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8 PREFACE

On April 23, 1976, Public Systems Evaluation, Inc. (PSE) was
awarded a one-ysar, National Evaluation Program grant by the

- National Institute of Law Enforcement and Criminal Justice, Law

Enforcement Assistance Administration, United States Department of
Justice, to conduct a "Phase I Evaluation of Street Lighting
Projects.® In brief, the purpose of the grant is to assess the -
present state of knowledge regarding the impact of street lighting
on crime and the fear of crime. To this-end, PSE has undertaken

a brief but encompassing review of the Titerature and an initial
survey of individuals who have developed expertise in the area.

This report is based on work performed during the first three :
months evaluation of the effort and contains the findings of the initial
review activity. As such, the report should be regarded as preliminary
and as a benchmark of progress to date. The purpose of the report is
to review major issues in street 1ighting, and, in particular, the
impact of street lighting on crime. The review serves as a basis for.
discussion and as a framework for formally conducting a Phase I evaluation
of street lighting projects. The status of each of the issues identified
in this report will be assessed through a systemic and comparative analysis
of past amd on-going street lighting projects. The assessment will - ‘
determine the range of performance and effectiveness of various street
lighting projects; the accuracy and reliability of available data in
the street lighting area; the factors that seem most likely to influence
the success or failure of projects; and the cost of impiementing and
maintaining alternative types of street lighting proaects/systems
Utilizing this information, PSE expects to identify gaps in the present
knowledge base and make recommendations concerning future research and
evaluation activities which should be undertaken to fill those gaps.

The contents of this report should aiso be of interest to eriminal
Justice administrators and planners who are contemplating street
lighting projects. As the report emphasizes, street lighting serves a
varlety of objectives, and crime prevention needs to be viewed in context .
with the other objectives of pedestrian safety; community character and
vitality; and traffic orientation and identification. The criminal
Justice specialist, in order to work effectively with street lighting '
engineers and utility companies, must also be familiar with the basic
technical facts about light and street lighting hardware. The report
presents these facts in a succinct and purposeful manner. Additionally,
the report relates the experiences of past street lighting projects,
including an identification of their strengths and weaknesses, successes
and failures. Thus, the report can serve as a reference and guide to
the crimxnal Jjustice specialist who is interested 1n street lighting.
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1__INTRODUCTION

%

Is street lighting an effective approach in the reduction and
_deterrence of crime? In 1967, the President's Crime. Commission stated
that

There is no conclusive evidence that improved
Tighting will have lasting or significant
impact on crime rates, although there are
strong intuitive reasons to believe that it
will be helpful....Improved street 1ighting
may reduce some types of crime in some ‘
areas....With information on past, present
and progected crime rates, it may be possible
to assess better the impact of lighting on
Ccrime.* :

The passage of the Omn1bus Crime Control and Safe Street Act of
1968 has accelerated the development and testing of anti- -crime strateg1es,
inc?udlng improved street lighting programs to reduce the threat of

street-related, n1ghtt1me crimes 1in urban env1ronments While

methodological problems rendar the results of these programs statis-
tically quest1onab1e, the proliferation of encouraging reports does seem,
in itself, significant. However, as cautioned by the National Advisory.
Commission in 1973, | |

...these statistics cannot be interpreted as

proof of the efficacy of lighting programs in

reducing crime...additional scrutiny of these .

results is necessary. Such study will have to~

take into account the effects of such variables
as police patrdol levels, displacement of

)

+

® President's Commission on Law Enforcement and Administration of
Justice, Task Force Report: Science and Technology. Washington, D.C., U.S.
Government Printing Office, 1967. ' '
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criminal activity to other times and places,
and seasonal changes in crime patterns. Until
"~ all evidence is sifted, it should be assumed
that Yighting is only one of the factors that
help reduce crime.* : A
' In‘more recent months, the Law Enforcement Assistance AdMinistratibn o
(LEAR) has been subjected to considerable criticism for promoting
hardware--including street 1ighting—-and for not being able to show |
that it has contributed to any reduction in crime.** The critics have
also complained that even though elaborate evaluation requirements are
built in at every level of the LEAA program, eva]uations'have'beeﬁ"ﬂ
geared more to jugtifying‘past projects than to identifying problemg.
The Nationa]_lnstitute of Law Enforcement ‘and Criminal Justice,
the research arm of the LEAA, is undertaking several evaluation efforts
-which address these doubts and criticisms. Among these is the National
Eﬁaluat{an Program, which is providing the grant to Eonduct this
“phase I Evaluation of Street Lighting Projects.” In brief, the ‘purpose
of thevgrant is to assess the present state of kpow?edge regarding
the impaét of street lighting on crime and the %ear of crime. To this
end, a brief but encompassing review of the literature and an initfa]
survey of iﬁdividua]s who have deve]oped expertise in the area have?

been undertaken.

“* -National Advisory Commission on Criminal Justice Standarﬂs and
Goals, Community,Crime Prevention, Washington, D.C., 1973, p. 199.

]

. %% Sea, for example, "Law Enforcement: The Federal Role" (pro-
duced by a Twentieth Century Fund task force) and "Law and Disorder”
(written by Sarah Carey for the Center for National Security Studies).
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This report is based on work performed during the first three‘MOnths of
 this Phase I Evaluation effort.and contains the findings of the initial
review activify. As such, the report shou]d be reggrded as preiiminaéy‘and_55 ‘

a benchmark of progress to date. Thé purpose of ‘the report is to review major
issues‘in street lfghting. and, in particular, the impac£ of street |
lfghting on crime. The status of each of the issues identified in this
report will be assessed throﬁgh a»sysiemic andfcomparative analysis'of' |
past and on-going street lighting projects. The assessmeﬁt‘wiTI
determine the rangs of performance and effectiveness of various
"street lighting prbjects; the accuracy and re]ﬁability'of available _‘
- data in the streqt lighting area; the factors that seem most likély;tq
infiuence the smécess or failure of project;; and the cost of implementing
and maintaining alternative types of street 1ightihg projects/systems.
Uti?izing this information, gaps in the present knowledge base‘wi}l be
identified and recommendatisns concerning future research and evalua-
t1on activit1es to fill those gaps will be made. h
-~ As paWt of thxs introductory sect1on, Sect1on 1.1 br1ef1y traces |
the historical deve]opment of street Tighting, whlle section 1.2
summarizes the approach being undertaken by th1sreva1u§tion effort, ;A

and Section 1.3 outlines the scope of the report.

1.1 . HISTORICAL BACKGROUND

Archaeologists have dated outdoor 1ighting to 3,000 B.C. [A.1-38]%.

After discovering and mastering fire, prehistoric man used earthen

* For convenience, all references in th1s report are coded and identified
in square brackets; i.e., "[ 1". Full details of the references are
given in Appendix A. .
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-jaﬁs to cohtain the fire which 1it his cave inside and out. However,
street'Zighting systems are a relatively new phenomena,.datingvback

to 1558 when the city of Paris installed pitch-burning lanterns on some
of its main streets. Street lanterns were juét one part of the city's
‘attempi.to 1ight up the streets. An ordinance Was also passed reqUir%ng
all citizens to keep léghts burning in windows that fronted the streets.
It is interesting to note that the Tighting of the streets in Paris

was motivated by the belief that street 1ighting would rid the streets
~of nighttwme robbers, who had practically taken over the c1ty after
nightfall. ; o
Historically, the motivation for street lfghting began with security
and safety considerat%ons; then became integrated with ﬁhe community's
needs for character identity and vitality; and finally, following the
advent of the automobile, contributed to traffic orientation and "
idehtification requiranentSa Exhibit 1.1 summarizes pfincipal stréet
lighting objectiveé, which have remained unchanged for several decades.
What has éhanged over time has been the emphasis p?éced on the different
. oﬂjectives: for eXampie, security considérations are again high on the
1ist of priorit%es of urban administrators and planners. Section 4 1
further discusses these objectives in the Lontext of eva]uat1on
Exhibit 1.2 traces the historical development of street 11ght1ng

systems in terms of the locales where the various lighting innovations
were installed. Exhibit 1.3 contains an historical development of

the various electric iamps. It is seen that the efficacy (i.e., lumens |
per watt) of the lamps has been increasing. In\fact, if the éxhibit
were to be updated, high pressure sodium vapor would be included with an

efficécy rating of over one hundred lumens per watt.
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EXHIBIT 1.1

Street Lighfgng ijectives,

Security and Safety

* Prévent Crime
« Alleviate Fear of Crime : |
» Prevent Traffic (Vehicular and Pedestrian) Accidents

Community Character and Vitality

. Promote Social Interaction
- ‘Promote Business and Industry
« Contribute to a Positive Nighttime Visual Image
* Provide a Pleasing Daytime Appearance
* Provide Inspiration‘fon Community Spirit and Growth

Traffic Orientation and Identification

* Provide Visual Information for Vehicular and Pedestrian Traffic
« Facilitate and Direct Vehicular and Pedestrian Traffic Flow
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EXHIBIT 1.2

_ Historical Development of Street Lighting Systems

Year

1568

1690
1807
1879
1905
1935

+1937

1952.

1967

Place

Paris, France

Boston, Mass.
London, England
Cleveland, Ohio

- Los Angeles, Ca.

Philadelphia, Pa.

" San Francisco, Ca.

Detroit, Michigan

Several U.S. cities

Light Squrce

Pitch~burning lanterns,
followed by candle
lanterns

Fire baskets

Gaslights

Brush arc lamps
Incandescent

Mercury vapor

Low pressure sodium

F]uoresceni

Hidh pressure sodium
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EXHIBIT 1.3

Historical Development of Electric Lamp for Street Lightin

Rated Life . )
) - for Street Initial Lumens
tamp Description Dats - Lighting Service ) - PorWatt
. Arc : \
Opan carbon-are 1879 Daily trimming -
Enclosed arc : 1893 Weekly trimmbag T 24
Flaming arc ' : ' L,
Open . . . 12 hours 8.5 (d-¢ multiple)
Enclosed o . 100 hours 19 (a-c series)
Magnetite (¢.¢ series “luminous arc'") 1904 100-350 hours 10-20 .
Fllament ) .
Carbonized bamboo 1879 e 2
Carbonized cellulose 1891 o 3
Matallized (gem) i 1905 wie 4
Tantalum (d-c multipie circuit) e 5
Tungsten (brittia) 1907 e -
Drawn tung.iten ’ 1911 Vs 9
1013 vee 10
Mazda C (gas-fitled) 1930 . 14-20 (varies with lamp size)
1915 1,350 hours 10-20
1550 2,000 hours - 16-21
3,000 hours - 16-20
Mercury Vapor
"~ Cuoper-Hewitt 1901 Indefinite 13
H25DE ' 1951 1,500 hours 3B
H25DE - 1952 6,000 hours 8
H25DE 1983 7,000 hours . 39
H33-1CD/E : 1947 3,090 hours 50
H33:1CD/E 1952 5,000 hours g0
H33-1CD/E 1966 16,000 hours 51
- HIG-1BNA - . : 1959 7,000 hours . B2
H35.18NA ) . 1966 16,000 hours 53
H4- 126GV S . 1959 6,000 hours - 54.%
}!34i!ZGV : 19566 . 16,000 hours 55.
+H36-15GY 1966 -16,000 hours’ 56.5
" Sodium Vapor s
NA 4 (10,000 lumen) 1934 1,350 hours 50
NA 9 (10,000 lumen) 1935 2,000 hours 56
1952 4,000 hours 58
Fluorescent
F100T12/CW/RS 1952 7,500 hours 66
FI00T12/CW/RS : 1%66 10,000 hours i
F12PG17/CW 1966 14,000 hours 68.
F2rio/cw ‘1966 9,000 hours 63

R IR

Source: [A.2-24)
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It is also éeen from these two exhibits that the time between
major iﬁnovations has become increasingly shorter--a "future shock"
phenomenon. In fact, it is probably safe to séy that another major.
innovation will occur in the very near future, and will most Tikely
be based on a high intensity discharge lamp containing vapors of more
than one chemical element. In comparison with present-day high-
pressure sodium vapo} lamps, the next generation will achieve higher
efficiency and smaller lamp size (for better optical properties) and
will use multi-vapors which will fil1 in and perhaps extend thé
frequency spectrum‘that characterizes the current single vapor lamps.*
Historically, the properties determining the acceptability of new lamp

types have been overall output, efficacy, lifetime, ease of maintenance,

ease of obtical control, color rendition and initial cost.

1.2 PROPOSED APPROACH

In carrying out the mandate of the National Evaluation Program (NEP)
in connection with the "Phase I Evaluation of Street Lighting Projects,"
an evaldatioh‘approach has been proposed. The approach is detailed in

Exhibit 1.4: it contains essentially seven tasks, each of which is

* The non-technical reader should peruse Appendix B, which contains
an abbreviated, technical discussion of light measures. In any discussion
of 'street 11ghting, especially in the development and evaluation of
. street Vighting, it is important to have at least a minimum Tevel of
technical understanding of street 1ight design and measurement.




6-1

ker: [ ] Task

(:} Product

® @ ® @ ® @ ® o
EXHIBIT‘1,4
Phase I Evaluation Approach
7'. Develop
3. Develop T
- Information gcgﬁagon
Reauirements N \ Design
.
. Review . > . . Assess A
Pertinent : Develop_ 3. Reﬁne._ - Present eis .
Evaluation EvaluaZion > G Decision 5
Background Framework (s) Framework(s)} State of :
Informationt= : : BmEWOTKLSJY - Knowledge ‘
A ' A
4. Detail 7% Specify
>1  Specific by Arguments
>1__Interventions :g:;ﬂé%l
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briefly discussed below. At this time, only the first task has been
completed--this report being the product of the task.

TASK 1: REVIEW PERTINENT BACKGROUND INFORMATION

Based primarily on a literature search, this task has assimilated |
and reviewed past research findings, evaluéiion Studies, and project
descriptions; opinions of users, implementors, and exberté; and other
~ related backgrbund material. The literature search included identifying

LEAA-spansored lighting'brojects; usiﬁg the NCJRS and NTIS reference
‘services;'and cuT]ing through trade journals and professiona] society
publications. In addition, brief telephone interviews have beeh _
'conducted with experts in the area, The assimilated knowledge base, |
as_contained in this report, includes quantiiative, qualitafive and
engineering data. |

As illustrated in Exhibit 1.4, the review of background material
will also provide the necéssaky input for devélbping a robust and flexible
eéaluation framework. In turn, the development of the frahework will
impact the review task, providing guidance -on the type of additional
material that should be culled and reviewed, assuming that the material

is available. The development of an eva]uation,framéwqbk is disbdssed next.

TASK 2: DEVELOP EVALUATION FRAMEWORK(S)

As, indicated in Exhibit 1.4, the establishment of an evaluation
framework is the result of a series of identical steps, each involving
a development and refinement cycle. In general, an evéluation frameﬁork
is a mu]ti-dimensfonal, systemic structure used to represent the impact

of an experiment or project. However, a Phase I evaluation framework
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must also serve an additional purpose: that of comparing similar projeéts

'S0 as to test the validity of the various assumptions or hypotheses.

"Similar" projects refer to those orojects that have common input elements.

For example, street lighting projects that are implemented in commercial
areas may not be similar to those that are 1mp1emented in re51dent1a1
areas. For this reason, more than one eva1uatwon framework may be
vequired for conduct1ng a general Phase 1 eva]uat1on. On the otherv
hand, the Phase I evaluation is strengthened if a more robust and
flexible evaluation framework can be developed. Such an evaluatfoﬁ“
framework is already taking shape: Section 2.3 presents street lighting

and crime hypotheses in the context of a systematic and viable structure.

TASK 3: DEVELOP INFORMATION REQUIREMENTS

In accordance with NEP instructions, a user statement will be
jointly deve1oped with NEP that wi11 provide answérs to such quéstibnS‘
as how far to go in col]ecting data, what. size of samples are necessarv,
how much detail to include in flow diagrams, how sophwst1aated an

evaluation design 15 necessary, etc. This user statement is V1ewed as

an invaluable guide to the refinement of the Phase 1 evaluation frémework.;

TASK 4: DETAIL SPECIFIC INTERVENTIONS

For each street lighting project that is deemed within the scope of

£hé topic area, a flow diagram of the actual ¢hain of actwvities. hypoth-

eses, interventions and outcomes will be deve]oped 1nc1uding an
accompanying narrative that,descr1bes the diagram, specifies the possible
interveﬁing variables, and documents the associated input, process and.

output-measures. The output of this task will constitute a deliverable
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product (i.e., product number 2) and should impact the refinement

~ of the evaluation framework and the assessment of the present state of

knowledge. The objéctive‘deta11ing of each project will rely on three
sources of information: literature material, formal telephone inter-

views and structured site visits.

TASK 5: REFINE EVALUATION FRAMEWORK(S)

As stated earlier, the evaluation framework will undergo a
series of refinements--the final version will be the one used both to
evaluate each street lighting project (i!e., as required in Task'4)'and
to test the various assumptions or hypotheses (i.e., as a necessary

input to Task 6, which assesses the present state of knowledge). 1In

~addition, as illustrated in Exhibit 1.4, the final refined evaluation

framework itself (i.e., productAnumber 3) and an adaptation of the

framework to a single project (i.e., product number'ﬁ). Again it should

. be noted that wore than one evaluation framework may be required to

meet the evaluation requirements of the various street lighting projects.

TASK 6: ASSESS PRESENT STATE OF KNOWLEDGE

An assessment of the‘present state of knowledge will be based upon
the refined evaluation frame&ork(s) as applied to the Qarious street
lighting projects'sinQTy and collectively. A professional judgment will
be rendered an‘theieffectiveness»of street lighting as an anti-crime
strategy--confidence limits will be placed on this judgm;nt. |

As required by the NEP, the assessment wi11 glso-determine the range
of performance and effectiveness of the various street lighting projects;

the accuracy and reliability of the data and results of the projects;
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the factors that seem most Tikely to influence the success or faiiure R
of projects* the gaps existant in the present knowledge base the

reasons for it, and their impact on the assessment and the costs of
alternative versions of the projects. | ‘/

As depicted in Exhibit 1.4, it is felt that the assessment should
~also contain a statement regarding the reliability and feasibilify of
undertaking a Phase II evaluation effort, should it be necessafy
_ The output of this assessment task will be documented ina ﬁelzverable
product (i.e., product number 4) and will 1mpact any Phase 11

evaluation effort.

TASK 7: ADDRESS PHASE II EVALUATION

In accordance’'with the decision made in Task 6, a Phase II evalua-

tion wiil either be developed or arguments presented against undertaking
a Phase 11 effort--this will consfitute a deliverable prcduct (i.e.,  ‘
“product number 5). Obviously, Phase II should not be undertaken if
either Phase 1 findings are sufficient or it is infeaswble to" undertake
a Phase 11 effort. o

| ‘Should it be decided to proceed with & Phase I eva!uat1on deszgn, ‘

then a design based on the Phase I evaluation framework will be deve1oped.
The Phase I deSIQn should fill in gaps found in the present state of |
knowledge and should a]]ow for a reliable Judgment on the effectiveness
'of street lighting as an anti-crime strategy The deswgn will also
estimate the importance, feas1b111ty, methods, and costs of further

testing the hypotheses identified in the Phase I evaluation framework;

In addition, a determinatien will be made on whether the Phase 11 design
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- can be applied to the set of existing projects (with additional data

collection efforts) or if additiona1 projects are required. Different

levels of Phase 11 executions will be defined, costed and assessed.

1.3 SCOPE OF REPORT

The remaining sections of this report address issues that are

relevant to an evaluation of street lighting and crime. Street

Tighting issues are addressed in Section 2, while related environmental
and evaluation issues are discussed in Sections 3 and 4,-fespectiveiy.

The relatéd issues are perhaps just as important as the basic issues,

 since the former set of issues places comstraints on the latter. For

example, as discussed in Section 4.4, the current state-of-the-art in
evaluation technology may place a severe limitation on the feasibility
of determining the impact of street lighting on crime.

Finally, there are two appendices. The first, Appendix A, contains

- a list of all the references to date, including articles, reports and

individuals who have been contacted either by telephone or in person.

Appendix B, as indiqated earlier, contains a somewhat technical discussion

. of light measures.



-

2 STREET LIGHTING ISSUES

As briefly stated in Section 1, street lighting systems encompass 

a variety of elements and are designed to satisfy a wide range of ob~

jectives. As a result, the evaluation of the crime prevention effects
of street 1ighting~requ1res taking into account both the mdltip]e
dimensions of the streetllighting system and the re]ative‘imbortahce -
of objectives distinct from crime prevention or;law_enfbrcement. This

section is intended to elaborate on issues to be considered in such an

evaluation. It presents first a‘description of the input, processiand

output elements of typical street Tighting systems, in order to set out

~ the context within which the crime prevention objective can be considered.

Next, an overview is given of reported experience with the crime preven-

. tion effects of street lighting. While a cursory iﬁspgction of the data

presented appears to support the notion that street‘lights reduce crime,

the bprief summary contained in Section 2.2 is‘inc1uded primarily to

“illustrate the relative scarcity of controlled experiments, and to

serve as background for the more formal discussion of hypotheses which .

‘follows. The section closes with the development of a framework for

analyzing hypotheses which link street lighting with crime and/or the

fear of crime.

2.1 STREET LIGHTING ELEMENTS
' The develbpment of an evaluation framework requires a systematic,
description of the system being evaluated, so that the evaluation is

sensjtive‘tb the internal dynamics of the.systém and so that appfopriate
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measures of system performance can be defined. For convenience, the ‘
elements of a street lighting system'can bé classified as input, pro-
cess or 6utput elements. Exhibit 2.1 shows the relationship of these
e?emehﬁs to the overall evaluation process. The impact of the entife
street Tighting system on crime is assessed in the evaluation process,
and these evaluation results are then used to refine street lighting

0bjectives.'thus closing the loop with the input elements of the

- system, The following three subsections address the input, process

and output elements of street Tighting, respectively.

INPUT ELEMENTS

As indicated in Exhibit 2.1, the discussion of input elements can

be divided into sources of funds, aljocation of funds, street lighting

objectives, street Tighting design standards, and street 1ighting~€¢m-

ponents.

‘Sources of Funds

Street lighting projects can be paid for out of funds derived from

-federal, state and local government, and even from private sources.

The major sources of funds for existing street lighting systems are

,listéd in Exhibit 2.2. Frequently these sources act -in tandem, as

when federal programs require a local matching share, or when a

| merchant's association pays the operating expense of a system whose

' capital cost is born by the municipal government. Not explicitly in-

cluded in Exhibit 2.2 is the situation in which the municipality leases

street lights which are owned and operated by a utility company. In
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STREET LIGHTING
OBJECTIVES
*Security & Safety

«Community Character
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«Traffic Orientation
& Identification

STREET LIGHTING
COMPONENTS

1

.

STREET LIGHTING
DESIGN STANDARDS

‘  ELEMENTS
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—

——

RELATED PROGRAMS
« Police Operations

+ Street Reconstruction

- Tree Pruning
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EXHIBII 2.2

Street Lighting Projects

Sources qf Funds for

'FEDERAL

Deparfment of
Transportation

. Federa] Aid Prwmary System
« TOPICS

Department of Justice
1 (Law Enforcement
Assistance Administration)

Block Aétion Grants
Discretionary Grants

Department of Housing
and Urban Development

Community Deve1opment Block Grants
Neighborhood Development

Historic Preservation

Model Cities

Urban Renewal

Concentrated Code Enforcement

Open Space :

- « - L d L] . .

Treasury Department

General Revenue Sharing

STATE/LOCAL

General Funds
Bond Issues
Property Assessment

* 9 ¢ ¢ ¢ o

. Investment of Munic

+ Redistribution of State Taxes
Special Tax on Income or Luxuries

ipal Power Company Profit

 PRIVATE

« Private Citizens

, » Livic Organizations
+ -Businesses and Merchants'

Organizations

Sources:

[A.2-58, A.2-65 and A.2-

107]
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" such a case, the capital and operating expense are combined in the |
ut{lity company's rates charged to the municipality. Regardless of
this variation‘ib'ownership pattern, the same sources of funds'may
‘be used to cover the leasing fees. *

Many of the federal government funding sources‘have-changéd
with the advent of revenue shariﬁg. Thus, the Department of Trans;
pdrtation's TOPICS program and the Department df Housing and Urban
Oevelcpment'é Model Cities’and Urban Renewal programs.awé;no longer

“active, while funds now fiow via general revenue sharing and Commuqfty
beVeiopméni Block Grants. ‘
| The Law Enforcement Assistance Administration (LEAA) has funded.
lightfng programs both direct]y’through discretionary grants'to munici- 4
palities, and indi}ectly through block action grant; to the states. 4
Unfortunately, there is no available information regarding ghe exact
amount expended by LEAA for street lighting installation. However, a. |
review of information contained in LEAA's Grants Management Informa-
tion System (GMIS) suggests that several million dollars havé been ex-
pended for.such purpose. | |

| Perhaps more imporfaht than the amount spent to.date by LEAA on

street Yigﬁting, is the'possib1e future 1éve] of funding. Exhibit 2,3.i
contains a_bill cukrenﬁly pending before Congreés (HR 565) wHigh'wOUId
amend‘;he Omnibus Crime.Control and Safe Strgets‘Act of 1968 to provide
for 75%,météhing of costs incurred by cities for the ‘purpdée of improving
street V1ighting. The total funding authorized by this bill is $300
mi]lion,,qver five years; a figﬁre~which,undeﬁlines‘thg importance of

this evaluation effort.




A Pending Congressional Bill for Improved Street Lighting

94te CONGRESS
1er Sesston

Jaxtvary 14,1975

lighting in urban areas within such limits, by making avail-

able dircct Federal aid for such increased street Highting.

“SEc. 462. The Administration is authorized to maka

direct grants, without regard to any comprehensive State

- ABILL

To amend the Omnibus Crime Control and Safe Streets Act of
1968 to provide for grants to cities for improved street
lighting.

Be it enacted by the Senate and House of Representa-
tives of the Inited States of America in Congress assembled,
That parts F, G, T, and T of title T of the Omnibus Crime
Control and Safe Streets Act of 1968 are redesignated G, H, |
I, and J, respectively, énd éuch title is further amended by
inserting the following new part immediately after part B:

“PART F—LIGHT ON CRIME PROGRAM

“SEc, 461. It is the purpose of this 'pétrt'to encourage

units of general local government o provide increased street

plan, to any unit of general local government for the -
provement of street lighting systems in any urban place or
places in such unit. Such improvement shall include the in-
creased use of bright street lighting, such as high-pressure
sodium lamps. Each grant made under this section shall be
for an amount not to exceed 75 per centum of the cost of
the project with respect to which such grant is made.

“Sec. 463. In addition to any other “authorizations of

appropriations for the purposes of this Act, there are au-

thorized to be appropriated for the -pm"poses of this part, to -

remain available until expended, 860,00_0,000 for the fiscal
year ending June 30, 1976, and $60,000,000 for each of

the next four fiscal years.”.

Q=2 ...
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It {s interesting to note tha* no sténdardé"Br guidélines aré
estéinShed in the proposed legislation to assure that crime preven-

- tion objectives are met, other than to require "increased use of bright
street jighting, such as hfgh pressure sodium lamps." There seems to -
be some evidence, however, that the impact of street lighting on crime
is not only related to the brightness or the use of any particuIarilight
source but also to'varioué other environmental factors. The definition
and understanding of these relationships could certainly contribute to
the esféﬁlishment of guidelines necessary for the effective al]otayion
of street lighting funds. In the meantime, the questions of whether and

~ how street Tights impact crime have not been definitively answered.

Allocation of Funds

'Decisionévon’how funds are allocated to street'lighting are, of
coqrse,.closely related to the requirements of the funding sources them-
selves. Nevertheless, the official decision to seek funds is made by ’
focal goVernmént. During this decision-making.process the coéts and
benefits of street 1ights receive considerable attention, since local ‘
funds are always required for part of the installation cost and, 05ua11y.
~al1l of the maintenance and operating cost.}b . |

A major .influence on the decision-making process is that brougﬁt '
on by.thé induéfry. Considerable efforts have béen made‘bf representa-
tives of manufacturing and utility companies ‘to promote decisions in .

favor of increased and improved street lighting.* These efforts -

« see [A.1-1, A.1-9, A.1-10, A.1-33, A.1-36, A.1-44, A.1-46, A.1-53,
A.1-66, A.2-41, A.2-52, A.2-57, A.2-65, A.2-84, A.2-89, and A.2-108].
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include disseminatioh of statistics relating street lights to rgduced
crime and traffic accidents and preparation of promotional mate}ial
including information on local government budget processes, advertising
copy, sample speeches, and instructions on how to uti]ize‘ﬁublic
service access to media.

Although the activities of the most prominent of the indusﬁry
groups, the Street and Highway Safety Lighting Bureau (SHsLB), ceased
several years ago, they have.provided a étimulus for such community
crime prevention efforts as "Light the Night" and *Te Stnp a mn)ef
Light a Light." These activities have aiso dane:munb tn em@haah
the 1mportance of citizen support for ldcal government inNts’ effort to
1nvest in capital-intensive projects, such as street 1wght1ﬂg. ‘moopera~
tion between citizens and government has also been emphasized by the

National Advisory Commission on Criminal Justice Standards in its "Report

on Comnunity €rime Prevention" [A.2-89, pp. 198-200]. At.the sai

perhaps because of the basic marketing interests undeflyﬁng'indﬁé ry-

spohsored promotional efforts, the statistics which have been collected

and bublished by SHSLB are not useful for a careful analysis of the true

oo K ¥
relationship between street lighting.and crime.

]
Iy
t

Street Lighting Objectives

ot

BRI

As discussed in Section 1.1 and illustrated in Exhibit 1.1, 'street
1ighting has historically had thrne wajor objectives pertaining, speci-
fically. to security and safety, community character and vitality, and

traffic orientation and identification.

"
oL
1]

et
*
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It is, of course, not obvious that street lighting systems can bé
designed to meet all of the objectiveéisimu]taneously.k Apart from an |
incomblete know]edge of the specificafions requi§ed for any one objective,
| there may be conflicts between objectives. For example, it could be

supposed that even if very high intensity street lighting in shoppihg
areas is best for the enhancement of business, a resultant visual
~disorientation and glare would contribute to_traffic accidents. A
comprehensive planning approach can do much to deal with the problem of
designing for the integration of system objectives.

| Unfortunately, as might be expected, comprehensive planning is

the exception rather than the rule in street lighting. If the overall
”streetscape" is chaot1c and characterless, it is d1ff1cu1t to
coordinate street light designs withthe undef1ned streetscape Large
scale urban renewal programs constitute one of the few instances where
both planning and implementing funds are available, and where other
activities, such as street recons{ruction, housing development and
replacement of street signs, are coordinated wirth 1ighting(in$tallation.
or upgrading. ‘ S

Even in less ambitious street 1ighting plans, lighting engineers

have seldom seen their carefully planned,designsvexecuted according

to specificétibns; Problems which have beén cited iqc1ude‘substitufion
of equipnent because of price considerations or change of -local
ordinanées, refusal of utility companies to work with innovative
designs, and inabflity of harassed and overworked municipal offic%als |
to examine detailed proposals carefully [A.1-71, A.2-80].

‘Nevertheless, comprehensive plans for'streét lighting have been

executed [A.1-21, A.1-52 and A.1-71],

w2
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Because the balancing of diverée objec?ives is at the heart of;the |
development of a comprehensive design [A.2-123], the.ihformatian generéted
5yian evaluation of the crime prevention effects of street lighting can
have a significan% impact on future street Iiéhting systems,.evén

though it is qugstionab]e whether it would ever be tﬁe dominant influence.

bR Y

Street Lighting Design Standards

Technical standards for the performance of streefvlighting syétems
~in the United States are put forward by the Amefﬁcanguaﬁisaaﬁﬁséandards
Institute (ANSI), rmder the sponsorship of the I]?umﬁnatiﬁg?iﬁgiaeering
Society (IES) of North America [A.2-59]. TES has developed and |
amended these standards, known as "American Wational Standard‘Practice
for Roadway Lighting," since 1925, and has specifically designatéd'its'
Roadway Lighting Committee as the group responsible forvupdating of the
standards to reflect changes in dmowledge and‘;echnolngy@ | ;

The other organization involved in setting standards for street
'lighting systems is the International Commission on I]Iuminétion:(cit,
which.are the initials of its French designation, Commission‘lntgr“
nationale de 1'Eclairage). CIE publishes 1nternationa] recomméﬁéations
based on general principles,'to.serve as a basis for the drafting of '
uniform national codes among participating countries. As such, it is
-not a binding proféssional standard, but it does represent anothgr view
on the desired characteristiﬁs of street lighting systems. ;

Exhibit 2.4 compares the ILS and CIE standards: it is seenéthat

there are similarities as we11¥35}$ﬁgnificani dﬁffgnences:hetweeﬁ

4

)
’
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EXHIBIT 2.4

Street Lighting Standards and Recommendations

"FACTOR

TYPE OF SPECIFICATION

IES
(INMuminating
Engineering

Society)

CIE
(International
“Commission on
IMumination)

Horizontal road or
walkway surface
illumination

Road surface luminance
(brightness)

‘Ratio of average to
minimum illumination

Ratio of average to
minimum Tuminance
(brightness)

Glare

Road classification

Land use

Recommended minimum

Addressed qualita-
tively in conjunction
with other factors

Maxima given as
guidelines (to be
considered with
other factors)

Not addressed

Addressed qualita~
tively in conjunction
with other factors

Indirectly addressed
through classifica-
tion of recommenda-
tions, including
recommendations for

| pedestrian walkways

Indirectly addressed
through classifica-
tion of recommenda-

| tions

Not addressed

Recommended minimum
Not addressed

Recommended maximum

Recommended maximum
level

Indirectly addressed
through classifica-
tion of recommenda-
tions. Pedestrian
walkways treated in
separate document

| Not addressed
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EXHIBIT 2.4
(page 2 of 2)

FACTOR -

TYPE OF SPECIFICATION

1ES
(I1Tuminating
Engineering .
Society)

- CIE-
(International
Commission.on -
ITlumination)

Brighthess of
-MSurround'*

Visual guidance
Optical guidance

Other factors
(Yuminaire type,
-mounting height,
spacing and arrange-
ment, traffic conflict
areas, border areas,
transition Yighting,
and alleys)

‘Included under "Glare"

~ Not addressed

~ Not addressed

Guidelines given (to
be considered with
other factors)

Indirectly addressed
through classifica-
tion of recommendations
Guidelines given
Guidelines given

Not addressed

* The "surround" is defined by 1ighting engineers

immediately surrounding a visual task.

as a specific area

Sources: [A. 2- 59], and International Commwss1on on I]]um1nat1on ., "Draft
Recommendations for the Lighting of Roads for Motorized Traffzc," Pub11ca—

}t!on CIE No. 12/2 (TC-4.6),

December, 1975
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their récommendations For example, the IES standard for the amount of |
light is based on illumination of the horizontal road or walkway

surface (j.e., amount of light falling onto‘the surface) while thg

comparable CIE recommendation is made for the road surface luminance

(i.e., amount of 1ight reflected from the surface). Similarly, the

‘recommendations on uniformity of the light distribution deal with
illumination and 1unﬁnance,-respective1y. Although IES and CIE both |
‘recommend different light levels for different types of street (e.qg.,
arterial versus local residential), they differ in the définition and
}classifiéation of streets. The IES includes pedestrian walkways as
well as divérse land use in its classification,.while the CIE focusés
on the brightness of the “surround" and treats pedestrian separate?y;
The CIE also gives quantitative récommendatibns'for the limitation of
glare, while the 1ES gives overall guidelines to minimize giare in
congunctlon with a variety of other factors | | |

" The somewhat different outlook of these two professxonal organxzatxons
suggests that differences of opinion may a}so arise as to the spec1f1ca—
tion of systems for optimal crime prevent1on In fact, as 1s | |
dtscussed in various sections of the report, there are diverse op1n10ns

lon the relat1onsh1p between street 1ight1ng and cr1me preventzon

Street Lighting Components

The major components of a street.1ighting sysfem are lamps,

luminairéé. poles and brackets, and electrical system; For the .
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purpose of the present discussion, only the first two components

~ are examined in this subsection.*

Exhibit 2.5 summakizes the characteristics of different types of
lamp. Lamps are generally classified according to the physical
processe§4by which they produce light. Incandescent sources contain a
thin wire filament which heats up and glows upon passage of an electric

‘ cur?ent. A1l other sources used in street 1ight1ng}are called highv
intensity discharge (or gasedUS discharge) lamps, and produce light by
paséing'an electric current through a'gas, usually containing one or
more metal vapors as well as other elements. The effect is to "excite"
the atoms of the gas to higher than normal energies. The atoms then
discharge this excess energy in the form of light, and the colors of
;the light are very narrowly defined and spécific to the combinatioh‘

| of elements fn the lamp. Some lamps use phosphorescent ;oatings»on

~ the bulb surface tobroaden the range of'colorsvproducéd In fact, the
discharge in a fluorescent lamp produces mostly invisible u1trav1olet

‘1light, and these lamps rely on coatings to convert the light 1nto

visible colors.

In a d1scu531on of crime prevention related issues, 1t is instruc-
tive to further discuss two of the characteristics that are identified
in Exhibit 2.5--efficacy and color rendition. The term'efficacy

- is used to denote how efficiently a lamp converts electrical energy

~ * For a more complete description of street lighting pr1nc1p1es,
and design. see [A.2-24].
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Selected Characteristics of Basic Lamp Types
LAMP TYPE
‘Incandescent High-Intensity Discharge (HID)
(Including ,
. - Tungsten , ’ : High-Pressure
Characteristics Halogen) . Fluorescent Mercury-Vapor Metal-Halide Sodium
Wattages (lamp |15 to 1500 40 to 219 40 to 1000 400, 1000, 1500 75, 150, 250,

only)

400, 1000

Life (hours)»

750 to 12,000

9000 to 30,000

16,000 to -

1500 to 15,000

110,000 to 20,000

L

efficacy

because of great-
er number of Tamps
needed; energy
costs generally
lower than

mercury-vapor

because of rela-
tively few fix-
tures and long
lamp life

quired, but lamp

life is shorter {

and lumen main-
tenance not
quite as good

P 24,000
Efficacy (lu- 15 to 25 4155 to 88 20 to 63 80 to 100 100 to 130
mens per watt, o ) :
tamp only) :
Color rendition Véry good to . | Good to Poor to very Good to very Fair
: © texcellent excellent good good
‘Light direc- Very good to Fair Very good Very good Very good
tion control excellent
Source size Cgmpact'- Extended Compactcigj;i' Compact Compact
Comparative Low because of - | Moderate Higher than in- | Generally Highest
fixture cost simple fixtures candescent, gen- | higher than
erally higher | mercury-vapor
than fluorescent
Comparative High because of | Lower than in- [Lower than in- |Generally lower |[Generally
operating | relatively short| candescent; ve- jcandescent; re- |than mercury- lowest; fewest
cost Tife and low placement costs |placement costs |vapor; fewer Fixtures
‘higher than HID {relatively Tow |fixtures re- required

~ Source: [A.2-4]

Sl~7
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as méaSured in watts, into light, as measured in Tumens (1umens are

- défined in Appendix B). In general, high-intensity discharge (HID)
lamps have higher efficacy than fluorescent.bulbs, and, among the
’HID‘Sources, high~préssure sodium Tamps are the highest. One source
not used as commonly in the United Sates as it is in Europe, the
Tow-pressure sodium lamp, has an even higher efficacy than high-
pressure sodium, There are, however, some technicaT and safety'
probléms with low-pressure sodium.

" Color rendition is, of course,’govérned by the colors of the
Tight produced by a source. Incandescent and fluorescent bulbs have
the best color rehdition, while uncoated mercury vapor has the

.worst, emitting a bluish light with no orange or red component. Some-
what between these extremes lies high-pressure sodium, which emits a
yellou-white colored 1ight. There is still some controversy over |
how to assess the color-rendering properties of HID sources. This

issue is dealt with in Section 4.2.

Luminaires |

‘The‘lﬁﬁinaire is the unit which contains a lamp in its corkect-
position; protects it from the elements and other hazards} focuses and
ref1ects fhe light in a given distribution; and connects the Tamp.to
eleétrical power.. Luminaires are designed to produce VTight distribu-
tions which conform to the standard types that are shown in Exhibit
2.6. In addition to the indicated 1ight distribuiion in the horizontal
roadway plane, one can also consider the distribution of light in a

vertical plane.



EXHIBIT 2.6

Representative Luminaire Light

Distribution Types

/Q

Type 1 Interad distribution has the two pnnmpnl
light concentrations in opposite directions anng the
roddway.  The vertieal plane through maximum
candlepower is parallel 1o the curb.  This type of
distribution would generally he usvd when the road-

way i parrow and the lumnmu ¢ is mounied over the
vonter of the street,

Type 1 four wiy is the same as ahove exeept that
there are  four ‘eoncontrated beams, This unit
shonkd he mounted over the center of & four-way
interseetion,

Source: [A 2-24, pp 33 and 93]

Note: Dlagrams in th1s exhibit show regwon on road surface of maximum candlepower

dvstrwbutlon

AWAY

)

Type IT distribution luminaires are for moun‘jag
along the curbs: of relatively narrow roadw:is.

“The ‘main_ eandlepower beams are along the roud;

however, they are broader and bent toward Lhc
roadway (not pnmﬂel to curbs).

e
Ty
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Lype T is for use fn wider roadways than Ty pe

1L This unit hax a broader I

| - tributiog,
9o _

'wm and covers a of its abifity
grestor {rmsverse distanee than  the Type 11 dis-
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EXHIBIT 2.6

(page 2 of 2)

gy ) » . !
Type IT is for use on still wider roadways beeause

Lo cover greater transverse distances
than Typo 11 or 131

-
N

3600 ' !

“« Type V Tuminaire provides o eircular pattern of
Jight. May be used at interseetions or islands in

L parkways,
.. . .
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Luminaires are a]sb cléssified as "full cutoff," “semicutoff"
or “noncutoff," to indicate the degree to which the lamp's glare is.‘
'shieided from an observer, full cutbff being the most shie?déd.,AThe
= cutbff'feature is important to traffic safety and overall visua}‘order,-
since the glare from a Tuminaire can produce attention conflicts
between the 1um1na1re and other elements in the field of vision, due

to the phototrop1c, or llght seeking, reflex of the human eye [A.1-72].

Given the properties of 1ight sources and Tuninaires, and the chosen

design standards, it is the lighting engineer's task to choose a con-
figuration of system elements which meets the required Standards.Q The
three critical configuration parameters used in this process are
Tuminaire mounting height, pole spacing and arrangement. The first
two are self explanatory, whwle luminaire arrangements along the |
street dre usual]y categorized as "oppos1te,“ "one-sided" or

"staggered."

PROCESS ELEMENTS

" The discussion of process elements focuses on the‘instaTIétion;
operationAaﬁd maintenance of street lighting system, and related

police opefétions and other related activites, such as street recon-

struction and tree pruning.

lnstal]atlon, 0pprat1on and Maintenance

The 1nsta11at1on of street lights 1nv01ves coordinating the

efforts of several municipal departments, as well as of private industry.

A typical street lighting project requires coordination among the
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4 following'organizatiohs: public works, police, city engineer's,

redevelopment authority or planning agency, local utility company and

Tlighting equipment manufacturers. The smooth execution of an

“installation or upgrading’program clearly depends on effective manage-

ment of the process. One of the major concerns of‘the Phase 1

evaluation of street lighting will be to document the number and

variety of agencies involved in street‘lighting’insta11ation, as we]i

as to determine the project management techniques that are utilized.
Additibnaliy, this evaluation will address installation and‘opéfatiﬁg

costs, and‘maintenance practices. Maintenance practices may be

important if fhey adverse]y affect 1ighting outpuf.‘-Some of the reasons

for normal deterioratibn_of street Tight output include dift,

insects and dust, aging of lamps, 1aﬁp outages, accidental damage,

- vandalism, variations in electric current or voltage, and tree foliage

ihterference with Juninaires, The steps recommended for a quality

maintenance program include cleaning of luminaires, replacement of

Tamps (whether spot~or‘grdup-replacement), regulation of vo]tage.and

current, and contracting of maintenance to prﬁvate industry [A.2-24].

-These pracfices will also be examined through the analygis of project”

Cintevrventions.

Police Operations and Other Related Programs

‘Although police departments seldom if ever change their tactics
specifically because of the installation of street lights, it is

frequently remarked that street lights increase the effectiveness of
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police patrols by making potential criminals and victims more visible.
However, it often happens that changes in police patrol methods are taking:
place simultaneously with, and usually independent of, street Tight
upgrading. For example, while Kansas City was undertaking a major
relighting program in 1971 and 1972, it was also increasing its po]i;e
forcg_from 1.89 per'thousand population in 1970 to 2.52 per thousand
.in“1973, and, additionally, conducting an experimenta] preventive'pafrol
program. In Washington, D;C.'the police force 1ncrea§eq by more than
twthhirds during and,after a major re]ighiing program [A.2—47], lAﬁ a
result, is is technically difficult if not impossible for an evaluation
to separate the effects of the street lighting and‘poiice patrol programs.
This problem is further discussed in Section 4.

Frequently street 1ights are funded in conjunction with 1arge~sca1e
programs of street reconstruction, urban renewal activities, neighborhbod
imp;ovement programs, etc., and, as with changes in police operat%ons;'
the effects of'these concurrent programs on crime prevention cannot '

easily be estimated or ruled out.

QUTPUT ELEMENTS

t

. The ouéput elements of street lighting include light anﬁ those _
measures’of lfght relevant to street lighting, crime prevention, subjective
attitudes, and‘outputs related to other street lighting objectiQés; such
as traffic Safet; and visual orientation. A detailed discussion of
light measures‘i§ contained in Appendix B: an understanding of these
measures_is essential, inasmuch as any impact of street lighting on

crime must be a function of the various 1ight measures. This subsection
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~ then briefly discusses the latter three sets of output elements: the

issues associated with measuring these outputs and using them in

evaluations are discussed at length in Section 4.

Crime Prevention

Although there is no controversy over the fact that one output of

street lights s light, as much cannot be said for crime prevention.

" On the one hand, millions of doTlars of municipal, state and federal

expenditures have been justified over many years, in part by the . .

'presumed crime prevention effects of street lights. Support for this

notion comes from fhe former Director of the Federal Bureau of

Investigation [A.2-53, A.2-54, A.2-55], the chiefs of police [A.2-110],
nutierous published’reports and an intuitive sense derived from everyday
experience. On the other hand, most careful, controlled investigations

have either come to qualified conclusions [A.2-3, A.2-117] or have been

~ frustrated by the elusiveness of results that are significant.

The balance of Section 2 deals with the available reports of

~street lighting and crime prevention and what has been learned from ‘them.

Section 4 continues the analysis with an examination of the me:hodological

issues involved in evaluating the crime prevention effects of street

subjective Attitudes |
Thé fear of crime is, perhaps, even more prevalent than crime itself.
It is often held that if street lights reduce the fear of crime, crime

will be subsequently reduced [A.1-40, A.1-56, A.2-3, A.2-96 and A.2-105].
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Others feel that increasing the citizéns' sense of security. is in
itself a desireable goal [A.2-3, A.3-24].

_l There are, of‘course, many other attitudes affected by street
Vighting. User studies have been able to determine other dimensions of
importance to those citizens who live or work within areas affected.by
street lights. . Again, a more complete discussion of the status of this

research is given in Section 4.

Qutputs Related to Dther Objectives

" The street lighting output which recgjves the most atfeﬁtion is traffic

safety. Continuing studies of this aspect of street 1ighting have
. . Vi ) ,// ‘ ‘\‘\\\ R .

accumulated a great deal of eviﬁencaﬁnot o“]y on ;ow much, but how
street 1ights prevent acéidents [A.2-13, A.2-63 énd»A.Z—QQ]. In fact,
research into traffic sgfety and related asp&?ts of street lighting
beafs considerable significance for the devef;pment of crime preventipn

evaluations. This point is discussed further in Section 2.3.

2,2 STREET LIGHTING EXPERIENCE

This}section~pfovides a brief summary of the crime—reductioh
<eXpérience reported by a number of communities following the insﬁ;liation .
or improvement of their street 1ights. Because‘thzﬁgources of ihfo}-
matioh vary widely in their reporting objeéfivcs ahd techniques, the .
,sectfon only highlights the available information. However, it should
not be assumed from this that journalistic reports and carefully controlled
evalutions arelgqth given the same weight. Controlled studies, and .

their methodalggica1 contributions and difficulties, are further

[T




 .wh1ch many non-controlled studies have been reported, and to pave the
'way for. the more forma] discussions of street 1ighting and crime

“hypotheses andevaluatlonmethodology which follow in Sect1ons 2. 3-and 4,
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discussed in Séctibn 4 and will be analyzed in depth in the ensuing
months. In sum, the obJect1ves of this section are s1mp1y to Ilst

reported results, to note *some of the issues raised by the manner in

Exhzb1t 237 br1ef1y presents some reported impacts of street
11ght1ng on crime in various citjes. It should be noted that
Exhibit 2.7 is not all inclusive: 1in general a study'is inc]udéd‘inf
the exhibit only if’information on the date of the street lighting

project and the assessedycrime—related impacts are documented and'

readily avzilable. The exhibit includes the city or town where the‘ :
street 1ighting project took place, the year of “the project, the typé

of street lighting changes, if available, and the reported impacts

ahy list of néported‘happenings is subject to suspicion and bias, since -

if the anticipated happening does not occur, the chances are that it ,

would not be reported.

of the project. In reviewing Exhibit 2.7, it should be realized that - | B
l
i
|

‘In MOst of the studies listed in Exhibit 2.7, the assessment of

impacts is based on "before and after" police statistics; and whenever:

there‘has been a reduction in the incidence of target crimes, the re-
duction has been attributed to the street 1ighting project. Unfor-
tunately, in the vast majority of cases; no controls were used to
eliminate the effects of other variab]es‘cépab1e of affecting crime |

(e.g., level of police activity, socio~economic conditions, etc.). In



EXHIBIT 2.7

‘Some Reported Impacts of Street Lighting on Crime

City [Reference]

Year of Change

Asheville, N.C. 1973
[A.1-2] S

Atlanta, GA. :
- [A.1-3] 1973

Baltimore, MD.

[A.1-7] ‘ . 1969

[A.1-5] o 1975

Charleston, W.VA. '
[A.1-11] s

7Stréet Light Changes

315 street 1ights re- Av

placed; from 21,000
Tumens {mercury) to

50,000 lumens (high-

pressure sodium)

275 mercury lamps
replaced by 400 high-
pressure sodium lamps

Street lighting
improved

High-pressure sodium

~ lamps installed in

residential streets

165 street lights
added :

Reported Impacts

Compared to 1972-1973, in 1973-
1974 the numbers of incidents

of breaking and entering, larcery,
vandalism, purse-snatching and
hit-and-run were reduced.

The preliminary analysis showed no
significant differences between
relit and unrelit areas with res-
pect to the percentage of target
crimes that occur at night.

- §e-2

‘Compared to June 1968, in April

1970 the number of night-time
major crimes decreased.

A residents' survey showed that
(i) 34% felt a decrease in.
- criminail activity$
(ii) 66% felt more safe; and

(111) public unaware of an

increase in crime

" Reductions in total offenses (by

9%), felonious assaults (by 70%)
and auto theft (by 13%) were
observed. g o




City [Reference]

€Chicago, IL.

(A.2-13]

[A.1-16, A.1-18,
A.2-78]

[A.1-15]

Cleveland, 0OH.

{A.1-25, A.2-78]

[A.1-22, A.1-23]

_ Year of Change

1959

1966

1974

1966-1973

1975

EXHIBIT 2.7

Street {ight Changes

Several "districts®relit. -

51,000 mercuEyA1ights
added in alleyways

High-pressure sodium
1ights added

58,000 mercury lights
added ‘

948 mercury }1ghts

added

Reported Impacts

Reductions of night robberies
(by 30%), purse-snatches (by
30%), strong-arm robberies {by
7%) and auto thefts (by 10%)
were observed in some districts.

Crimes in alleys were reduced.

Compared to 1974, in 1975 reduc-
tions in incidence of murder
(by 12.6%), rape (by 22%),
serious assault (by 0.9%),
robbery (by 10.5%), theft (by
0.7%), auto theft {(by 12.5%) .
were observed, whiie burglary
increased (by 5.8%).

9¢-¢

Total number of offenses was
increased (by 80%), but incidents
of purse-snatching were reduced

(by 78%).

Street 1ights were installed
primarily for crime prevention
purposes; assessment unava11ab1e
as yet.




" City [Reference]

Dace County, FL.
[A.2-101] .

cetroit
;4.1-78};

-= Flint, MI.
- [A.2-117]

Gary, IN.
[A.2-88]

Indianapolis,IN.
[A.1-35]

 Kansas Cit
[A.2- 13§

Year of Change

1972

1968

1956

1953-1955

1959-1962

1950-1953.

Street Light Changes

100 watt incandescent
lamps replaced by 250
watt mercury lamps in

a public housing project

675 mercury lights
added

6,000 Tumen incandescent
lamps replaced by 20,000
lumen mercury lamps

HMercury lamps installed
in dimly 1it areas

1,000 new lights (900

mercury, 100 f]uorESfept)
added per vear

40% of streets relit in

1950-1951, 65% of streets

relit in 1952-1953

Reportec Impacts

Reductions in Part I crimes
(245 to 189) and in Part II-

crimes {72 to 35) were observed

in a nine-month period.

Night offenses were reduced (by
12%) in relit area and were in-
creased (by 14%) in "control" area.

Reductions in felonies and misde-
meanors (by 60%) and in 1arcen1es

(by 80%) were observed.

Le-2

Reductions in number of assaults
(by 75%) and robberies (by 65%)
were observed.

Night offenses were reduced (by

60%) and 255 fewer total incidents
of crime were reported in relit areas
the year after light improvement.

The ratio of night to day crime rates -
was reduced city-wide but a higher re-
duction was observed on better 1it

- Streets,




City {Referenee}

Year of Change

r(ar;as City,H - 1971-1872
{co n+1nued}
[A.X—QOJ
Miami, FL. ?9,71
[A.1-49] '
[A.1-48] ’ 1971
Milwaukee, WI. L
[A.1-54, A.1-55] 1972

Street

Lignt Changes

1800 mercury and sodium
%195‘3 added in 300
ared and in a ¢1xed re-
sidential/commercial
neighborhood

Street lighting im-
proved by mercury and
high pressure sodium
Tights ‘

350, 47,000-1umen high
pressure sodium Tights
added :

Incandescent lights‘reé
placed by sodium lights
for 3.5 miles of streets

w0 FE . -

Reperted Impacts

This rost ccntro]led,study concluded that
(i} crimes against person —
(rebbery and assault) were
significantly deterred by
street-1ighting;
(ii) crimes against property were
unaffected; _
{iii) crime.-rates in commercial
' areas decreased faster than
. in residential areas; and
(iv) some of the robberies were
displaced from relit areas to
. non-relit areas.

Except for larceny, . in 1972, compared
to 1971, reductions in murder (by 32%)
rape (by 49%) robbery (by 13%) assault
(by 14%) burglary (by 2%) and auto theft
(by 12%) were observed in the central
business district.

8¢-2

In the garment district crimes were
dramatically decreased in 1971 due to .
increased patrol activity combined
with new 11ghts

In this contro}1ed study the f0110w1ng
were observed:
(i) decrease (by 6%) in night
- crime in test area as opposed
to a smaller decrease {by
~2%) in control area; ~
(ii) decrease in person-related
crimes in test area as
opposed to an increase ‘in .
.control area;




-

City [Reference]

; MilQaukee,'HI.

[A.1-54, A.1-55]

{centinued)

‘New York City
{A.2-117]

[A.1-63]

Norfo}k, VA.

[A.1-69, A.1-70,

CA.1-71]

Year of Change

1957-1959

1960-1961

1973-1974

EXHIBIT 2.7

Street Light Changes

Incandescent lights
replaced by mercury
lights in 111 blocks

Lighting improved in

392 playgrounds

Street Tighting im-
" proved

“Reported Impacts

(ii1) no difference in property
related crimes, except
auto thefts increased in
test area as opposed to a
decrease in .control area;

(iv) residents felt safer; and
(v) police reported better
effectiveness.

Night offenses were reduced (by
49%).

Incidents of vandalism were re-

duced by 100% 1in Staten Island,
by 86% in Brooklyn, by 81% in

Manhattan, by 50% in Bronx and

 Queens)

An attitude survey showed that
: (i) 96% felt that new lighting
- had a beneficial impact; _
(i1) public was enthusiastic about
the new lighting system;
(iii) night environment is a cause
of concern for most of the
. ~publics . .
(iv) security, insufficient

lighting and fear of strangers

were the major factors which
1imited the use of streets
at night; and
(v) lighting alone does not make
© an-environment more secure.

6¢-¢




City [Reference]

- Qwensboro, KY.
{4.1-74]

Plainfield, NJ.
[A.1-75]

Plainview, KY.
[A.1-38]

Year of Change

1968-1970

1972

1975

EXHIBIT 2.7

N

m

° Street Light Changes

" 5,000 mercury lights

added

136 sodium lamps
added in downtown
area

Mercury vapor 1ights
instailed in a new
residential sub-
division

Reported Impacts

"The following were observed:

(1) reduct1on in total offenses
(by 22% in 1968 and by 9% in
1969), compared to an 11% in-
crease experienced by "compar-
able communities” in 1965;

(i) reduction in armed and strong-
armed robberies (by 25% in 1968
and by 33% in 1969), and in re-
ported breazk-ins (from 387 -in
1967 to 306 in 1968 and 276 in
1969), and

(iii) an increase in the rate of con-
victions.

" Reduction in burglaries {by 50%) and

robberies (by 65%) were observed.

In this controlled study the following
were observed:
(i) fewer burgTarzes and thefts
in well-1it as compared to
poorly-lit.areas; ‘

0g-¢

- (ii) residents believed that street

lights deter crime; and
(ii1) residents had positive atti-
tudes toward street lighting.
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"City [Reference]

fPo*tland' OR.

[A }-76, i ;1"79] a

Richmond, VA.
— - [A.1-81]

St. Louws
[A.1-83, A. 2~89]

Savannah, GA.
[A.1-84, A T~ 85]

Year of Change

1973

1974

1964

19760

¢

EXHIBIT 2.7

Street Licht Changes | Reported Impacts

330 lamps {rated at - This controlled study indicated that
7,000 lumens) added : (i) only 25% of the resi-
' dents were aware of
additional lighting;and
(ii) available data were incon-
- clusive about the crime
prevention property of
street-lighting.

213 mercury 1amps~ The study concluded that

added and 597 lamps (i) non-residential burg-
replaced by mercury laries were significantly

and sodium lamps reduced {from 142 to 103);

(1) residential burglaries
were increased (from 204
to 218); and
(iii) the decrease could also be
partially attributed to a
new police patrol plan, and
. the differences between
residential and non-residen-
"~ tial burglaries couid have
been due to foliage related

N7 - . ogbstruction of street light-
} . : ' ing in residential area.

1,402 incandescent lamps  An increase in n1ght—t1me business
replaced by 1,120 mercury  and reductions in crimes against persons
lamps of 1,000 watts each (by 40%).auto theft (by 28.6%) and busi-

Incandescent lamps phased- Incidents of crime and vandalism

out and mercury and sodium were reduced (by as much as 50%)

"Tights installed

lE-z e wman ' |

~ in the downtown area ness burg]aries (by 12.7%) were observed.’ -




City [Reference]

Tusgon, AZ.
- 1A.1-89]

Washington, D.C.
1A.1-91]

Year of Change

1966

1970

EXHIBIT 2.7

Street Light Changes

Reported Impacts -

Street lighting im-

proveg

High pressure sodium
Tamps added in 113
high-crime blocks

Total offenses were reduced
(by 50%)

Acceleration of the 1969-1970

rates of decrease in robbery,
housebreaking, auto theft and
vandalism incidence in 1970-1971
and 1977-1972 was observed following
relighting. Total annual incidence
of all four crime types decreased by
29.5% from 1970 to 1971 and by 34%
from 1971 to 1972.

¢€-¢
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'Such cases, given a reduction in crime, this reduction cannot obviously’
be attribufed to street lighting. In an‘experimental sense, only ihe ,
Kansas City (1971-72), Milwaukee (1972), and Portland (1973) studies have
been identified as beiqg "controlled;" that is,-in each case some
effort‘was made in the evaluation to account for crime trends, socio-
economic variables, and level of po]1ce act1v1ty These end some ef the
otherpart1a11y contro]]ed studies are discussed more ful]y in Section 4
in terms of the methodological issues they raise. It should also be
noted that some of  the studies Tisted ((Baltimore ]975, Milwaukee 1972,
Norfolk 1973-1974, Plainview 1975, and Portland 1973) examined the

f att1tudes of the people affected by improved street 11ght1ng, and

obtained stat1st1ca]]y s1gn1f1cant information on var1ab]es other than

crime incidence. ~The methodo]og1ca1 issues raised by these stud1es

I

are also dlSCUSSGd in Section 4.

On closer examination, much of the supporting 1nformat1on in studies
of street lighting and crime turns out to be the untested opinions of
crimihel—justice administrators and urban planners. For example, a
1960 magazine aeticle by Don Murray [A.2-88] is often cited in~studies 
attempting to show‘the positive impact of street lighting on crime}-‘Murray

claims that street lighting projects in Cleveland, New York'City,

, Chattanooga (Tennessee), Denver, Brookings (South Dakota), Marion

(Indiana), Winston-Salem (North Carolina), Austin (Texas), Flint (Michi?

| gan), Highland Park (Michigan), McPherson (Kansas), Aﬁbuquerque,

Philadelphia, Washington (D.C.), Kansas City (Missouri). Houston,

Chicago and Gary (Indiana) have decreased the incidence in one or more

)
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crime categories, including ‘murdew,Arape, assault, burglaries, auto-
~ thefts and vandalism, Most of Murray's claims are, however, based on
_the opinions of the police chiefs in the respective towns and cities
and no references are made to any stidies or data sources except in the
ins}ances of New York City and Gary, Indiana. |
‘In a later, 1972 magazine article, Ca]]ander‘[A.2-17]vgives a

similar presentation, citihg several of the claims made earlier by_
:Murray."Former F.B.I. Director J. Edgar Hoover claimed_in a 1963 |
‘article [A;2553] and again later inla 1970 article [A.2-54] thaf'it
lwas a fact that street lighting deters crime. He went on to say that
“in a,survey‘of some 1300 police officials, 85% reported a drop in
Jocal crime rates." Hoover did not, however, point out the fact that-
thé respoﬁse rate of the survey was less than 10%, resuiting in é
possibly large, but unknown bias [A.1-38]. While it is not claimed here
that these journalistic articles serve no purposé, they do provide only.
questionable proof that street lighting deters crime. On the other '
hand, the perception that street lighting can impact crime is an

vimpoftant and potentially positive phencuenon--certainly, fear of
A"Crime would be decreased among those(who believe lighting is a
deferreht to crime. | | "

The Street And Highway Safety Lighting Bureau has also conducted

several studies and published numerous articles in its trade magazine,

Street and Highway Lighting, which claim that improved street lighting
has resulted in reduced crime rates [A.1-98]. However, many of the

Bureau's claims are based on the questionable statistics quoted ¥rom

[}




2-35

Murray, Callander, Hoover and other similar sources, and the bulk of
the reported data shows no evidence of controls being used. Thus,
the strength of these inferences is Subject to the same]imitaﬂbns as
‘discussed above. | N |
Paul.Box, }n a speﬁié] report to the Public WOrkg Committee of
the U.S. House of Representatives, 89th Cbngress, states that,
a]tthgh.public officials and law-enforcement officers agree that
1ighting déters crime, "the fact is not sufficiently documented" [A.2-13].
He also cites a few experiences of crihe rédﬁctioﬁ after improvement of
street 1i§hting in some cities, but points out thét the data collection.
pkocedures and the suhdry other factors affecting crime rates must also
be carefuIly considered before specific conclusions can be dFQWH. It is
of course the purpose of this evaluation effort to draw such'conc1usions,
if indeed ﬁhey»can be drawn.
No review of street lighting and crime is complete without |

reference to the stuqies undertaken by the Legislative RefebenceiService
of the Libfdky of Congress. First in October 1965.[A.2-7], then in
'August 1970 [A.2F66],.and most recently in‘May 1976 .[A.2-6], a series
of stﬁdiés was condu;ted for the Education andtPubli§'we1f;re Division
of the Eibrary of Congresﬁ,‘entitled “The Impact of Street Lighting oh
Crime and Traffic Accidents." In the first two studies (thé second

was an update'of the first one), the often-quoted §tatistics of Gary,
McPhekson, Chattanooga, etc. are cited, and the opinions of various
researchers and crimina]QSustice planners are quoted. The authors

then state that "the specific conditions in each city mentioned...are

]
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different, but in all cases the conclusions reached are that fewer
crimes are committed...following a significant incréase in the level
of illumination." Although the studies give a good review of thé
subject matter and appropriately list various opinions objectively,
the author's oniy mention the positive statistics and opinions. Despite
being subject to the same problems of reporting bias and controls as
their.sources, the Legislative Reference Service studies themselves have
provided'thé basis for statements made by congressmen and senators in
connection with~debatesvover bills designed to fund installation of
street lights for crime reduction [A.2-22]. The third Library of
~ Congress study is somewhat different from the former two in‘that it
gives a critical summary of the crime-related impacts of street lighting.
The study mentions many of the studies referenced here, both controlled
and uncontrolled, but adds: |
| Since it was generally not feasible to control

forother possible causes (e.g., weather, number

of police in a given area, economic conditions),

the conclusion that the reductions were due. to

improved street lighting must generally be viewed

as conjectural or intuitive, rather than

scientific.”

This'study %s recomnended both as a comprehensive, critical review
of earlier studies and as an example of the cautiousness required when-
interpreting the results of these studies.

In conclusion, since many of the above-cited studies are based on
questionable data and conjecture, decision-makers must use the results

with great care when planning street lighting for crime prevention

purposes.
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The following section, Section 2.3, deals with a description of
' g ,
the hypotheses put forward in the literature on street lighting and

crime.

2.3 STREET LIGHTING HVPOTHESES

If for the moment, one can accept the conclusion of the precediﬁg
section--that no evaluation reviewed to date of the crime prevention
effects of street lighting has provided definitive evidence of the
existence or strength of such effects-~then one can regard all fhe
"conclusions" of the studies reviewed in Section 2;%'as tentative
hypothesce which await confirmation or‘rejection.l Further, this
position is supported by the striking absence of unanimity not only és
to whether, but also as to how street lighting deters crime. There-
fore an attempt is made in this section to define and classify the
range of hypotheses which relate or 1ink street lighting to crime.-
First a framework is developed, then the hypotheses are classified,

and, finally, some related issues are discussed.

FRAMEWORK

A review of the literature concerning street T{ghting and crime,
and brief conversations with individuals working in thé areas of crime |
prevention, lighting‘engineering and environmental design, reveal that
to daté there is. neither a general agreement on how to systematize a
the present knowledge of the subject matter, nor a research strategy e s
to refine this knowledge base. A frameWork is therefore developed in

this section for the classificatidn of all hypotheses that have been

identified to date.
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LAs indicated in Exﬁibit 2.8, cne can diVide the independent and’ |
dependent variables into broad categories, including c]assificagion of
~dependent variables into attitudes, behavior and cri&e.‘ Also checked .
off in,Exhibit 2.8 are the Zinks among the variables which have beén
~established by existing hypotheses. For example, ;he fifsﬁ check |

in the Exhibit 2.8 matrix defines a link between’]ight quantityﬁahd‘
citizen aftitude., In this regard, a hypothesis can be defined'&s |

a set of oné or move links. The simplest hypothesis cpnsists of

a single Tink, as in the hypothesis which states that "1ightggu§ptity
affects citizen‘é attitude." An example of a more comp]exﬂny#bzhesis-
coﬁtaihing‘two links is that "1ight quality affects'ciﬁizenhﬁehévibr
(primary link}, which 1nvturn‘affects crime (secéﬁdqry link).“ 'it may
be seen from this example that the designation "dependent variable"

in Ekhibit 2.8 must be regarded flexibly since "citizen behavio}%
changes from being a dependent variable in the first link to‘ahhg
independent variable in the second 1ink. In a similar manner, ép
‘independent variable such as "street lighting quantity" cou]d_béfviewed
’as a dependent variable; for example, an increase‘invcrime'kate'in a.
g1vep area could lead to a decision to 1nc1Ude that aréa:in a r@éighting
program; Finally, the dependeirt vr independent variablé conid bé'a
‘bombinaiion of two variables acting simultaneously, as in "Streét lights
_and increased police patrols reduce crime."
Avdetai]ed'CTassification‘anu“Yisting of hypotheseSIfollowsfa

discussion of the independent and dependent variables. A

”
-




EXHIBIT 2.8

fmatrix of Key Variables Basic to Street Lighting and Crime as Discussed in Available Literature '

DEPENDENT VARIABLES

Variables

INDEPENDENT Attitudes ~ Behavior ~ Crime
VARIABLES Citizen Criminaf Police | Citizen| Criminal Police> Opbortunfty Level Displacemenf
Light Quantity . X X X X X X X X
Light Quality X X X X X X X X X
Environmental
Design X X X X X
Related Police X
Activities
Intervening’ | X

6€-2
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Independent Variables

The individual variables falling within the independent variable
classification are shown in Exhibit 2.9 under the headings light |
quantjty,,1ight quality, environmental design, related police activities
‘and ihtervenfng variables. L |

The most common group of independent variables are those associated
with'Light QUantify; they may include either quantitafive measurés of
.illumination or some proxy for it, such as the average number of street
Tights visible from the sidewalk, whether an area or bléék is included
iﬁ a relighting program, or lamp type (incandescent, mercury vabor,
high pressure sodium, etc.). Measured illumination Tevel may also
be approximated by the rated f]]umination level for the total system,
~either allowing for lamp and luminaire depreciation or not.

‘Light Quality is used here, as in the preceding section, to
designate other properties of a street lighting system's difect output:
uniformity, gradient, existence of dark areas on walkways, lamp type,
color, glafe, visibility, and overail street lighting patterh--arterialv

~ versus areal. | |

Environmental Design variables reflect the awareness of many

authors thét crime patterns are to some extent, although not entirely,'
a function of the environmentX Similar]y,'Related Police Activities
are recognized as affecting the potential crime deterrent properties of

street lights, as are a number of éther Intervening Variables.

Dependent Variables

- Although the focus of this report is crime, it is impossible not

to 1ncTUdé other dependent variables in the discussion, since many

* This subject matter is discussed in more detail in Section 3.4.

A
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 EXHIBIT 2.9

Some Independent Variables

Environmental

Intervening

lighting

: K ' “Related Police
| Light Quantity | Light Quality Design Activities Variables.
Horizontal Uniformity Land use Police patrol Temperature
illumination , : o level of g '
: Gradient Street type activity Season
Vertical . (major, col- T
illumination. Existence of lector, lo- Police patrol Street
- | dark areas on | cal, alley) tactics - price of
Number of pedestrian ' : drugs
street lights walkways Distribution Other crime '
‘ . of targets prevention
Area or hlock Lamp type . ‘ programs
relit (yes/no) : Provision of
Color cover for
Lamp type : potential
Glare offenders
Visibility Encouragement
of citizens'
Arterial or territoriality
areal
pattern Exterior
building
lighting
Interior
building




2-42

hypotheses consist of a series of links invo]ving the perceptions and
~attitudes of ordinary citizens, criminals and police; the behavior of
" these actors; and the changes inkcrime pattefns. Moreover, as noted
“in Section 2.1r§ome authors consider changed attitudéﬁ aione to‘bé'aA
goai 6f streerJightiné. Finally, since it is‘seen.ih Section 4 that
there ére mahy reasons to doubt whether simp]e‘correiations of.stréet
Iighfihg and crime can ever be put on a scund methodoiogica] footing,
some Eonsidératibn must be given to the detailed]links by‘whicﬁ,strEet
'*1i§hting interVengs in crime patterns. Accordingly, dependent variables
~ are grouped into thekthree broad categories of attithdes, behavior "and
crime as shown in Exhibit 2.8. Individual attitude, behavioral
and crime variables are displayed in Exhibits 2.10, 2.11 and 2.12,
respectively. For convenience and reasons of logic, the attitude}and :
behavfﬁfa] variables are listed under citizen, police and crimihal ~
headingﬁ; and crime variables fall under the hgadihgs of opportuniiy, -

“level and displacement of crime.

CLASSIFICATION OF HYPOTHESES

O 'Apart from the mere descriptive convenience éfforded by classjfying
the large number of hypotheses appeaking in the 1itérature,‘aﬁofher end
is served as well. This is to enable a comparison between thé lfnks' |
which have been proposed to account for the effects of Streef IightS'dn ‘
crime énd thbse which‘haQe been tested by existing evaluations. It iS‘l
seen that many such proposed links remain unekamined, a situation which
raises .the isgué of the scope of a desireable abpréach to the

evaluation of street 1ighting. Thus, the classification of hypotheses
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EXHIBIT 2.10

‘Some_Dependent Attitude Variables

CITIZEN ATTITUDES

CRIMINAL ATTITUDES

POLICE ATTITUDES

Sense of fear

Perception of reduced
crime

Perception of street-
lighting improvenents
Perceptibh of how

well 1it streets and

- sidewalks are

 Number of anti-crime

measures taken to

- protect: home

Stigmatization of area

by high intensity
streetlights
Environmental
legibility

Ambience: sense of
appropriateness

Perceived visibility

Perceived risk or
vulnerability

Sense of fear

Perception of reduced
crime S




&
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EXHIBIT 2.11

Some Dependent Behavioral Variables -

CITIZEN BEHAVIOR

CRIMINAL BEHAVIOR

POLICE BEHAVIOR

Use of streets or
parks

Commercial area busi-
ness aclivity

L Ability to see and
- evade criminals

Ability of victims
“ or witnasses to
identify attackers

Likelihood of a
witness intervening

“Number of witnesses

Visibility of
criminal

Ability to surveil
potential victims

Ability to detect
potential witnesses
in darkened areas

"Light-hardening"

Criminal background

Patrol tactiCs
Patrol effectiveness

Patrol surveillance
of potential victims
and offenders - ‘
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EXHIBIT 2.12

Soine Dependent«Crime Variables

" OPPORTUNITY

LEVEL

- BISPLACEMENT

Risk of apprehension

Opportunity for
"secrecy," i.e.,
cover for potential
offenders

Crime rates for
stranger-to-stranger
crimes by street/ .
nonstreet, night/day,
residential/commercial
and relit/unrelit
blocks

Arrest rates

Conviction’rates

Spatial displacement

Target displacement
Temporal displacement

Functional displace-

- ment .

,Ta¢tica1»disp1acement
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1

_given in this section provides an understanding of reasons for the

various methodo]ogical approaches that are discussed: in Section 4.
Exhibit 2.13, following the framework outlined above, shows the
eight hypothesis categories within which most, if not all, of the known

‘hypotheses can be included. Except for cagegories D and E, the hypothesis

- types each consist of a Single 1ink. Category D contains two and

category E cdntains three links. Exhibit 2.13 shows which variable

‘types are linked by each hypothesis category.

It should be recalled that each hypothesis category inc]udes-as
variety of individual hypotheses (i.e., Tink(s) betweentindividual'
variables). Thus, the hypothesis category A includes the hypothesis,
"Street lights have a differential effect on commercial énd residential
burglaries." For convenience, Light Quantiﬁy and/or Quality is used
throughéut as one variable, even though the previous discussion of

variables treated them separately. This choice was made because although

conceptually Tight quantity and quality are different entities (and

should be treated as such in future evalutions), few studies‘explicitly
separate the two and refer simply to the generalized lighting outputs
of street lights. ‘

Using the above-described classification of hypothesis categories,
Exhibit 2.14 Tists all the hypotheses that have been gleaned from the
available literature (see Exhibits A.1 and A.2), and from those individuals
who have been contacted (see Exhibit A.3). It should be noted that
the'detail in this exhibit goes from the more genera1 towafds the more
specific, as for example, in hypothesis A.6, which is followed by A.6.1,

specifying locations and crimes in more detail.
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PXHIBIT 2.13

Hypothesis Categories

Definition of Hypothesis Categories as Défined by Link(s)

4

L3

,Light Quantity and/or Quality affects Crime.

Light Quantity and/or Quality affects Attijtudes.

Light Quality or Environmental Design affects Behavior,

Light Quantity and/or Qua11ty, or Environmental Design affects '
Citizen Behavior (D;), which in turn affects Crime (D2). 7

Jr

~ Light Quantity and/or Quality, gg_Env1ronmenta1 Design affects

Citizen Behavior (E;), which affects Criminal Attitudes (Ez) which
affects Crime (Ei). .

Light Quantity and/or Quality, and Other Independent Variables
together. affect Cr1me.

Light Quantity and/or Quality and Criminal Behavwor together affect
Crime. ,

Light Quantity and/or Quality, and Environmental Design and Citizen
Behavior together affect Crime.

W

RN
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EXHIBIT 2.13 '
Hypothesis Categories
(page 2 of 2)
(b) Hypothesis Category Links as Displayed in Variable Matrix
DEPENDENT VARIABLES N
INDEPENDENT - Attitudes , Behavior | ~ Crime |
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Intervening | F
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EXHIBIT 2.14

Summary of Street Lighting and Crime Hypotheses

| ngothesis ~Reference(s)
A. Light Quantity and/oy Quality Affects Crime \
A.i Street lights reduce crime. A.1-5, A,1-76
v , , A.1-91 and A.2-53
A.1.1 Street lights reduce crime more in relit A.1-40, A.1-76

blocks than in adjacent non-relit blocks,
the overall city, or other comparable areas
w1thout improved lighting.

A§2 Street 1ights, above a specific minimum threshold : A.1-40
Tevel of light, deter crime. :

A.3 Street lights: reduce crime up to a spec1f1c maxi- : 'A.2—48
mum threshold level of 11ght, which may vary by o
community.

A.4 Illumination level, uniformity, lamp type, iilumination A;]-QO,,A.2-19
- gradient and other quality parameters determine the - .
amount of crime prevented

A5 Sgreet lights reduce d1fferent cr1me types by different  A.1-40, A.1-54
agrees.
A. 5 1 Within relit blocks, street 1ights reduce n1ght A.1-40
: street crime more than n1ght non-street or day : o

street crime. -

A.5.2 The decrease in night street crime after re: A.1-40
tighting, relative to night non-street or day
-street offenses, is greater for relit than
for non-relit blocks. ; .

A.5.3 Street lights have a differential effect on - A.1-40

commercial and residential burg]ar1es
A 5. 4 Within night street crime, robbery is redueed “A.1-40
the most by street 11ghts . S
A. 5 5 The crimes to be reduced by street 1ights are A.1-3, A.1-15,

night robbery, ord1nary, serijous and aggravated - A 1-16, A.1-76
assault, burglary, rape, theft, vandalism, petty ~and A,2-114
1arceny, breaking and entering and murder. H

A.6 A portion, but not all of the decrease in night cr1me,re- A.1-3, A.1-40,
sulting from street lights is displaced. A.1-54, A.1-56,
A.1-76, A.2-3,

A.2-95 and

A.2-105

Iﬂggg: "Street 1ights" are defined in this exhibit as either an increase

in street lighting over time or the presence of street lights in
-some areas as opposed to others, unless an 1nd1V1dua1 hypothes1s
1s more specufxc ;

Iam T
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A6

A.6.2 Street lights displace night crime from relit
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EXHIBIT 2.14 '

(Page 2 uf 4)

Hypothesis

D1sp1acement effects of street 11ghts'vary‘by
type of crime and setting (to which crimes are.

displaced).

to non-relit areas, from night to day, from

street to non-street and to.other crime types.
Street lights displace some night robbery
and assault to adjacent non-relit areas.

A.6.2.1

hensijon.

A.7.1

A.7.2 Street lights illuminate areas where potential

Street lights reduce the opportunity for "secrecy"

Street lights increase the risk of detection and appre-

(i.e., cover for potential offenders).

attackers may hide.

B. Light Quantity and/or Quality Affects Attitudes
B.1 Street lights increase citizens' and police officers’
perceived security.
B.1.1 The overall lighting pattern can increase
perceived security, safety, ambience
(i.e., sense of appropriateness) and legibility
of environment.

B.1.1.1 High visibility within the "public dis-
tance threshold" increases perceived
security.

B.2. Citizens are aware of improvements to street lights.
B.2.1 The number of street lights in an area in-
: creases the perception of how well 11t the
area is.
B.3 After installation of street lights, po11re perce1ve
~a reduction in crime. |
C. _Light Quality or Environmental Design Affects Behavior -

c.1

Glare prevents criminals, citizens and police from
seeing beyond lighted areas.

C.2 Changes in environment increase pedestrian traffic.

Reference(s)

A.1:40
A.1-40
A.1-76

A.1-40, A.2-117

A.2-55

A.1-40

A.1-5, A.1-38,
A.1-54, A.1-50,
A.1-79, A.2-2,
A.2-3, A.2-35
and A.2-92
Al-N

A.2-71

A.1-79

A.1-38, A.1-79

A.1-54

A.2-26

A.1-40
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EXHIBIT 2.14

(Page 3 of 4)
Hypothesis

- D, Light Quantity and/oh‘guality, or Environmental Design, Affects
Citizen Behavior (D,), Which in Turn Affects Crime (D)

D.1 Street lights increase street use, wh1ch 1eads to
crime reduction.

D.1.2 Street lights increase the 1ikelihood of
citizen intervention, which reduces crime.

D.1.3 Mercury vapor light quality reduces the use
of streets and the likelihood of citizen
intervention, which may increase crime.

D.2 Street lights. increase potential victims' ability
to see and evade attackers, which in turn reduces
crime.

D.3 Street'11ghts increase potent1a1 victims' ability
to 1dent1fy criminals, which increases the apprehension
and conviction rates.

D.4 Street lights increase police patrol effectivenes:z
in detecting potential crime and crime in progress,
which reduces crime opportunity and increases
apprehension, respectively.

D.4.1 Street lights prevent crime only if there
is a probability of detection.

D.5 Light in building perimeters and interiors makes f
criminals more visible. . i

D.6 Effective environmental design increases the likeli-
' hood of citizen intervention and criminals’' vulinerability,
which reduces crime opportunity. ‘

E. Light Quantity and/or Quality, or Environmental Design Affects

-y

Referéhce(s)

A.2-13, A.2-99
and A.2-105
A.1-40, A.1+74,
A,2-35, A.2-53,
Aﬂ?;"]OGs .A-z"] 10
and A.2-114
A,1-56, A.2-3,
A.2-13, A.2-35,
A.2-92, A.2-105,
A.2-110 and A.2-114
A.2-71 :

A.2-34

Citizen Behavior {E,), Which Affects Crininal Atf1tudes (Fz) Wh1ch '

in Turn Affects Crime (E3)

E.1 Light quantity and quality makes intruders more
visible, which increases intruders' perceptlon of
their own visibility or vulnerability, which in
turn prevents crime.

Light Quantity and/or Quality, and Other independent Environmental

Variables Together Affect Crime

]

A.1-40, A.2-26
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EXHIBIT 2.14

(Page 4 of 4)

Hypothesis B Reference(s)
F.1 Street lights and all other lighting together A.2~35
reduce crime. ‘ ; ‘ ;
F.T.1 Street lights and 1ighting the rear of . A.2-110

buildings together reduce crime.

F.2 Street lights and land use (commercial versus - A.1-40
-+ residential) together determine the amount of ‘ ;
crime reduction. v

F.2.1 Street lights in arterial streets, local £.2-12

streets, alleys and off-street areas re-
duce crime. 0
F.3 Street lights and increased police patrols preveant _ :A.2-117
crine. .
F.4 Street lights and lower temperatures reduce crime, A.3-10

G, lxght Quantity antdper Qua?nty and Criminal Behavior Together
Affect Crime

G.] Street lights and nature of criminal background (i.e.,  'A.2-96
professional versus amateur) determine the amount
of crime prevented.

6.2 Street lights deter .cngms unts) criminals become ; _ %.1-40
"Tight-hardened". :

#. gwght Quanthy and/or Quality, and Environmental Design, and
Citizen Behavior Together Affect Crime _

H.1 Street lights and lighting of backyards and citizen A.2~T14

surveillance together prevent crime and contr1bute K
to offenders' appyehemsion, 3
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RELATED ISSUES

In a sense, every untested hypothesis is in itself an issue; stating

a matter over which there is cont%ohersy. However, the significahce'
of any individual hypothesis lies not so much in its own possible
validity, as in its relationship to the who]elbody of knowledge in' the
field of chime prevention and street lighting. An examination of the
overall structure into which the phesent set of hypotheses fits raises
three issues of importance to this Phase I eva]hation effort:

* the need for a better evaluation approach; S

« the problem of hypotheses which cannot be
tested; and

« the question of the completeness of the
structure of hypotheses.

Need for a Better Evaluation Approach

The first issue arises out of the fact that hypotheses about the
effect,of street 1ights on crime are divided into those that simply
‘ predict‘an effect on some crime-re]éfeduvariab1e, and thdsesthat 1ne1ude,
in whole or in hart, predictions of the effect of street,]ighting on
1ntermed1ary attitudinal or behavioral var1ab1es. Mdny of the hypotheses
listed in Exhibit 2. 14 do not predict a reduction in crime, since they
refer to attitudinal or behavioral outputs other than crime. Still
~ others predict crime reduction or displacement thrbugh a specified}series
of intermediary attituﬁina] or behavioral effects. Thesefhypotheses
consist of a series of predicted 1ihks between 1ight and attitude,

attitudé and behavior, behavior and crime, etc., and are fundamentally

[}
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different from hypotheses of type A (see Exhibit 2.14), which do not
model 6r specify the reasons for the predicted effects of street lighting
on crime, Although the first class of hypotheses addresses the “bottom
t1ine" of the street lighting and cfime rélationshib, it is by no‘meansi

clear that continual refinement of the statement of these hypotheses

will result in tests which can answer the implicit question, "Do street
" Tights deter crime?" | |
Even if the question could be answered unequivocéT]y, or even con- :
ditiona]ly, the importgnt question of how street lights affect crime |
would also require an answer. Just as answering the question of |
’ gngghgg street Tights reduce crime is important in decisions regarding 1
the allocation of 1aw enforcement resources, a knowledge. of how th{s {
effect takes place is necessary for the specification of project charac- |
teﬁiétics to optimize the desired results,
It is intéresting to note that evaluations in the parallel field
of street Tighting and traffic safety have begun to address both the
- whether and how questions. While much has been and is being written
about the "bottom line" traffic safety aspects of street 1ighting
[A.2-6, A.2~{3], a great deal of effort has also been made by the
vUniteq States Department of Transportation (DOT) to direct’reééarch
towards such areas as performance criteria for lighting system designs,
. measures of,visibi]ity'and driver comfort under vériab]e}envirdnmental

conditions and definition of driver visibility requirements [A.2-72,
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A.2-79].* An analogous crime prevention research program might, for
example, be concerned with visual task requirements for pedestrians
and police officers, and with the development of corresponding'performance

requirements.

Testing of Hypotheses

The issue ofitestabiiity of hypotheses arises out of ﬁhe specificity,
or lack of it, used in the definition of many hypotheses. In order to
be tested, a hypothesis must be expressed in terms of measurable
variables, and must reflect a specific prediction_or outcome which is -
discernable from all other outcomes. Many of the,hypothesesrcOntained in
the literature fail to meet one or both of these criteria.

Some hypotheses fail to artieuiate a specificiiink to an outcdme,
and ‘instead merely assert that there exists'some relationship ameng
o a given set of. veriab]es. This type of assertion could be cehtradicted
by a iinding, for example, that‘resuits are a]Ways independent of ohe
or}more'of the candidate variables, but otherwise the'generality of the -
hypotheses indicates a lack of understanding. Even controlled studies,
which'go tofgreét'iengths to define sémp!ing prdeeques and etatisticai.
tests, frequently USEISUCh‘a;gPOSS measure Qf Tight quantity as "relit
versus nonreiit.biocg.ﬁr_whi]e an‘argument couid (and Shouid)‘be'made‘

against the creation of a false appearande of precision through the

*" ighting Needs, November 1975 Final Report,” prepared for the
Federal Highway Administration, Offices of Research and Development,
Washington, D.C., and "FCP Annual Progress Report, Year Ending June
30, 1976: hmproved Traffic Operations During Adverse Environmental
Conditions," copy obtained from Richard N. Schwab, Project Manager,
Environmental Design and Lontr01 Division, Federal Highway Administration,
Washington, D.C.

8
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introduction of sophisticated 1ight measuring instruments, there is
clearly a Wide range of choice available. The definition of which
measures should be used can be made only in relation to what best
serves the requirements of the evaluation design that is ultimately
chosen. The concern of measurability of variables extends beyond
light measures to concepts such as risk of apprehension, opportunity
for secrecy, land use, likelihood of citizen intervention, and many

others. This concern is also discussed in Section 4.2.

Completeness of Hypotheses

The question of the completeness of the set of hypotheses is
raised both by gaps in the variable matrix (e.g., the gap in the
environmental design and police behavior cell) and by the inhefent
dynamism of a long-range research program. In either case, one can
always be certain that new questions will arise Teading to new ways 6?
looking at street lighting and crime. This could only be préyented
‘if it were possible to stage one grand and final experiment whose
results would simultaneously define all the désign tradeoffs inherent
in the complex problem of street lighting and prime. It is obvious, how-
ever, that such a stalic view of street lighting research is entirely

unrealistic.




-3 _RELATED ENVIRONMENTAL.ISSUES.

)

| There ere'ihteractiOns between street'lighting systems end its |
'contiguous, larger env1ronment which are somewhat reievant t0 .a study of
‘f‘street lighting and cr1me. | | A ’

) These 1nteract1ons involve street ]1ghting and lts energy demand,

: its 1mpact on trees and shrubs 1n the env1ronment, certain Iega] 1ssues,
_and overall environmental des1gn considerations. W?th the poss1b1e '

- exception of environmental des1gn, none of these bears heavily,on ;he B

inherent ability of street Tighting to prevent crime. However, eaCh ofsf-"

- these. 1nteractuons may be viewed as piac1ng consﬁraznts on street llghting‘

system,d951gn.' These constraints, in turn, cannot be ignored when the
results of a street 1wght1ng and crime eva]uatlon are app]wed to des1gn
‘or resource allocatlon decis1ons | | ,

!n a sense, then, the 1ssues discussed in th1s sectlon are background,
.?issues. but’ it would be naive to ignore their 1mpl1cations when evaluatlng
._the 1mpact of street lights on crime. The four ﬂssues listed: abovesare

discussed in turn. '

3. ENERGY DEMAND | ,
S1nce the energy shortage of 1973 1974, v1rtua11y every system wh1ch
consumes energy has come under scrutlny for the 1dent1f1cation of possub]e‘
ffenergy savings, and street Ilghts are no exception. In fact, this ; :
1scrutiny is probably as much related to the conspicuomsness of street

‘1ights as -to the tota] amount of energy consutied.  The’ energy shortage )

' has also intensnfied pub!ic awareness that all energy-consuming systems o
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should be designed for optimumkefficiency, and the rising cost of energy

" has reduced the payback times for many equipment changes which weke,

prgvious1y uneconomical. | _
- Exhibit 2.1 shows that of'thé,tota] energy- consumed in‘ﬁhe United

States,~apbroximate1y 75% comes from sources‘other than electricity.

- Of the 25%‘consumed by electricity, 20% is for non-?ighting applications--

reSuIting'in,lighting consuming 5% of all energy. However, only 3.5% |

; of all lighting energy goes to street lighting, resulting in an énergy

~consumption equal to .18% of all U.S. energy.*

This sectioh briefly considers two questions associated with the
energy demand of street 1ightfng: (1) the possible occurrence of
"natural experiments" resulting from the reduction of street light -
output levels during the energy crisis, and (2)'an oVervfew of approaches

to energy conservation, including implications for street Tighting

~design.

| OPPORTUNITY FOR "NATURAL EXPERIMENTATION"

The questicn arises whether a reduction in street lighting outpUt",.

(i.e., a "brown-out") by a community during or after the energy crisis

broVided the conditions for retrospectivély determining a change in the

level of crime attributable exclusively to a change in Tight level. This

" *. An informative and somewhat more detailed descriptidn of street

‘lighting and energy may be found in [A.1-40, pp. 110 to 119]. -
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might appear fo be possible if a sudden decrease in street 1ight output
wereaccOmpaniedlby an increase in night‘crime. In order for such a
. “natural eXperimentd to be successful, however, three queétinps would
‘ have to be answered: How long was the duration of the experimenﬁ? Were
| there any concurrent, poss1b1y energy-related, changes in police patrol
activitwes? Were there any other energy-related changes in overall
crime patterns? |

Not unexpgctedly, in communitfes‘where street 1jght output was
reduced;v police and citizens were'especially sensitive to the’possible
public safety and'security consequences. As a result,']éca1 officials
have tgnded to p]ace'stréet‘lights high on their list of priorities for

restoration‘to’ear]ier'energy use patterns, and street light curtailments

have usually been brief, limiting the amount of available data. Fof

example ‘when a drought in the states of Washington and Oregon resul ted
' 1n a shortage of hydroelectric power and cutbacks 1n electrical usage,
officials acted after on]y two to four months to return 11ght1ng to! lts'
origwna! level [A.2- 39 No. 106 and 119]. The town of Rensse]aer,

' Indwdna, turned its street lights off completely, but, after four

- buswnesses were burg1arized in one mghts restored the 11ghting after
only two weeks TA 2-39 No. 105, A.2-75]. In general, pub11c safety
offwcna]s are unwu]]ing to risk citizens' llves or 5ecur1ty for the sake
of energy conservation and they usually feel: that it is, their duty to
argue against prograns for curtailing street 1lght As a result, 13

may not be possible to identify a municipality which curtailed street

1ight output long enough to accumulate statfstica]ly meaningful data.
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The survey of individual project interventions to be undertaken in the
balance of this Phase I evaluation effort will address this question.
The second question, that of concurrent, possibly energy~re]ated,

. changes in pol1ce patrol activities, is relevant in two respects On
‘the one hand, cutbacks in police patrols due to a shortage of ava1lab1e
fuel could have contributed to an increase in crime. On the other hand,
some police departments may have increased patroTS in dafkened areas
and eliminated or reduced‘eneréy savings as well as intervened in
the natural experiment.

A]though federal fuel allocation regulations during the energy

crisis provided for law enforcement agencies to feceive 100% of their
accustbmed consumption, actual allocations varied widely [A.2-74]. Some
police departments either had to curtail operations because of unavailability
of fuel, or had to institute energy conservation practices for budgetary
reasons, as the price of available fuel increased. Anofher factor that
could haveaffected police operations was in connection with plans for

“rolling b]ackouts“ufa technique to lower total electrical enérgy ‘
consdmption without placing an enduring burden on any one segment of a
cbmmunity Under this technique, various areas of the c1ty are d1scpn-
nected from e]ectr1ca1 ;erv1ce for two to three hours on a somewhat ran—
dom bas1s and with about a 24-hour notice. Exlst1ng federa] gu1de]1nes
for law enforcement agencies recommend the preparat1on of strategies
1nv01v1ng additional personnel for patrols and traffic direction [A.2-76].
Despite the existence of plans for rolling blackouts, the authors are

unaware of any that has actually been implemented., VYet, these plans do
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| reflect law enforcement officials’ awareness of the need -for extra
activity dur1ng a. per1od of reduced street Yighting. As a result, any
retrospective analysis of "natural experiments" would have to be able
to take police patrol activity changes into account.

Thé third que;tion, the impact of the energy crisis on crime
patterns, arises out of the fact that some, previously law-abiding,
individuals could be severely impacted, both economically,and
physically, and violent crimes are one possible expression of the
resulting frustration [A.2-77]. Raw crime statistics may also be -
inflated by incidents unrelated to the lighting of the night environment,
such as arrests during group protests or strikes pfovoked‘by the
energy shortage. Marital disputes and drinking-related problems are
also expected to increase reports of some crime types [A.2-75].

In'summary, although it may be possible to identify localities
where crime trends during a period of reduced street lighting can be
observed retrdspective]y in a natural experimentation sense, such an
evaluation would have to take into account the short curation of the
expefiment.’the changes in police patrol activity, and the independent,

energy-related changes in crime patterns.

APPROACHES TO ENERGY CONSERVATION

An examinaticn of the responses of municipalities'and the lighting
industry to demands for street lighting energy conservat1on shows that
the. solut1ons chosen by many municipalities have a direct influence on
street igghting design. It is seen that the earliest and simplest

energy COnsgrvation‘recommendations have in time given way to a more
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comprehensive approach which affects the entire street lighting system.
Therefore, thehigher the pridrity given to energy conservation, the more

constraints will be placed on street lighting system designs.

Reduction of Qutput

Four basic approaches to the reduction of street jight output are?
(1) keep alternate bulbs dark;

(2) turn all (or some) lights off after a certain

g
noilY,

(3) reduce the wattage, as with dimmer transformers;
‘ and ‘ :

(4)  replace higher-wattage bulbs with Tower-wattage
bulbs [A.1-40, p. 113].

However, the reduction of output is not the only, nor is it the most
‘reconmended, energy conservation alternative. A fifth approach,
increasing fixture efficiency, has been used with increasing frequenty
in recentvyéars. :

It is interesting to note that thg IE§5pub1ished twelve recommenda-
tions for maximum utilization of Wight{ﬁg energy -over a year Before the -
dimensions of the 1973-1974 energy crisis became evident. Exhibit 3.2
‘shows that the total systems approach of the 155; while not‘immediately
‘adopted, was eventually recognized by the federal agencies régdlating
" energy use. Thus, for example, despite an fnitia] emphasis by the

Federal Energy 0ffice on reduction of illumination levels, the recommenda-

tions of federal agencies soon shifted toward the use of mOre efficient
light sources and careful planning with a total system perspective.
B The availability of the higher efficacy, high-pressure sodidm vapor lamps

greatlyﬁgssisted the trend away from reduction of illumination levels.

§
\




Date

12/72

12/73

3/74

EXHIBIT 3.2

Some Street Lighting-Related Energy Conservation Recommendations

Source

I1Tuminating Engineering Society
(1IES) (Recommendations for
maximum energy utiliziation)

Federal Energy Office (Fact
Sheet on National Energy
Conversation)

Law Enforcement Assistance
Administration (Energy Report
No. 2)

Recommendations

- Design lighting pattern for expected activity
+ Use more effective and efficient luminaires
- Use efficient light sources |

- Select Tuminaires with good cleaning capability
and lamps with good lumen maintenance

- Provide flexible switching and dimming controls
* Reduce indoor illumination levels by approxi-

mately 50% in commercial and industrial
buildings

e Reduce street lighting energy use onlyv under
following conditions:

- as part of a comprehensive community
conservation program

- after review of sensitivity of crime to
street lights, with police and citizen
representatives

- after exploring alternative more efficient
1ight sources ‘

8-t
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11/74

12/74

Recomrengations

{
AN
chrﬁa
Federal Energy Office {Decreased
Itiumination of Highways: Guide-
» . %
Pine! .

Federal Highway Adm1n1strat1on
(Letter re: 1lighting on federal-
aid highways)

" Federal Energy Administration .

(Lighting and Thermal Operations
Guidelines: Energy Management
Action Program)

Federal Highway Adm1n1strat10n L.
(FHA Gu1de11nes)

- Reduce highway lighting erergy requirements by 50%
« Retrofit with more efficient }ight sourczss

« Maintain IES-recommended illumination levels as
maxima : '

« Reduce iilumination in proportion to daily traffic
density variation, while maintaining IES-
recommended uniformity ratio

- Maintain IES-recommended illumination Tevels and
uniformity ratios

Encourage efficient Tighting practices

Recognize that complexity of scientific, management,

engineering and architectural components limt
applicability of simple gujdeiines

Maintain previous 1ndoor iiiumination standards
as maxima.

Convert ‘to more efficient sources
Practice periodic cleaning and maintenance

Maintain previously recommended iilumination
levels and uniformity ratios

6-€



Date

6/75

Sources:

Sdurce

International Committee on

IMtumination (CIE) (CIE Statement

on Energy Conservatiocn and
Lighting) ' -

EXHIBIT 3.2

(paée 3 of 3)

Recommendations

.

[A.2-4, A.2-39 (Nos. 120, 122, 123, 129

Design for required tasks and needs of user:
population : :

Maintain recommended light levels

Select most efficient lamps, taking into con-
-sideration color rendering needs

Select efficient luminaires
Provide flexible switching and dimming controls

Establish adequate cleaning and maintenance
program

and 130), A.2-62, A.2-67 and A.2-75]

oL-€
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Increased Source Efficacy

thle high-pressure}sodium fixtures are‘mofe expensive than their
'1ess'efficient mercury vapor counterparts, conversion to‘thethgh4
pressure SQdiﬁm light sources has bécome feasible aS‘energy‘¢o§ts have
increased. Exhibit 3.3 shows that high-pressure sodium 1ahp§ produce-
more than twice the lumens per watt yié]déd’by mercury'vapor,‘and_five,[  .
times the visible Tumens per watt of incandescent lamps. Because of
this fact, many'cities have begun 1argegsca1e conversion‘from fncah}‘,

descent or mercury vapor lamps to sodium vapor, resulting in increased

§1lumination ]evé?s and decreased energy costs [A.1-12, A.1-17].  That

‘this is possible is illustrated in Exhibit 3.4. It is assumed that a

hypothetical downtown street is 1it with either a mercury vapor or .

high-pressure sodium system, each with identical luminaire mounting heights,

‘pole spacings and arrangemen*s. DespiteAthe greater total lumen ositput

of fhe mercury sourtes, the high-pressure sodium system consumes oniy -
40% of the ene%g& and yfelds 80% higher average illumination of the
road surface. The first of these two advantages results fromfthe higher
efricacy of .the high-pressure sodium source, whi?e the second is a .
result of the fact that the smaller size of the luaﬁnous element in 'the
sodium saurée‘permits better optical control ang‘hence Qreafer "uti1§zé&
tion"‘of avai]ablé light onto the road and sidewalk surféceé, inStead
of intq other dirvections.. Another advantage éf‘the high-pressure
sodium sys%e& is lower annual maintenance.cost.

These powerfu]_economic arguménts for the use“of'high-pressure
sodium sources have been well articulated by the_'lighting industry

[A.1-12, A.1-17, A.2-39, A.2-44, and A.2-107]. There are, nevertheless,

\ .
\ /



3-12

EXHIBIT 3.3

Relative Efficacies of Light Sources

! i 1 ¥ . T

Theoretical Maximum 673

220} ldeal white light

160 Low-pressure sodium

Light
Source

130 | High-pressure sodium

100] Metal-halide

e 1

80| Fluorescent

551 Mercury=-vapor

é} Incandesceht

1

. 1 ! i ; A
0 100 200 300 400 500 600
Lumens per Watt

Source: -[A.2-4]

_—
700




Comparisoﬁ'of Mercury Vapor
and High-Pressure Sodium

Street-Lighting Systems

Background Elements
‘(Hypothetica] Downtown Street)

&

Street width (feet)

* Mounting height (feet)

4

Number of luminaires
Pole spacing (feet)
Pole arrangement

" Input ETements

‘LUMens/1amp

Watts/Tamp

‘Process Elements

Source:

Efficacy (lumens/watt)

System energy consumption
rate (kilowatts)

Annual maintenance cost

Relative total initial
ipvestment/footcandle

"Relative annual cost/

footcandle
Average illumination
(footcandles)' ‘

i
¥

© [A.2-39, No. 102}

-t

150
"Opposite

‘High-Pressure Sodium

50,000
400

125

17.28
$380.00

1.00
1.00
5.09

Mercury Vapor

63,000
1,000

63

. 38.88
$853.00

1.70
2.62
2.8

e ek e o e e A
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other considerations which must‘be weighed. Given limited municipal
capital budgets, some citieé have repTacéd bulbs but‘nqt luminaires.
Because of the difference in the size of the Tuminous element in high-
pressure sodium, as'opposéd to mercury vapor‘1amps, a luminaire designed
for the Tatter may result in a very inefficient utilization of the light
- from a high-pressure sodium source. In particular, light at high angles
to-the road surface that was not objectionable with mercury vapor
sources may, with sodium vapor, produce unacceptable glare and illumina-
< tion of upper-story residenfial winddws [A.3-25]. ‘The use of luminaires
Jdesigned for high-pressure sodium lamps can overcome this problem, but -
at higher cost. " The City of Chicago is present1y re1ighting with
high—pressure sodium lamps and a luminaire especially designed to light
sidewalks as well as streets [A.1-17]. In another approach, the City of
Phi]adelphia reqdested a manufacturer to design a low-watt, high-pressure‘
sodium bulb which prodUces essentially the same total number of lumens
as the higher-watt mercury vapor bulb it replaced [A.3-25].
The issue concerning the negative reéctions that people Have to
“the color-rendering properties of high-pressure sbdium lights hasvbeen
intensified by the economic pressures in favor of conversicn to more
efficient sources. Both of these issues are importaht to the
crime-preveation performance of street lights and are discussed inr

Section 4.4.

Systems Approach

Both the IES and the CIE recommendations in Exhibit 3.2 point to an

energy conservation approach that is based on total system design, rather
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than on is&lated changes in equipment or practice. Tﬁis approach is, of
course, being utilized in other environments as wei]. For exampie, in |
new residential or office buildings, the Toté] Energy Managemenf’(TEM).
program, deVe]opedkby the National Electrical Manufacturers Asépciation

and the‘Natiénal Electrical Contractors Association, uses a tct&! energy =
budgét based on all energy consuming systems of a bdi]ding [A;??4]. One
of the key features ofvthis approach,znd of the IES‘and CIE recommendations,
is the design of lighting systems for ekpeéted activities, and the
reduction bf Tight in areas not relevant to those act%vities.

This leads to the queﬁtion.of how thféfeature'might;be ahp1ied

in street lighting. Tﬁe first step is the specification of required
act1v1ties, and it should be recalled from the discussion of hypotheses

in Sect1on .3 that there is as yet 1ittle agreement on wh1ch cr1me
prevention related activities are primarily supported by street

l)ghtlngf In effect the execution of a total system design which max1m1zes
enérgy eff1c1ency would require the results of the research agenda "
suggested in Section 2.3, i.e., answer to the quest10n of how street

1igh§§ can prevent crime. = Without this information, the spec1f1cat1on

of activities necessary for crime prevention will be highly speculat1ve.

The systems approach to street ]ighting”ehergy conservétioﬁ, thén;

can be seen as part of a comprehensive street ]iéht plan. As én,
_ i]lusér&tion of how thjs‘approach can lead to design solutions which
- defy “cbnveniiona] wisdom," a street 1ighting project in Norfolk, Virginia
'[A.]-l?j is briefly discu;sed here. In this project,'a street 1ight§ng

system in the Ghent inner-city residential neiéhborhood of Noffolk was
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relit with a design developed to differentiate streét types, pedestrian
paths and intersections in a clear visual hierafchy.,’One aspect of the
; desigh was the use in residential streets of ]ow-intensity Tamps mounted
on closely spaéed and relatfve]y low poles, using co]onial-sty]e
- luminaires. compatible witﬁ.neighborhoodcharacterfstics. The 6bje§tive'
was to use the money saved in operating costs of the ]ow-wattége system
for such desireable elements as aesthetically pleasing %néandescent
‘fsources, greater illumination uniformity, and better and more fixtures.
‘The design as described above résu]ted in illumination levels lower
when compared to what would have béen obtained with mercury vapor or
high-pressure sodium sourcesl‘ The very high level of satisfaction
demonstrated by a yser study after thchomp1etion of the project indicates
éhat "afficiency” may not be able to be measured simply in terms of its
effjcacy (i.e., lumens of output or‘footcandles of illumination per watt),
‘but may also require a cérefu] analysis of the tota1‘illumination 1eVef
required, Thén»if other design objectives can be met better by using
Tow-efficacy sources (e.g., incandescent), total energy cdnsumption may
be‘mihimiied without necessarily using the brightest'or most effjcient ‘
lfght sources. | | -

| Perhaps the most important conclusion to be drawn from this descr{p-
tion of IES and CIE standards, and the Norfolk, Virginia; e%perfence is
that guide]fnes can on]yﬂbe based on general princfp]es, and that detailed
p]anning'df street 1ighting can best be assisted by the resﬁ]ts of a
research agenda which continualTy refines the understanding of thoée

principles.
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3.2  ENVIRONMENTAL IMPACT

Another isSue which could act as a constraint on street lighting
System designs, regardless of the results of evaIUatfoné of street
11ght1ng and cr1me, is the 1mpact of street 11ght1ng systems on trees
and shrubs in their immediate surround1ngs Follownng experiments
performed at the United States Department of Agricu]ture'svAgricuitura7} 
Research Center in Be1tsv111e Maryland, a report was 1ssued by Dr.,H.‘~v
Marc Cathey which. suggested that street lights can 1ncredse ?he growth rate
of a plant, increase the plant's suscept1b1]1ty to air pollut1on and -
delay its dormancy in autumﬁ‘(which in turnvincreaéeg'the danger of

early frosts to the plant's health).*

CONTROLLED TESTS

'The above-mentioned effects were studied under Eontro11ed conditions
over a two—yéar period using five different light sdurceéonseedlihgs qf
‘twenty-two species of trees énd other plants [A.2—93]. Among the results'
were the‘fact that the three effects (i.e., on growth, poT1ution sénsifi-
vity ond dormancy) are most acute for incandescent and high-preséure'
swumlmms | 7 o | ‘I

Publication of these results has resulted in pub11c concern that h1gh-

pressure sodium 11ghts could damage existing trees and plants [A.1- 29

A.1-82, A.2- 113] If there is significant damage, a tradeoff wou]d

have to be made between safety and aesthetic 0b3ect1ves, and offlcials in

* Foramore complete discussion of this issue, see [A.1-38].
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Detroit, Michﬁgan, and RichMond, Virginia, have said that defihite
evidence of‘ﬁree dahage‘would Tead to a decisién to replace ﬁigh-
pfessure sodium 1ights witﬁ mercury vapor or incandéscent. Recently,
vNew York City has announced plans t0'coordinéte street and park

light installationwith the selection of more resistant tree varieties,

and with'scheduling plantings during dormant periods.

FIELD ASSESSMENT

’_ Inasmuch as the Cathey experiments were not fie]d‘tests, fﬁe City
of Chicago commiss%oned Dr. John W. Andresen, Professor of Urban
Forestryi at the’UniverSity of Toronto, to study the fie]d effects of
existiﬁg'lighting installations. The negative results of the study']ed
the City of Chicago to proceed with its relighting program. }
| On the other hand, in Dade County, Florida, conversations with
experts familiar with the situation indicates that several county com-
missioners, who are opposed to the high illumination 1éve1s'and light
quaiity of high-pressure sodium sources, have raised the issue of tree
damage to support their position.

Evidently this issue is not yet sett]ed, and may'continue tq affect

street lighting design decisions.

3.3 LEGAL ISSUES

Two significant dimensions of the legal environment of street
lighting are discussed n this section. First, the estab]ishment of
local building security ordihances, which extend the concept'of building

codes to include property owners' obligations to provide basic security

[}
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measures (including lighting), and, secondly, the possible civil

1iability of individuals or municipalities for damages incurred as a

result of crimina] activity following reductions in outdoor lighting.

"BUILDING SECURITY ORDINANCES

Baséd on the premise that physical planning can reduce criminal

opportunity, éome municipalities have introduced ordinances requiring
design or performance standards to be met by property owners to ,
facilitate crime prevention. The Law Enforcement Assistance Adminigtré—,
tionvhas awarded funds through both the block action and discretionary _
grant programs for the'design of secure public areas, and many df |
these pFograms include the drafting of model bui]ding_gecurity
ordinances. ' |

‘Tb‘the extent that such ordinances require some sort of indoor or
outdoor 1ighting, they result in effects on the overall design of the
énvironmeﬂtznd-on Who should pay fok the outdoor Tighting facilities. , |
As with all kegu]atory activifies, the monitoring of building security ° ‘}N; |
code compiiqnce also entails a certain amount of public expense and,

commitment. ‘ , ‘ B | Y

- The passage of bui]ding‘security ordinances inc]uding mandated -
privaté1y~funded Tighting may help to establish mdre firmly-ihé _ |
notioﬁ %hat‘both‘privateuproperty owners and municipalities ake exposed

to civil'liaﬁiiity for damages incurred by crime victims in unlit areas.




3-20

CIVIL LIABILITY

Municipal officials are sensitive to the @bssib]e‘crimﬁ~réiated
liability of cities which curtai1"street Tighting outpui. This sensi-
tivity and sense of obligation have ]imited.the,app11cation of energy-
conserving illumination reductions in a number of vities. '

‘At the present time, no cases are known in which munic%pa]?ties
have actually been found guilty of negligence for reducing street
lighting, but a search of cases performed by-James £. Rooks, ﬂﬂf} :
Pssistant Editor of the Association ofx2v$a5ﬂhawyers-%%ﬁﬁamﬁﬁxé%%ATLA)
reveals several 1n‘which a city or propeyr iy owner'mwy‘tﬁéur 3£L;ﬁ]ity
in other lighting-related situations. The City of Chicago Heﬁgﬁts,
I11inois, was held 1iable for injuries sustained by a motorist %% an
ihtersection with an improperly placed and glaring street 1ight. The
court did not, however, review the city's estimate of public neggs, its
discretion in'se1ecting a plan, or i%sfﬁﬁherent 1egisiatiya-pnwz?é.
Only the positive action which created a dangerous conditioﬁ was con-
sidered [13 ATLA News L. (1}-12 (1970)]. In another case, the Cit&
of Los Angeles was found 1iable for injuries sustained by a p]aﬁﬁfiff
who fell affer'thé parking lot Tights were suddenly extinguished‘

11 ATLA News L. 411 (7968)]. Private property owners have been held
Tiable for injuries and criminal attacks sustained by‘empiqyeé5é Church

members, tenants and customers as a result of missing or defective lighting.*

*[12 NACCA L.J. 167-69, 183-86 (Nov. 1953); 20 NAACA L.J. 732-33
(Nov. 1957); 11 ATLA News L. 276-77 (1968); 13 ATLA Hew: L. 30-,1, 93,
124-125 (1970); 15 ATLA News L. 379-380 {1972); and 17 ATLA New: L.
298-99 (L974)]. ‘
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In one of these cases, the widow of a police officer who was killed
while patrolling the rear of a store at which the owner had turned
- off the outside Tights successfully sued the store owner for

negligence imperiling the safety of an invitee [Fancil vs. Q.S.E.

Foods, Inc. 311 N.E. 2d 745 (11, App. 1974)]. Testimony in the trial -

of this ‘case-included an amici curiae (friends of the court) brief .
filed by the Americans for Effective Law Enforcement, Inc., the
I11inois Association of Chiefs of Police and the I]]incis Police.
Association, It is interesting to note that the}brief'cited two
studies which concluded that street light improvemeniécan réduce
commercial burglaries and assaults that are committed on commercial
properties [A.2-23]. This situation underlines the need for'aééuracy and
methoddlogicai‘rigor when reporting on the'crime pkevention effects
of street Tights. One of the studies cited in the brief shows no.
evidence of having addressed the issugS'of randomization, control sites
and test$ of significance [A.2-66, p. 10], while the other does not
‘specfficaliy address the question of off-street lighting [A;1;40].'

Another interesting. legal issue cohéerns'the ppssibility of

citizen suits against muniCipa1ities for failure to deliver equal street .

1ight1ng services 1n different ne1qhborhoods within the same tax1ng
,Jurigdiction, It 15 not unlike1y that, with the dismantling of
neighborhood advocacy programs, such as Model Cities, this issue will
emerge from the bureaucratic process into the 1egq} process, in»much

the same’ way that the movement for equal housing rights has evolved,
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3.4 ENVIRONMENTAL DESIGN
It was méntioned in the discussion of comprehensive p1annjhg in

Section 2.1 that street‘lighting master plans must integrate and

‘balance a set of widely differing objectives. The field of Crime

Prevention Thkough Environmental Design (CPTED) addresses the intgraction

: betwéen human behavior and the physically built environment. Many of

the hypotheses listed in Section 2.3 are concerned with this inter-

4‘éction* which4is based on the microstructure [A.2-26] and the macro-

structure [A.1-52, A.2-2, A.2-34 and A.2-71] of the environment.
In brief, the CPTED approach is based on the hypothesis that the

proper design ggg_efchtive use of the built environment can lead to a

“veduction in crime and fear and concomitantly, to an improvement in the

.quality of urban life [A.2-119]. Although the purpose of_proper,design

of the built environment is to indirectly elicit the desired human

“behavior pattern and the effective use of the built environment

"represents a direct influence on human behavior, it is the combination .

of proper design ggg‘effeCtivé use that symbolizes the strength of the
CPTED approach, leading to a synergistic outcome,‘where the éombinafidni
is more effective than the sum of its pérts. In terms bf street |
lightiﬁg, it might be stated that improved street lfghting a]nné
(réprcscnting a design strategy) is ineffective against crime,without
the cpnscious‘and active support of both citizéns (in reporting what
they see) and police (in responding and conducting surveil)ance){ in
sum, CPTED encompasses those strategies~-whether they be physical,

social, management or law enforcment in nature--that affect, either

)




{
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directly or indirectly, human behavior with respect to the built ' , '

environment.

Four design concepts have been noted within CPTED. [A.2-119]:

(1) access control, which is primarily directed
at decreasing crime opportunity and
operates to keep unauthorized persons out
of a particular locale;

(2) surveillance, which aims at increasing the
risk to offenders and consists basically of
keeping potential offenders under observa-
tion; '

(3) activity support, which involves methods of
reinforcing existing or new community
activities as a means of making effective
use of the built environment; :

(4) motivation reinforcement, which, in contrast

to the more mechanical concepts of access

control and surveiliance, is a correctional

concept that seeks not only to affect

offender behavior but also offender moti~-

vation--similarly, it seeks to elicit

positive, motivation-based behavior on the

part of the non-offender community.
- Depending on the environmental mode(s) of concern to a CPTED program
(e.qg., residential, commercial, school, transportation, etc.), design
concepts are integrated into a design strategy, ?eading'ultimately io
design directives and the creation or installation of relevant dés%gn
elements.

Although CPTED has not been proven to be an effective crime
prevention approach, the CPTED process is a powerful tool for con-

ceptualizing and implementing environmental interventions to attain
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~desired,goa1s. As with any.systematic approach, the usefulness of

individua] appiications (e.g., street lighting), depends on the goal

"statement and ‘on how carefully tradeoffs are madé between conflicting
goals. _

It should be notéd that street lighting is a key element jn the
CPTED approach. Thus, an evaluation of the impact of street lighting
on crime wi11 also significantly enhance the CPTED state'of knowledge.
In fact, any framgwork for the effective evaluation of streetviighting

would also be applicable to an effective evaluation of any CPTED

program.

P




4 RELATED EVALUATION ISSUES

This section draws on the material presented in the precedin?
sections and discusses the issues directly related to the design and
conduct of street lighting and crime evaluations. Specifically,
evaluation objectives, measures, metﬁodo]ogy and technology are
examined in Sections 4.1 through 4.4, respectively.

The evaluation issues highlighted in this section include only those
that are uﬁique to street lighting. Thus, for example, such eva]uati&n
issues as lack of ;n evaluation design, lack of data, unreiiabi]ity
of déta, etc. are not treated in this section, since, although they are

" pertinent to any crime prevention evaluation, they are not unique to a

-.street lighting evaluation,

4.1 EVALUATION OBJECTIVES

Although there is no universal agreement on the definition of the
term "evaluation," the one by Suchman [A.2-116] clearly states all the
major dimensions required for the present task:

The process of determining the value or amount of

success in achieving a predetermined objective.

It includes at least the following steps: . formu-

lation of the objective, identification of the

proper criteria to be used in measuring success,

determination and explanation of the degree of

success, and reconmendation for further program

activity.
It is clear from this inclusive definition of evaluation that most of
the studies summarized in Exhibit 2.7 fail to fall into the category
of true evaluations. With the exception of a ‘few, these Studies

usually do not idantify the criteria or objectives against which to
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- measure success and, hence, are not able to determine or explain the
degree of success, As a result, their usefulness in supporting recom-

mendations for further activity is restricted.

" One must keep in mind that the primary reason for performing;an

evaluation of a program is to facilitate decisions relating to fUrther 

program activity [A.2-35, p. 9]. For example, in evaluating law
_enforcement programs, the National Evaluation Program of the LEAA
includes the following objectives:
« To provide a timely, objective and reliable
assessment to Congress and the public of the
effectiveness of LEAA's programs.

» To extend our present knowledge and technical
capability in all aspects of criminal justice.

« To test criminal justice standards and goals
and, through critical research, refine and
evaluate them,
» To provide criminal justice administrators with
relevant information which they can use to
administer their programs more effectively.
Note that these objectives focus, as of course they should, on the

decision-making needs of law enforcement and criminal justice adminis-

trators and planners.

In the‘case of street lighting, one must broaden the set of"
evaulation objeftives to include the lighting objectives detai?ed in
Exhibit 1. 1-~name1y, secur1ty and safety, commun1ty character and
thalwty, -and traffic orientation and 1dent1f1cat1on Unfortunately,
in the actual conduct of a street 11ght1ng‘eva1uat1on, two problems
arise in.connection with fhe objectives. First, the objectives,.as

stated, cod]d,be conflicting. For example, security requirements
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might réquire ligﬁting levels that are in conflict with the community's
physical character. Secondly, the relative importance of the djvérse‘
objectives can change, depending on the funding source. Thus street.

" lighting can be billed as a beautification program if funded by a bond
issue; a safety program if funded by the Department of Transportation}
or a seéurity program if funded by the LEAA. Conseqhent]y, any
.effective evaluation design must remain flexible enbugh to take into

- consideration, possibly, conflicting and shifting program objectives.

| Once the program objectives are formulated, evaluation measurés
can be defihed and subsequently assessed. The next section considers
some issues dealing with the actual measurement of such measures, while
Section 4.3 considers the manner in which the measures are used to

assess street lighting projects.

4.2 EVALUATION MEASURES

This section addresses a number of issues relevant to‘the measure-
mént of the variables linked by the hypotheses classified in Sect%on 2.3.
The discussion parallels that section's categorization of varjables, and
examines the measurement of the independent and depepdent variables. |
The manner in which data pertaining to these variables is Ar might be

used in evaluations is discussed in Section 4.3.

INDEPENDENT VARIABLES

The quantitative and qualitative measures of light are first

examined, and then the remaining independent variables are addressed.
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Light Measures

| VI
- Sections 2.1 and Appendix B contain a discussioneof the Tight
quantity and quality variables which are used by lighting enginéers |
v'in the description and design of street lighting systems. These variab1es
may éollective]y be referred to as photometric variabTes. In general,

it is time-consuming and somewhat expens1ve to measure the yarygus |
photometr1c Var1ab1es. For example, the measurement of horizonial
iilumihation requires a complex procedure in which measurements;afe

taken every ten feet along the center of each lane,:andﬁaétaVﬁeézinfor-
mation is recorded on the descr1ptlun and cond1t1on ﬂf %xzas amv:
Tuminaires, pole mounting height, spacing and arrangement fﬁ1zaqe 7
1nterference and existence of extraneous light sources IAw?-SDJ,' Given |
this data, average illumination, uniformity ratios and isolux diaerams

can be generated and compared with stated specifications. Co11ection'

of the data over a period of 1:me can enable the measuremeat oF .

system deterworat1on Interviews with municipal officials 1nd1c;te

that this type of measurement is made only rarely, and usually only

in a test installation. It is therefore unrealistic to expect ai:curate
illumination or other photometric data to be available for eva]bition
_purposes unless the evaluation design and budget‘exp1icitly provide

for it.

In another approach, a system was deve15ped to be mounted on a

vehicle and to record automatically both the illumination level on the
street and, indirectly, the illumination of the sidewalk area adioining

the street, as the vehicle prneeeded down the sireet [A;Hlaﬂ;gaQI 181-183].
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This system was quite expensive and problems were encountered in
obtaining stable performance over the‘range of illumination levels
found in the fieid. There aré now packaged systems available for
direct measurement of illumination level, which are thought to be more
reliable and which do nbt require‘expenditure}of development coéts
[Ibid., p. 183].

It is not clear, however, from the present degree of refinement of
hypotheses, which photometric measures should be recorded. = I7lumina-
tion level, taken qt enough points on the road and sidewalk surfaces--
not merely the center of the lane--allows a comparison of system
performance with IES standards. Yet, many hypofheses,'and a number
of experts consulted, suggest that other photometric measures, such
as road surface luminance, glare and color rendering index, may be more
relevant to street lighting evaluations than illumination. In order

to make this determination, hypotheses will have to be formulated

which link objective photometric measures with attitudes or behaviors

whose measured values can be Qnambiguously attributed to the 1ighting
variables in question.

The justification for the use of gross measures.of light such
as "relit versus nonrelit block" lies in the assertion that sincé
data showing both the exact location and time of each crime are not
generally avai1ab]e,.correspondingly detailed infofmation on light
parameters would therefore be superfluous. Instead, some geographical
entity, such‘as a block or census tract is chosen; areas are

categorized according to some overall light characteristic (e.g., Tumen
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“output) and variations within these areas are considered to be random.

A second issue concerning 1ight measures can be characterized as
photometry versus radiometry, and can be relevant once true photometric

‘Jight variables have been chosen for use in an evaluation. It is

‘common practice to measure illumination and luminance, and therefore

all measures derived from them (e.g., uniformity, glare, visibility,
etc.), using so-called "color-corrected" meters. 'These meters emp]oy’

a filter whose Tight transmission properties, as a funCtion’of wave-
length (i.e., co?or), vary in a way which approximAtes the requnsé of
the human eye to different wavelengths. The term phétometry applies

to such measures, in contrast to radiométry which characterizes measure-
ments weighting all wavelengths equally: The human eye is approximateiy

five times as sensitive to green light as to violet or yellow light,

when adapted to nighttime 1light levels (i.e., scotopic vision), and,

when adapted to daytime levels (i.e., photopic vision), is five times
as sensitive to yéllow,]ight as to blue or red [A.2-24, p. 18].
The issué which has arisen is that, although the coloh-correcting .

filters are relatively accurate on the average over the whole spectrum,

and therefore are suited to measurement of sources with continuous

spectra, they may be inaccurate when used with line spectrUm sources

such as high-pressure sodium or mercury vapor. The problem stems from

the fact that an error at one particular wavelength in the response of
the "color corrécting"‘fﬁ]ter, relative to the human eye's response,
would not be compensated by errors in the opposite direction, since all

the 1ight is concentrated at a few wavelengths [A.2-9, p. 150]. Research

\
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is presently being conducted on this quest1on and the resu]ts will be

significant for any evaluation which requmres comparison mf the light

quantity or color-rendering properties of different 11ght *ource types.

‘Other Independent Variables

An examihation of the other indepéndent variables basié to the
street lighting and crime hypotheses leads to the conclusionfthat,
while some are at least capable of quant1f1cat1on (e.g., 1and:use,
" street type, pol1ce patrol tactics, temperatuwe etc.), otherg;eitheﬁ
are not quantifiable, at least not without furnher research (eyg.,
concept of territoriality), or are relevant only to a level ofi
geographical detail not commensurate with presently avai]ab]e'crime
data.

Even one of the apparently well-defined environmental design
measures, land use, should be more closely examined because actual land
use in many areas is a function of the time of day, while traditiqna]

v classification systems may not reflect the fact. For example, a street
may be used for retail shopping during the day, but for entewtainmént
and illegal activities at night.

Because most lighting and other independent variables are
susceptible to such wide range of definition, a negative result obtained
in the test of a hypothesis may only mean that the wrong measure was
used fdf the concept that the hypothesis was formulated to address.

- Finally, another set of independent variables thét should be
~ considered involves project management heasures. Since street lights

require the expenditure of large sums of money for the installation of




equipment which‘wi11 affect the environment fok a long time, the
‘managemenf of street lighting projects is a relevant subject for
evaluation. Toward thﬂs end, the def{nitionféf‘managemenﬁ objectives
js essential to the evéﬁuation design. The Newark, New Jersey,

stréet lighting evaluaéion design is an example of a system in whicﬁ
management evaluation is included at the outset‘[A:1-55]. The experi-
.enées of Norfolk, Virginia [A.]-ZZ] and Cleveland, Ohié [A.23] may be
cite& as examples where close monitoring of the project management
process would have been helpful. In both cases, ove?runs occurred due

in part to lax management.

DEPENDENT VARIABLES

Attitudinal, behavioral and crime-related measures are considered

in this subsection.

Attitude »

In terms of the serviéé rendered, street lights may be justified
as much for causing a reduction in the fear of crime as for reducing
crime itself. Also, a number of hypotheses state‘that the attitudinal |
changes brought about by street lights cause change;~in crime in;idence.
However, a general cautionary note should be borne in ﬁind in connection
with attitudinal measures, in particular, with measures of the fear of
crime. - ‘

The National Crime Panel of the LEAA has attempted to include

measures of the fear of crime in its victimization surveys, but the
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results have‘hever béen published, owing to the Panels' lack of confidence
in the available techniques. The problem stems from the inability to
ask the question di%ect1y: "fear" is a term that brings out different
‘ feelings in different persons. The alternative approach is to use
various proxies for the fear of crime, such as how often the respondent
goes out on the street alone at night. Then a new problem is created,
which is that all proxy measures of fear are subject to being influenced
by other variables, such as land use or economic status of respondent.
In any case all such proxies stand for a Variable whicﬁ has no
indepeddent, object}ve definition. It may well be that a careful
analysis of this problem would lead to the rep]acement in the hypotheses
of all intermediary, attitudinal variab]es-with behavioral onés, such
as pedestrian traffic, commercial activity, frequency of witness inter-
vention, etc. Actually, attitudinal studies are being used with
increasing frequency as a source of user feedback for the purpose of
design evaluation. Many municipal officials interviewed reported spon-
taneous expressions, usually, but not always, of satisfaction, from
citizens in relit areas. The Norfolk, Virginia, evaluation is an
eXplicit_attempt to obtain attitudinal information to assess how well a
design met its objectives., User-oriented evaluation‘studies preéent]y
‘being funded by the U.S. Department of Housing and Urban Develppment
and the Department of Health, Education and Welfare are likely to
generate methodological cbntributions relevant to the evaluation of

street 1ighting and crime.
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Behavior
| Many of the hypotheses expressed in the literature and summarized
in Exhibit 2.14 assert a direct effect by various street lighting pro-
| perties on human behavior. Moreover, subjective reactions to 1ighting
environments are known to be quite varied. For example, one individual
has claimed that high-pressure sodium street 1fghts produce advérse
psycho1og1ca1 effects, ranging from destruct1on of a sense of térritori-
a11ty and reduced pedestrian use of streets to headaches, d1sor1entatvon,‘
~depression and suicidal tendencies [A.2-39, No. 127; A.2-95; A.3-23].
On the other hand, these same lights have drawn pbéise [A.2-39, Nos. 125,
128, 130]. The question arises, theréfore, whether any systematic
studies have been performed which can help to clarify this issue. Are
there fundamental human reactions to the way the environment is 1it?
Bettleheim claims that: |
Darkness brings out the violence in a sick
person and likewise, the basic fear of the
dark contributes to the likelihood of an
innocent person being victimized [A.2-108, p. 12].

A review of the 1iterature in the field of envfroﬁmentaI psychology,’
while_not révea]ing a direct answer fo this question, suggests several
approaches to its answer. First, studies concerned wifh the ihpact of
iight on human behavior are quite limited, and are generally restricted
to the observation of automobile driver performance [A.2-5, A.2-27, A.2-64].
Second, an indirect approach is suggested by the preva]eﬁce of studies

re’atwng to Spat1a1 characteristics and behavior. For examp]e,

behavioral traits such as termtomahty, dommance, space and contact
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behavior, crowding, orientation and communal behay{or may be affected
by the delineation of spaces by lighting [A.2-27].

 Recent experiments conducted in the fields of traffic saféty,
building security and indoor illumination design suggest experimental
tools for measuring the41ighﬁ-behavior relationship. Traffic safety
- research emphasizes the definition of tasks whose performance a
lighting system is expected to affect. Even though objective obsérvations
of crime in progress as a function of Tighting cannot be.readily
performed, it may pe possible to define tasks which are, at 1eas£
logically, related to crime prevention [A.3-39]. The pedestrian
lighting subgroup of the IES Roadway Lighting Committee has, for
example, included in its draft 1977 version of the American Standard
Practice for Roadway Lighting a guide to enable lighting systems in
high-crime areas to achieve enough verticé],i]]umination to facilitate
facial recognition [A.3-8]. Thé development of this guide was based
on a series of simple énd.direct experiments, carried out by the
pedestrian lighting subgroup, and is admittedly only a beginning.
Further examination of factors affecting both recognition and otﬁer
barameters such as color rendition will undoubtedly be carried out in
the future. | ' ‘

Building security studies deal explicitly with the manipulation of

glare, contrast and creation of "no-man's land" zohes and further
examination of this research mdy reveal some conclusions relevant to

street 1ighting and crime [A.2-26, A.2-79].
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Specific techniques which have been used in Taboratory studies of
‘the effect of 1ight on impression and behavior include the use ofyﬁ
semantic differential rating sca]es for factor analysis, multidimen-
sional scaling and behavioral mapping [A.2-30, A.2-68]. While these
techniques have not had widespread application in outdoor nighttime
environments (with the exception of #.3-71]},  they appear to have
potential applicability to the study of the impact of stkeet lighting

on human behavior.

R

As indicated at the beginning of this section, a discussion of

tin  issoes related to the definmition and collection of crime data is

omitted here, inasmuch as the discussion would not have been unique to
this street lighting evalutiw. effort. The use of crime data ﬁo evalu-
ate street lighting projects s: discussed in'the next mectipn,:

Section 4.3. |

4.3 EVALUATION METHODOLOGY

This section contains a review of the methods that have bzen used -
in evaluating the impact ot sivesi lighting on crime. For convenience,
the section is divided into three parts: input consiﬁerations,voutput

considerations and statistical considerations. This division parallels

the traditional evaluation approach which first consﬁdeys the input

variables, then monitors the output results, and, finally, tests the

.

hypotheses using warious statistical techniques.




INPUT_CONSIDERATIONS
| In an ideal experimental design‘situation, such as those conducted
in a psychology laboratory with mice, the two most important procedures
in setting up the experiment are (i) selection of experimental and
control groups, and‘(ii) randomization among treated population. In
real-life social experiments both these procedures are usually not
fully carried out; this is mainly because ideal laboratory conditions
do not exist in the real world and because of the high experimental costs
involved. In the case of street Tighting, the first of the above procedures
translates to selection of experimental and controZ sites, while the second

to randomization to account for intervening and external variables.

Selection of Experimental and Control Sites

Inasmuch as street 1ighting serves many purposes, the selection of

- street lighting sites is more often than not a compromise among

differing interest groups--thus from an experimental viewpoint, the
selected site may not be the best. Additionally when street lighting

is ostensibly installed to prevent crime, the selected site is

usually one with a high incidence of crime [A.1-52]. This selection
process raises two key issués; First, if a high criﬁe area is éxamined
from one year to another, the crime rate (corrected for trend) in that
.hfgh crime area has a significant probability of decreasing. This is

true, régardless of whether ‘a street lighting project is carkied out or
not. It is due to the fact that the cufrent high Tevel of crime may just be an
extreme value for a distribution of crime levels [A.2-18, p. 11]. |

Secondly, in most~situati6ns, high crime areas are demographically
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different than the rest of the city and., hence,.trends and street

1ighting effects cannot be compared witﬁ'any"dtﬁer control site unless

. .ihe control site is demographically STMW'u‘ uﬂd dibv nas a comparably

f
high crime rate. However, such a s1te'wburu most Tikely be a part of

the test site.

- The phenomenon of displacement is ?nother key issue in the
selection of street lighting s1tes 'C; Qpécwai cuncern is spatial d1s—
p]acement. That is, if street ]1ght1ng deters cr1me in an area, then
there IS a p0551b111ty that some ot thp ueterreu cr1me 15 dwsp1aced to
~ adjacent ocalities. Hence, in deve10p1ng a street 11ght1ng experi-
méhtai:dm,ign, one needs not only tofﬁpecify experwméntal and control
site< bui «iso displacement sites. %ue displacement Sﬁ:&a' .mUSt be
similar in crime patterns and socio;pcnhnmic chénartér fh hoth the
experimental and control sites. In the Portland (1973) study, some
effort was made to select exper1m&n&ﬁi* mmntnn’tand.ﬁ? 11 ccement sites.
However, the socio-economic similarities between -these sites was lacking.
A final point should be made about displacement sites. In nearly all.
instanges when displacement sites are selected, they are idéntified
as being contiguous to the eXperimgnta1 site. HoWevgr, it should be
noted that the dfsplacement siteSetnuﬁd be im‘nun¢nnutwghous areas
since, in addition to spatial displacement, there may be térggt,

temporal, functional, and tacﬁical displacements of crime.* For example,

;o

* For a more thorough disrwwsion of crime displacemenrt see [A.2-119].
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target hardening of a commercial area could displace burglars to other,

most likely non-contiguous, commercial areas.

Randomization to Account for Intervening and External Variables

Intervening and external variables have often confounded and, in
some instanceé, invalidated program evaluations. In fact, the study
findings listed in Exhibit 2.7 are all subject to doubt, especially
when the confounding factors are identified and taken into account.

- For example, in the Kansas City Street lighting experiment [A.1-40],
theré was another dn—going experiment: the Kansas City'Preventive’Patrol
Experiment. The effect of one experiment on the other was not taken
into éonsideration in fhe street lighting eva]uation.  Furthermore,
there were two other changes in the police department at the time of
data gathering for the Kansas City street lighting experiment: (i) the
Kansas City police torce increased from 1.89 per 1000 citizens in 1970
to 2.52 per 1000 in 1973, and (i1) the day and night beat boundaries
were made constant in 1972, while they were different prior to that
date, |

| One means of accounting for confounding factoré is to use ran-
domization in the evaluation design: situations may:arise where' this
is possible [A.2-35, p. A3]. However, in host situations, conqitions‘
for randomized experiments are not met. One then may have t6 consider
other evaluative techniques such as quasi-experimental approachgs
[A.2-18], regression-type modeling, and intefvention analysis [A.2-11].

These techniques are discussed in Section 4.4.




OUTPUT CONSIDERATIONS

In'Section-4;2, the measurement. of different evaluatioh measures
is discussed. In‘this séction,‘the use of the measures to evaluate
‘street iighting projects is examined. More specﬁfica]ly,.the sectioh
focuses on the crime and attitudinal measures, as these are the
p“‘“'lpa] measures used in the evaluation of street lighting to date:
other measures (e.g., 1ight measures, behavior measures, etc.) have on]y,

rarely. been used in street lighting evaluations.

Crime Measures

The issues relatingvto the selection of crime typeé, the relative
frequency of nighttime crimes, and the fluctuations in crime rates are

~ considered below.

Selection of Crime Types

" 1t is hypothesized that street Tighting effects vary by tybe df
crime. For example, the Kansas City (197141972) study [A. 1?40] found i
“that after 1mprovement of street 11ghts there were _“gp1f1cant decreases
in violent crimes and only moderate decreases in cr1mes aga1nst property.‘
Similtar f)nd1ngs were obtained in the Milwaukee (1972) study [A»1-54]'
Hence, an issue arises regarding which types of cr1mes to measure
An" argument can bhe made to measure all crimes in order to mon1tor the

funct10nal d}gp]apement of crime (1.e., displacement of cr1mes from,one

“crime type td‘another). However, for certain crimé types (e.g., forgery,
fraud, gambling, etc.), it is obvious that there can be no pbssib]e'

effects from street lighting. In. the Mi]waukee'(1972).study [A51-54];
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nine categories of crimes were measured: (1) criminal damage to
properﬁy, (2) disorderly conduct, (3) robbery, (4) aggravéted assault,
(5) other assault, (6) burglary, (7) theft, (8) auto-theft and (9)>fa1se
fire alarm. ’

The Kansas City (1971-1972) study [A.1-40], the most complete study
to date, included the five general categories of assault, robbery,
larceny, auto-theft and burglary. It also broke the categories down by
time of occurrence and location, as street lighting;méy haye different
impacts, if any, on nighttime crime versus daytime crime, on on-street
versus off-street érime, and on crimes in residential neighborhoods

versus crimes in commercial neighborhoods. In fact, the Kansas City

~study found that in commercial neighborhoods the declines for both

robbery and assault were significant, whereas in residentia],neighbdrhoods
the declines were significant only for robberies. The study also
concluded that in the relit neighborhoods only violent nighttime street
crimes were significantly reduced, compared to daytime crimes or night-
time off-street crimes. '

A final issue that should be addressed is the manner in which
crimes are classified. In essence, the FBI UCR classification of crime
‘ig‘based on legal definitions. From a research vieWpoint, the 6urrent
legal classification of crime is lacking and not sensitive to'thé
causal factors that contribute to the incidence of crime. For exampie,
a more causal-oriented, classification scheme might categorize all

crimes by the different motives (e.g., money, jealousy, etc.), locale
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of occurrence (e.g., on-street, off-street), time Qf~occ0rrence (e.g.,

night, day), and character of the neighborhood (e.g., slum, run-down,

~good, etc.). " It is obvious that when crimes are classified on a

causal-oriented scheme and collected in the same hanner, the search for
éolutions to crime probiems can be more readily carried out. There are two
arguments against adoptingamore causal-oriented, classification

scheme. First, the causal factors of crime are not knbwn—-hevarthé]ess,
enough is,kndwn S0 tﬁat a more causal-oriented classification scheme can
be éstablished. ‘Secqnd, the amount of detail required would make the

data collection effort.unmanageab1e~—undoubted1y, more data would have

to be collected, but with data processing techniques the job will not

be unmanageable. It is thérefore suggested that intensive fésearch be
conducted to establish a problem-relevant, classification scheme of

crime. The benefits appear to be worth the effort“required;

Relative ‘Frequency of Nighttime Crimes

If it is hypothesized that street lighting does not éffect
incidence of daytime crime, then the daytimefcrime~fate may be used"“
as a control. The influence of other factors that may éffect the .
incidence of nighttime crime (e.g., demographic éharacterfstics;
land-use, etc.) can be controlled for to ﬁhe extent that .they hqy be
assumed to have a proportionate influence on daytime and nighttime
crimes. .Henbg, the relative Trequency of nighttime crime, that is, the
ratio of number of crimes occurring during nighttime hours to the total

number occurring during all hours of a day, may be used as a measure

to eVaTuaté impacts of street lighting. The Kansas City [A.2~41],

8

P
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~Atlanta [A.1-3] and Baltimore [A.1-5] studies considered this measure
in their evaluations. The problems with this measure, however, are that
(i) this ratio's sensitivity to street lighting may vary according to
neighbqrhood’characteristics, and (i1) the use of streets and, in |
genefal, land is different during the day than during the night. It
may, therefore, be difficult to assess the unique effect of street |
liéhting,'if any, using this ratie. For example, in the Kansas City
study [A.1-41] significant correlation was found betweeh this ratio
and the socio;economic characteristics--resulting in a discontinuance
of this measuré in the final analysis [A.1-40].
| ‘An initial analysis of the Kansas City experiment also considered
the use of relative frequency of nighttime crihes in a regression-type
analysis. For each crime incidence, the dependent variable was coded
as one}(l) if it occurred at night and zero (0) if it took place durinn
the day. The independent variab1es included the various predictors
characterizing thé neighborhood and the street lighting Ievél.v Some
.very weak correlations were found between the relative frequency of
nighttime crime and the predictor variables: the relative frequency
of nighttime crime tended to drop with increasing entertainment activity,
average rent and prbportion of whites. Interestingly enough, the
analysis showed a rise in relative frequency of nighttime crime with
increased illumination. However, since the analysis used absolute
values for street Tighting illumination (and not the relative change

in the i1lumination) and relative frequency for nighttime crime (and

o

i
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not the change in this ratio), the regression results indicate an
association of relative frequency of nighttime crime with the absolute
level of street Tighting illumination and not the change in the‘leVe1.

Had the régression—type of analysis been applied to the relative ;

//

N

changes of the predictor variables instead of their absolute valqgs, Va

a7diffgrent finding may have resulted.

Fluctuations in Crime Rates -

One problem in measuring the impact of street ]ijhting on crime is.u
that there are wide variations in the crime rates. Variations in crime
- rates could be caused by (i) the seasonal fluctuations, (ii) the |
crime trends, and (iii) the unpredictable nature of crimina] incidencgs.
Some of these variations can be accounted for by proﬁgf se]éction of
control sites. However, the seasonal f1uctuations‘aﬂd the crime trends
nust be carefully studied in any evaluation of street 1ightihg.

The fluctuation problem has affected the findings of some studies.
. The Baltimore study [A.1-5] revealed that, due to the,fluctuétiOns‘in' 
crime rates, the ‘data they obtained were inconclusive With regard to
the effect of street lighting on crime. In the Milwaukee (1972) sthdy'
[A.1-54}, the first six months after street lighting improvement saw a
iarge decrease in nighttime crime in the test area and an increase in
‘the control areas. Howevér. in the next six months, the differences

betwsen the experimental and the control sites evened out. Therefore,
| the findings based on the estimates of the firétksix mohths'were QUité
different from the findings based on the data obtained during the entire

year.,
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Attitudinal Measures

Considering the many problems associated with crime data and their
‘measurement, the examination of attitudes on street lighting is an
important aspect in any‘street lighting evaluation. The issues with
regard to attitudes relate to (i) awareness of street lighting impro&e»
ments, (ii)vsense of security,’(iii) perception of crime rates, and

- (iv) identification of user population.

Awarehess of Street Lighting Improvements.

Before evaluating an individual's attitude towards street 1ighting,
a preliminary consideration is whether the individual is aware of the
street 1ighting improvement. The Portland (1973) study [A.1-79] con-
sidered this issue and found that only 25% of 350 residents interviewed
were aware that street lights had been added. This awareness iséue is
related to the individual's perception on how well an area is 1lit. In
the Portland study, the relationship between the number of lights near
an interviewee's residence showed only a weak Eorré]ation with his/her
perception on how well the streets were Tit, and, thus, the poor
awareness result is not suhprising. In contrast, the Plainview,
Kentucky study [A.1-38] showed that an individual's éwareness of‘ahd

satisfaction with the Tighting level were related to the number of

- lights that were near his/her residence.

Sense of Security

Most of the attitudinal studies show that individuals feel more

secure after street lighting improvement--the Milwaukee [A.1-55],

b}
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P}ainview,'Kentucky;&ﬂ.iﬂBB]m,Norfo]k [A.1?71] an  .¢itimore [A.lOS]i'
studies support thisithesis:_ However. in the Por and study, this was
not the case; of e 9 nersons who knew of the s et lighting
improvéments, Sgiia1a‘nbt change their feelings o curity.

Thé change in a community's sense of’securit ay a]éo“be‘measured
by the additional number of people who go out at :...t. In Baltimore
14% felt that they weni vut more at night, whi]e,5 JTwaukee more

“than 50% felt that way. However, the fact that s* :t lighting is just
one factor thaﬁ may affect niohttime nedestrian 1, Vic, this proxy
measure must be dséd with care. The Norfolk study aised this issue

and concluded "11gnting atone will not radirallv 1 insform the image of

areas thought extrewmery msm;m*# . 1.73, p. 32].

Perception v: Crime Rates

In-4e Balt® -re study [A.1-5] over 50% felt .at street lighting

N e
S

| had no effect on v. e, white n the Hilwaukee [A. 55] and Plainview
\iiﬁ.]¥38] studies, people indicatéd that street 1ig ing was a<signjfi-
‘cant crime deterrent. However, there is reason to selieve that peob]e
have a poor perception of crime rate unless the cr . rate is extremely
high. For exampl in the Baltimore study the att .ue survey showed
that people were unaware of an increase in crime i dence. In the.
éame-s%udy, another survey is cited that found péo' ¢ were unaware of

é decrease in crime rate. Hence, in questioning tiz public on the
relevance of str;fu‘}iuhting‘on crime, one wust al:o ronsider the

people's percept . «f crime rate.




4-23

Another measure of peop]e‘s perception of crime rate is obtained
by measuring their "crime consciousness.”" In the Plainview (1975)
| study, they measured the crime consciousness of a person as the number
of defenses (e.g., burglar alarms, chains on doors, locks, etc.) he/she used.
They then correlated crime consciousness with lighting and some of
their conclusions are that

(i) individuals in poorly 1it areas used
‘ more defenses;

(ii) individuals who thought there was a
crime problem used more precautions; and

(iii) individuals considered exterior lights as
a defense and used them more when they
felt there was a crime problem.
This type of measure may be useful in measuring people's perception of
crime rate, but care must be taken in interpreting the results.

There is also the issue of police perception. In many of the
Street and Highway Safety Lighting studies it is indicated that police
feel that street lighting reduces crime significantly. The Mi]waﬁkee
study [A.1-55] also surveyed police opinion; of the 16 policemen inter-
viewed, .

(i) 69% indicated street lighting helped
crime victims identify assailants,

(ii) 89% said that the effectiveness of
- their patrol was increased by strect
lighting, and _

(i11) 69% felt that street 1ighting helped
deter purse-snatching.
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Identification of User Population

In all the attitudinal surveys, a sample of the residents in the
experimental and control areas were interviewed. However, attempts were
not made to survey the users of the streets, who may or may not have
lived in the surveyed area. This is especially true in commercial areas
where>peop1e travel from outside the area to conduct business. Likewise
in residential areas, the user profile may be quite different than the
resident profi1é~—it is known that lower economic groups tend to use
the streets more than-their richer counterparts. The users of the
streets may have different responses than the residents of the area.
Hence, in any street lighting evaluation it is important to identify
‘the user population.

With a focus on pedestrian flows during evening hours, a major
link to crime rates could be established by estimating the crime-specific

victimization probability per pedestrian mile. Although this may be a

hard measure to estimate, it nevertheless provides a conceptual basis
for considering a large number of interrelated, indirect performance
measures.. In considering this victimization probability, it would be
necessary to estimate pedestrian flow rates as a function of street
lighting. ’This may be done by examining changes in‘(i) store hoﬁrs,
(i1) entertainment activity, and (iii) pedestrian specific activities
(e.g., pedestrian motor vehicle traffic accidents,’telephone calls made
from street telephone bcoths, etc.).

The crime rate relative to the pedestrian traffic may be an
important measure to assess in studying the impact of street lighting

impruvcments} Alliough street crimes could increase, the victimization
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probability per pedestrian mile could decrease. For example, before
street lighting improvements one may have fiVe pedesfrian miles per

day and two muggings,rmaking the probability of a mugging equal to

0.4 per pedestrian mile. After street lighting improvements, one may
have 50 pedestrian miles per day and four muggings, giving the resultaat
probability of 0.08 per pedestrian mile. Such large fluctuations in
nadectlon CuliiL ana crime rates due to street [ightving are quite

possible,

STATISTICAL CONSIDERATIONS |

| Given the outputs of an experiment, the final step in an evaluation
is to determine the significance of the outputs, which is, of course,
dependent on the hypothesis the evaluator wishes to ﬁrova or disprove.
For example, the statistical tests involved in proving that street
lights specifically deter crime are quite different from those used

in proving that street lights merely affect crime in a general sense.

The‘research design, in order to evaluate the significance of the
outputs, must first examine whether the assumptions for the statistical
tests are met, such as randomization of the intervening and externa]
variables., 1f the assumptions are met, the significance of the
outputs musi be evaluated in terms of the hypothesis being tested.

The hypotheses pertaining to change in crime 1eve]§ may bevtested
using classical statistical techniques such as t-test and analysis of
variance, comparing before and after crime data [e.g., A.1-76]. Some
of the changes in crime levels which are termed "significaht" in the

studies discussed above did in fact use these techniques. Use of the
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Chi-square distribution to compare differences between categories is
another method employed to evaluate the significance of these
‘differences [e.g., A.1-40]. Unfortunately, few of the studies explicitly
“report the statistical tests that were used. Of course, one must keep

in mind that, in many eva]uatlons, the type of data available restrwcts
the choice of the applicable statistical tests to a few simple tests.
Neverthe]ess, it is apparent that in most studies the design of the
statistical tests was done after the data wereiobtaihed, instead of
- attempting to obtain more detailed measurements to use in previously
designed statistical tests.

The hypotheses pertaining to citizen's attitudes are tested from
the results of surveys or questionnaires. The proportion of responses
agreeing with a given hypothesis indicates the strength of the hypofhesis.
' ATl the attitudinal studies reviewed above reported the results of
the evaluation in terms of these proportions. The "significance" of
the proportions is left for the reader to ascertain.

Probably the hardest hypotheses to test ake thoge relate& to dis-
placement. In street lighting, one can consider spatial displacement
(e.g., from relit area fo non-relit area), 1ocation?disp1acement
(e.g., from street to off-street), temporal displacement (e.g., from
nighttime crime to daytime crime), and functional displacement
(e,g.,hfrom one type of crime to another). To evaluate spatial
displacement the crime rates in the displacement sites must be compared
with comparable fates in the corresponding control sites. The Kansas

City and Milwaukee studies shdwed indications of displacement from relit
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areas to non-relit areas, but the suqn1f1canﬁ¢ «f these rQQUifS
s questionahle Furthermore, in both these stud1es, the same control
" area was used to test for direct mﬁdﬁu. g, tha expcaﬁmsw 1 sites
as well as to test for d1sp1acement-—a questionabie procedure, cons1der1ng
the fact that a difference between the crime levels in the two sites
cou]dvbe due to a synergistic romhanat&an aF A*wort ungac*' disblace~
ment and natural fluctuationss-thus,.separatinn, ope,.cause. from
another "is d1ff1cu1t |
To eva]uateddlsplaﬁammxt o xwﬁﬁw'ﬁh"~ *‘“ff ?- ”ﬂ:““' from street
1o off~5treet crime rates in the experimental and contro] areas must
be campahed la the Kansas Cityxﬁﬁ“‘“-'* agme mhesacwed 2150 there was
‘oo significani displacement from n1ght street in night uff~stwnet
crimes, and that there was .no shi¥i from siuhtlase rimwes o
daytime crimes. The Atlants (1973) StUdy'FQ.La32~Qi&9.CﬂD£1hd€ﬁ
that there was no shift betweenrwinhttimeNandwznvrzmé'mfﬁmpﬂ - Finally,
it can be simply stated that evaluating functional disé]acement presents
a formidabie, if not impossible, problem. No statistical tesis of
functional displacement have been made to daté."ﬁsr that-matter, the
other forms of displacement--target and tactical--hawe .zdso not been
analyzed. Actually, possibly the only way te'ascertain~crime displabe~
ment is to conduct an intensive and exhaustive offender interview
orogram, including offenders who have been preViousJy incarcerated

as well as those who have newer bheen incarcerated.
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4.4 EVALUATION TECHNOLOGY

It has already been pointed out that in most of the street lighting
projects that have been evaluated, true experimental conditions were not
obtained. In such cases one must consider other possible evaluative
techniques that may be applicable to street lighting. If these other
techniques are also not apprapriate, then the question arises: Is the
state-of-the-art in evaluation technology advanced enough to be able to
determine the impact of street lighting on crime? The answer to this
question.is pfesentiy’unknown. However, there are some techniques that
may be appropriate fbr_street lighting evaluations: (i) quasi-experimen-
tal design_[A.ZA]B]; (ii) regression-type models, and (iii) interven-

tion analysis [A.2-11]. These techniques are summarized below, followed

by an outline of a "bound1ng" approach to the eva1uat1on of street

lighting.

QUASI-EXPERIMENTAL DESIGN

There are many situations. in which the researcher can introduce
a "quasi" expekimental design, even though the researcher lacks full
'control'over the experimental setting [A.2-18]. Such non-randomi zed
experlments have been called "quasi-experiments.” Some researchers
feel that quasi-experimental design may be very appropr1ate for many
law-enforcement. program evaluations [A.2-35].

In quasi-experimental design, it is important that the evaluator -
be aware of which specific variables are nct controllable. Thus, when
the sample is not rardomly drawn and the entire population is not re-

presented, the quasi-experimehter identifies that segment of the popu-
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~ lation of whﬁch’the sample is typical, and, of course, the evaluation
results apply only to that segment.

! jﬂn evaluating street lighting, the quasi-experimenter would select
fﬁose situations in whfch there exist some experimental controls (e.g.,
normal socio-economic representation, perceivable differences in levels
of Tlight). .From these situations the experimenter woqu select a site
where measurement of appropriate output variables is possible. Care
must be taken to avoid introducing "Hawthorne"* related bias of the
selected site.

The evaluator must determine the possible Tinks that may logically
exist between any bias factor and the level of nighttime street crime
{e.g., raised crime conciousness of the citizens might increase the
number of reported crimes and, hence, increase the number of recorded

crimes.) If a link is established, it should not be written off by

means of a simplifying assumption; instead measurements should be taken

to find out if there is some empirical relationship, or the lack thereof.

In‘that respect quasi-experimentation has a drawback in the eyes of some
researchers; namely, that the experimenter runs the risk that a rival
hypothesis might>preva11. But that of course should be part of any
evaluation aind "the policy-maker is ill-advised to conduct research which
{s directed solely at definitively testing some highly specific theory"
[A.2-351. | |

* The bias introduced, if'any, in a social experiment due to the conduct
of the experiment itself is called the "Hawthorne" effect.
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REGRESSION-TYPE MODELS |

fhe study condQCted by Fairley et al [A.2-28] of the New York City
Rand Institute is relevant here. The study examined different security
measures {e.g., locks, 1ights, physical layouts, alarms, ident%fication

aids, security guards, etc.),in housing developments and their effect

~on "security", which was measured in terms of felony rate. The inde-

pendent variables were the sequrity measures, while the dependent

variable was the felony rate in a statistical regression-type analysis.

Such an approach m&y also be applied to street lighting evaluations.
The 1eve1 of street 1ighting and the change in the level of street
lighting could be just two of the independent variables; other vari-
ables could include such measures as socio-economic characteristics,
nature of 1and-usé, levels of police operators, and, the changes in
these measures. The independent variables could then be regressed  4

on, first the levels of target crimesand, secondly, the changes in

" those Tevels. The first regression gives the association between

target crimes and factors identified by the indepéndent variables, while
thé‘second regression'gives the relationship betweep changeé in crime
rates and thé‘indépendent variables. The relative contribution of
street lights, and-changes in street 1ights§ to the target criwes'may
be Obtajned from the resulting regressiqp Jbefficients. If assumptions
of normal distributions are valid, one could obtain tﬁe 1evels bka

significance in accepting the resulting coefficients.

Obtaining displacement effects in this type of analysis is diffi-

cult since it is hard to include dependence among felony rates betwéen
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adjacent areas in ‘the mode11ing process. However,»thke*ti ime-correlated
afea model cf Budrick [A.2- 16] may be more su1f* ‘x 'n this case.
Budnick postu]ated that leved: of crime in one area ui{he Lwty m1ght
be a function of crime Tevel at another area. Using reported offenses
in Washington, D. C., Budnick did show the existence of crime corre-
1~téd areas. However, the degree of correlation w&swnﬂtﬁsu{fcciently'
high for pred1ct1on or "“inference" purposes. Budnick also studied
d1sp1acement effects of a police patrol eXpePWthL“Tﬂ*ﬁu:n-dgton, D.C.
He analyzed the spat1a1 dnsﬁ?acement of targei’ Lrlnms rﬂ} 23 adJPcent
areas and concluded that there was displacem... .7 <. e iuto only 3
K

of these areas. He also.x ﬁ@aed 1&1@J§§$&d1:pﬁ&xﬁﬂ:ﬂt s ay the crime-

correlated area model and fuund "o dlsp1acement ETTELtb In conc]us1on,

Budnick pointed out that his model may be potewttiainy usefﬁi in evaluat-

ing the 1mpact of street lighiting op.cvisme. 1f sufficient msla can. be
obtained to identify areas wiich are chme«ccrreﬁﬁceu, it iney exist,
and some of these areas have had street l1ighting 1mprovements while
others can act as contro] and displacement sites, then the Budnwck
approach may be directly appi=ara.ie.

It should be noted here the oereweny mdependent varﬁables is
a1waysva problem. Besides identifying all possible predictors such as
lighting level, socio-economic and demographic chéracteristic; and police
patfo] leveisf defining geographical homogenous units of érea presents
a probiem. tor exawple, an interior of a homogeneous area has different
crime-related influences than the bewsder «¥ the.aren, In-fact, it has
been postulated that neighborhood borders are 'good target' areas as

compared to the interior of the neighborhood. Another study has shown
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that analyses of spatial patterning of crimes have been unsuccessful
mainly because the topo]dgica1 structure of the spatial environment has -
been neglected [A.2-14]. The study then presents a topological methd‘
of constructing neighborhoods, where a neighborhooé:ﬁbaiists of a set |
of blocks, so that thé predicted variation in crime ratévwithin a
given'neighborhood is below a specified percentage -- this method was
applied to burglary patterns in Tallahasse, Florida. The method may
‘be useful in defining geographical areas in eva]uat1ons of the impact of
street 1lght1ng on crime. In such a case, one would part1t1on the

region be1ng evaluated 1nto "neighborhoods" instead of‘as1ng police
districts or census tracts. However, in defining a neighborhood, one
would probably consfder block faces instead of blocks, since a Streef
Tight illuminates both the street and the adjacent block faces.

INTERVENTION ANALYSIS

One problem in evaluating law enforcement programs is that the

outputs occur in a time series. In other words, by examining the oUtputé

of a dynamic system the evaluator has to make a determination about f
whether a given intervention (such as street lighting) affected fhe a
output, and the degree of the effect, if an/ Tﬁus, the a55umﬁtions-of
c]ass1ca] stat1sy1cs do not hold since the before and after distributions
of data are degendent Also, since the underlying process is often not
§§ggiggggx (due to the many external factors that are working on the
system) the d1str1but1ons probably do not have the same mean and
variance. tilence, confidence intervals and significance 1eve1s obtained

using classical statistics have 1ittle credence, since all the necessary

A
\
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assumptions are invalid. .
Recently, Box and Tiao [A.2-11] introduced a mathematical statisti-
cal technique called "Intervention Analysis" which may be applied to the
abdve described situation. Basically, the technique cans for (i) mathe-
matically modeling the vérioﬂs processes that work on the system, includ-
ing the possible effects of the intervention, and (ii) fjtting the ‘actual
data to the model. If the parameters associated with the effects of
the infervention were inadequate, the analysis is repeated with anothér
model of the intervention. The final values of the parameters give the
“level of intervention: a Tow value implies little or no effect and a high
v vafue a large effect.

~ Box and Tiao also presented in their paper two applications of this
analysis, which showed the effect of opening a new freeway and the effect
of a new smog control law on the pollution level in downtown Los Angeles,
respectively. In like manner, intervention analysis may be applicable
in evaluating the impact of street lighting on crime.

Finally, the main difference between intervention analysis and

the other techniques is that in intervention analysis the dynamic nature.
qf crime'occurence is explicitly considered and time se}ies of crimes
are examined, while in the other techniques time dependence is only"

implicitly considered and static models are analyzed.




4-34

" A “BOUNDING" APPROACH TO EVALUATION

The issues discuésed in this report lead to the speculation that
what appears to have been the goal of evaluations of street lighting and
crime, namely the verification of a causal 1ink between street lighting
and crime, may not be realistic at least at the present time. Yet even
if there is no avaf!ab]e "Newton's Law" of street 1ights and crime, one
still hopes to be able to answer the questions of whether street light-

ing impacts crime (and the fear of crime), and, if so, how does it impact

crime. An evaluation approach is, therefore, proposed in this subsection |

that could be used to answer both questions, not in an exact manner but.

in a "bounded" manner. That is, each question will be answered in terms

of a range of answers ~-- the bounds on this range will be specified. |
The motivation behind this approach is based on the realization

that exact answers to questions in social experimentation are neither

warranted nor, in many instances, possible to arrive at. In fact, should

an exact answer be derived, it would still be quéstionable since it would
most likely bé based on limited -- possibly invalid -- daté~and usually
controversia] assumptions. On the other hand, bounds on the answer could
be'derived from simpler models of reality and with'ménageabTe anaﬁysis.
Moreover; close bounds make for a more exact answer. For example, just
as traffic studies have shown that beyond a cértain'level, further
increases in the illumination level do not affect a driver's éBi]ity

to avoid road hazards, street lighting studies may be able to define

-\\

(e
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.han‘ﬁ)luminaiinnwleve].aboveﬁuhinh no iscreased.crir - prevention

benefits are derived Contvnuung in thzt line nf 1*ought one might

'jmmxulaie that xhe m:n1mum'numbgv of n1ghtt1me crin 3 is in some

manner bounded by the number of crimes occur1ng dur ig the daytime,
since the best street Tighting system is that prawi-d by daylight.
Qare must be‘takéﬁ in this analysis, however, since .he land use
characteristics during daytime are usually differer . from those

during nighttime.

‘

bt Ha ol DUt i iﬁx& %bnund1ng" oo pho.o1t is clear

that the overall structure of an pyaluatnon approag is in need of

‘defvaitlgn not only in the arﬁatwf street ’1ght1nu d crime,but also

in the genera1 f1e1d of sovial exper1meniat10n. He  fully, this report

‘has helped to provide a basis for developing such & approach.




APPENDIX A
REFERENCES: BIBLIOGRAPHY AND CONTACTS _

To facilitate the identification of references dealing exclusively
or primarily wfth individual cities, counties or states, thé_bib]iography
of written materials is presented here in two separate exhibits. Exhibit A.l
contains only those references dealing with specific governmenta] jurisdictions,
and is organized alphabetically by jurisdiction. Exhibit A.2 contains all
other written references, including several which réport on more than one
jurisdiction (where appropriate, the latter are cross-indexed in Exhibit A.1
under the corresponding cities). Fiﬁa11y, Exhibit A.3 lists individuals
working in fields relevant to street lighting evaluation who have been cdntacted
to date either by telephone or in person: 1t is expected that most of these
individuals will be interviewed at greater length in the ensuing months.

Both Exhibits A.1 and A.2 classify the contribution to date of each .
document to the Phése I Street Lighting Evaluation. This is accomplished .
by indicating to which of five categories each document contributes: back-
ground, elements, interventions, environment and evaluation. Baékground
includes the history of street lighting pratticeé and goals, and materials
relevant to the evolution of the evaluation process in the crime prevention
area. Elements include a11»of the components and activities encompassed by a
street lighting system: resource allocation, aesign, hardware, insta]iation
and maiﬁtenance practices, supporting activities or activities supported by

street lighting (such as police patrol practices, street reconstruction, tree

trimming, etc.), as well as descriptions in general terms of system outputs,

,Ainc1uding lighting, criminal activity, attitudes, and outputs related to other

goals (such as traffic safety, enhancement of commercial activity, urban design,
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etc.). Interventions include reports on measured crime-related consequences

of street lighting activity and hypotheses which attempﬁ to explain how these

consequences arise. Environmental contributions include documents dealing.
with important issues which, although only indirectly related to the crime-
prevention effects of street lighting, are relevant to questions of resource
al]ocatioﬁ, degign,'environmental impact and legal constraints. Finally,
Evaluation contributions are those that bear directly on the design of and
conduct of a]ternative"étreet 1ighting evaluation techniques, both exisfing
and potentfa].

Documents for which no contribution is shown are those with potential
relevance, but which‘have not yet been located. Documents réviewed and found
to-have no relevance to street lighting evaluation are not included in the
bibliography. Throughout the text of this report, references are keyed to the
exhibit and the sequence number within the exhibit. For example, reference
A.1-16 refers to the "Chicago Takes the Menace Out of Dark Alleys," (Nation's
Cities, Mavrch, 1967) article. | |

The bfb]iography must be viewed as constantly changing, as new méteria]s
are reviewed and new relevance is found 1in exist{ng references. Nevertheless, its
format is designed to facilitate the next tasks required by the NEP Phase 1
Street Lighting Evaluation: the development of an evaluation framework or frame-
works and the systematic detailing of specific street lighting interventions.
These will in turn lead to a model single project evaluation design, a gehera1
assessment of the state of knowledge as to the effects of street lighting on

crime, and to recommendations for a possible Phase II evaluation design.



EXHIBIT A.1

Street Lighting References Reporting on

Individual Governmental Jurisdictions

CONTRIBUTION
b4

o
JURISDICTION REFERENCE 2 S & 8
S 5 8§ E ¢
(Author, Title, Agency, S ©& & £ S
Publisher and Date) S 5 8 % =
, & o S 8 &

Alabama . Street and Highway Safety Lighting X -

Asheville, N.C.*

Atlanta, GA.

Atlanta, GA.

Baltimore, MD.

Baltimore, MD.

Bureau, "Governor Wallace Presents
Awards to Two Alabama Women's '
Clubs...," Press Release, August

14, 1974.

. "Crime in Downtown Asheville With-

in Study Area," (undated, anonymous),
National Crime Prevention Institute.

. City of Atlanta, Georgia, "Street-

lighting Pilot Project, Grant No.
72-09-07-17, Quarterly (April 30,

- 1974) and Semi-Annual (November 8,

1974) Evaluation Reports."

. "Street Lighting Project Funded,"

The Atlanta Journal, March 9, 1973,

; City of Baltimore, Md., Mayor's

Coordinating Council on Criminal
Justice," Sodium Vapor Street Light-
ing - Report on Resident Survey,"
August, 1975.

. "Charles Center - Growing Momentum
. for Renewal," Inner Harbor Manage-

ment, Inc.

* See also Re%erence A.2-42.

X .
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EXHIBIT A.1
(page 2 uf 16)

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Interventions

Elements
.Environment

Evaluation

Baltimore, MD.
(continued)

Boston, MA.

Boston, MA.

Charleston, W.VA.
Charleston, W.VA,.*

Chattanooga, TN.**

Chicago, IL.

L s ey

————

10.

11.

120

13.

. Mastromatteo, Dominic, Balti-

more, Md. Police Department,

May 25, 1370 letter to F. Pierce

Linaweaver, Director of Public
Works, Baltimore, Md.

. Editorial, Christian Science

Monitor, June 27, 1959,

. Street and Highway Lighting,

"Ring of Lights Around Boston,"
(date unknown), obtained from
Massachusetts Council on Crime
and Correction.

Higginbotham, Wilma, "Lighting
Award Set at White House,"
Charleston Daily Mail, April 22,
1974, p. 13A.

Slack, John M., Speech, Congres-
sional Record, 93rd Congress,
Second Session, Vol. 120, No.
167, December 3, 1974,

General Electric Co., Nela Park,
Cleveland, Ohio, "1,000 Watt
Lucalox Relighting in Downtown
Chattanooga Gives Four Times the
l.ight Without Adding to Energy

Needs," Press Release No. 134~75,

October 29, 1975,

Chicago Association of Commerce
ana Industry, Minutes of the
June 22, 1972 Crime Prevention
Committee Meeting.

* See also Reference A.2-42.
** See also Reference A.2-88.

>
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EXHIBIT A.1
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i
't

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements

Interventions

CONTRIBUTION

 Environment

Evaluation

Chicago, IL.
(continued)

Chicago, IL.

Chicago, IL.

Chicago, IL.

Chicago, IL.
Chicago, IL.*

Chicago, IL.**

14.

15.

16.

17,

18.

19,

><

Chicago Park District, "Security
Lighting in Public Parks," Grant
Application No. 2-07-06~0299-01,
1971.

Chicago Police Department, James
M. Rochford, Superintendent, Feb-
ruary 13, 1976 letter to Francis
M. Degman, Acting Commissioner,
Bureau of Streets and Sanitation,
crime summary enclosed.

“Chicago Takes the Menace Out of b X
Dark Alleys," Nation's Cities,
March, 1967,

General Electric Company, Nela X

Park, Cieveland, Ohio, "Lucalox
Relighting of Chicago Streets
Doubles IT1lumination, Cuts Energy
Usage," April 11, 1975, Press
Release No. 42-75.

Street and Highway Lighting,
51,000 Alley Lights Brake
Chicago Crime," (date unknown).

Box, Paul, "Public Liﬁhting Needs,"

I1luminating Engineering, September,
1966. :

. "Light: A Proven Deterrent to

Crime," Street and Highway Lighting
Bureau,'May 24, 1973, p. 6.

* See also Reference A.2-13.

** See also Reference A.2-J8.
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Elements

Interventions

Environment

Evaluation

Cincinnati, OH.

Cleveland, OH.

Cleveland, OH.

Cleveland, OH.

Cleveland, OH.*
Dade County, FL.

Danville, IL.

22.

23.

24.

25.

. Malt, Harold Lewis, and

Associates, "Operation STREET-
SCAPE--A Demonstration Fur-

‘nishing the City Street," pre-

pared for the Department of
Urban Development, Cincinnati,-
Ohio.

Gity of Cleveland, Department
of Public Utilities, "Impact
Streetlighting Project Evalua-
tion Report -- September, 1973
Through November, 1974."

City of Cleveland, "Impact
Streetlighting," LEAA Grant
Application 73DF055015, 6/1/73-
6/30/74.

0'Brien, Robert, "Light on Our
Streets," National Civic Review,
April, 1960.

Rosanen, George, "Crime Rises

Despite Brighter Street Lighting,"

Cleveland Plain Dealer, January

7, 1973, p. 18-A.

. Vardell, Larry, "Final Report,

COPP Program,” Governor's
Council on Criminal Justice,

. Dade County, Florida, May, 1975.
. Pitt, Paul J., East Central

I11inois Criminal Justice Com-
mission, March 30, 1972 letter to
Gerald Gersey, I1linois Law
Enforcement Commission.

\
A

* Sée also Reference A.2-78.

><

>
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CONTRIBUTION

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements

Interventions

Environment

Eva]uatioh A

" Denver, CO.
Detroit, MI.

Detroit, MI.*

Durham, N.C.
Ft. Wayne, IN.
Garland, TX.

Ga Y‘y 9 IN .

Greendale, WI.

Gulfport, MI.

Indianapolis, IN.

Indianapolis, IN.

28.

30.

31.

32.

33.

34.

City and County of Denver, X
Colorado, Streetlighting

Project, Application for

Grant 75-DF-0800002 CH.

. Head, John F., "New Street

Lights May Harm Trees,"
Detroit Free Press, Qctober

1, 1973, p. 3A.

Luedtke, Gerald and Associates,
“Crime and the Physical City:
Neighborhood Design Techniques
for Crime Reduction," A Pilot
Study prepared for the National
Institute of Law Enforcement
and Criminal Justice, Michigan,
June, 1970.

See Reference A.2-42.

See Reference A.2-42.

City of Garland, Texas, Crime

Prevention Environmentalist,

Grant Application #5-11-03018,

August 22, 1975.

See Reference A.2-88.

"The People's Choice in Roadway R |

Lighting," Illuminating Engineering,
Marchy 1970, p. 121. ,

See Reference A.2-42,

"Clubwomen Turn Lights on Crime," X
Atlanta Journal and Constitution,
October 22, 1972, p. 15-H.

Ounn, Jack, "Crime? Blight? We
Fix It," Qutdoor Lighting Digest,
Jdanuary, TORQ, pp  3-4.

\

* See also Reference A.2-78.

><

>
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Elements

Interventions

| Environment

Evaluation

Indianapolis, IN.
(continued)

Indiahapolis, IN.

Jacksonville, FL.

Jeffersontown, KY.

Kansas City, MO.

Kansas City, MO.

36.

37.

38.

40.

“Planned Light Prevents Crime
and Reduces Accidents," The
Amevican City, March, 1963,

pp. 125-126.

Street and Highway Lighting,
"Blueprint for Good Lighting,”
(date unknown).

Malt, Harold Lewis et al.,
"Tactical Analysis of Street
Crime," H.L. Malt Associates,
Washington, D.C., January, 1973.

Kellem, Carl, Harmansky, George, X
Landan, Elizabeth, and West,

John Denis, "A Comprehensive

Study of Streetlighting With an
In-Depth Analysis of Plainview
Subdivision, Jeffersontown, KY.,"
Institute of Community Development,
University of Louisville, Louis-
ville, KY., April 23, 1976.

. Kerby, J.E. and Horrigan, J.J.,

"Lighting's Up-To-Date in Kansas
City!", Qutdoor Lighting Digest,
Vol. 21, No. 2, May, 1967. :

Wright, R., Heilweil, M., X
Pelletlier, P. and Dickinson, K.,
"Impact of Streetlighting on

Crime," University of Michigan

at Ann Arbor, May, 1974. (Pre-

pared for the National Institute

of Law Inforcement and Criminal
Justice, Grant No. 73-NI-99-0046-G,
Project Director - R. Wright.
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CONTRIBUTION

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

Elements

Interventions

Environment

Evaluation

Kansas City, MO.
(ccntinued{

Kansas City, MO.

Kansas City, MO.*
Massachusetts

Massachusetts

41.

42.

43,

44.

45.

Wright, R., Thomas, D.,
Pelletier, P., and Dickin-

son, K., "Study to Determine

the Impact of Streetlighting

on Crime - Phase I Final Report."
Prepared by University of Michi-
gan, Ann Arbor, for the National
Institute of Law Enforcement

and Criminal Justice, 1972.

Wright, R., Thomas, D., X
Pelletier, P. and Dickinson,

K., Kansas City Public Works

Department, "Study to Determine

.the Impact of Streetlighting on

Crime - Phase Il Final Report."
Prepared by University of Michi-
gan, Ann Arpor, for the National
Institute of Law Enforcement

and Criminal Justice, July, 1973.

Box, Paul, "Public Lighting Needs," -
I1luminating Engineering, September,

. 1966.

Massachusetts Council on Crime and X
Correction, "Light the Night,”
News Release, 1970. .

Massachusetts Department of Public
Works, "Highway Lighting and Electri-
cal Energy Conservation -~ Vol. 1,
General Warrants and Recommendations,"
February, 1974.

* See also Reference A.2-13.
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Elements

Interventions

Environment

Evaluation

Massachusetts
(continued)

McPherson, KS.

Miami, FL.

Miami, FL.

Miami, FL.

Miami, FL.

Miami Beach, FL.

46.

474

48.

49.

50.

51.

52,

Street and Highway Lighting,
"Holding Crime at Bay in the
Bay State," (date unknown),
obtained from the Mass.

Council on Crime and Correction.

"To Make Streets Safe After Dark,"
National Civic-Review, April, 1960.

Clements, Sid, "Sodium Vapor
Lighting Cuts Crime," Electrical
South, April, 1972, pp. 27-31.

Francis, Edward, "Miami Relights:
A Report on Street Lighting Pro-
grams and Procedures in the City
of Miami," Department of Public
Works, City Commission of Miami,
Report #232, December, 1973.

Miami Police Department, Annual
Report, 1971.

Johnson, P.Jd., "In Miami, It's
Light in the Streets Vs. Crime

in the Streets," Street and High~
way Lighting (date unknown), ob-
tained from P.J. Johnson.

Harold Lewis Malt Associates,
"ITumination of High Crime
Areas," conducted for the City
of Miami Beach, Florida, co-
sponsored by the State of
Florida's Governor's Council
for Criminal Justice, 1974,
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

-Background
Interventions
Environment

Elements
Evaluation

Midiothian, IL.

Milwaukee, WI.

Milwaukee,. WI.

Newark, N.J.*

New Haven, CT.

Néw Orleans, LA,

53.

54.

55.

56.

57.

Raday, Harry, "City Sells a X
Lighting Program," American
City and County, April, 1976.

Department of Intergovernmental X X
Fiscal Liason, Milwaukee, Wis-

consin, "Preliminary Report--

Milwaukee High Intensity Street

~Lighting Proaect " December

28, 1973.

Department of Intergovernmental ’ X X
Fiscal Liason, "Final Report--

Milwaukee High Intensity Street

L7 ghting Project,” July 15, 1974,

Kupersm1th, G., "Sample Impact : : X
Project Evaluation Components -- ' - .
National Impact Program Evaluation."

Prepared by MITRE Corporat1on for

NILECJ, 1974. '

South Central Criminal Justice ‘ X

‘Supervisory Board, New Haven, Conn.,

“Innovative Patrol Operations,"
1976.

. Sternhell, R. and Carroll, S., "New X X X

Orleans - Mayor's Criminal Justice
Coordinating Council ~ Target Area

~Evaluation - A Six-Month Report on

The Development of Target Area
Projects and the Evaluation System,“
1974.

* See also Reference A.2-42.
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CONTRIBUTION

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements

Interventions

Environment

Evaluation

New

New

New

New

New

New

York

Yurk

York

York

York

York

59.

60.

6l.

62.

63.

64.

65.

>

Carimody, Dierdre, "Thirty-Nine
Business Areas Getting Super
Lights to Cut Crime," New York
Times, April 24, 1972.

MCrime Flourishes in Darkness... X

New York Fights Back With
$28.8 Million Program," Electrical
World, October 3, 1960.

Goldberg, Hyman, "Crimes of
Darkness," Cosmopolitan, April,
1959, pp. 60-65. B

Lurkis, Alexander, "Combatting X
Juvenile Deliquency with Light,"
I1luminating Engineering, October,

1961, p. 606.

Lurkis, Alexander, "More Lighting X
and Fewer Juvenile Problems," The
American City, January, 1962.

New York City Police Department,
"Lighting as a Deterrent," obtained
through Wilfred Horne, Deputy
Commissioner for Press Relations,
September 11, 1970.

"New York City Requires Qutdoor
Lighting Around Multiple-Family

Dwellings," (date and publication

unknown), obtained from General

~ Electric Company, Nela Park, Engin-

eering App]ications Department.

-




A-13

EXHIBIT A.1
(p24% 11 of 16)
CONTRYIBUTION

JURISDICTION . REFERENCE

{Author, Title, Agency,
Publisher and Date)

dnterventions
Environment

| Background
Elements

>

New York 66. Street and Highway Lighting, .
{continued) "To Stop a Thief, Light ¢« = . o
Light," (date unknown).

New York 67. "Vandal-Proof Lighting for X
New York's Central Park,"
The American City, October,
1966. -

New York 68. Wyatt, Hugh, "New Lighting ¥ims _ X
‘ . at Cut in Harlem Lrime," New :

York Daily Mews, Warch 16, 1973,

p. 30.

Norfolk, VA. 69. Barr, Vilma. < mmprovine L3ty X
. Streets for'wse @t Wighi~TH.
Norfolk Experiment,” Lighting
Design and Application, April,
1976, p. 25.

Norfolk, VA. 70. "First Award--Gary Hack and A X X . X
. William Lam-Associates,” ‘
Progressive &reifitective,
1:75.

Norfolk, VA. 71. Norfolk Redevelopment and Housing XX X
Authority and William Lam Asso-
- ciates, "Improving City Streets
v for Use at Night (The Norfolk
Experiment)," prepared by Gary
Hack, Assistant Professor of
Urban Besign, MIT, Jdune, 1974,

Norfolk, VA. 72. Powell, John Lamomt. May 29,1975 0% . X X
: “memorandum (unpublished). :

"Evaluation
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CONTRIBUTION

JURISDICTION REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements
Interventions
Environment

Oakland, CA. 73. Brown, Bil1l, "Let's Light
« Up the Land," Street and
Highway Lighting, September,
- 1971, p. 5.

Owensboro, KY. 74, "OQwensboro, Kentucky Pulls X
‘ . the Switch on Crime," Street
and Highway Lighting, Vol. 20,
No. 4, December, 1970, pp. 13-
17.

Pigeon Forge, TN. See Reference A.2-42.

Plainfield, N.dJ. 75. "Plainfield Lights Up to Catch X
A Thief," New Jersey Municipali-
ties, June, 19/3.

P]ainfie]d, N.J. See also Reference A.2-78.

Portland, OR. 76. Inskeep, Norman R. and Goff, X
oo Clinton, "A Preliminary Evalua-
tion of the Portland Lighting
Project," Oregon Law Enforcement
gogzcil, Salem, Oregon, August,
974. '

Portland, OR. 77. Schneider, Anne L., "Crime and
) ' Victimization in Portland: Analysis
i of Trends, 1971-1974," Oregon
Research Institute, Salem, Oregon,
February 10, 1975.

Portliand, OR. 78. Schneider, Anne L., "The 1974
Portland Victimization Survey:
Report on Procedures,” Oregon
Research Institute, Salem,
Oregon, January 8, 1975,

Evaluation
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JURISDICTION : REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Interventions .
Environment

Eiements
| Eva]uatidn

Portland, OR. -79. Schneider, Anne L. and

(continued) Reiter, Paul, "Portland
Lighting Project--Final
Report--Citizen Perceptions
of Streetlighting," Oregon
Research Institute, Salem,
Oregon.

Rehoboth Beach, DE. 80. City of Rehoboth Beach, X
Delaware, Rehoboth Burglary
Prevention, Detection,
Deterrence and Apprehension
Program, Grant Application
No. 76-071. '

Richmond, VA. 81. PRC Public Management Services, X
Inc., "Richmond HIT Project--
Final Evaluation Report for
Phase I HIT Program," prepared
for Virginia Division of Justice
~and  Crime Prevention.

Richmond, VA. 82. Ryan, David D., "City Checks X
for Tree Damage," Richmond :
Times Dispatch, October 5, 1973.

St. Louis, MO. 83. "It's 'Meet Me in St. Louis X
Where the Lights Are Bright," ~

Electrical World, October 19,

1964.

St. Louis, MO. v See.also Reference A.2-13.
Salem, OR. " See Reference A.2-42.

/-
i

\

CONTRIBUTION
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" REFERENCE

(Author, Title, Agency,
Publisher and Date)

Savannah, GA.

Savannah, GA.

Smyrna, DE.

'Tampa, FL.

Tucson, AZ.

Tucson,, AZ.

Tulsa, OK.

Vincennes, IN.

‘o,

W

“Lighiling Decreases Crinie
Rate," Municipal South,
pelate, spkbre .

»
«§

U 4

¥ fhake <y B A S
R Ngn SR T

R s Ll )

PR

88.

89,

90

Save Energy, Make Savannal
«A Safer Plap~ tn Live." {X
gressional Record, 94th
RN 20 .eSSIDG, ¥
121, Ho. 2, gunuary 15, 1t

ity of Smvrna, Delaware,
Burglary Cuuurol Program,
Grant Application No. 76-(

“Tampa Relwuhts 70 Square
Bilotks," Street and Highwe
Lighting, September, 1971,
pp. 7-9.

City of Tucson, Arizona,
“Dusk to Dawn Alley Lights
Application for LEAA Grani
No. 70DF090417.

Gavmine, Bernard L., "Ligl
Up for Safety," Congressic
Record (Appendix), Extensi
of Remarks of Hon. Charles
P. Farnsley, November 21,
1966, p. A-5774.

WHogsedd, Alice, "Critic Fa
B PacHugo Street Lights,
“T&e Tulsa (ribune, July 31

LR

See Reference A.2.-42.

CONTRIBUTION
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CONTRIBUTION ’

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements
Interventions
Environmenf
Evaluation

Washington,

- Washington,

Washington,

Washington,

Washington,

4Washington,

Washington,

D.C.

D.C.

D.C.

D.C.

D.C.

D.C.

D.C.

91.

92.
93.
94;
.
96.

97.

Basaran, Saut, "Crime
Deterrent Lighting in
Washington, D.C.," Traffic
Planning and Street
Lighting Division, Washing-
ton, D.C., 1973. y

Lo
>

Colen, B.D., "D.C. Lights X
the Way in Fighting Crime,"

The Washington Post, Febru-

ary 7, 1971.

"Cutting the Crime Rate: How
the Nation's Capital Does It,"
U.S. News and WOr1d Report,
April 10, 1972, pp. 24-25.

Goodman, George and Schreider, X
, "Light a Candle," Look

Magaz1ne, (date unknown).

Hartley, John, "Lighting . X
Reinforces D.C. Crime Fight,"

The American City, August, 1974, '

p. 59. ‘

Hartley, John, "Nighttime Revival X X
in the Natijon's Capital," Nation's '
Cities, December, 1970,

"Improved Street Lighting in the X X
District of Columbia," Congres- .

sional Record--Senate, October 9,

1970, p. S-17621.

hY

e S
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REFERENCE
(Author, Ti%le, Agency,
Publisher and Date)

CONTRIBUTION

Background

Elements

Interventions

Environment

Evaluation

Washington, D.C. 98.
(continued)

Washington, D.C. 99,

Washington, D.C. 100.

Washington, D.C. 101,
Washington, D.C.  102.

State of Washing-  103.
ton

Wichita Falls, TX. 104.

Landman, Amos, “Street Lighting
Has Cut Crime," Journal of
Comnerce, May 18, 1972,

Marks, Dorothy, "Neighbors
in D.C. Light Up a Block
Rather Than Curse Crime
Statistics," North American
Newspaper Alliance, (date
unknown). -

Holland, William, "New D.C.
Lights Cut Crime," The Evening
Star, Washington, D.C.,

June 18, 1971.

"New 'Globe Power' in Washington,
D.C.," Street and Highway Light-
ing, Vol. 20, No. &, 1970.

"Washington, D.C.--Capital of
Light," (undated), published by
the District of Columbia.

"Evans Orders Street Lights On,"
The Seattle Times, February 7,
1974,

Wichita Falls, Texas Police De-
partment, "Crime Analysis Data
for Increased Street Lighting
Program," 1976.
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Other Street Lighting References

CONTRIBUTION

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements

Interventions, -

Environment

{ Evaluation

Anderson, John W., "Street Trees are Safe
With Sodium Lighting," American City,
December, 1975.

Angel, Shlomo, "Discouraging Crime Through
City Planning,” W.P. Number 75, Institute

of Urban and Regional Development, University
of California, Berkeley, February, 1968.

Ashley, Myer, Smith, "City Signs and Lights, X
a Policy Study," prepared for the Boston

- Redevelopment Authority and the U.S. Depart-

ment of HUD, January, 1971.

Beardsley, Charles W., "Let There Be Light, But ‘X

Just Enough," IEEE Spectrum, December, 1975,
p. 28.

Bell, Gwen, Randall, E., Roeder, J.E.R.,
"Urbdn Environments and Human Behavior--An
Annotated Bibliography,” Dowden, Hutchinson
ang Ross, Inc., Stroudsburg, Pennsylvania,
1973.

Bennet, Beverly L., "The Impact of Street
Lighting on Crime and Traffic Accidents,”
Education and Public Welfare Division, U.S.
Library of Congress, Washington, D.C.,,

May 7, 1976.




A-20

EXHIBIi A.2
(page 2 of 17)

REFERENCE

{Author, Title, Agency,
Publisher and Date)

Background

 CONTRIBUTION

Elements

Interventions

Environment

Evaluation

10.

11.

12.

13.

Berla, Nancy, "The Impact of Street Lighting
on Crime and Traffic Accidents," Education
and Public Welfare Division, Library of
Congress Legislative Reference Service,
October 5, 1965.

Blackwell, H. Richard, “Development of
Procedures and Instruments for Visual

Task Evaluation," Illuminating Engineering,
April, 1970, p. 267.

deBoer, J.B., "Modern Light Sources for
Highways," Journal of the IES, January,
1974, p. 142.

Boggs, Sarah L., "Urban Crime Patterns,"
American Sociological Review, Vol. 30,
December, 1965.

Box, G.E.P. and Tiao, G.C., "Intervention
Analysis with Applications to Economic and
Envivronmental Problems," Journal of the
American Statistical Association, March,
1970, pp. 70-74.

Box, Paul C., "Accident and Crime Prevention
Experience with Modern Roadway Lighting,"
Street and Highway Lighting, Second Quarter,
1964, p. '19.

Box, Paul, “Public Lighting Needs," I1lumin-

- ating Engineering, Septemier, 1966.
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUT ION

Elements

Interventions
Environment

EvaIUation

14.

15.

-16.

-17.

18.

19,

Brantingham, Patricia L. and Paul J.,
“Residential Burglary and Urban Form,"

Urban Studies, Vol. 12, 1975, p. 273-

284.

“Brief History of Streetlighting," X
(date unknown: after June, 1971),

copy obtained from National Crime

Prevention Institute.

Budnick, F.S., "Crime-Correlated Area
Model--An Application in Evaluating
Intensive Police Patrol Activities,”
prepared for NILECJ, Washington,
D.C., 1972,

Callender, Don, “Light, a Weapon in War
on Accidents and Crimes," American

Motorist, March, 1962.

Campbe]l, Donald T. and Stanley, Julian,

~C., "Experimental and Quasi-Experimental
‘Designs for Research," Rand McNally &

Co,, Chicago, 1966. Reprinted fram
"Handbook of Research on Teaching," N.L.
Gage Ed., Rand McNally, 1963.

Center for Government and Public Affairs
Review, Auburn University at Montgomery,
Alabama, "Robbery Prediction Project," Vol.
1, No. 1, 1976, p. 3.
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Elements

Environment

Evaluation

{ Interventions

20.

21.

22,

23,

24.

25.

- 26.

27.

Chamberlain, Gary M., "Improve Your City's
Streetlighting," The American City, November,
1974.

Ciark, Francis, "The Case for Step-by-Step
Procedures for Calculations in Roadway
Lighting Design," I1luminating Engineering,
November, 1970, p. 637.

Correlation Between Street Lighting and
Crime, prepared for Rep. Charles P.
Farnsley by the Education and Public We1fare

+Division, U.S. Library of Congress, Congres-

sional Record (House), October 12, 1965,

‘p. 25855,

Davis, Ron, "Memorandum of Law," submitted

* to Doyle Shackelford, National Crime Pre-

vention Institute, March 27, 1975.

Edison E]eétric Institute, Street and High-

- way Lighting Committee, “Street Lighting

Manual," 2nd Ed., 19A9,

Edman, W.H., "Highway Lighting Need," The
Amev1can C1fy, NOVember, 1969,

The Electricity Council, “Secur1ty Lighting~-~
the Grea't Deterrent," pr]nted in England
(date unknown), obtained from the National
Crime Prevention Institute,

Esser, Aristide H., Ed., "Behavior and
Envxronment—~Tne Use of Space by Animals
and Men," prociedings of an International
Symposium held at the 1968 meeting of the
American Associution for the Advancement
of Science in Dallas, Texas, Plenum Press,
(New York-London), 1971. -

>
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CONTRIBUTION

REFERENCE

(Authbr, Title, Agency,
Publisher and Date)

Background
ETements
Interventions
Environment

Evaluation

20. Chamberlain, Gary M., "Improve Your City's ' X
Streetlighting," The American City, November,
1974,

21. Clark, Francis, "The Case for Step-by-Step X
Procedures for Calculations in Roadway
Lighting Design," ITluminating Engineering,
. November, 1970, p. 637.

22. Correlation Between Street Lighting and
Crime, prepared for Rep. Charles P. :
Farnsley by the Education and Public Welfare
'Division, U.S. Library of Congress, Congres-
sional Record (House), October 12, 1965,
p. 2585%. '

23, Davis, Ron, "Memorandum of Law," submitted 4 X
to Doyle Shackelford, Natioral Crime Pre- :
vention Institute, March 27, 1975,

24. Edison Electric Institute, Street and High- . X X
way Lighting Committee, "Street Lighting
- Manual," 2nd Ed., 1969.

25. Edman, W.H., "Highway Lighting Need," The
American City, November, 1969.

26. The Electricity Council, "Security Lighting-- X
- the Gyeat Deterrent," printed in England ,
(date unknown), obtained from the National
Crime Prevention Institute.

27. Esser, Aristide H., Ed., "Behavior and ~ ' X
Environment--The Use of Space by Animals
and ¥en,” proccedings of an International
_ Symposium hutd at the 1968 meeting of the
Amgrican Association for the Advancement
of Science in Dallas, Texas, Plenum Press,
(New York-London), 1971. e

N v
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CONTRIBUTION

REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background
Elements
Interventions
Environment

vaaTuation

28.

29.

- 30.

31,

32.

34,

Fairly, William and Liechenstein, Michael,

"Improving Public Safety in Urban Apart-
ment Dwellings: Security Concepts and
Experimental Design for New York City
Housing Authority Buildings," prepared
by the New York City Rand Institute,
June, 1971.

Feeney, Floyd and Weir, Adrienne, Eds., X
"The Prevention and Control of Robbery,"

Vols. I and II, the Center for Administra-

tion of Criminal Justice, the University

of California, Davis, April, 1973.

Flynn, John E., Spencer, Terry J., Marty- X
nink, 0syp and Hendrick, Clyde, "Interim

Study of Procedures for Investigating the

Effect of Light -on Impression and Behavior,"

Journal of the IES, October, 1973, p. 87.

Forster, H., “Streetlighting in Crime X .
Prevention,” Crime Prevention News, No. 26,
June, 1975, published in Great Britain.

“Forty=Three Ways to Promote Imprbved Road- X

way Lighting," Street and Highway Lighting,
Vol. 20, No. 4, 1970.

Franklin Institute Research Laboratory, , ) X
Proposal No. 17720-G, pp. 5-3 to 5-12.

Gardiner, Richard A., "Crime and the X
Neighborhood Environment,” HUD Challenge,
Vol. VIII, No. 2, Februany, 1976.

]

>
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REFERENCE

(Author,'TitTe, Agency ,
Publisher and Date)

" CONTRIBUTION

Background

Interventions

E]emenis

‘Environment

Evaluation

36.

37.

38,

39.

Gass, Saul 1., "Evaluation in Law
Enforcement--An Ambivalent Concept,"
paper presented at the ORSA/TIMS 1976
Joint Philadelphia National Meet1ng,
April 1, 1976.

Gass, S.I. and Dawson, John M., "An
Evaluation of Policy-Related Research:
Reviews and Critical Discussions of
Policy-Related Research in the Field
of Police Protection," Final Report,
NSF (808 SSH-73-07202), Mathematica,

Inc., Bethesda, Maryland, October, 1974.

General Electric Company Lighting Sys-
tems Business Department, Henderson-
ville, N.C., "Lamp Information,"
Document No. OLP-1296H.

General Electric Company Lighting
Systems Business Department, "Leased
Floodlighting Programs by Electric
Utilities," Document No. OLI-6129B,
Hendersonville, N.C.

General Electric Company Lighting
Systems Business Department, Hender-
sonville, N.C., "Light Concepts

for Conservation," Fact Sheets #100,
101, 102, 105, 107, 108, 109, 112,
113, 114, 116, 117, 119, 120, 121,
124, 125 and 131.

>
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Elements

Interventions

Environment

Evaluation

40.

41,

42,

43.

a4,

45,

46.

General Electric Company Lighting
Systems Business Department, Hender-
sonville, N.C., "Returning the Streets
to the People--Federal Action,"
(RSP-22).

General Electric Company Lighting
Systems Business Department. "Return-
ing the Streets to the People--Municipal
Services Costs-Per Capita," (RSP-23).

'Genera] Electric Company Lighting

Systems Business Department, "Return-
ing the Streets to the People--Profiles
of Municipal Streetlighting," (RSP-20).

General Electric Company Lighting
Systems Business Department, "Returning
the Streets to the People--Research
Results: The Public Demands Good
Lighting,* (RSP-26).

General Electric Company Lighting
Systems Business Department, "Straight
Answers to Some Tough Questions About
Streetlighting and the Energy Crisis."

General Electric Company, Nela Park,
Cleveland, Ohio, "Fluorescents-~0n/0ff,"
Lighting Design and Application, January,
1973, p. 38,

George, Carl J. and McKinley, Daniel,
"Urban Ecology, In Search of an Asphalt
Rose," McGraw-Hi11 Book Co., 1974.

>
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

Background

CONTRIBUTION

Elements

| Interventions

Environment

Evaluation

47.

48.

49.

50.

51.

52.

53.

- 54,

Gersey, Gerald B., "Evaluation of Street

‘Lighting Programs," June 9, 1972 Memoran-
"~ dum to Harold L. Hanlin, I1linois Law

Enforcement Commission, Chicago, I1linois.

Gray, B.M., "Evaluation of Street Lighting
Projects: A Concept Paper," National Crime
Prevention Institute, University of
Louisville, Shelby Campus, Louisville,
Kentucky, 1976.

Greenough, John L., "Crime Prevention: A
New Approach--Environmental Psychology
and Criminal Behavior," Journal of Police
Science and Administration, Vol. 2, No. 3,
September, 1974, p. 339-343.

Harrington, A.D., "Seeing the City--Draft,"
August 19, 1971.

Harrington, A.D., "Urban Lighting, A Montage,"

obtained from General Electric, Engineering
Applications Department, Nela Park, Cleveland
Ohio.

Heck, J. Parker, "Nixon Leads Fight for Better
Lighting," Editorial, Street and Highway Light

ing, Second Quarter, 1969.

Hoover, J. Edgar, "The Lighted Way," General
Federal CLUBWOMAN Magazine, February, 1963.

Hoover, J. Edgar, "Out of the Darkness,"
Street and Highway Lighting, Vol. 20, No. 4,

11970.

¥

X

>
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. _CONTRIBUTION

BRTCRFNCE

(Author, Title, Agenty,
Publisher and Date)

Interventions

§hckground
ﬁ{ements

&
£
H

Environment -

Evaluation

55. Hoover, J. Edgar, May 20, 194D Jette vo . - X
Mr. E.L. Robinson, Genera] 1ectr1c LO '

56. Houk Dorothy, “Added L1ght1ng 15 Added X
Safety," Albuquerque (N.M.) Jdournal, Mav .
27, 1973, p. F-1. |

57, 4o Other Relightymyg rvwgranm tuu'ﬂ, | A
(guthor unknown, undated). :

58. "How We Can Finance Streetlighting,
(author unknown, undated), obtained
from the National Crine Prevention
Institute.

59. TIlluminating Engineering Society ot Nortn X
America, "American National Standard
Practice for Roadway Lighting," Journal
of the I1luminating Engineering Society,
July, 1972.

60. I1luminating Engineering Smciety of North X
Awerica, "1ES Guide for lwmam - !?lwminats
Tests," Illumination Engineerie: August,
1951, pp. 425-430.

61. Illuminating Engineering Society of North X
America, "Recommended Practice of Outdoor
Parking Area Lighting,” I1luminating
Engineering, May, 1960.

62. International Commission on I1lumination X
(CIE), "CIE Statement on Energy. Conserva-
tion and Lighting." Lighting I¥:3gn and
Application, - une, 1975,
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REFERENCE

(Author, Title, Agency,
Publisher and Date)

63.

64.

65.

- 66.

6).

68.

International Training, Research and
Evaluation Council, "A Concept Paper
to Conduct a Phase I Evaluation of the
Impact of Street Lighting on the
Reduction of Crime," ITREC, Falls
Church, Virginia, December, 1975.

Ittelson, W.H., Proshansky, H.M.,
Rivlin, L.G.,.and Winkel, G.H., "An
Introduction to Environmental Psy-
chology," Holt, Rinehart, and Winston,
Inc., 1974. '

Johnson, P.J., "Streetlighting Brings
Results,” Nation's Cities, August,
1973, p. '31.

Jones, Charlotte, "The Impact of Street
Lighting on Crime and Traffic," Education
and Public Welfare Division, Library of
Congress Legislative Reference Service,
August 31, 1970.

Kaufman, John E., "Optimizing the Uses of
Energy for Lighting," Lighting Design and .
Application, October, 1973,

Kimnel, Peter S. and Blasdel, Hugo G.,
"Multidimensional Scaling of the Luminous

- Environment,” Journal of the 1ES, January,

1973, p- 113.

Knezo, Genevieve Johanna, "Program Evaluation:
Review of Major Issues and Literature," U.S.
Library of Congress, Congressional Research
Service, Washington, D.C., 1972.

 CONTRIBUTION

Background
Elements
Interventions
Environment \
Evaluation

><
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_“tervention

REFERENCE

(Author, Title, Agency,
Publisher and Date)

k]

B&ckground
Fiements
Environment

*
1

Evaluation

70. Lam, William M.C., "The | iaktinn of L, Y e X
Cities," Architectural wocord, Jutic, T
Juullil:'-;...‘ 0RA . ey ‘ ,'

‘!", .

® 71. Lam, Willjam M.C., and Lau, dJackie, J.H., X
‘ with Dietz, Alwerl C.H., ' ervormace

Criteria Qutdaor .LipRbiny Y for thie

University Comsiruction ks ou oF New

York State, August, 1971 (wrpublished).

® 72. Law Enforcement Assistance Womeerotr@i: -
“The National Evaluation Prugram of the
Law Enforcement Assistarce Adminisfation
Program Objectives amd #rogram - Besoyiod”
and Implementatio.’ .

@ 73. Law Enforcement legal Defimse Center, T X
Americans for Effective taw Enforcement,
Inc., "Officer Killed by Burglar; Store
Found Negligent for Poor Lighting," AED
Law Enforcement Legal, LﬁﬁbW?Ttﬂ,RﬁpﬁTtHT
August, 1974, p. 12.

74. LEAA Emergency Enerqy Commutes: . “€neryy X
’ Report No. 1~--Summary of Resuits of Spot ‘
Survey of Selected Law Enforcement
Agencies," Law Enforcement Assistance
Administration, Washington, D.C.,
¢ March 1, 1974.

75. LEAA Emergency Energy Cammittee, "Energy X X
Report No, 2--Street Lighting, Eneragy
Conservation and Crime," s.aw Enforcement
Assistance Administratios. Mastywgton, D.0.,
L March 1, 1974.
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REFERENCE
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' Background .

CONTRIBUTION

Elements

Environment

{ Interventions
Evaluation

76.

77.

78..

79,

80.

81.

82.

LEAA Emergency Energy Committee, "Energy
Report No. 3--Preliminary Report on
Ralling Blackouts," Law Enforcement
Assistance Administration, Washington,
D.C., March 1, 1974. .

LEAA Emergency Energy Committee, "Energy
Report No. 7--Preliminary Report on Crime
and the Energy Crisis,” Law Enforcement
Assistance Administration, Washington,
D.C., March 1, 1974.

"Light, A Proven Deterrent to Crime,"
Street and Highway Lighting Bureau,
May 24, 1973 ?out of print). :

Lyons, Stanley, "Lighting for Night
Security of Industrial and Commercial
Premises," (date and publication
unknown), published in Great Britain.
Obtained copy from General Electric,
Engineering Applications Department,
Nela Park, Cleveland, Ohio.

MacCracken, Jack A., "The Economic
Dilemma of Roadway Lighting," I1lumin-
ating Engineering, March, 1970, p. 122.

Malt, HuL,,‘"Neighbdrhood Streets--Accessory

or Deterrent to Crime?", American County,
Vol. 36, No. 5, May, 1971, pp. 44-46.

Maltz, M.D.; "Evaluatior. of Crime Control

Programs," prepared for Research Operations

Division of NILECJ, April, 1972.
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Background
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Evaluation -

83.

84.

86.

87.

88.

89.

90.

Maltz, M.D., "Measures of Effectiveness
for Crime Reduction Programs," QOperations
Research, Vol. 23, No. 3, May-dune, 1975.

Marks, John A., "Streetlighting Today:
Promises and Problems," Electric Light
and Power, October, 1968.

McGowan, Terry K., "In the Proper Light,"

LS LR he i iub s

McGowen, Terry K., "Light and Crime,"
(unpublished}, October 11, 1973.

Milne, Murray A., "The Beginnings of a
Theory of Environmental Control," Environ-
mental Design: Research & Practice

EDRA, 3/AR8, Department of Architecture,
UCLA, 1972. . ’

Murray, Don., "How Bright Lights Reduce
Crime," Coronet Magazine, February, 1960.

National Advisory Commission on Criminal
Justice Standards and Goals, "Community
Crime Prevention--Report of the Mational
Advisory Commission on Criminal Justice
Standards and Goals," prepared for LEAA,
Washington, D.C., 1973.

City of New York Police Department,
"Operation Bright Lights," letter to .
store owners (undated).

o<
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Background

CONTRIBUTION

Interventions

Elements

Environment

Fvaluation

91.

92.
93.

9.

95.

96.

97.

98.

0'Brien, Robert, "To Make Streets Safe After

Dark," Readers' Digest, June, 1960.

Qutdoor Lighting Digest, Editorial, Genera]
Electric Company, Hendersonville, N.C.

Vol. 21, No. 2., May, 1967.

“"Outdoor Lighting Effects on Trees--Ecology,

Energy, Safety and Security," Electrical
South, May, 1974,

"Outdoor Lighting Seminar Emphasizes Urban
Aid," (publication and date unknown), ob-

‘tained from Genecral Electric, Nela Park,

Cleveland, Ohio.

Palko, Ed, "I1luminating the Views of a
Critic in the Dark," Chicago Tribune,
July 3, 1974.

Randall, Louis, "How the Criminal Sees
Streetl1ght1ng," Street and Highway Light-
ing, (date unknown), obtained from the
National Crime Prevention Institute.

Reppetto, Thomas A., Residential Crime,
Cambridge, Massachusetts, Ballinger
Publishing Company, 1974.

Rowan, Neéilon J., and McCoy, Patrick T.,
"An Interim Report on a Study of Roadway
Lighting Systems," Research Report 75-1,
Texas Transportation Institute, Texas
A&M Un1vers1ty, Texas, August 1966

=<
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99.

100.

101.

102.

103.

104.

105.

106.

107.

Rowan, Neilon J. and Walton, Ned E., "Roadway
INlumination Systems-~Final Report," Research
Department 137-2(F), Texas Transportation In-
stitute, Texas A&M University, Texas, May, 1972.

Scheur; James H., "Let's Put Priority on Preven-
tion," obtained from the National Crime Preven-
tion Institute, (date unknown).

Siemon, J.M. and Vardell, L., "Bright Answer to

the Crime and Energy Question," Police Chief,
Vol. 41, No. 6, June, 1974, pp. 53-55.

Smith, C.C., "The Achievement of Quality in
Street Lighting," Transactions of the I1lumi-
nating Engineering Society, (London), Vol. 32,

No. 2, 1967, p. 136.

Stanley, David T., "How Safe the Streets, How
Good the Grant?"; Public Administration Review,
July/August, 1974, pp. 380-389. '

Street and Highway Lighting, “Light and Crime

Don't Mix," 1969,

Street and Highway Lighting, "Lighting is a
Major Weapen in Fighting Crime," 1969.

Street and Highway Lighting, "Police Artist

Agrees--Lighting Does Keep Criminals Away,"
(date unknown).

Street and Highway Safety Lighting Bureau,
"A Precis of Reaction from Around the
Country," (undated).
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108.
109.

110.

112,

13.

116.

Street and Highway Safety Lighting Bureau,
"How to Conduct a Campaign for Better Street-
lighting in Your Community," (undated).

Street and Highway Safety Lighting Bureau,
"Is Street Lighting Really Effective in Com-~
batting Crime?", (undated).

Street and Highway Safety Lighting Bureau,
"News About Safety After Dark," (undated).

Street and Highway.Safety Lighting Bureau,

"What Concerned Citizens Can Do to Make

"Their Neighborhoods, Cities Safer," (undated).

"Street Lighting Goes to Congress," Street
Lighting Facts, Street and Highway Safety
Lighting Bureau, Fourth Quarter, 1966.

"Street Lights Blamed for Killing of Trees,"
New York Times News Service, (date unknown),
obtained from National Crime Prevention
Institute.

"Streetlighting Decreases Crime Rate,"

- Lighting for Ju]y, 1967, p. Z5.

"Street11ght1ng~-lts Contributions to Our

- Safety and Convenience After Dark," Adver-

tising Supplement, Section 13, New York
Times, February 5, 1967.

Suchman , Edward A., "Evaluative Research,"
Russell Sage Foundation: New York, 1967,
p. 28.

>
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Interventions

Environment
Evaluation

117.

© 118.

]]9.

120.

121.

122,

123.

“Task Force Report:; Science and Technology A
Report to the President's Commission on Law
Enforcement and the Administration of Justice,"
U.S. Government Printing Office, Washington,
D.C., p. 48.

Tien, J.M.; Reppetto, T.A.; et. al., "Compen-
dium of CPTED Related Materials", Urban Systems

 Research and Engineering, Inc., Cambr1dge,

Massachusetts, 1974,
Tien, J.M.; Reppetto, T.A.; et. al., "Elements

of CPTED: A Preliminary Report", Urban Systems

Research and Engineering, Inc., Cambr1dge,
Massachusetts, 1975.

"Typical Initial Absolute. Efficacy of 120 Volt
Lamps Used for General Lighting,"” (author un-
known) undated, obtained from National Crime
Prevention Institute.

U.S. House of Representatives, 94th Congress,
First Session, "H.R. 565, A Bill to Amend the
Omnibus Crime Control and Safe Streets Act of
1968 to Provide for Grants to Cities for Im-
proved Streetlighting.” :

Vardell, Larry, "Cost Effectiveness Source
Comparison--Mercury Vapor vs. Sodium Vapor,"
prepared for National Crime Prevention
Institute.

Waldram, J.M., “The Design of the Visual
Field in Streets: The Visual Engineer's
Contribution," Transactions of the I1lum~-
inating Engineering Society (London),

- Vol. 31, No. 1, 1966, p. 7.

><
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Individuals Contacted in Person

or By Telephone -

Barbrow, Louis

Bennett, Beverly

Bobish, Rick
Bowles, Hal
Bbx, Paul

Broughman, James

Brown, Marsha

Castro, Alexander J.

Crouch, C.L.

Dantes, Dale

Metric Information Office
National Bureau of Standards
Gaithersburg, Maryland

U.S. Library of Congress
washwngton D.C.

D1vms1on of Light and Power
Department of Public Utilities

~Cleveland, Ohio

National Electr1031 Manufacturers
Association
New York, New York

Nestmore]and Building
Skokie, I11linois L

Data Systems and Data Process1ng
Division-

U.S. Department of HUD

Washmgtons D.C.

Data Systems and Data Procnss1ng
Division

U.S. Department of HUD

Wash1ngton, D. C

Howard, Needles, Tammen & Bergendoff
New York New York

I1]um1nat1ng Eng1neer1ng Research
Inststute

Research and Deve]opment D1V1s1on

Chicago Police Department V. -

- Chicago, IT1linois




11.

12.
1.
14,
15,

16.

170
18.

19,

20,

21.
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Dogin, Henry S.

Dumbrys, Robert

Flynn, Jéhn E.

Office of Planning and Program
Assistance

State of New York/Division of
Criminal Justice

New York, New York

Division of Light and Power
Department of Public Ut111t1es ,
Cleveland, Ohio

Architectural Engineering Department

-Penn State University

‘Gersey, Gerald

State College, Pennsylvania

Crime Prevention Specia]fst

I1linois Law Enforcement Commission: -

Girard, Charles

Heath, Bruce L.

Heilweil, Martin

HUD Regional Office

Jacobson, William

Janoff, Michael S.

Johnson, P.J.

Kellem, Car]

Chicago, Iilinois

~ International Training Research

and Evaluation Council
Falls Church, Virginia

Utah Council on Criminal Justice

Salt Lake City, Utah

Ann Arbor, Michigan

Office of Coummunity Planning
and Development
Boston Massachusetts

O0ffice of Policy Deve]opment and
Research .

U.S. Department of HUD

Nash1ngton, D.C.

Franklin Institute Research
Laboratory ‘
Philadelphia, Pennsylvania -

New York, New York
National Crime Prevention Institute

University of Louisville :
Louisville, Kentucky
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Kilduff, Thomas Bureau of Electricity S
' Department of Streets & Sanjtation. s
Chicago, I1linois e

Lam, William M.C. William M.C. Lam Associates
, : Cambridge, MassachUSetts

. Malt, Harold Lewis H.L. Malt Associates
' Washington, D.C.

McGowan, Terry K, Engineering Applications Division
' General Electric Company
Nela Park >
Cleveland, Ohio

Powell, John William M.C. Lam Associates
: - Cambridge, Massachusetts

Rau, Richard ' National Institute of Law Enforcement
‘ and Criminal Justice ‘ S
Law Enforcement Assistance Administration
Washington, D.C.

. Rayl, Officer Dennis Research and Déve1dpmenf DinsiOn
S Chicago Police Department .
Chicago, I1linois '

o Richardson, James 0ffice of Justice Programs
‘ ~ - City of Portland ‘
Portland, Oregon

Ryan, Thomas National Electrical Manufécturers S
‘ ‘ Association . S ' R O
Washington, D.C. o ST w
Schwab, Richard N. Federal Highway Administration 4

U.S. Department of Transportation
Washington, D.C. RS :

Fiscal Liason
- City of Milwaukee
Milwaukee, wisconsin

Stein, Harry - Department of Intergovernmental

.. Smith, Marilyn Genera1 Electric Lighting Business
‘ ‘ » - Department , ‘ ' =
_ Hendersonvi]]e;{North‘Carolina




35.

36.

37.

138,

39.

Trueworthy, Jan J,

Turrek, Robert

Waldner, Dudley

Wright, Roger

Yonemura, Or.
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¥

Project Monitor ,

0ffice of Research Programs

Law Enforcement Assistance
Administration

U.S. Department of Justice

Washington, D.C.

Managing Director
Chicago Electric Lighting Institute
Chicago, I11inois

Edison Electric Inst1tute
New York, New York

Department of Business Admwn15trat1oﬁ

~University of Michigan

Ann Arbor, M1ch1gan

National Bureau of Standards
Gaithersburg, Maryland




APPENDIX B
LIGHT MEASURES

vThié appendix contains a somewhat technical but es§entia1 discussion
of the parameters most widely used to specify and measure the 1fght output
; of a street lighting system. | |
| The most general and compliete definition of lightrin physical terhs
is that 1ight is an electromagnetic field whose wavelength distr{butioh
includes the visible range from 380 to 760 nanometers.* By'“field" is
meant a quantity whose magnitude is defined or specified for each point
~in space. The‘quanfity in this case_is‘akcombination‘of e]ectric and
‘magnetic'fie]ds whose variation in time and space is governed by a
~particular set of physical laws known as Maxwell's eduations. vaen‘
(i) a Specification of all Tight sources in a sy;tem; (i1) a specification ;~
of the light transmitting and reflecting properties of the media thrdugh |
which.the 1ight is propagating (e.qg., air; lenses, mirror, etc.); and |
~(441) a specification of the boundaries of a\systém (e.g., street, bui1ding
and sidewalk surféces, etc.), one can in principle, but rarely, if even, in
‘practice, compute the.eleétwomagnetic field at any poiht and at any time.
Inrfact, an’e]ectromagnetic field contains essghtia]]y an infinite v

amount of information, although only a small portion of thié information

is used while viewing a visible object. Some of the measurable concepts

* A panometer is 1077, or one-billionth of a meter.

«
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- corresponding to the parameters of 1ight which‘are relevant for the

establishment of visibility are illustrated in Exhibit B.1. The total

Tight output from a system is given by the measure of 1uminous flux.

Some of this light travels in directions relevant to the object to
be viewed, while the rest goes elsewhere. Of the light travelling
in directions relevant to the object, some parameters are not important,

For instance, in everyday situations, the amount of ultraviolet 1light

- is immaterial to the visibility of an object (unless it happens to have

fluorescent properties).
AnguTar}distributfon is one relevant parameter dealing with quantity

of light, and is measured for any direction by the luminous intensity.

‘Light travelling in these various directions arrives at surfaces and

L e

surfaces, they acquire brightness, or luminance.

Further refinement of these quantitative measures is provided by

the dua]itative notions of uniformity, glare and color. Discussion of the

qualitative measures leads to the idea that the visibility of an object
is a function of the lighting quantity and quality, as well as of other‘

factors in the environment.

LIGHT QUANTITY

The quantitative measures of light are summarized in Exhibit B.2.

The tbta],amount of radiant energy leaving a source in all directions

per unit time is known as luminous flux, and is measured in units of

]Uméhs. A standard candle source emits a total luminous flux of 4n

(1.e., 12.57) Tumens.
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EXHIBIT B.1

Selection of Light Parameters

Relevant to Visibility of an Object

Street Light
System-Output

Total Luminous
Flux

Other Light Sources
(Stationary and Moving)

~ (Other Directions)

A

~ (Other Parameters)

(%jé% (ObJect Direction)
./

Color

Glare £

i

Luminous Intensity

By Direction

ITTumination and

Uniformity

© Luminance (Bright-
ness) of Surfaces

(o )

-

Environment

Visibility

TR



Measure

Luminous Flux

Luminous Intensity

N lumination

Brightness
(Luminance)
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EXHIBIT B.2

Common Measures of Light Quantity

Definition Common_Unit

Radiant energy Lumen
per unit time

Luminous flux Candela
emitted per

unit solid

angle by a

source

Luminous flux Foot candle
incident per
upit area on

a given sur-

face

Luminous flux Foot lambert
emitted, trans- (or candela/
mitted or re- in?)

flected per unit
area by a source
or surface

Unit Definition

Luminous flux of stan-
dard candle source * 4r

Luminous intensity of
a spherically symmetric
standard candle source

One lumen per square
foot

One Tumen per square
foot (or 452 foot
lamberts)
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" The luminous flux emitted by a source in a given direction is

called luminous intensity, and is measured in units of candelas. A

standard candle source emitting 4n lumens over a spherical region
has an average luminous intensity in any given direction of one candela.

The effect of light arriving at a given surface is called

i1lumination. I1lumination measures the density of luminous flux arriving

per unit area, and is measured in footcandles. An i]]uminatién of one
footcandle is prodgced by an incident flux deqsity of one lumen per
square foot. Illumination is one of the most frequently used measures
of street lighting: 1illumination of the horizontal roadway plane is

the quantity specified in the minimum standards of the American National
Standard Practice for Roadway Lighting [A.2-59]. Some common illumina-
tion levels are given in Exhibit B.3. It should be noted that the range
'of illumination levels varies by a factor of 108, agd that night street
1ighting'il1umination levels occupy a relativelygsmalszortion of this
range, from one to ten footcandles. By its definig?oﬁ; il]uminaiion
variés from point to point on,any givenqp1ane. It is therefore common

practice to define average vaTues of illumination on a horizontal or

vertical plane [A.2-24, A.2-59, A.2-60]. Roughly sbeaking, i1Tumination
in the horizontal planc lights the road and sidewalk surfaces, whi]e
vertical illumination increases the visibility of people and objects.
The. eye, however, does not directly perceive illumination in any
pléne‘éxcept thét of its own iris. What one sees is the 1ight emitted,
transmitted or reflected by the surfaces in the field of vision -toward

the eye. For surfaces which are not sources (i.e., for reflecting

72
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EXHIBIT B.3

Typical 11lumination Levels

10,000 = Direct Bright Sunlight
1’000 I
pue=—— Shaded Porch, Sunny Day
100 Typical Office 111umination
10 . Typical High Pressure Sodium

.01

.001

.0001

m———

T ITlumination Level

IES Minimum Street
—JJ" 7 Lighting Recommendations

o Moonlight

=< Starlight
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or transmitting surfaces) the combination of illumination and the surface's
properties together result in the brightness of that surface. Brightness

is defined as the luminous flux emitted, reflected or transmitted pé??

unit area of a surface, and is measured in footlamberts (or candelas

per square inch). A surface has a brightness of one footlambert wﬁén

it emits one Tumen per square foot. One candela per square inch equals
452 footlamberts. The term luminance is also used for brightness.
Pavement brightness is of concern in street lighting systems, and in fact
is used in the spécification of minimum standards used by the International

Commission on Illumination (CIE)*,

LIGHT QUALITY

The qualitative measures of light are summariéed in Exhibit B.4.
The first set of qualitative measures is due to the fact that a street
1ighting system does not produce a uniform pattern of illumination or
brightness, thus creating a need for measures of uniformity of varying

detail. These measures include isocandela and “isolux diagrams, uniformity = -

ratios, gradient and glare. Other qualitative measures inc}ude color
and visibility.
The distribution of luminous intensity or illumination can be plotted

o

on appropriate coordinate systems to produce contour maps showing the
|

=

directions in space of equal Tuminous intensity or the loci of equal

"% International Commission on Illumination, "Recommendations for the
Lighting of Roads for Motorized Traffic," DRAFT for approval by National
Committees, December, 1975 publication CIE No. 12/2 (T7C-4.6), 1975.
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EXHIBIT B.4

~ Common Measures of Light Qua]itx

Measure

anﬁa%ﬂela,ﬂiagr.m

Isolux Diagram

4

xk'*{ b A
Un1form1ty Ratios

- fumwranice dmitormty

« ‘Yrerat: Luminance Uniformity

« Longitudinal Luminance Unitor-
mity

- I?]umination Uniformity

Gradient

Glare

- Disability Glare

Definition

Curves traced on an imaginary
sphere with the source at the |
center ahd joining all points
corresponding to those directions

in which the luminous intensity

is the same.

The locus of all points on the
road surface where the iliumi-
nation has the same we’ue

.4

Ratio of average to minimum
road surface luminance.

Ratio of maximum to minimum
Tocal luminance along center
Tine of lane, as seen- fiom an
observation po1nt on ik same
Tine.

Ratio of average to minimum
illumination on a given sur-
face

. it
Maximum luminance difféience
batween two specified points,
expressed as a percentage of
the average luminance.

4

Impairment of the ability to
see due to harsh contrast be-
tween a luminaire and 115 back-
ground.
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* EXHIBIT B.4
(page 2 of 2)

Measure , ‘ Definition
- Disability Glare (continued)

« Disability Veiling Brightness (DVB) A function of illumination in

‘ ’ . ~ the vertical plane at the eye,
and of the angle between the line
of sight and the glare source.

» Equivalent Veiling Luminance A function similar to that used
: to calcuiate DVB.
~ Discomfort Glare S ' Discomfort due to harsh contrast
between a luminaire and its
background,
+ Glare Control Mark A function predicting a nine-

point subjective discomfort index
from 1ighting system characteristics.

-

Color

Spectral Energy Distribution The relative energy emitted by a
. . ~source as a function of wave-length'

t

Color, Temperature The temperature at which an ideal
’ : black body spectrum most closely

approximates a given source's

spectrum. -

4

Correlated Coloy Temperature The temperature at whica the
. chromaticity of an ideal black body
most nearly resembles that of a
given source.

Color Rendering Index An index describing how-well the
colors of standard objects ave-
rendered, relative to the perfor-
mence of an ideal black body lamp of
identical correlated color temperature.

t

Yisibility

- Visibility Distance ' The distance at which an object can.
' : just be perceived by the eye.

A\
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i?iumination on the horizontal roadway surface. Although an understand-
ing of these detailed engineering tools, called isocandela and isolux
diagrams, reépective]y, is not necessary for the present discﬁssion,
some simpler expressions of the distribution of light can be helpful.

With regard to roadway iilumination and luminance, uniformity ratio

is used to express the ratio of the average leve1 to the minimum level,

and both the IES and the CIE express limits on allowable uniformity
ratwos in their recommendations. According to the IES recommendations,
illumination uniformity ratio should not exceed a ratio of 3 to 1,
except for local residentia? streets, which should not have a ratio
cxceeding 6 to 1. The CIE recommendations apply to overa]] luminance
uniformity and to ]ong1t udinal luminance uniformity, The latter is
defined as the ratio of ine maximum to the minimum local 1uminan¢e
‘a]dng the center line of the lane, as seen from an observation point
on the same line.* Overall luminance uniformity should not exceed a
ratijo of 2.5 to 1, while acceptable 1ongitudina] Tuminance uniformity
is limited to a range of 1.4 or 2 to 1.

, Gradient is an expression of the rate of change of a quantity in

space, and roadway luminance gradient is defined as the maximum lumin--

ance_difference between two specified locations, expressed ‘as a percentage

of the average luminance. No standards for gradient have been expressed

by the 111um1nat1ng engineering societies, but the measure has been

held to be significant for clear perception and ease of recognition [A.2-102].

* 0p. Cit., Internalional Commission on Illuminating. For convenience,
the international definitions of uniformity, which are the reciprocal of
the American indices, have been inverted to make comparison of the standards

easier. \
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Glare refers to a condition of excessive brightness contrast,
such as between a luminaire and its background. Two types of glare,
disability and discomfort glare, have been discussed in the literature. -

Disability, blinding or veiling glare refers to a condition in which the

ability to seé is impaired by the harsh contrast between a luminaire 2
‘and its background. The effect of disability glare has been quantified
by déva]oﬁing formulas which require measurement of (i) the illumination
at the eye in the vertical plane (or in the plane perpéhdiéulay to.
the lihe of sight), and (ii) the angle betweén the Tine of sight and

the glare source. The resulting quantities are called ”diSabi1ity veiling

brightness" and "equjvalent veiling luminance." Their precise fofmu]a-'

tion is not required here, but the fact that they allow disability glare

" to be quantified should be noted. Exhibit B.5 illustrates the relation-

sh{ps of the quantities involved in measuring disability veiling brightness.

Discomfort glare is inherently subjective, and as such its measure

requires an attitude survey which can; however, be correlated with the
photometric. and geometric characteristics of a lighting system. These '

correlations have been made experimentally, and one such index is the

glare control mark. It has been found that a sensation of §1are (i/e.y

glare cbntro] mark) on a 9-point scale from "unbearab]e“’(with‘a score

~of 1) to "unnot1ceab]e“‘(with a score of 9) can be predicted from a

knowledge’ of certain system character1st1cs.* CIE recommendat1uns requ1re

that the glars contro] mark be in the range of 4 to 6, depend1ng on road

* Op. cit., International Commission on Illumination.
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EXHIBIT B.5

Measurement of Disabi]ity Veiling .
Brightness (DVB)

GLARE SOURCE

£, « LUMINOUS INTENSITY ICP) IN DIRECTION OF OBSERVER x COSE
v DISTANCE SQUAKED

_VERTICAL ANGLE
OF CP EMISSION

CHEJGHY OF EYE
ABOVE PAVEMENT

HORIZONTAL ANGLE "
OF CP EMISSION T

(a} Angular relationships for calculating
DVB from one source and for one
observer position.

(b) DVB = IO’HEV

5T

»

Source: American National Standard Practice for Roadway Lighting
(A.2-59, p. 30). .
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“type and brightness of the surrounding area.

' Co?Qr rendering properties are important for several reasons,
including recpgnition of faces and identification of clothing color.
The $ubjéct1ve‘5en$ation of color canvbe édrre]ated with’the objective
wave]éngth distribution, or spectral characteristic, of the light

source. When the spectral energy distribution (or spectrum) of a Tight

source is measured, a graph results, showing‘energy as a function of wave-
, 1ength: .Exhibit B.6 shows the sun's spectrum, which contains all -
visible wave1engths in approximate1y equal proportiohs--thus causing
sdniight to appear as white, or colorless. The faét that 1ight is
the same entity as radio waves, ultraviolet waves, and other forms of
electromagnetic radiation is'i11ustrated by Exhibit-B.6, which shows
the visible spectrum in relation to phenohena associated with pther wave-
1eﬁgths. Exhibit B.7 shows that the spectral distribution from an incan-
descent Tamp is likewise continuous, and has the visible portion of its
energy peak at the longer visible wavelengths, corresponding to red;
In fact, extension of the graph in Exhibit B.7 to 1onger,‘invisib1e
wavelengths would show that most of the energy of an incandescgnt bulb
is radiated outside the visible range. This energy u]timafé1y gets'
dissipated as heat. As the temperature of an incandescent bulb's filament
increases, ?he spectrum changes shape to inélude relatively moye energy
in the shorter wave]engthé‘(i.e., towards blue and green).

It is possible to approximate the'spectrum of an jncandescent bulb
by an idealized spectrum known as a blacklbody emission spectrum. This

jidealized spectrum is complete]y defined by one barameter: the hypothetical

i

\



B-14

EXHIBIT B.6

The Electromagnétic Spectrum

PRODUCED BY
ELECTRIC L AMPS
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(b) Full Spectrum, Including Visible Portion
source: Edison Electric Institute, Street Lighting Manual (A.2-24, p. 15).
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EXHIBIT B.7

Spectral Energy Distribution of an‘Incandescent
Lamp at Various Filament Temperatires
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. /%/
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WAVELENGTH NANOMETERS

Source: Edison Electric Institute, Street Lighting Manual (A.2-24,'p; 113).
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ftemperature of the ideal black body.* Thus, the best fit of an
incandescent spectrum to the black-body curve results in the measure-

ment of color temperature, the temperature at which an ideal black

body would most closely approximate the spectrum of Lhé given light
source. Note that a buib’s color tomperalure does not equal its fila-
"fﬁenp témberaLurn, since the bulb is nol a true black body.
'HighminLnnﬁiLy diaﬁharqé Tamps such as mercury vapor, metal-halide

and high~prv:aﬁ{e sdd%um do not have a continuous spectrum. ;Their
energy, as calt be scen-in Lxhibit B.8, {s concentrated in narrow
ranges, or lines, and the distribution cannot be modelled by the black
body curve. lence, the use of color temperature as'a measure of such

a "line spectrun” is unwarranted. HNeverlheless, there are still sub-
jective responses to the spectra of gaseous discharge lamps for which
some measure less cumbersome than an entire spectral distribution is
~required.  One such measure, which is based on the spectrum itéelf,

is ggxxglgﬁgghpgjpj;qumggggggﬁg, which is the abso}ute’temperature of
“that black body whose chromaticity most nearly resembles that of

the 1ight source [A.2-71]. However, sources with different 1ine spectra

and different color rendering properties can have the same correlated

color temperature and for this reason the color rendering index is used. The

index reflects how well the colors of standardized iliuminated objects

* Mnoideat black body is an object which absorbs all energy falling
-on its surface.  Its characteristic black body emission spectrum, which
is a function of temperature, is often used as a standard for comparison.
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EXHIBIT B.8

Spectral Energy Distributions of Principal

Gaseous Discharge Lamps
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are rendered, relative to the performance of an idea] black body lamp

of the same_correlated color temperature [A.2-71].

Visibility is a concept which depends on a number of environmental
factors, one of which is clearly the performance of the street lighting
system. Visibility is also a function of the particular object being
viewed.} The critical factors entering into the determination of visibility |
have been summarized as/fA.2—24]: |

1. Size of the object or its critical detail.

2. Contrast ¢f the object and its background

or in its complement parts.

3. Brighiness of the object.

4. Time available for seeing or speed of vision.
Much of the research into the concept of visibility has taken a two-step
approach: first it is to determine with experimental subjects the
visibility of specified objects under various 1ighting conditions, and
then it is to find some physical measure that can predict visibility*,

The objects which have been used in such tests rasnge from mannequins

and vehicles to discs, rings and cubes. Visibility distance, the

simplest measure of visibility, is the distance at which the object

can just be perceived. The photometric measures which have been used as

* See, for example:

Gallagher, V, Koth, B. and Freedman, M., "The Specification of Street
Lighting Needs," Report No. FHWA-RD-76-17, The Frankiin Institute

Research Laboratories, prepared for the Federal Highway 'Administration,
Offices of Research and Development, Washington, D.C., November, 1975, and

Blackwell, 0. Mortenson and Blackwell, H. Richard, "Technical Progress
Summary: Simulation Studies of Visibility and Highway Lighting," Interim
Report EES-263, Engineering Experiment Station, Ohio State University,
Columbus, Ohio, March 31, 1967.
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predictors of visibility include average, maximum and minimum object

luminance, horizonta] pavement illumination and pavement luminance.‘

Finally, it should be noted that the qualitative measures of light

are highly interrelated. The American National Standard Practice for

Roadwanyighting [A.2-59, p. 14] states:

'It shou1d be recognized that in many instances
changes intended to optimize one factor relating
to quality will adversely affect another and the

resultant total quality of the installation may
be degraded,

_The problem of the'i11uminating engineer is to achieve a compromise

based on the needs of the particular
street Tighting application.





