What Makes a Slopi Stable or Unstable?

Slopes fail when driving forces exceed resisting forces.

THE BASIC IDEA
Slope stability depends on the balance between forces pulling material downhill

and forces holding it in place.
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e THE BALANCE THAT MATTERS

When resisting forces
are greater than or
equal to driving forces,
the slope is stable.

; @ Po L|CY Slope stability is not just about steepness. Drainage, grading, ‘

When driving forces
exceed resisting forces,
instability occurs and
failure can happen.

vegetation, and ground conditions all affect whether land can
TAKEAWAY safely support development or infrastructure. J‘




The Role of Gravity, Slope ﬁngle, and Material Strength

Steeper slopes and weaker materials are more likely to move.
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o HOW GRAVITY, SLOPE ANGLE, AND MATERIAL STRENGTH WORK TOGETHER
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PO LI CY Policy takeaway: Steeper slopes and weaker earth materials usually

need more careful design, review, and hazard screening. These
TAKEAWAY factors matter for hillside development, road cuts, and land-use planning.




Why Water Is Often the Trigger for Slope Failure

Water can add weight, reduce friction, and increase pressure inside the ground.
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Human-related water inputs and drainage problems can increase slope risk

Storm runoff Roadside drainage ‘ Irrigation Leaking pipe Septic system or
o _ seepage area

Runoff can ‘ Concentrated dinage Excess irrigation can ii can Seepage can
increase risk can increase risk | _ weakenslopes _ weakenslopes | weaken slopes

Policy takeaway: Water is often the trigger for slope failure.
Stormwater management, drainage design, irrigation, leaking infrastructure,
and septic systems can all affect slope stability.




Landslides Are Not All the Same

Different landslide types move in different ways and require different responses.

MOVEMENT STYLE MATTERS
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PO"CY takeaway: The type of landslide matters. Monitoring, warning systems,
engineering design, setbacks, and emergency response should
match how the ground is likely to move.




What Is Debris Flow and Why It Moves So Fast?

Debris flows are fast-moving mixtures of water, sediment, rock, vegetation, and other debris
that travel downslope, often through channels, and can quickly reach roads, homes, and infrastructure.
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DEBRIS FLOW vs. ORDINARY MUDDY RUNOFF

DEBRIS FLOW MUDDY RUNOFF
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sediment, rocks, . S @ carries mostly

and debris P < fine sediment

More dangerous, 35 P Less dense,
more destructive 8 & ; less destructive 3

Policy takeaway: Debris flows can move quickly and travel far through channels.
This matters for evacuation planning, post-fire response, road closures,
culvert design, and warning systems. “‘




WHY WILDFIRE INCREASES 2
LANDSLIDE AND DEBRIS-FLOW RISK @ @ .
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Burned slopes can shed water and sediment rapidly because vegetation is removed, RUNOFF  DOWNSTREAM AREAS

roots are weakened, and soil behavior is altered after wildfire.
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POLICY TAKEAWAY: After wildfire, slopes can shed water and sediment quickly during storms. i \j
Post-fire planning, emergency alerts, road closures, watershed recovery, T
and infrastructure protection should begin before heavy rain arrives. é A




What Is Slope Creep?

Soil and weathered rock can move very slowly downslope over years to decades.

€@ WHAT IT LOOKS LIKE
| Slightly leaning
{KA _ utility pole
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e~ ¥ | Cracked
Soil and

PR, == o ' k. L pavement Leaning
' m"‘w W ' | wall \
weathered rock N ‘ : 3
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: Mor.e stable S|0pe Creep

material beneath Movement.over years to decades

Buried pipeline
can shift
or crack

@ SIGNS AT THE SURFACE © MOVEMENT OVER TIME O WHY IT HAPPENS

T'lted fence posts Year1 —> Year10 —» Year 30 Natural processes slowly weaken and
Fences no longer move soil and weathered rock.

stand upright.

Repeated wetting and drying
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Water softens soil; drying causes
shrinkage and cracking.

Curved tree trunks
Trees grow in a
curved shape.

Cracked pavement
Small cracks form and
widen over time.

Freeze-thaw and expansion-contraction

Leaning walls

Retaining walls tilt
or bulge outward.
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Shifted utilities
Pipes and poles can Changes are gradual and easy to overlook. Temperature changes cause ground
move or crack. The effects add up over decades. to expand and contract.

Utilities

Cracks, bumps, and Uneven settlement Walls can tilt, crack, Joints can separate Poles, lines, and boxes
drainage problems. and structural stress. or fail over time. or pipes can break. can shift or be damaged.

POLICY TAKEAWAY: Slope creep is slow, but it can still damage roads,

foundations, retaining walls, pipelines, and utilities over time.
Long-term monitoring and maintenance matter even where no sudden landslides have occurred.
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How Rockfalls Happen

Rockfalls occur when fractures and triggers

loosen blocks from steep slopes. M
Rock block
loosens

Roots can grow [
into cracks '

7
Rockfall path f
/

Falling, bouncing,
and rolling rocks

Protective features
can reduce risk

* Rockfall fence
« Catch ditch
« Barriers or closure

People and
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Block detaches 2

A trigger releases J"}
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the slope face.

Cracks form

Fractures break the
rock into blocks. /
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other processes
open cracks and

Rocks travel to . ¥
the base and 6

reduce strength. can reach roads, ,
Py trails, or other ¢
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Weathering Freeze-thaw Root growth Earthquake shaking Erosion / undercutting Road cuts / excavation
Rain, wind, and Water gets into cracks, Tree and plant roots Ground shaking can Streams, waves, or Cutting into slopes
temperature changes freezes, and expands— can grow into cracks suddenly trigger runoff remove support steepens them and
break down rock. widening fractures and pry rock movement and at the base, making removes support,
and open cracks. over time. blocks apart. cause failure, slopes unstable. increasing risk.
L S

POLICY TAKEAWAY: Rockfall hazards matter where steep rocky slopes overlook roads,
trails, parks, rail lines, or developed areas. Inspection, slope design, barriers, setbacks, é
and temporary closures can all help reduce risk. ‘




Why Coastal Bluffs Collapse

Waves weaken the base while water and gravity weaken the upper bluff.

L

Rain soaks ,. ' Cracks can form
into the bluff el / -- near the top

Bluff retreat over time

&= Y/

Homes and roads
near the edge may
be exposed

=== QOlder bluff edge
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Waves erode &
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Coastal erosion
and slope failure
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o Waves erode the base 9 Rainfall and groundwater e Bluff collapse
weaken the upper bluff and retreat occur
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Waves remove sediment and undercut Water infiltrates, seeps, and creates cracks, Gravity causes failure. The bluff retreats

the bluff, weakening support at the base. reducing the strength of the bluff. landward over time.
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Policy takeaway: Coastal bluff collapse is driven by both shoreline erosion
and slope instability. Setbacks, drainage control, infrastructure siting, and
long-term shoreline planning all affect risk.




How Riverbank Erosion Causes Land Loss

Rwers naturally erode banks, espemally durmg hlgh flows and along bends.

Inside bend . e _
more deposition ; ' 0utsude bend ~. \\
& more erosion k""

| Roads, bridges,
buildings, and
utilities may
be exposed
Channel
migration

Riparian vegetation
can help protect banks

Flooding and erosion
High-flow : s o P, are related but
water level 2 A INREAN ST 2 not the same

Normal-flow
water level

ngh flows can |
undercut banks

CHANNEL MIGRATION
OVER YEARS TO DECADES

o High flow erodes The bank becomes The upper bank slumps The river channel slowly
the bank undercut or collapses shifts over time

Policy takeaway: Riverbanks can move over time, especially during high flows
and along bends. Floodplain planning, bridge and road siting, riparian buffers,
setbacks, and property-risk communication should account for erosion as well as flooding.




What Is Subsidence?

Subsidence is the sinking of the ground surface over time.

B Eorlier: higher ground Later: lower ground

Roads, canals,
levees, and Flood risk
buildings can can increase

Road Canal  Levee Pipeline
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well
(pumping
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Loose sediments

sand, silt, clay, peat-rich)
{ . Ly Loose sediments
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l Compaction l

: - (water in pore spaces) |

: Changes can happen [
i gradually over time

i Oil or gas extraction

. Oilorgas from deeper reservoir
extraction well

(from deeper Deeper oil or gas / fluid reservoir

reservoir 0'_'“9) (not connected to shallow aquifer)

Pressure and support
underground decrease
+
Deep extraction can

Bedrock (very low permeability) contribute to subsidence
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. . Policy takeaway: Subsidence can reshape flood risk, drainage, and infrastructure

"" performance over time. Groundwater management, extraction practices, land-use
planning, and infrastructure design all affect how communities respond.




Why Karst Terrain Can Produce Sinkholes

Soluble rock can dissolve underground, creating hidden voids that may lead to surface collapse.

-

: = i Soil / Overburden

Buildings, roads,
and utilities may
be exposed

Hidden cavity
beneath intact

Buried
utilities

&4 W22 c=omm GRERYR, peyrees mrectas ec
B TSRS . ’g@&a M@!EE“’E %E“’O‘qf ;@53!_ 9%
P53 s L &ﬁ&@%l Wa ightly acidic @@%Qﬁ
: (" SREUTotU T | and dissolves limestone
L (ST =

ter is slightly
Soluble rock [+ ‘ Q‘p@*m&%
1 a.i" =_’ 'J; .. . F-.g; a A s ;
(limestone) LSy b an 2 §§§ Underground void

Rainwater and
B groundwater move _
underground and conduits

SGeE( )i

Groundwater movement in karst

Water can enter through
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o Dissolution

i i
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Slightly acidic water infiltrates
through cracks and openings
and dissolves limestone.

449
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Rainwater and
groundwater

move underground

Dissolution enlarges fractures

and creates a void. A soil bridge

remains at the surface.
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The soil bridge fails, and the
ground collapses into the void,
forming a sinkhole.

- vy
Limestone Hidden cavities Surface sagging
dissolves may form below or collapse
over time the surface can occur

Policy takeaway: In karst areas, underground conditions can strongly affect
surface stability. Building codes, stormwater design, groundwater protection,
and infrastructure siting should account for the possibility of sinkholes and
hidden voids.




When the Ground Has Hidden Voids

Underground openings can form naturally or through human activity,
even when the land surface appears stable.

Sinkhole or Buildings, roads

localized collapse >4 anﬁ utilities rgay
i e expose

O

‘ Karst caviy ' Ly Abandoned mine ’ Leaking pipe |uuit . (; e om R
PO R S | ono ~ JRSER Poor compacted

P

Collapse can happen

Water can enlarge 7 when support is lost
underground voids

o Stable-looking surface

@ Void hidden 258

{ below - Sl b P
e Overlying material A PR Surface

begins to move iy > RSV .  support is
Roroe destyy ot

Common sources of hidden voids
, Aandoned mine : | akil'lg ipe | .. ’ . Inal erson ‘ . _. comted fill S::pz:;r:::‘e
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Naturally dissolved Old underground
limestone, dolostone, workings left open
| or other soluble rock. or poorly backfilled.

and creates or enlarges | fine particles, forming debris or organic material different subsurface

|| Water leakage erodes soil | Flowing water removes | Loose or weak fill with
voids. | pipes and voids. | can lead to settlement. conditions.

Policy takeaway: Stable-looking surfaces may hide underground voids.
Geotechnical investigation, mine-land records, karst mapping, stormwater
controls, utility maintenance, and development review can help reduce the risk
of unexpected settlement or collapse.




How Earth Fissures Form

Earth fissures usually form in basin-fill sediments or alluvial deposits
where the ground is stretched by uneven subsidence or ground deformation.

Groundwater Earth fi
pumping arth fissure . ter can enter
~ (common cause) Land subsides Uneven subsidence Long surface and enlarge

stretches the ground crack opens

(unevenly) the fissure

Buried pipelines,
utility lines, and
other infrastructure &
may be damaged.

k£

Subsitonee 1% the Sxiiing, * Bedrock (basin rﬁar_é;in- or floor) -+ -
fissures are the cracking. ;

Generally stable boundary =

o Before major subsidence Groundwater [ | e Sediments compact ( Ground stretches and
. levels decline ‘ and land subsides an earth fissure opens
| | B unevenly

Level land surface, intact Pumping lowers the Sediments compact, causing Uneven subsidence stretches
sediments, and stable | groundwater level. land to sink. Subsidence is the ground and a long fissure
groundwater conditions. | uneven across the basin. opens at the surface.

)]
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Not the same as an ordinary drying crack Other processes can also contribute
Earth fissure Ordinary drying crack | Groundwater pumping is a common cause, ( Runoff, stormwater,
' [ | but other processes can also contribute. irrigation return flow,
PP N— or canal leakage

* | | Natural sediment : Differential settlement Subsurface ) Water enters, erodes

+ Long, deep opening + Small, shallow surface aacki compaction or loading extraction X e . material, and widens
+ Associated with subsidence | + Caused by surface drying Fine-grained sediments | Uneven loads from | Extraction of oil, gas, - - 2 S ol the fissure.
and ground deformation of soil compact over time buildings, roads, or : or minerals can cause s =
« Can damage infrastructure | + Usually not deep or under their own weight :  fills cause uneven - ground subsidence. o RS Rt S
andreach great depths | structurally damaging | | Orwithaging. St [ Fissures can n grow over time. ]
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Policy takeaway: Earth fissures can signal uneven subsidence and changing
ground conditions. Groundwater management, subsidence monitoring,
infrastructure planning, drainage control, and hazard mapping can help reduce
long-term damage.




How Earthquakes Trigger Ground Failure

One earthquake can trigger different kinds of ground failure.

Landslide

Fractured rock can
fall from cliffs.

Liquefaction \ Earthquake

shakin
S_ome loose sandy or 9 : Ground can crack and move
silty ground can lose sideways toward the river.

strength during shaking. e - ..
» R [ ﬂ g 7 Roads, bridges, buildings, and Buried utilities can
Buildings and roads B utilities may be exposed. : » be damaged.

{ may tilt or settle.

Policy takeaway: Earthquakes can damage communities by moving the
ground itself, not just by shaking buildings. Seismic planning should account for
landslides, rockfalls, liquefaction, and lateral spreading as well as structural design.




What Is Liquefaction?

Loose, water-saturated sandy or silty soil can temporarily lose strength during earthquake shaking.

€ Before shaking @ During shaking € After liquefaction
2 |

Earthquake shaking Tilted

(( < building Crsckad
l——— pavement

Liquefaction

Ground can
behave more

like a liquid for /-
ashorttime /~
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- How Ilquefactlon works N

o Water in Earthquake o Pore pressure Temporary loss
pore spaces shaking increases of strength
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Where it is most likely | Near rivers Coasts Ports Filled land
More likely in
loose, young,
water-saturated
sediments
e
Policy takeaway:
Liquefaction can damage buildings and lifelines even where slopes are gentle.
11 Building codes, port planning, bridge design, utility siting, and emergency

_~  planning should account for where loose, water-saturated soils are present.



Why ‘Stable Today’ Does Not Mean ‘Stable Tomorrow’

Slopes and ground conditions can change over time as small changes add up. [ famly (i Chaﬂ

over time

Stable today

i
= ——

Stable-looking
does not mean
risk-free.

TIME
PASSES

Weathering weakens
rock and soil

Conditions
change
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TIME
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instability AT — 5 Y B S S : -

=

TIME
PASSES

Cracks may
signal movement

SmaII changes can accumulate

©9:8 0B B
over time

Weathering Erosion Vegetation loss Added water Construction / Earthquake
grading shaking y

Policy takeaway: Slope stability changes over time. Monitoring, maintenance,
updated hazard information, drainage management, and risk-based land-use
planning help communities respond before small changes become larger problems.




How Human Activity Can Destabilize Land

Human actions can change the forces, water, and materials that control land stability.

Road cut
or excavation

Human activity
can increase
instability

B| Leaking water [§
8| or irrigation

S " N = Water can ] z 3 : e .
Si| weaken the ground [ESERIREE. ‘ ST
/:\ pumping

> |
e—., I

Stable slope with natural Grading, fill, drainage changes, Cracks, settlement, and
vegetation and drainage. water addition, or excavation. slope movement increase risk.

Main pathways

+ 4= ot Reduced
_ | stability
Steepen Add Remove Remove
the slope water support vegetation
\ J

Policy takeaway: Land instability is not always natural. Permitting, grading,
drainage standards, vegetation management, mining oversight, and groundwater
management all affect how human activity increases or reduces risk.




Hazard, Exposure, and Risk Are Not the Same

Unstable ground is the hazard. Exposure and vulnerability help determine risk.

@ Hazard

Hazard =
unstable ground

Steep slope
or unstable area

Unstable ground
can fail

@ Exposure

Exposure = people,
buildings, roads, and
utilities in harm’s way o#

Homes and
infrastructure nearby

Exposure means
£.| something valuable
could be affected.

© Risk

Risk = likelihood

Possible damage
or disruption

of harm + Risk is higher where
consequences : important assets
— = - are exposed

" Likelihood Consequences

o T o

Medium

=T i “\ ~ “ u* . ‘
[ Lov | a4 Risk
Risk increases as likelihood
and consequences increase.

| — -

7, N ( Not all hazards
th create the same risk.

/.

~

Hazard Exposure Vulnerability ' Risk
= unstable + = people and = how easily — I' = chance of
ground things in harm’s they can be m A harm +
way harmed consequences 1
' '
Maps may show Risk depends on
Lt haxd 3o I The same hazard can mean
B Buildings different levels of risk in
w== Road .
S different places.
e Stream
L -’
Policy takeaway: Hazard maps show where unstable ground may occur, but risk depends
on who and what is exposed. This distinction helps agencies interpret maps, communicate
clearly, and prioritize mitigation funding. Risk reduction can happen by reducing exposure,
strengthening infrastructure, changing land use, improving warnings, or reducing the hazard
I where possible.




Why Landslide Maps Show Susceptlblllty, Not Certamty

Maps show
patterns of likelihood

o Landsllde susceptlblllty map

prediction

9 Zoom in: parcel examples

Higher susceptlblllty area

—

Not a
guarantee

Lower susceptlblllty area

/\.

Weak or
loose materials

-

Water or rainfall
i‘t (I i

1\
[}
x:‘
[

Vegetation loss or
land disturbance

@ More likely /
less |ik9|)f @

Helps guide planning,
screening, and
communication

Maps do not predict
exactly when or where
a landslide will occur

Site-specific review
'Q may still be needed

Susceptibility is not certainty.

Policy takeaway: Susceptibility maps are tools for screening and planning,
not exact forecasts. They help guide planning, screening, communication,
and where more site-specific investigation is needed.
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