4 Y. o :
The North American:monsoon
S;Cit_uﬁent scientific iIssuestand persp.e?ca:tives for the future
S

—
Salvatore Pascale

Alma Mater Studi@rum - Universita di Bologha

Department of Physic and Astronomy

)

Joint WCRP/WWRP Webinar ;’S'e"_ri‘e"s ~American- I\/log soons” k o I\/la y2024

S Nt



Outline

 The North American Monsoon (NAM)

* The NAM under global warming

e Challenges for the prediction of the NAM in a warmer
climate



The global monsoon

July mean prc
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Data source: GPCP 1DD. Courtesy of S. Bordoni




The global monsoon

January mean prc
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The global monsoon

July mean prc
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Central American vs. NW Mexico

CA Midsummer droughts,
Observed precipitation-Gpcc ~ DimModal regime

Monsoon “core” region,
unimodal regime

Precipitation (mm d™")
Precipitation (mm d™')
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The socio-economic importance of the NAM

70% of annual precipitation in NW Mexico, ~40-50 % of annual precipitation over SW US

JAS Precipitation, % of Annual
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Cook & Seager (2014), GJR

NW Mexico is primary region
of irrigated grain farming

SW USA states population is
steadily growing (e.g., in AZ from
263,000 to over 7 million in 100
years) and so water used for
domestic (5%) and agriculture
(75%) purposes

Extreme precipitation events



Current climate change and the NAM

Trend and change in precipitation (1951-2014) over monsoon regions
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Observed NAM changes: extreme precipitation

(d).
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Current climate change and the NAM

e Observations suggest small or no trends over SW US. Decadal —
ve trend over CA but no certain attribution to anthropogenic
global warming (Pascale et al., 2021)

* Very limited knowledge of what happens NW Mexico: very few
studies suggest no significant changes in summertime
precipitation

* Increase in the magnitude of extreme events in NAM and
Central American rainfall under anthropogenic global warming
(Aguilar et al. 2005; Luong et al. 2017).



Anomaly relative to 1995-2014

(a) Past to future change of global monsoon Land Precipitation

What do climate projections suggest?
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(b) Past to future change of global monsoon Ocean Precipitation 5%
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Wang et al., 2021, BAMS
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CMIP6 projection of the NAM

APrecip,
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CMIP6 projection of the NAM

GCMs suggest an early-to-late redistribution of the mean NAM
precipitation with little overall reduction, and a more substantial
reduction for Central American precipitation

“There is low confidence in projections of changes in precipitation
amounts for the North American monsoon (IPCC5)”

“both paleoclimate evidence and observations indicate an
intensification of the NAmerM in a warmer climate (medium
confidence)” (IPCC6)

Why such a low confidence in GCM projections?
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Where are the issues with the NAM?

GFDL-CM2.1
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Where are the issues with the NAM?

 Coarse horizontal resolution
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Where are the issues with the NAM?

(b) Precip Percent Difference

e Coarse horizontal resolution 50°Nfo \ o W o= \L

Johnson & Delworth, JCLIM, 2023
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Where are the issues with the NAM?

* Coarse horizontal resolution ALL-MODEL MEAN
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e SST biases—> “retreat problem”
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Also Ye & Wang, (2023), JCLIM
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NAM response to 2xCO2 sensitive to SST
biases
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Both local and remote biases may lead to

large uncertainties...

JJAS Precipitation Change [mm month™]
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Where are the issues with the NAM?

Ralnfall changes from a convectlon permlttlng RCM
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Coarse horizontal resolution

SST biases—> “retreat problem”

Parameterized convection
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cannot realistically
capture NAM precipitation

Warning: just 12 years long run....

Wallace & Minder, Clim.Dyn., 2024 .



Where are the issues with the NAM?

Coarse horizontal resolution
SST biases—> “retreat problem”
Parameterized convection cannot realistically capture NAM

Do we fully understand the NAM?: the mechanisms that
organize NAM precipitation around orography still debated



Orographically or thermally forced?

a bserved rain, wind Obse rvations b Control rain, wind CO ntrOI

- FlatMex

115°w  110°W  105°W  100°W  95°W 115°w  110°W  105°W  100°W  95°W

Boos & Pascale, Nature (2021) 22



Response to a pure thermal forcing

FlatMexLowAlb - FlatMex

a FlatMexLowAlb - FlatMex Net Energy Input, wind . { m g1 b FlatMexLowAlb rain, MSE

30° N

25° N - 25° N -

——-7.5

20° N
-17.

20° N

-27.

i 115°W  110°W  105°W 100°W  95°W
Boos & Pascale, Nature (2021)

 The alternative hypothesis that the core NAM is primarily driven by
thermal, rather than mechanical, orographic forcing tested using
FlatMexLowAlb

* As expected for a thermally forced tropical monsoon, peak rainfall
lies on the equatorial side of the high-MSE region
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Summary

Impacts of global warming still modest: small negative or null trends in
the last decades in mean precipitation, increase of extreme rains

Low-to-medium confidence in future projections:
- SST biases in adjacent oceans;
- Unresolved mechanisms (orography, Gulf of California, etc.)
- Inadequacy of GCMs in representing convection
- Uncomplete comprehension of the NAM basic mechanisms

Increased resolution in GMCs and CPM likely to alleviate some of these
issues

More idealized studies to better understand the processes -> Devising
new studies to evaluate the impact of global warming on mechanical and
thermal forcing.
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