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1. Executive Summary

he Afghanistan Transportation Geohazard Risk mitigation. The DSS was developed specifically for the

Management Decision Support System (DSS) was Baghlan to Bamiyan (B2B) Road and the Salang Highway,

created for stakeholders to identify geohazards along  two stretches of road that are particularly susceptible to
transportation corridors in northeastern Afghanistan, and landslides and other geohazards (see Figure 1).

to evaluate the effectiveness of investments in geohazard
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The DSS allows users to visualize geohazards and extreme  into the normal transport process decision cycles in
weather risk, including landslides and avalanches, under Afghanistan, from feasibility study to detailed design,
a variety of potential scenarios. It also enables users to as well as operations and maintenance. The DSS can be
simulate mitigation techniques to quantify how hazard accessed from the following web link:
severity could be reduced if such mitigation techniques http://spatial. mtri.org/wbdss

are utilized. The DSS incorporates tools to compare and

relate the effectiveness of various mitigation procedures
for each location along the road. Relative cost estimates
for mitigation scenarios are also provided.

These functionalities enable the DSS to be integrated



1.A. DSS OVERVIEW

The Salang highway, which connects Kabul to the
northern regions of Afghanistan, provides one of the two
major land transportation routes through the Hindukush
region. The highway reaches elevations of 3400 m and is
susceptible to interference and damages resulting from
geological and water related hazards. Landslides and
avalanches have killed hundreds on the highway over the
last several decades. The alternative route for overland
travel through the Hindukush is the Baghlan to Bamiyan
(B2B) road, which is located at lower altitudes and is
generally less susceptible to emergencies related to slope
instability and extreme weather. However, B2B is unpaved
and almost twice the length of the Salang pass. Travel
delays and limitations along these roadways have severe
economic implications for Northeastern Afghanistan and
Kabul's residents in particular. The DSS was created for
the purpose of aiding transportation officials’ efforts to

plan and mitigate the effects of costly geohazards in the
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context of normal transport process. Presented in this
report is an executive summary and overview of the DSS,
followed by a detailed User's Manual.

The DSS is scalable from the transportation corridor level
down to local levels at any point on the road network.
Transportation officials can easily visualize corridor-wide
geohazard assessments to evaluate large-scale mitigation
and investment plan. For example, Figure 2 is a screenshot
from the DSS that shows an earthquake-induced hazard
for a 100 year return period. On the figure 2, green
represents low hazard, yellow represents moderate
hazard, and red represents high hazard. This particular
analysis allows users to immediately assess where there
is a need for large scale mitigation efforts. In the figure
below, roughly 100 kilometers of the ~250 kilometer
corridor is classified as “low" hazard for an earthquake
magnitude that has a 100-year return period thus requires
little or no mitigation.

FE™

FIGURE 2. A SCREENSHOT OF THE DSS SHOWING EARTHQUAKE-INDUCED LANDSLIDE RISK AT THE CORRIDOR LEVEL.

Utilization of the best available landscape data coupled
with a variety of geohazard modelling techniques
enabled the production of hazard maps for multiple
geohazard scenarios likely to occur in Afghanistan.

The DSS parameters can be set for a variety of hazard
types (shallow earthquake-induced landslides, deep

earthquake-induced landslide, rainfall-induced landslides)
and return periods (10-year, 50-year, 100-year, 500-year,
& 100-year). For each hazard scenario, users can assess
the change in hazard level with the implementation of

the three mitigation strategies: slope modification, soil
strength increase through mitigation measures such as



shortcrete, and ground water table reduction. Figure effective in risk reduction, but it also is the most costly

3 shows the DSS with the 50-year deep earthquake- to implement. This functionality will help transportation
induced hazard assessment displayed, followed by the officials find an appropriate balance between cost and
same assessment with each of the mitigation strategies effectiveness when allocating resources to specific
implemented. Note that lowering groundwater or soil remediation efforts during the course of normal

strength increase have minimal effect in this area transportation corridor feasibility studies, detailed designs,
considering the fact that the landslide is caused by and maintenance.

earthquake. The slope modification mitigation is the most
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FIGURE 3. COMPARISONS OF HAZARD MAPS WITH THE APPLICATION OF THREE MITIGATION STRATEGIES.

High resolution digital elevation models (DEM) were region is approximately 5 square kilometers. In this way
used to calculate the hazard and mitigation along the users are able to compute hazard zones for specific points
corridor within the DSS. This enables users to view hazard anywhere along the road which can be added to the map
assessments for specific localized areas of interest interactively.

anywhere along the corridor, in addition to the corridor-

wide scale in Figure 2. In Figure 4 the polygon outlined in

blue is the area on both sides of the road that is affecting

the location represented by the blue pin marker. This
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FIGURE 4. HAZARD ZONE CALCULATED FOR THE PROFILE-3 CRITICAL LOCATION

The DSS has the capacity of calculating a summary for
the hazard severities within each local hazard zones. In
the example provided in the Figure 5 below, 33% of the
region is classified with high hazard pixels while 51% is
moderate hazard and 15% is low hazard. At this location
along the road over half of the area requires mitigation.

Profile-3
(35.41734°N,68.99667°E)

Hazard Region Stats: D
4. 2255 km* hazard region identified.

50-year earthquake-induced deep landslide source
hazard with no mitigation. &

High Hazard: 33.3333333333%

Moderate Hazard: 51.3312034079%

Low Hazard: 15.3354632588%

Selection and application of the various mitigation
strategies will allow transportation officials to assess how
those strategies will reduce risk. When slope modification
is applied to the area in Figure 5, high hazard is reduced to
3% while moderate and low hazard areas have increased.

Profile-3
(35.41734°N,68.99667°E)

Hazard Region Stats: G
4 2255 km* hazard region identified.

50-year earthquake-induced deep landslide source
hazard with slope mitigation. ]

High Hazard: 3.45047923323%

Moderate Hazard: 78.9776357827%

Low Hazard: 15.3780617678%

FIGURE 5. HAZARD ZONE SUMMARY CALCULATIONS FOR 50-YEAR EARTHQUAKE INDUCED LANDSLIDE WITH NO
MITIGATION(LEFT) AND SLOPE MODIFICATION (RIGHT)



The DSS also has the capability to assess avalanche hazards.
The avalanche assessment classifies each location within
the transportation corridor in respect to the size of avalanche
given a 100-year snowfall event. Figure 6 displays the
avalanche risk for the entire transportation corridor. Note
that extensive areas of the corridor, shown in green, have

no avalanche threat at all. It should be noted, while useful
for generalized planning purposes, the avalanche hazard
assessment relies on modeled snowfall or actual snowfall
calculations. Thus, in order for the DSS to be used as an

.

dor-Wide Hazard Analysis
* Avalanche - Landslide @

Add Overlay | Remove Overlay

Transportation Geohazard DSS

effective tool to plan for potential avalanche locations to
provide emergency response, real-time meteorological data
is required. A cost effective means of avalanche mitigation is
to periodically reduce snow depth in avalanche prone areas
through controlled explosions. This technique has been used
effectively to manage avalanche risk in the western United
States. The Colorado Department of Transportation reports
using controlled explosions to trigger 283 avalanches in
2013-2014 (Colorado Department of Transportation 2017).

..i.‘ & i " -('aln-luplk‘
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FIGURE 6. AVALANCHE HAZARD ASSESSMENT

The DSS has been developed to provide the functionality
of a browser-based Geographic Information System

(GIS). This enables users to perform GIS analysis from
any computer, tablet, or smartphone with internet
connectivity. The web architecture has been designed
using open source software for the purpose of facilitating
system integration with future or existing datasets and
geospatial toolkits. An independent, portable server
version of the DSS has also been developed to operate
from a laptop which can be taken to the field or deployed
in regions without wireless internet access. The DSS is
also compatible with the Afghanistan GeoNode (http://

disasterrisk.af.geonode.org/), an online database of
geospatial data in Afghanistan created by the World Bank.

Additionally, the DSS was developed to provide an
intuitive interface for making informed engineering
decisions based on sound scientific analysis. Rigorous
hazard and mitigation models were employed with the
highest quality available input data to ensure users can
persistently rely upon the DSS as a relevant tool in the
course of normal transportation management, from
feasibility studies to detailed designs and maintenance.



2. User’s Manual

elow is a detailed description of the specific

hazard and mitigation assessments within the DSS,

as well as a step by step description of the DSS's
functionality.

2. A. LANDSLIDE ANALYSIS

Landslide hazard assessments were performed for
shallow and deep landslides, and incorporate both seismic
and rainfall triggers. Each landslide type was modelled
for low, medium, and high return periods. For each
permutation of landslide parameters, DSS hazard and
mitigation assessments may be viewed according to the
displacement quantity at the landslide source, or a factor
of safety along the landslide propagation path (Figure

7). Geohazard assessments whose parameters share the
same units were merged in combined hazard layers. To
provide a synoptic overview, combined layers were also
produced that merged the classified pixels, taking the
highest risk level per pixel. These combinations include
deep and shallow, and rainfall and earthquake landslide
types. Altogether, the DSS contains 144 maps of modelled
landslide risk.

- Hazard Analysis

) Avalanche © Landslide @

© seismic (' Rainfall ' Combined

Landslide Model: Deep Y] i}
Return Period: E10 e

O Source ' Propagation @

Mitigation Type: -- v 0

i View Hazard Assessment |

‘ View Mitigation Assessment |

Compare Mitigation Strategies & |

 Remove Overlay |

FIGURE 7. THE CORRIDOR-WIDE HAZARD ANALYSIS
DASHBOARD MENU

Visualizing potential landslide hazard maps at the
corridor-wide level is beneficial for determining
generalized locations of where mitigation intervention
is more likely to be needed. For example, West of Doshi
there is 25 km of the highway corridor that is classified
as "low hazard” (Figure 8) even during severe seismic or
meteorological scenarios. Such an assessment enables
transportation officials to focus their attention on other
regions where hazard severity is higher.

Similarly, the user can select from several mitigation
options. After users select which type of mitigation
strategy they wish to apply. they can compare hazard
levels along the transportation corridor both pre- and
post-mitigation (Figure 9). The variety of hazard scenarios
provides users with the ability to optimize available
resources by focusing on areas that would benefit the
most from mitigation techniques, given the geological and
topographic conditions.

For a more detailed discussion of the modelling that was
performed, refer to Section 6. Appendix. Landslide Hazard
Modelling, Theory and Implementation.

] gl TT 41
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FIGURE 8. THE 100-YEAR RETURN EARTHQUAKE-INDUCED
SHALLOW LANDSLIDE HAZARD WEST OF DOSHI



FIGURE 9. COMPARISON OF A REGION WITHOUT (LEFT) AND WITH MITIGATION (RIGHT).

2. B. AVALANCHE ANALYSIS

In addition to landslide hazards, users are able to view an
analysis of avalanche hazards in the region. The avalanche
assessment, completed for a previously completed World
Bank funded effort, shows avalanche runout areas and

their associated avalanche pressure (in kPa) for a 100-year
return period snow event. The results have been classified
using a Canadian schema for classifying avalanche
severity (Figure 10, McClung and Schaerer 1981).

Size Destructive potential Typical Typical Typical
{definition) mass path impact
(t) length pressure
(m) (kPa)
| Relatively harmless to people. <10 10 1
2 Could bury, injure or kill a person. 10° 100 10
3 Could bury a car, destroy a small building *, 10° 1000 100
or break a few trees.
4 Could destroy a railway car, large truck, 104 2000 500
several buildings or forest with an area up to
4 hectares (ha).
5 Largest snow avalanches known; could 10° 3000 1000

destroy a village or forest up to 40 ha.

* e.g. a wood frame house

FIGURE 10. MCCLUNG AND SCHAERER'S 1981 CLASSIFICATION SYSTEM FOR AVALANCHE SIZE.



3. Web DSS Interface

he Afghanistan Transportation Geohazard DSS is
live on the web at http://spatial. mtri.org/wbdss.

This web interface provides a browser-based
environment for viewing geohazard model assessments
and comparing the effectiveness of modelled mitigation
strategies.

The model data are organized using a Geoserver instance
(http://geoserver.org/) that makes the data available as a
WMS service which may be ingested by any web-enabled
GIS (See section 3.c.).

The DSS web framework is served from an Apache server
(https://www.apache.org/) located at Michigan Tech
Research Institute in Ann Arbor, Michigan, USA. This server
hosts all website source code and handles all the web
traffic related to DSS access.

The DSS website is built around a Leaflet map viewer
(http://leafletjs.com/) with a variety of HTML widgets that
are driven by Javascript. Javascript must be enabled in
web browser settings to use the DSS.

The DSS consists of two HTML templates: an overview
window, and an analysis window. Each page's contents
are customized to suit an analysis region. The following
sections will cover each window's functionality in detail.

3. AL OVERVIEW WINDOW USER INTERFACE

The goal of the overview window is to provide a corridor-
scale view of the risk assessment that was produced for
this decision support system. Users may browse model
results by toggling between hazard and mitigation
assessments, zooming and panning around the region,
and customizing their view of the data with various
basemaps, ancillary datasets, and user annotations. The
purpose of this design is to provide an intuitive web
environment to contextualize hazard analysis raster
layers with local geography, topology. and infrastructure.
With this visualization of the local environment, project
managers can better understand the extent of geohazards
across the entire transportation corridor region.

The interactive regions in the DSS overview window are
displayed in red in Figure 11.

TOP BAR governs page functions.

DASHBOARD governs map layer functions.

LEGEND is populated when a geohazard layer is
added to the map.

Hovering the mouse over 0 will display tooltips
containing user assistance and item descriptions.
Clicking the 0 in the top bar will open a copy of this
manual. When in doubt, consult the closest

P P TOPBAR

Transportation Geohzard DSS

Leaflet | Powered by Esri | DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, I

FIGURE 11. ANATOMY OF THE DSS OVERVIEW WINDOW.



3. a.i. Displaying Hazard and Mitigation Analyses

DSS map and layer functionality is provided through a
dashboard interface.

The dashboard floats over the map and may be positioned
anywhere by dragging it with the mouse. It can be hidden
by clicking ® and restored by clicking 'I:I' in the top bar.

To display hazard and mitigation assessments, select

the first dashboard section and identify the desired layer
parameters. Figure 7 shows the parameters that users may
add to the map. Selecting a layer from the dashboard will
display the corridor-wide hazard or mitigation layer.

3. a.ii. Critical Location Assessment

Critical locations are named points of interest that can be
added to the map viewer for geographic reference, or to
compute the hazard areas directly threatening that point.

Users may drop custom pins anywhere on the map for
reference. In the critical locations dashboard menu, enter a
unique name and then either click the desired location

(=]
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Map Options
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on the map, or enter known latitude and longitude
coordinates (Figure 12). To delete a critical location, click W .

Once a critical location is added to the DSS, it can be
managed from the Critical Locations dashboard menu. In
the Critical Locations dashboard menu, all critical locations
are listed in a table format. The ROl column allows users
to identify a region of interest that meets DSS criteria for
geohazard threats. The DSS criteria identifies any area
whose ratio of horizontal distance to vertical elevation
exceeds a threshold value of 0.4 (Appendix 7, Figure 4).
Slopes within the identified region of interest have a high
likelihood of interfering with the critical location if they
fail. Associating these regions of interest with areas that
are classified as High- or Moderate-risk in the geohazard
modelling can provide crucial information in supporting
roadway management decisions.

Points at which detailed geohazard profiles have been

drafted are preloaded on the map. Links to reports are
contained in popups that are accessed by clicking their
icon ( ¥ ). Geohazard regions of interest may also be

requested from a critical location’s popup dialog.

FIGURE 12. HAZARD ZONE CREATED ON THE FLY FOR A USER-DEFINED POINT ALONG THE CORRIDOR.

Once a critical location and region of interest are created,
users may request a breakdown of the geohazard risk
levels within the region of interest. If a region of interest
is requested when a hazard or mitigation layer has
already been added to the map then the statistics will be

displayed automatically. If a hazard or mitigation is added
after the region of interest is computed, then the user will
need to refresh the statistics from within the popup, by
clicking Q) New statistics will be appended at the bottom
of the popup. as shown in Figure 13.
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FIGURE 13. STATISTICS CALCULATED FOR A HAZARD ZONE FOR 10-YEAR EARTHQUAKE-INDUCED LANDSLIDES.

3. a. iii. Map Options

Users are offered various means to customize the map to
suit their analysis.

Users have three options for basemap imagery: a
composite of satellite and aerial ortho-imagery, a
topographic hillshaded relief map, or a higher-resolution
hillshaded DEM of the study area with no imagery
displayed outside the study area.

The opacity of geohazard overlays may be adjusted via a slider
in order to view basemap or ancillary data and provide context.

Buttons are provided to toggle ancillary data layers on/
off. Ancillary data layers include the study area region, the
corridor-wide hazard region of interest, line features of the
study area roads, other regional roads and rivers, and a
high-resolution (5 meter pixels) hillshaded DEM.

The study area region was designated to be restricted
to all the watersheds through which the B2B and Salang
Pass Highways pass through. Given that watersheds

3. B. ANALYSIS WINDOW USER INTERFACE

In contrast to the regional perspective provided by the
overview window, the analysis window provides users with
closer access to the data for the purpose of performing
site-specific analysis. In the analysis window, users may

are delimited by the same surface drainage areas that
landslides and avalanches follow, watersheds were used
as the boundaries of the study area.

The study area road hazard area was produced by
computing a geohazard region for every pixel along
the study area road. Note that the geohazard region
is identified by computing those regions whose ratio
of horizontal distance to vertical elevation difference
exceeds a threshold value of 0.4.

Users may add roadway buffers at 15, 25, 50, and 100
meters from the road to provide a sense of scale when
viewing geohazard model results.

Local agencies use various roadway segmentation
schema when viewing the road. Once such schema may
be toggled on or off for the B2B Highway between Dushi
and Bamyan.

Rivers, intersections, and other major traffic corridors
in the study area region may be viewed by toggling the
Ancillary Road Layer or Rivers Layer.

compare and quantify hazards, and understand the cost
and related effectiveness of implementing mitigation
strategies in specific locations.



The separate sections of the analysis window are displayed in red in Figure 14.

8B -=

FIGURE 14. LEFT: ANATOMY OF THE DSS ANALYSIS WINDOW. RIGHT: A FULLY POPULATED ANALYSIS WINDOW.

3. b. i. Accessing the Analysis Window

The analysis window is accessed from the overview
window in two ways:

1. When a hazard layer is added to the map,

o paare Min Hfi s L] . .
= == R will appear in the hazard

analysis dashboard menu. Clicking on this button will
open the analysis window in a new tab.

2. When a critical location is selected,
Conpare Minigation Shrabegies o

will appear in the critical
location's popup as a button or hyperlinked text.
Selecting this will open the analysis window in a new
tab.

3. b. ii. Using the Analysis Window

The analysis window provides users with tools to identify
and analyze specific hazard regions and mitigation sites in
the study area region.

The analysis window's map viewer contains all the
standard panning and zooming capabilities, and provides
the study area DEM hillshade as a basemap. The map
viewer also contains a slider, which allows users to view
hazard and mitigation assessments side-by-side and to
move the slider to change which assessment is shown in a
given area.

The spatial analysis performed by the analysis window
requires a region to be identified for analysis. This can
be the hazard region computed in the overview window,
or a drawn polygon overlay. If the analysis window was

accessed via the a critical location's popup (option 2 in
Section 3. b. i) and a geohazard region of interest has
been computed for that critical location, then the region
will appear in the analysis window's map. Alternatively, the
measure tool in the analysis window's hazard map ( E... )
can be used to draw a polygon for analysis. Please specify
your choice in the "Select mitigation area:” drop down
menu.

Mitigation layers may be added to the map by selecting
a mitigation strategy from the "Select mitigation type:”
drop down menu. This will also fill the "Unit Cost:” field
with a default value to be used in estimating the cost
for implementing the chosen mitigation strategy in the
designated region. These default costs are $US dollar
amounts for known Afghanistan market values from

May 2017. "Units" refer to 30 by 30 meter pixels used in
geohazard modelling. Costing may be adjusted to match
other known assessments.

Analysis can be further constrained to only consider a region
within a certain fixed distance from the roadway. These fixed
distances correspond to the DSS buffer distances of 15, 25,
50, and 100 meters. Selecting a buffer distance will display
the roadway buffer in the map viewer.

Screenshots and downloads are encouraged in the analysis
window. To download plots, right-click on the image and
select the desired function to print. URLs to generated plots
are not permanent, so exporting copies is the recommended
method to archive and distribute DSS materials.



3. b. iii. Interpreting the Analysis Window Plots For example, the overview window provides users with the

o ) ) area and proportion of each risk class within geohazard
The analysis window provides tools to quantify hazard . . . .
o o i ) regions computed according to an algorithm described
and evaluate mitigation strategies in regions of interest. . ) ) o
) i in Section 3. a. iii. If those area and proportion statistics

If there are values or figures that are of interest that are

not directly provided by the DSS tools, those values and
figures may still be interpreted from what is available.

are desired for a drawn polygon overlay in the analysis
window, then those values may be calculated according
to the following procedure:

1. First draw a polygon to indicate your region of interest and note the total area (848,830 square meters = .85 square
km, see Figure 15). In this example, the following mountain top is used:

Area measurement

848,830 Sq Meters
3.38 Kilometers (2.10 Miles) Perimeter

& Centeronthisarea [ Delete

FIGURE 15. HAZARD LAYER WITH A MITIGATION AREA IDENTIFIED USING A DRAWN POLYGON OVERLAY.

2. Choosing slope modification as a mitigation strategy will display the mitigation assessment with a polygon
indicating the designated region of interest (Figure 16):

FIGURE 16. MITIGATION LAYER WITH A MITIGATION AREA IDENTIFIED USING A DRAWN POLYGON OVERLAY.



Percentage of pixels

Clicking GO beneath the mitigation parameters will generate the following plots:

10-year earthquake-induced deep landslide source hazard with no 10-year earthquake-induced deep landslide source hazard with slope
mltlgatlon applied to Drawn polygon overlay modlflcatlon applied to Drawn polygon overlay

100 100
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FIGURE 17. PIXEL STATISTICS FOR UNMITIGATED HAZARD (LEFT, FIGURE 15) AND MITIGATED HAZARD (RIGHT, FIGURE 16).

By looking at the CDF curve we can interpret the proportions. For the plot (Figure 17) with no mitigation applied

on the left, 15.86% of the pixels are classified as High hazard, 21.1% (36.96-15.86 = 21.1) are Moderate hazard, and
48.18% are Low hazard. These can be multiplied by the total area to obtain values of 134,624 square meters for High
hazard, 179,103 square meters for Moderate hazard, 408,966 square meters for Low hazard. For the plot with slope
modification applied on the right, 2.19% of the pixels are classified as High hazard, 21.31% are Moderate hazard, and
76.9% are Low hazard. The total area for each hazard class in the mitigation assessment is therefore 18,589 square
meters for High hazard, 180,885 square meters for Moderate hazard, and 652,750 square meters for Low hazard.

The unit cost can be applied to the total area to obtain a cost estimate for achieving this geohazard risk reduction.
In this example, using the default slope modification cost value (US$7010) across the entire mitigation area of
848,830 square meters (.85 square kilometers), would yield an estimate of US$6,611,442.

3.C. WMS AND GIS INTEGRATION

Geohazard assessment data layers are stored using

Geoserver software (http://geoserver.org), and may be

viewed in web GIS environments.

To view DSS data layers in any internet-connected GIS,

use the following as the WMS Server URL:

http://geoserver2.mtri.org/geoserver/\WBDSS/
wms?request-GetCapabilities

All model results and ancillary data products are
persistently available via the above link as a WMS service.



4. Tutorials

4. A. INTERPRETATION OF THE FACTOR OF SAFETY

The factor of safety (Fs) is the ratio of resisting to
destabilizing forces acting on a slope, such that when the
Fs value is larger than 1 the slope is stable, and when the
Fs value is less than 1 the slope is unstable (Chowdhury
et al. 2010). Given the uncertainty in modeling results, it

is commonly assumed that values of Fs above but close
to 1 are not entirely stable but rather "marginally stable”,
and could become unstable if conditions changed slightly
or the input data to the model were slightly inaccurate. It
is common practice to consider the minimum acceptable
factor of safety FS = 1 for pseudo-static seismic slope
stability analysis, whereas a slightly larger minimum factor
of safety (e. g. FS = 1.25) is used for other conditions, e.

g. shear-friction method (e. g. Association of State Dam
Safety Officials, 2017). For each modelling method applied
the factor of safety can be interpreted in slightly different
way, depending on the model reliability and the level of
uncertainty in the model inputs.

For the precipitation triggered landslides, the modeled
results include the estimated factor of safety at each
location (pixel) in the area analyzed, as described in more
detailed in the appendix and the references cited in it. The Fs
values are highly sensitive to the inputs (e. g. Soil cohesion,
friction angle, water table depth, water table depth, hydraulic
conductivity, and hydraulic diffusivity) and can rapidly
change in some cases, even if the input parameters only
change slightly. For this reason we recommend using a
minimum Fs value of 1.25 when considering what areas

may be unstable, to account for the multiple, and probably
interacting uncertainties in the modeling process.

The seismic triggered instability modeling is based on

()

+ Hazard Analysis

Critical Locations
Latitude
34.8953

ROI
© W
(=

+ Map Options

-

Name Longitude

68.0398

Intersection

standard limit equilibrium (e. g. extension of Bishop's
method to three-dimensional cases) and Newmark
displacement analyses (Chowdhury et al. 2010). The limit
equilibrium analysis performed here for deep rotational
slope failure considers worst case scenario input
parameters (e. g. relatively low strength parameters) and
we consider it's not necessary to be additionally cautious
about the obtained Fs values. A similar rationale applies to
the Newmark displacement analysis for shallow landslides
triggered by earthquakes, particularly since we took a
relatively conservative approach when converting the
Newmark displacement values to equivalent Fs values;
displacement values of only 5 and 15 cm where chosen
for the limits between stable and marginally stable, and
marginally stable and unstable classes, respectively,
which in some cases (see Jibson et al,, 2000) could
correspond to only ~ 10 % and ~ 30 % probability of failure.
For these reasons, we recommend using a minimum Fs
value of 1 when considering what areas may be unstable.

4. B. DETERMINE AN OPTIMAL MITIGATION STRATEGY
This section describes a typical use case for the
determination of the optimal mitigation strategy to
implement at a specific location (Figure 18).

This demonstration will focus on the intersection of the
Barfak-Bamiyan Highway with the Bamiyan-Charikar
Highway, and the susceptibility of this location to
geohazards that may result from a 10-year seismic event.

Once the DSS is open in a web browser, enter the
intersection as a critical location as described in section
3.b. Both highways may be viewed by toggling the study
area road and ancillary roads layers, or viewing the aerial
imagery basemap in the Map Options menu:

Intersection
(34.869536483751939°N, 68.03987503051759°E)

Compute hazard zone

FIGURE 18. A CUSTOM CRITICAL LOCATION ADDED TO THE OVERVIEW WINDOW.



To compute the region that contains geohazards that in the Map Options menu, such as shown in Figure 19, but
threaten this specific location, select the Compute Hazard  this is only a visual aid for users and is not necessary to
Zone button in the popup window that describes that perform the computation.

critical location. A high resolution DEM may be displayed

== Intersection
Hazard Analysis

(34.895364837518930°N ,68.03987503051759°E)
i
A

@
Hazard Region Stats. (-
0.5364 km? hazard region identified

- Critical Locations
Name Latitude Longitude ROI
34.8953 68.0398

Compare Mitigation Strategies E"

Intersection

FIGURE 19. A HAZARD REGION GENERATED BY THE DSS AT A CUSTOM CRITICAL LOCATION.

Note that the visibility of the region of interest for To analyze the geohazard for this area, enter the hazard
this critical location may be toggled from the Critical conditions in the Hazard Analysis menu (Figure 20):
Locations menu. This may be useful to distinguish multiple

proximate critical locations’ hazard regions.

Hazard Analysis

Intersection

~ i (34.89536483751939°N,68.03967503051759°E)
) avalanche © Landslide @ -

Hazard Region Stats: (&

0.5364 km? hazard region identified

© seismic  Rainfall : 2y

Compare Mitigation Strategies

Landslide Model: | Deep
Return Period: 10-yr ~

O Source ' Propagation @

Mitigation Type: =

| View Hazard Assessment |

View Mitigation Assessment
@

Remove Overlay |

10-year earthquake-induced deep landslide " F§ <1.0=High

source hazard with no mitigation.
i 2, 6 ; e 1.0 < FS < 1.25 = Moderate

Critical Locations : e, 125<F8=Low

+ . Map Options —

&y

FIGURE 20. AN UNMITIGATED HAZARD LAYER SHOWN WITH A CUSTOM CRITICAL LOCATION AND HAZARD REGION GENERATED
BY THE DSS IN THE OVERVIEW WINDOW.



To view a summary of the hazard levels in the region
identified as posing a threat to the highway intersection,

——n‘“{_—_—
Intersection
(34.89536483751939°N 6B 039587503051759°E)

E)
Hazard Region Stats: (=
0.5364 km? hazard region identified.

10-year earthquake-induced deep landszlide source
hazard with no mitigation. &

High Hazard: 42.44%

Moderate Hazard: 0.50%

Low Hazard: 57.04%

Compare Mitigation Strateaies;cf-lIl

refresh the hazard region statistics in the popup window
(Figure 21):

Intersection
(34.89536483751939°N 68.03987503051759°E)

5
Hazard Region Stats: (N
0.5364 km? hazard region identified.

10-year earthquake-induced deep landslide source
hazard with no mitigation. &

High Hazard: 42.44%

Moderate Hazard: 0.50%

Low Hazard: 57.04%

Compare Mitigation Strateqiesg

100-year earthquake-induced deep landslide source
hazard with no mitigation. &

High Hazard: 42.61%

Moderate Hazard: 2.34%

Low Hazard: 55.03%

Compare Mitigation Strategies E’J'

FIGURE 21. PIXEL STATISTICS FOR THE HAZARD REGION IDENTIFIED AT A CUSTOM CRITICAL LOCATION. WHEN A NEW HAZARD
LAYER IS SELECTED, NEW PIXEL STATISTICS ARE APPENDED TO THE POPUP (LEFT).

Note that adding a new hazard or mitigation assessment
layer will allow users to refresh the summary statistics

in the popup window. New summary statistics will be
appended to the popup window, so that users can make
preliminary comparisons between hazard conditions and
mitigation assessments. In this example, the difference
between 10-year and 100-year seismic events is minor.

To determine the optimal mitigation strategy to reduce
the geohazard risk at this location, click the Compare
Mitigation Strategies link below the summary statistics for
the particular geohazard assessment to be mitigated. This
will open a new window.

In this new window, the hazard assessment is displayed
on the left, and mitigation assessments will be displayed
on the right. A plot on the left is generated that displays
a histogram and cumulative density distribution of the

actual numeric geohazard magnitudes in the region
identified by the DSS (Figure 22). This demonstrates the
severity of risk within the region more precisely than the
low/moderate/high classification provided in the previous
corridor-wide view.

On the right, there is a drop-down menu that allows
users to select between mitigation strategies whose
effectiveness has been modeled using the specified
conditions. Once the user selects a mitigation assessment,
the data is displayed on the right side of the map viewer
at the top of the page under a slider that users may slide
back and forth, comparing the hazard and mitigation
assessments. The histogram and cumulative density
distribution for the mitigation layer will also be plotted for
the mitigation layer's data, below the map viewer, and to
the right of the hazard data plot.



The figure 22 shows the material generated when slope modification is applied to these hazard conditions.
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FIGURE 22. FIGURES GENERATED BY THE ANALYSIS WINDOW. TOP MAP SHOWS UNMITIGATED HAZARD ANALYSIS, BOTTOM
MAP SHOWS SLOPE MITIGATED HAZARD ANALYSIS. LEFT PLOT SHOWS UNMITIGATED PIXEL STATS, RIGHT PLOT SHOWS PIXEL
STATS ONCE SLOPE MODIFICATION HAS BEEN IMPLEMENTED.



4. C. INTEGRATING MODEL RESULTS WITH GEONODE GeoNode contains 93 unique geospatial datasets that
The World Bank Group has collected several national comprise 11 maps that are used in regional analyses of
datasets for Afghanistan that have been made available various disaster risks.

at http://disasterrisk.af.geonode.org/. As of June 2017,

[Afghanistan GeoNode Layers Maps Documents Risk Management Tools v People Groups Sign in

wr

” a0

’ Welcome to, thel_?&fghanistan‘ Disaster

A publicplatform for creating, Slhaqt}lﬁg and aécessjng geospatial data and maps for decision=

disasteriisk i * oy

ot

Afghanistan Disaster Risk WebGIS

Kabui City Map

——

93 Layers 11 Maps 8 Users

Click to search for geospatial data published by Data is available for browsing, aggregating and GeoNode allows registered users to easily upload
other users, organizations and public sources. styling to generate maps which can be shared geospatial data in several formats including
Download data in standard formats. publicly or restricted to specific users only. shapefile and Geoliff.
Explore layers » Explore maps » See users »

version 2.7.dev20170515152143 | English

FIGURE 23. GEONODE LANDING PAGE.

Model results that are used in the DSS may also be and landslide susceptibility, overlaid with national data
viewed in GeoNode maps. For example, figure 23 displays  representing the locations and sizes of universities, high
the GeoNode map for "Schools, landslides, and floods,” schools, secondary schools, and primary schools.

which consists of geohazard assessments of flood hazard



Layers Maps Documents

%+ | Afghanistan GeoNode

Risk Management Tools

People Groups

[WImap ~ dhPrint @ identty Plovery [~ Measure - [ - Maps / Schools, landslides and floods
LAYERS 4 Q a Q « - XK
o Jizzax Viloyati N g .
- LB/-J‘:;? Nayoiy E S - Ouickas
©- 0 F, J « “omargond Jizax g oo R 2 Bamweninos o6aacme [T
o foyt Ename, A
E Vilsyoti cyrd L o6
4 Overlays - o, . h _pe STE . zmme
[7) universities (No of students) . Turkmenistan RS CTI —s
A 160 - 436 Lebap welayaty Qashqadaryo 4 Pk
Viloyati A=EHE !
\hal welagaty o 7
A 436 -1205 Ahal welagaty o Touy gacTon - B &
I~ Myxmapu et
A 1205 -2745 bat tyxmop! A :
Asggba S Pl Kpucmonu \
A 2745 - 5023 Bunonmy SR s 8 5
Mary Jarqotrron HamaoH ot -l adoxuron HHRE sLLL
A 5023 -8191 e PO " i ’% vl
— ) - " : bi
[ secondary Schools (No of students) 2 Mory eeicyary Termiz e, g :

(™| High Schools {No of students)
WP2 Afghanistan flood hazard map rp = 1000 L

0

1

2 4

4

7

7 wra

map S3
Null

. Low
Moderate

High 2

)
. Very High e olesS gl
3

(| Primary Schools (Mo of students)
- Base Maps

v
% charoaagh
Kr‘v’ar

lasdzams st

__DMardan  u#=2bl Srinagar

—— Sy o

Peshawar AT Jammu
© % and Kashmir
Kohat Islamabad  3nakyal
5 Sl / Y

Mandi Janlmu

", Bahauddin

Dera lsmail
Khan

Gujranwala
PR Himachal

\;
Sargodha
Ve Pradesh

I~
¥ Bhakkar Faisa\aha/:’l,{ h‘ﬂ ~ Jalandhar
Helmaihd Fatehpur 2 ,Ull.'n,_s Lahore a
sl © '
A Py Riénala Funjab Chandigarh
B Khanewal Khurd L Dehr
= Banlmda Am;a‘a ]
i otesly " Khairpur ] Kaithal Roari
PR ] Tamewall St Ganganagar s
> i Yoo ® ot Karnal 5y
Bahawalpur i s
Ranimyen Bhiwaniz ~ New Delhi
Khan
5 100 k
[ lacobates - |—|—|'" 1:8735642 7
Balochistan J i 100 mi
o Raradarno Flloan - )

FIGURE 24. GEONODE MAP FOR SCHOOLS, LANDSLIDES, AND FLOODS,
DISPLAYING UNIVERSITIES AND BOTH RISK ASSESSMENTS.

To add DSS modelling products to GeoNode maps, we will
be using the WMS service described in section 3. c.

Clicking in the top left of the window allows users to
“Add layers". In the drop-down menu that appears, select
“Add a new server..". Ensure the server “Type" is "Web Map
Service (WMS)", and enter the DSS model results’ WMS

URL:

http://geoserver2.mtri.org/geoserver/\WWBDSS/
wms?request=-GetCapabilities

Once the WMS URL is entered, clicking will show a list
of all the layers available to be used as hazard layers,
mitigation layers, or ancillary data layers in the DSS.



5. Troubleshooting

If problems are encountered that are not resolved by referring to the table below, please contact Sam Aden <staden@
mtu.edu>. Thank you for working with Michigan Tech.

PROBLEM SOLUTION

{STe[e)YA ol=1al=Wile]@ oI ES\VIle IS AT glele T (aIEIeTe M Refresh DSS page (Ctrl+F5)

BEI gl oleElfe RNV ETNEVEIAnIN Il Remove & re-add layer

Hazard or ancillary vector overlays

not scaling with zoom level Refresh DSS page (Ctrl+F5)

Hler|ilsleNeElgloloE e NeTAICIe[sTaleR Sct window to desired size and refresh DSS
placement is restricted JeElefE]

Analysis window plots do not correspond
to the region identified.

Click "GO™" again to regenerate plots.

Try again later or notify Sam Aden <staden@

404 Not Found / Server Timeout mtuedu>




6. Appendix. Landslide
hazard modeling: theory and

implementation.

6.A. MODELS AND THEORETICAL BACKGROUND.

Landslide hazard was assessed for a variety of potential
future hazard conditions. Although landslides can happen
independently of the occurrence of any obvious triggers,
most landslides are triggered by external environmental
factors. Our initial assessment of the conditions for the
B2B and Salang Pass roads suggested that two main
processes may be the main landslides triggers in the
area: water infiltration in the soil due to precipitation

(as both rainfall and, snow and ice water melting), and
ground shaking due to earthquakes. A variety of landslide
mechanisms and types have been established (Hungr et
al. 2014 and references therein), but here we consider

Radial
cracks

Foot

Propagation

only two main types of landslides that we estimate cover
most cases that we would expect to encounter in the
terrain being analyzed: shallow translation landslides, and
deep rotational landslides. Assessing the landslide hazard
involves determining the areas that could potentially
become unstable, and if such instabilities occurred,

how far would the sliding material move. Therefore,

two processes associated with the hazard need to be
assessed, the sources process and the propagation
process (see Figure 25).

Crown cracks

Source

Surface of rupture

Main body

Toe of surface of rupture

Surface of separation

FIGURE 25. ILLUSTRATION OF SOURCE AND PROPAGATION (RUNOUT) OF LANDSLIDES.
MODIFIED FROM HTTP://PUBS.USGS.GOV/FS/2004/3072/PDF/FS2004-3072.PDF



The first step in assessing the landslides hazard was to
model the conditions that would lead to slope instability
and landslide initiation. In shallow landslides the unstable
portion of the slope is confined to a zone close to surface
and it is usually assumed that its geometry is rather

simple (the failure surface extends parallel to the surface).

Our models for this type of instability are based on the
“infinite slope” (see figure 26) concept (Chowdhury et al.
2010), modified for rainfall induced landslides (Baum et
al, 2002) and earthquake triggered landslides (Jibson,
2007). For shallow landslides triggered by precipitation
the TRIGRS model was used (Baum et al, 2002), shallow

Ground -

surface -~

e d,
Capillary

fringe

zone

Saturated
zone

Unsaturated

landslides triggered by earthquakes were modeled with
the Newmark displacement method (Jibson, 2007), and
deep landslides triggered by earthquakes were modeled
with the Scoops3D model (Reid et al. 2015). The triggering
of deep rotational landsides by water infiltration is less
common, but is also less well understood, in this work we
did not directly account for such cases in our modeling.
The inclusion of the other cases should in any case be
extensive enough that areas that could potentially fail as
deep landslides triggered by water infiltration are for the
most cases already covered by the other cases.

— Basal
houndary

FIGURE 26. ILLUSTRATION OF THE INFINITE SLOPE MODEL FOR LANDSLIDES. MODIFIED FROM USGS HTTPS://PUBS.USGS.
GOV/0F/2008/1159/DOWNLOADS/PDF/0F08-1159.PDF

In deep landslides the unstable portion of the slope can extend further down and have a much more complex
geometry. Our models are based on the three dimensional rotational landslide model (Reid et al. 2015) (see Figure 27).
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FIGURE 27. ILLUSTRATION OF THE THREE-DIMENSIONAL ROTATIONAL MODEL FOR LANDSLIDES. MODIFIED FROM USGS
HTTPS://PUBS.USGS.GOV/TM/14/A01/PDF/TM14-A1.PDF



After the sources area for a landslide has become
unstable, the landslide mass moves downslope,
potentially reaching areas where population and
infrastructure may be exposed. Therefore, additionally
to the generation of the landslide by slope instability
processes it is also necessary to assess the landslide
mass propagation process, to evaluate what areas may
be exposed to the hazard. To model the propagation the
height to length concept, also know as energy line (or
cone, in three dimensions) was used (Hunter and Fell,
2003; Finlay et al. 1999).

Models assess slope stability through the infinite slope
model for shallow translational landslides, and by the Bishop
circular failure models for deep rotational landslides. Water
infiltration (rainfall and snowmelt) triggered landslides is
modeled in detail using the TRIGRS software published

by Baum et al. (2009) from the Unites States Geological
Survey (USGS), which combines the infinite slope model
with saturated (suction reduction) and non-saturated (pore
pressure increase) reduction of soil strength in response to
the water infiltration. This model predicts the factor of safety
of points on the landscape subject to a given rainfall intensity
and duration (Baum et al, 2002).

The seismic ground motion triggering effect was
modeled through pseudo-static analysis incorporating
Newmark displacement analysis for critical peak ground
acceleration (PGA) levels. For shallow slopes we use
the infinite slope model, coupled with a Newmark
seismic displacement model (Jibson, 2007), which
considers the stability of the slope in terms of the slope
deformation. The output of the model is not an Fs value,
but a deformation, to make this deformation compatible
with other hazard assessment outputs we converted
the displacement values to equivalent Fs. For the deep
seismic triggered landslide modeling we used the
SCOOPS3D computer program published by the Unites
States Geological Survey (USGS) (Reid et al. 2015), which
outputs results as Fs value maps.

Selection of infiltration (from rainfall and snowmelt)
events scenarios and probabilities was guided by the
prior analysis on flooding hazard, which will also allow for
consistency of our work with the results from previous
work components. The database on rainfall events
compiled for the GeoNode portal was used for this
analysis for five return periods: 10, 50, 100, 500, and 1000
years. Ground shaking intensities (PGA) from the same
source and for the same return periods was also used.

The potential propagation of the landslides was assessed
considering the height to runout ratio approach (Hunter
and Fell, 2003; Finlay et al. 1999). This approach considers
how far a landslide mass will reach from its source location,
by taking into account how much elevation it loses along

its trajectory. This roughly corresponds with the physical
concepts of driving energy, i.e. the potential gravitational
energy that allows the landslide to move in the first place
(represented by the elevation drop), and resistive frictional
energy, i.e. the energy dissipation that the landslide mass
experiences as it moves along its trajectory (represented by
the distance traveled). The ratio between the height drop
(H) and runout distance (L), H/L then becomes a measure
of the landslide’s mobility that can be applied to different
topographic settings. Although limited in many aspects,
this mobility measure is relatively easy to evaluate, as it
only depends on the topography, and it has been found
that it correlates with the landslide volume. For our analysis
purpose we used a constant value for the H/L ratio of 0.4,
representing typical landslides in the range of 104 - 105 m3,
a range of values expected to be an average for landslides
in the analyzed area.

6.8. MODEL INPUTS AND DATA.

The input data for the models used in our analysis include
data on topography, soil and rock properties, and potential
triggering events (rainfall and earthquakes). Topography
was represented through digital elevation models (DEMs)
from which slope inclination values used in the shallow
landslide models were derived. Analyses were performed
on DEMs of different resolutions, mainly a 5 m resolution
local DEM for Afghanistan, and the 30 m resolution SRTM
DEM (USGS, 2017). The final aggregated results are
presented in the 30 m resolution to precisely represent
the limiting resolution in our analysis.

Physical processes based models for slope stability
analysis require the strength properties of the slope
materials as an input into the model. Commonly the
materials’ strength is characterized through the internal
friction angle () and the cohesion (c). These values are
usually obtained from laboratory tests on samples of slope
material, but can also be estimated from proxies in the field.
In this case, soil and rock properties (strength parameters,
densities and weights, grainsize distributions) were based
on a sample of geotechnical testing data provided by the
Afghan counterparts for a limited number of sampling sites
along the B2B road. Other material physical parameters



used by the models (e. g. rock, soil and regolith unit
weights) are less critical to know with precision and were
estimated from the same geotechnical reports.

Knowing the hydrologic properties (such as diffusivity,
saturated conductivity, etc)) of the slope materials is

also necessary for applying the models we used. Such
properties were derived based on grainsize distribution
and its relationship to geotechnical properties. Estimates of
the water table level for some wells in the area have been
reported by the USGS (Mack et al. 2014). A global water
table model was also used (Fan and Miguez-Macho, 2013)
and refined to a higher resolution to match the resolution
of the other datasets, using the height above drainage
concept (Nobre et al, 2011). Similarly, a global dataset on
soil and regolith (Pelletier et al., 2016) depth was used and
refined using a correlation with terrain slope.

The same models were used with modified input
parameters to simulate the effect of different mitigation
strategies. Slope terrain modification was modeled

by representing terrain with lower slope values in all
models, but only for the highest slope values. The

lower slope terrain model was used for input in all
modelling programs, with all other input parameters held
constant, to evaluate the effect on the model outputs,
and take those differences as the terrain performance
improvement under the landslide triggering conditions. In
practice a similar effect could be attained through cut-
and-fill techniques of the potentially unstable slopes,
complemented by some minor retaining structures and
erosion control measures. A similar approach was used to
model the effect of increasing the soil strength, changing
the value of cohesion in the inputs for the models. The
increase in cohesion could be equivalent to the effect
that some simple slope stabilization techniques could
have (e. g. minor retaining structures and erosion control
measures). In the case of drainage improvement, the
effect was modeled by accounting for a deepening of the
water table, as such could be the effect of improving the
drainage on the slopes.
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