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Hydrologic and geomorphic drivers of changing flood hazards
Louise J.

Introduction
Flooding

along rivers is a major hazard to
communities and infrastructure, but trends in
flood hazard are poorly understood.

Changes in flood frequency are thought to be
driven primarily by trends in streamflow, while
the capacity of river channels to convey flood
flows is generally assumed to be stationary.

In fact, the flood hazard frequency depends on
two factors (Figure 1):
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1. Data filtering and site classification
• Source data: daily discharge, flood stages,

All methods figures are of
Big Sioux River near
Brookings, SD

channel geometry and flow velocity

• Range: we retained measurements taken within

• 57% of all sites displayed significant

• Filtering: we removed sites with artificial
controls and measurements made in different
locations or icy conditions

• For flow frequency, increases were

• Site classification: by degree of
Figure 2. Selection of manual field measurements

• Annual flow frequency values

Here we present a new method for separately
quantifying the flow frequency and the channel
capacity effect on decadal flood hazard frequency.

We apply these methods to 401 U.S. rivers to
compare the contributions of geomorphology
and hydrology to flood hazard, and to assess how
they interact over decadal timescales (1950-2013).

Nonstationarity
in flood frequency
is common, and
emerges as a
result of
interacting
hydrologic and
geomorphic
effects

were nearly 3x more common than
flow frequency effects

3. Trend in the flood stage flow frequency

Aims
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1. Larger flow frequency effects, but more numerous channel capacity effects

2x as common as decreases in sites
with lower levels of flow
# of signif. sites
total # of sites
modification
Figure 7. Histograms of (a) flow frequency and (b) channel capacity effects on flood hazard frequency

2. Contrasting spatial distributions of nonstationarity
Figure 9.
Statistically
significant trends
in the Extreme
Precipitation Index
by grid cell for a 2
day duration and 5
year return (19012012) (Janssen,
2014)

Figure 3. Estimating values of cross-sectional discharge
at flood stage (on a log scale). Gray circles represent
discharge measurements that were retained (Figure 2).

in the average volume of flow that can be
carried in a cross-sectional river channel at
flood stage (𝑄𝐹𝑆 ), which may evolve due to
shifts in cross-sectional channel area (Stover
and Montgomery, 2001; Lane et al., 2007) or
average flow velocity.
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Conclusions

capacity (𝑄𝐹𝑆 ) from the manual
field measurements, using the Loess
rating curve for each site (Figure 3)

 The channel capacity effect describes trends
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• Significant channel capacity effects

a range of ± ½ the flood stage depth (Figure 2)

• We estimated the average channel

high flows, which may evolve through climatic
changes (Kundzewicz et al., 2014),
anthropogenic modifications of water supply
and/or shifts in land cover.
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flow frequency or channel capacity
effects on flood hazard (Figure 7)

2. Estimation of channel capacity at flood stage

 The flow frequency effect describes trends in
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Results

anthropogenic flow modification

Figure 1. Schematic of flow frequency and channel capacity effects
on flood hazard frequency (FHF)
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were obtained as the number of
mean daily discharge values
exceeding or equaling 𝑄𝐹𝑆 and
used to compute the trend in
flood stage flow frequency
(Figure 4) Figure 4. Flow frequency trend vs. year

Trends in
channel capacity
are widespread
and affect flood
hazard on a scale
that is comparable
(in terms of
magnitude) to flow
frequency trends,
challenging
existing paradigms
of flood frequency
analysis and
channel design

• Flow frequency patterns (Figure 8a) were
consistent with trends in extreme
precipitation events (Figure 9)

• Channel capacity effects (Figure 8b) do not
appear to be related to climatic patterns, but
suggest regional imbalances between
streamflow/sediment supply

Figure 8. Spatial distributions of (a) flow frequency and (b) channel
capacity effects on flood hazard frequency

4. Trend in the channel capacity effect on flood hazard

3. Combined effects: the unpredictable influence of channel capacity?

• Channel capacity was

• We computed the total change in

estimated at the flood stage
at the time of each manual
field measurement
(𝑄, Figure 3)

flood hazard across all sites (Figure 10)

• The majority of sites indicated
increasing flood hazard

• Flow frequency > channel capacity

• The frequency with which
each value of 𝑄 would be
attained was then estimated
from the streamflow
probability distribution
(Figure 5)

effects at 69% of sites
Figure 10. Interaction between flow frequency and channel
capacity effects on flood hazard frequency
Figure 5. Exceedance curve

Accurately
predicting flood
hazards, for flood
insurance or river
management,
requires quantifying
future trends in
both flow
frequency and
channel capacity
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