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ANALYZING THE IMPACT OF FLOOD PLAIN REGULATIONS UPON

RESIDENTIAL LAND VALUES: TFIE NORTH ALBANY CASE STUDY

ABSTRACT. Land use regulation as a nonstructural method of flood

damage mitigation has proven to be a controversial measure due, among

other things, to suspected adverse impacts upon residential land values.

Little evidence, however, has been gathered to substantiate this claim.

This study attempts to analyze the relationship between flood plain

regulations and assessed residential land values of 91 parcels in

North Albany, Oregon, for the years 1970 and 1976. The study lots

were about equally divided between land regulated and not regulated

by a 1974 Benton County flood plain ordinance. Interpretation of the

data was complicated by assessment procedures such as development

discounts, allowances for the availability of water and sewer services,

and reductions due to building site limitations. Statistical testing

indicates little significant difference between the appreciation rates

of the two parcel categories during the years of observation. The

results suggest that in the North Albany area the demand for desirable

residential properties may outweigh the impact of flood plain regula-

tions.

INTRODUCTION

Man has historically occupied the natural flood plain for a variety of

reasons, such as for agricultural, transportation and industrial use.

Attraction to flood plains was due in part to the availability of water for

these purposes and the convenience of flat terrain. Subsequently, urban

centers were established and the expansion of residential areas emanating

from these centers has, in this century, led to increasing flood damages



despite expensive efforts by the Federal government to provide structural

flood control. From 1936 through 1977, the Federal government spent about

$10 billion on flood control works, and still the cost continues to rise;

average annual flood damages were recently estimated to approach $3 billion.1

Gradually, a shift in emphasis towards nonstructural alternatives

such as land use regulations, public acquisition of flood plains for recrea-

tional use, and flood insurance, to name a few, grew in importance.2 One

such effort, the National Flood Insurance Program (1968), initially pro-

vided government subsidized flood insurance for communities that agreed

to implement flood plain regulations as part of a program to reduce future

flooding losses.3 The program was strengthened with the passage of the

Flood Disaster Protection Act of 1973, and currently flood plain regulations

in Oregon are widely incorporated in local planning efforts due, in part,

to federal as well as state level incentives.4

Consequent with the development of land use regulation as a means of

flood damage mitigation is speculation concerning the adverse economic

impact of such measures upon individual and community land resources. The

effect of flood plain management activities on property values is, however,

little known and has been little tested. The problem is one of several

research needs outlined by participants at a workshop on the reorientation

of water resources research sponsored by the Office of Water Research and

Technology, United States Department of the Interior.5

The research reported in this paper sought to establish the relationship

between flood plain regulations and residential property values for a selected

study area of North Albany, Oregon, using the rates of change in appreciation

of assessed residential land values as an indicator. This study is similar

to one completed by L. J. Warnick in Clackanias County except that the latter
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was a trend analysis using relative appreciation rates rather than specific

dollar per acre figures.6

Other studies have attempted, with varying degrees of success, to

isolate the effects of flood hazard regulations on land values. Although

they were not able to derive precise quantitative results, Moore and Cost

(1973) analyzed five Ohio communities and predicted that flood plain regu-

lations could be expected to cause impacts on property values through

restrictions on development, increased building costs, increased perception

of the risks involved, and eligibility for Federal flood insurance.7

Damianos and Shabman used multiple regression analysis to study the possible

impact of flood plain zoning regulations on land values in Alexandria,

Virginia.8 Although they concluded that restrictive land use control

measures did not seem to reduce the residential land values, they were not

able to specifically isolate the effect of the regulations due to;

1), variability in the perception of actual risk as well as flood hazard

policy, 2), the fact that the case study area was fully developed and

therefore the regulations did not impose severe restraints on the properties,

and 3), the possibility that the market mechanism of land prices may have

already taken the effect of the flood hazard risk into account.9

STUDY HYPOTFIESIS

The study hypothesis is that the implementation of flood plain regula-

tions depresses the rate of appreciation of assessed residential land values

relative to similar lands not so regulated. Thus, the rate of appreciation

of regulated properties would be expected to be less than that for similar

unregulated properties over the length of the study period. This hypothe-

sized relationship is shown in Figure 1.
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BAG KGROUND

To test this hypothesis, an ideal study site would include the

following conditions:

1), availability, completeness, and relative accuracy of county

assessor records,

2), flood plain regulations enacted and enforced for at least

several years,

3), undeveloped parcels zoned for residential use,

4), parcels equally divided between the regulated and unregulated

areas,

5), no sharply noticeable topographic changes between the regulated

and unregulated portions of the study site,

6), separation from the effects of any nearby miscellaneous zoning

influences, e.g., industrial or commercial zoning, and

7), an absence of recent large scale flooding events which often

affect land values for several years.

The study site, North Albany, Oregon, is an unincorporated residential

community lying northwest of the Willamette River and the main business

district of Albany, Oregon (Figure 2). The area is zoned for rural/urban

uses up to one-half acre in size, and there are no commercial or industrial

districts located immediately nearby. Most parcel sizes range from .29 to

.33 acres, the land is generally level with a few swales and low spots,

and most dwellings appear to be of similar size and quality of construction.

The most recent large scale flooding event occurred in December, 1964.

The North Albany study site parcels fall under the purview of Benton

County flood plain ordinances enacted in l974.-° These regulations prohibit

building within the regulatory zone unless certain floodproofing measures,



GENERAL SITE LOCATION -- fig. 2
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such as the use of land fill or raised concrete footings, are undertaken

to elevate the minimum flood level above the water surface of the 100-year

flood.11 Concurrent with flood plain regulations, the county zoned most

other non-residential flood plain lands as "exclusive farm use" (EFU)

zones, thus precluding any further development other than for agricultural

uses.

An 'explanation of the computational procedures used by personnel in

the Benton County assessor's office is now presented to facilitate a better

understanding of the study methodology.

Assessment Procedures

According to ORS# 309.035, class 100 and class 101 land (undeveloped

and developed residential land, respectively) must be assessed at within

5% of market value.12 To this end, assessment personnel complete ratio

studies: an annual compilation and comparison of the recorded market sales

prices of real property in a given area versus the assessed values for

similar properties within that area to determine whether the difference

is, in fact, within the 5% range. The ratio study cards on file in the

assessor's office present the individual property tax lot number, the bare

land value, total property value (including land, house and associated

improvements), the actual selling price, and as suggested, the percentage

difference between the assessed value and the market value.

In addition, selected areas of Benton County are field inspected and

appraised once every six years; in the North Albany area, this physical

reappraisal occurred in 1970 and 1976. For the years 1971-4, data cards

show no increase, in 1975, the assessment procedure was converted to a

computerized system and an across-the-board increase of 30% was applied

to all properties. This figure assumes a 30% increase of assessed values



based on actual sales data for parcels between 1971 and 1974; likewise,

the 1976 reappraisals are supposed to reflect sales data generated

during the period 1974-6.

For individual parcels, the assessor separates real and personal

property, i.e., the land and attached house, into two categories. Since

this study is only concerned with residential land values, housing values

and the improvements connected with them were not considered. Improvements

to the land value, however, must be carefully considered since value

differences among the properties not related to flood plain regulations

must be adjusted to compensate for any extraneous influence.

Personnel in the assessor's office may adjust land values for several

reasons. First, lot properties are discounted by either 75% or 80% of full

value, termed "developer's discount", until any one of three conditions

exist; 1), 60% of the lots in a given subdivision have been developed,

2), a given lot itself is built upon, or 3), the lot is sold into indivi-

dual ownership. At times, developer's discount was noted directly on the

assessor cards while at other times, evidence that the discount was being

applied became apparent only by studying the gradations of value increase

after home construction.

Secondly, the availability of water and sewer services is considered

a land improvement and is added either separately or grouped together and

termed "homesite" on assessor data cards. Prior to 1970, there was no

organized method for adding the value of water and septic facilities to

the property land values. In some instances, water and sewer were added

individually in addition to land and in others, the land value already

included water availability, with septic added after home construction.

After 1970, the land was valued as if bare and the two services were combined
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and added under the designation homesite. For example, in 1970 the values

allotted to water and sewer were $500 and $450, respectively, while in

1976, homesite services (water and sewer combined) were valued at $1650.

Third, location and shape adjustments at varying rates of reduction

were applied to some lots in North Albany if they were fronted by unusually

busy streets on one or two sides or if the shape of the lot presented un-

usual building or maintenance problems. Most of the few adjustments for

both categories were minor.

Finally, and of cardinal significance for the research, assessors allow

a variable adjustment termed "topography" for physical deformities which

may complicate or prohibit building on a parcel. These conditions include;

1), lowness and susceptibility to flooding, 2), steepness (involving, for

example, the inconvenience of a high driveway), and 3), inaccessibility.

Although not strictly synonymous with flooding problems in cases outside

of the study area, it was assumed that in North Albany the use of topographic

adjustnients referred to flood prone sites since conditions of steepness or

inaccessibility did not exist and most topographic reductions carried remarks

such as "low" or "below flood plain". In the remainder of this report

topographic adjustments are referred to as flood-related adjustments.

METHODOLOGY

The North Albany study site was initially chosen after inspection of

the Corps of Engineers Flood Plain Information Studies for Albany and the

Willamette River; these maps contain aerial photographs overlain by grids

delineating the boundaries of the 100-year regulatory flood and the Standard

Project Flood.'3 Benton County used the same maps in 1974 as a basis for

determining flood hazard regulation zones. Also used for comparison and

cross-checking of information were the Flood Hazard Boundary Maps distributed
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by the Federal Emergency Management Agency, the U.S.G.S. 7.5 minute topo-

graphic series, and large scale maps of the area used by the Benton County

Planning Department.

Individual properties in North Albany were located on large scale

tax lot maps contained in the Benton County assessor's office. These

maps contain the tax lot and parcel tax numbers used to reference the

location of individual parcel data cards. A zoom transfer scope was used

to superimpose the regulated flood plain boundary from the Corps of

Engineers maps to the tax lot maps.

Initially 128 properties, about equally divided between the regulated

and unregulated zones, were recorded for examination. Ninety-one of

these were finally chosen for the study; forty-five properties were

located within the regulated zone and forty-six unregulated properties

were located outside of this zone (Figure 3). The area was extensively

field checked to make certain that there were no unusual topographic or

socio-economic anomalies between regulated and unregulated lands and pro-

perties. The ninety-one properties met nearly all of the ideal study site

criteria with the exception that only eight of the residential lots were

undeveloped.

Properties omitted from the study included those which were bisected

by the regulation boundary line, those which changed in size during the

study period, and a few where assessor site adjustments were unclear.

For a complete description of parcels see Appendix A and Appendix B.

The physical reappraisal years of 1970 and 1976 were chosen for the

study period since the enactment of Benton County flood plain regulations

occurred in 1974. Theoretically, any change the flood plain regulations

may have had on the rates of land value appreciation among properties would
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be reflected in market sales between 1974 and 1976 and hence also in

assessed land values for the 1976 appraisal year. Normally, a calibra-

tion period of the same number of years duration would be compared with

the study data except that; 1), extensive flooding which occurred in 1964

would possibly have had attendant effects on values, and 2), many of the

parcels were then part of much larger, agriculturally-zoned lots. The

procedure, therefore, was not attempted.

Several modifications of the raw data were required before statistical

testing could begin. In the attempt to reduce all properties to a bare

land value equivalent, all improvements to land described earlier, such

as homesite and developer discount designations, were removed, with the

special exception of flood-related adjustments.

Secondly, certain assessor errors complicated data gathering. Simple

computational errors were mostly minor in nature, although one approached

a 3% error rate. In another instance, an assessor new to the area mis-

takenly adjusted previously reduced properties at full value. Finally,

for some properties built in 1972 and 1973, the assessor applied a

"homesite" adjustment to parcel values which already included water

thereby mistakenly assessing double the amount for water services.

Thirdly, sixteen of the unregulated parcels were subdivided from

previously agricultural land between the two study years; their records

therefore did not date back to 1970.14 For the purposes of the study,

it was assumed that the entering land value for the year the property was

built on was applicable instead. This was considered acceptable since most

properties showed no change in assessed values between 1971 and 1974 anyway.

Finally, twenty-three of the forty-five regulated properties had flood-

related adjustments levied against them. There were no such restrictions

in the unregulated category. Of these twenty-three cases, fifteen had
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flood-related adjustments levied in 1970 only, three had adjustments for

1976 only, and four properties were adjusted for flooding for both years.

(The remaining case was adjusted after 1976.)

Lots in the regulated area which had adjustments related to flood

hazards in 1970 but not in 1976 reflected, in most cases, the building of

houses during the interim years. It was assumed that when the properties

were re-inspected in 1976 and observed by the assessor to have been built

upon, the adjustment was removed since any impediment to building appar-

ently no longer existed. The important point is, however, that the land

owner may or may not have taken measures to floodproof his parcel since,

in all cases, home building occurred prior to Benton County flood plain

regulations in 1974. In those cases where the land owner did not imple-

ment floodproofing measures, the flood-related adjustment levied in 1970

could perhaps be considered as equally applicable in 1976. In this inter-

pretation, the adjustment is no longer influenced by home construction,

rather, it now represents for both years the decreased utility of the

parcel due to flooding potential.

To account for both possibilities, two different methods of computation

were used for the fifteen lots in the regulated zone which had flood-related

adjustments in 1970 only. The first method (hereafter referred to as "Ri")

incorporates the adjustment in 1970 and not 1976, as actually applied by

the assessor. The second method (termed "R2") applies the 1970 percentage

adjustment in both years, even though this was not actually done by the

assessor. The three properties with adjustments in 1976 only were computed

under the Ri manner since a negative percentage increase produced by calcu-

lations for both years would lead to inconsistent results. All other regu-

lated properties with flood-related adjustments actually applied in both

years were computed in that manner and appended to each of the two methods
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for testing.

Lot values for 1970 and 1976 were collected for all study parcels,

adjusted for the several conditions noted above, and then converted to a

dollar per acre figure to neutralize any effect that a variation in parcel

size might have on the remaining data. The dollar per acre lot values

were compared between the years 1970 and 1976 to determine a percentage

increase, then the mean percentage increases between the regulated and

unregulated portions of the study area were compared to determine if there

were any significant differences. (A complete description of the statis-

tical tests can be found in Appendix C.15) If, as hypothesized, flood

plain regulations decrease the rate of residential land value apprecia-

tion relative to those lands which are unregulated, the regulated parcels

would increase in value significantly less rapidly than the unregulated

parcels over the study period. The null hypothesis states that there

is no significant difference in the rates of land value appreciation

between the regulated and unregulated parcels in the study area. Test

results are presented below.

TEST RESULTS

Significantly, when the two procedures Ri and R2 are used to compare

growth rates between regulated and unregulated properties, one method shows

important differences while the other does not. The percentage increase

of regulated lots with flood-related adjustments in one year only was

significantly higher statistically than the percentage increase of unregu-

lated lots (Table 1). In the other instance, in which the flood-related

adjustments were included for both years (R2), there were no significant

differences of mean growth rates of assessed land values between the regu-

lated and unregulated parcels.



TABLE 1. MEAN GROWTH RATES OF LAND VALUES

sample sample sample test study
size meana variance resuitsb hypothesis

All R1C parcels 45 1.77 l.54
1 reject

All UNd parcels 46 1.27 .457
2 reject

All R2e parcels 45 1.42 .428

Rl parcels built
during 1970-6 16 2.63 . 2.48

1 reject
UN parcels built
during 1970-6 16 .57 .034

1 reject
R2 parcels built
during 1970-6 16 1.65. .389

Undeveloped R2 parcels
(unbuilt) 8 .761

.2381

UN parcels built 2 reject

during 1970-6 16 .57 .034

a multiply by 100 to compute percentage increase

b 1) indicates the percentage increase for regulated properties was greater than the unregulated properties,
converse to the study hypothesis; 2) indicates there were no statistically significant differences between
the regulated and unregulated properties

c regulated properties containing parcels with flood-related adjustments for 1970 only

d unregulated parcels

e regulated properties containing parcels with flood-related adjustments for 1970 and 1976
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Two more tests were performed which compared both the regulated lots

built on during 1970-1976 (using both the Ri and R2 methods) and the eight

unbuilt regulated lots with the sixteen unregulated lots which were also

built on during 1970-1976. As Table 1 indicates, both categories of

developed regulated properties showed a much greater percentage increase

in value than the similarly developed unregulated properties. A comparison

between the eight unbuilt regulated properties, however, and the sixteen

unregulated properties built between 1970 and 1976 showed no statistically

significant difference in percentage increase during the study period.

The results of testing the Ri method of computation (using both sample

sizes, sixteen and forty-five) not only decidedly reject the null and re-

search hypotheses but suggest the converse, i.e., that the rate of land

value appreciation of assessed residential parcels subject to flood plain

regulation is greater than that of unregulated parcels. Use of the R2

method with sixteen samples also produced the same results.

Alternatively, a larger sample size (n=45) R2 test and the test using the

eight unbuilt parcels both support the null hypothesis; i.e., there is no

difference in the rate of increase between the regulated and unregulated

properties.

DISCUSSION

Formidable problems face researchers attempting to assess the impact

of regulations on land values. Before inferences from the test results

are made, some of the problems encountered in this research are discussed.

A complicating factor during data gathering was that some of the

eight unbuilt lots, in addition to being flood prone, were noted to have

septic permit denials in response to attempted building permits. Currently
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the assessor's office will reduce a property by half its market value

if it is unbuildable for any reason. Consequently, in these cases it

is difficult to separate and isolate the effects of flood potential from

the unsuitability of the site for septic tanks. Even if this were not

the case, using the test results of a partial sample size of eight is

probably not as statistically valid as the use of forty-five for the

total number of regulated properties.

Secondly, it will be recalled that only one of the ninety-one study

parcels was built on after Benton County flood plain regulations went in

effect in 1974. It is possible that the several computations necessary

for adjusting the ninety-one properties to a bare land value may either

mask sensitive differences between properties in either the regulated or

unregulated portions of the study site, or modify the data to an extent

that the inferences resulting from statistical testing may be inconclusive.

For unimproved residential lands the impact of flood plain regulations

may be more substantial; for improved residential lands, the impact is

more difficult to detect.

Analysis of the Ri Procedure

The fifteen Ri properties show a greater rate of value increase when

compared to all other regulated properties. This would be expected since

the removal of a 1970 flood-related adjustment from an Rl property repre-

sents a greater percentage change during the study period than for those

properties adjusted either for both years or for neither year. The com-

bined total of regulated properties (fifteen Ri properties added to the

other thirty) also shows a greater rate of value increase when compared

to the unregulated properties. These facts should not be taken to mean

that the regulated lots necessarily constitute more valuable land: although

the regulated lots may show greater rates of increase in value between 1970
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and 1976, they may not be worth more than the unregulated lots in 1976

since these had not been discounted by flood-related adjustments in the

first place.

Theoretically, the greater rate of increase in value of Rl regulated

lots might be thought of as the added investment needed to make these lots

buildable. French, et al. (1980) found that increased construction costs

due to implementation of flood plain regulations ranged from lO_25%.16

There was, however, no record in Benton County assessor files of 'whether

such investments were undertaken. Also, it will be recalled that all

developed properties in the regulated study area and period were built

before 1974, prior to when county regulations made such investments manda-

tory.

Finally, ten of the parcels adjusted in 1970 but not in 1976 were

reduced by 20% or less. If the smaller adjustments represent the fact

that only part of the property is flood prone, perhaps as indicated on a

few of the property cards assessor comments of "reduced 10%-low in back",

then the land owner may have simply elected to build his house on another

available portion of the lot without resorting to the anticipated 10%

additional market expense to make the lot buildable.

Analysis of the R2 Procedure

In theory, applying the 1970 percentage flood-related adjustment to

the 1976 reappraisal value (which the assessor did not do if the lot had

been built on in the interim) should dampen the escalating trend of regu-

lated lot value relative to the degree of flooding potential as perceived

by the assessor in 1970 and relative to the rates of change of the other

unregulated parcels. As shown earlier, the tests using the R2 method did

not subsequently reveal any significant difference in the rates of change
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between the regulated and unregulated parcels.

It is uncertain, however, to what extent varying flood-related

adjustments accurately reflect assessor awareness of the flood hazard

or the degree of severity of the hazard. While awareness is indicated

by cOmments about flood hazards on a few of the data cards, in other

cases the assessed value of properties were finally reduced by 50% only

after land owners were denied building permits by the Benton County

Building Department due to flood plain regulations, and they then success-

fully petitioned a local Board of Equalization to have their taxes reduced

from full value. Flood hazard awareness will also likely differ among

assessors appraising the same property in different years even though

all attempts are made to keep assessments consistent.

Finally, a much broader issue might not involve the matter of assessor

awareness at all. If market activity is assumed to represent a consortium

of informed buyers and sellers, then the extent to which an individual's

perception of the hazard of the flood plain or of the decreased utility

that flood plain regulations may impart to land values might be assumed

to be directly represented by sales prices, all other influences notwith-

standing. And if physical reappraisal values are based on a nuniber of

what are considered "typical" sales figures for parcels in an area, the

extent to which the reappraisal reflects the possible impact of flood

plain regulations depends also on how many of those sales are actually

within the regulated flood plain. Assessor awareness of flood plain regu-

lations might then be called into play if there are a number of represen-

tative sales both within and outside of the regulated areas and he is

therefore free to choose a proportionate numl)er of typical sales to use

for the ratio study. Or, conceivably, if all of the sales are outside

the regulated flood plain, the regulations may theoretically still have
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some effect on the land values but not be evidenced by the physical

reappraisal values.

Even though the Benton County assessorts office recorded sales

transactions in North Albany for the study years 1970 and 1976, it was

not possible, unfortunately, for the purposes of this study to determine

exactly how many of the sales parcels were used to arrive at a market

evaluation nor was it possible to determine whether they were located

in either the regulated or unregulated zones. If the physical reappraisal

values of the ninety-one study parcels are based, for example, on only a

small actual number of sales in 1970 and 1976, then the statistical tests

may have correspondingly produced less representative results as well.

CONCLUSIONS

In summary, it was hypothesized that the promulgation of Benton

County flood plain regulations in 1974 would depress the rate of resi-

dential land value appreciation for those properties affected by the

ordinance relative to similar properties which would not he affected.

Of the two procedures considered for this research, the R2 method appears

to be less sensitive to the influences that home construction may have on

the growth rates of assessed land values. Also, it appears the method

is more indicative of the relative potential for flooding damages on a

parcel-by-parcel basis. As a result of testing with this procedure it

was found that the regulations have apparently had little effect on land

values, although the strength of the tests performed may be open to some

speculation. The fact that nearly all of the parcels in the study site

had already been built upon required significant modification of the data,

possibly limiting the applicability of the test results.
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Aside from these methodological problems, researchers of economic

land use studies have experienced difficulties in designing tests and

interpreting results due, particularly, to the many and variable influ-

ences operating on the law of supply and demand equation.17 For example,

the demand for and possibly the market prices of developable residential

land located within the regulated flood plain will be a function, among

other things, of the availability of alternative residential lands.

The North Albany study site appears to be no exception. The demand for

desirable properties in this instance appears to outweigh any signifi-

cant impact that the potential for flood damages may have on the market

values of those lands.
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APPENDIX A

PARCEL INVENTORY

1.) Total properties ................ 128
2.) Parcels omitted from study ............ 37

91

a.) bisected by regulated/unregulated

boundary line ............ 23
b.) built recently, not enough record ...... 2

c.) duplexes; complicated records ....... 3

d.) land division during study period ...... 4

e.) site adjustments unclear ......... 5

37

3.) Regulated parcels ............... 45
a.) undeveloped (unhuilt) .......... 8

b.) topography (flood-related) adjustments . . . . 23

1.) adjustments levied in 1970 15

2.) adjustments levied in 1976 3

3.) adjustments levied in

both years ........ 4

4.) adjustments levied in 1980 1

23

4.) Unregulated Parcels ............... 46
91
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APPENDIX B

STUDY PARCEL LISTINGS

Column Headings

A Parcel Numbers

B Year built

C Size (Acres)

D Topography adjustment (regulated only); percentage/year levied

E 1970 adjusted _ot value; includes additions to land value other than

for topography (See text for explanation)

F 1970 dollar per acre lot value

G 1976 adjusted lot value

H 1976 dollar per acre lot value

I percentage increase (xlOO) 1970-1976

Regulated Parcels (Ri)

A B C D E F G H I

Map 10-3-31 DB

1909 72 .52 ---- 4060 7807.69 5810 11173.07 .43

1910 73 .41 10/70 4295 10475.61 5420 14682.93 .43

Map 10-3-31 DC

100 71 .29 ---- 2370 8172.41 6610 22793.10 .26

200 68 .30 ---- 2380 7933.33 6630 22100 1.79

300 61 .27 ---- 2150 7962.96 6580 24370.37 2.06

3200 64 .33 ---- 2400 7272.73 6680 20242.42 1.78

3300 64 .27 ---- 2960 10962.96 6570 24333.33 1.22

3400 64 .31 ---- 2630 8483.87 6650 21451.61 1.53

3500 64 .27 ---- 2150 7962.96 6590 24407.41 2.07
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A B C D E F C II I

3600 69 .42 ---- 2560 6095.24 7240 17238.10 1.83

4000 68 .23 ---- 1960 8521.74 6520 28347.83 2.33

4100 69 .24 ---- 1880 7833.33 6530 27208.33 2.47

4300 71 .30 60/70 920 3066.67 2670 8900 1.90

4400 71 .30 60/70 950 3166.67 2650 8833.33 1.79

450() 71 .54 40/70 2210 4092.59 4220 7814.81 .91

4600 71 .30 25/70 1800 6000 5280 17600 1.93

4700 -- .34 80/70 610 1794.12 700 2058.82 .15

90/76

4800 .29 80/70 570 1965.52 660 2275.86 .16

90/76

5200 -- .29 80/76 570 1965.52 1320 4551.72 1.32

5300 -- .29 70/76 675 2327.59 980 3379.31 .45

5400 -- .26 80/70 580 2230.77 980 3769.23 .69

85 / 76

5500 72 .23 15/70 1640 7130.43 5540 24086.96 2.38

5600 71 .28 20/70 1980 7071.43 5280 18857.14 1.67

5700 70 .28 20/70 1640 5857.14 5270 18821.43 2.21

5800 70 .26 20/70 1740 6692.31 5260 20230.77 2.02

5900 70 .23 20/70 1760 7652.17 5210 22652.17 1.96

6100 -- .23 50/80 1850 8043.48 3350 14565.21 .81

6400 79 .30 80/76 620 2066.67 1320 4400 1.13

6500 -- .26 10/70 2500 9615.38 5960 22923.08 1.38

50/76

6600 70 .29 10/70 2100 7241.38 5950 20517.24 1.83

6700 70 .27 10/70 1780 6592.59 5920 21925.93 2.33

6800 70 .25 10/70 2190 8760 5890 23560 1.69

7300 69 .23 10/70 2040 8869.57 6000 26086.96 1.94

7400 71 .30 10/70 2580 8600 5970 19900 1.31
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A B C D F G H I

7500 69 .27 ---- 2530 9370.37 6580 24370.37 1.60

7600 69 .32 ---- 3000 9375 6670 20843.75 1.22

7700 68 .29 ---- 2980 10275.86 6620 22827.59 1.22

7800 64 .28 ---- 2600 9285.71 6590 23535.71 1.53

7900 68 .32 ---- 2120 6625 6670 20843.75 2.15

8000 69 .30 ---- 2910 9700 6620 22066.67 1.27

8500 66 .29 ---- 4030 13896.55 6610 22793.10 .64

8600 67 .29 3530 12172.41 6610 22793.10 .87

8700 68 .30 ---- 3760 12533.33 6620 22066.67 .76

8800 64 .33 ---- 4480 13575.76 6680 20242.42 .49

8900 65 .31 ---- 4080 13161.29 6660 21483.87 .63

Unregulated Parcels

Map 10-3-31 DA

202 71 .54 4100 7592.59 5840 10814.81 .42

203 71 .63 4260 6761.90 6000 9523.81 .41

204 71 .63 4260 6761.90 6000 9523.81 .42

207 71 .59 4180 7084.75 5930 10050.85 .42

211 73 .19 3000 15789.47 4510 23736.84 .50

212 72 .21 3000 14285.71 4950 23571.43 .65

213 71 .23 3000 13043.98 5300 23043.48 .77

214 73 .20 3000 15000 4770 23850 .59

Map 10-3-31 DB

1500 61 .36 2310 6416.67 6520 18111.11 1.82

1600 64 .33 2370 7181.82 6480 19636.36 1.73

1700 62 .35 2300 6571.43 6500 18571.43 1.83

1800 62 .35 2300 6571.43 6500 18571.43 1.83
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A B C 0 E P C H I

1905 72 .56 4130 7375 5880 10500 .42

1906 72 .57 4041 7263.16 5770 10122.81 .39

1907 71 .57 4140 7263.16 5890 10333.33 .42

1912 76 .53 4060 7660.38 5820 10981.13 .94

1913 72 .53 3000 3773.58 5820 10981.13 .94

1914 73 .25 3000 12000 5330 21320 .78

1915 71 .25 3000 12000 5330 21320 .78

Map 10-3-31 DC

400 69 .27 2150 7962.96 6580 24370.37 2.06

500 65 .25 2260 9040 6550 26200 1.9

600 68 .31 2690 8677.42 6650 21451.61 1.47

1600 62 .30 2730 9100 6630 22100 1.43

1700 64 .33 2400 7272.73 7080 21454.55 1.96

2000 68 .26 2340 9000 6560 25230.77 1.8

2100 68 .26 1890 7269.23 6670 25653.85 2.53

2200 68 .28 1950 6964.29 6600 23571.43 2.28

2300 69 .27 1670 6185.19 6510 24111.11 2.90

2400 68 .28 2230 7964.29 6600 23571.43 1.96

5000 62 .26 2180 8384.62 6570 25269.23 2.01

5100 63 .32 2590 8093.75 7060 22062.50 1.73

8200 68 .29 3580 12344.83 6610 22793.10 .85

9100 65 .30 3630 12100 6630 22100 .83

9200 64 .30 3630 12100 6630 22100 .83

9300 64 .30 3630 12100 6630 22100 .83

9400 64 .30 3630 12100 6630 22100 .83

9500 68 .27 2870 10629.63 6580 24370.37 1.29

9600 66 .25 2870 11480 6540 26160 1.28
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A B C D F G II I

9700 67 .25 2970 11880 6540 26160 1.20

10100 62 .24 2600 10833.33 6530 27208.33 1.51

10200 63 .24 2600 10833.33 6530 27208.33 1.51

10300 73 .24 3650 15208.33 6530 27208.33 .79

10400 63 .30 3300 11000 7010 23366.67 1.12

10500 63 .30 3300 11000 6630 22100 2.01

10600 66 .30 3300 11000 6630 22100 2.01

10700 64 .30 3300 11000 6630 22100 2.01
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AIPENDIX C

DESCRIPTION OF STATISTICAL TESTS AND RESULTS

The statistical tests used to compare the difference in percentage

increase of parcel value between the regulated and unregulated properties

were:

1), for samples larger than 30; the z-score large-scale

independent test of the difference between two population

means, and

2), for saiples smaller than 30; the t-score small-scale

independent test of the difference between two population

means.

Alpha (a) levels of .05 significance were used for 1)0th tests. The

null (Fl) and research
"a

hypotheses for all tests were of the form:

F!: = 0 (or M1

and
11a l'2 0 (or

l '

where = the population mean of regulated parcels,

and
2

= the population mean of unregulated parcels.

The large-scale tests for sample sizes greater than 30 used the

test statistic:

z
(x1-x2) 0

i2 2

/

Si + S2

%n1 fl2

where n1,s, and represent the regulated parcels' sample size,

sample variance, and sample mean, respectively;

and n2,s, and x2 represent the unregulated parcels' sample size,

sample variance, and sample mean, respectively.
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The null hypothesis is rejected if the calculated z is greater than

Za/2 or less than (t 1.96) The test results for this portion of

the study were as follows:

1. for x1 = Ri properties

and x2 = unregulated properties

2. for x1 = R2 properties

and x2 = unregulated properties

z = 2.37 reject H
0

z = .940 do not reject

H
0

The small-scale tests for sample sizes less than 30 used the

test statistic:

t =12 - 0 2 2
2 (n -i)s + (n -1)s

,wheres = 1 1 2 2

1
p

j(
s'(±+_) n + -2
p"1 "2 1 2

S2 refers to the pooled sample variance, and the subscripts 1 and 2

again refer to regulated and unregulated parcels, respectively.

The null hypothesis is rejected if the calculated t is greater

than ta/2 or less than ta/2 ( 2.045) based on (n1 + n2 - 2) degrees

of freedom. The test results for this portion of the study were as

follows:

1. for x1 = Rl properties
t = 5.205 reject H

and x2 = unregulated properties)
0

2. for x1 = R2 properties

and x2
(

= unregulated properties,
t = 6.639 reject H

o

3. for x1 = R2 unbuilt properties do not

and x2
(

= unregulated properties)
t = 1.403 reject H

o

(Note: Assumption of equal variances not operative for any t test.)

. I


