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Objectives:
28a.1
 Understand how to plan and design land uses in unstable hillside regions.


Scope:
During this session the instructor will employ lecture and class discussion to describe the characteristics of landslides and how local governments can use landslide hazard mapping, land use tools, and grading regulation to improve the safety of hillside development.  The session also provides for recognition of some difficult problems with regard to landslides: the lack of landslide insurance availability, potential for conflict of safety policies with other community policies, and how to manage existing high-risk areas.


Reading:
Instructor and Student Reading:
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Erley, Duncan, and William Kockelman. 1981.  Reducing Landslide Hazards: A Guide for Planners.  Planning Advisory Service Report No. 359, Chicago: American Planning Association.

Olshansky, Robert B.  1998.  “Regulation of Hillside Development in the United States,” Environmental Management, 22, 3:383-392.

Olshansky, Robert B. 1996.  Planning for Hillside Development. Planning Advisory Service Report No. 466. Chicago: American Planning Association.

Olshansky, Robert B.  1996.  “Financing Landslide Hazard Mitigation in the United States,” Journal of Environmental Planning and Management 39, 3:371-385.

Olshansky, Robert B. 1989.  “Landslide Hazard Reduction: A Need for Greater Government Involvement,” Zoning and Planning Law Report, 12, 3:105-112.

Tyler, Martha B. 1995.  Look Before You Build: Geologic Studies for Safer Land Development in the San Francisco Bay Area.  U.S. Geological Survey Circular 1130.  Washington, DC: U.S. Government Printing Office.
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Internet Resources
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U.S. Geological Survey, National Landslide Information Center, http://landslides.usgs.gov/index.html

General Requirements: 

The content should be presented as lecture with class discussion at the conclusion.


Objective 28a.1 Understand how to plan and design land uses in unstable hillside regions.
Requirements:
The contents should be presented as lecture.

Remarks:

I.
Characteristics of landslides.

A.
Hillsides are inherently unstable.

1.
The form of a slope represents its equilibrium between geological uplift forces and the erosive forces of wind and water.

2.
Any changes in this system (heavy rains, earthquake shaking, uplift, undermining of a slope by people or by flowing rivers, misdirected storm runoff) can cause erosion or landsliding.

B.
Landsliding is a natural process.
1.
They occur in hilly regions and oversteepened river bluffs and seacliffs all over the world (see Slides 1, 2, 3).

2.
In some areas, landslides are the chief means of shaping the landscape.

3.
Landslides are a common natural means of readjusting a perturbed slope to a more stable configuration.

C.
Landslides come in all shapes and sizes.

1.
Width varies by a few feet to greater than a mile (e.g., Devil’s Slide, San Mateo County, California is a one-mile wide portion of a coastal mountain).

2.
They can creep slowly or move at avalanche speeds (debris flows can move at up to 27 miles per hour.  Rockfall avalanches can move much faster).

a.
Slow-moving slides are a threat to property (see Slide 4).

b.
Fast-moving slides are a threat to lives and property (see Slides 5 and 6).

D.
Landslides occur when the forces that instigate movement exceed the forces that resist movement.

1.
Destabilizing forces can increase from:

a.
Removing support (by excavation or natural undercutting).

b.
Loading (human structures or fills, or natural sediment load)

c.
Acceleration (earthquakes, heavy traffic).

d.
Rapid build-up of underground water pressures (from heavy precipitation).

2.
Resisting forces can decrease from:

a.
Loss of soil strength because of the introduction of water (increased rainfall, excessive landscape watering).

b.
Loss of strength due to long-term weathering.

c.
Removal of deep-rooted woody vegetation (deep roots stabilize slopes).

3.
Generally the above factors work together, cumulatively decreasing the stability of a slope, until one triggering event instigates a slide.  The most common triggering mechanisms are:
a.
Water.
i.
Natural rainfall is the most common.

ii.
Redirecting storm runoff so as to concentrate flows on portions of the landscape not prepared to receive them.

iii.
Hillside septic systems.

iv.
Excessive landscape irrigation.

b.
Earthquakes.

c.
Human alteration of land surfaces.

i.
Placing fills on top of marginally stable slopes.

ii.
Cutting slopes at too steep an angle.

iii.
Undermining the toe of a slope.

iv.
Removing woody vegetation.

v.
Redirecting storm runoff via grading and drainage systems.

II.
Landslide hazard mapping.

A.
We cannot predict the probability of a landslide at a location, but we can identify potential landslide areas.

1.
Based on knowledge of geologic materials in which landslides have occurred in the past.

2.
Can also identify sites where landslides have occurred in the past, and slopes continue to be unstable.

B.
Landslide hazard maps vary in contents and approaches (but all are useful)

1.
Past landslide locations (landslide inventory map).

2.
Unstable old landslide deposits.

3.
Identification of weak geologic materials.

4.
Combinations of slope and geologic materials: results in a qualitative rating map (landslide susceptibility map).

5.
Combinations of slope and geologic materials into a landslide probability map (very rare!).

C.
Landslide hazard maps are currently available for certain areas.

1.
U.S. Geological Survey has done maps for selected urban or urbanizing areas (San Francisco Bay area, Cincinatti, Honolulu, Virginia). (see Slide 7).

2.
State geological surveys have done landslide maps at a variety of scales (e.g., California Division of Mines and Geology, Oregon Dept. of Geological and Mineral Industries). (see Slides 8 and 9).

3.
Some cities have produced their own maps, often in cooperation with USGS, state geological survey, and a local university.  After severe landsliding in 1996, both Portland and Seattle initiated cooperative programs to prepare comprehensive landslide maps (see Slides 10 and 11).

D.
Landslide hazard mapping is a crucial first step to landslide risk reduction.

1.
Financial and political support for programs depend on awareness and understanding of the level of risk.

2.
Unlike floods, there is no national program to map landslide hazards.  Yet the remedies are similar to flood risk reduction, based on using maps to trigger specific actions.

III. 
Lack of landslide insurance: a central aspect of the landslide problem.

A.
Landslide insurance is not available in the U.S.

1.
Insurance companies fear that only those in the most unstable places will buy it. The premiums they would need to charge to cover their costs would not be marketable.

2.
Over the years there have been limited insurance offerings, but with severe restrictions and very high deductibles.

B.
When landslides occur, property owners lose everything.
1.
Landslide cases are highly litigated.  Property owners sue everyone remotely related to their case.

2.
Local governments usually end up paying, to settle landslide lawsuits, whether or not their actions are to blame.

C.
Local governments must take a more active role in reducing landslides.

1.
It is in the public interest to do so.

2.
Because local governments always end up paying for landslides, it is fiscally prudent to do everything possible to prevent future landslides.

IV.
Land use planning: Controlling development on unstable lands.

A.
Incorporate landslide hazard information into comprehensive plans.

1.
Sets the fact and policy basis for more specific actions in zoning, subdivision, grading, and building ordinances.

2.
Gives developers advance notice of local policies, the reasons behind them, and the areas of potential hazard.

3.
Can specify permissible uses and land use intensity for each land stability category on the map (e.g., Portola Valley, California–see William Spangle and Associates, 1988).

B.
Incorporate landslide maps and policies into subdivision ordinances.

1.
Require geologic and geotechnical reports for each subdivision application in a potential landslide hazard area.  Provide for independent technical review of the reports.

2.
Require site designs to avoid or mitigate unstable areas (e.g., cluster buildings onto the most stable parts of the property).

3.
It is important to use landslide information before lots are subdivided.  Once this opportunity is lost, it becomes very difficult to deny individual lot owners the use of their unstable property.

C.
Incorporate landslide or slope maps into zoning ordinance.

1.
Usually done to promote low-density zoning on steep slopes.  Assumption is that steeper slopes are more difficult to safely develop, so the fewer buildings the better. (less exposure means less risk).

2.
Slope-density ordinances establish maximum housing densities for various slope steepness categories.

3.
Alternatively, some ordinances specify minimum lot sizes for each slope category.

4.
Some ordinances specify minimum percent open space for parcels, based on slope.  This facilitates clustering or re-siting of proposed buildings onto safer portions of the parcel.

5.
Any regulation based only on slope is most effective when combined with policies related to geology (low density is fine, but need a geologist to verify where the structures should be located).

D.
Environmental review.
1.
In states that require environmental impact review of developments, the environmental review process is an effective way to initially identify landslide problems, analyze their significance, and provide for ways to minimize the risk.

2.
Most often, this serves as an additional information and analysis tool to reinforce other processes (subdivision review, grading codes).

E.
Strategies must be sensitive to lack of probabilistic hazard information (differs from floods and earthquakes).

1.
Because landslide maps are not probabilistic, policies must be flexible.

2.
Most effective approach is to require additional studies in potentially unstable areas (similar to special studies approach for earthquake faults and seismic ground failure–see Session 27c).

3.
Even better, some local governments shift the burden of proof onto applicants: assume that some stability categories on the map are unbuildable, unless the applicant can prove otherwise.

V.
Grading codes: the last line of defense.

A.
What is a grading code?

1.
Similar to a building code (often it is a part of the building code).  The local government must issue a permit before a property owner or developer can commence earth-moving activities.

2.
Applicant must submit detailed grading plan, to be reviewed and approved by local government before grading can begin.

3.  
Grading plan must be completed by registered civil engineer.

4.
Usually, drainage is the major concern of the grading plan, as well as stability of any new slopes or retaining walls.  The plan also specifies standards for fill materials and densities.

5.
A grading code also requires that grading be inspected, to verify that the plan has been faithfully executed and the fill properly compacted according to the specifications.

B.
In potentially unstable areas (or sometimes for all hillside areas), local governments can add additional requirements to ensure proper site analysis, design, and construction monitoring.

1.
Detailed geological and geotechnical reports, with required contents and specified procedures and standards for slope stability analysis. Reports and plans to include acceptable procedures for stabilizing the site and providing for safe development.

2.
Required field inspections and reports at key milestones in the grading process.

3.
Independent geological and geotechnical review of reports and of field inspections.

4.
Field inspection by local government staff at key milestones in the grading process.


C.
Because implementing grading codes depends upon a high degree of professional discretion in preparing and evaluating geologic and engineering reports, the codes require professional licensing procedures or peer review boards.

D.
Grading codes have proven to be very successful in improving safety of hillside development.

1.
They directly design for safety of specific properties.

2.
They incorporate the costs into the property, because the applicants pay for the engineering, construction, and review costs.

3.
One study, in Los Angeles, found that the grading code was 90 to 98 percent effective in reducing landslide problems (reported, e.g., on p. 17 of Erley and Kockelman, 1981).

VI.
Multi-objective planning for hillsides.
A.
Communities regulate hillside development for a variety of reasons: safety, aesthetics, natural qualities, and recreation.

B.
These reasons may or may not be in concert.  For example:

1.
Completely re-grading an unstable hillside may make it safer, but might be in conflict with a community’s aesthetic or environmental goals.

2.
Stable ridgelines may be the safest locations for intensive development, but it may conflict with a community’s policies to visually protect ridgelines.

3.
Low-density, terrain-adaptive housing may meet a community’s goals for low visual and environmental impacts, but it leaves many lots subject to possible natural landsliding.

4.
Communities in need of affordable housing may see the need to intensively develop hillsides, which could conflict with aesthetic or environmental goals.

C.
Communities have several choices.

1.
The most effective solution is to prohibit hillside development.  This would probably require public acquisition of open space.

2.
For communities that want to limit hillside development, but cannot afford acquisition, the solution is to have low-density, terrain-adaptive housing, accompanied by strict subdivision, grading, and building controls to ensure the safety of parcels and building sites.

3.
For communities in favor of growth, well-regulated mass grading will provide the most homes for the least cost in a safe manner.

4.
The best middle-ground solution is clustered development.  This involves engineered mass grading of intensively developed clusters, and protection of surrounding open space.  This can provide for safe, affordable housing, while minimizing environmental disturbance.

VII.
Existing development in unstable areas.
A.
Existing development in unstable or actively sliding areas poses unique problems.

1.
As with new development, it is usually in the interest of local government to take an active role. (It is a big mistake to take a “hands-off” stance so as to avoid liability.)

2.
Strategies involving acquisition.
a.
Acquisition and un-subdividing is the most effective, and most expensive, choice.  This is warranted in extreme cases.

b.
Acquisition and redevelopment is less costly.  In this case, local government would purchase the property, stabilize portions of it, and re-subdivide and sell it.  Original owners could have the first options for purchase.

c.
Another option is to work with property owners to facilitate their ability to stabilize, re-subdivide, and redevelop.  In principle, this is effective and fair, but in reality is very hard to accomplish with a group of property owners.

3.
Strategies involving stabilization.

a.
Local government pays for stabilization of slopes and drainage improvements.

b.
Local government establishes an assessment district, so that affected property owners pay for stabilization and drainage improvements.

c.
Homeowner association bears the responsibility, with guidance from local government.

d.
Local government establishes a hillside management district, with broad stabilization and maintenance responsibilities over a wide area (similar to assessment district, but larger and with broader responsibilities).


Discussion Questions
1.
Are landslides a hazard in your community?  If so, what are their characteristics?  How often do they occur?  What triggers them?

2.
Do you know anyone who was affected by a landslide?  What was their experience?  How did they pay for it?

3.
Do you know what policies your community has in place to ensure stability of new development?

4.
Does your community have a problem with landsliding to older development?  Do you know how the local government responds to this problem?

5.
If landslides are a problem in your community (either regarding new construction or existing development), which strategies do you favor?  (As a mayoral candidate, what would be your position?). Why?
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