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Asian Aerosol Dipole

e

« Recent increase in aerosol emissions in South Asia and a significant decrease
East Asia (notably in China since 2010) has resulted in a marked reduction in
total AODssq (MODIS) over China and increase over India creating an Asian
aerosol dipole (Samset et al.,, 2019)
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Asian Aerosol Dipole R | FS
POTSDAM

» Asian aerosol dipole is evident in both ground-based measurements (AERONET)
in South Asia and East Asia and satellite observations (MODIS) of AODs during
2001-2018.

Aerosol Optical Depth (AOD)
(a) 2001-2004 Average (b) 2015-2018 Average (c) (2015-2018)—-(2001-2004)
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AOD trends over the aerosol dipole regions

« Our inadequate understanding of magnitudes and trends in atmospheric
aerosols, particularly over Asia, is @ major source of uncertainty in climate
change (IPCC AR6 WG1, 2021)

a) MODIS AOD (2001-2018)
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Black dots correspond to points (0.5°x0.5°) where the trend (linear) is significant at the 95%
confidence level,
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Trends in aerosol optocal and

radiative properties (AERONET) at. ..

Kanpur, India during 2002-2018

Key highlights:

- Aerosols are becoming more
scattering in nature
(increasing SSA, decreasing
AAOD, decreasing
AAOD/AQD, decreasing BC
AAOD, decreasing heating
rate).

- Aerosol size distributions may
also be changing and hence
affecting the optical and
radiative properties ( which is
yet to be studied).
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Trends in aerosol optocal and
radiative properties (AERONET) at
Beijing, China during 2002-2018

AOD

Key highlights:

- Aerosols are becoming more
scattering in nature
(increasing SSA, decreasing
AAOD, decreasing
AAOD/AQOD, decreasing BC
AAOD, decreasing heating
rate).

Aerosol size distributions may
also be changing and hence
affecting the optical and
radiative properties ( which is
yet to be studied).
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Trends in aerosol optocal and radiative 100 AR 100 Dl
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Trends in aerosol optocal and radiative
properties (AERONET) at Beijing, China
and Kanpur, India during 2002-2018

MBC: Mostly BC aerosols
MIX: BC and Dust mixed aerosols
MDU: Mostly Dust aerosols

Key highlights:

- MBC type is increasing in Kanpur in all
seasons while it is increasing in Beijing
during Winter only.

- MDU aerosol type is decreasing over
Kanpur in all seasons while it is slightly
increasing over Beijing during pre-
monsoon

Ramachandran and Rupakheti, Sci. Total
Environ, 2022b
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Trends in AOD and SSA from observations (AERONET) and

model simulations (CMIPé) at Beijing, China and Kanpur, India

during 2002-2018

Key highlights:
Many CMIP6 models
are unable to simulate
AOD and SSA over
Kanpur and Beijing
(notably magnitudes)
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Changing energy mix in India and China and resultant climate
benefits through BC reduction

India China

500 A 2000 = Coal
400 D — Primary & Secondary Oil
300 | i — Biofuels & Waste A 0.09 0.09
3 = Kanpur Kanpur
200 i S 1000 P ° p P
== o> y =-0.0008x+1.78 (r=0.41)

) <
S S
= =
g = N °
100 I Bl 0.06 M 8 006 g
N S N erm—r———— S ® e v e b o® o
2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2 y = -0.0009x+1.81 (r=0.49) 3) ® 0 o IS
0.03 o 0.03 LL P ®
60 240 — Nuclear . @

PES (Mtoe)
PES (Mtoe)

(9]
w)

L B 180 - E — Geothermal & Solar
40 = Natural Gas 0.00 . . . . 0.00 . . . .
ol My 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020
20 r
60 0.09 ° 0.09
fsmr e L Y Beijing Beijing
0 : : 0 ===== ==l . L y = -0.0024x+4.83 (r=0.80)
2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 0.06 PS Y 0.06 °
® (]

o
g 2
1000 4000 - Total g <
Lc LF o5 < y = -0.0022x+4.43 (r=0.86) %) ]
o 750 - 3000 0.03 @ 0.03 oe
S 3 S g e®
S 500 < 2000 / o o°
9 r o I 0.00 . . . . 0.00 . . : .
& 250 & 1000 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020
0 . . . . 0 . . . .
2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 E F Kanpur eijing
s s 1.0 1.0
2 000 1.0 o 12000 o 20 — L
Q i = 8 i , = > >
g 2500 / g % 10000 /_/\/ - 5 5
£ 2000 2 £ 8000 b s 2 > <
a r = 2 = i 2 = 05 ~ 05
o 1500 | o 057 o 6000 | 10 2 o o
8 1000 [ Sl Ll § 8 00| _~ o5 B - Kanpur y = -0.0088x+18.57 (r=0.37) T
g s00 gzp (billion 2010%) 8 § 2000 [ 178 Beijing y = -0.0378x+76.74 (r=0.79)
< ol = BC emissions 5% N S : ; . e 0.0 : . . . 0.0 - -
8 2000 2004 2008 2012 2016 2020 S 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 S ,06,57\1 Q’L’Q%’y\'\
PO W

* Aerosol-induced atmospheric heating rate is decreasing over both South and East Asia as
a result of energy mix and resultant changing aerosol content and composition.

However, annual average HR of 0.5-1.1 K/day is still high.
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For further Information on trends
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Air pollution (Aerosols) impacts on climate:

Global Temperature Change

Observed warming Contributions to warming based on two complementary approaches

a) Observed warming b) Aggregated contributions to ¢) Contributions to 2010-2019

2010-2019 relative to 2010-2019 warming relative to warming relative to 1850-1%00,
1850-1900 1850-1900, aszessed from assessed from radiative

°C attribution studies °C forcing studies
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IPCC ARG, SPM, 20

Observed: +1.09°C
Anthropogenic: +1.07°C
GHGs: +1.5°C [1-2°C]
Aerosols: -0.4°C [0.0 to
-0.8°C]

*® Uncertainty: Factor of 2.

~ Warming
Cooling

Brown Carbon (warming)
is not considered yet.

« Observed warming is driven by emissions from human activities, with GHG warming

partly masked by aerosol cooling.

« Because of the spatial and temporal non-uniformity of aerosol forcing, the net effect

is not simplv a fractional offset.



Trends in AOD, SSA and AAPD over IGP and NCP

e

Area averaged trends in satellite-retrieved AOD, SSA and AAOD during 2001-2018.
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Trends in AOD, SSA and AAPD over IGP and NCP

Contributions of energy sources to total energy production

>

50
40
30
20

% Contribution

10
0

2000

vy
-
o

(o2 BN e o]

4

% Contribution

2
0

2000

India

2004 2008 2012 2016

2020

e ——
— T

2004 2008 2012 2016

2020

(@)

% Contribution

O

% Contribution

China

100

80

40

0 e

0 1 PR |

2000 2004 2008 2012 2016

10

8

6

4

2 f-

0 1 1 1
2000 2004 2008 2012 2016

2020

Coal
Primary & Secondary Oil
Biofuels & Waste

Nuclear
Geothermal & Solar
Natural Gas

Hydro

Research Institute for Sustainability — Helmholtz Centre Potsdam

Ramachandran et al, Front, Env. Science. 2022 15



