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Potential for Large Earthquakes on the Himalayan Front
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Seismic hazard in the India i
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Total deaths (thousands)

M7-7.5 Earthquakes are most deadly
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Seismic Hazard in India-Asia Collision
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Seismic Hazard in India-Asia Collision
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Does present-day strain tell us

anything about seismic hazard?
o

Quake rate

— o — —

l r Strain rate

’ Wasatch'$

‘ fault

Western
United States

a-value 2nd invariant (nanostrain/yr)

:'(),() 05 1.0 1.5 20 25 3.0 35 40 50 i \R _l‘ 2 6 14 30 72 136 264 520 10323600 l ! \
Gutenberg-Richter a-value from declustered 2000-2011 GPS velocities used by Kreemer et al
ANSS catalog (Arnaud Mignan, ETH Zurich) for the GEM Strain Rate Model

Figure from Corné Kreemer/Ross Stein/GEM



Does present-day strain tell us

anything about seismic hazard?
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of earthquake deaths

96% of all earthquake deaths are in regions with strain
rates greater than Imm/yr over 100 km (10-8/yr)

/7% of fatalities occur where deformation rates are

< 5 mm/yr over 100 km.
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Does present- day strain tell us
anythmg about seismic hazard?
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Global GPS in GEM Strain Rate Model
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Strain rate calculated from GPS
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INSAR — how It works

 Phase is a function of distance from satellite to ground (range)




INSAR — how It works

 Phase is a function of distance from satellite to ground (range)




"
.

Xianshuihe Fault

Accurate

Achieving 1 mm/yr accuracy

O
e
()
()
o
(%]
(@)
E
)
<

(%)
C
@)
=
O
(<))
bt
=
@)
O

Wang, Wright et al, 2008



Uplift in Nepal
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Strain mapping in E. Turkey
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Mapping tectonic
strain with InSAR

Walters et al. (JGR 2014)
Methods: Wang and
Wright (GRL 2012)
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Western Tibet
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Sentmel 1 Constellatlon

Envisat

Stand-alone mission not specifically
designed for INSAR

Haphazard acquisition strategy
(multiple modes)

Archive typically has ~30 images
over 7/ years

Loss of signal due to long time gaps
or large orbital separations

Sentinel-1

20 year operational program,
designed for INSAR

Systematic acquisitions over
deformation belts

12 day revisit — 30 images per
satellite per year

6 day revisit (with two satellites),
small orbital separation




How much better than existing missions?

Envisat Data, 70 Day Repeat, 7 years data ‘
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Geodesy is not the only tool, but it
complements other methods

Seismic Hazard

/ &Instrumental Seismicity

The Global <& Historical Seismicity
<& Geodetic Strain Rate
Ea rthqua ke &Active Faults Database
Model & Ground Motion Prediction Equations

/

. http://globalquakemodel.org
Risk



Q. How to turn strain into hazard maps?

10° 20° 30° 40° 50° 60° 70° 80° 80° 100°110°120°130°140°150°160°170180° 170°160°150°140°130°120°110°100° 90° 80° 70° 60° 50° 40° 30° 20° 10°

Assume:
Magnitude-frequency relationship
* Style of faulting

| ¢ Seismogenic thickness

e Scaling Laws

0.6° x0.5° grid,
no interpolation,
4 factors

Integral: 21,652 earthquakes/century

-17.7 = log1p(EQ/m2/s)

Number of earthquakes forecast with M > 5.66, from Bird et al., 2010.
Green = 1 earthquake per century in a 100 x 100 km area .
[Crude because strain data is low resolution]



Q. How can we ensure that earthquake resilience is

embedded in the sustainable development of the Himalaya?
-




Q. How can we ensure that earthquake resilience is
alaya?
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