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——1025—— Mean sea-level pressure (hPa)
==—=Jp —=—=P mean location of jet stream (winter/summer)

——3p ——Pp dominantvectors of surface winds(winter/summer)
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loess distribution in China
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Monsoon Asia and Westerly Asia
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Onset of Asian summer monsoon (from the end of
March to early July). Thie strong moisture transport
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Asian Monsoon System
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' Modern limit of summer monsoon
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EASM strength indicator: coes
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“Increases in the intensity of the summer monsoon across eastern
China are best characterized as an intensified southerly
monsoon wind and the accompanying intensified rainfall in
northern China, but not by significant rainfall changes in southern
China.”

Wang B et al., 2008, JoC

Precipitation in northern China is the best

indicator for EASM intensity

“The southerly wind has been used traditionally as an index for
the EASM with clear dynamic implications on moisture import.
An intensified low level southerly wind, ..., enhances the
moisture transport ...into northern China, ..., leading to more
frequent and heavier rainfalls there”

LiuZzYetal., 2014, QSR
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Summer (June-July-August, JJA) mean 700 hPa streamline
based on NCEP/NCAR Reanalysis (1971-2000)
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A Test of Climate, Sun, and Culture
Relationships from an 1810-Year

Chinese Cave Record

Pingzhong Zhang,* Hai Cheng,”* R. Lawrence Edwards,” Fahu Chen,* Yongjin Wang,?
Xunlin Yang,* Jian Liu,” Ming Tan,® Xianfeng Wang,? Jinghua Liu,* Chunlei An,* Zhibo Dai,*
Jing Zhou,” Dezhong Zhang,* Jihong Jia,* Liya Jin,* Kathleen R. Johnson®

Science, 7 Nov., 2008; /1 %A%
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Strengthened summer monsoon during warm
periods of the historical and geological past

Unlike major warming periods in the past:

»Recent warming period affected by
anthropogenic forcings: greenhouse gases,
aerosols and land-use changes

»Rapid economic growth, industrialization and
urbanization make Asia becoming major source
of aerosols



Aerial transport of pollutants...




And we are chan g the climate...




doi:10.1038/naturell784

Divergent global precipitation changes induced by
natural versus anthropogenic forcing

Jian Liu"?, Bin Wang?, Mark A. Cane*, So-Young Yim® & June-Yi Lee®
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Although the late twentieth

century is warmer than
the Medieval Warm Period,

rainfall is less.
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Aerosols striking increased over the past decades

-  North America and Europe
East Asia
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Global warming coincided with weakened summer

monsoon since 1950s

Recent studies argued
that increases of

play an important role
in affecting Asian
summer monsoon
intensity
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Aerosols weaken Asian summer monsoon

Climate Effects of Black Carbon
Aerosols in China and India Menson et al, 2002, Science

Surabi Menon,'2* James Hansen,? Larissa Nazarenko,2
Yunfeng Luo?

Atmospheric brown clouds: Impacts on South Asian
climate and hydrological cycle
V. Ramanathan**, €. Chung*, D. Kim*, T. Bettge®, L. Buja*, J. T. Kiehl¥, W. M. Washington®, Q. Fus, D. R. SikkaT, Ra ma nathan e‘t al.' 2005' PNAS

and M. Wild!

*Scripps Institution of Oceanography, University of California at San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0221; *National Center for Atmospher]
Research, Boulder, CO 80307; SUniversity of Washington, Box 351640, Seattle, WA 98195-1640; 740 Mausam Vihar, New Delhi, 110 051, India; and ISwiss
Federal Institute of Technology, Winterhurerstrasse, 190 CH-8057 Zurich, Switzerland

PN A

This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected on April 30, 2002.

Anthropogenic Aerosols and the
Weakening of the South Asian
Summer Monsoon

Massimo A. Bollasina,® Yi Ming,** V. Ramaswamy®

Bollasina et al., 2011, Science

Anthropogenic aerosols are a potential cause for migration
of the summer monsoon rain belt in China

Yu et al,, 2016, PNAS

b1 ] b ] ] ]
Shaocai Yu™" ', Pengfei Li™* . Ligiang Wang'"". Peng Wang'"", Si Wang’"". Shucheng Chang " .
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Doing Battle With the
Green Monster of Taihu Lake

In attempting to subdee a vidous algal bloom, scientish aim io restore the health of
amajor ik in China and hon e strategies for b aading off ai soups elsewhere
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Blooms Like It Hot

Hans W. Paerl' and Jef Huisman?

utrient overenrichment of waters by
Nu.rhzm, agricultural, and industrial

development has prometed the
growth of cyanobacteria as harmful algal
blooms (see the figure) (£, 2). These blooms
increase the turbidity of aquatic ecosystems,
smothering aquatic plants and thereby sup-
pressing important invertebrate and fish habi-
tats. Die-off of bleoms may deplete oxygen,
killing fish. Some cyanobacteria produce tox-
ins, which can cause serious and occasionally
fatal human liver, digestive, neurological, and
skin di (1-4). Cyanot ial blooms
thus threaten many aquatic ecosystems,
including Lake Victoria in Africa, Lake Erie in
North America, Lake Tathu in China, and the
Baltic Sea in Europe (3-6). Climate change is
a potent catalyst for the further expansion of
these blooms.

I —

S

e

lakes to stratify earlier in spring and destratify
later in autumn, which lengthens optimal
growth perieds. Many cyanobacteria exploit
these stratified conditions by forming intra-
cellular gas vesicles, which make the cells
bucyant. Buoyant cyanobacteria float upward
when mixing is weak and accumulate in dense
surface blooms (2, 2, 7) (see the figure). These
surface blooms shade underlying nenbuoyant
phyteplankton, thus suppressing their oppo-
nents through competition for light (§).
Cyanobacterial blooms may even locally
increase water temperatures through the
intense absorption of light. The temperatures
of surface blooms in the Baltic Sea and in
Lake IJsselmeer, Netherlands, can be at least
1.5°C above those of ambient waters (16, 11).
This positive feedback provides additional
competitive dominance of bucyant cyanobac-

Rising temperatures favor cyanot ia
in several ways. Cyanobacteria generally
grow better at higher temperatures (often
above 25°C) than do other phytoplankton
species such as diatoms and green algae (7, §).
This gives cyanobacteria a competitive advan-
tage at elevated temperatures (8, ). Warming
of surface waters also strengthens the vertical
stratification of lakes, reducing vertical mix-
ing. Furthermore, global warming causes

Hnstitute of Marine Sciences, University of North Carolina
at Chapel Hill, Morehead City, NC 28557, USA. E mail:
hpaerl@email.unc.edu Anstitute for Biodiversity and
Ecosystem Dynamics, University of Amsterdam, 1018 WS

d herlands. E mail: jef.hui dence.

wa.nl

teria over plankton.

Global warming also affects patterns of
precipitation and drought. These changes in
the hydrological cycle could further enhance
cyanobacterial dominance. For example,
more intense precipitation will increase sur-
face and groundwater nutrient discharge into
waterbodies. In the short term, freshwater dis-
charge may prevent blooms by flushing.
However, as the discharge subsides and water
residence time increases as a result of drought,
nutrient loads will be captured eventually pro-
moting blooms. This scenario takes place
when elevated winter-spring rainfall and
flushing events are followed by protracted
periods of summer drought. This sequence of

ant phy

I

Alink exists between global warming and
the worldwide proliferation of harmful
cyanobacterial blooms.
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Resilience to Blooms

Justin D. Brookes' and Cayelan C. Carey”

yanobacterial blooms (see the fig-

ure) present health risks worldwide

for humans and livestock that drink
or use contaminated water, and also repre-
sent substantial economic costs to commu-
nities due to water treatment, lost tourism
and recreation revenue, and declining prop-
erty values (/). These explosive growths
occur in fresh and marine water, and may be
increasing globally. One recommendation is
that water managers must address the effects
of climate change when combating cyano-
bacterial blooms (2). However, recent stud-
ies suggest that controlling nutrients may be
more important in increasing aquatic eco-
system resilience to these blooms.

A number of factors may potentially con-
tribute to an increase in blooms, primar-
ily climate change and changing land use.
Most climate change modeling scenarios
predict that aquatic systems will experience
increases in temperature, thermal stratifi-
cation (2), and water column stability, all

School of Earth and Environmental Science, University of
Adelaide, Adelaide 5005, Australia. 2Department of Ecol-
ogy and Evolutionary Biology, Cornell University, Ithaca,
NY 14853, USA. E-mail: justin.brookes@adelaide.edu.au,
ccc99@cornell.edu

7 OCTOBER 2011

factors that favor cyanobacteria over other
phytoplankton (2, 3). Thermal stratification
leads to a greater propensity for cyanobac-
terial blooms, as many cyanobacteria have

Big bloom. A cyanobacterial bloom in Lake Winder-
mere, England, in June 2007. See SOM text for sug-
gested resources related to cyanobacerial blooms.

VOL 334 SCIENCE
Published by AAAS

Managing nitrogen and phosphorus pollution
of fresh water may decrease the risk of
cyanobacterial blooms, even in the face

of warming temperatures.

gas-filled vesicles that enable them to rise to
the water surface and form dense blooms (2,
4). In addition to climate change, deforesta-
tion, human and commercial animal waste,
and agricultural fertilization have increased
nutrient runoff into aquatic systems (35), also
favoring cyanobacterial blooms.

What is the relative importance of warm-
ing temperature versus nutrient (nitrogen
and phosphorus) loading in driving cya-
nobacterial dynamics? Many modeling
studies (6, 7), historical data analyses (4,
8), and experimental studies (9, /0) show
increased nutrient concentrations as a con-
sistently more important driver of blooms
than warming temperatures. For example,
in Lake Miiggel (Miiggelsee), Germany,
cyanobacteria did not directly benefit from
increased water temperatures; rather, blooms
decreased as nutrient loading was reduced
(4, 11). Whereas some studies indicate that
increasing nutrients and temperatures may
exert a synergistic effect on cyanobacterial
dominance (4, 6, 7), nutrient loading, nota-
bly nitrogen and phosphorus, is the primary
factor in the expansion of blooms (72).

There are several mechanisms by which
increased nutrients lead to the dominance of

www.sciencemag.org
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The past matters ...

http://www.virginmedia.com/money/features/worst-financial-bad-habits.php?ssid=5



Paleolimnology:
Sediments as environmental archives

e.g. aerially transported contaminants
O ¢ €.9. pollen grains

allochthonous
material
e.q. soil particles
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\ l / e.g. algae & aquatic insects




Dating the sedimentary sequences

® 210pp & ® 137Cs (radioisotopes)
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From the Aquatic System

Algae Cladocerans  Chironomids




Diatoms ===

 Bacillariophyta

« abundant and diverse

* siliceous cell walls (frustules)

» excellent indicators of lake nutrient
levels and lake properties, such as extent
of lake ice and thermal stratification




Abundance of taxa

Environmental variable (e.g. Temperature)
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High-resolution chronology of long-drilled core
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Dramatic eutrophication correspond to the natural warm periods



Aquatic ecosystem variation over past two millennium
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The past warm periods:

Stronger summer monsoon——>more rainfall—> stronger erosion
——> more nutrition inputs (P)—— increased lake fertilization

A heri
TS T~ ®

Runoff

Nutrient
loading Algal bloom

Perel and Justi¢, 2011, Treatise on Estuarine and Coastal Science



The past warm periods:

Stronger summer monsoon ——increased wind intensity
— stronger mixing
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Aquatic ecosystem variation over past two millennium
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High-resolution chronology of surface drilled core
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Striking increase of Asian
aerosols have weakened
ASM (both wind intensity
and rainfall) over the past
decades:

Weaker winds—weaker
mixing —less nutrition

Less rainfall—weaker
erosion—Iless nutrition



Stratigraphic profile of diatom taxa
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Increase In planktonic and open water diatoms



Effects of warming on diatoms
S &

Longer ice-cover period Longer open water period
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Distinct change in the life strategy of the diatom
assemblages with warming
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