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Abstract 
The East Asian Summer Monsoon (EASM) is a major component in Asian climate. It is 
largely driven by climatic factors such as humidity, solar insolation and temperature. For at 
least 50 years the EASM has been studied extensively by scientists regarding its current 
strength. Models have been recreating past monsoon intensity as well as attempted to predict 
future intensity. As the monsoon undergoes changes, the climatic shifts responsible for them 
leave various traces behind; geochemical as well as biological, and these have been preserved 
and recorded in various locales on the planet. The most significant climatic change is the 
variation between glacial and interglacial periods which have been alternating for the last 2.6 
million years and the EASM has changed in tune with the climate during this time. The 
EASM follows the δ18O-record in speleothems found in Eastern Asia as well as in ice cores 
from Greenland. Various geochemical and biological tracers seem to reflect these fluctuations 
in climate locally as well as globally over a 200 kyr period. The current intensity of the EASM 
seems to be one of decreasing strength, a phase that has persisted since the Holocene climatic 
optimum 8.5 kyr ago. Recently however a decrease in the East Asian Winter Monsoon has 
been confirmed, indicating an increase in EASM intensity. During the Holocene the EASM 
reached peak intensity during the Holocene climatic optimum but has fluctuated largely in 
tune with solar insolation. This is also true for the Eemian period although some events such 
as the mid-Eemian cooling show that factors other than solar insolation regulate monsoon 
intensity over large time periods. The future of the EASM seems to be one of increased 
strength due to climate change despite the decreasing solar insolation and models predict 
both increased wind speeds and an increasing occurrence of extreme precipitation. 
 
 
Key words: East Asian Summer Monsoon, Eemian, Holocene, Climate, Comparison 



 

 

Abstract 

1 Introduction .............................................................................................................. 1 

1.1 Background .................................................................................................................. 1 

1.2 Proxies for monsoon intensity ........................................................................... 2 

1.2.1 Instrumental measurements ............................................................................. 2 

1.2.2 Marine and lacustrine sediments ..................................................................... 2 

1.2.3 Ice cores .................................................................................................................. 2 

1.2.4 Speleothems ........................................................................................................... 2 

1.3 Purpose ........................................................................................................................ 2 

2 Method .......................................................................................................................... 3 

3 Results ........................................................................................................................... 4 

3.1 Direct measurements of monsoon intensity ................................................ 4 

3.2 Past monsoon intensity ......................................................................................... 5 

3.2.1 Holocene monsoon intensity ............................................................................. 5 

3.2.2 Eemian monsoon intensity ................................................................................ 8 

3.4 Models of future EASM intensity ...................................................................... 9 

4 Discussion ............................................................................................................... 10 

4.1 Direct measurements of EASM intensity ..................................................... 10 

4.2 Past EASM intensity .............................................................................................. 11 

4.2.1 Holocene EASM intensity .................................................................................. 11 

4.2.2 Eemian EASM intensity ..................................................................................... 11 

4.2 Models of future EASM intensity .....................................................................12 

5 References ................................................................................................................14 



 

1 
 

1 Introduction 

1.1 Background 
The East Asian Summer Monsoon (EASM) is defined by a rain band stretching from Eastern 
China to Japan from May to July, and southeasterly winds bringing in this precipitation from 
the Pacific Ocean (Ding and Chan 2005) and contrasted by the winter monsoon, in which 
northerly winds from Siberia bringing in dry air and low precipitation during the winter. 
Both have experienced weakening since the late 196o’s due to natural variance coupled to the 
El Niño Southern Oscillation (ENSO) and Atlantic Multidecadal Oscillation (AMO) governing 
weather patterns controlling the EASM which has led to an evening out of the differences 
between summer and winter slightly (Xu et al. 2006) in regards to temperature. Parts of 
China has experienced increased precipitation during this period of time, especially the 
Yangtze River valley, leading to significant loss both economically and socially for the people 
dependent on the valley for their livelihoods. 
 
The EASM has been studied extensively during the last 40 years with several datasets and 
models being incorporated into the reconstructions of past monsoon intensity (e.g. Yuan et al 
2004, Wang et al. 2008, Zhou et al. 2012, Zhang et al. 2013, Lu and Guo 2014), 
measurements of current monsoonal intensity (Chen and Chang 1980, Xu et al. 2006, Wang 
et al. 2008, Wang et al. 2013) and models of predicted future intensity (Kusunoki and Mizuta 
2008, Lu and Fu 2010, Zhou and Zou 2010, Jiang et al. 2011, Li et al. 2011a, Li et al. 2011b 
Jiang and Tian 2013, Wang et al. 2013). 
 
Glacial and interglacial stages can be considered the defining characteristic of the Pleistocene 
period. Berger (1977), Imbric et al. (1984) and Markonis and Koutsoyiannis (2013) attempts 
to use Milankovitch cycles to explain long-term climate variability i.e. the earth’s orbital 
eccentricity and axial variability and the resulting change in solar insolation (Milanković 
1941).  
 
Studies puts the last interglacial period (LI) as starting approximately 130 kya (Stirling et al. 
1995), in northern Europe it is commonly referred to as the Eemian interglacial. It lasted for 
roughly 16 kyr and had a climate that was warmer and wetter than today (e.g. Zagwijn 1996, 
Kaspar et al. 2005, Busschers et al. 2007, Dahl-Jensen 2013). During this period the climate 
wasn’t static however: a “mid-Eemian cooling” has been observed (Cheddadi et al. 1998, 
Karabanov et al. 2000, Cunningham et al. 2013, van Nieuwenhove et al. 2013). This mid-
Eemian cooling period, which lasted for <500 years, marked the end of the last interglacial 
maximum 122 kyr ago according to Stirling et al. (1995).   
 
These different glacial and interglacial cycles are expected to leave traces on the planet. Some 
notable examples are differing δ18O and atmospheric gas content in glacial-ice deposits which 
correlate with temperatures in the northern hemisphere (Imbric et al. 1984, Dahl-Jensen et 
al. 2013), geochemical data from ocean and lake sediments (Karabanov et al. 2000, 
Cunningham et al. 2013, Leduc et al. 2010), geochemical and structural data from 
speleothems (e.g. Spöti et al. 2002, Yuan et al. 2004, Wang et al. 2008, Woo et al. 2011) and 
biological records (Zagwijn 1996, Cheddadi et al. 1998, Binka and Nitychoruk 2003, van 
Nieuwenhove et al. 2013). These proxies can then be used to validate simulations of previous 
climate. They are slowly accumulating in nature and studies recreate such a large time scale 
that it more or less drowns out small-scale variations and local sources. This allows some 
regional analyses e.g. Karabanov et al. (2000) but is more commonly used for hemispherical 
or global reconstructions of climate e.g. Leduc et al. (2010) and Dahl-Jensen et al. (2013). 
 
The interpretation of climates past is the basis for our predictions of future climatic shifts. 
This is especially important regarding the more populated areas of our planet, namely east 
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and south-east Asia and a very important aspect of that is the EASM (e.g. Chen and Chang 
1980) and how it is affected by climatic fluctuations.  

1.2 Proxies for monsoon intensity 

1.2.1 Instrumental measurements 
Indirect modern measurements include using the amount of precipitation and wind speed as 
proxies for monsoon intensity as well as vertical wind shear (VWS) resulting from the 
temperature difference of continental east Asia and the Pacific Ocean. The intensity of the El 
Niño Southern Oscillation (ENSO) and the Atlantic Multidecadal Oscillation (AMO) both 
correlate well with monsoon intensity (e.g. Wang and Li 2004, Wang et al. 2013) and seem to 
influence the entire Northern Hemispheral Summer Monsoon (NHSM) positively and the 
East Asian Winter Monsoon (EAWM) negatively due to air-pressure changes determining 
wind speed over the Pacific Ocean basin. Solar insolation is also a useful tool when 
determining potential monsoon strength on a more general level. 

1.2.2 Marine and lacustrine sediments 
Alkenone and Mg/Ca paleothermometry, where data from the alkenone-based GHOST-
database (Kim and Schneider 2004) is compared with alkenone- and Mg/Ca-derived sea-
surface temperature (SST) records has been used to reconstruct SST over long periods of time 
stretching over both the Holocene and the Eemian time periods, giving large spatial and 
temporal coverage detailing, for example, AMO and ENSO circulation. The hypothesis is that 
coccolithophores and phytoplankton react strongly to the difference between seasons in 
surface waters and can thus be used to quantify changes in SST over small as well as large 
time scales. Alkenone-derived SST reconstructs summer temperatures and Mg/Ca-derived 
SST reconstructs winter temperatures. 
 
Biological detrital material such as pollen and other biological fossils are dependent on local 
and global climate as the presence of these markers tends to be influenced by climatic 
changes, which is reflected in lacustrine as well as marine sediments. 
 
For geochemical studies, proxies such as for example δ18O-data derived from lacustrine and 
marine sediments are compared and contrasted with pollen and geochemical data collected 
locally and globally to provide context and results as to how these sediments have been 
deposited and what causes the temporal differences in the sediment records. 

1.2.3 Ice cores 
In deep ice cores such as the Greenland ice cores (e.g. GRIP1) the content of air bubbles 
trapped in the ice reflects the atmospheric composition of the time-period in which it was 
trapped which makes it possible to compare this data with current climatic data from 
different proxies as well as the recorded insolation data and models provided by e.g. Lorenz 
and Lohmann (2004). 

1.2.4 Speleothems 
Speleothem growth is dependent on temperature and precipitation among other things and 
their growth patterns in eastern Asia correlate well with simulated monsoon intensity (e.g. 
Zhang et al. 2013). The study of speleothems provides long-range data with good resolution 
and precision as they can be dated with a high degree of accuracy. This is especially true for 
aragonite speleothems which contain trace amounts of Uranium which makes them very easy 
to date compared to calcite stalagmites. The studies include δ13C- and δ18O-measurements as 
well as textural observations of the speleothems themselves. Most studies of speleothems in 
Asia relate to the monsoons and how they have changed during different climatic periods. 

1.3 Purpose 
The aim of this paper is to review EASM intensity as recorded by instrumental measurements 
in relation to Holocene and Eemian EASM intensity as reconstructed by available proxy data. 
The understanding of current and past fluctuations in the EASM will lead to a greater 
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understanding of the EASM as a whole and may assist in understanding how the EASM could 
evolve as a result of changes in future climate. 

2 Method 
For the literature study several different methods for reconstructing Eemian and Holocene 
climate were chosen at random where each report found in the search database (Web of 
Science) were assigned a number (in numerical order) and then chosen through random 
number generation to provide multiple analyses of differing quality and resolution. 
Additional reports were then chosen from the references in these reports and from reports 
citing these papers to broaden the study. The results where then analysed to establish a 
consensus within the studies on a) how the EASM has changed during the period for which 
reliable data series are available, b) how well the Holocene proxy data is supported by current 
measurements, c) how the future models predict EASM intensity when anthropogenic 
climate change is taken into account and d) how Eemian climate proxies can be interpreted in 
a modern sense regarding monsoon intensity. 
 
Reports were chosen with regards to age as more recent reports tend to have larger datasets 
to work from. It was also decided that spatial variation was needed, resulting in studies from 
the entirety of the area affected by the EASM as well as neighbouring geographical locations 
being chosen for the report. 
 
After this reports were selected based on the type of proxy data used and the type of 
reconstruction performed, resulting in as large a variety of reconstructions as was allowed for 
in the timeframe of the study. 
 
The reports were then studied and a general consensus was arrived at regarding present, 
Holocene and Eemian monsoon intensity. Results were observed for general trends and 
patterns e.g. whether a majority of reports suggest that past EASM intensity follows solar 
insolation patterns or not. Then results were compiled into a readable format with general 
trends and patterns presented as the result. 
 
After this reports regarding future predictions of EASM intensity were chosen from the latest 
available studies in order to get the most recent assessments of future EASM fluctuations. 
They were handled the same way as the reconstructions of historical monsoon intensity. 
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3 Results 

3.1 Direct measurements of monsoon intensity 
Currently, a weakening of the winter monsoon has been observed between 1969 and 2000 
(Xu et al. 2006) (Figure 1) as a result of reduced solar insolation and the increasing ENSO 
and AMO circulation-patterns. Models based on precipitation data show a decrease between 
1969 and 2000 but the 1960’s showed a significant peak in monsoonal activity followed by a 
subsequent decline until ca 1985 (Wang et al. 2013) (Figure 2).  
 

 
Figure 1. Wind speed correlated with mean air temperature, mean solar radiation and subsequently divided into 
summer and winter periods. From Xu et al 2006. 

 
Figure 2. East Asian Summer Monsoon as described by Vertical Wind Shear coupled with Mega-ENSO, which is a 
multitimescale which is highly correlated with the ENSO-index (r=0.91) and time period of decreasing wind 
strength as described by Xu et al 2006. From Wang et al. 2013. 
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This weakening of the summer monsoon is also well correlated with an observed decrease in 
ENSO and AMO strength between 1960 and 1985 (Figure 3a). Since the ca 1985 an increase 
in the strength of the monsoon has been observed as average sea-surface temperatures have 
increased (Figure 3b) and both AMO and ENSO has increased in strength despite slightly 
decreased solar insolation during the summer period (Figure 5). 

 
Figure 3A. Monsoon strength as a 3-year running average (thick black line) with vertical wind shear (thin black 
line), ENSO (red line, upper figure) and AMO-circulation (red line, lower figure). 3B. Represents a global 
warming trend and Pacific SST variations reflecting the Interdecadal Pacific Oscillation coupled with ENSO-
circulation. Adapted from Wang et al. 2013 

The EASM is part of the North Hemispheral Summer Monsoon (NHSM), which encompasses 
the entire Northern Hemisphere and the NHSM has been modelled to decrease in total over 
the next century as part of a systematic decrease as a result of decreased solar insolation to 
the Northern Hemisphere (Figure 4). 

3.2 Past monsoon intensity 

3.2.1 Inferred Holocene monsoon intensity 
The Holocene climatic optimum has been observed at ca 8-5 kyr ago in speleothem, 
biological as well as geochemical datasets (Leduc et al. 2008, Woo et al. 2011, Nahm et al. 
2013). Korean as well as Chinese speleothems had their highest growth rates recorded in the 
Holocene during this time period (4.2 mmkyr-1). Roughly 5 kyr ago growth halts on these 
speleothems completely as the climate grows colder due to changing climate conditions (Woo 
et al. 2011,  Zhang et al. 2013).  
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Temperature reconstructions show that during the Holocene climatic optimum temperatures 
were as much as 1-2°C higher than today and sea-water levels as much as 5 meters higher 
than presently in Korea (Nahm et al. 2013). European and central Asian studies show similar 
results with both temperature- and sea-surface-levels higher than during the present (e.g. 
Shumilokikh et al. 2013). Studies of fossils in oceanic sediments show that the Holocene 
climatic optimum occurred ca 7.5 kyr ago and that warm conditions persisted for a 2.5 kyr 
period followed by a slight cooling until the present day (e.g. van Nieuwenhove et al. 2013).  
 
Biological markers show a significantly higher growth rate of peat on the Korean peninsula 
between 7 and 5 kyr ago with higher concentrations of total organic carbon (TOC) in 
peatlands (up to 60% during the Holocene climatic optimum) which then decrease towards 
the present day (down to 30-40%). This followed a period between 8 and 7 kyr ago with very 
low levels of TOC (<20%) (Nahm et al 2013). 
 
In the pollen record of the South China Sea herbaceous vegetation dominates until ca 15 kyr 
ago where Pinus sp. increases from 40 to >80% in the pollen record as sea levels rise >100 m 
(. Stable carbon isotopes (δ13C) increase during the same time period as well as δ18O in glacial 
samples such as the GRIP and GISP cores from Greenland which supports a warming of the 
climate and the beginning of the end of the last glacial period (e.g. Dahl-Jensen et al. 2013). 
 
Alkenone SST-reconstructions show an increase of SST over the past 6 kyr in tropical waters 
(+0.5 and +0.5-1°C increase) during the summer period whereas Mg/Ca paleothermometry 
shows that SST have decreased in the past 6 kyr with of almost 2.5°C during winter time for 
tropical waters. Some reconstructions of Mg/Ca paleothermometry does show little to no 
change over the past 6 kyr period (Kim et al. 2004, Leduc et al. 2010).  
 
In more northern waters, e.g. outside of the east coast of Greenland, it is shown that 
Alkenone derived SST has decreased by almost 5°C during the summer over a 10-12 kyr 
period whereas Mg/Ca-derived SST shows no difference in SST during the winter for the 
same period apart from a small increase (<1°C) during the last 2 kyr (van Nieuwenhove et al. 
2013). In the South China Sea SST has been increasing steadily over the winter period for the 
entire Holocene for a total of 1°C. Summer temperatures have been fluctuating between 23 
and 28°C during the entire Holocene (Zhou et al. 2012). 
 
During the Holocene summer insolation has been decreasing since the climatic optimum by 
30-40 W/m2 (from 480 down to 445) at 30°N and simultaneously δ18O-levels in ice cores 
have been decreasing in all observed glacial samples (Figure 4) (e.g. Imbric et al; Lorenz et al. 
2005, Wang et al. 2008). 
 
Peak monsoonal intensity during the Holocene was achieved during the Holocene climatic 
optimum (Figure 4) when compared to the rest of the data available as the highest δ18O 
values in speleothems are found in samples that are ca 7-8 kyr old. 
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Figure 4. EASM intensity is thought to be well described by δ18O levels recorded in Asian speleothem, here 
reconstructed from speleothems in Lianhua cave (D) over the past 12000 years compared with multi-proxy data 
on a global scale, GISP2 and NGRIP ice-core data from Greenland, average summer insolation, Titanium data 
from the tropical Atlantic as well as a calcite stalagmite from Southern Brazil (From Zhang et al. 2013).  
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3.2.2 Eemian monsoon intensity 
Solar insolation has been modeled to be higher during the Eemian interglacial (Figure 5) than 
during the Holocene (Loutre et al 2004, Yuan et al. 2004) which would further increase the 
intensity of the EASM.  

 
Figure 5. δ18O values recorded in accurately dated speleothems in Asia contrasted with δ18O values recorded  in 
the GISP2 core as well as modelled solar insolation during the Eemian interglacial. The time period studied in 
figure 4 is marked green. From Yuan et al 2004. 

δ18O Values are significantly (-10 compared to -8‰) higher during the Eemian interglacial 
(Yuan et al. 2004) indicating higher temperature, precipitation and consequently a higher 
moisture content over eastern Asia and as δ18O-values seem to correlate well with values 
recorded on Greenland it is likely that the EASM was influenced by ENSO/AMO-circulation 
during the Eemian. This is also reflected by van Nieuwenhove et al. (2013) who have shown 
higher δ18O during the Eemian derived from Foraminifera (Neoglobuquadrina pachyderma) 
in the Western Iceland Sea. δ18O measurements dated to the Holocene climatic optimum 
show similar levels as during peaks of solar insolation during the Eemian. 
 
Biological markers show that in Europe as well as Asia the climate was more humid than 
during the Holocene overall, temperatures were also higher and Pinus sp. was more 
dominant in Asia as well as Europe (50% of pollen during the Eemian climatic optimum in 
Poland and ≤80% in sediments found in France) shows that moisture content as well as 
temperatures were high during the Eemian (Zagwijn 1996, Binka and Nitychouk 2003). The 
mid-Eemian cooling period can be identified by decreasing levels of arboreal pollen in France 
as well as decreased diatom production in Lake Baikal, Siberia (Thouveny et al. 1994 and 
Karabanov et al 2000).  
 
Speleothems in Korea (Yuan et al. 2004, Woo et al. 2011) reflect the δ18O-values recorded in 
Chinese speleothems (Zhang et al. 2013) very well and δ18O-values can be used as a proxy for 
monsoon intensity as they reflect the level of precipitation during the growth period, i.e. the 
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summer. δ18O levels are slightly higher (-10‰ compared to -8‰) during the Eemian and 
speleothem growth rates are significantly higher (163 mmkyr-1 compared to 4.2 mmkyr-1) 
during the Eemian as well. 
 
Textural studies of speleothems in Korea shows that during the Eemian climate optimum the 
speleothems grew in a pattern characteristic of a climate with high precipitation and high 
temperature resulting in large and fibrous calcite crystals. The highest growth rates have 
been recorded during this period at 163 mmkyr-1 followed by a lowering of the growth rate to 
5.7 mmkyr-1 for a 5 kyr period followed the lowest growth levels (0.5 mmkyr-1) 120 kya until a 
total stop in speleothem growth 110 kya. This indicates a much stronger EASM than during 
the Holocene. During colder and drier climate in which calcite crystals tend to form more 
micritic structures, these are also present in speleothems found in both Korea and China 
during the slow-growth periods. 
 
Solar insolation during the Eemian had higher amplitude than during the Holocene, resulting 
in large differences in maximum and minimum regarding solar insolation. 

3.4 Models of future EASM intensity 
This apparent reduction of NHSM intensity will negatively impact the EASM for the next 100 
years according to this model, which is in line with the reduced wind-speed measurements of 
Xu et al (2006) when it comes to global reconstructions, however models solely focused on 
the EASM tends to predict no effect or a slight strengthening of the EASM over the next 100 
years as well as increased amplitude with higher peaks (Figure 6). 

 
Figure 6A. Modelled intensity of the NASM from various models over the 21st century. 4B. A prediction of NHSM 
intensity during the 21st century. Adapted from Jiang and Tian 2013 and Wang et al 2013. 

It is believed that due to the complex nature of the EASM some factors may not be as relevant 
due to climate change as it relies on a great amount of variables including, but not limited to, 
ENSO and AMO-circulation, weather patterns in mainland Asia and solar insolation. Jiang et 
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al. (2013) determines that direct measurements of wind speed and VWS are the best methods 
for modelling future monsoon intensity. Their model for the 21st century shows a rapid 
increase in the EAWM during the first 10 years, during which direct measurements are 
available, followed by a levelling out of monsoon intensity.  
 
For the summer monsoon a slight increase is observed resulting from predicted heating of 
both the Asian land mass and the Northern Pacific Ocean. This heating will not be uniform 
however, leading to an increased temperature contrast which favors vertical wind shear 
leading to an increased intensity of the EASM (Figure 7). The simulations of rainfall seems to 
show increased precipitation as well as increased inter-annual amplitude of precipitation 
during the EASM (Figure 7) (Kusunoki and Mizuta 2008, Lu and Fu 2010, Zhou and Zou 
2010, Jiang et al. 2011, Lee et al. 2011a, Li et al 2011b). 

 
Figure 7. Global temperature change as an increase in °C (locally) per °C (global average) by 2100 and global 
precipitation change in % of current precipitation per change in °C by 2100 as well as observed and predicted 
EASM intensity (% change from current intensity) between 1900 and 2100. Adapted from IPCC, 2013 

 

4 Discussion 

4.1 Direct measurements of EASM intensity 
 
How to best measure the intensity of the EASM has been the subject of some debate and 
unlike the Indian Summer Monsoon, which tends to bring significant precipitation over the 
entire effected area the EASM is influenced significantly by local topography giving a large 
uncertainty in the amount of precipitation in different regions, making spatial coverage using 
only precipitation as a marker limited in its use (e.g. Wang et al. 2008, Zhou and Zou 2010). 
More commonly VWS, as a result of differing air pressure between the Eurasian landmass 
and the Pacific Ocean, is used to gauge the strength of the EASM. This has been found to be, 
in addition with rainfall in southeastern China, a good approximation of monsoon strength 
(Kusunoki and Mizuta 2008, Lu and Fu 2010, Zhou and Zou 2010, Jiang et al. 2011, Lee et al. 
2011a, Li et al 2011b). 
 
Currently, the EASM has been in a weakening state and much weaker than during the 
Holocene climatic optimum. It is however increasing in strength, something that is predicted 
to persist for at least the next 100 years due to anthropogenic climate change. 
 
This increase in strength is due to the predicted uneven warming of the Eurasian landmass 
and the Pacific Ocean, leading to a greater disparity between the high and low pressures 
making up the monsoonal front during the summer, which would therefore lead to an 
increase in monsoon intensity with higher wind speeds and higher precipitation (e.g. Xu et al. 
2006, Kusunoki and Mizuta 2008). 
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4.2 Past EASM intensity 

4.2.1 Holocene EASM intensity 
The intensity of the EASM is closely related with climatic fluctuations observed by previous 
studies and is, historically, closely correlated with solar insolation (Figure 4, Figure 5). This is 
reflected in climatic records as an increasing of the δ18O values due to higher precipitation 
during higher insolation. Studies have also shown that the climatic shifts observed in records 
on Greenland correlate well with the observed intensity of the EASM on large timescales 
(figure 4). This is supported by high correlation between the AMO/ENSO and EASM (e.g. 
Wang et al. 2013). Paleothermometry data (Mg/Ca) and δ18O-data tend to be in agreement 
with each other as well, making the spatial and temporal coverage greater. The peak of the 
EASM seems to correlate well with the Holocene climatic optimum recorded in Asia by Jo et 
al. (2011) as well as Nahm et al. (2013).Global observations (e.g. Leduc et al. 2010, van 
Nieuwenhove et al. 2013) puts the Holocene climatic optimum somewhere around 8-5 kya 
which is in agreement with the Asian findings. 
 
High- and low-latitude climate seems to be coupled with each other allowing sea-surface 
temperature reconstructions in lower latitudes to be used together with high-latitude polar 
data to reconstruct climate on a global scale as well as allowing other, non-local data to 
translate into reconstructing monsoon intensity. 
 
The biological markers showing increased levels of woody plants such as Pinus sp. together 
with increases in the stable carbon isotopic ratio and δ18O-ratios indicates that the monsoon 
intensity was higher during the Holocene climatic optimum (Zhou et al. 2012, Nahm et al. 
2013, Dahl-Jensen et al. 2013, Zhang et al. 2013) and has been in a declining phase until 
anthropogenic climate change starts effecting the EASM in the late 20th century.  
 
Interesting to note is the fact that speleothem-derived monsoon intensity during the last 5 
kyr of the Holocene seem to show a higher intensity of the EASM compared to the available 
solar insolation, which is also reflected in the GISP2 and NGRIP cores from Greenland 
(Figure 4, Figure 5) but not in the Lianhua speleothems or Titanium-derived climate from the 
Atlantic, which both follow solar insolation well during the last 12 kyr of the Holocene. 
 

4.2.2 Eemian EASM intensity 
Eemian climate was more volatile than Holocene climate with larger and more frequent shifts 
in climate indicating that the monsoon intensity must have varied greatly during the Eemian 
period (e.g. Cheddadi et al. 1998, Yuan et al. 2004). It is possible that this is due to extremely 
varied levels of solar insolation (Figure 5) 
 
Eemian it is possible to draw the conclusion that while moisture content could have been 
similar or only differing slightly the precipitation during the Eemian would have been more 
intensive, indicating a more powerful EASM. The enhanced growth rate could also be due to 
the higher temperatures during the peak solar insolation during the Eemian interglacial. 
 
Compared to the present, solar insolation during the Eemian was significantly higher than 
during the Holocene during peak insolation but also significantly lower during periods of low 
solar insolation (Figure 5) giving the Eemian a more volatile climate compared to the 
Holocene. 
 
The growth structure of the speleothems found in Korea and China reflect their growing 
conditions well as the more micritic crystal structures, indicating a weakened summer 
monsoon, are found both during the mid-Eemian cooling period and the periods leading up 
to and at the end of each glacial stage. During the Holocene climatic optimum and large parts 
of the eemian more fibrous structures are found in the speleothems. This is indicative of 
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changing climatic conditions during the Eemian interglacial, showing a varied climate despite 
continuously high solar insolation (e.g. Cheddadi et al. 1998, Woo et al. 2011, Dahl-Jensen et 
al. 2013). This indicates that the intensity of the EASM is dependent on more factors than 
merely solar insolation even though EASM intensity follows solar insolation strongly. 
 
As far as solar insolation is concerned, models suggest that solar insolation can explain the 
diverging results from SST reconstructions in the northern and southern areas and that solar 
insolation is a more important factor regarding climate in lower latitudes compared to higher 
ones (Loutre et al. 2011). 
 
So far, models have accurately reconstructed time periods for which we have measurements 
(e.g. Wang et al. 2013) and have high statistical significance for models predicting future 
EASM intensity (e.g. Zhou and Zou 2010). 
 
In regards to using previous climatic data to attempt to predict the future it is interesting to 
note that solar insolation is still declining whereas most models predict an increase in EASM 
strength. This would put into question the validity of using historical data to interpret 
monsoon strength, as it has previously followed the trend of solar insolation closely. Events 
such as the mid-Eemian cooling period during which the climate was much cooler despite 
significantly higher solar insolation leading to a decrease in the strength of the EASM shows 
that the monsoon can be changed by other factors. It is necessary to understand during which 
parameters the monsoon changes in strength and what consequences it may have for 
precipitation and temperature and one way to do so is to look at previous events and try to 
understand how similar events may influence the present and future strength of the East 
Asian Monsoon. 
 
The index often used for previous monsoon intensity has been speleothem growth and δ18O-
content in Asian caves as their growth is largely temperature and precipitation dependent, 
which in China, Korea and Japan is regulated by the EASM as winter temperatures are too 
low for speleothem growth, as the lack of growth during colder periods indicates. This proxy 
is very long term however and says nothing about inter-annual variability of temperature or 
precipitation; growth is measured in mmkyr-1 giving a much lower resolution than for 
example biological markers in varved sediments. The biological as well as geo- and 
hydrochemical proxies are dependant on deposits of good quality as well as accurate dating of 
said sources. Bad spatial coverage is an issue for many data sources as well as local climatic 
variation impacting the data. The most accurate way of measuring the intensity of the EASM 
has been determined to be VWS (e.g. Wang et al. 2008) and proxies for wind strength are 
very difficult indeed to find making the most efficient measurement unavailable for 
reconstructions. 

4.2 Models of future EASM intensity 
It would seem that future climate change may have a large impact on monsoon intensity in 
northern Asia, however solar forcing is still an important factor and the monsoon should still 
be in a weakening phase (e.g. Zhang et al. 2013). Models show that monsoon intensity may 
increase during the 21st century (Xu et al. 2006, Wang et al. 2013, Jiang and Tian 2013) 
despite reduced solar insolation (Zhang et al. 2013) and a reduction in total NHSM intensity 
(Wang et al. 2013). This would largely be due to an increase in SST in the Pacific Ocean and 
increased ENSO intensity (Wang and Li 2004, Wang et al. 2013)  
 
The observed values of δ18O in the Lianhua cave in central china (Zhang et al. 2013) follows 
the summer monsoon closely and they correlate well with increased values of both the SGISP 
and NGRIP cores from Greenland as well as data from other locales. This indicates that the 
intensity of the EASM is closely linked with climate fluctuations and that an increase in 
global temperatures and sea levels would also increase the intensity of the EASM. This has 
been discussed by several studies, whose models indicate an increased occurrence of extreme 
precipitation in for example Hong Kong during the summer monsoon as a result of predicted 
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climate change (e.g Kusunoki and Mizuta 2008, Lu and Fu 2010, Zhou and Zou 2010, Lee et 
al. 2011a). 
 
Subsequently, it is possible to assume that the intensity of the summer monsoon was lower 
during e.g. the mid-Eemian cooling period recorded in a variety of climate proxies from 
around the world (e.g. Cheddadi et al. 1998, Cunningham et al. 2013, Dahl-Jensen et al. 
2013). The EASM intensity during this period is lower than expected for that level of solar 
insolation, indicating another explanation for this observed phenomenon. 
 
The current observations tend to agree that anthropogenic climate forcing is a large factor in 
the future of this planet’s climate, which could also change the intensity of the EASM. The 
entire NHSM is currently in a weakening phase, but models and observations show that the 
intensity and volatility of the summer monsoons has been increasing during the could 
continue to increase over the next hundred years despite the solar forcing being weaker 
compared to both the Holocene and Eemian climatic optimum. 
 
Higher sea levels and higher SST both tend to increase the amount of precipitation during the 
monsoon, but it is the contrast in temperature between the Asian landmass and the Pacific 
Ocean that decides the strength of the monsoon in the end. Climate change is predicted to 
increase the temperature of the Eurasian landmass more than the temperature of the Pacific 
Ocean, which would lead to a stronger monsoon. This is unlike the Indian and Australian 
summer monsoon, which is predicted to show increased precipitation but decreased intensity 
compared to the EASM. Models also show increased volatility i.e. higher amplitude for events 
of intense rainfall which could lead to further flooding events in for example the east of China 
and the Szechuan province. 



 

14 
 

5 References 
Berger A. 1977. Support for the astronomical theory of climatic change, Nature, 268:44–45 
Berger A. 1978. Long-term variations of daily solar insolation and Quaternary climatic 

changes. Journal of Atmospheric Sciences, 35:2362-2367 
Binka K and Nitychoruk J. 2003. The late Sallian, Eemian and early Vistulian pollen 

sequance and Dziewule, Eastern Poland, Geological Quarterly, 47:155-168 
Busschers F.S., Kasse C, van Balen R.T., Vandenberghe J, Cohen K.M., Weerts H.J.T., 

Wallinga J, Johns C, Cleveringa P and Bunnik F.P.M. 2007. Late Pleistocene evolution 
of the Rhine-Meuse system in the southern North Sea basin: imprints of climate 
change, sea level oscillation and glacio-isostasy, Quaternary Science Reviews, 26:3216-
3248 

Cheddadi R, Mamakowa K, Guiot J, de Beaulieu J-L., Reille V, Andrieu V, Granoszewski W 
and Peyron O. 1998. Was the climate of the Eemian stable? A quantitative climate 
reconstruction from seven European pollen records, Palaeogeography, 
Palaeoclimatology, Palaeoecology, 143:73-85 

Cunningham, L, Vogel H, Nowaczyk N, Wennrich V, Juschus O, Persson P and Rosén P. 
2013. Climatic variability during the last interglacial inferred from geochemical proxies 
in the Lake El’gygytgyn sediment record, Paelaeogeography, Palaeoclimatology, 
Palaeoecology, 386:408-414 

Dahl-Jensen D, Albert M.R., Aldahan A, Azuma N, Balslev-Clausen D, Baumgartner M, 
Berggren A-M, Bigler M, Binder T, Blunier T, Bourgeois J.C, Brook E.J, Buchart S.L, 
Buizert C, Capron E, Chappelaz J, Chung J, Clausen H.B, Cvijanovic I, Davies S.M, 
Ditlevsen P, Eicher O, Fischer H, Fisher D.A, Fleet L.G, Gfeller G, Gkinis V, Gogineni S, 
Goto-Azuma K, Grinsted A, Gudlaugsdottir H, Guillevic M, Hansen S.B, Hansson M, 
Hirabayashi M, Hong S, Hur S.D, Huybrechts P, Hvidberg C.S, Iizuka Y, Jenk T, 
Johnsen S.J, Jones T.R, Jouzel J, Karlsson N.B, Kawamura K, Keegan K, Kettner E, 
Kipfstuhl S, Kjaer H.A, Koutnik M, Kuramato T, Köhler P, Laepple T, Landais A, 
Langen P.L, Larsen L.B, Leuenberger D, Leuenberger M, Leuschen C, Li J, Lipenkov V, 
Martinerie P, Maselli O.J, Masson-Delmonte V, McConnell J.R, Miller H, Mini O, 
Miyamoto A, Montagnat-Rentier M, Mulvaney R, Muscheler R, Orsi A.J, Paden J, 
Panton C, Pattyn F, Petit J-R, Pol K, Popp T, Possnert G, Prié F, Prokopiou C, Quiquet 
A, Rasmussen S.O, Raynaud D, Ren J, Reutenauer C, Ritz C, Röckmann T, Rosen J.L, 
Rubino M, Rybak O, Samyn D, Sapart C.J, Schilt A, Schmidt A.M.Z, Schwander J, 
Schüpbach S, Seierstad I, Severinghaus J.P, Sheldon S, Simonsen S.B, Sjolte J, 
Steffensen J.P, Steinhage D, Stocker T.F, Stowasser C, Sturevik A.S, Sturges W.T, 
Sveinbjörnsdottir A, Svensson A, Tison J-L, Uetake J, Vallelonga P, van der Wal R.S.W, 
van der Wel G, Vaughn B.H, Vinther B, Waddington E, Wegner A, Weikusat I, White 
J.W.C, Wilhelms F, Winstrup M, Witrant E, Wolff E.W, Xiao C and Zheng J.  2013. 
Eemian interglacial reconstructed from a Greenland folded ice core. Nature, 493: 489-
494. 

Ding Y and Chan J.C.L. 2005. The East Asian Summer Monsoon: An overview, Meteorology 
and Atmospheric Physics, 89:117-142 

Intergovernmental Panel on Climate Change, 2013. Climate Change 2013: The physical 
science basis, https://www.ipcc.ch/report/ar5/wg1/ 

Imbric J, Hays J.D, Martinson, D.G, McIntyre A, Mix A, Morley J.J, Pisias N.G, Prell W.I, 
Shackleton N.J. 1984. The orbital theory of Pleistocene climate: support from a revised 
chronology of the marine δ18O record. In: Berger A, Imbrie J, Hays J, Kukla G, 
Saltzmann B. Milankovitch and Climate, Part 1. Reidel, Dordrecht, pp. 269-305 

Jiang Z, Song L.J Li W Chen WL, Wang ZF and Wang J. 2011. Extreme climate events in 
China: IPCC-AR4 model evaluation and projection, Climatic Change, 110:385-401 

Jiang D.B and Tian Z.P. 2013. East Asian monsoon change for the 21st century: results of 
CMIP3 and CMIP5 models, Chinese Science Bulletin, 58:1427-1435 



 

15 
 

Karabanov E.B., Prokopenko A.A., Williams D.F. and Khursevich G.K. (2000) Evidence for 
mid-Eemian cooling in continental climatic record from Lake Baikal, Journal of 
Paleolimnology, 23:265-371 

Kaspar F, Kühl N, Cubasch U and Litt T. 2005. A model-data comparison of European 
temperatures in the Eemian interglacial, Geophysical Research Letters, 32:L11703 

Kim J-H and Schneider R.R. 2004. GHOST global database for alkenone-derived Holocene 
sea-surface temperature records. Available from: 
<http://www.pangaea.de/Projects/GHOST>. 

Kusonuki S and Arakawa O. 2008. Future changes in the Baiu rain band projected by a 20-
km mesh gloal atmospheric model: Sea surface temperature dependence, Sola, 4:85-88 

Leduc G, Schneider R, Kim J-H. and Lohmann G. 2010. Holocene and Eemian sea surface 
temperature trends as revealed by alkenone and Mg/Ca paleothermometry, 
Quaternary Science Reviews, 29:989-1004 

Lorenz S and Lohmann G. 2004. Acceleration technique for Milankovitch-type forcing in a 
coupled atmosphere-ocean circulation model: method and application for the 
Holocene, Climate dynamics, 23:727-743 

Li H.M Feng L and Zhou T.J. 2011a. Multi-model prediction of July-August climate extreme 
changes over China under CO2-doubling. Part I: Precipitation, Advances in 
Atmospheric Sciences, 28:433-447 

Li H.M Feng L and Zhou T.J. 2011a. Multi-model prediction of July-August climate extreme 
changes over China under CO2-doubling. Part II: Temperature, Advances in 
Atmospheric Sciences, 28:448-463 

Loutre M-F., Paillard D, Vimeux F and Cortijo E. 2004. Does solar insolation have the 
potential to change the climate?, Earth and Planetary Science Letters, 221:1-14 

Lu R and Fu Y. 2010. Intensification of East Asian summer rainfall interannual variability in 
the twenty-first century simulated by 12 CMIP3 coupled models. Journal of Climate, 
doi:10.1175/2009JCLI3130.1, 3316-3331 

Markonis Y and Koutsyiannis D. 2013. Climatic variability over time scales spanning nine 
orders of magnitude: connecting Milankovitch-cycles with Hurst-Kolmogorov 
dynamics, Surveys in Geophysics, 34:181-207 

Nahm W-H., Kim J.K., Kim, J-Y., Yi S, Lim J and Kim J.C. 2013. The Holocene climatic 
optimum in Korea: Evidence from wetland records, Palaeogeography, 
Palaeoclimatology, Palaeoecology. 376:163-171 

Milanković M. 1941. Kanon der Erdbestrahlung und seine Anwendung auf das 
Eiszeitproblem, Royal Serbian Academy, 133:1-633 

Shumilokikh L.S., Marret F, Fleitmann D, Arz H.W., Nowaczyck N and Behling H. 2013. 
Eemian and Holocene  sea-surface conditions in the Southern Black Sea: Organic-
walled dinoflagellate cyst record from core 22-GC3, Marine Micropaleontology, 
101:146-160 

Stirling C.H., Esat M.T., McCulloch M.T. and Lambeck K 1995. High precision U-series 
dating of corals from Western Australia and implications for the timing and duration of 
the last interglacial, Earth and Planetary Science Letters, 135:115-130 

van Nieuwenhove N, Bauch H.A. and Andruleit H. 2013. Multiproxy fossil comparison 
reveals contrasting surface ocean conditions in the western Iceland Sea for the last two 
interglacials, Palaeogegraphy, Palaeoclimatology, Palaeoecology, 370:247-259 

Wang B and  Li T. 2004, East Asian monsoon and ENSO interaction, in East Asian Monsoon, 
edited by C. P. Chang, pp. 177 – 212, World Sci., Hackensack, N. J 

Wang B, Wu Z, Li J Liu JP, Liu J, Chang C-P, Ding YH and Wu GX. 2008. How to measure 
the strength of the East Asian Summer Monsoon, Journal of Climate, 2008:4449-4463 

Wang Y, Cheng H, Edwards R.L, Kong X, Shao X, Chen S, Wu J, Jiang X, Wang X and An Z. 
2008. Millenial- and orbital-scale changes in East Asian monsoon over the past 
224000 years, Nature, 451:1090-1093 

Wang B, Liu J, Kim H-J Webster P, Yim S-Y and Xiang B. 2013. Northern hemisphere 
summer monsoon intensified by mega-El Niño/southern oscillation and Atlantic 
multidecadal oscillation, PNAS, 118:5347-5352 



 

16 
 

Woo K.S., Jo K-N., Lim H.S., Cheng H, Edwards R.L., Wang Y, Jiang X, Kim R, Lee J.I., Yoon 
H.I. and Yoo K-C. 2011. Holocene and Eemian climatic optima in the Korean Peninsula 
based on textural and carbon isotopic records from the stalagmite of the Daeya Cave, 
South Korea, Quaternary Science Reviews, 30:1218-1231 

Yuan W, Cheng H, Edwards R.L., Dykoski C.A., Kelly M.J., Zhang M., Qing J, Lin Y, Wang Y, 
Wu J, Dorale J.A., An Z and Cai Y. 2004. Timing, duration and transitions of the Last 
Interglacial Asian monsoon, Science, 304:575-578 

Xu, M, Chang C.P, Fu C Qi Y, Robock A, Robinson D and Zhang H-M. 2006. Steady decline of 
east Asian monsoon winds, 1969–2000: Evidence from direct ground measurements of 
wind speed, Journal of Geophysical Research, 111:D24111 

Zagwijn W.H. 1996. An analysis of Eemian climate in western and central Europe, 
Quaternary Science Reviews, 15:451-469  

Zhang H-L., Yu K-F., Zhao J-X., Feng Y-X., Lin Y-S., Zhou W and Liu G-H. 2013. East Asian 
Summer Monsoon variations in the past 12.5 ka: High resolution δ18O record from a 
precisely dated aragonite stalagmite in central China, Journal of Asian Earth Sciences, 
73:162-175 

Zhou T.J and Zou L.W. 2010. Understanding the predictability of East Asian Summer 
Monsoon from the reproduction of land-sea thermal contrast change in AMIP-type 
simulation, Journal of Climate, 23:6009-6026 

Zhou B, Zheng H, Yang W, Taylor D, Lu Y, Wei G, Li L and Wang H. 2012. Climate and 
vegetation variations since the LGM recorded by biomarkers from a sediment core in 
the northern South China Sea, Journal of Quaternary Science, 27:948-955 


