k of

IS

e R

iab

Var

)

1{=

lima

~

139
u .. -ﬂ-

14
.-..V
. d V

o

¥

\ i ... ﬁﬁ.
i .-.‘...
v- “ .’. ”‘ '.,\' 4
by HITTERA WY
WATE | &%
ok .:'...V..\f.r
-\._ .Jf -m L_.&ﬁ A‘- ,
" Wy r...
3 ....,?...“ o
: ) ,... " .-A .——r.,
NAET i
: .f\. r ‘m'\ .w. 3
a AL
) » - A g
;_...u,.. .« £ v « 2
! Ny fr. - y
- .3 » !
U A N
: AN Y ). W v
AR R
Ay .-fn‘.rs .‘: .* e 4
o " B ) ;
Wi R T B
» | ..ulﬂ .
\ Jh ] &8
. ..‘ Y2 au w“\ 2
AL SR v% _{ s
SPTA S AL T
.“. 4 , iy
<7 % T
% L 250 «._. LR Y
4 i) n_t y. 4
w! 4. -
A 5y s..
2 N r S
o A SN T ALY
) 4 ) Ly p
. .o . .IA ) h
LT s b )
PIREY ¥ 31
I .._., AR .,.._
nel'Ry
(ATt A S
! \_a,.‘, m
LA | ,‘. oA
pi R R
Al IR T L
. J R
e g 4.,
: s ,,v... .“
CLENRRY R
[ s t, :



“Drought Atlases” now cover a huge area of the world

NADA = North American Drought Atlas
OWDA = Old World Drought Atlas
MADA = Monsoon Asia Drought Atlas
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Cook et al. (2015)
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LONG-TERM CHANGES IN DROUGHT AREA IN THE WEST

Drought atlases: evidence for prolonged ‘megadroughts’
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CESM: new large ensemble capabilities

CESM Last Millennium Ensemble (CESM LME):

Otto-Bliesner et al. 2016
Multiple ensembles, varying sizes: different combinations of climate forcings 850-2005
(Orbital, solar, volcanic, GHG, ozone/aerosol, land use/land cover; all of the above)



Megadrought and climate modes:“big data” problem

200-year moving window

S o
Palmer Drought Severity Index (PDSI) North American Southwest: LME
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Drought risk when ENSO is WEAK
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ENSO: strong influence on drought risk
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Drought risk wheln ENSO is WEAK

ENSO: strong influence on drought risk
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Effects of high vs. low ENSO on event persistence

Change in drought persistence when ENSO STRENGTHENS
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Effects of high vs. low ENSO on event persistence

Change in pluvial persistence when ENSO STRENGTHENS
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ENSO ‘kicks’ regional hydroclimate in and out of drought
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ENSO ‘kicks’ regional hydroclimate in and out of drought
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CESM: new large ensemble capabilities

CESM Last Millennium Ensemble (CESM LME):
Otto-Bliesner et al. 2016
Multiple ensembles, varying sizes: different combinations of climate forcings 850-2005
(Orbital, solar, volcanic, GHG, ozone/aerosol, land use/land cover; all of the above)

CESM Large Ensemble: Kay et al. (2016)
30+ members, 20th century: 1920-2005; 21st century: 2006-2100 (RCP38.5)



CESM: El Nino, La Nina events both strengthen under climate change
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2 | st century: drying projected for western N. America, Amazon

Difference in 0-30cm soil moisture: (2006-2100) - (1920-2005), CESM Large Ensemble
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Megadrought risk increases in regions experiencing drying trends
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Warming reduces El Nino-induced drought termination in the western US

North American Southwest (30-45°N, 95-1 15°W) 0-30cm soil moisture
Exceedance probability = likelihood of JJA threshold exceedance given DJF NINO3.4 SSTA
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Warming reduces El Nino-induced drought termination in the western US

North American Southwest (30-45°N, 95-1 15°W) 0-30cm soil moisture
Exceedance probability = likelihood of JJA threshold exceedance given DJF NINO3.4 SSTA
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Warming increases La Nina-induced drought termination in Australia

Australia (20-40°S, 120-160°E) 0-30cm soil moisture
Exceedance probability = likelihood of ]JA threshold exceedance given DJF NINO3.4 SSTA

Exceedance prabability
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Warming increases La Nina-induced drought termination in Australia

Australia (20-40°S, 120-160°E) 0-30cm soil moisture
Exceedance probability = likelihood of ]JA threshold exceedance given DJF NINO3.4 SSTA

Exceedance prabability
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Warming increases La Nina-induced drought termination in Australia

Australia (20-40°S, 120-160°E) 0-30cm soil moisture
Exceedance probability = likelihood of ]JA threshold exceedance given DJF NINO3.4 SSTA

Exceedance prabability
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Conclusions

Megadroughts arise from internal atmospheric variability, coupled atmosphere/ocean/land
processes, and impacts from external climate change

Stronger tropical Pacific variability (ENSO) tends to reduce persistence of megadrought in the
Southwest US, Australia, monsoon Asia

Effects on persistence largely due to tendency for El Nino/La Nina to favor transitions between
drought/pluvial states

Changes to future ENSO are uncertain, but impacts of El Nino/La Nina likely to strengthen

El Nino-induced megadrought termination in the US SWV will still likely decrease due to overall 2]+
century warming trend

La Nina-related megadrought termination in Australia likely to increase: trends not as large

Potential for changes to the predictability of “megadrought’ start/end times due to tropical
Pacific conditions; understanding future changes to ENSO and its teleconnections is key



