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The North America Monsoon region
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Importance of the NAMS

h

Impacts on water resources1 food -supply, economy?, social stablllty
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Is the North American Monsoon a “real” monsoon?

= (Classic definition (Ramage 1971):
* Prevailing winds shift 120° between January and July
* Average frequency of prevailing wind > 40%
* Speed of mean winds exceeding 3ms™
* Pressure patterns satisfy a steadiness criterion

= Current definition (Trenberth et al. 2000):

* Tropical overturning circulation (and associated rainfall)
» Convective quasi-equilibrium (Emanuel 1994)
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Sources of moisture over the Monsoon region

/
EASTERLY WAVE

L arm 115% 1108

Adams and Comrie, 1997 Pascale et al. 2019



Easterly Waves

Definition

* Easterly Waves are off-equatorial convectively coupled phenomena that
occur during boreal summer (Rydbeck and Maloney 2015).

* Rossby wave packets (dispersive) that in the absence of convection, they
weaken and lose its structure (Molinari et al. 1997).
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Importance of Easterly Waves

e Easterly Waves are associated with the 25%-40% of deep
convection over the Inter-Tropical Convergence Zone (ITCZ)
— (Tai and Ogura 1987; Gu and Zhang 2002

e Easterly Waves serve as seeds of Tropical Cyclones (TCs)
over the Atlantic (Kiladis et al. 2006); and over the Pacific
(Avila and Guiney 2000; Avila et al. 2003; Pasch et al. 2009)

e Easterly Waves are present over the Caribbean®, tropical
Eastern Pacific and “even over the region of the North
America Monsoon” (Serra 2010), influencing the patterns of
synoptic precipitation, as well as impacting broad regions
over the American continent.



Easterly Waves over the Eastern Pacific
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- Horizontal tilting SW to NE

- Convection aligned with the center of minimal pressure.
- Growth mechanism: barotropic mainly



Tracking of Easterly Waves
over the Eastern Pacific

Metric: Relative vorticity at 600 hPa
Adapted from Thorncroft et al. (2001)

Metric: Relative vorticity averaged 850 to 600 hPa 0
Adapted from Serra et al. (2010)

Metric: Relative vorticity averaged 925 to 850 hPa
Adapted from Kerns et al. (2008)

Metric: Relative curvature vorticity 700 hPa =0~ —
Adapted from Brammer and Thorncroft. (2015) i




From Corbosiero et al. 2009
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Precipitation distribution

State(s) receiving >25% of

category warm-season precipitation
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500 hPa heights (m) and standardized anomalies
for 20 hurricanes 1971-1999 impacting the SW USA

Adapted from Corbosiero et al. 2009
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Scientific questions

= What are the mechanisms for recurving of Easterly Waves?

= Can Easterly Waves influence the moisture over the region of the North
America monsoon?

Hypothesis

Ho: No. EWs follow a track away from the continent
H;: Yes. EWs contribute only BUT when they make landfall as TCs
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Data and Methods

- ERA Interim 0.5°JJAS 1980-2015

- Brammer and Thorncroft (2018) tracking (Lagrangian)
Curvature vorticity @ 600+700+850 hPa




Mean state over the region: Thermodynamics

NOAA SST (JJAS) [C]
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ean state over the re

200hPa Wind field [ms '] ERAI

gion: Winds
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Presence of EWs over the EPAC
(track methodolgy)




Easterly Wave tracks

EWs tracks
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Easterly Wave density

ERAI Track density 1980-2015
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Easterly Wave Intensity

EW 600 hPa Accum. CV intensity [10°s7]
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Easterly Wave track through a region

EW tracks through the box

JJAS 1980-2015
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Easterly Wave track - Intensity

EW tracks through the box JJAS 1980-2015
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Easterly Wave track - Intensity

EW tracks through the box JJAS 1980-2015
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EW composited structure — Day
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600hPa curv. vort. at -120hrs [10°s7]
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600hPa curv. vort. at -96hrs [10°s7]
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600hPa curv. vort. at -72hrs [10°s7]
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EW composited structure — Day-1
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EW composited structure — Day

600hPa curv. vori. at Ohrs
l
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EW composited structure — Day+1

600hPa curv. vort. at 24hrs [10°s]
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EW composited structure — Day+

600hPa curv. vort. at 48hrs [10°s]
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EW composited structure — Day+

600hPa curv. vort. at 72hrs [10°s]
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EW composited structure — Day+4

600hPa curv. vort. at 96hrs [10°s]
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EW composited structure — Day+>

600hPa curv. vort. at 120hrs [10°s]
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EW composited structure — Day+
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Tracks of EWs on methodology

EW tracks through the box
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EW composited structure — Day

600hPa curv. vort. at Ohrs [10°s]
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EW composited structure — Day-

600hPa curv. vort. at -144hrs
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EW composited structure — Day-5

600hPa curv. vort. at -120hrs [10°s7]
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EW composited structure — Day-4
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600hPa curv. vort. at -48hrs [10°s7]
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EW composited structure — Day -1

600hPa curv. vort. at -24hrs [10°s7]
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EW composited structure — Day

600hPa curv. vort. at Ohrs [10°s]
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EW composited structure — Day+1

600hPa curv. vort. at 24hrs [1 0% 1]
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EW composited structure — Day+

600hPa curv. vort. at 48hrs [10°s]
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EW composited structure — Day+
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EW composited structure — Day+4

600hPa curv. vort. at 96hrs [10°s]
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EW composited structure — Day+5
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Precipitable water
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Summary

Overall, EWs track west close to the NAM region

A small subset of EWs track towards the NAM region, mostly as
TCs

One mechanism for this is associated with mid-latitiude systems

However, increased temperature anomalies over the NAM region
seems to be key for this recurving tracks also.

Large-scale circulation suggest a role of the North Atlantic
Subtropical High

It is not evident how much these recurving systems contribute to
moisture over the NAM region.
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