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. Univariate
Q,: Peak Discharge High Tide / Surge

pr=1—(1-p)
T: lifetime (years) m
p: exceedance probability
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River Discharge
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Q,: Peak Discharge

Univariate

PF=1—(1—P)T

T: lifetime (years)
p: exceedance probability

Multivariate
(Moftakhari, et al., 2017, PNAS)

pp=1—P(X, €S, ..., Xp € SE)
T
=1— (Cx(Fl(fl)r Fz(fz)))
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Washington DC (Potomac River)
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In the United States, there are at least 400 federal facilities identified as being at risk from rising sea
levels and compound coastal floods. The list includes thirteen executive agencies, including
Departments of Defense military bases.

Source: Bloomberg Law
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In the United States, there are at least 400 federal facilities identified as being at risk from rising sea
levels and compound coastal floods. The list includes thirteen executive agencies, including
Departments of Defense military bases.
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Risk Assessment and Non-stationarity




Mean number of extremes

Mean number of extremes
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Considering the N largest precipitation extremes in
an N-year record, under the assumption of
stationarity, we expect no significant trend (i.e., on
average one extreme per year). Analysis of 8,730
records shows evidence of change in the frequency
of extreme precipitation around the world.

AghaKouchak et al., 2020, Annu Rev Earth Planet Sci



Process-informed Nonstationaty Extreme Value Analysis (ProNEVA)

ProNEVA
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Ragno et al., 2019, Advances in Water Resources
http://amir.eng.uci.edu/downloads/ProNEVA.zip
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B Positive trend B Negative trend

Trends in the magnitude of different annual precipitation quantiles (Qz9, Qoo, Qumax)
during 1983-2017. Blue (red) color shows regions with statistically significant increasing
(decreasing) trends at the 5% level. Data: Gauge-based Climate Prediction Center (CPC)
precipitation data (Mallakpour et al., 2021).
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Key Point: Today’s 100-yr events are expected to occur more
frequently in a warming climate.
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Return periods of extreme precipitation under future climate of events currently
associated with return periods of 100 years in urban locations across the United States.
For instance, in San Diego, a flood currently associated with a 100 year return period is
projected to have a return period of 59 and 30 years under RCP 4.5 and 8.5, respectively
(data from Ragno et al., 2018).

ASCE Manual of Practice 140:
Methodology recommended
to quantify changes in
statistics of extreme rainfall
for infrastructure design and
risk assessment.
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Prolonged and
extreme dry
conditions

Extreme precipitation
followed by enhanced
growth of grasses and

other fuel vegetation

Hot, dry weather lowers
overall moisture levels and
dries vegetation, leading to
outbreaks of extreme fires
(e.g., Thomas Fire in California,

December 2017) Extreme precipitation

over burned area causes

deadly debris flows

(e.g., Montecito, California,
January 9, 2018) AghaKouchak et al., 2020, Annu Rev Earth Planet Sci
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Questions?

Amir AghaKouchak
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