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PHASE II, PROPOSAL APPLICATION QUESTIONNAIRE FOR
RESEARCH GRANT PROGRAM

Note: DPR understands that some details of a proposed project may have changed slightly between when
the Concept Application was submitted and the Proposal is submitted. However, the total amount
requested may not change by more than 15%.

Applicants are expected to provide the information requested in the Questionnaire section below, the
information requested in Exhibits A-B2 in the enclosed MS Word document, and all required key references
as described in the Questionnaire. Proposals will be ranked in terms of funding preference based on those
three sources of information. DO NOT convert Exhibits A-B2 to a PDF or any other file format.

Certification and Submission Statement

e [ certify under penalty of perjury:

e Tam an employee of or a consultant for the Applicant and I am authorized to submit the
application on behalf of the Applicant;

e The information provided on behalf of the Applicant is true and complete to the best of my
knowledge, and;

e T understand that any false, incomplete or incorrect statements may result in the
disqualification of this application.

e By submitting this application, I waive any and all rights to privacy and confidentiality of the
proposal on behalf of the Applicant, to the extent provided in this Solicitation.

Submitted By Chris Geiger Relationship to Applicant |self

Submission Date 12/19/18
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QUESTIONNAIRE

1. Project Background
1.1. Pesticides and Pests: List the pesticide product names and active ingredients that the project will
address. Identify the key pests that these pesticides target. If the number of pests is large, please
list important examples. (2000 characters maximum)

Pest preventive designs incorporated into housing can reduce or eliminate the need for
a wide variety of pesticides. The most hazardous pesticides targeted are single-feed,
second generation anticoagulant rodenticides containing brodifacoum, difethialone,
difenacoum, and bromadiolone. These are ubiquitous at public housing sites for
addressing rodent infestations.

Sample products: Talon-G Rodenticide Pellets with Bitrex (brodifacoum, #10182-336),
Generation Mini-Blocks (difethialone, #7173-218), Contrac All-Weather Blox
(bromadiolone, #12455-79), Prescription Treatment Brand Sorexa Pellets (difenacoum,
#47629-14-499)

Other hazardous pesticides commonly used in affordable housing include insect
foggers, frequently used by residents to control bed bugs or cockroaches. These may
pose both asthma and fire risks to occupants.

Sample product: Spectracide Bug Stop Indoor Fogger 5 (tetramethrin, cypermethrin,
naptha and mineral spirits, #9688-254-8845)

1.2. High Regulatory Concern/Risk: Describe why the pesticides listed in 1.1 are of high regulatory
concern and/or considered high-risk. Examples: risks to the quality of ground water, soil, surface
water, or air; risks to the safety or health of workers, the general public, wildlife, or endangered
species; drift, runoff, or leaching; and contributions to atmospheric volatile organic compounds
(VOCs). (1500 characters maximum)

The California Dept. of Pesticide Regulation introduced new restrictions on second
generation anticoagulant rodenticides (SGARS) in 2014 due to "overwhelming evidence
of wildlife weakened or killed by SGARs." SGARs are also one of the most frequent
causes for poisonings of pets. In San Francisco, SGARs have been documented as
the cause of death for raptors, owls, and coyotes on several occasions. Finally, SGARs
can be hazardous to children, as illustrated by a poisoning incident in San Francisco
schools in 2011.

The San Francisco Department of the Environment (SF Environment) IPM team has
encountered numerous instances of insect fogger use in affordable housing units, and
even cases where property managers distribute them in response to pest complaints.
We consider insect foggers high-risk products due to their human health and safety
risks. There is risk of fire if vapors reach high enough concentrations - which has been
documented to occur when used incorrectly. Active ingredients also carry asthma risks:
Tetramethrin, for example, meets the Association of Occupational and Environmental
Clinics (AOEC) criteria for asthmagens and respiratory sensitizers.
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1.3. IPM System: Describe how the project may reduce the use of and/or risks from the pesticides
listed in 1.1 and may contribute to an IPM system. Examples: Does the project develop a
component of an IPM system that could serve as a feasible alternative to conventional pest control
practices? Does it analyze data to answer important questions that could assist in furthering
development of an IPM system? (2000 characters maximum)

In the past, pest management approaches in San Francisco's affordable housing developments were primarily
complaint-based, with an emphasis on indoor sprays. The proposed project will evaluate the effectiveness of
incorporating pest preventive design elements on a large scale. The project will also consider the importance of
various IPM programmatic elements, including regular monitoring, trainings, improved contracting and
recordkeeping, and science-based control measures.

No previous studies have investigated coordinated pest prevention installations of the scale conducted in San
Francisco. This project builds on the City's recent, large-scale efforts to incorporate pest prevention and IPM into the
renovation of 3,495 units of public housing, known as the Rental Assistance Demonstration (RAD) Program - a
national program created by HUD. The first two phases of San Francisco's RAD project have been complete for
over a year, and there is now a unique opportunity to evaluate its outcomes in terms of pest prevention.

A variety of pest preventive design elements were installed at the RAD projects, and these differ from site to site.
For example, refuse rooms were enclosed to exclude rodents, vertical utility races were sealed, escutcheon plates
were installed around plumbing breaks, kick plates beneath kitchen cabinets were sealed off to eliminate pest
harborage, and modified baseboards were installed. The installation of these elements will be recorded, along with
unit-by-unit pest infestation data, IPM program elements adopted by facilities, and costs.

It must be acknowledged that - since this is a correlational study with many independent variables - statistically
significant relationships may be elusive. Even so, simply quantifying pest reductions on a broad level and
articulating cost issues alone should prove valuable for affordable housing providers. Affordable housing sites also
receive the side benefit of full pest inspections for their properties.

1.4. Economic considerations: For a pest management practice or method to be voluntarily adopted
it must be economically feasible as well as effective at controlling pests. An estimate of the cost of
implementing those practices or methods can be useful in promoting their adoption. Will the
project be able to provide that cost information? If the question is not applicable to project,
explain why. (2000 characters maximum)

It is widely accepted in the pest management industry that sealing out pests and modifying habitat can
enhance IPM effectiveness. However, there is little data available on how effective various pest
preventive features are, how much they cost, and whether the increased costs of pest-proofing can be
justified by reduced costs in the long term. The proposed project seeks answers to these questions. The
resulting information may highlight financial incentives for improved IPM practices, and possibly the
relative value of these practices.

HUD created RAD to provide a set of tools to address the unmet capital needs of deeply affordable,
federally assisted rental housing properties in order to maintain both the viability of the properties and their
long-term affordability. The RAD project renovations involve a private funding mechanism in which the City
serves as fiscal agent, allowing increased access to cost data. City records, combined with structured
interviews with RAD contractors, should allow us to estimate costs for pest preventive design elements.

While these cost estimates alone will be of value to other developers and property managers, the ultimate
goal is to compare the up-front costs of pest prevention with long-term reductions in pest management
costs for the building. In particular, we hypothesize that an IPM approach will reduce the need for
expensive, "emergency" pest management services for issues such as bedbug infestations. Toward that
end, we will seek records on pest management costs through our interviews with RAD property managers.

Any cost results obtained will be summarized in the final report and, as appropriate, in the related
educational materials produced as a result of this project.
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1.5. Related Research: Describe any related research or preliminary data that supports the value of
the proposed project. (4000 characters maximum)

Prevention of pest problems is the heart of any state-of-art integrated pest management
programs. Pest proofing in conjunction with sanitation efforts holds the promise of long-term
suppression for structural pests. Relatively simple design features can substantially reduce
long-term pest control costs in buildings and landscapes, while also cutting the health and
environmental impacts of pesticide use (Brenner et al, 2003; Geiger & Cox, 2014).

Examples of pest preventative building/retrofit techniques are scattered through the scientific
literature (Ebeling, 1978; Mallis, 1997). Many other techniques can be found in the pest control
industry journals, handbooks, and in various guidelines issued by public agencies. Building
codes generally require some of the more common procedures, such as a screening foundation
vents. Other objectives, such as moisture reduction, have found their way into generally
accepted best construction practices. The SF Environment's publication "Pest Prevention By
Design: Authoritative Guidelines for Designing Pests Out of Structures" (Geiger & Cox, 2013)
collected all of these pest preventive design elements into a single set of guidelines, and
subjected them to peer review by a national committee of experts. The PI for this proposed
project led development of these guidelines.

While the effectiveness and long-term cost advantages of urban IPM programs have been
demonstrated in numerous studies, fewer studies have specifically evaluated IPM in multifamily
housing or the role of pest preventive design (National Center for Healthy Homes, 2004). San
Francisco's Rental Assistance Demonstration (RAD) Project provides a unique opportunity to do
so. The San Francisco Mayor's Office of Housing and Community Development began the RAD
program in 2014, and collaborated with the SF Environment's IPM Program and affordable
housing development teams to systematically install pest preventive design elements in the
RAD housing renovation projects. The RAD projects used the Pest Prevention By Design
Guidelines as a reference for these efforts. In 2015-6, SF Environment collected baseline data
on pest infestations and structural problems, inspected all affected units and sites, met with all
developer teams, provided specific recommendations to build out pests, held trainings of
property managers, conducted mid-construction inspections, and developed guidance on
minimizing bedbug issues during the tenant relocation process (Geiger, 2016; SFE, 2015).

The first two phases of the RAD program are now complete, and tenants have been living in
their renovated housing units for a year or more. SF Environment possesses a full database of
2015 pest infestation levels, clutter, sanitation, and other observations for all 3,495 RAD units.
Evaluation of current conditions in the renovated units, in conjunction with this extensive 2015
data, provides fertile ground for exploring the relative effectiveness of pest prevention and IPM
efforts.
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2. Project Design and Analysis: If one of the provisions listed below is not applicable to the proposed
project, please explain why. Applicants will not be penalized if a question is not applicable to their
project if they respond with a satisfactory explanation. For example: Observational studies such as
meta-analysis or certain types of models may be computer-based analyses of existing data and will have
a different experimental design and analytical methods than a field based study.

2.1. Assumptions, Modeling Framework, and Hypotheses: Describe these in terms of how they
logically relate to achieving the project goals through the completion of the tasks and deliverables.
(2000 characters maximum)

The proposed project is an observational study intended to evaluate the impacts of various pest preventive and IPM factors in reducing pest
infestations. Because the design is primarily correlative, we present here study questions (instead of hypotheses) that will be explored
through multivariate analyses.

1. Determine the contributions of specific pest preventive design elements and other IPM program elements in reducing infestations of
rodents, cockroaches and bedbugs at public housing sites, including:

a. Did the renovation projects significantly reduce infestation levels of bedbugs, rodents, and cockroaches?

b. Which pest preventive design elements, if any, showed the strongest correlation to infestation levels? Examples of pest preventive design
elements include enclosures for refuse areas, proper sealing of utility breaks under sinks, sealing off void spaces in cabinetry, and full
sealing around cabinets and countertops.

c. Did sites that employed more comprehensive bedbug management during tenant relocation periods experience lower bedbug infestations
afterward?

d. Did sites that employed better pest monitoring approaches post-renovation experience lower cockroach and bedbug infestation levels?

e. Did sites that employed UCIPM-recommended pest monitoring and control tactics post-renovation have lower cockroach and bedbug
infestations?

f. How much of the infestation rates can be attributed to individual tenant behaviors, as measured by clutter index and sanitation levels? Do
these tenants continue to have infestations post-renovation?

2. What are the general costs, obstacles and opportunities of installing pest preventive design elements into low-income housing
renovations?

3. Considering post-renovation infestation rates, what are the likely financial benefits of the RAD IPM efforts in the long term, including
reduced costs for:

a. Emergency pest management services

b. Bedbug control
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2.2. Study Methods: Identify the basic experimental methods that will be used to test hypotheses and
to complete the deliverables and tasks. If none of three methods apply, please explain why.

) Field experiment: Experimental design and statistical inference from a controlled field
setting.

o Laboratory/greenhouse experiment: Experimental design and statistical inference from a
controlled laboratory or greenhouse setting.

o Observational study: Statistical analysis of existing data or measured variables under

existing conditions without manipulation of setting.

If field research is to be conducted outside the state of California, explain and justify how the
experimental/study conditions are California-like. Provide this justification and explanation for all
laboratory and greenhouse experiments if natural environmental conditions are part of any
treatments or methods. (2,000 characters maximum)

The proposed project is observational, with no opportunities for manipulating the setting. However, because
the RAD projects encompass thousands of residential units in 29 different developments, there is
considerable variability in the extent of pest preventive elements installed and IPM programming adopted. For
example, some sites installed full refuse area enclosures, some installed partial enclosures, and some made
no changes. This variability provides opportunities for stratifying the selection of study sites to increase the
power of the analyses, and for conducting a variety of correlational analyses relating to pest infestation levels.

In addition, we quantified pest infestations in all 3,495 residential units before the RAD renovations
commenced. This extensive "before" dataset provides an opportunity for comparisons over time. At the most
general level it allows a quantification of improvements caused by the renovation. It may also allow
qguantifying the importance of individual occupants' behavior in determining pest infestations.

Structured interviews of facility managers and construction contractors will be conducted. The data resulting
from inspections and interviews will be analyzed using JMP(r) software. (see 2.4 below) Because most of the
data will be ordinal, nonparametric multiple effects models will be used to assess the contributions of various
factors to pest infestation levels. JIMP's graphing modules will be used to assemble graphs of key
relationships. Cost data on pest management contractor costs will be summarized using Microsoft Excel
spreadsheets and compared with increased up-front costs for installing pest preventive design elements in
order to estimate return on investment.
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2.3. Experimental design: Experimental design refers to the physical organization of the experiment;
the assumptions regarding conditions; testable hypotheses and modeling specifications and
parameters; the types, form, and amount of collected data; the method of assigning treatments;
and the statistical methods or methods for determining the significance or importance of model
results and parameters.

o If applicable, briefly summarize the basic experimental design and assignment of treatments that
the project expects to follow. Include details about what the experimental units are, what
treatments will be applied, what treatment serves as a control(s), the level of replication, what
measurements will be taken, and the statistical analysis likely to be applied. Neglecting these
details is likely to lead to a lower score on review. If the question is not applicable to the project,
explain why it is not. (4000 characters maximum)

This research is a correlational and observational study intended to evaluate a large,
real-world project. Because there are no treatments or controlled variables, we are not
presenting an experimental design here.
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2.4. Observational study design: Observational study design refers to the organization and analysis
of observational data. (For example, meta-analyses, modeling existing data, survey, descriptive,
case study, ecoinformatics, or others. Laboratory or field experimental studies may or may not
have an observational study design component.)

o If applicable, briefly describe the basic observational study design that the project expects to
follow. To the extent applicable, include all the elements of an experimental design listed in
2.3. If the question is not applicable to the project, explain why it is not. (2000 characters
maximum)

Measurements of pest infestations. UCIPM will develop specific protocols together with SF Environment. A
subset of approximately 15 RAD developments will be selected for the unit-by-unit inspections.
Methodologies and indices used in the baseline pest inspections (pre-renovations) will be conserved. These
include recording clutter indices (Frost et al, 2008), and ordinal ratings of infestations for cockroaches,
bedbugs, and rodents. Data on pest prevention measures actually installed will be quantified for both
common areas and individual units. If possible, individual tenants will be identified in data (anonymously) so
that the contribution of individual behaviors to pest infestations can be included in the statistical model. A
preliminary sampling event will be held for staff involved in inspections, in order to standardize measurements
between samplers. SF Environment staff will play a coordinating role in these measurement efforts.

Documenting facilities’ pest management practices. Staff will conduct structured interviews of individual
property managers to assess practices employed to control bedbugs, cockroaches and rodents before and
during relocation efforts, costs of pest prevention efforts during construction, the breadth of the IPM program
that has been implemented at the site, communications policies established to report pests by tenants,
number of tenant trainings (if any) conducted, and practices followed since renovation by pest management
contractors. The first two interviews will be conducted as a group, together with SF Environment staff, in order
to standardize practices.

Documenting pest prevention costs. Similarly, staff will conduct structured interviews of contractors involved
in the RAD rehabilitation efforts. These interviews will seek to understand the time and monetary costs of
various pest preventive design elements incorporated into the projects, as well as any obstacles encountered.

2.5. Optional Project Design Diagram: An optional diagram of the layout of the experimental or
analytical design may be provided as a one page Word or PDF document called “Project Design
Diagram.” There is no specified format or criteria for the diagram beyond than it should be a graphical
visualization that can assist reviewers in better understanding the design of your project.

3. Key and Other References
3.1. References: Compile a list of any references cited in the Proposal into a single MS Word
document. Additionally, the full text of each key reference cited to support the proposal’s
methods and merits must be provided as a PDF document.




Colifomia Department of
= pr Pesticide Regulatior
=

4. Additional Information
4.1. Resubmission: Indicate if the proposed project, or a substantially similar project has been
submitted for funding under the DPR Research Grant Program before. If it was, indicate what year
the project was previously submitted and briefly discuss how reviewer's previous concerns (as
stated in the past notification letter) were addressed by current application. (2000 characters
maximum)

This project has not been submitted to DPR before.

4.2. Notification: Applicants whose projects are selected for funding will be sent a letter and an email
to the notification mailing address and email address provided with the application. If you would
prefer the letter to be sent to a different mailing address, enter it here. Additional email addresses
to receive notifications of award may also be added here. (1000 characters maximum.)

N/A
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4.3. Media Contact: The media contact is the organization’s contact person for media inquiries. If the
organization does not have an official media contact, the principal investigator should be
designated as the media contact. (500 characters maximum)

Charles Sheehan, charles.sheehan@sfgov.org, 415 355-3700

4.4. Optional Additional Relevant Information: We understand that some applicants may feel that
their projects cannot be adequately described solely by responding to the provisions of this
questionnaire. Applicants may also submit a one-page MS Word document containing
information (For example, text, graphs, photos, updates to project team members, or anything
else) that the applicant thinks is important for the reviewers’ consideration.

4.5. Letters of Support: Combine letters of support and commitment from all principal investigators,
other key research personnel, or relevant stakeholders, into a single Word or PDF document and
submit that file with your application.
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	Name: Chris Geiger
	Date: 12/19/18
	Pesticides and Pests: Pest preventive designs incorporated into housing can reduce or eliminate the need for a wide variety of pesticides.  The most hazardous pesticides targeted are single-feed, second generation anticoagulant rodenticides containing brodifacoum, difethialone, difenacoum, and bromadiolone. These are ubiquitous at public housing sites for addressing rodent infestations.

Sample products: Talon-G Rodenticide Pellets with Bitrex (brodifacoum, #10182-336), Generation Mini-Blocks (difethialone, #7173-218), Contrac All-Weather Blox (bromadiolone, #12455-79), Prescription Treatment Brand Sorexa Pellets (difenacoum, #47629-14-499)

Other hazardous pesticides commonly used in affordable housing include insect foggers, frequently used by residents to control bed bugs or cockroaches. These may pose both asthma and fire risks to occupants.

Sample product: Spectracide Bug Stop Indoor Fogger 5 (tetramethrin, cypermethrin, naptha and mineral spirits, #9688-254-8845)
	High Regulatory Concern/Risk: The California Dept. of Pesticide Regulation introduced new restrictions on second generation anticoagulant rodenticides (SGARs) in 2014 due to "overwhelming evidence of wildlife weakened or killed by SGARs." SGARs are also one of the most frequent causes for poisonings of pets.  In San Francisco, SGARs have been documented as the cause of death for raptors, owls, and coyotes on several occasions. Finally, SGARs can be hazardous to children, as illustrated by a poisoning incident in San Francisco schools in 2011. 

The San Francisco Department of the Environment (SF Environment) IPM team has encountered numerous instances of insect fogger use in affordable housing units, and even cases where property managers distribute them in response to pest complaints. We consider insect foggers high-risk products due to their human health and safety risks. There is risk of fire if vapors reach high enough concentrations - which has been documented to occur when used incorrectly.  Active ingredients also carry asthma risks: Tetramethrin, for example, meets the Association of Occupational and Environmental Clinics (AOEC) criteria for asthmagens and respiratory sensitizers. 
	IPM System: In the past, pest management approaches in San Francisco's affordable housing developments were primarily complaint-based, with an emphasis on indoor sprays. The proposed project will evaluate the effectiveness of incorporating pest preventive design elements on a large scale.  The project will also consider the importance of various IPM programmatic elements, including regular monitoring, trainings, improved contracting and recordkeeping, and science-based control measures.  

No previous studies have investigated coordinated pest prevention installations of the scale conducted in San Francisco. This project builds on the City's recent, large-scale efforts to incorporate pest prevention and IPM into the renovation of 3,495 units of public housing, known as the Rental Assistance Demonstration (RAD) Program - a national program created by HUD. The first two phases of San Francisco's RAD project have been complete for over a year, and there is now a unique opportunity to evaluate its outcomes in terms of pest prevention. 

A variety of pest preventive design elements were installed at the RAD projects, and these differ from site to site. For example, refuse rooms were enclosed to exclude rodents, vertical utility races were sealed, escutcheon plates were installed around plumbing breaks, kick plates beneath kitchen cabinets were sealed off to eliminate pest harborage, and modified baseboards were installed. The installation of these elements will be recorded, along with unit-by-unit pest infestation data, IPM program elements adopted by facilities, and costs.

It must be acknowledged that - since this is a correlational study with many independent variables - statistically significant relationships may be elusive. Even so, simply quantifying pest reductions on a broad level and articulating cost issues alone should prove valuable for affordable housing providers. Affordable housing sites also receive the side benefit of full pest inspections for their properties.

	Economic Considerations: It is widely accepted in the pest management industry that sealing out pests and modifying habitat can enhance IPM effectiveness.  However, there is little data available on how effective various pest preventive features are, how much they cost, and whether the increased costs of pest-proofing can be justified by reduced costs in the long term.  The proposed project seeks answers to these questions. The resulting information may highlight financial incentives for improved IPM practices, and possibly the relative value of these practices.

HUD created RAD to provide a set of tools to address the unmet capital needs of deeply affordable, federally assisted rental housing properties in order to maintain both the viability of the properties and their long-term affordability. The RAD project renovations involve a private funding mechanism in which the City serves as fiscal agent, allowing increased access to cost data. City records, combined with structured interviews with RAD contractors, should allow us to estimate costs for pest preventive design elements.  

While these cost estimates alone will be of value to other developers and property managers, the ultimate goal is to compare the up-front costs of pest prevention with long-term reductions in pest management costs for the building. In particular, we hypothesize that an IPM approach will reduce the need for expensive, "emergency" pest management services for issues such as bedbug infestations. Toward that end, we will seek records on pest management costs through our interviews with RAD property managers. 

Any cost results obtained will be summarized in the final report and, as appropriate, in the related educational materials produced as a result of this project. 
	Related Research: Prevention of pest problems is the heart of any state-of-art integrated pest management programs. Pest proofing in conjunction with sanitation efforts holds the promise of long-term suppression for structural pests. Relatively simple design features can substantially reduce long-term pest control costs in buildings and landscapes, while also cutting the health and environmental impacts of pesticide use (Brenner et al, 2003; Geiger & Cox, 2014).  

Examples of pest preventative building/retrofit techniques are scattered through the scientific literature (Ebeling, 1978; Mallis, 1997). Many other techniques can be found in the pest control industry journals, handbooks, and in various guidelines issued by public agencies.  Building codes generally require some of the more common procedures, such as a screening foundation vents. Other objectives, such as moisture reduction, have found their way into generally accepted best construction practices. The SF Environment's publication "Pest Prevention By Design: Authoritative Guidelines for Designing Pests Out of Structures" (Geiger & Cox, 2013) collected all of these pest preventive design elements into a single set of guidelines, and subjected them to peer review by a national committee of experts. The PI for this proposed project led development of these guidelines.

While the effectiveness and long-term cost advantages of urban IPM programs have been demonstrated in numerous studies, fewer studies have specifically evaluated IPM in multifamily housing or the role of pest preventive design (National Center for Healthy Homes, 2004). San Francisco's Rental Assistance Demonstration (RAD) Project provides a unique opportunity to do so. The San Francisco Mayor's Office of Housing and Community Development began the RAD program in 2014, and collaborated with the SF Environment's IPM Program and affordable housing development teams to systematically install pest preventive design elements in the RAD housing renovation projects. The RAD projects used the Pest Prevention By Design Guidelines as a reference for these efforts. In 2015-6, SF Environment collected baseline data on pest infestations and structural problems, inspected all affected units and sites, met with all developer teams, provided specific recommendations to build out pests, held trainings of property managers, conducted mid-construction inspections, and developed guidance on minimizing bedbug issues during the tenant relocation process (Geiger, 2016; SFE, 2015). 

The first two phases of the RAD program are now complete, and tenants have been living in their renovated housing units for a year or more. SF Environment possesses a full database of 2015 pest infestation levels, clutter, sanitation, and other observations for all 3,495 RAD units. Evaluation of current conditions in the renovated units, in conjunction with this extensive 2015 data, provides fertile ground for exploring the relative effectiveness of pest prevention and IPM efforts. 





	Assumptions, Modeling Framework, Hypotheses:  The proposed project is an observational study intended to evaluate the impacts of various pest preventive and IPM factors in reducing pest infestations.  Because the design is primarily correlative, we present here study questions (instead of hypotheses) that will be explored through multivariate analyses.

1. Determine the contributions of specific pest preventive design elements and other IPM program elements in reducing infestations of rodents, cockroaches and bedbugs at public housing sites, including:
a. Did the renovation projects significantly reduce infestation levels of bedbugs, rodents, and cockroaches?
b. Which pest preventive design elements, if any, showed the strongest correlation to infestation levels? Examples of pest preventive design elements include enclosures for refuse areas, proper sealing of utility breaks under sinks,  sealing off void spaces in cabinetry, and full sealing around cabinets and countertops.
c. Did sites that employed more comprehensive bedbug management during tenant relocation periods experience lower bedbug infestations afterward?
d. Did sites that employed better pest monitoring approaches post-renovation experience lower cockroach and bedbug infestation levels?
e. Did sites that employed UCIPM-recommended pest monitoring and control tactics post-renovation have lower cockroach and bedbug infestations?
f. How much of the infestation rates can be attributed to individual tenant behaviors, as measured by clutter index and sanitation levels? Do these tenants continue to have infestations post-renovation?

2. What are the general costs, obstacles and opportunities of installing pest preventive design elements into low-income housing renovations?

3. Considering post-renovation infestation rates, what are the likely financial benefits of the RAD IPM efforts in the long term, including reduced costs for:
a. Emergency pest management services
b. Bedbug control 


	Study Methods: The proposed project is observational, with no opportunities for manipulating the setting. However, because the RAD projects encompass thousands of residential units in 29 different developments, there is considerable variability in the extent of pest preventive elements installed and IPM programming adopted. For example, some sites installed full refuse area enclosures, some installed partial enclosures, and some made no changes. This variability provides opportunities for stratifying the selection of study sites to increase the power of the analyses, and for conducting a variety of correlational analyses relating to pest infestation levels.  

In addition, we quantified pest infestations in all 3,495 residential units before the RAD renovations commenced.  This extensive "before" dataset provides an opportunity for comparisons over time. At the most general level it allows a quantification of improvements caused by the renovation. It may also allow quantifying the importance of individual occupants' behavior in determining pest infestations.

Structured interviews of facility managers and construction contractors will be conducted. The data resulting from inspections and interviews will be analyzed using JMP(r) software. (see 2.4 below) Because most of the data will be ordinal, nonparametric multiple effects models will be used to assess the contributions of various factors to pest infestation levels. JMP's graphing modules will be used to assemble graphs of key relationships. Cost data on pest management contractor costs will be summarized using Microsoft Excel spreadsheets and compared with increased up-front costs for installing pest preventive design elements in order to estimate return on investment.


	Experimental Design: This research is a correlational and observational study intended to evaluate a large, real-world project.  Because there are no treatments or controlled variables, we are not presenting an experimental design here.
	Observational Study Design: Measurements of pest infestations. UCIPM will develop specific protocols together with SF Environment. A subset of approximately 15 RAD developments will be selected for the unit-by-unit inspections. Methodologies and indices used in the baseline pest inspections (pre-renovations) will be conserved. These include recording clutter indices (Frost et al, 2008), and ordinal ratings of infestations for cockroaches, bedbugs, and rodents. Data on pest prevention measures actually installed will be quantified for both common areas and individual units. If possible, individual tenants will be identified in data (anonymously) so that the contribution of individual behaviors to pest infestations can be included in the statistical model. A preliminary sampling event will be held for staff involved in inspections, in order to standardize measurements between samplers. SF Environment staff will play a coordinating role in these measurement efforts.

Documenting facilities’ pest management practices. Staff will conduct structured interviews of individual property managers to assess practices employed to control bedbugs, cockroaches and rodents before and during relocation efforts, costs of pest prevention efforts during construction, the breadth of the IPM program that has been implemented at the site, communications policies established to report pests by tenants, number of tenant trainings (if any) conducted, and practices followed since renovation by pest management contractors. The first two interviews will be conducted as a group, together with SF Environment staff, in order to standardize practices. 

Documenting pest prevention costs. Similarly, staff will conduct structured interviews of contractors involved in the RAD rehabilitation efforts. These interviews will seek to understand the time and monetary costs of various pest preventive design elements incorporated into the projects, as well as any obstacles encountered.

	Resubmission: This project has not been submitted to DPR before.
	Notification: N/A
	Media Contact: Charles Sheehan, charles.sheehan@sfgov.org, 415 355-3700


