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OUTLINE

[ Motivation

0 Nationwide measurements of concentrations and optical
properties of aerosols by Chinese Academy of Sciences

] Evaluation of the simulated present-day aerosols over
China from the Atmospheric Chemistry and Climate
Model Intercomparison Project (ACCMIP)

0 Improved simulation of climatic effect of aerosols

] Future directions
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Average Temperature over China Increased by 1.52°C (100 yr)-1

Warmlng over 1901- 2010
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® Higher than the global
mean warming of 0.89°C
over 1901-2012;

® Previously estimatedto
be 0.5-0.8°C (100yr)*
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» Adopted by CRU datasets ;
» China’s National Assessment Reporton
Climate Change (2015)

FEXSETHERBE (2015)




Observed Climate Change in China over 1951-2000
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Impacts of aerosols on East Asian summer monsoon
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Aerosols—> cooling at surface = reduced
land-ocean temperature contrast 2
weakening of EASM -> increased (reduced)
precipitation in southern (northern) China



Elevated Heat Pump

Normal monsoon
water cycle (May -June)
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EHP-accelerated
monsoon water cycle
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FiGc. 3. Schematic showing the monsoon water cycle (top) with no aerosol
forcing and (bottom) with aerosol-induced elevated heat pump effect. Low-
level monsoon westerlies are denoted by W. The dashed line indicates mag-
nitude of the low-level equivalent potential temperature 6_ . Deep convection
is indicated over regions of maximum 6_. (See text for further discussions.)

Lau et al. (2008)



Simulated Impacts of Aerosols on Temperature in Eastern China

2E: equilibrium climate simulation; PT: transient climate simulation;
°0-2000: two simulations are performed, one without aerosols, and the other one with present-day aerosol;
dD: direct radiative effect; ¢Fl: first indirect radiative effect; ¢Sl: second indirect radiative effect; €1: FI+SI.
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Reference E Period Aerosol species effects

RegCCMS E2 0-2000¢ NO; D¢ -0.04
] Fle 0.11
L ] stf 0.68
] D+FI+SI  -0.78
RIEMS Qflux E  0-2000 $S0,+BC+OC+Dust+SS D 0.2~1.6
RIEMS E  0-2000 504+0C -0.97+0.6

Global Model
CACTUS Qflux T 1951-2000 SO, D -0.40
] BC +0.62
] S0,+BC +0.18
] $S0,+BC+OC +0.15
] 50,+BC+OC+SOA+NO; -0.78
BCC_AGCM2.0.1  Slab E  0-2000 S0,+BC+OC+Dust+SS D -0.3~-0.9
HIGAM Slab E 1950-2000 SO4 D+l -0.2~-0.6 (Apr-Sep)
] BC D -0.4~+0.1 (Apr-Sep)
mer s o) RSB
Kim et al. (2007) GOCART Slab  E  0-2000 504 D -0.2~-0.8 (Spring)
GAMILL.1 Slab T 1951-2000  SO4 D -0.4~-1 (Summer)
CAMS Slab E 18502000 SO4 D+l -0.6~-1.5 (Summer)
] BC D+l -0.67+0.3
] POM D+l -0.9~0
] SO4+BC+POM D+l 0.2~-1



Summary of uncertainties in historical radiative forcing
by aerosols in Chapter 8 of IPCC AR5

Components of Rodiaotive Forcing
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ERF of WMGHG is 3.00 (2.22 to 3.78) W m. That of CO,is 1.68 (1.33
to 2.03) W m2; that of CH, is 0.97 (0.74 to 1.20) W m; that of strat-
ospheric ozone-depleting halocarbons is 0.18 (0.01 to 0.35) W m,

Emissions of BC have a positive RF through aerosol-radiation interac-
tions and BC on snow (0.64 W m?, see Section 8.3.4 and Section 7.5).
The emissions from the various compounds are co-emitted; this is in
particular the case for BC and OC from biomass burning aerosols. The
net RF of biomass burning emissions for aerosol-radiation interactions
is close to zero, but with rather strong positive RF from BC and negative
RF from OC (see Sections 8.3.4 and 7.5). The ERF due to aerosol—cloud
interactions is caused by primary anthropogenic emissions of BC, OC
and dust as well as secondary aerosol from anthropogenic emissions
of S0,, NO, and MH.. However, quantification of the contribution from
the various components to the ERF due to aerosol—cloud interactions
has not been attempted in this assessment

8.5.2  Time Evolution of Historical Forcing

The time evolution of global mean forcing is shown in Figure 8.18 for
the Industrial Era. Over all time periods during the Industrial Era CO,
and other WMGHG have been the dominant term, except for short-
er periods with strong volcanic eruptions. The time evolution shows
an almest continuous increase in the magnitude of anthropogenic
ERF. This is the case both for CO, and other WMGHGs as well as sev-
eral individual aerosol components. The forcing from CO, and other
WMGHGs has increased somewhat faster since the 1960s. Emissions
of CO, have made the largest contribution to the increased anthropo-
genic forcing in every decade since the 1960s. The total aerosol ERF
(aerosol-radiation interaction and aerosol—cloud interaction) has the
strongest negative forcing (except for brief periods with large volcanic
forcing), with a strengthening in the magnitude similar to many of the
other anthropogenic forcing mechanisms with time. The global mean
forcing of aerosol-radiation interactions was rather weak until 1950
but strengthened in the latter half of the last century and in particular
in the period between 1950 and 1980. The RF due to aerosol-radiation
interaction by aerosol component is shown in Section 8.3.4 (Figure 8.8).

Although there is high confidence for a substantial enhancement in the
negative aerosol forcing in the period 19501980, there is much more
uncertainty in the relative change in global mean aerosol forcing over
the last two decades (1990-2010). Over the last two decades
has been a strong geographic shift in asrosol and aerosol precu

O There is high confidence for a
substantial enhancementin the negative
aerosol forcingin the period 1950-1980;

[0 There is much more uncertainty in the
relative change in global mean aerosol
forcing over the last two decades (1990-
2010);

[ Over the last two decades there has
been a strong geographic shiftin aerosol
and aerosol precursor emissions (see
Section 2.2.3), and there are some
uncertainties in these emissions.




Assessment on Climatic Effect of Aerosols

Ground-based, aircraft,
and satellite measurements of
aerosol optical parameters
& cloud parameters

Ground measurements
of gas-phasespecies
and aerosols

Evaluation and Evaluation and

improvement improvement Parameterizations
of emissions of chemistry that are of representative
inventories schemes in of local conditions
models
Simulated Simulated Simulated

Emissions : : : : :
: ) concentrations of erosol optical propertie limatic effects
inventories

aerosols & cloud parameters of aerosols




OUTLINE

0 Nationwide measurements of concentrations and optical
properties of aerosols by Chinese Academy of Sciences
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n&mhma sets 2020 vision for science

Goals include commercialization of research and emphasis on energy, biomedicine

and information technology.

BY JANE QIU IN BEIJING

hina is betting that an ambitious pro-

gramme of applied research will helpto

secure its future as an economic super
power. Innovation 2020, unveiled last week
by the Chinese Academy of Sciences (CAS),
maintains support for basic wesearch, But the
plan will place a new emphasis on translat
ing the research into technologies that can
power economic growth and address pressing
national needs such as dean energy, said Bai
Chunli, vice-president of the CAS, at the acad -
emy’s annual conference in Beijing, where the
plan was announced.

Innovation 2020 is an extension of the
Knowledge Innovation Programme (KIP)
hl!llldk:l(l by the CAS in lm Under the KIF,
the d its often d
and outdated institutes, attracted outstandi
Chinese researchers who had trained :lsruml
and tightened up the way it evaluated project
proposals and performance. But the CAS now
needs Lo support new priorities, says Duan
Yibing, a policy researcher at the CAS Institute
of Policy and Management in Beijing. China
has become a global economic power, and
the world's financial crisis has made scientific
innovation moere important te economic suc-
cessthan ever before, he says. “Things are alot
different now compared to 13 years ago”

Although the budget of Innovation 2020 is
yet tobe announced, insiders say it will be part
of a continuing surge in the nation’s science

spending (see Spend, spend, spend’). Indeed,

SPEND, SPEND, SPEND

China's Investmentin scignce has rigen rapidly
over th past decade
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the CASs expenditure on research and devel-
opment (R&D) in 2009 was about 20 billion
renminbi (US$3 billion), seven times the level
in 1998, according to a KIP assessment report
also released last week. This year's budget for
the Mational Matural Science Foundation of
China will increase by 70%, from 10 billion
renminbi last year.

Innovation 2020 will kick off with new
projects this year in seven key areas, including
nuclear fusion and maclear-waste management;
stem <ells and regenerative medicine; and
calculating the flux of carbon between land,
oaeans and atmosphere. Other priorily areas
include materials science, information tech
nology, public healthand theenvironment.

To coordinate resources better and to foster
multidisciplinary research, the academy will set
up three researchcentres for space scie nce.clsean

hasitbuilds its capacity in, for example, solar power.

published 3.5 times as many papers illjwllE
listed by the Science Citation Index (SCI

in 1998, Crudially, the number of papers pub-
lished in the top 1% of SCI journals as judged
by their impact factor, was 12 times that in
1996, The CAS also calculates that mx:ﬂrdl and
development by the KIP g d an income
of 140 billion n.llmull:l and tax revenue of
22 billion renminbi in 2009 — respectively 195
and 14.5 times the levels in 2000,

But the report acknowledges that there is
substantial room for imp t. Forexam
ple, CAS researchers should aim to become
leaders of the international scientific o

CHINA (D REUTERS

CAS Innovation 2020

CAS StrategicPriority Program:

limate Change — Carbon Flux and Related Issues

nity, and shift their focus away from generating
as many papers as possible and towards genu-
ine originality and innovation.

With its r:mphasls on applied research, the
new initiative also “presents a majolchallenge

coal technologies and geosciende it
devices, Tt also plansto build three science pa rks
— in Beijing, Shanghai and Guangdong prov-
ince, respectively — toaccelerate the conver

to the tand | capa-
bilities of the academy”, says ‘Richard Suttn
a science-policy researcher at the Univer:
Uregon in Eugene. He notes that most CAS

sion of basic research into marketable products,
especially in renewable energy, information
technelogy and biomedicine

Pan Tiaofeng, deputy general secretary of

T T
2000 2002 2004 2006 200

the CAS, says the KIPs

track record bodes well D HATURECOM
for the success of the  Forallthelatest
new prog By the  research from Ching,
CASsreckoning, in 2009,  see
researchersthat it funded — wwenature comfnching

are focused on academic disciplines
and lack the infrastructure needed for com
merdalizing rescarch or directing it towards
national needs.

Crthers think that the emphasis on applied
research, national needs and revenue could
stifle curiosity-driven research. Without that,
saysa Shanghai-based researcher who declines
to reveal his identity, “it would be very difficult
to have genuine innovation”. w
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CAS project on climatic
effect of aerosols

(Chief Scientists: H. Liao, J. Cao)
(~11.5 M US Dollars)




CAS Project on Climatic Effect of Aerosols

Expected Outcomes:

e First dataset with nationwide continuous measurements of
size-resolved and speciated aerosols;

 Improved parameterizations of aerosol optical properties
that are representative of regional aerosol concentrations
and meteorological conditions in China;

 Improved aerosol-cloud parameterizations for China
domain with spatial and temporal variations;

e Increased confidence with the simulated climatic effects of
aerosols in China.



Aerosol Observation Networks of Chinese Academy
of Sciences Launched in 2011

Measurements of conc. Measurements of optical properties
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Measurements of Aerosol Concentrations
(PI: Prof. YS Wang)
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Continuous measurements (2011-2014) of size-resolved
speciated aerosol concentrations for 9 size bins of <0.43, 0.43-
0.65,0.65-1.1,1.1-2.1,2.1-3.3,3.3-4.7,4.7-5.8,5.8-9.0, >9.0 um

Jinyuan Xin et al., 2015: The Campaign on Atmospheric Aerosol Research
Network of China: CARE-China. Bull. Amer. Meteor. Soc., 96(7), 1137-1155.



Parameters Measured at Ground Stations
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Observed Annual Mean Concentrations of Aerosol Precursors
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Size-resolved Aerosol Mass Concentrations in Spring of 2013
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Size-resolved Concentrations of OC
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ECH E (ug/m3)

Nationwide measurements show that
a large fraction of BC mass in the coarse mode
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dC/(C'total X d|09Dp)

Formation of SOA over Dust Particles
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Spatial distribution and sources of SOA in China
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Isoprene and aromatics are the major precursors of SOA

(Ding et al. JGR 2014; Shen et al., ACP 2015)



Biogenic vs. anthropogenic SOA

Biogenic (isoprene, monoterpene, and sesquiterpenes)
Anthropogenic (aromatics)

(Ding et al. JGR 2014; Shen et al., ACP 2015)
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Aerosol-Cloud-Radiation Measurements
Pl: Prof. P.C. Wang
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Aerosol-Cloud-Radiation Measurements
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Measured Monthly Mean AOD
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Measured Monthly Mean SSA
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1985-2014 AOD from AVHRR and MODIS
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Correlations between Cloud Effective Radius and AOD
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» Twomey effect was observed over ocean;

» Positive correlations between aerosol optical depth and cloud effective radius were found over
land;

» Positive correlations are attributed to the associated changes in relative humidity and wind fields.



OUTLINE

] Evaluation of the simulated present-day aerosols over
China from the Atmospheric Chemistry and Climate
Model Intercomparison Project (ACCMIP)



Simulated aerosol concentrations and AOD from the ACCMIP models
were downloaded from the British Atmospheric Data Center

Model

CESM-CAM-
superfast

CICERO-OsloCTM2

GEOSCCM
GFDL-AM3
GISS-E2-R
GISS- TOMAS
HadGEM2
LMDzORINCA
MIROC-CHEM
NCAR-CAM3.5
NCAR-CAMS5.1
STOC-HadAM3

Resolution

(Lat/Lon/Lev)

1.875/2.5/L26

2.8/2.6/L60
2/2.5/1L72
2/2.5/148
2/2.5/140
2/2.5/L40
1.25/1.875/L38
1.895/3.75/L19
2.8/2.8/L80
1.875/2.5/L26
1.875/2.5/L30
5.0/5.0/L19

Aerosols

BC,0C (SOA), S, N, NH4, D, SS
BC, OC, S, D, SS

BC,0C (SOA), S, N, NH4, D, SS
BC,0C (SOA), S, N, NH4, D, SS
BC, OC, S, NH4, D, SS

BC, OC(SOA), S, D, SS

BC

BC, OC (SOA), S, D, SS

BC, OC (SOA), S, D, SS

BC, OC (SOA), S, D, SS

S, N, NH4

Reference

Lamargue et al. (2012)

Skeie et al. (2011)
Oman et al. (2011)
Donner et al. (2011)
Shindell et al. (2013)
Lee and Adams (2010)
Collins et al. (2011)
Szopa et al. (2012)
Watanabe et al. (2011)
Lamargue et al. (2012)
Liu et al. (2012)
Stevenson et al. (2004)

http://badc.nerc.ac.uk
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Aerosol datasets used for evaluation of ACCMIP models

(1) Aerosol Observation Networks of Chinese Academy
of Sciences Launched in 2011

Measurements of conc. Measurements of optical properties
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' Continuous measurements over years 2011-2014;

.+ Size-resolved speciated aerosol concentrations for 9 size bins of

. <0.43,0.43-0.65,0.65-1.1,1.1-2.1,2.1-3.3,3.3-4.7,4.7-5.8, 5.8-9.0,
. >9.0 um;

e For measurements of AOD using CIMEL sunphotometer, data

' processing procedures are the same as those of AERONET .



Aerosol datasets used for evaluation of ACCMIP models
(2) Measured concentrations collected from the literature

Qingdac (121°E ,36
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Beijing
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Xi'an
(108 6°E, 34.2°N)

Yulin
(109 3°E, 38.2°N)

Chongaing
(106.3°E, 29.4°N)

Guangzhou
(1132.1°E, 23.1°N)

Cape 1) Agualar, Homy
(114.3°E .22.0%

Chnshu (119, 4°E ,30)

Hong Kong
(115.1°E, 25.2°N)

Hangzhou
(120.1°E, 30.2°N)

Waliguan Mount.

(100.9°E 363

Lin‘an (119.7°E 30

Shang Dian Zh]
{117.1°E 407

Shanghai
121.3°E, 31.1°N)

Cape D’ Aequig]

(114.3°E,22.2™

Nanjing
(118.5 E, 32.0°N)

Wuhan
(114.2°F, 30.4°N)

Long Feng Moun
(1276°E 4177

Kiamen
(118.0°, 24 3°N)

Shenzhen
114.1 E.24.3"N)

Al IL.lopug m-3
September Heetal. (2001)
2000 Winter 15.35ug m-3
Spring 7.26 pgm-3
Beijing(116.4°E ,39.9°N) _
Spring 11.92 ug m-3
Summer 11.18 ug m-3
2001-2003 Wang et al. (2005)
Autumn 914ugm-3
Wint -
Beijing(116 4°F 3 e 122 ugm-3
B FEB 8.06 ug m-3
Nanjing(118.8°E ,32.0°N) 2001 Yang et al. (2005)
SEP 324ugm-3
20 March Spring 5.4 ng m-3
] 1999 -27 Summer 292 ug m-3
Shanghai(121.5°E 31 .2°N) Ye etal. (2003)
March 2000 Autumn 512 pgm-3
Winter 9.64ugm-3
i o November 2000 to February
Naymg(H8 8.3 | Hong Kong(114.2°E 22.3°N) 1.20 pg m-3 Ho et al. (2006)
2001 and June to
Yulin (109.43°E ,38.20°N) 30 March to 1 May 2001 13 ugm-3 Kuetal 2004
Shanghai(121.5°E , Au 2 pgm-3
1996 Winter 65 ug m-3
Xi’ an(108.9°E ,34.3°N) Zhang et al. (2002)
-1997 Spring 33 ugm-3
Hong Kong(114.2°E Summer 16 ug m-3
. 25 Feb-15 Mar, 2002 10.3 ugm-3
ngdao(lZlDE ) ngdao(lZlOE ,36.5ON)
17 Feb-02 Mar, 2001 12.5 ug m-3
. Takami et al. (2006)
Dalian (121.5°E , Dalian (121.5OE ,39ON) 25 Feb-16 Mar, 2002 12.8 g m-3
Fenghuanshan (124°H Fenghuanshan (124OE ,40.5ON) 17 Feb—01 Mar, 2001 73 wg m-3
°N) 18 Feb- 30 Apr 2001 6.5 Lg m-3 Wang et al. (2004)
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Aerosol datasets used for evaluation of ACCMIP models
(3) Measured concentrations at CAWNET and AOD from other sources

Unit: m|
i 7000
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o 5500
E, . 5000
- oA v
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*°.
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F 2000
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. _o‘!o _. B 1000
20°N = _ 500
0
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Measured concentrations at 14 CAWNET sites (red circles) of the China
Meteorological Administration (CMA) Atmosphere Watch Network (CAWNET)

Measured AOD from

-- 25 AERONET sites (blue circles) (Holben et al., 1998)

-- 20 sites (blue triangles) of China Sun Hazemeter Network (CSHNET) (Xin et al,
2006)

-- Satellite measurements



Multi-model mean surface-layer concentrations from ACCMIP
vs. Measurements at CAWNET sites

Sulfate Nitrate Ammonium
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e Shades: ACCMIP concentrations for year 2000

. 4
e Circles: Measurements at CAWNET sites for 2006-2007 Unit: pg m
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Simulated surface-layer concentrations from ACCMIP models
vs. Measurements at CAWNET sites
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The ACCMIP models underestimate aerosol concentrations in China

Annual mean bias (MB, unit: pg m-3) and normalized mean bias (NMB, unit:%)
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Simulated surface-layer concentrations from ACCMIP models (color bars)
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vs. Measurements from the literature (grey bars)
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Simulated AOD from ACCMIP models vs. Satellite measurements
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Satellite
retrievals

Simulated AOD from the ACCMIP models
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> Both model results and

satellite measurements
are averaged over
eastern China
(100°—122°E, 25°—45°N);

> Satellite measurements

show one peak in March
or April and the other
peak in June;

> Simulated AOD values

peak in March-May
and/or July-October;

> The most dominant

aerosol species that
contribute to the
simulated AOD are
sulfate and mineral dust
in most models.



Simulated AOD from ACCMIP models vs. Ground-based measurements
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Correlation coefficients between monthly surface-layer aerosol
concentrations and monthly AOD from the ACCMIP models
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» The models need to simulate accurately the hygroscopic growth of sulfate;
» The models need to capture not only the surface-layer concentrations but also

column burdens , especially for BC and OC in the middle troposphere as a result
of the springtime inflow from South Asia.



Biases in simulated relative humidity in the ACCMIP models
(Year 2000 surface-layer RH)

NASA/GEOS4 assimilated RH
averaged over years 1996-2005 ACCMIP — GEOS4
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The ACCMIP models overestimate relative humidity by up to
10% in northern China whereas underestimate relative
humidity by up to 15% in southern China.



Conclusions and Suggestions

[0 The ACCMIP models underestimate concentrations of all major aerosol
species in China. On an annual mean basis, the multi-model mean
concentrations of sulfate, nitrate, ammonium, organic carbon, and black
carbon show normalized mean biases of —63%, —73%, —54%, —72%, and
—53%, respectively.

[0 The multi-model mean AOD values show normalized mean bias of —37%
at AERONET sites and of —23% at CSHNET sites in China.

[0 Analyses suggest that more accurate representation of (1) the
magnitudes and seasonal variations of concentrations of all
anthropogenicaerosols, (2) biomass burning aerosols in the middle
troposphere, (3) relative humidity and hygroscopic growth of aerosols are
essential for simulating climatic effect of aerosolsin China in current
climate models.

[0 There is a mismatch between model year and the years of measurements,
which does not influence our conclusions. Justifications have been done
by using the GEOS-Chem simulations of concentrations and AOD with
changes in emissions and assimilated met fields for years 2000-2013.



OUTLINE

0 Improved simulation of climatic effect of aerosols



IPCC AR5 underestimated the role of aerosols in China
in historical and future changes in climate?
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Comparisons of simulated year 2010
aerosol concentrations from the GEOS-
Chem model with 2006-2007
measurements from CAWNET (Zhang et
al., 2012)
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Differences in simulated year 2000 surface-air temperature
(GEOS-Chem —CAM)
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Projected changes in annual mean all-sky TOA aerosol DRF ( W m~2)
in China for the period 2010-2050 (relative to 2000)
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Li et al., JGR, in press



Future Directions

O Model development to simulate aerosol microphysics and
mixing states;

O Accurate representation of chemical composition
and concentrations of aerosolsin Chinain climate models:

0 Nation-wide continuous measurements of concentrations
and optical properties; Data sharing;

O Measurements of cloud properties;

O Understanding aerosol-climate feedbacks in China.
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