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» PDO/ENSO effect in summer

Potential influences on U.S. hydrological IAI
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» Precipitation in summer beyond PDO/ENSO effect
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» Precipitation in summer beyond PDO/ENSO effect
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» Precipitation in summer beyond PDO/ENSO effect
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» Geopotential height and zonal and meridional

winds (NCEP-NCAR Reanalysis; 2.5° X2.5°)

» Precipitation (NOAA CPC unified gauge-based
analysis of daily precipitation; 1° x1°)

» Cloud liquid and ice water (NASA MERRA Reanalysis;
1° X1°)

» CMIP5 model outputs (CCSM4 and GFDL-CM3)
» Study period: boreal summer (JJA) of 1950-2016
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The third EOF mode (EOF-3) of the 10-90 day filtered daily
streamfunction at 250 hPa during summer
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The third EOF mode (EOF-3) of the 10-90 day filtered daily
streamfunction at 250 hPa during summer
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The third EOF mode (EOF-3) of the 10-90 day filtered daily

streamfunction at 250 hPa during summer
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The third EOF mode (EOF-3) of the 10-90 day filtered daily
streamfunction at 250 hPa during summer

Barotropic structure

(NO vertical tilt)

oo (@) EOF-3 PC+
] 1 ¥ .

250 3 L ‘|| 1 .

5004 N ]
- .‘_} \Jil \ \ -

1000 oo gl - O e L 1000 3 .
0 B0E 120E 180 120W BOW 0 60E 120E 180 120W 60W

BT T T 1T [ T T T T T T
- -20 20 60 100




An intraseasonal mode

Georgia &
Tech

The third EOF mode (EOF-3) of the 10-90 day filtered daily
streamfunction at 250 hPa during summer
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 Nonmodal instability analysis in this study is
applied to seek initial perturbation that
grows fastest over a specified time interval T
given certain background flow.

 The disturbance with the fastest growth from
initial perturbation is called an optimal mode.

* Auto-correlation analysis of PC time series of
EOF-3 shows that a proper value of T to be
considered is 5-10 days.

——Mak 2011; Zhao et al. 2018
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Background flow for nonmodal instability Georgia
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250 hPa summer mean streamfunction (1950-2016)
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Time evolution map of optimal modes obtained from nonmodal instability analysis

——Zhao et al. 2018
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Time evolution map of optimal modes obtained from nonmodal instability analy5|s
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Optimal modes resembling EOF-3

day 0

Georgia
Tech|)

(b) EOF 3 PC+
60N o o~

40N Ve @ f: 40N w%%ﬁﬂ g
20N %‘i - Z1 20N

0 60E 120E 180 120W 60W 0 0 60E

EEENTT T T T T T T T T T 7
-1e+07 -6e+06 -2e+06 2e+06

(a6) tau = t=9 (bB) tau=9

ﬁ%

=5 NSy ’"ﬁ =52 w{"’ :

60E 120E 180 120w

60E 120E 180 120W  60W




Optimal modes in two-level QG model
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Time evolution map of optimal modes obtained from nonmodal instability analysis
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wave is smaller
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Initial disturbance for EOF-3 and optimal

mode
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Initial disturbance for EOF-3 and optimal
mode
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Examine external forcing for initial
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Examine external forcing for initial -
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Hydrological cycles of East Asia and North -
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These results suggest the existence of an important
connection between the hydrological cycles of East
Asia and North America, which is dynamically
intrinsic to the boreal summer upper tropospheric
flow.
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CMIP5 models representation of EOF-3 Georgia&
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Time evolution map of optimal modes obtained from nonmodal instability analysis
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Time evolution map of optimal modes obtained from nonmodal instability analysis
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Take-home message
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» The U.S. hydrological extremes in summer are
closely tied to East Asian monsoonal rainfall.

» The connection between the water cycles of East
Asia and North America in summer can be
understood in terms of optimally excited
disturbances in a summer background flow.

» Future changes in summer background flow could
have direct implications for regional hydroclimate
variability at subseasonal timescales.
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THANKS!

Lazqzzzz AMS 2019



