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This study design outlines a plan to characterize spatal patterns of deep-seated landslides with respect to a variety of geospatial
data st an hen o a subset of those  active. This would be
three sub-county regions in western WA. The propased work should resul system for deep-
seated landsiid derstand conditioning and factors and ’
toland use.
Overall this i an ambitious study design y fulresults. The plans
landsiide types, determining f they are active or not, and grouping I del
likely to be successful and useful. The main challenge will y None of the . § .
" ot or eam & o AR, msedton | TRaNkYoU for your guidance in your overview. We agree, this willbe 2 challenging undertaking! AE: | appreciate the thorough revisions in ight of the reviewer
pruring comments. | think this document and plan is more practical and more
General Overview 1| N/ |[sttistcol analyses. This s notthefautof the authors, but us th tateofthe data and analyss techniques a present (and the . . —
Weh: of these d detailed comments in use this table to direct the reader to  which we've provided an cognizant of the challenges associated with this endeavor. Response
the main | 1) Moredetis below, bt i general both AR an o change
o more detailed methodology. accepted.
detection have major biases as to what velocity
comparedtoall onlya them are begin with So, ik the goslof
velocity that can be attributed to a particular trggering
mechanisrm for a large number of landslides s 2 bit beyond reach. | o think t's worth giving a try though, and hopefuly t il
yield some useful information for atleast some landsiides.
Below,  provide more detailed comments as answers the 8 ISPR questions, and have some more specific fine comments ater
that. Although there are a few issues that | think should be addressed with revision, the work i generally well thought out and
describes a plan worth moving ahead on.
Generally, yes. | especially app the o e data to be collected in a way
1. A rigorous, transparent, and sound research and
Qt. Are rig P 1| N/A |thatwill make then accessible to “big data” analy: lhe road, Lidar d i Thank you for your comment. No response from the authors.
statstical methods proposed? e i et
v in  an d wel WA
1. 1s there enough detailin the Study Design to Assuming the people who will be doing this work have LCD and InSAR, AE: 1 appreciate the acknowledgments of uncertainty and limitations.
@ € v Dest mine the peop e Thank you for this comment. We agree and have tried to lay out the Technical L 7) and provided to carry out the study (see Intent of this P ' v
understand and implement the statistical methods and | 1 | N/A a s earing curve and ot of nuance i nterprting rsuls, 50 in section 7.1 also note significnatly more detail added to section 5
v Document, lower bulets). It will be imperative that the study is overseen by a team with a ich background in these technologies. .
workflow needed to conduct this study? having a team with P the work. relating to t d the
theirresults. Response accepted
2. s there sufficient detal in the document to
@ 1| /A [Asabove, assuming prior experience, yes. Thank you for your comment. No response from the authors. /A
conduct the studv as written?
For the first phases of the plan, yes. data existing dtheLCDand  [Thank you for your comment. We willresps 3dvs1d in I y
InSAR techniques should be reproducible. For the later phases of the pl proposed. Each change be properly attributed be d (natural or human induced). As we are AE more detai, which d
" Part of this s landslde’s actual y L0S data, in of whatis measured will ot h d willneed to be taken to this datainto There s stil some ambiguity about the specific approach taken
LD or InSAR cap thisin 3, below]. The other part s that how P landslides. Thi he beginning of Section 5.2.3.3 towards connecting triggering (e.¢.soil moisture, ranfall) and
Q3. s there sufficient detail to support consistent, v ! > ® e B igserng (e )
« 1] NA [interpret identify jumps and fagers sn't clearly articulated. The study design suggests movement response (statistics and categorization of movements),
reasonable, and reproducible data interpretations? .
ki and noting when a andsii [ y range to another. is |-We've attempted to clarify Lo isindeed a o not 10 velocity as suggested by the reviewer. Section 5.2.3.2 but the numerous examples of datasets and frameworks for
rather arbitrary, and simplifying things down to a couple classes seems to be missing the rich and varied temporal behavior of |- INSAR decomposition (from Line of Sight to East-West and Vertical components) is now included in 5.2.4.2. o d .
landsiides. Some are seasonally active, others are mostly stuck, but episadically reactivate, etc. so it would be greatto seea |- Velocity time series interpretation is now covered in 5.4.4.3 Response accepted.
plan for more vaing - Another addition related to landslide velocity that may be of interest to the reviewer is in 5.2.1.2
The LC in in3d with a lmitation that it & From 5.2.2.2: “This method produces enhanced results
over DEM differencing o he resul on'the of th loud data.” The gsupa however, that not al LCD
Itin 3D change. We. in'5.2.2.2, that, while simpler to execute, do only report the verticalor 1d change. We do not recommend using these 10 methods in the study design for
th th 1 up. Furthermore, th isstated in 5.2.2.3.For clarty, we have removed "true” from 30 change descriptions n the manuscript.
In regards to y utlizing ook direction we are only measuring 2 portion of the actual displacement, There will be judgement required based on the orientation of
the satellite LOS and what is understood about the d movement style n order to properly atribute the InSAR displacement values to the landslide for further analyses. This consideration is
Ve mitation thatshould be addressed en s the described at the beginning of Section 5.23.3,
of y. Velocity for the . but both LCD and InSAR are only A ginning 233
capturing one component of that motion. So ‘velocity’ as described isn't capturing the actual velocity of the slide, and the same
cepturing ¢ Y piuring v The the landsid I of fined. the Study Design there is a very applicable paper that has been published by the Italian
velocity can result from a wide range true 30 velocities. For example, a "
National Research Councilthat describes this very application and we have added this reference to the study design: Cignett; et 2l 2023, ticle/10. 1147,
have afast ) but rate of ch the head, which is
Q3a. Are the proposed uses of different data for what LCD/InSAR captures. In contrast, a very deep slide could have a slower true 3D velocity for the same measured ~vertical
prop /! P v deep v - Two of the discussed LCD methodologies (surface based methods and point based methods) resultin a andnota suggested by Thisis d din52.32.
classification and statistical analyses, including InSAR rae ofchange. Furthermore,all e being equal, per siops havea rate of change.
1] wa AE: Response accepted.
and lidar change detection, reasonable given the data Al this is to say that ‘velocity” y ,<
Lo InSAR can into vertical and ding and Thiss discussed in Section 5.24.
imitations? divide them up into velocity classes.
This issue i i theory resolvable, as there are well-established tech
- We have added a section on Pixel Tracking (5.2.5).
from remote sensing images, which would complement the
referred to as “image correlation” or “pixeltracking” techniques, and | would say they are now widely applied in landside
e P €" technia v they v apl ‘Additionally, some new text on landslide velocity in Section 5.2 may also apply to this comment.
studies, in addition to glaciers, fault slp, etc. A variety of products can be used satellte
imagery (although probably not good in WA byc of rees, but maybe on clear cuts), lidar DEMs, or SAR images.
3b. 15 It clear how data wil be evaluated for inclusion
« 1| A |vesthe thorough job and their spatial and Thank you for your comment. No response from the authors. N/A
in the oroosed analvses?
Thank you for your comment. You are correct, the early greatly influence We just won' ge of 2 dataset we
Generally, yes - See a #2and #3 ab , then tends to get vague through | have until we start interrogating the data (we mention this in Section 7 - As noted above, in the issuing this draft report there has been a very applicable paper and
Q4. Is the methodology/workflow clear, reproducible, V. v get vag! " 2ting ( g P ¥ applicable pap: AE: | think the authors make the "known unknowns” of this aspect
1| N/A [the downstream parts of the proposed work. Some of this i to be expected as results from inial p for o by the talian 1 (Cignetti et a, 2023) that could be followed for ths study execution and we will revisit the report to update. ¢ "
and capable of achieving the project goals? more clear in the revisions. Response accepted.
latter phases. | would recommend a more objective workflow for the time series analysis than s given.
We have added a section specifically time lysis 5.4.43) to addh
5. Do the literature citations include the latest
Two main areas that could be improved in terms of citations and (1) quantifying 30
applicable information and represent the currentstate | 1 | N/A (0 vy ° Thank you for this comment. These items are addressed elsewhere in the response to comments and no response is provided here. AE: Response accepted.
y, and (2) velocity time
of scientific understanding on this topic?
Q6. Are uncertainties and limitations of the proposed Aside from issue, di
prow: 1| Na v Thank you for your comment. No response from the authors. N/A
work stated and described adequately? document.
Q7. Are assumptions stated and described adequately? | 1 | N/A  [Same comment as for #6. Thank you for your comment. No response from the authors N/A
Q3. 15 the information presented in an accurate, clear,
complete, and unbiased manner and in a proper 1| N/A [Yes,the documentis well organized, easy to read, and clearly spells out the proposed work. Thank you for your comment. No response from the authors. NA
context?
The measurement of isplacement n vegetated slopes is why have been chosen. here about regards to C-band data. For this exact
purpose (lower point densities), we recommend L-band data (e.g., ALOS-2) be used in the study as a primary InSAR data source. By util mglhe rcived Sand InSAR dotasts we would expen to have sufficient
g ground returns that are able to in vegetated vs. 4 siope y with InSAR in terrainin
Wouldn't the lower in b recently harvested
p. 27, last v et Norh A and s un st h deepstacks of andScans et sl provide bl et of ones of deformation, :ormdermg locy ranges and landside rentaton. The
Change Detection 1 areas? Since one goal of this work i to inform timber , | think getting a handle on these types of biases would AE: Response accepted.
para [freent e be said with the data b o in d areas. by Yang et al (2023) the
iportant. increase L-Band data vs. C-Band on .gegated hillslope in China.
Please refer to Section 5.2.4.1 (Vegetative Cover bullet) and the newly added Figure 5-7.




Although t's common practice for the state landslide inventories, this depth estimation is problemati, as it only estimates Weare in full r comments. The attribution of a measured is not trivial of the high resolution surface morphology derived AE: I'd add that more simplistic approaches such as Area-Volume
031, from ldar and an geology and required to properly ameasured point anear surface process or an indicator of what is happening at b ©
andsice Morahalosy,Velocity and Cassfcation 1 | penation | 5t stone painton the ancice, ighta ts head scarp.f the ancslce has a plana aluresurface of thesame depth great, | (7 relationships might be  simple metric of intiall "guessing’ landside
e |Butothervise it may be widy difernt thanth andside’ true maximu o average depth. £ thik of  deep-seated thickness, although it
fimited head scarp, buta very arge depth. We agree with this entirely and have addressed in Section 5.4.2.3 Depth to Rupture Surface. based approaches. Response accepted
The velocity class boundaries are not quite “arbitrary” - they are largely based on Cruden and Varnes 1996 with class 2 fandslides to includs d 20 class. This the
authors'experience working with slow moving landslides in western Canada. Addtionally, il be "lost” with th h is to assign ycass (5, s 20) 0 each e i of AE: Thisis fair - there needs to be a balance between simplicity (..
Since these arbitary (i vel the range, and there aren't clear changes in analyss in addition to the measured or inferred velocity (e.g., 100 mm/yr). We are currently working on advancing time. ! hods for y (d omit the use of categorical means of classifying landside velocity behavior) and
Lanside Morgholosy,Velocty and Classfication 4| P43, 1t | physical processes or mechanisms associated with those boundaries), you loe a ot o valusble data contained i the actusl | categorica break, but at present, do not have asolution or this. More advanced methods could be proposed in  pilt study proposal. fidelity to the true landslide motion. This response is accepted and |
g para Would b pssie 10 propose seme more advanced me seies appreciate the revisions that at least suggest pathways for more
o y of landslide behaviors that may be captured? Please refer to new sections 5.2.1.2 and 5.4.43 'd encourage the authors to give this
specific challenge some thought i this plan moves forward, however.
rank you for - In Secti welist3of the Lo hes. Inthe 3rd bulle, for point based methods, we describe a method
Change etecton 3| s s re e s et o , true 30 ground changes i d not only " he true ", as suggested by the reviewer. AE: Response sccepted.
ullets Recommend tracking to this s
We have added 3 section on el ) and believe th strenthen the scientific merit of the study!
Change etecton R a":’e:’f"‘e Change “noise” to “bias,” as aligning the lidar point clouds reduces the latter, but doesn't le. h o you for e i change.
fiee i1 | ot cloud retatve to the ther. A
use 8 more nuance in fsneeded here. |y for . We have made minor We have moved material Jation and bulging f postive , of which,a s you point out,
For one example, 2 ato lke or bump, there are more. We ag umping an jven for negati i
Change etecton 1 | p-45,test [ downsiope, without any accumuation or bulging of material Maybe that is implied inthe term “bulging.” but 'm not sure.
para | Similarly, | would consider “slumping’ to describe the head and he toe of a
e ottt o ot meatve o dfernce Compaction o diaionof i moterislon i prod - |22 avariety of e that could be atrbuted t positive or negative model diference. t would be beyond the scope heretoinclude a comprehensive LCD interpretation guice.
Instead, in of 2 D analysis
lear f that' in* / "bulging,” or “slumping.”
AE:
Could you use supplementary information to narrow down the time of movement, rather than assuming an annualized rate? | | The reviewer raises important points here. Care will need to be taken to not underestimate the rate of movement of landslides, p lidar that may have the
ncslice Sensity 1| P59 [would expect some andsiides captured in this way to have failed rapidy in ane or more brief episades, others to have moved Atthe scale of of landslides, this can Withsingle landslides, one can use hydroclimatic records to attempt to dentify
bullet #2. | more continuously (or anything in between), rate I think it would triggering storms. However, for this study, given it objective of study deep-seated landslides, be even more . While we appreciate this
d - P i tsin terms of hazard and planning for future and use. comment and struggle with the same question, we are not aware of a solution at present. We just must keep this in the front of our mind during velocity assessments. )
AE: Could INSAR better constrain these rates (or atleast the bounds
of time when movement has occurred) through tracked veocities or
temporary loss of coherence? Satelite imagery might also be
avaatl o d hocamlses however, s might be sope crep
Just some thoughs -
Thank you fo this comment. DIcK's work here s indecd applcable. We've addd a reference i 5.4.2. Animportant pant o note s that the nternaional e community s moving away from the use of
Landslide Sensitivity 1| P55 | ore that erson et . (2015), EPSL, did a precip be relevant her ythresholds for OSLs.Thisfolows o th moisture and balan v to activity changes in DSLs. licabl AE: Response accepted.
pere examoles in K by Distefan et al (2023). van Natiine et al (2023) and Wan et a (2023).
dtional Considerations 4| -65, 200 [Recommend removing “from experience,” s this s subjective, and o work s cited here o supportthe statement. Theseare |1\ we . + and changed . N n
fulloara . and should be d
dditional Considerations 3 | P-69.last [ As described i the questionnaie above it would be great nstead of“experience, judgement, and 7 systematic | Thank you for . The Markov-Chain velocity transition work s stll young, with only conference papers published on the topic (referenced in i
oara be emploved hee. critcaln the workflow to evaluate the lilihood of transitons, thouzh this work s evolving. We'd strongly orefer to leave ths language as such. AE
This is a highly ambiti i in Western
Washington in order to decipher the impact of forest practices on landslide activty. Rather than rely on landside maps and
inventories, tensive program quantify landsiide velocity to assess the mulitude of
factors that affect their movement. In my understanding, something of this scale and scope has not been attempted, much less
d it was quite inspiring Is that would be marshaled in order to tackle this effort.From
this It-year and muli-Plteam and a very large budget with numerous | There are a number o these discussed in this section. The following points serve to address these:
duate students and postdocs t lish the
While this is an excellent research plan, at the most fundamental evel I'm ot aware of much evidence that landsldes tend to | 1. Similar Studies: Please see Cignetti et al, 2023 (DOI 10.1007/510346-023-02114-7), which i perhaps the most directly relevant recent study. Additional information on similar works are provided in Line 28-29.
exhibitdetectable velocities in the run-up to changes in movement. s precursor movement typicalin most deep-seated!
Jandslides? From my experience with deep seated andsides i the PNW, many appear tobe lrgely dormant pior o aire. |2 pre- Collapse DSL Behavior: Some references that describe precursory deformation prior to collapse include: 1) Lato et al. 2018 (DOI: 10.1061/(ASCE)GT. 1943-5606.0002073 who used lidar change detection to
That said, until recently haslacked the abilty to measure in the vicinity of the prior to the 2014 collapse. 2) Moris et al, 2023 (https://d ical image pixel tracking to
the implicit this study y beusefulfor assessing the identy movement starting n 2015 t th release zone of the 2022 Chaos Canyon Collpee i Colorado. 3) Van Wyk de Vres et 2021 i.org/10. used InsAR
sensiivty Can the study it tudies or evidence that 1 |correlation to identify pre-collapse movementin the 5 years prior to the ultimate slope collapse in 2021 in Uttarakhand, India. 4) Lacroix et al 2020 identify precursary movement via InSAR over 3 years prior to a
General Overview 2 N/A | metric for susceptibility to changes in behavior? In the Northern California coastal ranges, for example, hundreds of slow- collapse of the Maoxian Landslide, China. There are many more references to document this pre-collapse behavior, though we do recognize the space is stil relatively data sparse. AE: | think the authors have done a commendable job of addressing.
moving DL tck alonfo decades 3t 05t 1 m/yr and et strong seasona fluctuations that do notvay with and use the notable uncertainties associated with change detection,
timber etal, 2013, EPSL; Mackey et al, 2011, GSA Bull; Xu et al, 2022). 3. Lang Use: T reviwer s corec el Tis 3 hrd rablem. The bl o prthon the data o understand landsiides wil the abilty of behavior, and g vs. land use
In order to testthis locity concept, can y known ir case? What does be able o gather sufficient resolution to reflect pre- and . More i needto data analysis to attempt to link land Change. Al resarch efforts have unceraities and sk - tht does
InSAR show for the 2014 Oso landslide, for example? That event i with river migation measured velocity profils. not mean that measurable success is not possible, however. Even if
along the toe (D. Milr), but does InSAR reveal precursor actviy in the source/upslope area that eventualy failed decadal-scale changes may not serve as  strong statistical indicator
of ative deep andsides n recent years toperforma |- The ignetita. (2023 ramework has ben added through Secton 5.2.4. using the proposed tools, it i possible that other signals may provide
proof-of-concept analysi showing what may be possible. This would help test the notion be active i they) - deformaton dentiction have been added n Section 5.2.1 amodest ysig
have a chance of posing problems to land use activities. - Anew section on land dditional leveraging land use data (Section 5.4.2.8) plan or thereof. With that
A related conceptual assumption of this project s that the study willbe able to solate the role of and use by normaizing for i, thre are some riss and unknowns i tis poposed plan;
other controls on . In essence, can the ts associate or perhaps parti ion time series nonetheless, the authors more clearly state these in the revised
into causal mechaniss? The fctors th control andside behavor are highy varied and nonlinear, which mkesthis endeavor document d details that
..in other words, behavior is tough even in the absence of land use impacts. This provide a bit more confidence for success in one form or another.
is not to d the attemot, | am stronglyin favor of this work being done, but t should be done with clear eves i terms of
The methods are indeed rigorousin that the project seeks to undertake lidar change detection and satelite interferometry
combined with a wide array of ciimate, topography, surface change, and other datasets to explain landslide dynamics. The
prect pon i focused an th pprcac o mappin ey changesandthe vaable dar ad SA mages rc el
documented and described. While several lidar , the study auths to conclude that | Thank you for th Pixel tracking for idar d , a5 shown by Booth et al. (2020} is indeed a ey. However, tis we
lidar change detection i imited in movement change wil Asitturns out, |scaled (several . which may make present work. We recogr our LD approach, there could be some examples where
Q. Ave rigorous transparent, an sound research and I think there are lidar that can Specifcally,recent work by Booth et al. |our methods do not identify ground surface parallel movement. However, as in the Booth et al. work, where surface parallel movement s occuring, i i expected that change vectors at the head, toe, and lateral
A 2| Wa (2020, Landsides) shows that sequentil idar datasetscan b usd oo “psl-racking” e quaniication of andde scarps of alandslide will be greater in magnitude. We don't exps the number of velocity timeseries we can extract from the lidar comparisons, though itis
their work 1o 2m/yr. In thatsense, this project plan could better | incredible important to remember this imitation during analysi.
account for some tools that could be wellsuited
the (ues in the project description could be more convincingly supported | Please see line #29 of ths review matrix for our response to L-band capabilties in the PW.
with in heavily areas. The L-band capabil best-suited
for forests in the PNW are limited to ALOS have in that be accurately
mapped in this region.
AE: R ted
My senseis that thi arange of specific analyses. It does not speciy staistical tools
a or uniquely Iandslide sctiviy. That's no o suggest hat
wouldn't be possible to but th manual for
of the tasks as my sense is that each step could be accomplished with a wide range of tools, some of which would be well-suited | Thank you for your comment. You are spot on with th . this with the project and determined it would be entirly too burdensome (for the authors,or the readers!) to
to the work and others not so much. As a result, much more detail, as would be provided by a pilt project, would need to be | provide a truly step by step manual. tobea o and capable individuals to accomplish the study objectives.
G2 e aifcenidelin edoumento | 3 |\ Loty s e ot cot wor
In each of the sections much more specifcity would be required to perform the work. For example, in assessing the role of | We've tried to emp hould begin with a pilot study (see Section 5.1). Much of this willindeed requi investigation. C i ion of various
R hic postion (section 3.1.4), stu fractal and the for ing landslides | physical ics (8. are now included in Section 5.4.2.
willeed to be determined. From my experience, the tols and parameter chaices are non-trivial and would necessitate
lary, other sections put forth ideas for analysis of soil moisture, geology, and climate

fon of the actual work is needed in order to assess the likelihood of success.

AE: | appreciate the emphasis on a pilot study and it is acknowledged
that exploratory work must be done to refine these methods and
provide nuance as to what tools work well as well as where and why.
they work well (or don't). Response accepted.




Q3. s there sufficient detail to support consistent,

As written above, the ides ideas for analyzing t specify th v steps. For example,|
the study p ight in the notion that ity itivi

h most active As such, a significant task
determine how different kinematic zones of the slides respond to different forcings. While the toe may be affected by charnel
migration, the mid or upper section may be moving haps due to soil identified

u
processes. As uch, how willhe tudy account for spatl variabily inlandslde veloclty fe? Again,tis s ptertially
tractable, but requires substantial work.

Asto we agree thi is to employ the methods of Cignetti, et al 2023 (DOI 10.1007/510346-023-02114-7), which was published in the
interim time between the inital submittal of this project and the present review period and has been added as a reference to this report.

Interpreting how d gsata is & The approach where landslid d classified based on topographic
controls wllbe s key s step i this process. The resuks btained from e are expected to support id of the most active landslides (over the analysis time period). However, there
willbe a significant population that h limits. This is where the L-8and InSAR data, with a much lower

limit of detection (~20 mm/yr mmpared 1015 cm/yr for InSAR and high quality LCD, respectively), may be able to identify slow moving landslides. Given the current state of the science, we expect this LCD and

To ISP Reviewers: There are two literature
reviews, Miller 2017 and 2018 previously
completed by UPSAG, which extensively discuss
the hypothetical impacts of forest practices to
DSLs; these have guided the larger Strategy of

AE: | appreciate the authors' response and the context from the
project team helps clarify the scope of these objectives. However, |

our research path, and

[ ly be chall d significant

reasonable, and reproducible data interpretations? 2| oA in the study design ified is how information will be used to determine o 'd2) appear to pondedin The abily ofthese | ctudy design. We acknowledge that this | effort n trying to solate the relative importance of land use change
. iferent landsiide groupings wil determine how far the next tage of the study can progress n terms of with external required within the
whether and how dto Presumably there naddicontothe LR e et o ey snswer allof our questons | versus the variabity ncimatic orcing, whic s something he team
in this aspect of the work, but how well do they account for the actual about the potental for cts It R ted.
15, such that affect inthe source regions? Orchanges nthe water balance Withrespet 1o uiingland use nformaton, we must 3 andsice cceleraed. It otk we can d other projects inthe Strategy, guided by the
induced by tree removal i this project " esults of this project, will focus more closely on
" e e o e vesmens ot e |Femotely sensd dta an t e saleof many thousandsof andlds. e bring s poin pbesuse the evencr tosuggest we estimate impacts, il
lvitaipeorsbi ity changes i T, etc. Instead, we p afirst step, we attempt to simply link land use or timber to y o change, or deceleration). Perhaps
in future work,the level of detalsuggested by the reviewer could be investigated, but the current stage I likely premature for tis.
The authors acknowledge that published examples of using L-band data o landslde detection and characterization specifcall in the PNW is imited. However, numerous published research artcles demonstrate
the use of L band data for ain including, for example, by Yang et a. 2023, and Da et al. 2022. Mostrecently L-band InSAR data aided in the
identicationof the arge St. Cyrlandside i brish Columbia s publshed by BC ycro (s Fgure &:
Safety-Report.£22-Q2.pdl).
While the emergence of NiSAR willbe a major boon for in the PNW
limitations and the study plan could v hat's currenty possible. As discussed above, the use of InSAR is | However, potential to map landsid is possibl singLband dtafor this purpose has also ben documerted. Whie areduction n
essentially untested as  tool for schemes in heavily ain. If some be , the main limitation of using L-band data for the purp lan
detected with thi  will they I could imag might respond t ontheir velocites, s due to the reduced sensitvity of - ottt et movemens (also documented in Dai et al. 2022 and mentioned i Section 5.2.3). A very large number of images are
very di v i ctivty. In that sense, | am curious i the emphasis | needed in L-band stacks to h level of dhasa moverments when compareto X-band o C gths for exampl. Therefore,
on in a systematic fandslides (< 15 mmyearfor example) may be hard o detec with  high evl ofprecison. Inthat sense, L-ban wil lkely not ! classi unless it dofavery
In terms of InSAR applicabilty, though, inthe dense,  avery large number of images in the stack (>30) and the reviewer is corect i staing resultin a systematic bias .. toward landslc faster than
(052 Are the proposed uses of diferent datafor i ogan? Th 24 mwavelanth f-band AR simiar o the diametaro g oo branchs, wiccold b prolematcaprox: 15 m/r Th eolscerro o avercome it i s o s requenyanssusg L addition t sayC-band,simlrto the approach by Dl et l. 2022) although C-band willhave
for In addition, of tions relative to the landscape fmits our abily to detect | reduced ret no returns) inthe p P thens to aim towards a first pass estimate of andslide actvty based on the proposed analysisthat can
clasificaton and satstica analyses, including nSAR | Conerent A oo e et o e
St o b derecton, el e thedata N/A | movement. The imitation but can t pography and show where siides will be en be used to further refine the inventories.
o o undetectable owingto the censoringof arthogona ook on landsiides?
of major ridges could prevent many slides from being detectable. The second limiati wavelength, t 5AR data 3 aluded 0 by the eviewer. We have added some text exlaining this
ion 5,23 Insteep trran, make InSAR infeasible, e of the sensor and the g the slope
1somena mor campled byteus o sequental rtorck both vl an hortzont shnges though lanc on|(spetngle o siap racint.Usal,combining dt both ascending that can be observed n atleast ane geometry. However, in some cases,
this tool inthe freq ldar InsAR especially if only a single orbi is used. With the InSAR sensor geometry and usig erai nformatio (derived
acquisiton. The abilty to use WGS advantage in inthese clevaton model) be affected by be identified and strat tifed to maximi y le ranges or orbital
areas have been comprehensively mappec with high accuracy. Ot , 25 well. example). However, for lie we prope , both geometric distortions and the impact o radar be a problemin
al. (2020, dvances) approach of using firstorder estimate of landslide activty is perhaps not a bad place | Ultimatel, the publication of InSAR results and! inventories wil need by i ing areas that could not be d
tostart th that trends in roughy serve indicator of ge.
The reviewer asks if we can use topography and show where sides will i & of orthogonal look * The answer s yes and that s AE: Response accepted, especially as these roughness techniques are
a alo included a bullt stating afected by d provided as ata valuable, but possbly less relevant to the timescales of interest in this
identify areas that may have been subject to biases due to the geometric affects project. Nonetheless, such an approach could a valuable datapoint
usedin f landside activiy (orlack thereof).
hank This is mostly because we are v integrate. There research component to this project as | am sure you are aware, and the incorporation of these
descriptorss inthat bucket. In the Intent of this Document section, we attempt tolay out this mitation:
Some portions of the proposal reveal wellaid out descriptions of how data willbe analyzed and evaluated while others are ess
Q3b. s it clear how data will b evaluated for inclusion .
e o 2 | N |specifc. In partcular, the InSAR and Lidar datasets are well-described interms of avaiabilty. By contrast, how the project will . detaled satistica anah folowing a , activity, and velocity time:-series database are diffcult to pescribe atthis time. Following development of the AE: Response accepted.
the other datasets nto th benefit from a much more detailed description of the methods. | database, evaluation will require 1, 25 with .
we' olstered Section 5.4 to address thi .
My sense s that th moreto serve as a workflow. From my
reading, it wasn't clear how an investigator would tackle this testingand | Thank you for your comment. You are spot on with thi . this with the project d it would entirely too burdensome (for the authors, and the readers!) to
slection, parameter senstty tests, and more. I that sense, | could imagine a wide array of pproaches being aken in order | provide  trlystep by step manusl tobea o and capable indviduas to accomplish the study objectives.
0 accomplish the work. For example, how willthe rainfal be p 2wl stecedent rainfall? Do storms
.1sthe methodology workfiow dear, reproducibi, | | | mater? Howwilstorms b parsed And the ranfalland reanal e break future We prescribe y Y attempt to buid a flexible database suitable for modern modeling A6 Response accepted
and capable of achieving the project goals? and models and appr b use 1o pul together thevarious | ramerks Section .2.3). Further deta hould b povided i propassl o erform a platregans st ; :
datasets and determine controls on side behavior? There has been an infusion of new tools, including machine learning, to
decipher patterns with multivariate datasets. More traditional tools, ik multple regression, are vry useful as well. Although | We have provided a major rework of Section 5.4 (Assessment of Landside Sensitivity) that will opefully address this comment.
section 8.0 states that the staisical analysi will e addressed in project, from my exp 2
senerate a database without aplan on how it wilbe used.
the project I in
adition tothe work by Adam Booth and Alex Handwerge, th proponents might i o work by PaselLacror, . Mot and
others working on geodesy for andsldes as they've pushed the envelope i terms of extracting mechanical controls on siding AE: Response accepted, although 'd encourage the authors to
5. Do the literature citations include the ltest from time series. For example, work in Northern Calfornia by shows v Thank you for th We lterature more, ncluding the works you've cited here and to discussed above. The further explore relationships between landside
applcble formatinand eprsenthe curentsate | 2| WA [cle(and deth)show aery s respons imescl 1 seasona il whichcoiss with he sty asumpin ht firstbuild series and map to ypes and kinematic models. Based on this, we will be exploring work by the authors that you've proxies and more
of scientific understanding on this topic? response times vary (section 5.4). the use of including | noted, ameng othersthat have b referencd i prior rsponses on this document. b ) precipitation this move
climate information, land cover, geology, erap isa forward, Ths seems apparent from section 5.4
endeavor and this heneftfroma yof to
analysis.
6. Are uncertainties and imitations of the proposed | |/ |these questions are discussed above i various contexts No comment. N/A
workstated and described adequately?
The research plan s welldetailed, providing a y well-explained, fthe
report may be sightly ambiguous. For nstance, in Section 9, the term "potential targets" lack carity regarding whether i
pertains to study areas, or A and
enhance the report’s transparency and overall coherence. Thank you for ths comment. We would love to use the Hungr update, however, we are not convinced the added detail could be sufficintly gleaned for this population of thousands o landslides in a meaningful
Way. Varnes 1996 does indeed provide both a materialtype and a landslide process, though as you sate, with less specifcity. We've not made any changes to the manuscript as  resultof ths comment, but we AE:Thisislikely fne as these classifcation schema are somewhat
Q. e igorous, ansparent, and sound esearchand | | {1 bellee the andside clasificaton proposed by Cruden and Varne (1996 is outdated. “Hungr et a. (2013) The Varnes will consider this further if the study moves to implementation. arbitrary anyways and the quantitatve data produced from this
tatistical methods proposed? classification of landslide types, an update] presents a significant improvement over the 1996 system. This system incorporates study, if successl, would be a more valuable means of
explicil an evaluation of the landslide process, which i crucial for assessing the relative sk associated with deep-seated sldes.| CRF Comment: In addition, Hungr et tobuildin asto more rapid “lumped” in Cruden and Varnes. For this point Cruden and Varnes i till he primary classfication categorization. Response acceped.
Moreover, it consists of a much more Geo technically robust material classfication system. I strongly recommend thatthe | utilzed n the nternational landside community and the most appropriate for classfying DSL's
contractor consider adoping the Hungr system over Varnes's
The research plan exhibi s (e:g, principal
component analys) that are wel st fo he research
Q. Isthere enovgh detai in the Study Design to The report off he planned workflow. I thatwhile Thank you for your comment. You are correct, the early influence We just won' ge of a dataset we
understand and implement the statistical methodsand [ 3 | N/A princp d cluster analysis—a AE: Response accepted.
‘ have untilwe startinterrogating the data (we mention this in Section 7 - No ch de s aresult of
workflow needed to conduct ths study? specifcstatstcal method has not yet been determined.
Q2. 15 there sufficient detail i the document to N eated Tk you for thiscommentt A
as written?
3. s there sufficent detal o support consistent, 3 | N/A [Theresearch plan s well described and reproducible. Thank you for this comment! N/A

reasonable, and reproducible data interpretations?




Q3a. Are the proposed uses of different data for
classification and statistical analyses, including InSAR

The report thoroughs h hand trate study of this hank you for . We the Moretto et al reference. We undzrs(and(hat\argednsplacememscause incoherence between SAR scenes and INSAR i for identifying
i bothin d computing power. A occurrences. Regarding itis our regarding the ability of InSAR to estimate time of failure (ToF). We do not
d viability of the chosen g such beideal. |recommend trying to estimate ToF in the present study because as s consistent with Moretto etal. this is an u(reme\v challenging problem and would likely be beyond the state of the science for a population of

Specifically, including or pointing to results from previous research by others i thousands of landslides.
have been beneficial. greater achieving the chosen h of
my thinking (and stems from the work of While they were able to use | A new reference (Cignetti et al, 2023) blished ign and is . Cignetti et al. describe a use case of INSAR for activity state classifications of a population
SAR to effectively F slope instability (ie., ) , they also of 279 deep-seated landslides. They o this via Sentinel-1, which s rather surprising given the C-| intaly, so it . We relian
highighted significant challenges using SAR due to (1) data temporal frequency and (2) phase ambiguity associated with large | on L-band in Washington. The newly added reference s:

locat the contract ther reliable time | Cignetti, M., Godone, D., Notti, D., Giordan, D., Bertolo, D., Calo, F., et al. (2023). State of activity of deep-seated gravit defe on Sentinel-1 data. Landslides.

ies velocity i ides? If yes, what is In other words, what size be d

AE: Response accepted. The focus of this work is not on landslides
that fail catstrophically (typically shallow landslides) and further, the
authors’ acknowledge the challenges with landslide inventories in this

3 | N/A |identified using SAR time series? Providing practical feasiblity demonstrations or offering examples from others would increase the study plan - these i jective,
and lidar change detection, reasonable given the data §
i atione? v this Can thereviewer cariy their comments around the Xu et | (2021) study? Xu et l. compared their 2 Jones et al, 2019, which included d d
Washington Geological inventories. In Western Washington, Xu et al ensiis oflandsldig, and acdress those they may have mised: "Comparison with the U Geologieal Survey (USGS) < ty, | don't see thi tosome
Reference: Moretto S Bozzano,f.; Mazzant, P. The Role of Satelite InSAR for Landslice Forecasting: Limitatons and Operings. | landside mvemarymg 1) shows that our InSAR-based much fewer ides in Oregon and the Siera Nevadain Calfornia. One most el ressonis tht the USGS of the larger uncertainties posed by the authors and reviewers,
3735. https://doi.ore/ 10. mal and/or by InSAR. Another that some o longer
periods from 2007t 2011 and from 2015 o 2019 (pge 8 ofthe manuscrit)
The report extensively dlscusses the work of Xu et al. (2021). This study focused on slow-moving landsides with phase
coherence. The accompanying USGS inventory of sides is nd seems the [Isit possible alay the reviewer's comments?
westernpartof the state. The scarety of sides,coupled with thei lmited occurrence I very slow moving vents, mplis that
the proposed approach may Once dditionalcitations of proof of |- The Cigneti et l. (2023) framework hasbeen acded through Secton 5.2..
bolster idence in the feasibiliy of achieving and context around the Xu et al. (2021) results have been added to Section 3.1.2.4
Ifound it chalenging to determine the reatve number o andsides i th study area. Table 3-1 provides a summary of
ne study region, butit & individually identified landslides. It would be
beneficial to reproduce this table, taking into account the number of landslides in each inventory. We believe this would be quite misieading as these inventories, in entirety, would not be used for the proposed study. Instead, in Table 5-1, we lst the number of mapped deep-seated landslides in Proposed
Study Areas 1 (>3,000 mapped DSLs) and 2 (>4,350 mapped DSLs).
Q3.1 it clea how data willbe evaluted for nclusion 1 understand that the Land use/land cover datasets of World are of ion— but
o the proposed anlysess 3| N/A|relatively poor spatialresolution. What s the spatal resolution, and s it too coarse to meet the study objectives? Google's Dynamic World imagery and h resolution of 10-meters. We do not believe ths s too coarse for the proposed study. AE; Response accepted.
The study design heavilyrelies on LIDAR data collected from various regions across Washington. The quality of this arborne | Since the initial study 86CE h leted a idar project for Washington DNR and included evaluating data from 2006-2017. The older 2006 data was indeed
IDAR dtavaries sgnfcanty from regon o regon. Moreover, theground iering qulty s paor in many ocations. How doe | desmed siable for igh-qusky . This project has now been referenced in the updated manuscript.
plan t in gion? Often, canbe
uitesgnfcant when diferencng idor.
The research gy i clearly designed for | in
4.
. s the methodology/workdlow clear,reproducible, | 3| /0| porentil Nevertheless, as p " recommend a more robustproof of conceptto | Thank you fo this comment. We suggest the next tep of the projectis aproof of concept as well,asdetaled n Section 51 Slection of Are for Proof-of-Concep Executin. AE: Response accepted.
and capable of achieving the project goals?
ubsantiate the fficcy of the research methods prio to iating  rge-scle ffor.
5. Do the literature citations include the latest it ""V‘“:'V;‘ o ot sooife to ol he tity ofuilzing " | thank you. we in P
applicable information and represent the currentstate | 3 | N/A  [ProCucngtime series deformation data specifc tolandsfides. /A
of scientific understanding on this topic?
® P Section 2.1.1.1 i disilled from a series of references, which should be cited.
6. Are uncertainties and limitations of the proposed
M prop 3| N/A [Theuncertainties and limitations are well described. Thank you for this comment! /A
work stated and described adequately?
Q7. Are assumptions stated and described adequately? | 3 | N/A | The assumptions are adequately described. Thank you for this comment! N/A
o , which ging.
f the work,rather than delving f
the writing. C iy, won' provide a secton-by-section breakdown for ediing, However,a an lustratve instance, d
e wriing Consecuently, won't povide a section by-secton breskcown fo adiing fowever, a5 an lustrative nstance To159 Reviewers: Al CMER resarch s publc
like to mention a sentence on pag p v challenging There is an inherent
domain, through the Washington Department
embedded in that history the studies and from
5 hank you for an eye for readabilty. of Natural Resources. Study designs do not
conversationsand feedback from DNR and s ffltesan ey versans of th desin document ‘
routinely have a dissemination plan, and we
f : 't think one is appropri X
Q8. 1s the information presented in 2n accurate, clear, The report includes many ; therefore, | appr Nevertheless, 1 was baffled by Figure 4 - | M 125 been added to the acronymlis, thank you for catching this one. ::":""I"”“ e
complete, and unbiased manner and in a proper 3 | NA [onetounderstand what SME refers to. This should be clarified. ¢ ina) approved study desten wil b POSTET | e: Response accepted.

context?

The results of this work hold significant implications for public safety in Washington. Therefore, in section 8, | would prefer to
see a plan for openly disseminating findings and the database.

s per the solicitation’: plicitly d landslides. However, its important to
note that many in to landslides, such as debris
flows originatingfrom colluvil hollows. In future work, twould be valuable o contemplate boadeningthe scope o andside
hazards to encompass shallow events as well.

The work will be performed for DNR, who has a ich history in making landslide related information available to the public. Itis unclear to us if that level of data disemmination should be included in the technical
study design, but we wil discuss with DNR.

We agree on shallow landslide hazards.

on the document section of the DNR Adaptive
Management Program Website, which is
publically accessible. And UPSAG/CMER has a
separate research track focused on shallow
landslide hazard, the Unstable Slopes Criteria
Project.




