Submission Title:

Dynamical mechanisms underlying the 2022/23 California flooding: Analysis with a stationary wave
model

Author(s):
Anthony M. DeAngelis, GMAQ/SSAI, anthony.deangelis@nasa.gov
Siegfried D. Schubert, GMAO/SSAI, siegfried.schubert@ssaihg.com, siegschu2002@yahoo.com
Yehui Chang, GMAO/MSU, yehui.chang-1@nasa.gov
Young-Kwon Lim, GMAO/UMBC, young-kwon.lim@nasa.gov
Natalie P. Thomas, GMAO/UMBC, natalie.p.thomas@nasa.gov
Randal D. Koster, GMAQO, randal.d.koster@nasa.gov
Michael G. Bosilovich, GMAO, michael.g.bosilovich@nasa.gov
Andrea M. Molod, GMAO, andrea.m.molod@nasa.gov
Allison Collow, GMAO/UMBC, allison.collow@nasa.gov
Amin Dezfuli, GMAO/UMBC, amin.dezfuli@nasa.gov

Abstract

In late December 2022 and the first half of January 2023, much of California experienced an
unprecedented series of atmospheric rivers that produced heavy rains and near-record flooding.
Previous work shows that a chain of dynamical events contributed to the extreme precipitation,
including the development of a Rossby wave (as a result of forcing linked to the MJO) that emerged from
the Indian Ocean in mid-December, and the subsequent development of a persistent positive Pacific
North American (PNA) pattern that ultimately directed moisture onto the US West Coast starting in late
December. Here, we use a stationary wave model (SWM) to further elucidate the dynamical and
thermodynamical processes that drove the aforementioned chain of events. The results reveal the
following: 1) The mid-December Rossby wave was likely induced by vorticity stretching and advection in
the middle East linked indirectly to the MJO, 2) The initial development of the PNA in late December was
triggered by transient and stretching sources of vorticity in the Pacific that were themselves induced by
the aforementioned Rossby wave, and 3) The PNA was maintained through mid-January in part by
diabatic heating west of Hawaii that was associated with anomalous precipitation influenced by the PNA
circulation anomalies, thus representing a feedback on the PNA. One key finding from the SWM analysis
is the limited direct role of tropical heating for inducing any of the dynamical mechanisms related to the
California extreme event.



