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Climate response in Asian monsoon regions to anthropogenic aerosols

May-June-July

Over two or more decades, Asian monsoon region is one of the
main source regions of anthropogenic aerosols (AAs).

Climate response, such as surface air temperature and
precipitation, to AAs has been discussed.

Bollasina et al. (2011) investigated south Asian monsoon
response to AAs and natural aerosols using climate model
simulations.

They revealed the reduce of JJA precipitation in south Asia
were caused by modulation of the meridional circulation in
tropics by increasing of AAs.

(Fig. 1in Li et al. 2016) Global map of aerosol optical
depth at 550 nm derived from MODIS.

Takahashi et al. (2018) showed that the precipitation reduction
was affected by not only dynamical process but also cloud
change process, including ACI.

~

We investigated SAT response to anthropogenic aerosols (AAs) in South Asian monsoon
regions.

As mentioned on following slides, surface cooling in almost all regions of Asia, whereas
warming in India




East/Slow response to AAs

A Andrews et al. (2010) pointed out that the climate response to AAs could classify into two
responses:

A Fast response mainly relative to aerosol-radiation interactions (ARIs)
A Slow response with SST-related feedbacks induced by ARIs and aerosol-cloud interactions
(ACls).
A Ganguly et al. (2012) emphasized importance of slow response in South Asian monsoon regions.

A Dong et al. (2019) also stated oceanic dynamical feedback induced by AAs contributed to
precipitation/circulation change in East Asia and northwestern Pacific.

Following these previous studies, we compared AGCM/CGCM experiments to examine whether
SST-related slow response affected SAT warming.



Datasets

A CMIP6 DAMI P; Gillett et al., 2016/AerChemMIP; Collins et al., 2017
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Methodology

We used the climate models outputs which

A participated in the Coupled Model Intercomparison Project Phase 6 (CMIP6)
A were available in Feb. 2021, and particularly

A participated in both historical and hist-piAer (listed below)

We calculated climatological means of 30 years (1981-2010), when AA emissions in Asia were

increasing. Then we subtracted hist-piAer from historical, which represented climate response to
increasing AAs.



SAT warming around India ‘

MIROC6 historical — hist-piAer
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Fig. Differences of (left) SAT anomalies and (right) AOD anomalies in MIROCG.

A Difference of historical and hist-piAer represents the SAT change by increasing of AAs.
A Cooling Almost all regions, because of the reduce of solar radiation

A However, there was a warming signal around India

A All seasons in the most models, particularly in JJA (All models)
A What makes this signal?



SST-related (Slow) response to AAs '
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A Even if in case no SST feedbacks, SAT warming in India were clearly seen
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Differences of clear-sky and all-sky SWRF: cloud effects

multimodel: radiation flux at the surface

downward SW (all-sky) ANNUAL
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A To confirm effects of clouds, we
compared all-sky and clear-sky

shortwave radiation flux (SWRF) at the
surface
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With the effects of clouds, the SWRF at the
surface was larger than without the effects
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Fig. Differences of climatological and multi-model mean of (top) all-sky
and (bottom) clear-sky SWRF between hist and hist-piAer: (left) annual
mean and (right) JJA mean. Dots denote where are 95% significant.



Differences of Clear-sky and All-sky SWRF: cloud effects

MIROCS6: radiation flux at the surface
downward SW (all-sky) JJA
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Fig. Differences of climatological mean of (top) all-sky and (bottom) clear-sky
SWRF between hist and hist-piAer of MIROC6 ensemble members: (left) annual
mean and (right) JJA mean. Dots denote where are 95% significant.

A To confirm effects of clouds, we
compared all-sky and clear-sky
shortwave radiation flux (SWRF) at the
surface

A In JUA,
A all-sky: positive anomaly
A clear-sky: negative anomaly
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With the effects of clouds, the SWRF at the
surface was larger than without the effects
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These features were seen in the results
of the multi-models and the single
model ensembles



Differences of Clear-sky and All-sky SWRF: cloud effects !

MIROCG historical — hist-piAer
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Fig. Differences of climatological mean of all-sky and clear-sky SWRF between
hist and hist-piAer of MIROC6 ensemble members.



Cloud fraction changes in India -

multimodel historical — hist-piAer We also confirmed cha nges of the
clim 81-10 Annual clim 81-10 DJF clim 81-10 vam  fraction of clouds.

_ In almost all regions, fractions of
cloud increased, whereas decreased
around India mainly in JJA and SON.
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Cloud fraction changes in India -

MIROC6 historical — hist-piAer We also confirmed changes of the
clim 81-10 Annual clim 81-10 DJF clim 81-10 mam  fraction of clouds.

. In almost all regions, fractions of
cloud increased, whereas decreased
around India mainly in JJA and SON.
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Modulation of the meridional circulation 14

multimodel w500: hist — hist-piAer

We calculated zonal mean (70°E-90°E) of clim81-10 Annual clim81-10 DJF clim81-10
vertical pressure velocity to confirm the 10 T 15 100 '
modulation of meridional circulation.
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