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What mechanisms drive future precipitation change?

(c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
relative to 1850-1900 Pacific and parts of the monsoon regions, but decrease over parts of the

subtropics and in limited areas of the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming

Relatively small absolute changes
may appear as large % changes in

regions with dry baseline conditions. ¢ 40 80 -200 -0 0 10 20 30 40 -
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What are the relative contributions
of dynamics vs. thermodynamics to
mid-latitude precipitation trends?



Dynamic vs. thermodynamic contributions to
orecipitation change

Daily 500 hPa vertical velocity (w) is used as a proxy for the strength of
a ‘’dynamic disturbance’

1. Obtain the PDF of w (PDF ) for a historical (1981-2000) and future period
(2081-2100)

2. Composite daily precipitation for each w bin for both periods (P, )

03 Bony et al. 2004, Clim. Dyn.Emori and Brown 2005, GRL



Can find these distributions and calculate
the thermodynamic change and the
dynamic change at each grid point
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Following EB2005 methodology, what are we
doing different?

EB2005 Our ongoing work
Considered 6 different models 1. Considering one model: CESM?2

2. Considered one run fromeach 2. Considering 50 (soon to be

model 100) runs from the model
3. Considered annual 3. Will consider all seasons
precipitation (mostly focusing on winter vs.
summer)

(1) and (2) afford us the opportunity to better quantify the forced response and explore the ensemble spread
Different seasons are driven by different physical mechanism (e.g., large-scale vs. convective)



Annual mean precipitation and forced response

Annual precipitation climatology AP (2081-2100 minus 1981-2000)
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Annual mean precipitation and forced response

Annual precipitation climatology

AP (2081-2100 minus 1981-2000)
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Annual mean precipitation and forced response
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Let’s consider winter vs. summer precipitation

Winter precipitation climatology Large-scale precipitation Convective precipitation
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Winter mean precipitation and forced response

Winter precipitation climatology

AP (2081-2100 minus 1981-2000)
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Summer mean precipitation and forced response

Summer precipitation climatology
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Next steps

* Investigate the different thermodynamic and dynamic contributions
across ensemble members

* |n Australia the dynamic precipitation change outweighs the thermodynamic
precipitation change — why?

* How do the thermodynamic and dynamic contributions evolve
through time (AT = 2K, 3K, 4K, etc.)
e Everything here has just compared 1981-2000 and 2081-2100

* Using a vertically integrated moisture budget vs. this single-level
decomposition

* Idealized simulations - wind nudging?
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Winter precipitation change (2081-2100
minus 1981-2000)

Actual model difference Calculated model difference Calculated minus actual
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Summer precipitation change (2081-2100
minus 1981-2000)
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Large Scale Circulation projected changes and their effect on the water cycle
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Northemn Southern id-latitud

Effect: Annual
storm tracks shifting polewards.

Effect: Broadening of the Hadley
Cells and poleward expansion of

¢ Present
subtropical dry zones

Regions: Regional storm tracks
moving polewards at different rates in
different basins. Southem
hemisphere storm tracks have moved
polewards more clearly, partly driven
by ozone depletion. Poleward
movement likely to weaken as ozone
hole recovers.

Regions: Uncertain influence on
4 drying of subtropical land regions
SN that are also controlled by

« ] evolving surface temperature
‘ Yf) patterns

Confidence: Low
The maps show the effect of 3°C of
global warming on mean P-E compared
to preindustrial levels (1850-1900)

]

outh
Pole

Confidence: Medium

Confidence: Low

Annual mean

Subtropical boundaries B
Northern hemisphere & gz - =
orthern hemisphere A sograg
Inter-tropical
convergence zone
(Tcz)

<
Subtropical boundaries
Souther hemisphere

o
mmidaY 108 0.6 -04 0.2 0 02 04 06 08 1

—( Weaker Walker circulation

3 "*m
o

~C_ Regional shiftsinITCZ )

fo etter Ol

Effect: Drying tendency on edges of the ITCZ;
moistening tendency in the core, where the wet
gets wetter response is expected to be amplified.
Regions: Impacts on individual regions only
beginning to be investigated.

Confidence: Medium

®

Effect: Shifts in location of wettest tropical
regions, increases or decreases in
precipitation amount

Regions: Southward shift 1950-1970s over
west Africa due to aerosol cooling of
northemn hemisphere, recovery since driven
mainly by GHGs. Signals of regional shifts
emerging.

Confidence: Low

Present
F >
uture
—~ L
v ¥
~
7 N >

Effect: Reduces thermodynamic strengthening
of monsoons and the increasing contrasts
between wet and dry regimes

Regions: Maritime Continent

Confidence: Medium

-( Thermodynamic increases in moisture transport into weather systems }

Effect: Thermodynamic strengthening of contrasts between wet and dry events regionally despite shifts in
circulation patterns. Increases in of moisture into mid-latitude weather systems, tropical cyclones,
and monsoons; increases precipitation.

Regions: Global
Confidence: High

IPCC Figure 8.21



Effect on precipitation of first versus second 2 degrees of global warming (vs 1850-1900)
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Introduce methods

oo

P = wa Pr,dw

— 00

00

6P = wa5Prwdw+ fSPw Pr,dw jSch?Prwda)
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The jury is out on the drivers of the trend...

My goal is to reconcile the
Stratospheric ozone depletion previous literature, namely the
drives trend post-1960* assessment of the weak trend
Gonzalez et al. (2014) in models...

2014 2018-2023
\ \

O—O—0—C

2010 2016

The wetting trend is driven by GFDL models simulate a
natural atmosphere-ocean wetting trend in response to
variability * GHG forcing *
Seager et al. (2010) Zhang et al. (2016) *Each paper notes that climate
models underestimate the
precipitation trend




Can we use climate models as a tool to better
understand and diagnose the drivers of the SESA
precipitation trend?

1 AUGUST 2021 VARUOLO-CLARKE ET AL. 6441

Gross Discrepancies between Observed and Simulated Twentieth-to-Twenty-First-Century
Precipitation Trends in Southeastern South America

ARIANNA M. VARUOLO-CLARKE,*® JASON E. SMERDON,® A. PARK WILLIAMS,*¢ AND RICHARD SEAGER?

* Lamont-Doherty Earth Observatory, Columbia University, Palisades, New York
® Department of Earth and Environmental Sciences, Columbia University, New York, New York
¢ Department of Geography, University of California, Los Angeles, Los Angeles, California

(Manuscript received 23 September 2020, in final form 16 March 2021)
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