualitative aspects of the



feedbacks that we find. One reason for such confidence is that the bias is small in magnitude
compared to the size of the simulated future changes in LAl and precipitation. We will add more
discussion in section 4.2.

The influence of the bias on model’s dynamics is explained in point (8) further below.

(7) Lines 315-320: The albedo difference is negligible? One would think that albedo
changes can be significant in areas with increase of vegetation cover.

Response: We agree that albedo changes play a role for surface temperature changes, this was
ill-phrased in the original manuscript. We have identified warming effects from albedo change,
which gives an overall warming effect in northern hemisphere winter on the edge of the area of
forest expansion in the northern savannah region (Fig. A2). An increase in vegetation (forest)
cover gives both an albedo (warming) effect and an evaporative (cooling) effect, with the
combined effect depending on their seasonal balance. In general, modelling studies tend to
show that evaporative cooling effects are more dominant in the tropics while albedo warming
effects are more dominant over high-latitude regions (e.g. Bala et al., 2007;Claussen et al., 2001).

The missing explanation for the albedo effect will be added to section 3.3 as “Overall, the
turbulent heat fluxes increase, which tends to cool the surface and the lower atmosphere,
exceeding the opposing (warming) effects of increased vegetation cover on albedo, thus
resulting in an overall cooling effect.”.

(8) Lines 448-453: This is not true. The state of the vegetation is very important

in determining the interannual variability of vegetation and the vegetation feedback
effects. This is why the issue of severe model bias needs to be acknowledged and its
implication explicitly discussed, as suggested in comment 6).

Response: We agree with the reviewer on this point, we did not express our point well in the
original manuscript. We intended to point out that bias in LAl within a given land cover type
(forest, savannah or grassland) is likely to have a smaller impact on the simulated climate than
an inaccurate distribution of land cover types. Although our simulations have evident bias in LAI
and precipitation, overall patterns of vegetation distribution across Africa are comparable to
observations.

This will be further explained in section 4.2 as “Despite biases in the initial precipitation and
vegetation state (LAI) for some regions, our model was able to reproduce the present-day land
cover type (Fig. 4a). Vegetation-induced changes in circulation, thus a substantial change in
moisture transport and precipitation, are mainly triggered by changes in land cover type (Fig.
4A), therefore, we argue that the influences from biases in initial conditions on such mechanism
found in this study should be limited.”



Minor comments: Lines 92-94: “... are important to ... ” is rather awkward. You mean
“... are important determining factors for ...” ? Fig. A4: “temperature gradient” should
be changed to “temperature contrast” as y-label.

Response: Will change as suggested, thank you for the suggestions.
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Fig. Al. Seasonal atmospheric circulation (arrows, m s'l) and specific humidity (colour contours, g kg'l) at
850 hPa pressure level from ERA-Interim (1° row), NFB run (2nd row), as well as their differences (3rd row,
NFB minus ERA-Interim), for the period 1997-2010.
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