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A.) Detection of movement B.) Detection of mistakes

A potential application of complementary and spatial sensor fusion for tilt monitoring
of a rock pillar. Case A at the left shows a clear situation where the pattern of sensor
information indicates movements. In case B the pattern indicates a malfunction or error, as
only one sensor is active and even the complement sensor shows no reaction.
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Method Instrument Accuracy Numbers Frequency
GPS Double-frequency high-accuracy tremble 5 mm in horizontal; 10 mm in vertical 22 Continuous
4000
“InSAR Radar satellite T 1em g 10 Months
CIndepth Borehole inclinometer 4 mm/15 m 3 45 days

displacement

Precipitation monitor CR2-J rain gauge i 0.21 mm ' 1 ~ Continuous
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1 Deterministic rainfatl thresholds for three soils
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00000 ERLAWSO Eastern Ruapehu Lahar Warning SystemO OO OOOOoOoOogQoier

Level of readiness  Lake level (msl)  Simplified explanation (conditional probability of dam Actions (mostly agency response time) Anticipated time for lake to rise to next level
(warning level) failure based on Gillon et al. 2006) (in summer, based on fill rates 2000-2005)
Narmal Below 2,527 m  Base level of readiness as per normal civil defence planning Planning, preparation, and training
Level 1 2,526.5 m Critical trigger peint, 3 m below the new m:k werﬂow Flanning largely completed. Response capability 1 to & months to fill from Alert Level 1 to b
level, (Waves caused by small erup‘nnns ar landsli ilable. Response within 30 min
could overtop tephra barrier but q lahar would be small) - 3
Level 1b 25295 m Lake reaches to the buried rock rim oullel level at the Planning completed. Full response ca[:mhlllr]|I 1 to 6 manths to fill from Alert Level 1h to 2
‘ (Lake 100% full)  base of the tephra dam. Probability of dam failure at available and reacly
| this level is still very low
‘ Level 2 2533 m Sudden collapse could produce a lahar equivalent to the Response within 20 min (for example, this 0.7 to 1.9 months to fill from Level 2 1o 3, or
1975 event (largest historic eruption lahar) which passed required cne local police sergeant to always 7.8 months to drop to Level 2 from Level 3,
under downstream road and rail bridges without significant be within 20 min of base from this time on)  depending on infill rates. Variation due to the
damage. Conditional probability of dam failure at this passibility of filling spanning fast and slow
level is 1-2% filling rates, and seepage. Slow fill rates will
probably result in net drops in lake level
o above about 2,532 m
Level 3a 2535 m Equivalent to a large moderately fast lahar. Conditional Response within 10 min 0.4 to 0.6 manths to fill from level 3 to 3b, or
prohab|l|ty of dam failure at this level is 5-10% 3.2 months to drop to level 3 from 3b
Level 3b 2536 m Conditional probability is 50-60% 0.2 to 0.3 manths to fill from level 3b to 4, or
R ) 1.1 months to drop to level 3b from &
Lavel 4 2,536.5 Equivalent to a large, fast lahar. Conditional probability Response within 5§ min 0.2 to 03 months to fill from level 4 to 5, or
is 90% 0.7 months to drop to level 4 from level 5
Level § 2,536.9 Lake at top of the tephra dam. Conditional probability is 100%
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I:' Level 1: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters within 3 hours. It advisable to inform residents.

D Level 2: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters within 2 hours. It is advisable to tell residents to move to a designated safe place.

Level 3: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
. disasters within 1 hours. It is advisable to confirm that residents in dangerous areas have moved to a
designaled safe place.

. Level 4: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters. Conditions are expected to be very dangerous.
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September 8, 2004 Debris Flows "

s Debris flow tracks . \ \ & Pisgah National Forest
wmBlue Ridge Parkway =i in McDowell Country,
Teiims - North Carolina
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Average annual estimated damages ($US billion) per disaster type
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