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We report on further results of calculations of the runup
from waves generated by impacts of asteroids and comets into
the deep ocean. Past work of ours has concentrated on the
breaking of waves from impacts (the so-called “Van Dorn ef-
fect”) (Van Dorn et al. 1968, Melosh 2003, Korycansky and
Lynett 2005); runup calculations were also reported by us pre-
viously (Korycansky et al. 2006).

Tsunami generated by the impacts of asteroids or comets
are widely recognized as a potential hazard (Hills et al. 1994,
Chapman and Morrison 1994, Ward and Asphaug 2000, Atkin-
son et al. 2000, Chesley and Ward 2006). The global reach
of ocean waves generated in an impact could enhance the ef-
fect of impacts whose scope would otherwise be of regional
importance only. The effect is compounded by the concen-
tration of the world’s population and economic activity near
ocean shorelines. It is important to examine the potential con-
sequences of a sizeable oceanic impact. Direct observational
experience with impact tsunami (or rather, with waves of the
requisite heights and periods) is lacking; typical periods fall
between the familiar ranges of storm waves on the one hand,
and earthquake tsunami, on the other.

A commonly-used parameter for observations and em-
pirical analysis of runup and other wave characteristics is
the “Irribaren number” ξ (Hunt 1959, Battjes 1974): ξ =
s(H0/L0)−1/2, where H0 and L0 are the deep-water waveheight
and wavelength, and s is the beach slope. It was suggested that
wave quantities such as runup scale with ξ and that in particu-
lar, the ratio R/H0 (the relative runup) is directly proportional
to ξ with a coefficient equal to unity: R/H0 = ξ .

Our calculations were done with the COULWAVE code,
which models the propagation and shore-interaction of non-
linear moderate- to long-wavelength waves (kh < π) using the
extended Boussinesq approximation (Lynett et al. 2002, Ko-
rycansky and Lynett 2005, Lynett 2006). Input wavetrains
were either monochromatic (constant values of H0 and L0)
or slowly-varying modulated trains produced by the collapse
of a parabolic cavity in the ocean, as calculated by linear
water-wave theory (Ward and Asphaug 2000). The cavity’s
dimensions are determined by impact scaling (e.g. Schmidt
and Housen 1987). Bathymetry is either a simple constant
slope s or a piecewise linear profile representative of the Pa-
cific coast of North America (Le Méhauté and Wang 1996).
For the purpose of calculating the value of ξ to character-
ize simulations with non-constant H0, L0 and/or s, we have
chosen to take the values of H0 and L0 from wavetrains at
maximum amplitude and s to be the average slope db/xb from
the depth db at the maximum off-shore breaking distance xb.
For the full-amplitude wavetrains generated by the impact of a
300-m diameter asteroid into deep water, the maximum (peak-
to-trough) waveheight is H0 = 174(D/100)−1 m, where D is
the distance in km to the impact point, and the corresponding

wavelength is L0 = 8800 m, equivalent to a 75 second wave
period. Average slopes shoreward of the breaking points are
0.006 < s < 0.012 for the Pacific coast profile.

In order to disentangle the effects of non-constant H0, L0
and s, we have performed calculations holding various param-
eters constant. Altogether, five different situations were sim-
ulated: 1) laboratory-scale monochromatic wavetrains onto
simple slopes, 2) 10-100 meter-scale monochromatic wave-
trains onto simple slopes, 3) 10-100 meter-scale monochro-
matic wavetrains onto the bathymetric profile of the Pacific
coast mentioned above, 4) time-variable scaled trains gener-
ated by the collapse of an impact cavity in deep water onto
simple slopes, and 5) full-amplitude trains onto the Pacific
coast profile. For all cases, we compare our results with Irrib-
aren scaling. Laboratory-scale waves onto simple slopes (case
1) were reported by Korycansky et al. (2006) as part of the
validation of COULWAVE. Comparison with the experimental
results (cited by by Korycansky et al.) was presented, as were
results for the calculations of case 5.
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Figure 1: The relative runup R/H0 plotted vs. Irribaren num-
ber ξ = s(H0/L0)−1/2 for monochromatic waves of large
amplitude (H0 = 10− 100 m) and long periods (20− 80 s,
L0 = 625− 10,000 m) for slopes s = 0.005, s = 0.01, and
s = 0.02) as indicated, along with results for waves propagat-
ing on to the Pacific Coast bathymetry profile. The dotted line
is a piecewise-linear fit to the results: R/H0 = ξ0(ξ < ξ0),
R/H0 = ξ (ξ ≥ ξ0), for ξ = 0.11.

Figure 1 shows the results of calculations for cases 2 and
3: decameter-scale waves onto simple slopes and the Pacific
Coast bathymetry. The slopes are typical of those expected
shoreward of the breaking point of large-scale waves from
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impact tsunami. Overall, the results scale with the the Irribaren
parameter ξ for ξ > ξ0 ≈ 0.1; for ξ < ξ0 the relative runup
R/H is constant.
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Figure 2: The relative runup R/H0 plotted vs. Irribaren num-
ber ξ = s(H0/L0)−1/2 for full-scale tsunami wavetrains along
with results for scaled wavetrains propagating onto the Pacific
Coast bathymetry profile. Closed symbols: scaled wavetrains
onto simple slopes s = 0.005 and s = 0.01. Full-amplitude
wavetrain runs on the Pacific Coast profile are labeled by dis-
tance D to the impact point. The dashed line is the piece-
wise linear fit R/H0 = ξ0(ξ < ξ0), R/H0 = ξ (ξ ≥ ξ0), for
ξ = 0.22.

Figure 2 shows the results for time-variable wavetrains
onto simple slopes and the Pacific Coast profile (cases 4 and
5). As noted, the wavetrains were generated by the collapse of a
parabolic cavity from the impact of a 300-m diameter into deep
water. Wavetrains for impact distances D = 100, 200, 300,
400, and 500 km were propagated into slopes s = 0.005 and
s = 0.01. In order to increase the number of (numerical) data
points and extend the range of ξ covered by the calculations
we scaled the wavetrains by a factor 0 < b < 1; we used b
values of 0.01, 0.02, 0.05, 0.1, 0.2, and 0.5 in addition to
the full-amplitude value b = 1. In all, 70 scaled-wavetrain
calculations onto simple slopes were made. Full-amplitude
calculations onto the the Pacific Coast profile are also shown
in Fig. 2 for D = 100, 200, 300, 400, 500, 1000, 1500, and
2000 km. Again, a piecewise-linear fit to the runup seems
appropriate, with the break point ξ0 ≈ 0.2 providing the best
fit to the results.

Assuming the validity of our result, it can be used as part

of a scheme to assess hazards from tsunami, as has been done
by Ward and Asphaug (2000) and Chesley and Ward (2006).
The former study combined the relevant factors, such as cavity
characteristics as functions of impactor parameters, rules for
wave decay and (linear-theory) wave shoaling on a generic
ocean profile, impactor ablation due to the atmosphere (which
is important for stony asteroids of diameters less than 200 m),
impactor rates, and statistical uncertainties, to produce esti-
mates of probabilities of impact tsunami exceeding specified
heights over a specified time interval, for both generic sites
and specific locations. Chesley and Ward used a simplified
version of the physical factors and added population statis-
tics near coasts to arrive at with estimates of economic losses
and numbers of people affected by impact tsunami. Our work
[both in this study and the results found by Korycansky and
Lynnett (2005)] would modify these procedures in two ways.
First, non-linear shoaling theory (e.g. Sakai and Battjes 1980)
would identify locations xb and depths db where waves would
break, given the parameters H0 and L0 of the waves, which
are functions of the impactor characteristics (principally the
impactor diameter) and distance from the impact point. Then,
given sb = db/xb, H0, and L0, the runup would be calculated
for the specific impact. The process could then be integrated
over all impact points of interest (the deep ocean) and the
impactor population to yield tsunami hazard estimates.
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