
Dear Dr. Henrot,

Thanks for the constructive comments. The manuscript has been clarified and improved by taking

your comments into account.

Notes: unless otherwise specified, line numbers refer to the non-updated manuscript version. The

authors' comments are in blue, and the changes in the manuscript are in green.

General comments:

1. Due to the scarcity of palaeovegetation records and the difficulties linked to the identification of

plant  taxa  and  correspondence  to  larger  vegetation  classes  (Plant  Functional  Types  (PFTs)  or

biomes), the reconstruction of a global vegetation distribution for the Miocene is certainly not easy

and  subject  to  many  assumptions.  Simple  and  static  vegetation  maps,  mainly  based  on  the

reconstruction by Wolfe (1985) have been prescribed in previous modeling studies (Herold et al.,

2010; Hamon et al., 2012; Goldner et al., 2014). In that way, deriving a global vegetation map from

the reconstruction of Pound et al. (2012), based on the latest palaeovegetation data available, can

improve the quality of the vegetation cover to be prescribed. However, the numerous simplifications

in  the  biome  classification  applied  here  mask  the  improvements  that  could  be  added  to  the

vegetation reconstruction. The authors end up with a very coarse vegetation distribution, with no

differences, except tundra in Antarctica, between the two studied periods, and lack the potential

feedback on climate of vegetation change. Wouldn’t it be possible to directly interpolate the point-

based vegetation reconstruction proposed by Pound et al. (2012) for the Langhian (representative of

the MMCO) and for the Serravallian (representative of the MMG) to a 2° map, without so many

simplifications, and to keep a maximum of the different biomes listed by Pound et al. (2012)?

Pound et al. (2012) dataset definitely constitutes an improvement in terms of the characterization of

the Middle Miocene vegetation patterns. Nevertheless interpolation is problematic since some vast

areas (e.g. Africa) present still  low data coverage. Extrapolation is thus required. The difficulty

arises in how to appropriately extrapolate the palaeobotanical information from isolated data points

into the area surrounding them, i.e, in how to decide what exact area around those data points can

be  represented  by  that  same  vegetation  pattern.  Plus  extrapolation  of  biomes  is  conceptually

complicated: what is for example the appropriate biome that should be assigned to a grid point close

to  a  "deciduous  shrub  land"  and  a  "tropical  broadleaf  evergreen  forest"?  Wolfe  and  Morley

performed that extrapolation in their studies, but Pound et al. (2012) did not. That is the reason why



we often opted for using Wolfe and Morley's data in regions where Pound et al.'s dataset presented

low coverage. 

Corrections could be applied in function of more detailed regional information from Wolfe (1985)

and Morley (2011). Then, a translation from BIOME4 to LSM biome classification could be done.

However,  the  number  of  biome  classes  should  not  be  too  restricted  in  order  to  not  loose  the

distinction between warm/cool and drier biomes, helping to better represent the transition to drier

and cooler landscape in the Serravallian (MMG here). If this first option is not possible, I would

suggest to extend the number of LSM biomes used here to better represent the vegetation changes

between MMCO and MMG. 

Please, see below our reply to the reviewer's comments to lines 263-273. 

Deriving the vegetation cover from an off-line vegetation model simulation could also be an option

to get a global and gridded vegetation map consistent with the model set-up. Previous modeling

studies have already done so (Krapp and Junglaus, 2011; Henrot et al., 2017).

The reviewer's  suggestion of using the output  from an offline vegetation model  as a  boundary

condition is very interesting (e.g., the ones described in Henrot et al., 2017), although here our aim

was to provide boundary conditions based on palaeobotanical data. The vegetation output from an

offline vegetation model is based on a climatic forcing. In our study the approach was the opposite:

using vegetation data to be able to produce a climatic output. An alternative for GCMs including a

dynamic vegetation component would be to use our Middle Miocene vegetation dataset to initialize

the vegetation model. Nevertheless, we consider that, although coarse, our dataset provides a fair

characterization of Middle Miocene global vegetation patterns. 

A note has been added at line 355 (new numeration).

2.  The last  section of the paper,  presenting CCSM3 simulations,  is  too short  in  comparison to

previous  sections  describing  the  boundary  conditions  and  lacks  a  discussion  of  the  simulation

results. Evaluating the reliability of the climate simulations would help to prove the suitability of

the boundary conditions for Miocene climate modeling. What are the global surface air temperature

and precipitation differences between the MMCO, MMG and PI runs? What are the impacts of the

boundary conditions changes on the simulated climates? Sensitivity experiments testing separately



the  impact  of  boundary condition  changes  are  not  presented  here,  but  would  it  be  possible  to

distinguish or at least discuss the possible impacts of the different boundary condition changes on

the simulated climate. The discussion would also benefit from a comparison with previous modeling

studies, at least for the MMCO (and even with the same model, see Herold et al. (2010)), and/or

with available proxy-data (e.g., for SSTs). 

Please, see below our reply to the reviewer's comments to Section 7. However, a detailed model-

model or even model-data comparison is beyond the scope of this paper and will be the subject of

future studies.

Specific comments:

Introduction:  the  Introduction  would  benefit  from some description  of  the  climate  state  of  the

Middle Miocene, to highlight the differences between MMCO and MMG climate and between the

boundary condition sets that will be presented later in the paper. 

We have added a short description of the Middle Miocene climate and we have linked it to the

Middle Miocene Climate Transition.

Lines 17-18 (now lines 17-21) have been rewritten:

'The Middle Miocene (ca. 16–11.6 Ma) was marked by important changes in global climate. The

first stage of this time period, the Middle Miocene Climatic Optimum (MMCO), was characterized

by warm conditions, comparable to those of the late Oligocene. Although global climate remained

warmer than present-day during the whole Miocene (Pound et  al.,  2012),  an important  climate

transition  associated  with  major  Antarctic  ice-sheet  expansion  and  global  cooling  took  place

between ~15 and 13 Ma, the so called Middle Miocene Climate Transition (MMCT).'

  

Lines 36-37: this effect should be taken into account in the vegetation cover reconstruction provided

in Section 6. 

Please, see below our reply to the reviewer's comments to Line 263-273.

Lines 43-45: please give the resolution of the boundary conditions and the format they are available

in. 



A reference to Section 9 (Data availability) has been added, also at the beginning of Section 5

(Global topography and bathymetry) (line 222, new numeration) and Section 6 (Global vegetation)

(line 293, new numeration). Additionally, in Section 9, the format of the data has been explicited

(line 617, new numeration). The resolution of the boundary condition datasets can also be found in

Section 9.

Lines 52-53: the vegetation reconstruction proposed here is not exactly an update of Wolfe (1985).

The sentence should be rephrased. 

Done. 

It has been rephrased as:

'Here, also Middle Miocene data (Pound et al., 2012; Morley, 2011) have been used'.

Section 2: a discussion explaining the use of a previous Antarctic topography corresponding to the

Oligocene instead of  previous  published Middle  Miocene topographies  is  needed in  Section 2.

Some precision could be given concerning the Oligocene configuration and how it is suitable for the

Middle Miocene. 

The reason why Oerlemans and Langebroek's Middle Miocene configurations were discarded is that

they  use  rather  simple  model  configurations.  We  wanted  to  provide  a  characterization  of  the

Antarctic ice-sheet in two dimensions, i.e. varying with both latitude and longitude, and this is not

available from Oerlemans or Langebroek's studies. 

The scope of the current study was to provide Antarctic topography data consistent with published

Antarctic ice volume estimates for the MMCO and MMG, and this was successfully accomplished.

The configuration of Gasson et al. (2016) could be considered in future sensitivity studies, because

uncertainties  in  the  ice-volume  estimates  are  high,  but  we  consider  the  data  from  Pollard's

simulations used here definitely suitable for the Middle Miocene since there is little to link those

data  to  a  specific  time  period  (except  for  the  Laskar  orbits)  (see  below).  Additionally,  the

distribution of ice in our study is  comparable to that in Gasson et  al.  (2016): for the MMG, a

continental-scale ice-sheet exists in East Antarctica with ice thicknesses of ~3000-4000 m, although

in West Antarctica there is less ice in Pollard's data; for the MMCO, the ice-sheets occupy similar

positions, although they are less extensive in Pollard's data.

Regarding David Pollard's simulations, the physical model used is close to that described in Pollard

and  DeConto  (2012),  but  with  no  marine  ice  physics,  so  that  any floating  ice  is  immediately

removed. The bedrock-elevation boundary conditions are from the modern ALBMAPv1 dataset (Le



Brocq et al., 2010).

Climate forcing is obtained from a matrix of previous Global Climate Model (GCM) climates for

various orbits, CO2 levels and ice sizes. The GCM used is GENESIS version 3 (as in Alder et al.,

2011,  except  with  a  slab  mixed  layer  ocean).  Three  Earth  orbits  are  used,  with  eccentricity,

precession and obliquity set corresponding to warm, intermediate and cold austral summers. Three

CO2 levels are used, spanning the range in the long term run. Three Antarctic ice sizes (continental,

~half  and  no ice  cover)  are  specified.  10-year  mean  equilibrated  GCM climate  solutions  (i.e.,

monthly mean surface air temperatures and precipitation) are saved for all combinations of orbit,

CO2 and ice size, yielding a matrix of 27 climates.    

In the long-term ice-sheet run, the appropriate climate at any point in the run is obtained by linearly

weighting the surrounding saved climates in the matrix, with the weights proportional to the current

austral  summer insolation,  ice size  and logarithm of  CO2 level.  This  matrix-forcing method is

discussed further in Pollard (2010). The annual surface mass balance at each point on the ice sheet

is calculated from the monthly surface air temperatures and precipitation, using a simple box (zero-

dimensional) seasonal surface-mass model that includes snow storage and refreezing of meltwater,

and  surface  melting  based  on  Positive  Degree  Days  (Pollard  and DeConto,  2012).  The  run  is

initialized with (essentially) no ice. Insolation is based on Laskar et al. (2004). The run is 12 Myr

long,  nominally from "37 Ma to 25 Ma",  although there  is  little  to  actually link  it  to  specific

paleodates except the Laskar orbits. From 37 to 33 Ma, CO2 decreases linearly from 6xPAL to

2xPAL. From 33 to 25 Ma, CO2 increases linearly from 2xPAL to 10xPAL (where PAL= 280

ppmv). The configuration used to represent MMCO conditions corresponds to 34.8 Ma (CO2 =

3.8xPAL).  The  one  representing  MMG  conditions,  to  33  Ma  (CO2  =  2xPAL).

Lines 82-99 (old numeration; now lines 92-122) have been rewritten.

Section 4: the presentation of the atmospheric pCO2 estimates is  rather confused. A distinction

between marine and terrestrial proxy-based reconstructions of atmospheric pCO2 has to be done

and  discussed.  Giving  only  the  pCO2  estimates  before  and  after  the  MMCT  transition

(corresponding to the two periods studied, MMCO and MMG) rather than the decrease throughout

the transition (lines 155-161) would help to clarify the text. I also suggest adding a graph showing

the pCO2 estimates in function of time in Ma. This will help to visualize the uncertainties on pCO2

estimates and the suitability of the two concentrations proposed here for MMCO and MMG. 

Line 143 (old numeration; now lines 182-187) has been rewritten to indicate which studies provide

marine  and which  terrestrial  proxy-based reconstructions,  and  to  discuss  the  differences  in  the



estimates.

We have removed lines 155-161 (old numeration) and rephrased lines 162-168 (old numeration;

now lines 205-214) as follows:

'We chose atmospheric CO₂ concentrations of 400 ppmv and 200 ppmv to represent the MMCO and

the MMG respectively (Table 1). Although somewhat arbitrary, these values are within the range of

published estimates. The 400 ppmv MMCO is in favourable agreement with Foster et al. (2012)

(~392 ppmv at ~15.8 Ma) and Tripati et al. (2009) (~430 ppmv at ~15.1 Ma), although higher than 

Pearson et al. (2000) (~300 ppmv at ~16.2 Ma) and Pagani et al. (2005) (~300 ppmv at ~15 Ma), 

and lower than Kürschner et al. (2008) (> ~400-500 ppmv at ~15.5 Ma) and Retallack (2009) (~852

ppmv at ~15.6 Ma) maxima. The 400 ppmv estimate is also in good agreement with the most recent

alkenone- and boron isotope-based pCO2 reconstructions for the MMCO by Zhang et al. (2013) and

Greenop et al. (2014). The 200 ppmv MMG estimate is in good agreement with Foster et al. (2012)

(~200 ppmv at ~12 Ma) and Pagani et al. (2005) (~200 ppmv at ~13 Ma), although higher than

Pearson et al. (2000) (~140 ppmv at ~14.7 Ma) and Retallack (2009) (~116 ppmv at ~14.6 Ma), and

lower than Tripati et al. (2009) (~340 ppmv at ~12 Ma) and Kürschner et al. (2008) (~280 ppmv at 

~14 Ma) minima.'

The reviewer's suggestion of adding a graph showing the pCO2 estimates is interesting, although

we do not see the addition of a figure as a requirement for the comprehension of the CO2 section. 

Line 163-164: 400 ppmv is not a maximum value of pCO2 for the MMCO if you take into account

the  reconstructions  based  on  stomatal  indices  (Kürschner  et  al.,  2008),  pedogenic  carbonates

(Retallack, 2009) and recent estimates based on boron isotopes and alkenones (Foster et al., 2012). 

This comment has been taken into account when rephrasing lines 162-168 (old numeration; now

lines 205-214) (please, see above).

Subsection 5.3: the description of the gateway reconstruction is too detailed. I suggest putting lines

204 to 214 to the Appendix. 

The description at lines 204-214 has been shortened. Nevertheless, it is important that we describe

what exact modifications were applied to the dataset of Herold et al. (2008), and the South East

Asian gateway is one of the modified areas and an important focus of our study. Hence, we would

prefer keeping the whole description as a part of the main text.



Section 6: 

Line 249: Herold et al. (2010) prescribed a vegetation distribution derived from Wolfe (1985) using

a  biome  classification  for  CCSM3 adapted  from Bonan  et  al.  (2002).  Did  you  use  the  same

classification here? Could you please discuss the eventual differences between the classifications as

they are used with the same land-surface model? I think it could be interesting to add a comparison

of your MMCO vegetation reconstruction to the reconstruction proposed in Herold et al. (2010) and

to highlight the differences induced by the use of the Pound et al. (2012) dataset. 

Unlike Herold et al. (2010), we used the classification described in Bonan et al. (2002) (shown in

Table 2 in that study) without modifying it.

Herold et al. (2010) state:

"We classify our vegetation types to a set of biomes modified from Bonan et al.  (2002). These

modifications  include  replacing  C4  grass  with  C3  grass,  since  the  former  did  not  become

widespread until the late Miocene, and creating a temperate broadleaf evergreen biome to more

accurately represent  Wolfe’s  (1985)  middle  latitude  vegetation  (c.f.  Wolfe,  1985;  Bonan et  al.,

2002)."

Three out of the 28 LSM biomes contain the pft "c4 grass". These biomes are "savanna" (with a

70% of "c4 grass" cover), "warm grassland" (60%), and "cool grassland" (20%) (see Table 2 in

Bonan et al., 2002), which do not appear in our reconstruction (Figure 4). Hence, that modification

was not required in our representation.

The regions that Herold et. al (2010) painted with the customized LSM biome "temperate broadleaf

evergreen  forest"  (Figure  5  in  that  study)  roughly  concide  with  areas  assigned  either  a)

"microphyllous broadleaved evergreen forest", b) "notophyllous broadleaved evergreen forest", c)

"mixed  broadleaved  evergreen  and  coniferous  forest",  d)  "mixed  broadleaved  evergreen  and

deciduous forest", e) "mixed mesophytic forest", or f) "notophyllous woodland/xerophyllous scrub"

in the reconstruction from Wolfe (1985).

The "temperate broadleaf evergreen forest" regions in the reconstruction from Herold et. al (2010)

appear mostly represented by the BIOME4 biome "warm-temperate evergreen broadleaf and mixed

forest" in the reconstruction from Pound et al. (2012). That BIOME4 biome represents either a)

"temperate broadleaved evergreen trees" alone, or b) "cool conifer trees" mixed with "temperate



broadleaved  evergreen  trees",  or  c)  "temperate  deciduous  trees"  mixed  with  either  "temperate

broadleaved evergreen trees" or "cool conifer trees".

We converted the "warm-temperate evergreen broadleaf and mixed forest" BIOME4 biome into the

LSM scheme as "warm mixed forest". The "warm mixed forest" LSM biome contains a mixture of

"needleleaf evergreen temperate trees" and "broadleaf deciduous temperate trees". 

We agree that the conversion is suboptimal (although the best available), because the pft "broadleaf

evergreen temperate tree" is not present in the "warm mixed forest" LSM biome. However, the

"warm mixed forest"  LSM biome still  constitutes  a  fair  representation  of  the "warm-temperate

evergreen broadleaf and mixed forest" BIOME4 biome and the above mentioned vegetation types

from Wolfe (1985). 

We agree with the reviewer that it would be interesting to compare the reconstruction in Herold et

al.  (2010)  with  Figure  4  in  our  study.  Nevertheless,  here  our  scope  was  to  provide  a  valid

reconstruction, by arguing our choice of biomes, and this was accomplished. Therefore, we would

like to leave that comparison to the reader.

A note  discussing  the  questions  raised  by the  reviewer  has  been added at  lines  309-320 (new

numeration).

Line 263-273: I do not agree with the argument proposed here by the authors. The cooling and

drying at mid-latitudes has a non-negligible impact on the vegetation distribution (as also stated by

the authors in the Introduction, lines 36-37). This effect could be seen on a 2° x 2° resolution map,

or  even  at  the  T42-resolution  used  in  the  CCSM3  simulations  with  a  more  detailed  biome

classification. This vegetation changes can in turn affect the climate-vegetation interactions (even

only via the surface albedo changes) and significantly impact on the global climate. I suggest at

least revising the vegetation distribution for the MMG and to detail the biome classification used

here in order to better represent the changes between MMCO and MMG vegetation distributions

(see General Comment 1). 

We agree with the reviewer that the appearance of cooler and drier biomes at mid-latitudes during

the Serravallian could have an effect on global climate. Nevertheless, Pound et al. (2012) state that

despite  these  changes  the  vegetation  patterns  of  the  Langhian  and  Serravallian  were  "similar"

(please, see Figure 5 in Pound et al., 2012), which contrasts with the "markedly different biome

pattern of the Tortonian from that of the Serravallian" (please, compare Figure 5 and Figure 6 in

Pound et al., 2012). 

A clear change in mid-latitude biomes from the Langhian to the Serravallian is visible only in two



areas (Figure 5 in Pound et al., 2012): western North America and Europe. During the Serravallian,

in the western North American mid-latitudes the "warm-temperate evergreen broadleaf and mixed

forest" ("warm mixed forest" in LSM scheme) was still present but other drier/cooler biomes such

as "temperate deciduous broadleaf forest" ("warm broadleaf deciduous forest" in LSM scheme) or

"cool-temperate mixed forest" ("cool mixed forest" in LSM scheme) had appeared (Pound et al.,

2012). In Europe, evidence of cooling/drying during the Serravallian comes from one site in central

Spain representing "temperate sclerophyll woodland" ("evergreen shrub land" in LSM scheme), two

sites in southern France representing "temperate deciduous broadleaf savanna" ("deciduous shrub

land" in LSM scheme), "temperate deciduous broadleaf forest" ("warm broadleaf deciduous forest"

in LSM scheme) in southern Germany, and three sites east of 28°E indicating "temperate deciduous

broadleaf  savanna".  Nevertheless,  the  "warm-temperate  evergreen  broadleaf  and  mixed  forest"

("warm mixed forest"  in  LSM scheme)  continued to  be the  main  biome in  Europe during  the

Serravallian (Pound et al., 2012).

Thus, for studies with a specific focus on vegetation triggered climatic changes across the MMCT,

the user could modify our MMG vegetation dataset (LSM scheme) as follows (based on Pound et

al., 2012): 

a) In the mid-latitudes of western North America, the "warm mixed forest" between 40-50°N could

be partly replaced with "warm broadleaf deciduous forest". Also a "cool mixed forest" could be

added in the same region at 42°N.

 b) In Europe, some "deciduous shrub land" could be added to the "warm mixed forest" in southern

France between 42.5-44°N and 6-9°E, and also between 38-47°N and 29-36°E. 

This point is discussed at lines 339-346 (new numeration).

Lines 273-274: how much does the Miocene vegetation distribution differ from the pre-industrial

vegetation distribution, as used in CCSM3. It can be useful to briefly list the differences here to

better  highlight  the potential  impact  of vegetation on the Middle Miocene climate if  using the

boundary condition set proposed here. I also suggest adding a figure showing the PI vegetation

distribution with the same biome classification (maybe in Figure 4). 

We have added the following text at lines 350-355 (new numeration):

'Compared to PI, the vegetation of the Middle Miocene represents a warmer and wetter climate. In

the northern hemisphere high latitudes forests are warmer, with no forest tundra or tundra present.

The mid-latitudes present warmer and wetter biomes, with e.g. less shrub land type biomes. The

tropics are wetter, with less savanna and less grasses. There is no evidence for neither a desert in



northern Africa (Sahara) nor in central Asia. In the southern hemisphere high latitudes tundra is

present at the MMCO and disappears after the Antarctic ice-sheet expansion at the MMG (Pound et

al., 2012; Bonan et al., 2002).'

The reader could check Figure 6 in Bonan et al. (2002) for a comparison with modern vegetation in

the LSM scheme.

Subsections 6.1 to 6.9: I suggest making these subsections more concise. I would prefer to have

only one paragraph focusing on the major vegetation patterns that are taken here into account for

the MMCO and MMG. The detailed description of regional vegetation patterns is useless because

most of them are neglected for simplification. The authors can directly refer to Pound et al. (2012)

for more detailed information. 

Although  a  detailed  discussion  on  the  vegetation  of  each  region  is  not  indispensable  for  the

comprehension of this manuscript, we think that it is important to show how exactly we decided

what vegetation to assign to each region. 

Subsections 6.1-6.9 have thus been moved to the appendix (Section 10; line 622 new numeration),

in case the reader was interested in those details. 

Section 7: 

Lines  467-475:  the  presentation  and discussion  of  simulation  results  need to  be  reworked and

extended. What are the global mean surface air temperature and precipitation differences between

the two Miocene runs and the PI run? How do you explain that the MMG run is warmer than the PI

run? Is it linked to the absence of ice in the Northern Hemisphere? What is the contribution of the

boundary condition changes to the climate differences that the model simulates? A brief comparison

with previous modeling studies is highly welcome here. A comparison with some proxy-data (e. g.

for SSTs) can also be added. 

The global mean surface air temperatures (at 2 m height) are 16.38°C, 13.88°C, and 12.16°C for the

MMCO, MMG, and PI experiments,  respectively.  The global mean precipitation rates are 3.00,

2.86, and 2.72 mm/day for the MMCO, MMG, and PI experiments, respectively.

Potential causes for a MMG climate warmer than PI could be the lower extent of ice-sheets (the

Antarctic ice-sheet is smaller and the northern Hemisphere free of ice-sheets in the MMG run), or



the  different  vegetation  cover  (Knorr  et  al.,  2011).  However,  unambiguously disentangling  the

effects of each of the different boundary conditions would require performing a series of sensitivity

experiments,  which  was  beyond  the  scope  of  the  current  study.  Here  our  aim was  testing  the

idoneity  of  the  current  boundary  conditions  as  input  data  in  GCMs  for  MMCO  and  MMG

experiments.  

Our global mean surface air  temperature and precipitation values support the idea of a Middle

Miocene climate warmer and wetter than PI, and a cooling and drying trend across the MMCT, as

suggested e.g. in Pound et al. (2012).

Mg/Ca data from ODP Hole 1171C on the South Tasman Rise indicate cooling of SST's of ~2°C

across the MMCT (Shevenell et. al, 2004). This value is within our range of cooling estimates for

the Southern Ocean.

Knorr and Lohmann (2014) MMCT model results show a decrease of 3.1°C in global mean surface

air temperature across the MMCT, a value slightly higher than our 2.5°C estimate.

The questions raised by the reviewer have been addressed at lines 570-598 (new numeration).

Concluding  remarks:  this  section  needs  to  be  reworked  in  function  of  the  amendments  of  the

previous sections. 

Figures and tables:

Figure 5: I would suggest adding maps of mean surface air temperature differences (MMCO and

MMG-PI). It could also be interesting to show the temperature differences between MMCO and

MMG. 

A map of surface air temperature differences (MMCO-PI and MMG-PI) has been added.



Figure S3: Surface air temperature (at 2 m height) (°C) differences between MMCO and

MMG experiments, and PI, respectively.

Table 2: is the correspondence between cool-temperate mixed forest (BIOME 4) and cool mixed

forest  (LSM)  really  suitable,  since  you  mention  in  the  footnotes  that  the  cool  mixed  forest

represents only boreal trees? Isn’t it another possibility of correspondence? 

The  "cool-temperate  mixed  forest"  biome  represents  either  a)  a  forest  dominated  by  "boreal

evergreen trees" but with also "temperate deciduous trees" present and a coldest month temperature

> -19°C or b) a forest dominated by "temperate deciduous trees" but with also "boreal evergreen

trees" present and a coldest month temperature > -15°C. 

The "cool  mixed forest" biome represents a  mixture of "needleleaf  evergreen boreal  trees" and

"broadleaf deciduous boreal trees". 

We agree with the reviewer that the correspondence is not optimal, because the deciduous trees in

the "cool-temperate mixed forest" are temperate, meanwhile the ones in the "cool mixed forest" are

boreal . Nevertheless, there is not a better possibility of correspondence since all the cool forests in

the LSM scheme contain only boreal trees (and all the warm forests contain only temperate trees).

Table 3: could you please give explicitly the values of the model parameters instead of citing a

reference paper? Same for the PI orbital parameters. 

Done. Please, see the updated table below. 



Table 3: Summary of atmospheric composition, solar constant, and orbital configuration for

the  CCSM3 test  experiments.  PI  values  are  according  to  Otto-Bliesner et  al.  (2006).  The

orbital configuration represents 1950 A.D. values. PD = present day.

Further details on the ozone and sulfate aerosols distribution can be found in Otto-Bliesner et al.

(2006). 

Technical comments:

-Line 50: replace “passages” by “seaways” 

Replaced.

-Line 51: add the precision “most previous Middle Miocene studies with prescribed vegetation” 

Added.

-Lines 56-57: could you please rephrase this sentence? There are other ways to produce boundary

condition assemblages. 

Done. 

Rephrased as:

'Despite the relatively low availability of Middle Miocene data'.

-Line 93: replace “6 estimate” by “volume estimate” 

Experiment PI MMCO MMG

280 ppmv 400 ppmv 200 ppmv

760 ppbv

270 ppbv
CFC's 0

1870 A.D.
Sulfate aerosols 1870 A.D.

Dust and sea salt PD same as PI
Carbonaceous aerosols 30% of PD

Solar constant
Eccentricity 0.016724 

Obliquity 23.446 ° 
Precession 102.04 ° 

CO
2

CH
4

N
2
O

O
3

1365 Wm-2



Replaced (now line 95).

-Line 133: write “previous Section” 

The  journal  guidelines  under  https://www.geoscientific-model-

development.net/for_authors/manuscript_preparation.html suggest writing Sect. instead of Section,

unless that word appears at the beginning of a sentence.

The instructions state literally:

'The abbreviation "Sect." should be used when it appears in running text and should be followed by

a number unless it comes at the beginning of a sentence.'

-Line 165: delete the space between “p” and “CO2” 

Done.

-Line 178: “ice-free conditions” 

Done. "ice free" has been replaced with "ice-free", at line 178 and, for consistency, in all other

occcurrences in the text.

-Line 191: replace “passages” by “seaways” 

Done.

-Line 194: write “Section 2”:

Please, see above our answer to the comment to Line 133.

-Line 230: could you please use “seaway” instead of passage or Central American seaway. 

Done. 

"Panama passage" has been replaced with "Panama seaway". Also at Line 231 (old numeration).

-Line 312: “Northeast Australia” 



The following is stated in the journal guidelines under

https://www.geoscientific-model-development.net/for_authors/manuscript_preparation.html:

'Cardinal directions should only be capitalized when part  of a proper noun (e.g.  South Dakota,

Northern Ireland, North America, but eastern France).'

-Lines 318, 320: “East Australia” 

Please, see above.

-Line 322 and after: I always put a caption letter to subregions or continents “West 

Australia”, “Southern Africa”, etc. 

Please, see above.

-Line 448: please explain configuration T42x1 or detail. 

T42 is the atmosphere horizontal grid, a Gaussian grid with 64 points in latitude and 128 points in 

longitude (~2.8° resolution). The notation T42 refers to the spectral truncation level. x1 is the ocean 

horizontal grid, a dipole grid with 384 points in latitude and 320 points in longitude. The zonal 

resolution of the ocean horizontal grid is ~1°, the mean meridional resolution is ~0.5°, refined 

around the equator (~0.3°). The notation x1 refers to the nominal zonal resolution. T42x1 is the 

model configuration employing the T42 and x1 grids.

Lines 448-453 (old numeration) have been modified as follows:

'The atmosphere horizontal grid employed in the PI run, T42, is a Gaussian grid with 64 points in

latitude  and 128 points  in  longitude  (~2.8°  resolution).  The notation T42 refers  to  the  spectral

truncation  level.  The  land  and  atmosphere  models  share  the  same  horizontal  grid.  The  ocean

horizontal grid, x1, is a dipole grid with 384 points in latitude and 320 points in longitude. The

zonal resolution of the ocean horizontal grid is ~1°, the mean meridional resolution is ~0.5°, refined

around the equator (~0.3°). The notation x1 refers to the nominal zonal resolution. The ocean and

sea–ice components share the same horizontal grid. The atmosphere and ocean vertical grids have

26 and 40 vertical levels, respectively. This model grid configuration is known as T42x1.'



-Line 464: “archived as b30.043” does this information really need to be mentioned? 

It is not indispensable. We removed it.

Additional modifications:

-Line 51 (now line 59): "were mainly based" was gramatically incorrect. It was replaced with "was

mainly based".

-Line 237 (now line 295): 15.67 has been replaced with 15.97. The Langhian expands the interval

15.97– 13.65 Ma 

-Lines 460-463 (now lines 559-560): The orbital configuration used in the Miocene experiments is

identical to the one used in the PI experiment. There was a mistake in our statement there, sorry

about that. Those lines were rephased as follows to correct the mistake:

'Well-mixed greenhouse gases, ozone, aerosols, solar constant and orbital configuration were kept

the same as in PI, except for CO2 (Table 3).'

-Line 493 (now line 618): we replaced "2°x2° lat/lon grid" with "0.5°x0.5° lat/lon grid". Although

Herold et al. (2008) topography/bathymetry dataset was provided to us in a 2°x2° resolution, we

regridded it to a finer resolution (0.5°x0.5°) for our purposes. 

-Lines  492-495  (now  lines  616-621):  a  reference  to  the  CCSM3 model  output  files  from the

MMCO, MMG, and PI experiments included in the supplement has been added. 

We hope we have addressed all your comments.

Yours sincerely,

Amanda Frigola and co-authors.
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