
Palaeogeography, Palaeoclimatology, Palaeoecology 304 (2011) 196–201

Contents lists available at ScienceDirect

Palaeogeography, Palaeoclimatology, Palaeoecology

j ourna l homepage: www.e lsev ie r.com/ locate /pa laeo
Preface

The Neogene of Eurasia: Spatial gradients and temporal trends — The second
synthesis of NECLIME

Torsten Utescher a,b,c,⁎, Madelaine Böhme d, Volker Mosbrugger b,c

a Steinmann Institute, University of Bonn, Nußallee 8, 53115 Bonn, Germany
b Senckenberg Research Institute and Natural History Museum, Senckenberganlage 25, 60325 Frankfurt/Main, Germany
c Biodiversity and Climate Research Centre (LOEWE BiK-F), Senckenberganlage 25, 60325 Frankfurt/Main, Germany
d Institute for Geoscience, Eberhard Karls Universtity, Tübingen 72076, Germany
⁎ Corresponding author at: Steinmann Institute, Un
53115 Bonn, Germany.

E-mail address: utescher@geo.uni-bonn.de (T. Utesc
1 In this volume Neogene is regarded as comprising t

0031-0182/$ – see front matter © 2011 Elsevier B.V. A
doi:10.1016/j.palaeo.2011.03.012
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 28 February 2011
Received in revised form 11 March 2011
Accepted 12 March 2011
Available online 21 March 2011

Keywords:
Neogene
Eurasia
Palaeovegetation
Palaeoclimate
Monsoon
Himalayan uplift
Palaeoclimate modelling
Biome modelling
Climatic teleconnections
This volume represents the second synthesis of the international open research network NECLIME (Neogene
Climate Evolution in Eurasia) that was established in 2000 to study climate change in Eurasia during the
Neogene and its impact on ecosystems. The main objectives of NECLIME research are (1) proxy data-based
quantitative reconstructions of Neogene climate in Eurasia by means of standardised techniques, (2) the
modelling of atmospheric and oceanic circulation and of biomes using Neogene boundary conditions, and (3)
the analysis of the interaction between palaeogeography, vegetation and climate. Presently, 94 scientists from
34 countries are NECLIME members, contributing with their published data to a collective data base.
Integrating proxies from various sources such as palaeobotany, vertebrate palaeontology, and geology, the
following core topics are addressed in the volume: precipitation patterns and landscape opening, the Asian
Monsoon Systems, the potential of past climates for the evaluation of future climate change scenarios, as well
as short-term change and variability of climate. Highlights of the single contributions are summarised in a
proxy data section, and in a modelling section, respectively. It is shown that the integrative approach
presented in this volume brings about a much better and much more detailed understanding of Neogene
climate dynamics in Eurasia than previously achieved. Even though Neogene climate changes may have
regional aspects differing considerably from each other and from the general, global trend, the results from
the various proxy and modelling studies consistently show that later Neogene cooling implicated more
pronounced latitudinal and longitudinal gradients. On the other hand, the issue reveals a number of problems
and questions, resulting from the contrary nature of palaeozoological and palaeobotanical palaeoclimate
proxies and modelling results, mainly at a more regional level. The models can not yet explain the relatively
warm high latitudes during the Neogene and we still do not sufficiently understand the role of the various
boundary conditions such as CO2, palaeogeography, and palaeovegetation in the observed Neogene climate
change and its regional differentiation. These apparent uncertainties underline the importance of the study of
palaeo-scenarios in order to enhance the reliability of future climate projections.
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1. Introduction

The international open research network NECLIME – Neogene1

Climate Evolution in Eurasia – was established in the year 2000 to
study climate change in Eurasia during the Neogene and its impact on
ecosystems. The main objectives of NECLIME research in the past ten
years have been: (1) the quantitative reconstruction of Neogene
climate in Eurasia in time and space based on proxy-data and its
interpretation using standardised techniques, (2) the reconstruction
of Neogene regional and global atmospheric and oceanic circulation
patterns via climate modelling including modelling of the biosphere,
and (3) the analysis of the interaction between palaeogeography,
vegetation and climate. Presently, 94 scientists from 34 countries are
NECLIMEmembers. With their published data, they all contribute to a
common data base and have access to this database for comprehen-
sive and integrative analyses. For details about the concept, structure
and current projects of NECLIME and its members, the reader is
referred to the NECLIME web pages (http://www.neclime.de).

A first synthesis of NECLIME was published in 2007 (Bruch et al.,
2007), focussing on studies on the Miocene of Europe and giving a
summary for the area of climate and vegetation evolution in time and
space. The present volume represents the second synthesis of
NECLIME and again comprises proxy data-based climate interpreta-
tions of past ecosystems (fauna and flora) and modelling studies of
the atmosphere and biosphere. The studies presented herein include

http://www.neclime.de
http://dx.doi.org/10.1016/j.palaeo.2011.03.012
mailto:utescher@geo.uni-bonn.de
http://dx.doi.org/10.1016/j.palaeo.2011.03.012
http://www.sciencedirect.com/science/journal/00310182
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data from central and east Asia as well as Europe, thus allowing –

together with the first synthesis volume – for a Eurasia-wide
perspective and the analysis of large scale patterns and teleconnec-
tions in the Northern Hemisphere.

2. Core topics of the second NECLIME synthesis volume

Integrating proxies from various sources such as palaeobotany,
vertebrate palaeontology, and geology, and results obtained from
numerical modelling, the volume focuses on the following topics.

2.1. Precipitation patterns, landscape opening

For some regions of Eurasia, it is well known that Late Neogene
cooling was connected to drying and to the expansion of open
landscapes (e.g., Molnar, 2005; Fortelius et al., 2006; Strömberg et al.,
2007; Utescher et al., 2007; Kovar-Eder et al., 2008; van Dam and
Reichert, 2009). However, the timing of this process and the
mechanisms involved are not yet clearly understood. When quanti-
fying precipitation rates, it has been shown that plant and animal
proxies may contradict each other to some extent (for discussion cf.
Bruch et al., 2011). To analyse the response of terrestrial ecosystems
to climatic and environmental changes, we have studied palaeo-
precipitation patterns in time and space, as well as seasonal
distribution of rainfall and amplitudes of change. The key regions
considered here are theWestern and Eastern Mediterranean (Akkiraz
et al., Bertini and Martinetto; Böhme et al., 2011; Bruch et al. 2011;
Furio et al., 2011), the Eastern Paratethys (Akkiraz et al., 2011; Bruch
et al., 2011; Ivanov et al., 2011) and southeast Asia (Jaques et al., 2011;
Liu et al., 2011; Sun et al., 2011; Yao et al., 2011). Vegetation and
faunal data are compared in detail and discussed in the context of
modelling results (François et al., 2011; Micheels et al., 2011). It is
shown that faunal data can fill gaps in the environmental information
provided by the palaeobotanical record. All in all, it can be stated that
in many areas of Eurasia, Late Neogene cooling was directly linked to
landscape opening and went along with an increasing seasonality of
precipitation and continentality of the palaeoclimate.

2.2. Asian monsoon systems

The evolution of the Asian Monsoon Systems during the Neogene
is still a matter of debate. Here, a new, comprehensive record is
presented for East Asia, comprising palaeoclimate and vegetation data
(Jaques et al., 2011; Liu et al., 2011; Sun et al., 2011; Yao et al., 2011).
This data set allows the study of potential imprints of the monsoon on
Neogene ecosystems in the context of tectonic activities, such as uplift
of the Himalayas. Overall, studies come to the conclusion that the
South and East Asian Summer Monsoon had already been established
in the Late Miocene, with intensity close to present, while the East
Asian Winter Monsoon may have been weaker in pre-Pliocene times.
This can possibly be related to a late uplift of parts of the eastern
Tibetan Plateau.

2.3. Potential of past climates for the evaluation of future climate change
scenarios

According to the 4thAssessment Report of the International Panel on
Climate Change (IPCC-4.AR), a significant global warming due to the
increase of atmospheric greenhouse gases is predicted by climate
models to occur over the next 100 years. It is known that themodels are
very capable of modelling the well-documented climate change that
occurred over the last 150 years, but have flaws when boundary
conditions differ significantly from today due to presently insufficient
representations of physical processes and interactions. The compre-
hensive data set presented here provides climate states for various
Cenozoic time slices of Eurasia that are similar or analogous to the
predicted future climate. It is shown that the study of past climatic
patterns provides important clues when evaluating modelling results
for future scenarios (Utescher et al., 2011). Anomalies prognosticated
for the future, such as thewarming of continental interiors, are not only
similar to palaeo-patterns we observe in time slices with a raised
atmospheric CO2 level. In the Tortonian, where pre-industrial CO2 is
usually assumed, data reveal related patterns. This generates new
discussions about major drivers in global warming. Regarding conti-
nental areas, it can be speculated that a high degree of vegetation cover
supports globallywarmconditions, evenunder amoderate atmospheric
CO2. Overall, more humid conditions that are reconstructed for fossil
examples, e.g., for the lower latitudes of Western Eurasia, are in a sense
contradictory to the significant drying prognosticated in the future
scenarios for the same area. This area, however, underwent several
millennia of anthropogenic deforestation causing hydrological proper-
ties to differ considerably from the fossil conditions studied.

2.4. Short-term change and variability of climate

The analysis of time series is crucial to drawing conclusions on the
persistence and significance of spatial patterns observed in the data.
The study of Kern et al. (2011) shows that even in the Middle
Miocene, known as a time interval with relatively stable climatic
conditions, there is evidence for notable shifts in winter temperature
and precipitation at a sub-orbital time scale. Based on herpetological
data, Böhme et al. (2011) present precipitation records for the
Miocene of Central Europe and Spain that point to a high variability of
annual precipitation rates, at periods of some 100 ky. It is suggested
that major fluctuations in the precipitation gradient over Western
Eurasia were responsible for shifts in ecosystem distribution, and
particularly for faunal turnover in southwest Europe, or were guiding
factors for the migration of faunal communities (Böhme et al., 2011;
Furio et al., 2011).

3. Neogene climate and ecosystem evolution in Eurasia — a first
synthesis

The results of the publications presented in this volume allow for a
first synthesis of Neogene climate and ecosystem evolution in Eurasia.
Thereby, we will consider the proxy-data and modelling results
separately.

3.1. Results from proxy-data

With the onset of gradual global cooling in the laterMiddleMiocene,
after ca. 13.9 My, and the subsequent re-establishment of a major ice-
sheet on Antarctica, fundamental changes of the climate system in the
Northern Hemisphere were initiated leading to the onset of the NH
glaciation later in the Tortonian (e.g., Zachos et al., 2001;Holbourn et al.,
2005; Westerhold et al., 2005). This reorganisation caused a more
seasonal distribution of rainfall in the Late Miocene. At the same time
continentality of climate increased over Eurasia. For Central Europe, it
has already been stated that Neogene cooling primarily affects winter
temperature thus leading to an increased seasonality (Mosbrugger et al.,
2005). This process is obviously connected to the evolutionof grasslands
in the continental interior of Eurasia (Bruch et al., 2011). Most likely, a
positive feedback mechanism is inherent to this development since
open landscapes have a higher albedo than forests.

3.1.1. Western Eurasia
So far, most studies characterise the climate existing in Western

Eurasia prior to the onset of cooling in the later Middle Miocene as
equable with low seasonality (e.g., Bruch and Zhilin, 2007; Utescher et
al., 2009). As shown in the detailed analysis of spatial climate patterns
over Western Eurasia, temperature and precipitation gradients are
generally less pronounced than today (Bruch et al., 2011). According
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to most data presented in the present volume, permanently humid
conditions predominated during the Mid-Miocene Climatic Optimum
(Zachos et al., 2001). Nevertheless, there is evidence for minor
precipitation gradients, with somewhat drier conditions prevailing in
the southwest and east (e.g., Böhme et al., 2011; Bruch et al., 2011;
Jiménez-Moreno and Suc, 2007; Utescher et al., 2007), and for the
existence of a Central European Wet Zone (van Dam, 2006; Utescher
et al., 2007). The persistence of a latitudinal precipitation gradient in
Western Europe throughout the Neogene coincides with the nested
structure and diversity patterns of Miocene insectivore faunas over
Europe that obviously had their evolutionary centre in the wetter
climates of Central Europe (Furio et al., 2011).

The exact time of onset of significantly drier conditions in the
southerly part of the study area is still controversial, partly due to the
poor fossil record. For the Early Miocene and the Serravallian,
palaeobotany-based climate data are lacking. For the Langhian,
Bruch et al. (2011) show a decrease in precipitation from Central
Europe towards the Mediterranean coast of east Spain. In the
Tortonian reconstruction, Spain appears drier compared to Central
Europe, but is still considerably wetter than today, with annual
precipitation rates over 800 mm. There is, however, evidence for a
distinct dry season (Bruch et al., 2011). This is supported by
vegetation reconstruction for an early Tortonian time slice showing
the presence of taxa indicative of seasonal rainfall in almost all the
Spanish sites studied (Utescher et al., 2007). Reconstructions based on
small mammal faunas reflect the same pattern. A substantial drying of
south Spain is reported to have set in at ca. 8 My (MN11) (van Dam,
2006), data based on large mammal hypsodonty show the same but
express only a moderate gradient (Fortelius et al., 2006). Partly
differing results are obtained by Böhme et al. (2011) reconstructing
annual precipitation based on herpetological assemblages. According
to this study, rainfall rates in SW Europe were higher than at present
throughout the Tortonian while Langhian to Serravallian precipitation
data indicate a very dry Middle Miocene in the southwest, partly
characterised by climatic conditions typical for a desert steppe
(MAPb250 mm). These inconsistencies between studies, proxies
and methods call for further investigations.

For the Miocene of Central Europe, all plant based precipitation
data and vegetational reconstructions point to generally humid
conditions with annual precipitation rates well over 1000 mm (e.g.,
Mosbrugger et al., 2005; Utescher et al., 2007; Kovar-Eder et al., 2008;
Utescher et al., 2009; Bruch et al., 2011). A slightly decreasing trend in
annual rainfall is reported from the later Zanclean (Utescher et al.,
2000). These findings are supported by data obtained from large and
small mammal faunas (cf. “Central European Wet Zone”; van Dam,
2006; Eronen et al., 2009) while herpetological data indicate that in
the time span from the later Langhian and throughout the
Serravallian, precipitation rates were highly variable and frequently
fell below the present day level (Böhme et al., 2011). This
contradiction can be partly explained by the fact that the precipitation
curve presented by Böhme et al. (2011) for Central Europe is a
composite record also including sites from relatively dry areas such as
the north coastal realm of the Black Sea. Another explanationmight be
that short-term dry pulses are represented neither in the palaeo-
floristic record nor plant bearing sediments because the preservation
potential of plant remains in arid environments is very low.

As documented by the detailed study of Bertini and Martinetto
(2011), the Northern Mediterranean remained under a humid, warm
temperate climate until the Late Pliocene (Piacenzian). This holds
even for the times of the desiccation of the Mediterranean and the
areas of close proximity to the sedimentation area of evaporites. Data
indicate that, even in times of ongoing intensification of NH glaciation
and the closure of the Panama Strait (Bartoli et al., 2005), no
Mediterranean type of climate existed in the study area. Bertini and
Martinetto (2011) employ a novel, standardised technique to
reconstruct vegetation transects by means of comparative analysis
of pollen, leaf and carpological records. The transects illustrate that a
warm temperate, humid forest existed in north and central Italy
during the Messinian, and throughout the Pliocene, with closest
similarities detected with the modern vegetation in south China.
Drying pulses, such as the so-called Lygeum phase at 5.5 My, are
exceptional (Bertini and Martinetto, 2011). Even plants often
considered as indicators of drought (Cupressus, Medicago, Vitex)
coexisted with plants clearly pointing to humid conditions (Bertini
and Martinetto, 2011). Thus, the study by Bertini and Martinetto also
suggests the re-interpretation of previous palynomorph records with
respect to drying pulses.

For continental areas around the Eastern Paratethys, predominantly
warm and wet climate conditions are reported for the Middle Miocene
(Ivanov et al., 2011)while slight cooling in combinationwith significant
drying sets in with the Late Miocene. A dry continental area evolved
from a dry belt north of the Carpathians. In the later Maeotian and
Pontian, wetter conditions prevailed again. A study of orbitally
controlled climate cycles reveals the sensitivity of the biosphere of the
Eastern Paratethyswith respect to precipitation variations (Ivanov et al.,
2011).

The reorganisation of the climate system at the end of the Middle
Miocene was accompanied by transformations of flora and vegetation
structure. In particular, macrothermic floristic elements lost their
importance, and evergreen laurel forests disappeared from the Mid-
latitudes of this area. At the same time deciduous, arboreal taxa became
dominant in the mesophytic forests (Ivanov et al., 2011). However, it
can be assumed that global cooling is just one factor triggering these
vegetation changes. Palaeogeographical shifts causing isolation and
shrinking of the Paratethys certainly reinforced this evolution. Further-
more, orographic uplift intensified at the same time, e.g., in the
Carpathians from the Sarmatian onwards (Sanders et al., 2002), leading
to an altitudinal differentiation of the vegetation (Ivanov et al., 2011).

For the Black Sea area, there is evidence for seasonal drought
throughout the Early andMiddleMiocene, as well as the existence of a
forest steppe in south Ukraine (Bruch et al., 2011; Ivanov et al., 2011;
Syabryaj et al., 2007). The Khersonian is considered to be the driest
interval in south Ukraine with the spread of mesophytic grass-steppe
communities while Maeotian and Pontian were wetter again
(Syabryaj et al., 2007).

According to Akkiraz et al. (2011), AsiaMinorwas generallywet from
Burdigalian to Langhian, with more seasonal rainfall reported from the
Serravallian onwards. Early to Middle Miocene vegetation of Anatolia as
reconstructed from palynofloras has a humid aspect. Mesophytic forest
communities with Juglandaceae, Fagaceae, Myricaceae and Pinaceae
were most important (Akkiraz et al., 2011). In the Late Miocene,
percentages of herbs and grasses considerably increased (Akgün et al.,
2000; Kayseri and Akgün, 2008). Studies of phytoliths partly contradict
these interpretations and already indicate wide-spread herbaceous
vegetation, from Early Miocene onwards (Strömberg et al., 2007). In
fact, the precipitation maps provided by Akkiraz et al. (2011) show a
longitudinal precipitation gradient from thewest coast of Turkey to drier
conditions in inland areas of Western Anatolia persisting from the
Aquitanian onwards. Thus, it is shown that the modern gradient already
existed in the Early Miocene but was considerably less pronounced than
today, possibly because of a reduced elevation of the longitudinally
arranged mountain chains at that time.

Summarising the evolution of precipitation patterns in the Eastern
Paratethys and Western Asia, it can be stated that a spread of steppe
vegetation and a more arid interior of Southeastern Europe and
Western Asia occurred at about 10My. Initial open landscapes were of
the so-called parkland type and can be linked to Hipparion faunas,
related to open spaces and steppe or savannah communities (Ivanov
et al., 2011). Precipitation reconstructions based on small and large
mammal faunas corroborate the palaeobotany-based patterns sug-
gesting a distinct gradient of decreasing humidity towards the
southeast at ca. 11 My (MN9) (e.g., Fortelius et al., 2006).
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3.1.2. Eastern Eurasia
The studies of Liu et al. and Yao et al. (both 2011) allow for

quantitative reconstructions of climate patterns in Eastern Asia and their
changes in time. It is shown that the temperature evolution over north
China during the Miocene in general reflects the global trend (Liu et al.,
2011). Theprecipitation reconstructionpoints to conditions considerably
wetter than at present, thus supporting estimates obtained from large
mammal faunas pointing to planetary rather thanmonsoonal patterns in
the Early Miocene and during the Mid-Miocene Climate Optimum of
north China (Fortelius et al., 2006; Liu et al., 2009). The results presented
by the authors favour a Late Miocene onset of the East Asian Summer
Monsoon. These results, however, are not quite clear-cut and there is
need to improvedata coverage (Liu et al., 2011). For southChina, detailed
palaeoclimate studies based on various quantitative techniques such as
theCoexistenceApproachandLeafMarginAnalysis indicate that both the
South AsianMonsoon and East AsianMonsoonwere already established
in the Late Miocene (Jaques et al., 2011). In comparison, the Lincang site,
located in southwest Yunnan, is mainly under the influence of the South
Asian Monsoon, whereas Xiaolongtan, situated in east Yunnan, is more
affected by the East Asian Monsoon. Estimating monsoon activity from
seasonality of precipitation, the authors come to the conclusion that in
the Late Miocene, both monsoon systems had intensities comparable to
present. According to the authors, the presumably weak East Asian
Winter Monsoon can be explained by the altitude of the Tibetan Plateau
being lower at that time. Data presented by Sun et al. (2011) support this
hypothesis. There is evidence from vegetation and climate analysis that,
throughout the Miocene, the altitudes in west Yunnan were not higher
than today and that the uplift of the Hengduan Mountains, part of the
eastern Tibetan Plateau, did not occur before the Late Pliocene (Sun et al.,
2011). Thus, the SouthAsian (Indian)Monsoonmayhave reached farther
inland during the Miocene. According to the present results (Yao et al.,
2011; Jaques et al., 2011; Utescher et al., 2011), Miocene temperatures
and vegetation cover reconstructed for most of the sites in southeast
China were close to present. Major differences observed for some of the
localities studied are possibly not due to global cooling but are rather
caused by post-Miocene changes in altitude.
3.1.3. Results from modelling
Palaeoclimate modelling studies are crucial, not only to test the

observed proxy-based spatial palaeoclimate patterns, but also to
understand the processes causing these patterns. Moreover, they may
help to better understand future climate change since they allow
empirical access to climate situations that do not or do not yet exist
today and thus can be used as tests for the reliability of climatemodels
(Micheels et al., 2011; Utescher et al., 2011).

According to proxy data-based reconstructions, Cenozoic climates
are characterised by relatively warm high latitudes, shallower latitudi-
nal and longitudinal gradients and – in most time intervals – wetter
continental interiors than today (e.g., Greenwood and Wing, 1995;
Bruch et al., 2007; Ballantyne et al., 2010; Popova et al., in press).
Independently from the significant decrease in atmospheric CO2 from
the Eocene onwards (e.g., Pearson and Palmer. 2000), considerable cold
month mean temperature anomalies remain surprisingly persistent in
the high latitudes and the continental interior of Eurasia over the time-
span studied (Utescher et al., 2011). The high-latitude temperature
anomalies remain large in the Tortonian, the time of the onset of NH
glaciation. Considerable changes in climatic anomalies from the Eocene
to Late Miocene are observed for Western Europe that reacted most
sensitively to global climate cooling. Here, local effects such as the
closure of the Tethys, a pathway for warm water currents, and
regressions in the Paratethys certainly played a role. At the same time,
the North Atlantic, considerably widening from the Eocene onwards,
became increasingly important for the climate system in Central and
Western Europe. In the low latitudes of Eurasia, Cenozoic cooling and
decreasing CO2 had only minor effects on continental temperature.
In the models, the representation of shallow latitudinal gradients
combined with relatively warm high latitudes, as evident from proxy
data, is still unsatisfactory, even in complex models (e.g., Micheels et
al., 2007; Steppuhn et al., 2007; Micheels et al., 2011). In a coupled
ocean-atmosphere modelling study performed for a Tortonian time
slice, the open Central American Isthmus leads to an evenweaker THC
in the North Atlantic and hence to a reduced oceanic heat transport to
the North (Micheels et al., 2011; see also Mikolajewicz and Crowley,
1997; Bice et al., 2000). However, it is shown that the atmosphere can
compensate for this effect by increased sensible and latent heat fluxes
(Micheels et al., 2011).

The fact that the relatively warm high latitudes observed for the
Miocene are not well represented in modelling studies may partly be
explained by still incomplete model physics and representation of
process interactions. However, inadequately defined boundary con-
ditions may also play a major role. It is shown that assuming forest
cover in high latitudes causes considerable warming of the polar
regions (e.g., Schneck et al., 2009). Another important factor in this
context are palaeogeographical changes such as uplift processes,
mostly concerning the Alpidic orogen belt, that possibly experienced
their highest rates after the LateMiocene (e.g., Kuhlemann, 2007). It is
known, for example, that the palaeo-altitude of the Tibetan Plateau
substantially impacts climate in other areas on the Northern
Hemisphere. Thus, it can be shown that the uplift of the Tibetan
Plateau is a major factor in triggering the evolution of the East Asian
Monsoon Systems (Micheels et al., 2011; see also Ramstein et al.,
1997; Fluteau et al., 1999; Liu and Yin, 2002). There is evidence that a
low Tibetan Plateau caused a weak East Asian Monsoon while the
strength of the South Asian (Indian) Monsoon is positively correlated
to the SST of the Indian Ocean (Micheels et al., 2011). In general, it can
be stated that Tibetan uplift and intensified monsoon led to an
aridification of the continental interior of Eurasia (An et al., 2001; Guo
et al., 2004). This trend is very evident in the Tortonian model
experiment presented herein (Micheels et al., 2011). Micheels et al.
(2011) assume that the intensification of the East Asian Monsoon
Systems is directly linked to the closure of the Central American
Isthmus. On the other hand, Bothe et al. (2009) showed that a wet E
Asian continental interior has a significant impact on NH atmospheric
circulation patterns with storm tracks over Eurasia arranged more
zonally causing low pressure over Europe.

In order to explain global warmth and warm high latitudes,
sustained El Nino conditions have been proposed (e.g., Wara et al.,
2005). At present, El Nino teleconnections include warmer tempera-
tures over Canada and Alaska (mainly in winter), a cooler, slightly
wetter climate around the Gulf of Mexico, and a drier northeast South
America (e.g., Trenberth et al., 2002). Precipitation increases in turn over
the North Atlantic, Northern Eurasia and Greenland (Bonham et al.,
2009). Several papers have suggested that an El Nino condition was a
permanent feature of Cenozoic climate (e.g. Molnar and Cane, 2002,
2007; Barreiro et al., 2005; Wara et al., 2005; Fedorov et al., 2006).
According to Molnar and Cane (2007) the shallow east-west gradient
known from Pliocene equatorial SSTs has a large impact on global
climate.Model studies performed for the Pliocene suggest that apositive
feedback between the frequency of tropical cyclones and a considerable
poleward extension of the TropicalWarm Pools (especially Pacific)may
cause significant warming in the high latitudes (Brierley et al., 2009).

François et al. (2011) present a modelling study using the CARAIB
(CARbon Assimilation In the Biosphere) biome model aiming to
reconstruct the Late Miocene vegetation cover of Western Eurasia.
CARAIB uses surface temperatures obtained from a coupled ocean-
atmosphere model (COSMOS) for a Tortonian model run (Micheels et
al., 2011). The procedure allows a comparison between the modelled
vegetation and fossil flora recorded at various localities. The comparison
is accomplished at the plant functional type level, in a way that is fully
consistent with biome model and palaeobotanical data, and thus
provides an independent validation of the palaeoclimate reconstruction
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obtained from the climate model. François et al. (2011) show that
particularly in the mid- and higher latitudes of Western Eurasia,
modelled Late Miocene climate is too cool to produce assemblages of
plant functional types consistent with the palaeo-record.

4. Conclusions

The integrative approach presented in this volume, linking
palaeobotanical and palaeozoological proxy-data, climate and biome
modelling, brings about a much better and much more detailed
understanding of Neogene climate dynamics in Eurasia. It becomes
very clear that the various regions of Eurasia show regionally specific
Neogene climate changes which may differ considerably from each
other and from the overall global cooling trend. All in all, the results
from the various proxy and modelling studies are consistent:
latitudinal and longitudinal gradients generally become more pro-
nounced during the Neogene and boundary conditions, such as
vegetation type, altitude of mountain chains and distance to coast
lines, play a significant role in the regional climate evolution. On the
other hand, there are still a number of problems, inconsistencies and
open questions. First of all, the data density (in time and space) is far
from satisfactory. Moreover, on a more regional level, palaeozoolo-
gical and palaeobotanical palaeoclimate proxies andmodelling results
are sometimes equivocal, in particular concerning precipitation. The
models can not yet explain the relatively warm high latitudes during
the Neogene and we still do not sufficiently understand the role of the
various “boundary conditions” (CO2, palaeogeography, palaeovegeta-
tion) in the observed Neogene climate change with its regional
differentiation. As usual: this calls for more data and studies!
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