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DATA RESULTS: PRECIPITATION CHARACTERISTICS SUMMARY AND CONCLUDING STATEMENTS

ABSTRACT

RESULTS: PRECIPITATION CHARACTERISTICS

Data Sources for Boreal Summer (JJA) 1979-2013

e Arctic Sea Ice Concentration (SIC): HadISST (Rayner et al. 2003) time
series are de-trended and categorized into SIC-high (SIC+)), SIC-
neutral (SICneu), and SIC-low (SIC-) summers; SIC+ included 10
highest ice summers, SIC- included 10 lowest ice summers,
remaining 25 years were characterized as neutral

Low summer sea ice conditions have coincided with notable changes in
the hydroclimatology of the north-central US and the UMRV region
over the past 35 years. The hydroclimatic anomalies observed during
low-ice summers across the study area, including the UMRYV region,
coincide with various notable changes in synoptic-scale atmospheric
circulation including:

This study explores the connection between declining Arctic sea ice
and hydroclimatolocal characteristics of the north-central United States
(US) between 1979 and 2013. Since 1979, summers with low sea ice
conditions have coincided with significant increases in mean,
minimum, maximum, and dew point air temperatures. We also find
increases in seasonal precipitation, the number of wet days, heavy
(>95th percentile) precipitation days, and very heavy (>99%" percentile)

orecipitation days and accumulated precipitation over the region. S-T'éf Phase TR RETTREITRE I ;’;giszom T 1. Increased flow of southerly warm andomo.istu.re—.rich air into the
These moisture changes coincide with atmospheric patterns typically SIC 1980, 1981, 1990, 1993, 1995, 2005, 2007, 2008, 2011, 2012 } north-central US fr-om the Gulf of Mexico miilcatlve of a \ivell- |
observed during anomalously wet summers, known to prompt flooding SICnev ;%g, ;zgé, ;gig, 1985, 1986, 1987, 1988, 1989, 1991, 1997, 1998, 2000, 2002, . de\{eioped and actlv.e GPLLJ. Weaver and ngf:\m (2008) linked its
across the Upper Mississippi River Valley region (UMRV). Low sea ice S " actthljcy to thie negative pha§e of t.he NAO., which has been
summers are associated with enhanced southerly air flow and coincident with recent Arctic sea ice decline (Overland et al. 2012).

* Total precipitation: Daily station USHCN (Hughes et al. 1992; Figure = Negative phase NAO has also coincided with weaker zonal mean

increased activity of the Great Plains Low Level Jet (GPLLJ), increased

occurrence of moist tropical 3ir masses over the UMRV region, and 1) derived variables: SPI (McKee et al. 1993), number of wet days, :::ggnudriiiinsli?grg(-az)osllfl Jii?ig(z[)n)pnojri:iier?e;nwaerlodrzaly (;Ecchi:)ennsc\?vshaeizosctiaa:iesfcji::ilfhsSiICn_hr‘?cig:ts SICnet Figur.e.3. 1979-2013 JIA composite mean z.anomaly differenc.es associated_ with SI(_Z‘ minus SIChev jets and stronger meandering of the po|ar jet similar to what we
amplified mid-tropospheric flow over the Pacific-North American number of heavy precipitation days (>95™ percentile), number of S T ast;_lri-sk. Vo8 ;‘;ng'(tr'::]‘;_fosrtgi)or:;Tf;\f:;’;gt?;ivysira:;f?af’t’ j;f f,bzira'n arccug'”'rit'znsrduﬂnfv‘r:e\;};tzea:y observe in this study. Increased meandering of the jet has been
L. . . . \ Yy SIg Ca erences are opservedad are sno d
region with a strong ridge situated over the central-eastern portions of very heavy precipitation days (>99t" percentile), rainfall 7 asterisk. hypothesized as a response to a reduced meridional thermal
the North American continent. The results suggest that summer Arctic accumulations during heavy and very heavy rain days, and | - | gradient stemming from Arctic sea ice reductions (Overland et al.,
sea ice decline may influence the hydroclimate across the north-central precipitation intensity measured by Simple Daily Intensity Index 2012, Coumou et al., 2014; Hall et al., 2015).
US and add to our growing knowledge of the potential influences that (SDI) 2. Enhanced meridional flow of the polar jet over the North American
a changing Arctic environment may pose on mid-latitude climates. * Frequency of Moist Tropical (MT) synoptic weather types from the ~ continent with a trough situated over the northwestern sections of
Spatial Synoptic Classification (Sheridan 2002) across 27 first-order the US to the west of the study area that brings frontal systems and
INTRODUCTION weather stations (Figure 1) - storms into the UMRYV, and a ridge situated over the eastern
 Average, minimum, and maximum surface air temperature and dew M - section of the continent. Budikova and Chechi (2016) argue that
Recent observational and modeling studies have suggested potential point temperature: Smith et al. (2011) @ - such an atmospheric pattern may be suggestive of increased jet
mechanisms t/hat make the connection between boreal summer Arctic « Atmospheric variables from the NCEP/NCAR reanalysis (Kalnay et al. g X waviness due to reduced summer Arctic sea ice cover and Northern
Amplification/sea ice decline and same-season weather conditions in : . : : : ? Hemispheric meridional temperature gradient, when compared to
the middle latitudes plausible (e.g., Francis and Vavrus 2012 and 2015; 1996) include geopotential he|gfit,.vector winds, Wm(.j speeds at 500 ®: a relatli:i/ely zonal flow typicaITy observid during average StlJommers.
Petoukhov et al. 2013; Coumou et al. 2015). ano! 300 hPa levels, 850 hPa merldloria.I and vector winds, 850 hPa C P Coumou et al. (2014 and 2015), and Francis and Vavrus (2015)
’ moisture flux, and total column precipitable water o ' ’ S
argue that such a planetary wave amplification may weaken the

Al znomelies are eemipuize 2esed o e 132010 pesiet overall zonal mean jet and slow down the propagation of Rossby

The processes include weakening of the zonal mean and thermal winds, Figure 2 cont’d. 1979-2013 JJA composite mean anomaly differences associated with SIC- minus Figure 3 cont’d. 1979-2013 JIA composite mean anomaly differences associated with SIC- minus
declining total eddy kinetic energy of the atmospheric column, a SIC"ev conditions for (c) number of heavy rain days, and (d) heavy rain day accumulations (mm). SICnev coriiditionsffor (CL pirecipitation intbensitygs meahsured bthDII (mm/dkay). Stations where waves.
. . . . . ' isti ignifi [ [ isk. statistically significant differences are observed are shown with an asterisk. . -
reduction in the mean amplitude of Rossby waves, and an increase in \\ J \Ecatlons where statistically significant differences are observed are shown with an asterisk / \\ y sig J 3. Southerly air flow from the Gulf of Mexico at lower levels and
the amplification of quasi-stationary wave numbers 6-8. These westerly flow from the Pacific Ocean at the jet level merge over the
modifications have the potential to increase the occurrence of slow- study area just to the south-west of the UMRV region enhancing
moving meridional flow over North America and the Atlantic Ocean and / \ / the atmospheric moisture content and precipitation over the area.
increase the incidence of persistent weather patterns and extremes
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throughout the middle latitudes. | | | | Over the past three decades, this region of the US has experienced
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