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Key points

Floods are predictable events, i.e. we know they will
occur

Floods are unpredictable events, i.e. we don’t know
when they will occur

We think we know about how often they are likely to
occur, at least in watersheds with historic records

Except that we don’t know whether we can trust
those records, especially in the face of anticipated
climate change

But we have to plan for them anyway; and at
minimum we should continually update our
estimates of risk



Key points

Significant floods in Maryland include inland rainfall-
runoff events and coastal floods caused by wind-driven
storm surge superimposed on tidal cycles

The same hydrometeorological event (e.g. a tropical
cyclone or a nor’easter) may cause either coastal flooding
or inland flooding or both, but for different reasons (e.g.
Agnes vs. Isabel)

We will focus mostly on inland floods, with brief
discussion of coastal floods

Flood-generating storms vary in intensity, duration, and
spatial scale

Flood impacts vary with these factors and with the
characteristics of the landscapes in which they occur



Nonstationarity in flood frequency can result from
land-cover change, river regulation, climate change

— Occurs at all time scales with cycles or
perturbations of varying length

— Affects ability to make predictions based on
historic records



What are the major flood-generating weather
systems across different landscape types?

e Coastal storm surge/tidal flooding
— Tropical cyclones

— Extratropical cyclones/nor’easters

e Inland rainfall-runoff flooding

— Extratropical cyclones/nor’easters; rain on snow/
frozen ground

— Tropical cyclones, often with extratropical
transition

— Warm-season convective precipitation
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Coastal floods

e Causal factors are related to low pressure, wind
direction and intensity, timing in relation to tidal
cycles, and location of low relative to the axis of
Chesapeake Bay



Hurricane Isabel
September 2003

Caused minimal
inland flooding in
Maryland, but
major coastal
flooding

(opposite of
Agnes in 1972)

See Sellner, 2005,
CRC Publication
05-160

http://www.chesapeake.org/pubs/
Isabel/isabel.htm



Isabel: surge height and impact
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Slide from Stevenson
and Kearney, 2005
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The Role of Waves

 Waves ride on top of the storm surge
— Galveston Hurricane is a classic example
— Increased flooding

* As sea level rises, greater depths of water
increase the potential for generation of larger
waves from the same wind field
— Increases the flood risk

Slide from Stevenson and Kearney, 2005



Wave setup can compound the effect of sea level rise

Large waves moving
directly onshore

Waves from Hurricane Isabel on North Carolina’s coast
Slide from Stevenson and Kearney, 2005



Total flood height =
sea level + storm surge + wave setup
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Track of the storm
affects direction o
wave generation

Also determines
whether water is
driven up-Bay or
down-Bay

Slide from Stevenson and Kearney, 2005
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From Boicourt, 2005



Slide from Weng, Gao, Loftis and Teng, 2011, VIMS



Slide from Siebers, NOAA, and CIPS Team, 2010



Slide from Weng, Gao, Loftis and Teng, 2011, VIMS/inset figure from Garrison, 1993



Slide from Weng, Gao, Loftis and Teng, 2011, VIMS



Coastal flooding as a future hazard

Given the range of projected sea-level rise over the
remainder of this century, it is fairly certain that even a
modest storm-surge event should be able to cause
flood inundation farther inland than would occur today

Impacts such as those seen during Isabel would be
more common

Therefore we should be planning for these effects
superimposed on the direct effects of sea-level rise in
populated areas

This is a probably a more reliable prediction than any
we can currently make about impact of climate change
on rainfall-runoff flood hazards



Rainfall-runoff flooding

* |nteraction of storm magnitude, duration and intensity
with watershed scale and geomorphic properties: steep
headwater basins vs. large lowland rivers

 Flood-generating storm types:

— High-intensity convective systems — maximum rainfall rates,
highest peak discharge at small drainage areas, downstream
attenuation of flood peaks

— Tropical cyclones, often with extratropical transition —
largest rainfall accumulations over largest areas; capable of
generating record floods at intermediate to large watershed
scales Examples: Agnes, June 1972; Lee, Sept. 2011

— Extratropical cyclones/Nor’easters — long-duration
moderate-intensity precipitation, rain on snow/ice, smaller
flood peaks at small drainage area but large contributing
area Examples: March 1936, January 1996
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Flood-prone watersheds
on the Appalachian
Plateau of Maryland

Floods in Jan. 1996 — rain
on snow — and in Sept.
1996 — Hurricane Fran



Flooding on Georges Creek

“l always say that these valleys
have--at best--enough space
for a road, a railroad track, and
the river!” — Keith Eshleman,
UMCES
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Figure 4. Envelope curves illustrating trends in the relationship between peak discharge and drainage area for three great floods in the
Potomac River basin and adjacent drainage basins. Data from Lescinsky (1987), Grover (1937), and Mussey (1950)

From Miller, 1990



Maximum recorded
precipitation for
selected duration Hydrologic characteristics of storm and flood

March 9-22, 1936—Potomac, James, and upper Ohio River basins (Grover, 1937)

127 mm in 24 hours Low-intensity, long-duration storm; large contributing area, en-
285 mm in 14 days hanced by frozen ground; record-breaking discharge at large
drainage areas

July 18, 1942—Susquehanna and Allegheny River Basins, centered around Smethpe

909 mm in 12 hours High-intensity, short-duration storm; extremely high discharge at
780 mm in 4.75 hours small drainage areas; limited contributing area

June 17-18, 1949—North River Basin, Va. and South Branch Potomac River Basir

413 mm in 24 hours High-intensity, short-duration storm; extremely high discharge in
small basins; limited contributing area

August 19-20, 1969—Hurricane Camille, Tye and Rockfish River Basins, Nelson C

711 mm in <12 hours High-intensity, short-duration precipitation delivered by tropical
cyclone; small contributing areas, but with enough water to
generate record-breaking peaks at drainage areas up to 1500 km?

June 21-24, 1972—Susquehanna, Potomac, James, and other river basins draining |

269 mm in 12 hours Moderate to high-intensity, long-duration precipitation caused by

442 mm in 48 hours remnants of tropical cyclone combined with extratropical cyclone;
extreme discharge peaks in small basins and in large basins; large
contributing area



November 3-6, 1985—South Branch Potomac and Cheat River Basins, W. Va. a

310 mm in 48 hours Moderate-intensity, long-duration storm generated by combina-
tion of tropical and extratropical cyclones stalled by a high-
pressure system off the east coast

June 27, 1995 — Rapidan River Basin, Virginia

623 mmin 6 hours  “Upslope” or terrain-locked convective storm:
Orographic effects were dominant in a series of storm
cells capturing tropical moisture flowing at low
altitude from the southeast and trapping it against the
foothills of the Blue Ridge. Peak discharge is on the
envelope curve of historic floods for the U.S. east of
the Mississippi River






Smith et al, 2011















Tropical Storm Agnes
June 1972





















Urban floods

High-intensity convective storms are often associated
with orographic precipitation, but the relief and width
of the Blue Ridge in Maryland is much less than in
Virginia and events comparable to the 1995 Rapidan
flood are rare if they occur at all

Intensive convective storms do occur over small
watersheds of the mid-Atlantic Piedmont and Coastal
Plain

Initiated by air flow coming over the Blue Ridge,
interact with urban canopy and landscape features as
well as Chesapeake Bay

Examples: August 1971, July 2004






July 7, 2004 storm and flood. Figure from Ntelekos, et al., 2008



Maximum precipitation accumulation and recurrence intervals
Dead Run Watershed, July 7, 2004

Duration accumulation Recurrence interval

(minutes) (mm) (years)
15 27.9 10
30 49.8 37.5
60 79.4 108
120 120.9 384

Dead Run at Franklintown stream gauge characteristic hydrograph response
to a rainfall pulse is 60-75 minutes

Suggests that flood peak most likely responds to the 60-minute maximum
accumulation and may have comparable recurrence interval












Yellow — July 7 Inundation Area

Light blue — FEMA 500-yr Floodplain
Dark blue — FEMA 100-yr Floodplain




From Miller et al., in review






What about nonstationarity and
climate change?

Frequency and intensity of extreme precipitation is
expected by some to increase over the next century

Some observations in nearby states show this trend is

already in progress, though modest for MD thus far;
stronger for WV, DE, PA

Percent of total rainfall coming in extreme events is
also expected to increase

However GCM projections of rainfall maxima are not
accurate because the models do not incorporate
dynamics of local convective storms



5 1 A hypothetical example
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If we posit that Baltimore conditions by late 215t century are comparable to those at
Hilton Head, SC today, the current 100-yr 60-minute rainfall in Baltimore would
become the 10-yr 60-minute rainfall; the current 10-yr 60-min rainfall would become
the 1.8-yr 60-min rainfall; the local 10-yr 60-min rainfall (2.09 in) and the local 100-yr
60-min rainfall (3.07 in) would both increase by 50%.

(data from NOAA Precipitation Frequency Atlas 14)



What about nonstationarity and flood
frequency?

 Notwithstanding the thought experiment on the
preceding slide, there is considerable uncertainty in
current flood frequency estimates and there are multiple
potential causes of nonstationarity

e We don’t know with any degree of reliability how the
frequency distribution of extreme precipitation will
change

e And we don’t really know how an altered frequency
distribution of precipitation would affect the frequency
distribution of floods

 Therefore any climate signal is unlikely to emerge from the
noise within the next several decades






What about nonstationarity and flood
frequency?

e The closest to a consensus argument made in papers
published in the special June 2011 issue of JAWRA is that
stationarity probably never did exist but that the records
we have are still useful and should not be abandoned;

e And that we need a better understanding of all forms of
uncertainty affecting our assessment of flood risk

 Nonstationarity in flood series associated with land-use
change, urbanization and river regulation has been
demonstrated in the literature;

e But thus far no reliable trends toward increasing flood

frequency have been established solely as a result of
global climate change



What about nonstationarity and flood
frequency?

 The last few slides focus on illustrating

— That we are still learning about considerable fine-scale
spatial variability in the types of events associated with
annual maximum floods

— That there is considerable local variability in the frequency
distribution of extreme rainfall that has not previously been
appreciated

— That the effect of land-use change probably dwarfs any
likely change attributable solely to climate in the near term;

— That uncertainties in current flood frequency estimates are
extremely large and we need to focus on understanding
their implications before worrying about the magnitude of
change



From Villarini and Smith, 2010

Note relatively low percentage of annual flood peaks
in the mid-Atlantic occurring in March-April; higher
percentage occurring in June-July-August; and local
maximum in tropical cyclone-generated floods
compared to areas immediately north and south



Note that there are regions along the Blue
Ridge in VA and along the Baltimore-
Washington corridor with elevated 100-year
floods compared to regional estimates.

Also the Baltimore-Washington corridor has
a higher percent of annual flood peaks in
June, July and August compared to the
region.

From Smith et al., 2011



From Smith et al. (in review)

Note the large gradients in
monthly rainfall and mean daily
rainfall for days of heavy rain over
a relatively short distance



From Villarini et
al. 2009

Shows effect of
urbanization on
flood frequency
distributions

The urban signal is
still much stronger
than the climate
signal



The modeling
approach shown
here illustrates
how flood
frequency
distributions
have changed
and might
change further
in response to
urban
development






The estimated recurrence interval of the
generating precipitation for the 7 July 2004 flood
IS 100-400 years

The flood peak is comparable to floods in rural
watersheds of the same size with recurrence
intervals of ~100-500 years

The estimated recurrence interval of the flood
peak based on the gage record is about 35 years

However the 95% confidence limits for the 100-
year flood span about an order of magnitude

FEMA flood maps do not capture this level of
uncertainty, which probably exceeds the
uncertainty associated with potential climate
change



