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Overview
Extreme rainfall in steep, complex terrain is the primary trigger of landslides and �ash 
�oods in many parts of the world. Advances in regional hazard assessment and predic-
tion have been limited by the challenge of quantifying and comparing biases in precipi-
tation retrivals over complex terrain as they relate to hydrometeorologic hazards. The 
main goals of this work are to approach the question of how satellite data can be used to 
estimate landslide hazards and how biases or di�erences in the precipitation regime may 
impact how landslide hazards are approximated within complex terrain. This work ap-
proaches these research questions from three di�erent perspectives:
Focus 1 — Estimate potential landslide activity at the global scale using a heuristic 
model (LHASA) that integrates GPM IMERG with global susceptibility information 
Focus 2 — Apply LHASA to a case study in North Carolina, leveraging the Censored Shift-
ed Gamma Distribution (CSGD) developed in a previous publication to quantify a proba-
bilistic estimate of landslide hazard considering precipitation uncertainties.
Focus 3 — Compare speci�c precipitation events over North Carolina using IMERG (early, 
late, �nal), NU-WRF and Stage IV QPE  to evaluate how each product performs within 
complex terrain considering both micro and macrophysical precipitation processes.
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LHASA uses a decision tree framework (le�) to iden�fy poten�al 
landslide ac�vity as a moderate or high “nowcast”. An antecedent 
rainfall index (ARI) considers the accumulated past 7 days of rainfall 
at each IMERG pixel and applies a dry-down curve. The perfor-
mance of LHASA is evaluated using a Global Landslide Catalog (GLC) 
developed by the PI and results range from 8-60% probability of 
detec�on depending on a number of factors. More details are avail-
able in Kirschbaum and Stanley (2018).
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The LHASA model was developed to 
indicate poten�al landslide ac�vity 
in near real-�me. LHASA combines 

satellite-based precipita�on es�-
mates with a landslide suscep�bility 

map derived from informa�on on 
slope, geology, road networks, fault 
zones, and forest loss. GPM IMERG 

data are used to iden�fy poten�ally 
rainfall triggering condi�ons . The 

Probablistic Hazard Modeling

Landslide Hazard Assessment for Situa�onal Awareness (LHASA)

model is run ever 3 hours at 1 km resolu-
�on and results are published at 

h�ps://pmm.nasa.gov/precip-apps

LHASA was run retro-
specively with TMPA to 
provide a landslide cli-
matology used to be�er 
understand the variabil-
ity of landslide hotspots 
around the world.

Stage IV determinis�c 2004-09-17 TMPA determinis�c 2004- 09-17

Precip Input Nowcast category TPR FPR

Stage IV Moderate Hazard 0.865 0.457

High Hazard 0.135 0.061

TMPA Moderate Hazard 0.865 0.432

High Hazard 0.135 0.060
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The figure on the le� shows the LHASA 
model results for Hurricanes Ivan and Fran-
ces that occurred in September, 2004. The 
Stage IV (a) and TMPA (b) results highlight 

the distribu�on of Nowcasts using the cur-
rent LHASA method. The table below 

shows the results in terms of the true posi-
�ve rate (TPR) and False Posi�ve Rate (FPR) 

for these two precipita�on sources. There 
is not a large difference (if any) between 
the results because the precipita�on for 

the event was so high that it exceeded the 
95th percen�le threshold for both data-

sets. In the new hazard model (c) nowcasts 
capture all of the reported landslides on 

2004-09-17. 
The probabilis�c nowcast is able to catego-
rize the larger area around landslide occur-
rences as higher hazard. While one looking 

at the determinis�c nowcasts might think 
that the whole area covered by yellow/red 

is equally hazardous, the probabilis�c 
nowcast clearly shows that there are some 

areas within the en�re nowcast that are 
more hazardous than others. This area 

matches up nicely with the reported land-
slide occurrences for 2004-09-17.Though it is difficult to compare the TPR for 

determinis�c and probabilis�c methods di-
rectly, the ini�al results show that the 
higher hazard ra�ngs using the probabilis�c 
method have a higher TPR rela�ve to the 
determinis�c methods. This is in part be-
cause higher hazard ra�ngs cover more area 
in the probabilis�c nowcast on 2004-09-17, 
but also because the probabilis�c method-
ology allows pixels with suscep�bili�es of 3 
or 4 to be rated as higher hazard if rainfall is 
sufficiently extreme. In contrast, landslides 
in pixels with a suscep�bility of 3 or 4 can 
only be captured by moderate hazard 
nowcasts in the determinis�c model. The 
figures on the right show the TPR and FPR of 
the Stage IV and TMPA nowcasts using the 
LHASA method (a, c) and the probablis�c 
method (b,d). The higher nowcast ra�ngs 
(from 3.0 to 5.0) do a good job of capturing 
landslide occurrence without overes�mat-
ing the area of high hazard on 2004-09-17.

Comparison of NU-WRF and latest IMERG rainfall estimates over the 
extended IPHEx domain: Initial results

R1: Light/moderate rain (<5 mm/hour): orographic enhancement of incom-
ing moist air
R2: Heavy short-dura�on rainfall with isolated thunderstorms
R3: Heavy rainfall by westerly and southerly convec�ve systems modulated 
by orography
R4: Very heavy rainfall induced by tropical and extratropical systems

Four major warm-season rainfall regimes (from IPHEx Sci. Plan, 2014)

Events No. Time Start Year/RR*

Case1 May 21-25 2017/R2

Case2 Apr 23-25 2017/R2

Case3 Sep 02-04 2016/R4

Case4 Oct 07-09 2016/R4

- We develop an object-based filtering, segmenta�on and 
characteriza�on algorithm for storm cells iden�fica�on, 
tracking and evalua�on;
- This algorithm approximates rainstorm cells by ellipses, 
and characterize their shape by calcula�ng center loca�on, 
major and minor radii, rota�on angle, area, max/averaged 
rain intensity of the iden�fied rain cells;
- Compare the characteris�cs iden�fied by different precipi-
ta�on sources.
The below figure shows the example of storm cell tracking 
for Stage IV, NU-WRF and IMERG Late using the algorithm 
and highlights discrepancies in rainfall itensity and pa�erns.
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RB=24.0%
RMSE=22.5mm
CC=0.90

RB=–15.1%
RMSE=21.0mm
CC=0.91

Case 3

In order to move from a heuristic threshold-based hazard 
approach to one that better accounted for uncertainty in 
rainfall probabilistically, a new schema has been devel-
oped that utilizes the CSGD framework to generate a con-
ditional distribution of possible ARI values based on ob-
served ARIs from TMPA and Stage IV gauge analysis. The 
�owchart at the right highlights the new approach, which 
we are testing for several cases over North Carolina. The 
resulting Hazard Index (HI) provides a probabilistic scale of 
potential landslide activity rather than a binomial one. 
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METHODOLOGY: the object-based filtering, segmenta�on and characteriza�on algorithm 

Right:  IMERG tends to seriously un-
deres�mate heavy rainfall, though it 
shows a similar RMSE and CC com-
pared to NU-WRFfor NU-WRF and 
IMERG for RB, RMSE and CC

Accumulated Rainfall: IMERG-L vs. Stage IV

Building off of the CSGD work, this analysis considers 
NU-WRF, IMERG and Stage IV data over the IPHEx 
domain to compare and contrast the performance of the 
retrievals in complex environments based on different 
precipita�on regimes. The numerical weather model 
provides an alterna�ve, physically-based approach to 
dynamically simulate precipita�on, and it holds advan-
tages in situa�ons of complex micro/macrophysical pre-
cipita�on processes. We posit that the two approaches 
are complementary, and inves�gate it by comparing 
GPM-era IMERG and NU-WRF model. Future work will 
focus on developing evalua�on metrics to incorporate 
both rainstorm pa�ern and intensity. This will be used to 
es�mate where, when and why each technique reaches 
its limit or performs poorly in specific terrain.


