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on Eurasian hﬂro‘cﬁma"ce and heat waves
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o Aerosol-Cloud-Climate (ACC)
feedback is important for global
and regional climate change

o ACC feedback processes involve
both anthropogenic and natural
aerosols

o Globally, natural aerosols are
6- 10 times more plentiful than
anthropogenic aerosols

o Absorbing aerosols (BC, OC and
mineral dusts) amplify atmospheric
heating

o Snow-darkening by absorbing
accelerate snowmelt, amplify global

warming by snow-surface albedo
feedback
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GEOS5 model with a new snow-darkening
GOddard SnoW IMpurity (GOSWIM) module

SDE with snow darkening effect

NASA- A0 ENS_MEAN

GEOS_5 ~21%1 Jlasr (10 members)
(10 years) NSDE without snow darkening effect

Snow impurities include dust, BC, and OC (natural + anthropogenic)

Yasunari et al. (2015)



Snow-Darkening Effect (SDE): reduced snow albedo by deposition
of absorbing aerosols ( dust, BC, OC) leads to increased in net surface solar
radiation, during the boreal summer melting season (MAM)

Yasunari et al (2015)




Large scale remote forcing
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SDE induced annual mean climate change

(a) ASurfoce skin temperature [¢C]
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Accelerated snowmelt, warming, soil wetting and drying following the
seasonal migration of the snowline over Eurasian land (0-150 E).

(a) ATs(shaded, °C) & ASW(contour, W/m?)
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(a) AShortwave radiation MAM (b) ASnowmelt MAM
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(a) ASurface skin temperature

MAM
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Favorable conditions for heatwaves:
High pressure over over WE and NE,

(a) 500hPa GPH MAM (b) 500hPa GPH JIA
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SDE induces warmer surfcae and troposphere, and
stronger subsidence

MAM
1.0 —0.5 0
T oNSDE 100 @
— wSDE 200+
ATa 3001
4001
5001
600 1
700
800
900
s 20 0007 ATa
(c) NE MJ (d) NE JA
-0.5 0 0.5 1.0 -0.5 0 0.5 1.0
100 T oNSDE 100 ' T oNSDE @
200 — wSDE 200 — wSDE
3001 ATa 300- ATa
__ 400 400
& 500 T 500 l
~ 600 600 -
700 700
800 800
9001 9001
100055 o 05 10 15 20 %0 55 o 05 1.0 15 2.0AT£aL

—> Increased subsidence —

16



SDE increases frequency of 1% (~10%)

extreme heating days (NSDE) by 10 (~20) fold)
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The Wet-First-Dry-Later (WFDL) hydroclimate feedback induced
by snowdarkening effect (SDE)
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Continental drying, with increased summertime heat waves over Eurasia (Lau et al., 2018, under revision)
Enhanced South Asian monsoon, northward migration of East Asian monsoon (ongoing work)
Impacts on wildfires in subpolar climate, e.g., North America, Siberia and northeastern China (future work

18



Conclusions
Aerosol snow-darkening effect leads to:

» a warmer and drier climate over Eurasia :an increase in annual mean
surface skin temperature of 1-2.5°C, with a substantial reduction (up to 1

0%) in soil wetness over vast regions of the Europe and increase in Asian
summer monsoon

» A continental scale hydroclimate and land-atmosphere
WEFDL feedback , causing prolonged drying of the
land-atmosphere, leading to:

Increased 1% (10%) extreme heating days over western Europe, and
northern Eurasia by more than 10 (20) times
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Thank you
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