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1. Introduction 4. Regional Trends in Cold/Warm Tail Frequency 5. Cold/Warm Tail “Blob” Analysis

Because of their myriad environmental and societal impacts, weather and climate extremes 2500 WINTER Tsfc We developed an algorithm that identifies grid box (cell) extremes and groups adjacent cells into
have been the climate change topic du jour over the past several years. Given their practical Trends in 500 cold tail (days dec™) Trends in Tsfc cold tail (days dec’) a single event (blob). Blobs are then tracked across successive daily fields; those with
importance, the ability to identify, analyze, and understand the drivers and dynamics of extremes 7ON = 7o ‘ = overlapping cells from day to day were classified as a continuing distinct event, and various daily
in the historical record—and to project and respond to extremes of the future—will certainly o aonl blob statistics were calculated. Two illustrations of consecutive daily fields for Z500 and Tsfc
remain critical scientific endeavors for some time. blobs are shown below for 4-day portions of two famous US extreme events, one cold and one
Temperature and precipitation extremes have received the most attention to date. For g o . hot. The blo!:)/event of interest .is circled on the fir_st day of each geries. Videos of the qaily fie!ds
temperature, most work has focused on analysis of extremes in near-surface air temperature: L | 40N over the entire 1979-2013 period are available via the QR code in the More Information section.
however, a bevy of recent papers has started to look at extremes in upper-air circulation (e.g., D 1., son | Winter 1985 <] i = “ =z
changes in the “waviness” of the flow), which can drive—and to some extent be driven by— 160 140w 120 Toow B oo 160w 0w 20 oo s oo Jan 18—21 7500 @ -
temperature extremes and other surface processes (e.g., changes in Arctic sea ice extent and T, e A———— T, (Inauguration
thickness). This is a very active area of research that has led to more than a little bit of interest, Fewer deep troughs | More deep troughs rewer °°'?rdays i Tof il (d ; More cold days Day, Florida .
news coverage, and even controversy. Trends in 2500 warm tail (days decT) rends In Tofc warm tal (days per dec’) Freeze, many <

: : . . : . 70N @{5 é 70N aII-time, record Isfc A
In this ongoing work, we examine occurrences of, and some basic relationships between, 500 =5 \
mb (Z500) geopotential height extremes and near-surface air temperature (Tsfc) extremes over o PN lows.)
North America. Our goal is to expand on what has already been observed and reported (i.e., XV SN 7 son
increasing trends in Tsfc hot extremes and even stronger decreasing trends in cold ones). R = s ; R

40N : aon ummer
M N o oa L n 1995 Z500
2. Data and Methodology T T AT July 10-13
s e[ (Chicago =

We analyzed daily mean Z500 and Tsfc from both the NCEP-NCAR Reanalysis (R1) and the Fewer sirong ridges \ore sirong ridges Fewer hot days More hot days Heat Wave) | Tsfc
NCEP-DOE Reanalysis (R2) for the period 1979-2013. Some sample results from both are Z500 SUMMER Tsfc
shown here (R2 in sections 3 and 4, and R1 in sections 5—7); we've found these datasets to be Trends in Z500 cold tail (days dec) Trends in Tsfc cold tail (days dec™)
very similar and will eventually settle on one for a subsequent journal submission. g s - e idoal
We examined changes over North America (25°-75° N; 45°-165° W) and computed 5" and 95th con [ Lo 6. Properties of Extremes/Blobs Over 1979-2013

60N N :

percentiles for each variable using a 5-day sliding window centered on each day, yielding a total
sample size of 175 daily values (5 days X 35 years) for each day of the year. We then calculated
the frequency of 5t/95" percentile (cold/warm tail) exceedance for each grid box (sections 3 and
4). The occurrence and anomaly values (relative to the whole POR) of the Z500 and Tsfc
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Seasonal statistics for four blob properties of Z500 and Tsfc: magnitude, frequency,
surface area, and duration. The sign and level of significance (p<0.05; gray boxes) of trends
are shown for each property for both cold and warm blobs, and ‘0’ denotes no significant trend.
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extremes are then used in a “blob-tracking” analysis (section 5) to assess trends in the 160w 140w 1200 100w aow oW o o 200 oW W oo 2500 Tsf
. : C e . B 1 1 B : : | o —
frequency, duration, magnitude, and area of individual extreme events (section 6). 2 s a0 s : s 0 5 o e s ; R Property _ ste
Fewer deep troughs More deep troughs Fewer cold days More cold days Tall DJF MAM JJA SON DJF MAM JJA SON
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60 o e A0 /\ Loz Fewer strong ridges Nore Stong Tidges T — Viors ot daye Fewer (mqre) cold (Warm_) tail events are found”for both 2500 and Tsfc across all seasons.
- | - b P o * The magnitude of cold tail events has “warmed” for both variables across all seasons.
g 50 o 1o Eeoff N & oy - o Trends in the frequency of cold/warm tail Z500 and Tsfc days for DJF and JJA. » The magnitude of Z500 warm tail events has only increased in summer and fall.
& . % & i . . . . . . - : :
» 05 . | | |02 « Winter decreases in cold tail extremes dominate; warm tail changes are more mixed. * The surface area of cold (warm) blobs has decreased (increased) except for spring (winter).
A o J )  Summer shows a mid-Atlantic increase in Z500 cold events with a curious and roughly * The duration of blobs/events has changed minimally; none for cold, mainly summer for warm,
log, 5 _____ . N 30| wgr collocated decrease in Tsfc events. which would have implications for heat waves and their impacts.
20 iy R o « Summer Z500 warm events have become more frequent; mostly over oceans; more summer
g o4/ ! 40 ' I Tsfc warm events are largely confined to western US/Canada and northeastern Canada. -
: 5 S SR - 7. Collocation of Z500 and Tsfc Extreme Events
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Changes over all percentiles. North America monthly, area-averaged trends over all

percentiles, 1979-2013. Z500 trends are in m dec'; Tsfc are °C dec!. Dashed lines denote
statistical significance at the .01 and .05 levels.  Atracking algorithm was developed that enables the attributes of individual extreme events

in 500 mb height and surface temperature to be calculated and assessed over time using
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Z500 Tsfc . . . . . . |
v o T e — ' reanalysis data. The algorithm can be applied to percentiles of choice from any gridded data. N
: ; _T-Zm e .  While there is a general correspondence between changes in the tails of the Z500 and Tsfc T
3 : 5 e 3 PDFs over North America, there are seasonal/regional differences, with the Tsfc cold tail E
g " g e — - changing the most, especially in fall and winter. R
5 - 5 & « While cold/warm tail events for Z500 and Tsfc have changed in their magnitude, frequency,
2 os - _0.5;;’ PO Z and surface area, little change in the duration of individual extreme events is detected. S
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