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What	
  Are	
  Post-­‐Fire	
  Debris-­‐Flows?

• Initiate	
  from	
  surface	
  runoff	
  
and	
  erosion	
  processes.

• Progressive	
  entrainment	
  of	
  
sediment.

• Often	
  exhibit	
  evidence	
  of	
  
both	
  debris-­‐flow	
  and	
  flood	
  
processes.



What	
  Are	
  Post-­‐Fire	
  Debris-­‐Flows?

• Do	
  not	
  require	
  a	
  discrete	
  
source	
  of	
  material	
  (e.g.	
  
landslide),	
  with	
  a	
  significant	
  
percentage	
  of	
  material	
  
originating	
  from	
  shallow	
  
erosion.

• Impact	
  constrained	
  to	
  
gullies,	
  stream	
  channels	
  and	
  
immediately	
  adjacent	
  areas.

• Probability of	
  occurrence	
  
not empirically	
  related	
  to	
  
antecedent	
  moisture	
  
conditions.

• Volume and	
  velocity have	
  
been	
  experimentally	
  linked	
  
via	
  flume	
  studies	
  to	
  
antecedent	
  moisture	
  
conditions,	
  but	
  not	
  yet	
  
empirically	
  demonstrated.



What	
  Are	
  Post-­‐Fire	
  Debris-­‐Flows?

Debris-­‐flows	
  initiate	
  during	
  high-­‐intensity	
  rainfall.



How	
  Do	
  We	
  Predict	
  Post-­‐Fire	
  Debris-­‐Flows?

Post-­‐fire	
  debris-­‐flows	
  are	
  well-­‐characterized	
  by	
  rainfall	
  
intensity-­‐duration	
  thresholds.



New	
  Approach

Logistic	
  Framework:

𝑝 =
𝑒$

1 + 𝑒$	
  
𝑥 = 𝑏 + 𝑐+𝑐𝑋+ + 𝑐-𝑐𝑋- + ⋯+ +𝑐/𝑐𝑋/

𝑥 = −3.63 + 0.41 𝑇 ∗ 𝑅 + 0.67 𝐹	
   ∗ 𝑅 + 0.70(𝑆 ∗ 𝑅)

Updated	
  Link	
  Function:

Terrain	
  Steepness (T) Fire	
  Severity
(F)

Soil	
  Properties
(S)

Rainfall
(R)

Proportion	
  of	
  upslope area	
  
with moderate	
  to	
  high	
  
burn	
  severity	
  and	
  
gradients	
  ≥	
  23°

Average	
  dNBR of	
  
upslope	
  pixels /	
  1000

Average	
  KF-­‐
Factor	
  of	
  

upslope area

Peak	
  rainfall accumulation,	
  in	
  
mm	
  (15	
  minute	
  durations)
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New	
  Approach

Solving	
  for	
  the	
  rainfall	
  rate	
  at	
  any	
  P	
  value:

Terrain	
  Steepness (T) Fire	
  Severity
(F)

Soil	
  Properties
(S)

Rainfall
(R)

Proportion	
  of	
  upslope area	
  
with moderate	
  to	
  high	
  
burn	
  severity	
  and	
  
gradients	
  ≥	
  23°

Average	
  dNBR of	
  
upslope	
  pixels /	
  1000

Average	
  KF-­‐
Factor	
  of	
  

upslope area

Peak	
  rainfall accumulation,	
  in	
  
mm	
  (15	
  minute	
  durations)

𝑅(>) = 	
  
ln	
  ( 𝑝
1 − 𝑝)	
  − 𝑏

𝑐+𝑇 + 𝑐-𝐹 + 𝑐A𝑆



New	
  Approach

Threshold	
  @	
  p	
  =	
  0.5



http://www.wrh.noaa.gov/wrh/postwildfire/?wfo=mtr













• 25-­‐30%	
  flat-­‐lined	
  volumetric	
  water	
  content
• Increasing	
  pore	
  water	
  pressure





Quantitative Precip Forecast

Rainfall threshold

Debris flow forecasting



Warning	
  Dissemination:

Flash	
  Flood	
  Watch	
  (1-­‐2	
  days	
  out)
Flood	
  Watch

-­‐ Urban/Small	
  Stream	
  Advisory
-­‐ Flash	
  Flood	
  Warning
-­‐ Flood	
  Warning	
  (forecast	
  points)

Flash	
  Flood	
  Emergency



We	
  are	
  a	
  resource	
  for	
  you!

Mark	
  Strudley,	
  Ph.D.
Hydrologist/Geomorphologist

San	
  Francisco	
  Bay	
  Area	
  National	
  Weather	
  Service
mark.strudley@noaa.gov

(831)	
  656-­‐1710	
  x228	
  – direct


