Al® Summary of NEWS
Drought and Flood Extremes
Yi Deng and Contributing NEWS Pls

Overarching Science Goals (Next 5 years):

* Understand the variability of regional/global
hydrological extremes across the intra-seasonal to

inter-decadal time scales.

* |dentify the linkage between changes in the
characteristics of these extremes (e.g., frequency,
duration, intensity and sequencing) and the global
climate change.

* Explore the predictability of these extremes at

intra-seasonal to inter-decadal time scales.
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Approach

Synergistic utilization of ground-based/remote sensing
observations and high-resolution reanalysis products.

* Bridging the “climate” and “weather” scale events
that have been treated separately in the past.

 Statistical, analogue, and/or canonical relationships

 Dynamical diagnosis of meso-, synoptic- and large-
scale atmospheric processes

* Regional and global model experimentation




Recent NEWS Pls Research

* Remote, large-scale forcing of precipitation
extremes over North America.

* The remote, large-scale forcings associated
with drought/blocking/heat-wave occurrence.

* |Impact of climate-model resolution.
* Predictability assessments.

e Multi-variate canonical relationships (a.k.a.
analogues or composites) between
widespread “extreme” precipitation
occurrence and atmospheric states and fluxes.
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Composite Synopsis of Atmospheric
Rivers and Benefits of Model Resolution
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Composite anomalies of the western U.S.
Atmospheric River (AR) occurrence
probability (Left) and surface precipitation
(Right) following strong East Asian cold
surge (EACS) events. Dashed contours
indicate 90% significance level. (a) AR
probability anomaly following the peak of
the EACS (unit: %) based on the NCAR
CCSM4 T85 simulation; (b) same as (a) but
for precipitation anomalies (unit:
mm/day); (c) and (d) are the same as (a)
and (b) but based on the NASA MERRA
reanalysis; (e) and (f) are the same as (a)
and (b) but based on the NCAR CCSM4
T341 simulation.
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Eddy Kinetic Energy Budget

(Jiang et al., 2013)

Interannual standard
deviations of the IF EKE budget
terms in winter season. a) IF
EKE (contour interval:

10 m2/s2); b) EFC; c BT; d BC;
e ll; f HI; g IL; h HIL; i CFEI.
Units in (b—i) are m2 s-2/day.
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Blocking regions strongly
influenced by “cross-
frequency eddy
interaction” (CFEI)




Eddy Kinetic Energy Budget

(Jiang et al., 2013)
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Extreme Analogues — Any Help?

(Gao, Schlosser, and Entekhabi)

e Construct large-scale composites from coarse-
resolution reanalysis to diagnose the distinct
synoptic atmospheric conditions for localized
extreme precipitation.

* Assess whether composites have any statistical
distinction between extremes and non-extremes
and therefore promise as predictive analogues.

* Create the minimum contingent of criterion for
the occurrence of extreme events and perform
benchmark evaluation against historical climate
in CMIP5 models.
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Extreme Analogue - Data

Precipitation
Observations

MERRA Reanalysis
Atmospheric
Diagnostics

Climate Model
Simulations

Temporal
Span
(Resolution)

1948-2011
(Daily)

1979-2011
(3 Hourly)

Variable
(Daily)

Spatial
Domain
(Resolution)

United Sates
(0.25°)

Global
(1.25°)

Global
(Variable)

Source

CPC Gauge-Based
Analysis
of Precipitation

NASA-GSFC

CMIP5
(Historical and RCP)
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Extreme Analogues
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Extreme Composite (310) Non Extreme Composit avys

Top Panels500mb Geopotential Height (Shaded) Vertically integrated vapor flux vectors (arrow)
Bottom PanelsTotal Precipitable Water (Shaded) 500mb Vertical Pressure Velocity (Contour)




GLOBAL CHANGE

Southeast U.S. DJF

* Yes, but...

— Bridging “local” to climate
model scales.

— Seasonality
— Region and location
— Meteorological recipe/criterion

* Analogue results of CMIP3
models produce more
consistent (and less uncertain)
number of “extreme” days to
what is observed.

-

Number of Extreme Days
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Future Contributions to NEWS Phase |l Goals

Utilize observational and assimilation capacities to:
* Characterize extremes WORLDWIDE over the past 30 years.

* Perform canonical assessment of energy and water cycles associated with extremes.
e Achieve highest spatio-temporal resolution allowable.

* Diagnose and evaluate models on the scale and thermo/dynamical coupling that
trigger, sustain and terminate an extreme. Focus on large-scale circulation
anomalies, local land-surface, boundary-layer feedbacks that intensify the event, and
weather-climate forcings that terminate the event.

* Examine the connection between changes in the flood/drought characteristics and
changes in the regional weather pattern that are linked to regional climate change.

* Assess predictability of hydrological extremes on intra-seasonal to inter-decadal time
scales.

* Enable ensemble hindcasts of historical events, forecast validation, and model
improvement that are guided by aforementioned process-level studies.

e Further evaluiate dynamical “bridges” within extreme events in a climate model and
how to take advantage of these connections to improve their prediction skill.
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