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Northeast)Extreme)Precipitation)
Increase)is)Widespread

Huang&et&al.,&2017
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Blame&Tropical&Cyclones&(and&Fronts&and&
Extratropical&Cyclones)

Huang&et&al.,&2018
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• Global(Historical(Climatology(Network(– Daily:(GHCN%D;(

Menne et(al.(2012;(1901%2014

• Gridded(observations(of(Livneh et(al.:(LI2013;(Livneh et(al.(

2013;(1915%2011

• North(American(Regional(((((((((((((((((((((((((((((((((((((((((((((((((

Reanalysis:(NARR;(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

Mesinger et(al.(2006;(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
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Trends'Sensitive'to'Start'Year,'Changepoint
Analysis'Better'Characterizes'Time'Series
• Trends'generally'increasing'with'later'start'year:'2.4'mm'
decadeA1 (1901A2014)'to'14.7'mm'decadeA1 (1979A2014)

• Change'in'extreme'best'characterized'as'a'shift'in'1996:'53%''
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Extreme'Precipitation:'Averages'Higher'on'
Coasts,'Trends'Consistent'over'Domain'
• Annual'extreme'precipitation'(mm'decade?1)'increased'in'58'
(50%),'30'(25%)'of'which'were'statistically'significant

• Five'(4.3%)'stations'had'negative'trends,'two'of'which'were'
significant

Huang&et&al.,&2017
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Extreme'Precipitation:'Difference'between'
199672014'and'190171995

• Annual'extreme'precipitation'(%)'was'higher'in'105'stations'
(91%)'after'1996,'with'56'stations'exceeding'a'50%'increase

• Decreases'east'of'Lake'Erie'(western'NY'and'PA)'and'
northeast'WV

Huang&et&al.,&2017



Extreme'Precipitation'Trends'Most'Difficult'
for'Gridded'Observations'and'Reanalysis'
• LI2013'reproduces'GHCNGD'extreme'precipitation,'but'
underestimates'GHCNGD'extreme'precipitation'trends'

• NARR'underestimates'GHCNGD'extreme'precipitation,'and'
NARR'extreme'precipitation'trends'are'sensitive'to'end'year
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Why$Has$Extreme$Precipitation$Increased?

Huang&et&al.,&2018

• Global$Historical$Climatology$Network$– Daily:$GHCNCD;$
Menne et$al.$2012;$1979C2016

• US$Daily$Weather$Maps:$NOAA$2017;$1979C2016
• ERA$Interim$Reanalysis:$ERACI;$Dee$et$al.$2011,$1979C2016



Focus&on&Early&Fall&(Sep1Oct),&Early&Summer&
(Jun1Jul),&and&Late&Winter&(Feb1Mar)&

Huang&et&al.,&2018

Huang et al. (2017) found that EP increased by 53% across a 1996
change point using 116 stations from 1901 to 2014. In this study, we
analyze a shorter period (1979–2016) that overlaps with ERA-I using
more stations (210) and confirm a significant, though smaller, 37%
increase in EP across the 1996 change point, as shown in Table 1. We
find that September and October contribute the most to the annual
EP shift, followed by July and June, with significant (p < 0.05) monthly
increases in September and July. While less important to the annual EP
shift, winter months, especially March, experienced large relative
increases in EP and are of unique interest due to the damage caused
by winter storms in the Northeast (Kossin et al., 2017; Horton et al.,
2014). We therefore focus our study on three 2-month periods: early fall
(September and October), early summer (June and July), and late winter
(February and March).

To explore potential drivers of the northeast EP shift, we first identify EP
events. Based on the 99th percentile precipitation threshold for each sta-
tion, we find 2,709 days in total that experienced daily EP events from
1979 to 2016 over the Northeast. Forty-two percent of the daily events
occurred at only one station, while the rest were observed at multiple sta-
tions. The 605 event days in all months that affected at least five stations
on the same day account for 68% of the total EP amount from 1979 to

2016 and 93% of the abrupt annual EP increase across 1996 (Table 2). The 363 event days in the three 2-
month periods (Table S3 in the supporting information) account for 43% of the EP total amount and are
responsible for 89% of the abrupt annual EP increase across 1996 (Table 2). Thus, to increase the feasibility
of the study, we focus on the 363 EP event days that affected at least five stations in the three 2-month per-
iods. However, some EP events persist longer than 24 hr and their associated precipitation regions change
with the moving weather system over 2 or more days based on U.S. daily weather maps (NOAA Central
Library, 2017). Therefore, the 363 EP event days represent a total of 273 unique EP events for the three 2-
month periods.

Next, each unique extreme event is assigned to one of four categories—TC, front, ETC, and other—using EP
stations and weather maps. To classify extreme events, we use a hierarchy similar to Kunkel et al. (2012). First,
EP events are classified as TCs if they are found near a strong low pressure system that was a TC listed in the
National Hurricane Center’s Atlantic hurricane database (HURDAT2; Landsea & Franklin, 2013; NOAA National
Hurricane Center, 2017). Second, EP events are classified as fronts if the area of maximum precipitation

Table 1
Means and Changes of Monthly Extreme Precipitation (EP) Amount

Month

Pre-1996
EP mean
(mm yr!1)

Post-1996
EP mean
(mm yr!1)

Absolute
EP change
(mm yr!1)

Relative EP
change
(%)

1 1.7 2.2 0.5 29
2 1.7 2.2 0.5 29
3 3.2 4.9 1.7 53
4 3.6 4.6 1 28
5 4.6 5.7 1.1# 24
6 7.8 10.9 3.1 40
7 9.8 14.3 4.5* 46
8 14.7 12.6 !2.1# !14
9 9.9 20.3 10.4* 105
10 6.8 12.3 5.5 81
11 6.1 6.4 0.3 5
12 3.2 4.1 0.9 28
Total 73.1 100.5 27.4* 37

Note. EP amount changes are calculated across the 1996 change point
(1996–2016 relative to 1979–1995) over the Northeast, as in Huang et al.
(2017). The asterisk (*) and pound sign (#) indicate that the two time series
(1996–2016 versus 1979–1995) are significantly different at the 0.05 and
0.1 level using the Mann-Whitney U test, respectively.

Table 2
Means and Changes of All Extreme Precipitation (EP) Events and Extreme Events Affecting Five or More Stations

September
to October

June
to July

February
to March 6 months Annual

All EP events
EP amount (mm yr!1 station!1) 27 20.6 6.5 54.2 88.5
Percentage of annual EP amount 31% 23% 7% 61% 100%
EP amount increase (mm yr!1 station!1) 19.9* 6.9* 2.7 29.5* 31.7*
Percentage of annual EP amount increase 63% 22% 9% 93% 100%
5+ station EP events
EP amount (mm yr!1 station!1) 22.4 11.1 4.2 37.8 60.2
Percentage of annual EP amount 25% 13% 5% 43% 68%
EP amount increase (mm yr!1 station!1) 19.2* 6.2# 2.8 28.1* 29.5*
Percentage of annual EP amount increase 61% 19% 9% 89% 93%

Note. EP amounts are averaged on a per-station basis from 1979 to 2016. EP amount increase and percentage of annual
EP amount increase are computed across the 1996 change point (1996–2016 relative to 1979–1995). The asterisk (*) and
pound sign (#) indicate that the two time series (1996–2016 versus 1979–1995) are significantly different at the 0.05 and
0.1 level using the Mann-Whitney U test, respectively. Percentages are rounded and therefore do not always exactly sum
as expected.
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Categorize*273*5+*Station*Extreme*
Precipitation*Events*(by*Huanping)

Huang&et&al.,&2018



Sep$Oct(Tropical(Cyclones(Dominate(
Northeast(Extreme(Precipitation(Increase

Huang&et&al.,&2018



Analyze(Atmospheric(Drivers(of(the(
Extreme(Precipitation(Increase(

Huang&et&al.,&2018

• Composite(potential(driving(fields(on(extreme(precipitation(
days(for(pre=1996((1979=1995)(and(post=1996((1996=2016)
– Total(column(water(vapor
– Geopotential(height(at(500(hPa
– Sea(level(pressure
– Zonal(and(meridional(winds(at(850(hPa and(250(hPa
– Vertical(velocity
– Sea(surface(temperature((SST)



Tropical)Cyclone)Extreme)Precipitation)
Correlated)with)Sea)Surface)Temperatures

Huang&et&al.,&2018



Why$Less$Extreme$Precipitation$During$
Last$AMO+$Phase$(1928@1962)?

Huang&et&al.,&2018

15&mm&yr41 26&mm&yr41



Increased)Total)Column)Water)Vapor)in)
Hurricane)Main)Development)Region

Huang&et&al.,&2018

Changes in atmospheric circulation may have contributed to the increase in TC EP over the Northeast after
1996. Prevailing winds at the 500-hPa level have been shown to steer TCs, accounting for up to 80% of the
variability in Atlantic TC movement (Chan, 2005; Neumann, 1979). Figure 5.c shows that the 500-hPa westerly
steering winds over the Northeast slowed by 4–6 m s!1 on EP days after 1996. Westerlies over the Northeast

Figure 4. (a) Difference in average sea surface temperature (°C) in September to October across the 1996 change point (1996–2016 relative to 1979–1995).
(b) Difference in average total column water vapor (kg m!2) in September to October across the 1996 change point. (c) Time series of Atlantic basin hurricanes
affecting the Northeast plus 5° on each side (blue box in (a)) in September to October (1928–2016, red bars) and Northeast September to October extreme preci-
pitation (1928–2014, black line) from Huang et al. (2017). The bold black domain in (a) denotes the Northeast, while stippling in (a) and (b) indicates a significant
difference between the post-1996 and pre-1996 time series at the 0.05 level using the Mann-Whitney U test.

Figure 5. Five hundred hectopascal composite wind (W500, m s!1) for extreme precipitation days caused by tropical
cyclones and all days in September to October. (a) W500 average on extreme precipitation days post-1996 (1996–2016),
(b) W500 average on extreme precipitation days pre-1996 (1979–1995), (c) difference between post-1996 and pre-1996
W500 averages on extreme precipitation days, and (d) difference between post-1996 and pre-1996 W500 averages on
all days.

10.1029/2017JD028136Journal of Geophysical Research: Atmospheres

HUANG ET AL. 7185



Conclusions

• Recent-increases-in-Northeast-extreme-precipitation-are-
best-characterized-as-an-abrupt-shift-of-53%-after-1996

• Extreme-precipitation-increases-are-distributed-uniformly-
throughout-the-Northeast-except-western-NY/PA-and-WV

• There-are-differences-between-GHCNLD-and-NARR,-LI2013-
extreme-precipitation-trends

• EightyLeight-percent-of-the-abrupt-1996-extreme-
precipitation-increase-is-explained-by-5+-station-events-in-
early-fall,-early-summer,-and-late-winter

• The-1996-extreme-precipitation-increase-is-caused-by-
tropical-cyclones-(48%),-fronts-(25%),-and-extratropical-
cyclones-(15%)

• Increased-extreme-precipitation-is-associated-with-warmer-
Atlantic-sea-surface-temperatures-and-more-water-vapor


