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trend analysis was conducted on lnosquito densities, temporary and perma-

nent abatement work, total abatement expenditures and per capita abate-

ment expenditures. A four-equation pest management model was utilized
to examine the responsiveness of mosquito numbers to permanent and

temporary abatement procedures and to analyze the factors affecting the

demand for mosquito abatement. A regression model was employed to check

for possible economies of scale in permanent and temporary abatement work.
The estimated empirical results of these 2 models were then utilized to

determine the relative effectiveness per dollar of permanent and temporary

abatement expenditures in reducing the number of mosquitoes.

flosquito populations  as measured by the annual mean number of female
mosquitoes per light-trap night! varied widely from district to district
and year to year . The mean annual  Play-October! collections rangedI

from 1.5 to 794 mosqui toes per trap night with an overal 1 mean of 63.2.
The 13-year trend  all locations averaged! was downward The average

number of acres under temporary control  treated with insecticides! was
484,600 and the number in any given year tended to change in the same
direction as changes in mosquito numbers. The acreage under permanent

control  di tched or diked! increased over the I 3 years and the yearly

average was 6,138 acres. Abatement expenditures were financed from local
district taxes and state grants. Total expenditures increased during the

13 years, but a very high portion of the increases came from local funds.

1Light trap collections are a standard tool for mosquito population
measurements, although they yield variable results according to the species
of mosquitoes involved, trap location and environmental conditions. How-
ever, these are the only type of data available for many years from all
the districts included in this study, and control measures were mainly
based on light trap data in these districts. In some cases, data on
landing or biting rates were available. The simple correlation between
these and the light trap data was +.78 which suggests that the light trap
data provided a reasonable estimate of the degree of annoyance from
mOSqultOeS.



Total and local expenditures per capita increased throughout the period,
whereas the state expenditure per capita declined.

The analysis revealed that both temporary and permanent abatement

procedures significantly reduced the average mosquito population dur'np pu a ion using

the 13-year period. A 104 increase  above the mean annual level! in

acres sprayed corresponded to a 5.7% decrease in the mean number of mos-

quitoes per light trap night, A 104 increase in acres under permanent

control resulted in a 4.44 decrease in mosquito numbers  calculated over

the 10-year life of the permanent facility!. Economies of scale were

shown to exist in permanent abatement work but not in temporary. The

estimated relationship between control measures  temporary vs permanent!

and mosquito numbers, plus estimates of costs of performing units of

abatement activities, indicated that, in an "average" district, temporary

chemical controls reduced from 1.4 to 3.5 times as many mosquitoes per

dollar of expenditure as did permanent control measures, This condition

was calculated at the sample mean, i.e., for a so-called "average size"

district. Very large districts which have significant'ly lower costs of

performing permanent, but not temporary activities, have near equal re-

turns from permanent and temporary acres controlled. Contrarily dis-ys
tricts wi th fewer peop'le and smal ler total budgets have higher costs of

lowering mean level of mosquito abundance by permanent control than ban y

chemical control in terms of direct field cost. This study only evalua-

ted the direct dollar costs and the associated change in the number of

mosquitoes and did not attempt to evaluate any of the other effects of
abatement work.

The demand for abatement ~ as measured by local per capita expendi-

tures, was determined to be s igni f icant ly affected by income, state grants

for abatement, tourism, the wage rate  a proxy for price!, and population.
State grants stimulated local expenditures rather than substituted for

them. For the average district, it was found that a $1.00 increase in

state grants caused local expenditures to increase by $.90, other things

being equal. Abatement demand was found to be elastic, i.e,, each 14

increase in the abatement price caused the quantity demanded to decrease
by 1.14.

The impl ications of these results are discussed in relation to the

formation of new mosquito abatement districts or the ex ' fe expansion o existing
programs. VI

Demand For and Cost
Of Coastal Salt Marsh
Mosquito Abatement

I. INTRODUCTION AND OBJECTIVES

Mosquito control or abatement in coastal regions has become a con-
troversial issue in recent years because of the potential environmental
problems related to the use of insecticides and alterations of marsh
areas as methods of control  Water Resources Research institute, l970!.
There is concern that these activities may be destroying wildlife and
fish habitat that is critical to man's welfare. In spite of these con-
cerns, public agencies are engaging in a considerable amount of abate-
ment activity,

This mosquito control or abatement work uses large quantities of
resourres each year. in 1971, $38 million were expended by 191 publicly-
funded mosquito abatement districts  American Mosquito Control Associa-
tion, 1972!. The states of Florida and California acrounted for the
largest expenditures, $11 and $10 million, respectively, but other
coastal areas are growing in importance. Of particular interest in this
study are the salt marsh mosquito areas of the East Coast states where
the principal pest species are Aedea apfLicikxna  Walker! and Aedea
MenLa&pnchuh  Wiedemann!.

Mosquitoes have caused sizeable economic tosses to infested areas,
although data on this are limited. it is weil known that several human
diseases may be transmitted by mosquitoes; this results in econorpic
iosses in the form of medical care costs, medicine, loss of worktime and
even death. Annoyances to humans can lead to reduced labor efficiency,
decreases in numbers of tourists, and depressed land values in infested



areas. Livestock and poultry output may fall with increases in mosquito
density. Through time, disease transmission has become less of a problem
and land development and taurism are more frequently given as reasons for
control

Th e problem which this study investigates is the determination of

economically efficient utilization of resources for mosquito control in
the coastal areas. Have the control procedures been effective in reduc-

ing mosquito densities? If so, which procedures are the most effective
in terms of mosquito reduction per dollar of expenditure? How much are

people willing to pay for control and what are the main factors influenc-
ing the demand for control?

Mosquitoes are controlled by both private individuals and public
agencies. If there are economies of scale in abatement or reduced cost

in area-wide treatment because of pest mobility, then public provision
of control may be preferred to private control. Private control may be
advantageous in sparsely populated areas or areas in which pest densities
differ greatly. Earh of these and other factors need to be considered ln
making decisions on the formation of new control districts,

Control activities in the coastal areas can be divided into "perman-
ent" and "temporary" measures. "Permanent" refers to ditching and im-
poundment operations on salt marshes to reduce the breeding areas, while
"temporary" includes application of pesticides  against both the adult
and the larval stages of the mosquitoes! . There have been attempts to
evaluate the effectiveness of ditching and impoundments  LaSalle and

Knight, 1973, 1974; Dukes, et al 1974! and pesticides  Schaof, 1970! in
reducing mosquito populations. Yet, no effort has been devoted to com-
bining evaluation of costs and reduced populations to determine which

t m1 th d * ~le*11 th mc t fft 1 t.

Since mosquito densities are affected by weather phenomena which

occur irregularly  such as hurricanes, rainfall periods! and by permanent
control measures  such as ditches! which have Iong lives �-15 years!, it
is necessary to examine long periods of abatement activities. In addition 1
the demand far and cost of control is thought to vary with many economic1
biological, and climatological characteristics which vary across control
districts, For these reasons, this study examines data from 30 East

OBJECTIVES

The overall objective of this study was to determine the costs of

and demand for salt marsh mosquito abatement. The specific objectives

were to:

1. Collect and summarize information on the activities of

publicly-funded abatement districts to gain an under-

standing of the existing cost-pest density situation.

Specify and estimate the parameters of a model explaining

abatement of salt marsh mosquitoes to determine the

relative costs of temporary and permanent control activities.

Determine how various economic factors and mosquito

abundance affect the demand for mosquito abatement.

Estimate the effects of the scale of operation on control

costs.

5. Examine the prospects for raising local abatement revenue

in other coastal areas, especially in North Carolina.

II. ORIGINS OF NOSQUITO ABATENE/iT

ECONOMIC IMPORTANCE OF MOSQUITOES

The presence of excessive numbers of mosquitoes has presumably

caused serious economic losses to infested communities. Retarded eco-

nomic progress can occur because mosquitoes hinder agricultural produc-

tion, decrease the number of tourists and vacationers to an area, present

an unfavorable

nesses, and de

influence on those planning to establish ar expand busi-

lay the sale and development of real estate  White, 1957!.
Historically, mosquitoes have taken a heavy toll on human and animal

Coast mosquito control districts for a period of 13 years  92959-1971!.

Complete data were not available in this number of districts for a longer

period of time.



I i fe as there are 13 communicable human diseases and numerous communi-

cable animal diseases carried by the mosquito  Whi te, 1957; James and

Harwood, 1969; Horsfal I, 1955, 1962!. The diseases of malaria, yellow

fever and encephalitis have at times reached epidemic stages in the

United States, Yellow fever and malaria have been essentially eradica-

ted, although occasional cases st i i I occur  mainly due to importations

from foreign countries!, Oog heartworm is a severe problem and encepha-

i itis continues to exhibit periodic outbreaks in horses, mules, and

humans, Salt marsh Arden mosquitoes are not involved in all these

diseases but to varying degrees can function in the transmission of dog

heartworms, encephalitis, and other diseases. Other species of mosqui-

toes  some associated with the marshes and others in upland habitats!

in the coastal areas are involved in the epidemeoiogy of these various

diseases. Consequently, the overall program for mosquito control in a

di t j t h j tjff tf* f p tj g * t j g th r t tf j f*

outbreaks of diseases among men and animals.

To illustrate the economic effects of a mosquito-borne disease,

considerable information is available on malaria. In the early part of

this century, malaria was of considerable importance. There were an

estimated I ~ 500 ' 000 and 2,700,000 cases of malaria in the United States

in 1932 and 1934, respectively  Hat ional Resources Ccmmi t tee, 1938! .

This report estimated one death per 600 malaria cases and a minimum loss

of 3.33 to 6.67 working days per malaria case. This amounted to 4,500

deaths and from 8.9 to 18.0 million sick days for the cases estimated

for 1934, Additional costs were imposed by the lower efficiency of

workers who returned to work and the associated cost of medical care and

medicines.

One method of determining economic loss is to add dollar losses of

the economic value of life, the cost of medical servires and medicines,

the vaiue of lost working time, and the value of lost production due to

the lower efficiency of workers. This would provide a minimum estimate

of the total costs imposed by mosquitoes  Rice, 1968!.

Economic costs are imposed through losses due to the nuisance as-

pects of mosquitoes, Not ail mosquitoes are carriers of discased but

they surely influence the quality of life, A statement by the United

States Public Health Service summarizes this situation  White, 1957!:

"Public health has become something more than the absence of disease.

Physical efficiency and comfort, on which mental equanimity depends to

a substantial degree, can be seriously disturbed by the continued annoy-

ance of pestiferous mosquitoes which may or may not have disease-trans-

mi t t ing potent i a I i ti es."

The presence of mosquitoes also hinders agricultural operation,

both the raising of livestock and the production of crops. Excessive

numbers of mosquitoes may affect the efficiency of livestock operations
by reducing the weight gain and feed intake of market animals or the
weight and condition of breeding animals. A study in southern Louisiana
showed mosquito populations caused statisticaily significant and econo-
mically damaging reductions in the average daily gain of feedlot steers
 Steelman et al, 1972! . Another study estimated that cattle producers
suffered a loss of $231,250 because of mosquitoes in Cameron Parish,

Louisiana, during the 1962 mosquito season  Hoffman and McDuffie, 1962!
Hosquitoes may cause crop losses by interfering with the harvesting of
perishable crops at the proper time. Additional workers may be needed
to avoid such losses.

Areas dependent on tourist and recreation trade suffer because of
mosquitoes  and other biting files! . People on pleasure trips and vaca-
tions leave hotels, beaches and camp sites if mosquitoes are numerous,

and they warn others about the discomfort of such places. The loss of
business affects not only the specific business enterprise but the eco-

nomic wel I being of the entire communi ty.

The above i I lustrations provide a glimpse of how mosquitoes have
affected people. Attention was initially focused on the mosquito be-
cause it was a vector of disease. Once the disease aspect was brought

under control, emphasis gradually turned to the nuisance aspect and
secondary infections as contrasted with disease prevention per se  Herms
and Gray, 1940!,

HOSQUITO BIOLOGY

The mosquitoes that create problems in the coastal regions of
Southeastern United States are mainly the salt marsh species, Atda
dan~  Walker! and Aedeh Wenco<!rifnchuh  Wiedemann!, These salt



marsh Aude mosquitoes are temporary water breeders since they lay their

eggs on moist soi I  not on the water surface!, and the eggs require a

period of drying  or condlt ioning! before they wi1 I successfully hatch

upon subsequent flooding with water. There are other mosquitoes which

are called permanent water breeders because they lay their eggs on the

water surface, and their eggs hatch without any period of drying. Cer-

tain permanent water breeders  AnapheXab happ. and CuZBx happ.! are found

in standing water in portions of coastal marshes as well as in upland

sites, However, the coastal control programs are designed to el levi ate

the problem of Aedad ao~eiXanz and Atda 4xenxo<hynehuh, and these

species constituted the vast majority of the specimens collected in the

light traps of the districts we examined.

The salt marsh Aedeh lay their eggs on the moist soil in the marshes.

This usually occurs in areas of the marsh which are slightly higher in

elevation than the normal high tides so that they are only irregularly

or intermittently flooded  by exceptional high tides, unusual amounts of

rainfall, wind tides, etc.!. Once the egg is deposited, it takes 2 to 3

days of conditioning time for it to become ready to hatch when subsequently

flooded with water. The eggs may remain dry for several months and still

retain their viability. When the "conditioned eggs" are flooded by heavy

rains or abnormal tides, the eggs hatch into 'larvae. The larva develops

through four stages and then becomes a pupa from which the adult mosquito

emerges. This cycle may require only a few days in warm weather. If the

eggs are flooded before they become conditioned, they will not hatch until

once again subjected to a period of drying. Hence, the sequence of flood-

ing  and, therefore, the sequence of rainfa'l l as wel I as tide levels! is

a very important factor in mosquito production. Within the first or

second night after emergence, the adult usually takes off on a migratory

flight that is often downwind. Salt marsh Aed& mosquitoes are strong

fliers and fierce biters and commonly fly as much as IO miles from their

breeding site but have been known to fly much further. Once the flight

is over, mosquitoes begin biting to obtain a blood mea I that is necessary

for their survival.

When favorable conditions occur, eggs that have acrumulated for

months may hatch almost simultaneously, thus causing heavy infestations

of mosquitoes. Huge broods of mosquitoes can occur within 7 to 10 days

after unusually high tides or heavy rains, provided the temperature is

at least 68 F.. Salt marsh mosquitoes live approximately 3 weeks' and

where frosts occurs they generally die out during the winter months.

The eggs that were deposited in the late fall produce the mosquitoes for

the next season. The mosquito season usually begins the first week of

May and ends the last of October and, therefore, data for that period

are used in this study. Of course, the beginning and end depends on the

temperature in any given year or locality, because the temperature

greatly affects mosquito activity.

The above is a brief summary of the biology of salt marsh Aude' to

provide a basis for understanding the relevance of the control measures

to be analyzed. Further details of the biology can be obtained from the

extensive literature, including: Axtell �974a!, Clements �963!, Haeger

�960!, Head lee �945!, Knight and Baker �962!, Nielsen and Nielsen

�953!, Provost �958!, Travis and Bradley �943!,

MOSQUITO ABATEMENT PROCEDURES

The procedures for publicly-organized abatement of mosquitoes can

be separated into two categories, permanent and temporary. Permanent

control activities are designed to alter the environment so as to

either destroy places in which mosquitoes breed or to render them un-

suitable for propagation. Temporary controi measures involve the use

of chemicals to kill the larvae  larviciding! and adults  adulticiding!,

Temporary control measures are effective only for a short period of time,

and they do not alter the physical environment to the extent that per-

manent activities do.

Permanent control procedures include impounding and ditching. Im-

poundments consist of dikes constructed to contain the water within an

area and prevent the drying/flooding cycle that is necessary for the egg

deposition and hatching. The ditching operation consists of construct-

ing ditches throughout the marsh area to increase the rate of water runoff
after unusually high tides or rainfall. The ditches are constructed

such a manner as to have them all connect to existing natural waterways

or to larger ditches that empty into a major body of water Mosqui to

breeding occurs when the eggs are flooded and the water is trapped in



some depression and permitted to stand long enough for the larvae to

develop into pupae and the adult mosquitoes to emerge. Ditching is de-

signed to prevent the water from remaining long enough for this to occur.

Ditches are permanent installations and require maintenance only every 5

to 12 years, depending on the area. Ditches are constructed differently
in different locations because of differences in vegetation, soil type,
and tidal ection The main variation comes in width of the ditches as

different conditions require different sizes to obtain proper drainage

and stable sides, and accordingly the ditches have various lengths of
life.

Temporary chemical control measures involve the appl ication of in-

secticides to kill the adult or the larval stage of the mosquitoes

 American Mosquito Control Association, 1968!. Application may be by
ground-operated equipment or by aircraft. The method depends on the

terrain and circumstances. A large part of the adult control is usually

by truck-mounted foggers operated in the areas inhabited by people. In

recent years  since 1971! the fogging machines have been rapidly re-

placed by ULV  ultra low volume! machines which are reported to have

much lower operating costs  Fultz et a I, 1972! . Larval control requires

treating the water where larvae are found. This involves inspections

and frequently the use of hand-carried sprayers, boats, and aircraft in

the coastal marsh situations. Due to the irregular occurrence of broods

of salt marsh AedW, larviciding requires proper timing and is often

difficult to accomplish effectively.

Permanent abatement procedures are long term in nature and are not

designed to instantly reduce the number of mosquitoes. Temporary out-

breaks are controlled by chemical application. In practice, use of

chemicals can be considered to be effective for one day in the case of

adultlciding end for several days for Iarviciding.

Officials of the mosquito district make the decision concerning the

leve I of abatement activity to undertake. In order to determine the ex-

tent of the mosquito problem, the districts monitor the mosquito popula-

tion. The most widely used monitoring method is the New Jersey light

trap. This trap is a device which contains a fan beneath a light which

attracts the adult mosquito. Upon entering the light trap, the mosquito

is blown into a collection jar and killed by a chemical. The traps are

empt ied on a regular schedule and the mosqui toes are counted and identi-

fied. Hosquito districts operate a number of these traps during the

mosquito season and use the collection size as an estimate of the inten-

sity of the mosquito problem. The light trap is the most widely used

method of monitoring, although other methods, such as landing counts and

residents' complaints are used to supplement light trap counts.

ORGANI2ATiON AND FINANCING OF MOSQUITO DISTRICTS

Many local areas have organized to provide abatement on a public

basis. The first state to pass legislation enabling the establishment

of mosquito control commissions was New Jersey in 1912. Florida passed

similar legislation in 1929, Virginia in 1930 and Delaware in 1933.

Similar legislation was enacted in North Carolina in 1957  North Caro-
lina Statutes, Chapter 130, Article 24!. The procedure for forming

districts, the purpose and duties, the structure of the governing bodies

and the corporate powers were similar for all the states.

Host of the districts included in this study are located in Florida,

so Florida's enabling legislation was analyzed  Florida Statutes, 1959!,
Any city, town, or county, or portion thereof, or parts of two or more
counties could be created into a special taxing district for the control

of mosquitoes or other arthropods of public health significance The

formation of the district was accomplished by 15 percent of the resident

freeho'Iders signing a petition for the creation of the district, If
upon election, the proposal received a majority of the votes cast, a

second election was held for the selection of 3 commissioners to serve

on the board. The conmissioners were given the power to levy upon all

of the real and personal taxable property within the district a special
tax, not exceeding 10 mills on the dollar, as a maintenanc'e tax to be
used solely for the purposes of mosquito work. They were given all the

powers of a corporate body such as the power to sue, to enter into con-

tracts, to own real estate, to employ a field director and other trained
personnel and in genera I to do all things necessary to provide control
of mosquitoes. Districts were required to submit detailed plans of opera-

tion and budgets to the State Board of Health at least 90 days prior to

the initiation of operation or each fiscal year. A public hearing was



required to be held, at which time the opportunity was afforded to owners

of property, or their agent, to appear before the board, examine the work

plan and budget, and to show their objections to the adaption of the pro-

posed budget. The board gives consideration to objection filed against

the adoption of the budget, and, at its discretion, may amend, modify, or

change the tenative work plan. A certified budget is then drawn up and

submitted to the State Board for approval.

The State of Florida has made provision For state aid to the local

districts. Each district submitting a certified budget is eligible to

receive state funds on a dollar-for-dollar matching basis up to, but not

exceeding, $15,000. These funds may be expended for any and all types

of control measures approved by the State Board. In addition, every

district unit is eligible to receive state funds for permanent control

procedures, exclusively, up to but not exceeding 754 of the amount bud-

geted in local funds. The State Board prorates these funds on the amount

of matchable 'loca'I funds budgeted. The state and local funds budgeted

can be carried over at the end of the year and rebudgeted for the follow-

ing fiscal year.

The rationale for providing state aid was to have individuals living

outside the district share in the cost of abatement work. Citizens

vi si t ing the abatement areas share the benefits of fewer mosquitoes just

as do the local residents, Also, fewer mosquitoes promotes economic de-

velopment of the area which contributes benefits ta the entire state.

In the case of the coastal abatement districts, the tourist-based industry

is particularly important and portions of the state other than the coast

would receive benefits from increased tourism.

The provision of majority rule was very important because it pre-

vented areas from withdrawing and thereby gaining mosquito abatement from

surrounding district without paying. There was one such case in Florida

 Young, 1964!, The Ponte Vedra community attempted to withdraw from the

St. John's County Anastasia Hosquito district, but the State Attorney

General ruled they could not. If Ponte Vedra was permitted to withdraw

from the district, it wauld provide a precedent for other ctxmnunitles to

withdraw from covnty abatement districts.

111. REGIONS AND DATA ANALYZED

There were 259 publicly-funded mosquito districts in the United
States in 1972  American Mosquito Control Association, 1972!. These
districts were located in 26 states and served an area of 135,344 square

miles.

REGIONS ANALYZED

Thirty districts were selected For analysis. The selection criteria
were location and length of time of operation. The districts are listed

in Table 3:l.

Table 3:I � Hosquito Abatement Districts Selected for Analysis

Florida  cont !Florida ~Ga

Chatham County

~ll
Virginia Beach

De I awa re
Entire State

Cape Hay
Honmouth
Ocean

Counties having more than one district were treated as if they
were I unit by combining the data from the individual districts.

Brevard County
Broward County
Charlotte County
Citrus County
Collier County
Duval County
Escambia County
Franklin County
Hillsborough County
Indian River County
Lee County
Levy County

Hanatee County
Hartin County
Monroe County
Nassau County
Palm Beach County
Pinellas County
St. Johns County
St, Lucle County
Santa Rosa County
Sarasota County
Volusia County
Walton County

10



The selected districts are located in 5 states in Mid-Atlantic and

Southeastern regions of the United States. The reasons for choosing
districts within one geographic section were twofold. First, the nature

of the analysis required the area to be homogeneous with respect to the
type of mosquito encountered. This analysis was aimed at the salt marsh

err eA species, so only the coastal areas were considered. The location

was further restricted to the Mid-Atlantic and Southeastern coast of the

United States because the species of mosquitoes enrountered were mainly

Artdw ao~e.cCrtns and Aedea %ters o&rfrtchLs, and environmenta! conditions

were similar within the selected regions, Secondly, the practical diffi-

culty of obtaining the necessary data from the districts was diminished.

Very little data concerning districts' operations were available from

secondary sources, and visits to the appropriate agencies were required
to obtain the needed information.

The time period selected was the years 1959 through 1971, The

length of the time period is important because the permanent abatement

activities require a substantial period of time for completion and the

resulting installations last for many years. In order to ascertain the

impact of such activities, a long span of time was required Also, the
longer the time period, the greater the range in environmental conditions

and in the number of mosquitoes. The 13-year time period permits the

eva luation of trends and long-term effects, whereas a shorter time period
would be less satisfactory for this purpose. Thirteen years was the
longest data base available.

and A. MtmorLhytchurr!, In 2 districts, data on landing or bit ing rates

were also available. The sample correlation between the landing rates

and the light trap data was +0.78, which suggests that the light trap

data provided a reasonable estimate of the degree of annoyance from mos-

quitoes in an area  Appendix Table 5! .
The annual mean light trap counts of female mosquitoes for the 30

districts  combined! for the 1959-1971 period are presented in Figure

3:1.  Data for each district and year are tabulated in Appendix Table 2!.

Data on the mosquito numbers were computed on a per-light-trap-night

basis during the mosquito season, May 1 through October 31. The fre-

quency of collection and the number of traps were different in different
districts so care was exercised in obtaining the ccmmon measure of the

number collected "per light trap night". This was done by dividing the

total number of female mosquitoes collected by the number of traps times

the number of nights in the collection. This information was furnished

by the mosquito abatement agencies in each area.

The trend in the number of mosquitoes during this 13-year period was

definitely downward, This is apparent upon inspection of Figure 3:I.

Calculation of percentage changes from different base periods indicated

the reduction was substantial. The 3-year mean from 1969-1971 was 57.4C

lower than the 3-year mean for l959- 1961; the 6-year mean, 1966-1971, was

44.98$ lower than the 7-year mean for 1959-1965.

MOSQUITO PRODUCTION FACTORS

MOSQUITO NUMBERS

Light traps are a standard tool for measuring mosquito populations
even though the trap efficiencies vary considerably with different mos-

quito species, environmental conditions and location. Light trap col lec-
tions were the only type of data which were available for many years from
all the districts included in this study, and control measures were mainly
based on light trap data in these districts. The data used from these

districts were mean number of female mosquitoes per light trap per night
during May-October for each year. This included a variety of species in
low numbers, but the vast majority were salt marsh Area  A. hrrQ~

The factors influencing the number of mosquitoes in a district were

considered to be temperature, several rainfall characteristics, and

acreage of salt marsh that possessed the necessary characteristics to
support mosquito breeding . Other factors undoubtedly affect mosquito
population development, but the above were considered to be the major

factors that were quantifiable.

The temperature variable was measured as the mean monthly average

temperature for the 6-month period, May-Dctober. This information was
obtained from reports of the U. S, Weather Bureau stations in each of
the areas. There was very little variation in the annual 6-month mean

for the 30 districts considered as a unit. The variation occurred be-

13



Table 3:2 � Thirteen-Year �959-1971! Mean Values for Temperature ~

Rainfall and Hosquitoes for 30 Locations; May I through

October 31.

HosquitoesRainfallTemperature

  F,! Total
 inches!

No./Light
trap night

Storm Sequence
 inches!  number!

Avg, 30
Locations 63.zo18.77io.3435.3877 03

15

14

tween locations rather than over the years. The annual 6-month mean

temperature ranged from a high of 82.'I F. in Monroe County' Florida, to
aa low of 66,4 F. in Ocean County, New Jersey. The overa I I 13-year mean

temperature for 30 districts was 77.0 F., Values for each district are0

presented in Table 3:2.

Rainfall was considered to influence mosquito propagation by caus-
ing marsh areas to flood, thus submerging the "conditioned" egg in water
and allowing development of the next generation of mosquitoes. Rainfa'll
data were obtained from the records of U. S. Weather Bureau station in

each district. The daily precipitation for the months of Hay through
October, 1959-'1971 were tabulated.

The impact of rainfall was examined in two ways; storm rainfall and
sequence rainfall. The first approach was the tabulation of periods
during which excessive amounts of rainfall occurred, such as those dur-
ing hurricanes and tropical storms. These storms flood vast areas of

high marsh that normally are not subjected to water. The hypothesis was
that the greater the rainfall during such periods the greater the flood-

ing and, consequently, the greater the mosquito production. The amount

that was considered excessive was arbitrarily designated to be 2 inches

per day and consecutive periods  before or after 2-inch-days! of I inch
per day, This was called "storm rainfall". Total annual amounts of

rainfa!I which fell in such excessive periods were tabulated for each

district for each year, The means over the 13-year period for each of

the districts are presented in Table 3:2 as storm rainfall.

The second approach examined the sequence of the rainfall, because
a wetting and drying cycle is involved in mosquito egg development. The

wetting and drying period sequence utilized was a period of rainfall

days  arbitrarily designated as a day on which I/O inch or more of rain
occurred! followed by a minimum of 2 days of no rain. The mean number

f t t ddt tt std 1 tdddf*hdt tt t
for each year. Table 3:2 gives mean annual sequences for each district

over the 13-year period. The overall mean for the sample districts was

18.77 sequences with a high of 23.23 sequences in Collier County, Florida,
and a low value of 15.38 sequences in Cape Hay, New Jersey. Total annual
rainfall means are also presented in Table 3:2.

Brevard, Fla.
Broward, Fla,
Charlotte, Fla.
Citrus, Fla.
Collier, Fla.
Ouva I, F la.
Escambia, Fla.
Franklin, Fla.
Hillsborough,Fia
Indian River,Fla.
Lee, Fla.
Levy, Fla.
Hanatee, Fla.
Martin, Fla.
Monroe, Fla.
Nassau, Fla.
Palm Beach, Fla.
Pinellas, Fla.
St, Johns, Fla.
St. Lucie, Fla.
Santa Rosa, Fla.
Sarasota, Fla.
Volusia, Fla.
Walton, Fla.
Chatham, Ga.
Va.Beach, Va.
Delaware
Cape Hay, N. J.
Monmouth, N. J.
Ocean, N. J.

78.47
79,99
79-92-
79. 26
79 92
78.13
77.45
77 75
79.33
79-23
Bo.47
79.42
78.81
79.56
82.14
77 71
78.o7
79.12
77.zB
78,79
76.36
79.32
78.z8
76.11
76.zl
7z.65
69.25
68,42
66.92
66.48

34.74
47.44
38.63
39.54
46.89
36.77
35.41
37 31
32.52
43 33
42.00
32-39
42.98
40,50
3z.34
32.24
44.10
35.11
35 59
39.44
35.03
39.87
34 59
35 97
19.67
22,31
23.17
21.93
34.75
24,98

10. 72
15.08
10.44
9.16

14.14
11.96
13. 34
i 6.31
8.14
9 30

11.09
12. 17
13.z6
9,63
9-35

io.o6
11.41
11.08
9.01
9. 98

10.78
12,52
8.69

10.59
11.22
8.51
5 92
4.82
5.84
5 77

17.69
20.38
19.00
19.23
23.23
18.38
17.46
16.00
18. 15
19,85
zo.69
i6.85
20.85
z0.69
17-54
19,00
22,23
19.00
19.23
20,69
19.31
19.23
17.69
18.77
20.23
17.38
15.46
15,38
16. 85
16.54

137. 15
41.70
3z.62
24.58

158.11
iz.Bz
28.13
47.65
52.41
34.75

249.45
lz.z4
75 55
99 35

215.28
13.75
52.78
17,17
25 43

100.23
10,55
64.61
30.15

168.86
25 55
12. 37
10.85

103.32
10,79
z7.88



TEMPORARy CONTROL

Temporary abatement procedures involved the use of chemicals against
the adult or larval stages of the mosquitoes, These chemicals were app-
lied by aircraft, boat, and truck-mounted equipment. The data used in

our analysis was the total number of acres treated each year by all

methods and for all purposes in each district. No distinction was made

between adulticiding and larviciding nor between the method of applica-

tion. These data were once-over acreages treated. For example, I acre

receiving chemical application on 10 different days would be counted as

10 acres treated. The data were obtained directly from the abatement

districts and in some cases from the state agencies in each state. Where

information on the acreages treated was not available, standard dosages

were used to convert the chemical quantities to acreages. Mean acreage

chemically treated for the 30 districts is shown in Figure 3:2.

Duval, Escambia, Franklin, Nassau, and Walton counties in Florida; and

5 years to Delaware  State!, Cape Hay, Monmouth ~ Ocean count ies in New
Jersey, and Virginia Beach County, Virginia. This expected length of
life was determined from information supplied via a survey of selected

district directors.

it should be pointed out that the 12-, 8-, and 5-year lives are

averages of the groups; and individual district's ditches may have a
slightly shorter or longer life than the average. For instance, the
range around the 12-year life might be 8 to 16 years.

The permanent control stock  Kl,! was computed by adding the acres
ditched  D ! and impounded  Z ! in a given year  t! to the depreciated

  t-i X
total acres ditched from the previous years � plus the acres ofr J
impoundment in previous years  I !:

S =D +I +D I/r+I =D +Z + �  Xq !

PERHANENT CONTROI.

The major portion of permanent abatement activity consisted of ditrh-

ing operations. Ditches were constructed either to bring additional

acres of salt marsh under control or to maintain the ditching system

that had been installed in previous years. The data collected were in

terms of the linear feet of ditch constructed and the acres of marsh in

impoundments. The permanent control variable desired was one that meas-

ured the accumulated acres of salt marsh breeding area under control in

each year of the 13-year time period � the "stock" of permanent work.

This required a conversion factor for linear feet to acres and a depre-

ciation factor to be applied to the existing ditching system. The linear

feet per acre conversion factor used was 261 feet. This figure was sel-

ected because the Delaware ditching system had 261 feet per acre and

information supp lied by other district directors indicated that 250 to

270 feet was as close an approximation as could be obtained.

The depreciation factor app'lied was 12 years to Brevard ~ Broward,

Charlotte, Citrus, Collier, killsborough, Indian Rivers' Lee, Levy, Mana-

tee, Hartin, Honroe, Palm Beach, Pinellas, St. Johns, St. Lucie, Sarasota,

and Volusia counties in Florida and Chatham County, Georgia; 8 years to

i6

where r = straight-line depreciation factor for a life of n years of
n-I/n, n-2/n ... I/n, n 12, 8 or 5 years according to the area. For
example, the stock at the end of 1960 for the area having a 12-year
ditch life would be the acres ditched and impounded during 1960 + Il/12
of the stock of control at the end of 1959. Although there may be

occasional repair of a dike of an impoundment or other maintenance,

these were overall very minor expenditures and, therefore, impoundments

were considered not to depreciate,

The resulting permanent control stock variable indicates the num-
ber of acres under permanent control in each of the years, The mean

number of acres under such control for the 30 distrirts  by years! is
presented in Figure 3:3, It is apparent that substantial increases
were made in the permanent ilnstallations over the 13-year period. The
rate of increase was slower in the latter years, but it must be remem-

bered that a larger and larger portion of the activity was devoted to

ma|ntenance as the acreage increased

It is interesting' but probably misleading, to examine how the trend
in numbers of mosquitoes corresponds with acres treated chemically and
acres under permanent control in Figures 3:2 and 3:3. Permanent con-

trol has a pronounced upward trend, while mean number of mosquitoes has



a downward trend, The acres sprayed tends to move in the same direction

as the number of mosquitoes. It is tempting to conclude that most re-

duction in mosquito numbers is associated with permanent activities;
howevers this is not warranted until the effect of spraying has been
accounted for in the model in Section IV.

EXPENDITURES

state, local and total expenditures on a

local expenditures per capita generally

iod, whereas the state expenditure per

of 3-year averages for 1959-1971 to 1969-

expenditure increased 45.84, state per

by 26.64! and tota I per capita expenditure

Figure 3 displays the

per capita basis. Total and

increased throughout the per

capita declined. Comparison

1971 showed local per capita

cap i ta expendi ture decreased

18

information was assembled on the amount the 30 abatement districts
spent on mosquito abatement during the 1959- 1971 time period. The
total expenditures were financed from local district taxes and from

state taxes. Table 3:3 shows these mean expenditure values for the 30

districts on a total basis and on a per capita basis. This information

is also presented graphica'Ily in Figures 3:4 and 3:5,  Individua'I dis-
trict data are given in Appendix Table 2!. Upon inspection of Table
3:3 and Figures 3:4 and 3:5, one observes several significant trends.

First, the total amount spent by the 30 districts increased very sub-
stantiallyy from the beginning of the period to the end of the period.
These expenditure data were converted to constant dollars �967! by the
wholesale price index so it is possible to make direct purchasing power
comparisons between different years.

Total expenditure for 1971  $8.3 million! was 894 greater than

total expenditure for 1959  $4.4 million! . There were 2 distinct sub-

periods within the 13-year period. The rate of increase in expenditure
was much higher for 1968 to 1971 than For 1959 ta 1968. The annua I

rate of increase for the 1968-1971 period was 94 while the annual rate

was only 5.4l For the 1959-1968 period. The second trend was an in-

creasing portion of total expenditures was coming from local funds. Ex-
penditures from state funds were almost constant through the 13-year
time period  see Figure 3:4!.

increased by 21.44.

There are a number of demographic and economic factors that were

expected to affect expenditures for mosquito abatement, Many of these

were available from secondary sources, recarded as county data. Among

the economic factors thought to be of importance to local mosquito

abatement expenditures are per capita annual income, tourism, wage rates

of mosquito abatement workers, and state grants for mosquito abatement.

All af these variables were measured in dollars which were deflated by

the wholesale price index, Tourism was measured in terms of numbers of
employees in lodging establishments per district.

In addition, resident population was recorded to account for the

number of people among which iocal mosquito expenditures are shared.

Each of these variables for each district and year is tabulated in

Appendix Table 2. The exact specification of the relationship of the
economic variables and expenditures for mosquito abatement is specified
in the next section a'Iong with a madel mosquito abatement equation.

Table 3:3 � Abatement Expenditures : Mean Annual and Per Capitaa

Mean Annua I, 30 Districts, 1959-1971.

Source: Unpublished records of Abatement Districts.

Mean Annual Per Capita
Ex enditure

Mean Annual Expendi ture

Loca I State Tote IYear Local State Tata I

All expenditures deflated by the wholesale price index, 1967 = 100.

19

1959
I 960
1961
1962
1963
1964
1965
1966
1967
i968
1969
1970
1971

2,743,006
2,859,462
3,492,285
3,860,526
4,o66,27i
4,304,230
4,942,5'13
5>099 732
5,236,156
5,273,247
6,33i,774
6,339,659
6,506,051

1,650,021
1>45i,534
1,476,582
1�59,304
1,336,835
1,450,575
1,417,703
I,441,354
1,354.325
1,271,751
1,438,916
1,665,295
1,810,048

4,393,027
4,310,995
4 ' 968,869
5,319,830
5,403,106
5,754,8o5
6,360,216
6,541,086
6,590,481
6,544,998
7,77o,69o
8,004,954
8,316,099

.8622

.8039
9430

-9974
1,0148
1.033
1.1462
1.1447
i.i434
1.1 114
1,2904
1.2683
i.2454

.5186 1,3808
4081 I 2119

.3987 1.3417
-377D 1.3745
.3336 1.3484
.3483 1.3816
.3288 i.475o
.3235 1.4682
.2957 'I 4391
,268o i.3794
,2932 1.5836
.3332 1.6015
.3465 1,59'18
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IV. Ai! ECDNOI'IIC MODEL DF PIDSQUITD ABATEfiENT

The previous 2 sections outlined several biological and economic

dimensions of the mosquito abatement process, This section wii 1 attempt

to specify how these dimensions are related. For ease of manipulation

and measurement, the description of the mosquito biology, abatement ac-

tivities, and economic behavior must be an abstraction or mode!. It is

hoped that parameter estimates from the model can "explain" mosquito

density and local per capita abatement expenditures.

Other eronomic models of pest management are avai 1 able. Headley

�972! gave an interpretation of "economic threshold" as the pest den-

sity at which the incremental pest damage prevented  by the use of con-

trois! is equal to the incremental control costs. Hall and Norgaard

�973! have clarified the concept of economic threshold in terms of

optimal treatment level or optimal post-treatment pest density. Carlson

�970! has described a model in which both mean level and variability

of infestation are included. I ee and Langham �973! describe citrus

orchard pest management in which the degree of fruit yield affects pest

populations, and pest population affects citrus yields. In each case,

the objective is to find the profit maximizing degree of control.

In contrast, public mosquito abatement has no crop to protect or

easily identifiable profit to maximize, The analogous concept to "eco-

nomic threshold" is some post-treatment, mosquito density level at which

the incremental decrease in annoyance  in dol lar units! is equal to the

incremental increase ln control costs. This "annoyance threshold" is

shown at pest dens i ty H in F I gure 4: I wh i ch hypothet i ca 1 ly may be equi-

valent to X percent abatement  reading from right to left!. Higher

levels of abatement would involve higher increases in costs than gains

in annoyance reduction would justify.
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The abatement part of the modei must include pest population growth

since light trap collections reflect both control efforts  induced mor-

tality! and the production of additional mosquitoes. The first component
of the model, presented in the next subsection, will be an abatement

equation describing average annual mosquito density for a control dis-
trict.

The quantification of the demand for mosquito reduction will be

assumed to be expressed by the expenditure of money For mosquito rontrol

This measure is chosen rather than the number of complaints, changes in

land values, or dollar value of sickness which are mosquito related.

More information is available on mosquito control expenditures than on

the other measures, and expenditures are commonly used in analysis of

demand for public services  Borcherding and Deacon, 1972!. A simultan-

eous equation model representing the production of abatement and abate-

ment demand is developed in the section to follow. The model consists

of 4 equations; mosquito abundance, temporary control, permanent control
and demand for abatement.

The number of mosquitoes present in coastal abatement districts

depends upon many environmental as well as control elements. For this

study, average temperature, total storm rainfall, sequence rainfall

 number of wetting and drying periods!, and acres of breeding area were

assumed to explain differences in mosquitoes produced, Each factor was

expected to have a positive effect. Natural factors unique to particu-

lar districts such as marsh slopes, vegetation and tide levels might

also be included. For simplicity, these are accounted for by allowing

an intercept shift for each district by means of a district dummy var-

iable.

Storm rainfall, temperature, and district effects are assumed to

affect potentia 1 populations in a separable, additive manner. However,

rainfall sequence and the proportion of breeding area not under perman-

ent control are expected to be interrelated  LaSalle and Knight, 1973!.

Therefore, we examined the effect of the product of rainfall sequence

and uncontrolled proportion of breeding acres on mosquito populations.

The control inputs which are expected to decrease mosquito numbers

are acres treated chemically and the permanent control stock  S ! as

described in Section ill. Thus, the abundance of mosquitoes as a result

of the mosquito abatement process can be written as:

where y number mosquitoes per light trap night,

rain, X = sequences of wet and dry periods times

ing area not under permanent control, X = mean mo

ture, X4 stock of permanent acres under control,
treated and D. = district effect variable with i

Each of the variables in a given year, except

cally, can logically be designated as predetermilned by factors other

than the numbers of mosquitoes that year. However, we might expect the

number of mosquitoes to effect the amount of chemical treatment, as we 1'1

as vice versa.



TEMPORARY CONTROL

If district managers use light trap counts, number of complaints,

or other pest density indicators to decide on chemical treatment, then

get will also have a positive effect on acres sprayed. One important

factor which might tend to reduce acres treated with insecticides is

the dispersion of the human population to be protected. The higher the

population density, the fewer acres which need to be chemically treated
for a given level of protection.

An expression of the factors influencing acres chemically treated

in a district in any year might be:

Y2 = 9  X5, X6, Yl!�-2!

where X = budget of the abatement district, X6 = district population
5

density  people per square mile!, and Yl mosquitoes per light trap
night,

There are other factors that effect acres chemically treated, but

the above are thought to be most important in describing management

decisions on the use of chemicals. In recent years, or in other areas,

the degree of insecticide resistance and use or nonuse of ultra-low

volume application methods may be of importance.

PERHANENT CONTROL

Acres of permanent control in any year affect permanent control

stocks which in turn are hypothesized to affect mosquito numbers. At

given prices of permanent abatement work per acre  PY ! and chemical
3

treatment per acre  P ! and a given abaternent budget  X ! we can expect
Y2

the acres of permanent work  Y ! to be determined by:

�-3! Y3 Py X  Y2 Py !3 ' Y3 5 2 Y2

we might expect acres treated to be higher in severe mosquito seasons

and low when few mosquitoes are observed, The size of the district bud-

That is, permanent abatement work is somewhat of a residual claimant on

the budget as expenditures for chemiral treatment vary with mosquito

populations.

The factors affecting permanent control decisions are assumed to be

described as

�-4! Y3=h X4, Y!

Acres chemically treated  Y ! is hypothesized to have a negative effect

on acres of permanent work  Y !, while stock of permanent acres under

control  X4! is expected to exert a positive effect.

ABATEHENT DEMAND

Decisions on the budgetary levels for many public services are

difficult to analyze because both prices and quantities are difficult

to specify. The mode'I used in this study is a variation of one by

Borcherding and Deacon �972!. This model assumes that ail districts

use majority rule voting, that capital inputs  including pesticides!

are freely mobile, and that capital is avai lab le at a constant rental

rate. This implies that the cost necessary to produce one more unit

of abatement  marginal cost! depends on the wage rate of labor, adjusted

by labor's share of total expenditure on abatement  W !. W is usedB B

rather than W because i t is a derived relationship from the Cobb-Douglas
Bproduction function - the margina'I cost of abatement is W  see DeBord

1974!.

Quantity of abatement is the number of mosquitoes killed. It is

difficult to know what number of mosquitoes would be present in the

absence of controls. Local control expenditures per capita  Y4! is
assumed to be a logical proxy variable for the quantity of abatement per

capita. This can be seen by referring to equation �-3! . Total local

expenditures  H ~ Y4! = total budget  X ! less total state grants
5

 N ~ X8!, where N = 'popu let ion. Pri ce of work uni ts  Py Py ! are
Y2 Y3

assumed to be dependent only on wage rates  W !, but the effect of scaleB

economies on prices  costs! of permanent work and spraying wi 11 be ex-

amined in the next subsection,

28 29



Y4 � I  x, x8, x, w, N, YB
�-5!

SIMULTANEOUS EQUATION MODEL

four equations:

30

If expenditure per capita measures quantity of mosquito abatement
B

received per person, and price of abatement is proportional to  W !,

then the classical demand curve is a negatively sloped relationship like

that shown as 2 in Figure 4:2  a'll other variables held constant!,

T4 LOCAL EXPENDITURE PRR CAPITA

PIG, 4'-a MOSQUITO ABATEMENT DEMAND BELATIoN8HIP

Many variables are expected to affect expenditures per capita other

than price. If this public service is a normal good  a product for

which expenditures rise as income rises! increases in per capita income

 X ! will shift the curve upward � to 2'!. Likewise, increasing tourism

 X ! will increase the demand for mosquito protection.  The causation
may also be reversed, but this complication will be ignored here!,
State grants  XB! wiii also increase willingness to expend local funds
if matching regulations are in effect on most types of expenditures.

There is also the possibility that districts might substitute state

funds for Iocal funds. Evidence on each of these effects awaits estima-

tion of the demand relationship in the next section.

The final factor affecting expenditures of abatement dollars is the

number of mosquitoes. As indicated above, temporary expenditures and

hence total expenditures in any one year may change when mosquito num-

bers  Yl! change from normal. This is indicated in Figure 4:2 by the
upward shift from 2 to 2' and the resulting increase in expenditures

from Y4 to Y4 at a given prire of abatement.
The demand equation which includes each of the above factors is:

Based on the above explanations, the complete model used to repre-

sent the demand for and production of abatement involve the following

�-1! Y = f  X, X ~ X, X4, Y, D.!  Mosquito Abundance!I

�-2! Y ~ g X ' X6' Ylz 5' 6' I  Temporary Control!

�-4! v - I  x4, vz!
3

 Permanent Control!

�-5! Y4 = j  X7, XB, X9, W, N, Yl!  Abatement Demand!B

This is a simultaneous model because each equation has one of the

other dependent variabies as an independent or explanatory variable
 Kmenta 1971!. The quantity of abatement demanded is a function of



ECONOMIES OF SCALE

MPPY MPPy
2 3

�-8!

Y Y
2 3

Y k  Y2, X6, W, N!"2
�-6! where MPPY and MPPY"2 "3
If there are economies of scale, then cost per acre chemicaily

the number of treated acres  Y2! in-treated  PY ! will decrease as
Y2 PY and PY"2 "3

labor and as it increases so wi

The latter factor  population!

In reality, this is

the reductions iii mosqui

tion is different. That
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price, income, state grants per capita, tourism, population and the

number of mosquitoes. All of these variables, except mosquito numbers,
are assumed to be exogenous. The number of mosquitoes In a coastal

coiimiunity is determined by a set of natural and control factors. All

of these factors are predetermined except the acreage treated chemically.
The acreage treated chemically depends on the budget, population density
and the number of mosquitoes.

The quent i ty of control demanded depends on the number of mosqui-'

toes; the number of mosquitoes depends on the acres chemically treated;

and the acres treated chemically depend on the number of mosquitoes.

The estimation of the parameters for these relationships, therefore, re-

quires the specification of a simultaneous equation model, since each of

the dependent variables was hypothesized to have endogenous variables as

explanatory variables. Equations �-1! - �-5! were estimated by con-

verting all variables to logarithms and applying multiple regression
techniques  see Section V!.

Do large districts have advantages in cost per acre of permanent

work and costs per acre treated chemically7 Economic theory indicates

that. economies may arise from specialization and division of labor to

make workers more eff ic ient or when large-scale purchasing of inputs

 quantity discounts! is possible  Ferguson and Maurice 1970!.

To test for this existence of changes in cost of using chemical

controls with district size, the following model will be estimated:

creases. Other factors increasing spraying costs wil I be wage rates
8 W ! and population of the district  N!. The wage rate is the cost of

11 the cost per unit of work completed.

reflects travel and congestion time

costs. More travel and congestion will cause costs per unit of work to

increase. Another factor which may reduce spraying costs is human popu-

ti ~dsit  X!, h tthp t pp 1 tt d tty, th td
be a tendency to undertake more adulticiding  treating residential areas!
relative to larviciding  treating breeding areas!. Adulticiding is less

expensive per acre than larviciding.

Cost per acre of permanent control may also be affected by the
scale of district operations. The following model of permanent control

costs is proposed for testing:

�-7! PY m Y, W, N!B

The justification for inclusion of wage rates adjusted for share
of expendi tures to wages  W ! and population  N! is the same as thate

for chemical treatment costs, i.e. higher labor costs and congestion.

Scale economies will be indicated by costs significantly decreasing in

years or districts where more acres are ditched

TEMPORARY CONTROL COMPARED TO PERMANENT CONTROL

In equilibrium, we expect a cost minimizing district to adjust the
temporary  Y ! and permanent  Y ! abatement activities until the marginal

2 3
productivity  additional mosquitoes eliminated! per dollar spent on each
activity is equal. This can be expressed in the following equation:

marginal adJUstments in mosquito numbers from

temporary and permanent control activities in

the mosquito abatement equation �-1!.

the average prices or costs per unit of tem-

porary and permanent control from equations
�-6! and �-7! .

diff icult to accompl ish. First, the timing of

to numbers relative to the date of work comple-

is, for comparison to present comfort rendered,



V. REGRESSION ANALYSIS
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the benef its of future mosquito control from an acre ditched must be

discounted to the present 1

HMPY n-1
�-9! = p lisp  n ! �+ r! J p

py 0 Y3 n / Y
2

n-t
where n = ]0, t 0, 1,.....9,   � ! = depreciation schedule, and

t
� + r! = discount formula, Also, it is difficult to assess whether

permanent or temporary control is providing control since they occur

simultaneously.

Furthermore, state grants may favor permanent rather than temporary

control given the matching rules. Thus, we might expect managers to

favor permanent rather than temporary control. Analysis of this ques-

tion will follow the estimation of the general model and the economies

of scale models.

Al 1 of the equations in the simultaneous equation model were es-

timated using the logarithmic transformation of the district data. This

model permitted interaction between the number of mosquitoes  Y !, the

number of acres treated chemically  Y2!, the number of acres ditched for
permanent control  Y ! and per capita local expenditure  Y4!. The data
base used were the observations from the 30 districts over the 13-year

period, 1959-1971. A two-stage least-squares multiple regression pro-

cedure was used for estimation and, since serial correlation was present

in equation Y4, a first order autoregressive error model was estimated

1
There is a direct link between Y and the stock of permanent con-

trol  X4!. Increases in X4 take place when increases in Y  ditching!
are greater than the maintenance. A high percentage of permanent work
is ditching and the terms ditching end permanent work are used inter-
changeably in the analysis.

 Kmenta, 1971!.
The results are presented in Table 5:1. These results are in the

logarithmic form and the coefficients presented in Table 5.1 are inter-

preted as percentages. For example, if an independent variable has a

corresponding coefficient under a particular dependent variable of -0.1,
then this means that for every 14 change in the independent variable,

the dependent variable will change in the opposite direction by 0.1 of
14  or a 104 change ln the independent variable will yie'Id a 1'4 change

in the dependent variable!. lf the sign is positive, then the change
with the dependent variable will be in the same direction as the change
in the independent variab'le. The coefficients which are statistica ily

significant are indicated on the table.



MOSQUITO ABUNDANCETable 5:I � Mosquito Abatement and Abatement Demand Regression Estimates;
Simultaneous Equations 1959- 197ia; Sample Size  n! = 390,

Dependent Variables

Number
Mosquitoes

 Y,!

Acres
Chemical
Control

  !

Acres
Pe rmanen t
Control

Loca I
Expenditure

 Y4!Independe~t
Variables  Y3!

Intercept

0 244mmm
�,71!

-0.570""-".
� 59!

0.033
�.694!

0 307&J.J
�.95!

-O. 895
�. 359!

� 0 097**
 z. 10!

Temperature
 x !

Stock Permanent
Control  X4!
Budget

 x !

0 791 J.JM
 z5. z8!

0 788*.-.~
�7 67!

�, 080"'
�,i9!

Population Density
 x,!

1.569a
 i.86!

Income
 x7!

State Grants
 x8!

Tourism
 x !

Wage Rate
 xB!

Population
 N!

a
t rat'los are given in parenthesis; the levels of signlfirance are denoted

by .01 = -""-, .05 ", . I w for a one-tailed test. Regression estimates and
t ratios are from a first order autoregressive error model. t ratios were re-
duced approximately 3.5 fold from the original two-stage least-squares estimates,

bDummy variables  D.! were significantly different from the base district
in 24 of the 29 districts; available in DeBord, 1974,
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No, Mosquitoes
 ,!

Acres Chemical
Control  Y !

Storm Rain
 x !

Sequence Rain
 xz!

13.665 2.979--- 2.133a* -7.190aaa
�.25! �.01! �.20! � 52!

0 155*ay 0. '12'I
�.27! �, 87!

0.348am
 z.08!

0 332*-
�.22!

1.695*
 i.43!

0 3434 J
 z.oz!

Equation �-1!, explained 704 of the variation in the number of mos-

quitoes and it was a statistically significant regression. All of the

estimated coefficients of the explanatory variables carried the expected

signs, except for the temperature variable. The empirical analysis indi-

cated that the only natural factor significantiy affecting the number of

mosquitoes was the sequencing of rainfall. Storm rainfall had the expec-

ted sign but was not statistically significant.

The effect of ''sequence rain" is shown by the significantly positive

coefficient of Xz, Holding all of the other independent variables con-
stant, an increase in the number of occurrences of I/4 inch rain followed

by at least 2 days without rain, causes an increase in the number of mos-

quitoes. Specifically, the estimated coefficient indicates that a 10%

increase in the number of sequences leads to a IB increase in the number

of mosquitoes. The mean number of mosquitoes was 63,2 and the mean number

of sequences was 18.77 for the 30 locations over the 1959-1971 period, A

104 increase in the number of sequences from the mean represents 1.88 more

occurrences, and the resulting increase in mosquito numbers would be 0.632

The amount of "storm rain" did not exert a statistically significant

effect on the mean number of mosquitoes, however, the direction of the

effect was positive, as expected. These unexpected results may be due to

the time period chosen for the data. The number of times hurricanes and

tropical storms occur during a year are very low. The mean number of

inches of storm rainfall  May I-October 31! for the data set was 10.34

inches. It could be that districts increase the intensity of their chemi-

cal control operations after these periods and manage to keep the number

of mosquitoes dawn. The information analyzed was on an annual basis and

the timing of operations was unknown. The facts that these storms are in-

frequent and the data compiled was on an annual basis may lead one to con-

clude that this effert is lost. Data compiled on a shorter time period

may indeed show it to be of significant importance.

The temperature variable was not significant and had a negative sign.

The overall grouping of districts in the analysis and the use of data

for only the warmer months undoubtedly obscured any positive effects



of the temperature,

The factors lowering the abundance of mosquitoes were the number of

acres treated chemica'Ily and the permanent control stock. These were

statisticaliy significant and the coefficients were of the expected nega-

tive sign. This means that both temporary and permanent control pro-

cedures have been effective in reducing the average mosquito density

over the 13-year time period. In particular, the results of the re-

gression indicate that a IOR increase in the acres treated with chemicals

 Y ! within a district decreases the number of mosquitoes by 5.704, all

other factors remaining constant. The mean number of acres treated

chemically was 484,680 and the mean number of mosquitoes was 63.2. A

IOR increase In chemical treatment represents an additional 48,468 acres

and the associated reduction in the mean number of mosquitoes per light

trap night would be 3.60.

The number of acres control led by permanent abatement s igni f icantly

affected the number of mosquitoes occurring in coastal environments. The

negative sign of the coefficients indicates that as larger and larger

acreages of salt marsh are either ditched or diked, the number of mos-

qui toes decreases. Specifically, a IOX increase in the stock of perman-

ent control  X ! leads to a 0,97% decrease in the number of mosquitoes.

This 10.3 to I ratio of permanent control to mosquito reduction does not

appear to be very effective at first glance, However, permanent control

procedures last for several years depending on the area, The amount of

permanent control in a year reduces the number of mosquitoes in that

year and in succeeding years. This is different from spraying because

chemical application is only effective for severa I days.

The mean number of mosquitoes per light trap night for the 13-year

period was 63.2 and the mean number of acres under permanent control per

district was 6,138. A 104 increase in the acres under control represents

an additional 613.8 acres, and the associated decline in mean number of

mosqui toes per I ight trap night would be 0.613 mosqui toes �3,2 x 0,974! .

This reduction also occurs in succeeding years or at least a portion of

the reduction occurs. Considering a 10-year life and a straight line

depreciation schedule, the permanent work is 1004 effective the first

year, 90' effective in the second year, 804 effective in the third year,

and so forth, until it becomes ineffective at the end of the tenth year.

Considering an average 10-year I I fe, the number of mosquitoes el iminated

in the 10-year period, as a result of a 104 increase in ditching, was

3.37. This result Is obtained by summing the depreciated reductions

over the 10-year period, i.e. 3.37 = 1.0  D.613! + 0,9 �.613! + 0.8

�. 613! +.... + 0. I �. 613! .

TEHPORARY CONTROL

The estimated equation indicated that the number of mosquitoes

present exerted a positive influence on the number of acres sprayed.

This was the expected relationship because the existence of the monitor-

ing system suggests increased spraying when bui ldups occur and decreased

spraying when the mosquito populations are at a low level, The estima-

ted coefficient indicates that for every 104 increase in the number of

mosquitoes, an increase of 1.55% occurs in the number of acres sprayed.

The mean number of mosquitoes was 63.2 and the mean acres sprayed was

484,680. A 104 increase in mosquitoes represents 6.32 mosquitoes, and

the associated increase in the acres sprayed is 7,513 acres.

The relationship between acres sprayed and the real budget of the

abatement district, the population density and the number of acres

treated in the previous year can be interpreted in a similar fashion.

PERNANENT CONTROL

The number of acres of permanent control work performed in a given

year was hypothesized to be a function of the number of acres treated

chemically and the stock of permanent control. The number of permanent

control acres in a year was negatively related to the number of acres

treated chemically. This was expected because these abatement procedures

compete with each other for the same budget dollars. Increased amounts

of work done on one necessarily means that less resources are left for

the other type abatement. Permanent control work is more long-term in

nature than chemical usage and plans are made and money is budgeted for

the entire year's work, This amount of work is completed and the money

is spent unless an abnormally bad mosquito year requires the personnel

to perform more temporary work. During periods of heavy infestation,

38 39



permanent work may stop and equipment sit idle until the mosquito situa-

tion is brought under control. Money and labor resources may be shifted

from permanent work to temporary work, and %his is a second reason for

expecting the negative relationship The estimated coefficient indicated

that a IDZ increase in the acres treated chemically caused a 2.244 de-

crease in the acres of permanent work.

The amount of permanent work completed in a given year was expected

to be positively related to the stock of permanent control. The stock

of permanent controi is an accumulation of many years of work. The ex-

pected ditch life for the 30 districts averages 9.7 years and ditches

must be maintained this often on the average . The larger the stock theI

greater the amount of work necessary just to keep the existing stock in

good operating condition. In order to increase the stock, an amount of

ditching greater than the maintenance is required. The estimated coeffi-

cient showed the stock was the main determinant of the amount of diltching

completed within a given year. The coefficient indicated that with a

104 increase in the amount of stock, all other things being held con-

stant, the number of acres ditched increased by 7.914.

ABATEMENT DEMAND

The estimation procedure showed that local per capita expenditures

were significantly affected by income, state grants, tourism, wage rates

and population, but not by the number of mosquitoes. All of the estima-

ted coefficients were of the expected signs.

Income was statistirally significant and the estimated coefficient

was + 1,569 which was elastic. This coefficient means that local per

capita expenditure will increase by 15.74 when per capita income in-

creases by 104, all other things held constant. Income, then, is an

important factor in explaining why some districts spend more on abate-

ment than is spent by other districts.

IThis represents a weighted average of the expected ditch life in
each district. There were 19 districts with 12-year lives, 5 districts
with 8-year lives, and 6 districts with 5-year lives.
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State grants per capita were positively and significantly related

to the willingness of citizens to pay for abatement activities. The

estimated coefficient was + 0.348 which indicates that for every 104 in-

crease in per capita state grants, the local per capita expenditures

increased by about 3.54. The mean value of state per capita grants was

$0,426 and the mean local per rapita expenditure was $1.10. Thus, a

dollar increase in state government grants is followed by a $.90 in-

crease in local expenditures at the mean level of expenditures, given

other factors constant. The total expenditure is the sum of local and

state; therefore, a $1.00 increase in state money causes a total in-

crease of per capita expenditure of $1.90. This indicates that state

aid to loral districts stimulates local expenditure rather than substi-

tuting for it. Increased state contributions cause the local districts

to spend more loca I funds, all other things being equal. This is an

important finding because states may encourage expenditures on mosquito

abatement by increasing their contribution or they can curtail such

activity by reducing their grants.

The state grants in all states except New Jersey and Delaware, were

on a matching basis. This reflects the decision that it was felt that

more mosquito abatement was socially desirable than would be provided

in the absence of state grants. The reasoning relates to the distribu-

tion of benefits from abatement activities. State aid implies that

individuals residing outside the abatement district receive benefits

from abatement and accordingly should share in the cost, or the state

agency feels it socially desirable to have a higher level of mosquito

control. For one of these reasons, the state makes grants from the

general revenue, thereby spreading the cost over all that contribute to

the general revenue.

The tourism variable was measured as the number of employees in all

lodging establishments within the abatement district. The more depen-

dent upon the tourist and recreation industry a district was, the greater

the public demand for abatement and the more willing the citizens would
be to spend, This expectation was realized in the estimated empirical

coefficient as it was + 0.332 and was significant at the 0.05 level.

The wage rate was employed as a price variable. It was expected to
have a negative relationship with the expenditure level and the estimated



results supported this expectation. The coefficient was � 1.695 and

was significant, The fact that this coefficient is less than � 1.0 means the

demand for abatement is elastic - a Ig increase in the price  wage! re-

sults in a 1,694 decline in local per capita expenditure  proxy for the

quant i ty of abatement! .

Population size and local expenditure per capita were expected to

be negatively related. This was because a larger populat ion enabled a

district to lower the expenditure per capita and still maintain the same

size budget, since the expendil tures could be shared among a larger num-

ber of people. The estimated coefficient was -0.343 which means that a

104 increase in the population caused the local per capita expenditure

to decline 3.434. This coefficient was statistically significant at the

0.05 level, The number of mosquitoes present in the abatement district

exerted a statistically insignificant influence on the local per capita

expenditure. Mosquito density variations influenced the number of acres

treated with chemicals but not the total local expenditures per capita.

SINGLE EQUATION MODEL

To compare the effects of allowing for and ignoring simultaneity

and to deal with the statistical problems of no independent expenditure

decisions between years for a given district, the 4 equations �-1!,

�-2!, �-4!, d �-5! t  t d ~id' � tt by tie 5 t 4-
procedure. The results of this single equation analysis of the data from

30 districts over 13-years �90 observations! are presented in Appendix

Table 8.

The single equation model and simultaneous equations model  pre-

viously presented in Table 5:I! produced very similar results  n terms

of total explanatory power and the correct expected signs of the coeffi-

cients. The major difference was in the magnitude of the coefficients

on the temporary and permanent control variables. In the simultaneous

equation model, the temporary control coefficient was 5.88 times as large

as the permanent control coefficient in the mosquito abundance equation.

The single equation estimation showed the reverse situation as the per-

manent control coefficient was 4 times the magnitude of the temporary

control coefficient. In fact, the temporary control coefficient was not

statistically significant, and the permanent control efficient was

highly significant. The simultaneous equation model showed both variables

as significant determinants of the mean number of mosquitoes.

This comparison illustrates the danger of using an inappropriate pest

management model. The economic model gave theoretical reasons to reject

the single equation model in that Y affects Y, and Y affects Y . The

statistical results of the simultaneous model support this interdependent

formulation of the abatement process. Therefore, the simultaneous pro-

cedure is the appropriate one to use in evaluating public mosquito abate-

ment.

ECONOMIES OF SCALE

The average cost of performing permanent abatement work  PY ! was
"3

Bhypothesized to be a function of the population  N!, the wage rate  W !,

and the quantity of such work performed  Y !. The average cost of per-3 '
forming temporary abatement procedures was specified as a function of

Bthe population  N!, the population density  X6!, the wage rate  W !,
and the quantity of temporary work performed  Y ! .

The data used in the analysis of costs of abatement work pertains

to direct field costs. One hundred and thirty-five observations were

available for permanent work �4 districts in Florida for 1966-I971! and

72 observations � years! on temporary  adulticildlng and larviciding!

activities,  see Appendix Tables 3 and 4!.

The results of the estimations  Table 5:2! indicate that there are

economies of scale in the performance of permanent abatement work, but

no significant economies in temporary work. These results are ascer-

tained from the statistically significant negative coefficient of the

acres put under permanent control  Y ! and the nonsignificant coefficient

on the acres sprayed variable  Y !. The other explanatory variables

possess the expected signs.
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Table 5:2 - Average Cost of Permanent and Temporary Abatement

Procedures; Empirical Estimates - Economies of Scale

Regressions, Constant 1967 Dollars

130

120

Average Cost
Permanent Control

 p� !"3

Independent
Variable

Average Cost
Temporary Control

 PY !"2
110

intercept

Population  II!

Wage Rate  W !
8

0 439* c
 -9.328!

Permanent Control  Y !

Temporary Control  Y2! -D.021
 -0.312!

Population Density  X6! -0 081 e*
 -1. 911!

Coeff. INult. Det., R2

F Value reg. F
Sample Size  n!

0.408
30.056

135

0.351
8.925

71

60

50

The interesting feature of this cost analysils is the determination

of how rapidly the average costs change as the quantity of each work

activity changes. This is i llustrated in Figure 5: l. All of the ex-

planatory variables were assumed to be at their mean values, whi le the

value of the acres treated by permanent procedures was altered. This

provided estimates of how the average costs changed as the work level

changed.
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4, ii8'

0.200*a*
�.332!

0.602s
�.658!

Probability levels, .01 ~ +as, .05 = a*, .10 *

b Values in parenthesis are t values

-4.370
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The average cost of ditching fel I from a high of $128.94 per acre

when 50 acres per year were ditched to a low of $46.91 per acre when

500 acres were ditched. The rate of decrease in cost was very rapid

when acreage increased from 50 to 100 to 150, but the rate of decl lne

became slower and slower as the scale of work per year increased to the

500 acre level.

In contrast, the spraying costs per acre was not significantly

affected by the acres sprayed and this leads us to the assumption of

constant costs per acre of temporary chemical control.

Vl. IMPLICATIONS OF RESULTS

TEHPDRARY COBTROL COHPARED TD PERHAkEkT CONTROL

it was determined that the responsiveness of mosquito numbers to

acres chemically treated was 5.88 times the same response from the num-

ber of acres under permanent control. It was further determined that a

IDR increase in the number of acres sprayed caused the mean number of

mosquitoes per light trap night to fall by 3.60  all other variables

being at their means!. A similar 108 increase in permanent control  all
other variables constant! resulted in a total reduction of 3.37 mosqui-

toes  or 2.79 if one adjusts for the fact that benefits are delayed!
over the total life of the ditch �0-year average!.

To compare the efficiency of temporary to permanent procedures, one

must discount the mosquito reductions from permanent abatement because

the reductions are spread over a 10-year period  average of all districts!.
Discounting is based on the concept that a benefit in the future is worth

less than the same benefit today, and that the value of a future benefit

can be determined through the use of an interest rate. Discounting,

then, must be used because future mosquito reductions have a lower value

to the citizen than the same reduction fn the current time period.

Comparisons were made between permanent and temporary abatement

procedures. The interest rate used to discount the future benefits was

46

7X. A higher interest rate would lower the vaiue of future benefits

while a lower interest rate would increase the value of future benefits.

The 78 rate was chosen because it was a suggested interest rate for

water resourres investments as outlined by the Water Resources Council

 Water Resources Council, 1971!. The results of the discounting pro-
cedures are presented in Table 6:1. The mosquito reductions for each

year were calculated by assuming all explanatory variables to be at

their means, except the quantity of acres put under permanent control

and quantity of acres sprayed. The quantity of the abatement activity

was increased by 104 from the mean value, and this value was entered

into the abatement equation  Yl Table 5:I!. This provided an estimate
of the number of mosquitoes that would be present under such conditions.

By taking the difference between the number present when the abatement

activity was at its mean level and the number present when the activity

was 104 above the mean level, the reduction in the number of mosquitoes
per light trap night was calculated. For permanent abatement, the re-

duction extended' over 10 years, so discounting was performed and then

comparisons were made, A straight line 10-year depreciation schedule

was used. The formula used to generate the measure of the mosquito re-
n-I / ~ !   07!t! h 10.
t=0

0,

1,....9; -B. the marginal productivity of permanent abatement; Y. w

mean number of mosquitoes per trap night; � + O.D7! = discount formula;

n-t = depreciation schedule.
n

cedures as shown in Table 6:I

The comparison that is most appropriately however, is one of rela-

tive physical efficiency in relation to cost of performing such activi-

ties. Economic theory provides insight into the decision process of the

quantity of each control procedure to utilize, The decision principle

is that a district attempting to minimize cost  within a certain budget

constraint! and to maximize benefits would adjust temporary and perman-

ent work activities until the marginal physical efficiency of temporary
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These calculet ions show that a 104 increase in permanent work re-

duces mosquito numbers over the life of the facility by 4.44 �.79 � : 63.2!.

Temporary control was 1.29 times as effective as permanent control pro-



Control

Temporary
Control

Permanent
Control

 Discounted!
Year

3.60. 6130
. 5156
. 4283
3503

.2806

.2186

.1634

. 1145

.0714
0333

I

2 3 4 5 6 7 8 9
10

3.602.7890Total
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abatement per dollar of cost Is equal to the marginal physical ef fi-
ciency of permanent abatement per dollar of cost. The costs are only
the direct field costs, in this situation, and do not include any in-

direct costs since they do not change as work completed changes.

Table 6;I � Reduction in the Average Annual Mosquito Collection

Per Light Trap IIIght Resulting from a IOR Increase
in Permanent Contro'I  Discounted! and Temporary

Ratio. Temporary/Permanent = 2 229 9= 1.29

The Phys i ca I ef f i ciency compa ri sons were made in the previous por-
tion of this section, and the numerical comparisons were made in Table

6::1. The comparisons involving cost will be made using the means of

the logarithmic equations  geometric means rather than the arithmetic

means!. The results will be very simi lar, but it is a more direct pro-
cedure to use the means from the estimated equation. The mean acres

sprayed was 311,931 and the mean acres under permanent control each year
was 1,532 acres. A 104 increase for each of these activities represented
an additiona'I 31,193 acres sprayed and an additiona I 153.2 acres ditched.

These additions would bring the total acres sprayed to 343,862 �11,931

+ 31,193! and the acres ditched to 316.4. The 316.4 acres is the sum

of the 163.2 acres required to maintain the stock of 1,532 acres and
the 153.2 acres �,532 x O.IO! necessary to increase the stock by IOZ.
The average cost of performing the additional 153.2 acres permanent

work was $57.44 per acre and the cost for spraying the additionaf

31,193 acres was $0.104 per acre. These cost figures were determined

by entering 316.46 acres into the permanent average cost equation of
Table 5:2. The average cost of spraying was used since there are no

scale economies involved. The cost equation permits the analysis to

incorporate reductions in cost per acre of permanent work instead of

simply applying the overall average costs to all changes in acreages.

By utilizing the physica I reductions in mosquito numbers per unit

of temporary and permanent control of Table 5:I and the cost equation

in Table 5:2, one can calculate the costs of reducing the mean number

of mosquitoes per light trap night by 1.0 as: $6,354 for permanent and
$1 8$ ,817 for temporary abatement work . This result indicates that addi-I

tional expenditures on spraying are more productive than expenditures

on permanent work. The cost to lower the light trap count by 1.0 is

3.50 times higher for permanent work than it is for temporary work  see

Table 6:2!. This comparison involves only the direct dollar costs and

does not include any evaluation of environmental side effects.

The 3.5 to I superiority of temporary work is based on an average

I Based on $57. 44 per acre for permanent work and $0.104 for temporary
work from equations in Table 5:2.



tive advantage.

Ratio:

Permanent
FORMATION OF NEW ABATEMENT DISTRICTS

Tempo ra ryPermanent Tempora ry

$1,817
1,892
1,969
2,037

S6,354
4,608
3,903
2,863

3. 50
2.44
1.98
1.41

9 7
15.0
20.0
25.0
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ditch ! ife of 9.7 years with a range from 5 to 12 years. Three addi-
tional analyses were conducted to determine how sensit ive the results
are to the I ength of d i tch I i f e. The f o I lowing I i ves were used: 15

years with a range from 8 to 18 years; 20 years wi th a range from 12
to 24 years; and 25 years with a range from 15 to 30 years. The re-
sults are presented in Table 6:2.

The length of ditch life reduces the relative advantage of tem-
porary control over permanent control from 3.5  life of 9,7 years! to
1.4  life of 25 years!, but temporary abatement still retains a rela-

Table 6:2 � Comparisons of Average Ditch Life and the Associated

Expenditures Required to Reduce Annual Mean Light

Trap Counts by 1.0,

Average Ditch Expenditure Required to Decrease
Life  Years! Mean Annual Li ht Tra Count b i.0

Therefore, based on the best estimates of the effect of abatement

activities on light trap counts and costs per unit of work completed

from 30 districts over 13 years, it appears that expenditures for tem-

porary activities are more productive. Our figures indicate that dis-

tricts get three and one-half times as much control from temporary as

permanent activities per dollar of expenditure. This calculation is

performed at the data means: 311,931 acres of chemical treatment and

1,532 acres under permanent control. It can be seen in Figure 5: I

that permanent work would be much less expensive for larger districts

because of economies of scale. The cost of temporary work would not

decrease for larger districts, however, because there are no economies

of scale to be obtained. Very large districts  900-1000 acres of

ditching per year! may find temporary work as expensive as permanent

work in terms of mosqui toes controlled. Contrari ly, a smal I district

must face high permanent rontrol costs per acre as shown in Figure 5: I
and would therefore f ind temporary abatement much rheaper.

One of the purposes of this study was to develop procedures for
evaluating the likely demand for and rosts of mosquito abatement in

coastal areas which are considering initiating or increasing abatement

activities. The study areas in Florida included 13 districts with popu-

lations of 10,000 � 30,000 people and high salt marsh mosquito popula-

tions, so that those districts are particularly similar to many other
coastal areas, partirularly those of North Carolina and South Carolina.

These sparsely-populated coastal areas have special characteristics

compared with the typical  mean! mosquito abatement districts �0,000
people!. One of the major differences is that per capita local expendi-
tures are much higher since there are fewer people to share the costs

of a minimum control effort. Per capita expenditures from local funds

may be 3 to 4 times as high as the average expenditure per capita for
all 30 districts  $1.27 in 1970!,

The sharing arrangements in the state of Florida encourages small

districts to collect local funds in order to get state matching funds.

As equation Y4 in Table 5:I indicated, a 10'S increase in state funds



leads to about a 3.54 increase in local funds. This type of matching

arrangement is not available in most other states. It is not possible

to accurately project the effect of no matching funds, but it is c'lear

that this is one of the major stimulants of expenditure in sparsely

populated districts in Florida. On the other hand, as Figure 3:5 indi-

cated, state aid per capita  constant 1967 dollars! has been fa1 I ing in

recent years in Florida.

Per capita income, wage rates, and tourism also differ in the

sparsely populated coastal areas. For example, Carteret County, North

Carolina, has higher tourism  in terms of lodging workers per capita!

but sl ightly tower per capita incomes and wage rates than the mean of

the sample of districts in this analysis. Hosquito populations in

coastal Iiorth Carolina seem to be slightly higher than the typical

Florida district  mean of 63.2 per light trap night!. For example, the

1973 light trap count for 4 lorations in Carteret County was 75,

 Axtell, 1974b!.

Even though people are willing to expend $4 to $5 per person

 $4.40 in 1970 for 13 smail districts in Florida! of local tax doilars

for abatement in the smal ler sample districts, these low population dis-

tricts have smaller total budgets  $134,000 compared with $302,000 for

all districts!, they perform less abatement work and control fewer mos-

quitoes. Less work is performed because the smal I districts have smal I

budgets and high unit costs of permanent control, as indicated in

Figure 5:1.

It is clearly less expensive per person to abate mosquitoes in

heavily populated areas. Hany other areas are willing to tax themselves

if they have reasonably high mosquito populations and state support.

The formation of new districts is difficult because of high costs per

unit of permanent control, but this is not the case with temporary con-

trol. There appears to be no advantages of size in chemical control.

Chemical.control measures will have economic advantages over permanent

control measures  ditching or impoundments! in sparsely populated dis-

tricts based on relative costs and benefits found in similar districts

of this study.

This study has not investigated the economic, demographic, and bio-

logical factors effecting the demand for state appropriations for
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mOSquitO abatement; nar haVe Optima I Sharing arrangementS been inVeSti-

gated. Scale economies favor multiple county, permanent activities.

IIowever, earmarked appropriations tend to distort the mix of permanent

and temporary abatement work. I t is an open question whether the

estimated over-investment in permanent control  relative to chem'Ical

control! found in the above analysis is traceable to the higher state
Igrants for permanent work, The degree of this phenomenon in other

areas needs to be evaluated. Further work should probably treat adulti-

ciding and 'Iarviciding activities separately since they likely have

quite different responses. This study has also not identified the re-

turn from monitoring activities which probably vary consistently between

districts.

SUMMARY ANI! CONCLUSIONS

This study examined the responsiveness of mosquito numbers to

various types of abatement activities and the incentives to collect

taxes to control m>squitoes.

The major findings of the study were:  I! mosquito abatement

activities were effective in reducing the mean mosquito abundance in

the study area over the i959-1 971 period; �! economies of scale were
present in permanent control  ditching and impoundments!, but not in
temporary control  chemicals!; �! temporary control was from 1.4 to
3.5 times as effective, per dollar of expenditure, as permanent con-

trol; �! local abatement expenditures per capita  proxy for quantity

of abatement! were significantly affected by Income, state grants,

tourism, the wage rate  proxy for price of abatement!, and population;

�! the simultaneous nature of the abatement model was verified statis-

ticallyy; the number of mosquitoes affected the amount of chemical con-

I Recall that the study only considered the direct abatement costs
and the associated changes In mosquito numbers and no consideration
was given to passible environmental problems related to either
permanent or temporary control.
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trol and vice versa.

The number of mosquitoes  as monitored by light trap catches!
varied from year to year, but there was definIte downward trend over

the 1959-1971 period. The average number of acres sprayed per dis-

trict per year was 484,680 and the number in any given year tended to

change in the same direction as mosquito density changed. The amount

of permanent acreage under control increased over the 13 years with an
average of 6,138 acres per district for the period. The statistical

analysis indicated that a IOZ increase  above the mean! in permanent

and temporary abatement work would significantly decrease mosquito

numbers by 4.4R and 5.74, respectively.

An economies of scale model indicated that the acres of permanent

work completed per year significantly reduced the average cost per acre,

but no such relationship was found in temporary abatement work. Con-

sidering cost and physical efFiciency, temporary abatement was shown

to be from 1.4 to 3.5 times as efficient as permanent abatement per
dollar of expenditure, depending upon the ditch life. The analysis
only considered the direct abatement effects of reduced mosquito numbers

and did not attempt to account for externalities. Within these limits,

it was concluded that there has been an overemphasis on permanent abate-

ment relative to temporary abatement.

One of the objectives was to estimate to what extent per capita

income, mosquito numbers, tourism, population, wage rates and state

grants influenced the willingness to collect local taxes for mosquito

abatement in organized districts, It was found that local expenditures

per capita were signlficantiy affected by: income, state grants,

tourism, the wage rate and population,

An implication of this analysis is that sparsely populated coastal

areas have much higher per capita mosquito abatement costs than heavily

populated areas. As mosquito numbers, incomes, tourism and state grants

rise, the ability of a district to collect abatement taxes increases.

Ditching costs fal I as amount of ditching completed per year rises, and

chemical control costs fall as human population density rises. Thus,

there are incentives to lease, rather than purchase, ditching machinery

and incentives to set district boundaries to include areas with high

densities of people and mosquitoes.
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This report provides an overview of mosquito abatement in 30 Ois-

tricts for 13 years. Similar procedures could be used to analyze the

economics of mosquito abatement in a single district or in an area con-

templatlng the formation of an abatement district. This would provide

useful input to the decision-making process.

This study suggests that economic incentives exist for group action

in mosquito control, although these incentives are less direct than those

for individual action to contro! insects in crop production, The will-

ingness to pay for mosquito abatement is quite responsive to price and

income levels. Economic analysis of the demand for and cost of mosquito

abatement can be accomplished by means of simuitaneous regression equa-

tions following the proper Formulation of conceptua'I models which take

into consideration the mosquito biology, abatement procedures and prac-

tices, and the economic incentives of the taxpayers.

55



REFERBCES Hall, D. C. and R. B. Norgaard. 1973, On the timing and application
of pesticides. American Journal of Agricultural Economics
55: 198-201.

American Mosquito Control Associat'lon. 1968. Ground equipment and
pesticides for mosquito control. American Hosquito Control
Association Bulletin No. 2: 101 p.

American Hosquito Control Association. 1972. Mosquito News 32�!,
Unnumbered 2nd page.

Axtel I, R. C.  editor! . 1974a. Training Hanual for Mosqui to and
Biting Fly Control in Coastal Areas, UNC Sea Grant Publication
UNC-SC-74-08: 254 p.

Axtell, R. C. 1974b. Unpublished Records of Hosquito Counts.

Borcherding, T. E. and R. T. Deacon. 1972. The demand for the
services of non-federal governments. American Economic Review
LXII: 891-901.

Carlson ~ G. A, 1970. A decision theoretic approach to crop disease
detection and control. American Journal of Agricultural
Economics 52: 216-223.

Clements, A. N. 1963. The Physiology of Mosquitoes. MacMillan
Company, New York: 393 p.

DeBord, Donald V. 1974. Demand For and Cost of Salt Marsh Mosquito
Abatement. Unpublished Ph.D. thesis, Economics Department,
North Carolina State University.

Dukes, J. C,, R. C. Axtell and K. L. Knight. 1974. Additional
Studies of the Effects of Salt Marsh impoundments on Mosquito
Populations. Water Resources Research Institute Report
No. 102, North Carolina State University, Raleigh, North Carolina.

Ferguson, C. E. and S. C. Maurice. 1970. Economic Analysis.
R, D. Irwin, Homewood, I I I inois.

Florida. 1959. Florida Statutes, C 388, Sec. 021.

Fultz, T. 0., H, L. MacDougal and E. C. Thrift. 1972. Observations
of ground ULV applications in Chatham County, Georgia. Hosquito
News 32 �!: 501-504.

Gerhardt, R. R., et al. 1973. Public Opinion on Insect Pest Hanage-
ment in Coastal North Carolina. North Carolina Agricultural
Extension Service, Misc. Publication No. 97

Haeger, J. S. 1960. Behavior preceding migration in the salt marsh
mosquito, Aec eh 4tencohApnchus  Wiedemann!. Hosquito News
20 �!: 136-147.

56

Head lee, T. J. 1945. The Mosqui toes of New Jersey and The i r Control .
Rutgers University Press, New Brunswick, New Jersey.

Headley, J, C. 1972. Defining the economic threshold. In Pest
Control Strategies for the Future. National Academy of 'Sciences,
Washington, D. C,: 100-108.

Hermes, W, B. and H. F. Gray. 1940. Mosquito Control, Commonwealth
Fund, New York.

Hoffman, R. A. and W, C. McDuffie. 1962. The 1962 Gulf Coast
mosquito problem and the associated losses in livestock. Proc.
N. J. Mosquito Extermination Association 50: 421-424.

Horsfali, W. R. 1955. Mosquitoes, Their Bionomics and Relation to
Disease. Ronald Press, New York.

Horsfa ll, W. R. 1962, Hedical Entomology, Anthropods and Human
Disease. Ronald Press, New York: 723.

James, H. T. and R, F. Harwood. 1969. Herm's Medical Entomology.
HacHi lian Company, New York: 484,

Kmenta, Jan. 1971, Elements of Econometrics. HacHiilan Company.
Chapter 8.

Knight, K. L. and T. E. Baker, 1962. The role of the substrate
moisture content in the selection of oviposition sites by
Arden ~nu!ehqXC~  Wiedemann! and AedeS SOILED~  Walker! .
Hosquito News 22�!: 247-254.

LaSal le, R. N. and K. L. Knight. 1973. The Effects of Ditching
on the Mosquito Populations in Some SeCtiOnS of June' Salt
Marsh in Carteret County, North Carolina. Water Resources
Research Institute Report No. 82, North Carolina State
University, Raleigh, North Carolina.

Lee, J. Y. and M. R, Langham, 1973. A simultaneous equation model
of the economic-ecologic system in citrus groves. Southern
Journal of Agricultural Economics 5�!: 175-180

National Resources Commi t tee. 1938, The Problem of a Changing
Population ~ U. S. Government Printing Office, Washington, D. C.

Nielsen, E. T. and A. T, Nielsen, 1953. Field observations on the
habi tats of Atda Menco&pnchus. Ecology 34�!: 141-i 56.

57



and Data Transformation

13 14

15

58

North Carolina. 1957. North Carolina Statutes, Chapter 130,
Article 24.

Provost, M. W, 1958, Facts about the salt marsh and its mosquitoes.
Florida State Board of Health, Entomology Research Center: 12 p.

Rice, D. P, 1968, The direct and indirect costs of illness. In
Federal Programs for the Development of Human Resources, Joint
Economic Corrrnlttee, Economic Progress Subcommittee, U. S.
Congress, Vol. 2.

Schoof ~ H. F. 1970 Present and potentia I control techniques.
In Proceedings Workshop on Mosquito Control in North Carolina.
Water Resources Research Institute Report No. 36, North
Carolina State University, Raleigh, North Carolina.

Steelman ~ C. D., et al. 1972. Effects of mosquitoes on the average
daily gain of feedlot steers in southern Louisiana. Journal
of Economic Entomology 65: 462-466,

Travis, B. V. and G. H. Bradiey. 1943. The distr icut ion of Aedea
mosquito eggs in salt marshes in Florida. Journal of Economic
En tomo I ogy 36   I !; 45-50.

Water Resources Council. 1971. Proposed Principals and Standards
for Planning Water and Related Land Resources. Federal
Register, 36: 24145-24194.

Water Resources Research Institute. 1970. Proceedings Workshop
on Mosquito Control in North Carolina. Water Resources
Research Institute Report No, 36, North Carolina State
University, Raleigh, North Carolina,

White, C. M, 1957, Report of the North Carolina Salt Marsh
Mosquito Study Commission, Raleigh, North Carolina.

Young, R. C. 1964. Economic Aspects of Mosquito Control with
Special Reference to a Control District in Florida. Unpublished
M. S. thesis, Economics Department, University of Florida.

Appendix Table I: Individual Mosquito District Variable Descriptions

= number of mosquitoes per light trap nightI

Y = acres chemically treated during the year  once over!2

Y = acres permanent abatement work during the year; Y X13 + X14

X -XY4 = local expenditure per capital  dollars!; Y = 10 11
4 B

N W X20

P Y cost per acre chemically treated  dollars!2

P Y = cost per acre of permanent control activi ty  dol lars!3

X = inches of storm rainfal I accumulat ion during the mosqui to season1
measured as 2" on any one day or a period of days having I" per
day with at least one day of 2"

X = number of rainfall sequences in relation to the proportion of
2 potential mosquito breeding acreage under permanent abatement;

X = average district temperature May I-October 31  degrees F.!3

X4 stock of permanent abatement acres  depreciated!; X4 = X +X 4

X = total budget of the district  state plus local!, deflated by the
wholesale price index; X5 -  X17 +X18!/X20  dollars!

X6 = population density of the district; X6 = N/X19

X = income per capital dollars  deflated!7

X8 � state grants per capita  deflated!; X8 = X18/N

X = tourism per capita; X = X21/N ~



Locat ions  LOC! and Code Numbers:

l. Brevard Co., Fia.

2, Broward Co., Fla.

3. Charlotte Co., Fla.X
ll

Citrus Co., Fla.

Collier Co , Fla.

Duva I Co., Fla.

Escambla Co., Fla.

5,

7.

8,

10. Franklin Co., Fla.

I 1. H i I Isborough Co., Fla.

12. Indian River Co., Fla.

13. Lee Co., Fla.

14. Levy Co,, Fla.

X = II/12X1 +Y
t t-I

Group I:

X 4/5x +y
t t-I

Group I I:

15. Manatee Co., Fia.

16. Martin Co,, Fla.

17. Monroe Co., Fla.

6160

W = wage rate raised to the power  B = labor 's share of totalB B

expenditure!

N ~ population in the district

X = local expenditure on abatement activities  dollars!

sanitary land fill expenditures  proportion financed out of
local funds!;

local ex enditures total sanitary
11 local + state expenditures land fili

expenditures

X number of I/4" rainfal I days, two-day dry interval12

X = arres permanent control via ditching  depreciated!;

Group I I I: X ~ 7/8 X + Y
t t-I

when X = 1958, set X13 X16
t-n t-n

X ~ acres permanent control via diking14

Xl = acres of potential mosquito breeding area

X16 = acres under permanent control in 1959

Xl local budget for mosquito abatement

X 8 state budget for mosquito abatement18

X ~ square miles in the mosquito abatement district

X2D who 1 esa I e pr i ce i ndex

X21 = tourism proxy; the number of employees working in al I lodging
establishments

18. Nassau Co., Fla.

19. Palm Beach Co , Fla.

21, Pinellas Co., Fla.

22. St. Johns Co., Fla.

23. St. Lucre Co,, Fla.

24. Santa Rosa Co., Fla.

25. Sarasota Co., Fla.

26. Volusia Co., Fia.

28 Walton Co., Fla.

29. Chatham Co,, Ga.

31. Delaware  State!

32. Cape Hay Co., N. J.

33- Honmouth Co., N,J.

34. Ocean Co., N. J,

35. Virginia Beach, Va.
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X9X1x6LOC YR WBX7YRLOC x8x6 X

1.11104
1 i?330

0 ' 93554
OL278

L»rI4225
1 ~ 0868L
1»oe498

07784
I.»1337G

72

11 1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2
2 2 2 3 '3

3 3 3 3 3 3 3 3 3 3

59
60
61
62
63
64
65
66
61
68
69
70
11
59
eo
el
62
63
64
65
66
67
b8
69
10
71
59
60
61
62
63
64
65
66
67
68
69
10
TL
59
60
61
62
63
ec
65
66
67
68
69
70
rl

53 ' 012
Be.7e2
97 ' 050

lor 337
117.852
12$»139
138275
151 815
ibm ?76
173 ' 979
177 ' 30T
173 ' 983
11$.082
L95.386
283»583
305 ' 583
326 917
347 161
368 167
389 ~ 333
414 667
438 9lr
474 ' 083
496 ' 333
516 ' 750
560 ' 672

14 ' 401
18.5$2
20 851
23 ' 830
26.383
2$.936
30 ~ 922
32 ' 6ZC
33 F 475
35 ~ 881
37 ' 163
39 091
43»687
12.925
13 ' 824
15-147
16 765
1' 382
19 ' 853
Zl.CT1
24 265
24 559
25 ~ 588
2 r»206
28. 229
32 653

4862 F 87
5169»65
5504. 16
5799 58
5971 43
6110 ~ $$
6301 F 45
6962 93
ePBo.oo
7411»71
7769.01
7134 96
6789 T5
3586 50
3689 15
3810»58
3905 F 06
4105 82
4284 05
4265 ~ Ol
4288 ~ 5$
4504»oo
4768 78
4950 23
5315 ' ZZ
5363»07
3132 ' 91
3328» 11
3542 Bb
3732»07
3751»32
3751 85
3782»61
3724»45
3894 00
3994 15
4268 ' 54
4156»10
4517.67
2537.97
2640 F 67
2758 AD ?3
2856 54
3049 74
3227 03
3000 F 00
3038 F 08
3765 F 00
3679 02
3749 ' 30
3914 ' $6
5034 F 45

L»55659
1 ~ 61960

?1837
0.71424
G ~ 69061
0.87355
0»79312
D.48370
0 ' 54941
0 ' 59947
0 ~ 52619
0»69413
0.67112
0.14106
0 ' 16891
o»13770
0.12511
0.13076
0 10325
0 ' 10921
0.08673
0.07627
0.08102
0 ~ GBO81
O»LD$50
0.10547
2 ' 32809
l»91379
2»10b54

95047
1 »90419
2 ' 32054
L»49235
1 23029
1»06945
1 28526
L.Ppe74
1 88341
1 ~ 22613
3 ' 58715
4. ~ 52481

979SQ
4.3leac
3.32825
3.24291
2 ' 65386
2 ' 05860
2 ' 28479
2 18424
2 ' 19525
2»48193
2 ' 22563

007519S
.OOCZPBZ
~ 0035698
00298 10

~ 0038511
.0045809
~ 0052790
»0051669
~ 0040667
»OG40652
»0039633
~ OD47651
~ 0036105
~ 0 167958
»01308S5
,0135533
~ 01398hZ
.0141161
~ 0142055
015 L02T
0156531
0139909

~ 0138717
~ 0138969
~ 0135688
~ 01 15368
~ 0023638
~ 00 33588
-0043537
~ 0050000
0044086
0038725

-00 36239
.0038261
~ 0031780
OD66798

~ 0045420
0051526

~ 0065262
~ G097$50
~ 0 101064
0100971
0099123

»0116800
-013 l.852
~ 0145205
»013575$
»0082635
~ 0095977
~ 0096'757
»OG99500
»DOB3769

1 F 54078
56621

1 ~ 59389
1.61827
1.61688
1»61241
L.e88el
L.e8045
1 ~ 73218
1 ~ 79059
L ~ IIO350
1 ~ >1 378
1 ~ 67835
1 F 47165
1 50961
1 5513Z
1»5859Z
1 ~ 61330
L.e3564
1 ~ 64125
1 ' 63839
i»70023

T4848
1 75238

82111
1 ~ $4824
1 16820
1 ~ ?0417
L ~ ?4061
1 ~ ?1213
1 ~ ?7358
l.? 7261
L.WOCLT
1.19841

24791
1 ?1981
1 ~ ?1250
1.17551
1.?6608
1 04488
1 05598
1 DTG28
1 08214
1.10127
1 11809
1»11629
1 ~ 18381
1 ~ ?1371
1 ~ 11776
1 10 364
lel9082
lelZ450

7008 2
L14700
128300
14LPOO
15580G
1694OO
182800
200100
221800
230000
234400
230006
235424
234463
340300
366100
392300
416600
441$0O
467200
4.97600
526TOO
568900
595600
6201QD
67?806

LD153
13100
14700
16800
Lseoo
20400
21800
23GDO
23600
25300
262DO
27559
30799

8789
9400

10300
11400
12500
13500
14600
16500
167GO
11400
18500
l.9196
22204

5 5 5 5 5 5 5
5 5 5 5 5 7 7
7 7 7 7 7
7 7 7
7 7 7
8 8

8 8 8 8 8 8 8 8 8 8 8
10
10
10
10
10
10
10
lo
10
10
10
10
10

59
60
61
ez
63
64
e5
66
61
68
69
70
71
59
eo
61
62
e3
64.
65
66
67
6$
69
70
11
59
60
61
62
63
bh
65
bb
6T
68
69
70
71
59
60
61
62
63
64
65
66
61
68
69
10
71

112.525
135.000
150»833
166.667
LBZ. SOO
198 ' 333
214» 167
232» 500
250. 833
2 T2. 500
291 ~ 661
317 000
344.067
534 ' 995
540 ' 968
5'52» D66
567 769
581.228
59Z.ZOB
60G ~ s26
601 438
bl5 ~ 939
623 $49
62 3 961
624.39$
634. 185
250.239
266»210
273 ' 059
278-691
283.866
Z90.715
295 ' 890
300.304
299 087
301» 826
310 959
312-533
320»68'5

1.793
l.l 6$1
12 ' 035
L.2»389
l.2» 566
12. 920
12 »920
13 ~ 097
L2. 743
12 566
12 ' 566
12.504
12 ' 697

3166»67
32 rl ~ $7
3395 ' TT
3494 ' 73
3630 ' 69
3148. 68
3716.36
3720 ' 44
4032 00
4112»68
4520 ' 19
4184 42
4815 ' 31
3160 ~ 55
3922 ~ 02
4105» 82
4259 ' 49
4456 08
4629 ' 36
4539 34
4640 ' 28
4954 00
5031.22
5168.08
5252.72
5507 ~ 07
3876 ' 5$
4025 29
4195 ~ 17
4336»50
4508 ' 99
4656.81
4687 ' 37
4566 ' 13
5051.00
4900 49
4973 F 71
5205 ' 62
522 1 13
1824.89
L 817 71
1940 F 74
L990 5L
222b»46
2451 95
2404 76
2220
2 174 ~ OO
2535 61
2450 ' 70
2519»02
2485 ~ 81

1 9S842
69718

2 ~ 86381
2»35671
2 110 78
2 64823
3 ~ L2571
2.66691
2»91309
2. 50286
3 ' 07951
3 ' 58924
3 ' 10352
0 ~ 01455
0.08781
0.09311
0.06892
O.OBZPS
0.10719
G ~ 14272
D ~ 14703
0 ' 14694
0 13883
0 ' 18099
0.26899
0 ~ 28741
0 24064
0 ' 24263
0 1960 6
0 21584
O. 11303
O»16637
0 24435
0 22226
0 ~ 1638 3
0 ~ 16827
0 14575
D ~ 3OZB 8
0.12622
3 ' 29560
2 412 19
2.34532
2 ' 72Z51
2 ~ 92149
2.82540
3 81912
3 02565
3 ' 15118
2.75804
2.23381
2.3be58
2»37192

.0265126
0234568

F 0221547
~ 02ll500
0194521
0 L80252

F 0278988
0226523

~ 0247L16
024CO37

F 0262286
»0 246320
»0213621
~ 0046564

0044064
OGCL?10
0038158

~ 0037294
0036603

~ 0039536
Gohl458

~ 0041921
~ 005034L
~ 0041760
~ 0047574
~ 0050087
.0022505
.0022699
.0023634
0024631

~ 0023153
0022723
0023045
002356$

~ OGZZ188
~ OG24861
.OG2SCSS
0028734

.OG25013
F 0104474
.OObeeer
0060294
0054286
004r88'7

~ 0039726
004LO96
0027027

»0027718
~ 00281b9
~ 0039437
~ 0028309
.0027878

1 F 13730
L.ihr98
LE LS85L
1» 16650
1. 10062
1. 12557
1 14292

18995
1 16968
L.ZDe81
1 Z0641
1 37688
l.ho9or
1»44101
l»41601
1 ' 5lhsb
i»54553
1 53436
1 56164
1 ~ 6?415
1 63635
1-69161
1 6409L
1 ' 68955
1 48824
L»5?350
1 ~ 56154
1 ~ 59339
1 61803
1 64112
1.62888
l» 646 33
1 67024
1 71231

71718
l»81208
1 149 11
1 01596
L»II4229
L.Q6812
LE 0903T

06812
1»04284

13503
16200
18100
20000
21900
23800
25700
27900
30100
32100
35000
38040
4128$

45314l
458200
461600
480900
492300
5OieOO
508900
514500
521700
528400
528500
52886 S
537663
164407
l. 14900
119400
183100
186500
191000
194400
191300
196500
198300
204300
205334
210690

4403
6600
6800
7000
7100
7300
1300
7400
7200
7100
1100
7065
7114
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WBXBXTx6YR LDCLOC YR XX6 x8 X5

74 75

tl
I.!
11
Ll
Ll
Lt
Ll
Li
11
tt
11
11
11
12
12
12
12
12
12
}2
12
I.Z
12
12
12
12
13
13
13
13
13
13
13
13
13
�
13
13
13
14
14
�
14
14
14
14
14
14
14
14
14
14

59
60
61
62
63
64
65
66
67
68
69
70
11
59
60
61
62
63
64
65
66
67
68
69
70
71
59
60
61
62
b3

65
66
67
6S
69
70
Tl
59
60
bl
62
63
64
65
66
eT
68
69
70
71

359«845
384 ' 904
395 F 481
404 ' 135
412 ' 692
423 ' 558
431» 923
440«577
446e827
457 212
469«519
471 ' 409
494 321

BQ ~ 800
92 ' 520
97 ' 560

101» 880
lo5 840
110 160
113» 760
117 ' 360
120 240
123 ' 840
121 080
129.572
136 ~ ZD4

48«597
51. 451
62 481
67 ~ 72 9
72«662
71 SOI
BZ 939
86 ~ 845
91 ' 361
95 683

103 ' 803
10$ 136
1}8«452

9 421
429

9 ' 701
9 882

10 063
10»335
lory 511
10 189
10 601
10«607
lle5L4
1 1» 565
12.025

3584-39
3774 5D
3985 ' 19
4167 TZ
4329 lo
4461 F 79
4485.51
4530 F 06
4773 ~ OD
4948 29
5O69.48
5198.31
53 LC 49
3349»16
3519 ' 49
3708 99
3872«36
3950 26
4008-45
4087 99
3958 92
4601 ~ DO
4776 ~ 59
4772 F 77
4649 46
4713 F 78
3222 57
3369 86
3535 ' 45
3615 e 1 1
3881 F 48
4028 ~ 5 1
3931 68
3975 95
4255»OO
4444 ' 88
4 830 05
4914 64
4980»57
2719 ' 41
2816. 71
3049; 74
3200»42
3258 20
329S 84
3386 13
3573 F 15
3954 ~ DO
4104 39
4244 13
4173 ' Ot
4603 36

0 ~ 210 19
0 ' 21267
0»23137
D.20973
O 19069
0 L7559
0 ~ I.7793
0.26232
D 25330
0 ~ 12731
0 I4309
0 L580$
0» 14914
4 ~ 747 15
C.L7551
4 ' 06967
2 96266
3 ' 09506
2 ' 25913

21431
3 ~ 14470
2 ' 28297
2 ' 92929
Z.Osloo
le83486
1.90 tee
2-41149
2 ~ 40047
!.98iee
2.15843
2«93906
2 ' 76189
2 ' 18159
2-23531
2«02868
2 50628
1 ~ 94171

68352
1.87339
1 10906
1 39196
1.47283
1 34537
1.50812
1 44D27
l»61252
1 ~ 38375
1 50763
1 62979
1.69539
l»34321
I 2+i 16

.DDZ9874
OO29728

~ 0030 TOB
»003LT6'3
0030219

~ OD28558
~ 0031656
0031929

~ 0031805
~ 0037329
«0033975
»00351D3
~ 0038781
~ 0114S51
«0096844
~ 0088911
~ OOSZ057
.0076342
.0010443
~ 0057665
.0061350
.0070858
0052649
0066100

~ 0064211
.0060204
~ 0119D65
0195170

.0266447
0325948

e020141C
~ 0092470
~ 010508}
.0104D 24
~ OO964OG
0099510

~ OL00000
~ D! 106'30
~ 009195$
.OOCCZ69
0059615

.0071963

.0085321

.0078378
~ 0071053
~ 0065517
~ G048739
~ 0052991
DD55556

-003464b
~ 0032142
~ 0021864

I ~ 7LG14
1 ?2673
1 ~ 24466
L.75942
1 2109 1
1 ?8027
le?8928
1 79 597
1«31930
1.32572
l.'32630
1 34�4
1 33930
t«49733
t«47836
1»46268
1 44115
1«45956
1 41365
1 ~ 4 6329
le48283
l«63452
t.e4e38
1-64921
t«53436
L»60357
le761
1 17578
LE 1.9526
l«71143
I.»73563
1.?5689
le24130
1 ~ 76617
1 2'7 327
1 ~ 34109

31560
1«30257
1 32412
1 06079
1 08654
1 11287
t» 13546
1 ~ 10191
1 ~ 06115
1 ~ 12608
1 14891
1 ' 28699
1.7BO56
1 ' 31230
1 3�73
1 ~ 39128

374239
400300
41130G
C20300
429200
440500
449200
45S200
464100
475500
488300
490265
514094

2G200
23L30
24390
25470
Ze46o
27540
28440
29340
30060
30960
31170
32393
3405!
47285
55900
60800
65900
10700
75100
80700
84500
88900
93100

10100Q
to5216
i254

10391
10400
10700
10900
11100
11400
11600
11900
l}700
11700
12700
12156
13264

15
15
15
15
15
15
15
15
15
15
15
15
15
16
16
16
16
16
16
16
le
Le
16
16
16
Ie
17
17

11
11
1T
tT
17
17
17
17
11
17
18
18
1$
18
18
18
18
18
18
18
18
18
18

59
60
61
62
63
64
65
66
67
68
69
TQ
7'1

60
61
62
63
64
65
66
67
68
69
TO
71
59
60
el
62
b3
64
65
ee
67
68
69
1D
7l
59
60
61
62
63
64
65
66
67
68
69
10
71

78. 961
88 847
92 ' 2b9
95 69 I.

100 253
!DC' 943
106 ~ 111
tGT»9$5
111 ~ 02 7
115 ' 082
121»293
123-086
129.324

26 059
3' 893
33 ' 214
35 714
38 036
40 536
43 036
45 ~ DOQ
45 F 000
46-601
48 ~ 57 1
50 ' D63
53.641

0-838
O.897
0 912
0 929
0 ~ 940
0 95 I,
0 95T
O. 9ee
0 ~ 964
0 972
0. 913
0.979

l«00
237 14.
241 14
252 Bb
260«OO
265 ' 71
268 57
?71.43
272 86
272 F 86
218 57
294 29
294 66
304 06

3Z20 46
3346 68
3491 0 L
3610 76
3773 5C
3916»58
375O 52
3921 $4
419e.oo
4202 ' 93
4537 09
4530 80
4754»42
3270 04
3373 QZ
3494 18
3590»12
3892 06
4113 LB
394Z 03
4018 04
438e.oo
4409 Te
4941 78
5016 ' 30
5965«55
2959«92
302I. 07
3087 ' 83
3154 01
3263 49
3354 F 80
3446 17
3503 ~ Qt
3658 00
3189 27
3698 ~ 59
4024«46
»lOZ.47
406$ 57
4226 ' 55
4407 41
4556.96
4 T39e68
4891 51
4741
4913 83
5056 OO
5241 95
504Z 25
5832 F 43
593? 86

G«52957
0 ' 43707
0 ' 24674
0 ' 54141
0»44306
0 46515
0 41999
0 ~ 51161
0 3776$
0 «4! L55
0 ' 43371
0 ' 55260
0 ~ 39214
l»26890
l 41349
1-61229
le41886
1«11513
!.29490
1 32ooo
0 ~ 10345
0 ' 90223
0 «91841
l«23969
1 31889
1-64923
1 17336
1 ~ 32039
1 ~ 49675
0 ' 95127
1 39297
1 67667
1 84201
l e ?98}5
le34614
1 ~ 4094b
1 65666
2 442S9
1 ~ 71500
3 ' 91643
3 ~ 50180
3 ' 5!8'97
2 ' 66495
3«04864
4«89238
3 31928
3«31280
4.35701
3.87622
2 ~ 715}b
2 ' 93802
3 D3211

0034350
~ 0031812
~ Do 31868
~ 0031921
«00355Z5
~ 0038768
0045481

.oo5oCe9
0043607

F 0045815
~ 0037409
-OQ 39026
~ 00 38 515
.OQBse5$
~ 0016819
~ OD76344
0075000

~ 0081690
~ 0087225
~ 0092946
~ 0073413
~ 00 16190
~ 0158621
0064706

~ 0105939
«0081894
~ 0139188
~ 0166183
-D199184
~ 0230461

02 Z6139
0221722

~ 0272568
~ 0242967
~ 021644B
029272Q

~ 0285277
»0242460

0243744
.0121eST
0108671.

-0098305
~ 0081912
~ 0119355
~ 015LD64
0137895

~ 0 131937
-0140314
~ 0125128
~ 015631'1
~ 0139630
~ 0 te 1624

1 ~ I 18bo
1 ~ 12330
l. 12784
1 1331}
I. ~ 1 5 199
1 ~ 16858
1.14eiO
'L 17287
1 19017
1 ~ 18729
1 A ?0079
1 }9745
1.7tCe4
le21775
1»73409
I. »?5 IBO
1.26804
1 78272
1»29673
t.?$605
1 ~ 31115
1 ' 'i6716
L 72780
1 ~ 3733Z
1-38333
1 54556
LE 16392
LE 13831
l»II.!83
L»08263
t»D$5�
1 OB809
l«16974
1. 16396
1 ~ 219OI.
1» 19687
let4744
1«72236
1 21855
1 ~ 54769
1 5585t
1.57303

58494
leb2631
1«66268
I.«63424
1 ' 669Z5
I 61711
lel.5800
1 ~ 12631
1 73772
l»183�

62 300
T0100
12 $00
75500
79LOO
82800
84200
85200
87600
90800
95700
97115

102037
14593
L7300
18600
20000
213DD
22700
24100
25200
25200
26I.DO
27200
28035
3D039
4504 7
Cszoo
49OO D
4990 G
50500
5 1 I.QO
51400
5L900
518DO
522DO
52300
52 586
53991

8300
865 0
8850
9100
9300
9400
9500
9550
9550
9150

10300
10313
t0642
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wBYRUOC x6 x7 XB X LGC YR X6 x8 XS

76 77

19
19
19
19
19
19
19
19
19
19
19
19
19
2L
21
21
21
2}
21
21
2!
2!
21
21
21
21
22
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23
23
23
Zj
23
23
23
23

59
60
bL
b2
63
64
65
66
67
68
69
70
7!
59
ea
6!
62
63
64
65
ee
e7
6$
69
70
71
S9
60
el
62
63
64
65
be
67
68
69
10
71
59
60
61
62
63
64
65
ee
67
68
69
To
Tl

79«73
69«72
94 65
99.57

104 46
109 46
1� ' 39
l}$ TO
121«30
}25 ~ 45
13Z F 2 7
135-37
144-32

L!Z4.91
13I3«89
1364«58
1415 63
14eS.ej
lslS.ZA
1563.19
1603 ' 47
te4e.BS
172'F 06
}788.t9
!813 ' 64
1923-35

706«36
722 ~ 40

72 7» 200
366 ~ ODD
361«200
368 ' 400
366 400
369 600
366 F 000
366 ~ Dao
367 ' 200
372 420

140
112 647
125 ' 717
130 467
L35 217
140 283
�4 717
!,49.4eT
151 ' 683
15} ~ 367
}52«633
159 333
160 9$0
166 I 37

3721 52
3929 40
4158 ' 73
4359 70
4546 03
4 708«55
4650 Lo
4680 ~ 36
4880 00
5086 $3
5383 F 10
57!l«96
'5838 ~ 34
3541 14
3650»16
3TT9 $9
3881.86
4045 50
4!89 02
4064«18
4063«13
4294.00
4473 17
4615-OZ
4 6S3«88
4787 fata
2589«66
2881.98
3190«48
3475 F 74.
3568 25
3643 ' 08
3427 F 54
3537 07
3706 QO
4068 ' 29
4602 ' $2
4151.2'7
4l.e9.el
3GL2 66
3265 54
3536«5E
378I.-es
3873 ' 02
3945 09
3960-66
3830-66
4070«00
4264 EBB
4413 15
4615 F 04
486$ 37

a ~ 30770
0 «34522
0 ' 3021D
0 ' 26674
0 20674
o 16060
0«24229
0 21532
0«1404$
0«145!l
0 ~ 16226
0 L9925
0«22182
D.32243
0 330 18
0 ~ 280 30
0 ' 38611
0 23488
QADI.7150
0 ' 2D633
0 16117
0 ~ 12279
0.18 te5
0«16465
0.22295
0.21679
! ~ 51632
0.54481
2 09700
Z.eb783
?.66961
2 10425
2 64687
2 «74514
z.e4$SA
1.76054
1 ~ 8 3896
z.sBee9
2 60093
1 26349
2 ' 06359
I 4110$
I LI.566
1 06617
1 ' 32916
1 ~ 30642
l«38473
2.18291

09782
0-76213
I 01582
I 00!L3

0179960
0165499
0162131

~ 0159135
~ 0153063
~ 0147376
~ 0166056
~ 0149150
~ 0141861
~ Ol}4}OO
~ 0114076
~ 0 1079 39
.0136D57

OLOteTS
~ 0088372
~ 008638 7
ao84498
0087349

«0090D32
0097823

~ 0095539
«0105208

0LD6967
~ 011601$
~ 0106427
.0113535
0472280
0444075

~ 0424092
.0403625
~ 0418301
»0432139
0448426

«0436688
.0450820
«0396907

0397059
~ 0446270
~ 0403839
«00 14500
~ 00 15113
.00 16607
OO 17996
0030177

«00 41460
.004571S
~ 0041094
.00458Q5
~ 0056563
~ GQ51255
~ QGZS16 I
~ 0022672

L«45843
1 5086}
L 56050
L 60772
I ~ 63862
L.ebsle
1 ~ 6487Q
l. e7238
1.64bTe
L-69982
1 753L9
I ~ 76538
1 ~ 85613
1-3625}
I ~ 4OL55
i»44226
1 ~ 47975
I ~ Sl'126
1 ~ 55217
1 ~ '53024
ED 50944
I 54563

56995
!.sezas
i«56189
I 58514
1 ~ 50034
L.45535
1 41142
1 ~ 3525L
1 ~ 4b290
l. SS9ee
1 ~ 63616

69023
75815

I. ~ 70 199
75517

1 60477
1 ~ 69498
l.?0237
I 2'5676
1 ' 30986
1 ~ 35854
I ~ 31393
1.38640
lej5E41
1 36357
1.41185
i«45420
I 60103
1 46346
le 4S 344

205546
23�00
244000
256700
269300
282200
294900
3D6000
312700
323400
34LQGG
34899'3
372049
323973
378400
393000
407700
422}OD
436400
450200
461800
474300
4974 00
515000
522329
553926

17659
Lsoeo
18}80
18300
18360
18420
}$420
18480
16300
16300
18360
1862!
195$T
33794
37715
3914O
40565
42085
4341 5
44840
45505
45410
45790
47800
48294
49841

24
24
24
24
24
24
24
24
Z4
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
2'6
26
26
26
26
26
ZS
28
26
28
28
28
26
ZS
28
ZB
ZB
28

59
60
6L
62
63
64
65
eb
61
68
69
70
71
59
eo
61
62
63
e4
es
66
67
6$
69
70

59
60
61
bz
63
e4
65
66
67
68
69
70
71
59
60
61
62
63
64
65
66
61
68
69
TG
71

26 936
28.676
29»845
30«614
31«763
32«556
32 946
33 333
33-121
34 $84
36«337
36 57}
37«508

109 ~ 346
132 935
139 420
�6-075
152 ~ 730
}59 215
165 610
170.646
176«621
tse«LTT
200«341
205 483
21T ~ 930
le0.9ez
174 759
LBZ 483
!90 F 207
197«655
205 ' 655
213«793
223 ' 662
223 ' 586
225 931
230«621
233 159
242 F 572

1} ~ G29
ll-!lt
!le� !ll
le !ll
llelll
Ll ill
ll»040
EO.9e9
10 691

1LE
li ~ 325
Iles 456
11 595

3609 TQ
3602-74
3614 ~ $1
3599 ' 16
417$ $4
4737.06
SSLB.ej
5022 04
5315.00
5557 07
5614 ' OA
51lB. 30
5707 ' 60
3420.89
3566 91
3132«2$
3871 3!
4065»61
4240.76
4066 25
4057» lt
4281 ~ GO
4432.20
4632 86
4704 'Tt
4690.81
3034.6I
3184 40
3351» 32
3494 ~ 73
3802 ' 12
4O89 ~ 76
4098.34
4107»Zl
4354 00
4448«78
4553 ' 05
456S«84
4553 00
26'52«95
2773.45
Z9OB
3022 ' I.5
3208«41
33 TB ~ 04
378$.82
3443 $9
3163.00
3409 Te
351S F 49
3597 ' Sj
4021 F 20

0 ' 52544
0-66562
0 ' 64461
0 45167
0«58295
0 73515
0 ~ 51649
0 ' 60443
0-71957
0 71450
0 77112
0.74309
0.64�8
0«58463
a ~ 71692
0.79669
0 65490
0 68450
0 ' 75469
0»76639
0 73083
I ~ 02943
0.10236
0 56112
0 ~ 42985
O.37D62
0 68653
1 ~ 00984
0 ' $0702
I ~ 07268
0 ~ 78601
0 86710
0 ' 73284
0 776'16
o.7ze9o
0 ' 72777
0 ' 725 I.2
0 ' 93444
0 73202
0 57629
0 66674
0 ~ 784BB
0 ' 76472
1.06200
t $1888

91534
$6 I'18

I Z8401
1 794L5
LE T7030
I ~ 95488
2 ' 00543

«DOQ7195
0006111
0006494
0006289
0006096
0005952

~ 0008824
Go�244

«0020402
~ 0023889
~ 0026400
~ 0025437
0038752

~ QL39832
«0119255
0117670
0116355

~ 0122570
0128296

«0133745
~ 0139200
«0147923
~ 0153437
0135775

~ 0128558
0133665

~ 0 161LOG
~ 0155189
~ 0 155 140
«0155094
~ 0 16Q 3ZS
016473$
Q165I.61

-0 179 315
0188387
019DI.71

«0155652
D 191400
0192904

.Do}722}
~ 0017094
~ 00 17094
~ 0017094
ODI7094

~ D017094
00172G4

~ 0017316
-0011429
~ 0100855
»0 I.09853
«0016577
«0075346

LE 16691
1 ~ ?0460
i ?41.74
1 ?7391
I ~ 28275
t«28940
1 ' 30502
I 26309
1.28226
1.32810
1 ~ 33580
I 35763
I ~ 38408
1 ~ 32694
I.>6684
I 4}LIS
1 44783
1 ~ 45537
l«46010
1«41225
I 41157
L 42411
1 ~ 43032
I 46222
I 4552!
1 ~ 437!b
1-31426
l»37027
1 ~ 42769
I 47822
1-62218
I ~ 74772
1.73011
1.74700
I 82415
1 65703
1 R�03
1 ~ 19594
1 77054

03291
1 04375
1«D5 322
1 ~ 06292
I 09}98
I 11772
1 ~ 11820
I 11442
1«13126
I 22437
1 209}4
1 ~ 't9490
1-20608

27798
29800
30800
31800
32800
33600
34000
344 00
348OO
360QO
37500
37741
38708
64077
77900
BL700
85600
89500
9330Q
97200

LOGOOQ
103500
109100
}17400
120413
127707
93358

101360
L05840
1�320
l�640
119280
124000
129840
129680
131040
133760
13556D
140b92

11614
L1700
11700
LITOD
11700
11700
L1625
11550
11475
11700
L1925
12065
122 I.D



2, Part 2 - ContinuedAppendix Table

LOC YR XSX5X7X6 X8YR
x8

LOC
X5

34 59
34 SO
34 61
34 62
34 63
924
34 d5

66
34 67

68
34 69
34 70
34 7!

59
35 60
35 6!
35 62
35 63
35
35 65

66
35 67
35 68
35 69
35 VQ
35 71

153 ~ 223
168.600
184 ~ 212
199.824
215 F 436
23I 048
246»660
262 273
277.8a5
293 ' 497
309e�9
324» 72O
340 333
262 548
329& 027
372e201
401 15S
430ellb
462&5CB
490a734
530 888
568&340
603 089
650 579
664.5oZ
b93 ~ 436

0-11260
0 16550
O.19O59
o&nbvd
0« 11942
0.!SZOe
0.06585
0 ~ 00000
0 00000
0&00000
O.oO458

209063
199163

&169785
&199884

139795
~ �1964
~ 151539
~ 145023
«166560

IZ9896
~ 	2731
.120483
~ 076901
~ 086840
«088329

~ 0126259
~ 0112989
0 10 18'0 6
009237I.

~ 007953!
~ 0068360
OOSCV91

~ 0071030
~ 0065078
0063633
0032553

~ 00390944
~ 00368889
00558824
ooc72905

~ 0044294b
&00433�9
.OO3545ve
~ 00282972
~ 00325728
~ 002'7
73
.ooz9347e
~ 00243918
~ 002504C5
002969!o
00305122

98369
108241
118264
128287
138310
148333
158356
168379
178402
188425
1984CS
208470
2!8494

68000
85218
9640G

�3900
11�00
!!9800
127100
137500
147200
156200
�8500
172LOS
179600

7978

29
29
29
29
29
29
29
29
29
29
29
29
Z9
31
31
31
31
31
31
31
31
31
3I.
31
3!
3!
32
32
32
32
32
32
32
32
32
32
32
32
32
33
33
33
33
33
33
33
33
33
33
33
33
33

59
60
61
Sz
63
64
65
66
67
ba
69
70
71
59
60
6!
62
63
64
65
66
67
68
69
70
71
59
60
61
bz
63
64
65
6d
67
68
69
70
71
59
60
6!
62
63
64
65
66
67
68
69
70
7!

448 ~ 526
426a982
404.082
C34 F 014
404 082
C15 ~ 873
426 ' 304
416 ' 553
Cooe680
COB&lb3
415 193
425«776
406 803

Bb»041.
89 926
9!.43a
92 ' 949
94 ' 461
95 ' 973
97«CBC
98 ' 996

100«508
LQZ 019
103 ~ 531
105 ~ 042
108 ~ 873
176 ' 255
181 ~ 854
1S5 ~ 974
190 094
!94»213
I.98 ' 333
202»453
206 ' 573
210»693
214 F 813
218 ' 933
223 ~ 049
227 ' L72
668«521
702»523
728 ~ 779
755&036
781 ' 292
eov 548
833 F 805
ebo.ob!
886&317
912«574
938 ' 830
965 F 086
991 ' 342

3703 59
3853&53
4024 34
4!bd 67
czea.s9
4389&b5
4282.61
45D2 00
Cva3.oo
CBBQ 00
C885 45
4915 76
5099&82
51C5&57
5346«68
5576«72
5765 82
5875 �
5958 82
5929 61
SIZC«25
6310«00
6552&20
6565&26
6680&25
698'9a40
3339 66
346O.Ca
360O.oO
3713 08
3984&13
4234 ' C2
4092 ' 13
4!voa 34
4376&QD
4624 ' 39
4703 29
4700 la
4914 31
3829 11
4013 F 70
CZZO ~ ll
4394 ' 51
4606 ' 35
4794 09
4760«87
Ca5!.vo
5173 F 00
53C7.32
5345 54
5461 F 05
5549 47

0&00000
0»00000
0 Ooooo
0 00000
0«00000
O&QDQOO
0-00000
0 00000
0 00000
D&GOOOQ
0«00000
0&00000
0&00000
3«73988
1 ~ 53873
I 5!969
1«91597
l»99690
le93332
1 946
1 ~ 8552Q
!-81037
1 65733
1 ~ 82093
! 87655

9939!
0&QOOQQ
Qaooooo
0 00000
2 e0367d
0 a40814
0 90300
0 00000
0 59770
0 ~ 21424
0 ' 13588
0 &64252
0 ' 55059
0 Ooooo
0.00000
0 ~ 00000
0»00000
0&QOQQO
0 ~ 00000
0 ~ 00000
0 ~ GOOOQ
0 ~ OGOOQ
0 00000
0 ~ 00000
0«DOGGO
0 00000
0 ~ 00000

0035339
~ 00336 �
«0031874
~ 0026228
&0030�5
~ 0031189
0029468
0023244

~ 0025693
.Go3o889
~ 0040360
&0052725
~ 0042754
~ 0009409
~ 000929!
~ 0009350
.0009476
GQ09'599

~ 0009650
0011427

~ Oo�066
~ 0012437
00 12443

~ 00 14013
0019299

~ 0020940
&0022949
»0023684
.002C771
F 0025613
&003 �48
.oo36oba
0039034

~ 004L701
~ 0043018
~ 00 4097 3
~ 003SB 33
F 0040132
«0039403
-0017190
»0017494
.OO�930
~ 0018364
~ 0015515
F 00
85I.
~ 0016528
~ OQ�977
~ 002465 1
~ 00 19890
»QG25309
0027755

~ 0030749

1 47768
1 ~ 51564
L 55669
1 ~ 59	1
1 61344
1»63127
1 ~ 61194
1 67200
1«70294

72217
1 71160
1 F 71047
1«76QBB
1 26914
1 ~ 33384
1 ~ 398�
1 ~ 45459
1»48930
1&51963
LE 53679
L«517�
1 ~ 51846
1 ~ 55910
1»57197
L 58676
1 ~ 6G515
I.-22978
L«25455
LE 2874!
le337
1-308ze
1 30124
1 ' 29946
la36456
l»37906
1 ~ 4G275
1 40952
1 4	76
1-43034
1 ~ 33167
! ~ 350


37!Q5
1-390�
le43473
1 47447
1«4svcV
1 49120
1 56827
1 61548
1 ~ 60025
L&61512
l&6215D

197800
188299
178200
191400
178200
183400
!88000
183700
17S700
L80000
L83100
187767
179400
132848
�aa46
14	80
1435�
145848
�8!82
150516
2850
155184
157518
L59852
�2185
LSSLOO
47060
48555
49655
50755
5L855
52955
54055
55155
56255
57355
58455
59554
60655

3182�
334401
346899
359397
37!895
384393
396891
409389
421887
434385
446883
459381
4'71879
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3709 92
3835 62
3,982 01
4100-2!
4265 ~ 61
44 08 ~ 66
4277.43
4390 F 78
4633 F 00
4949 27
4980 28
4877 ' 7Z
5017.67
32LS ~ 24
3300-32
340Z ~ lz
3478 ~ 90
3bao ~ 42
3862 ' 72
3734«99
3552alo
36	 ~ 00
3754 15
3848 83
3915a76
4009aVZ

1»37347
l«4!83C
1 ~ 46477
I ~ 50762
1«52343
1 53823
1 ' 51951
1 ~ 52910
1&56065

'59Z22
60922

1 ~ 59060
1 61186
1 ~ 19912
!«23!L!
1 ' 26239
la 28936
! 30491
1 ~ 31827
!-4
88
1«22942
L«23283
L«3�

28
5
1- 29029

16706



Appendix Table 4: Amount and Cost Per Acre3: AmountAppendix Table
of Permanent Contro I Work

$/AcresAcresYea r$/Acres LOC LOCYear $/Ac resAcres Ac res
YearLOC

LOC Year Acres $/Acres

,i06424
, 149314
.239488

227,241
200,839
253,286

1969
1970
1971

743,88g
555,786

1,427,126

15.215993
,247869
.169822

I 1969
1970
1971

10

0
.101656
,072356

1969
1970
1971

16.183363
.220632
. 228520

176,306
178,673
277,875

2 'I 969
1970
1971

144,173
311,337

1970
1971

2 1966
1967
1968

,147767
.147279
.144785

i,456,668
1,264>739
1,856,369

1969
1970
1971

.097630
,144472
.113853

467,929
513,366
753,077

171969
1970
1971 1969

1970
.068649
. 101483
. 061291

85,624
89,641
83 ' 976

1969
1970
1971

i8.081680
.095416
.054230

852,851
770,524
806,403

1969
1970
1971

1971

12

. 196173
,331262
.280573

137,776
86,083

'106,261

!969
1970
1971

.ii7885

.119782

.130774

i,lg6,744
1,364,500
1,799,026

191969
197o
1971

.079684

.157155

.171721

1,074,5i8
1,021,287
1,144,090

1969
1970
1971

.090622

.127153

.095147

21698,517
'1,243,265
1,235,231

1969
1970
1971

13

.085514

.088817

.094183

280,679
160,825
213,446

1969
1970
1971

.082409

.088895

.149041

22339,443
383,790
270,938

1969
1970
197i

.088394

.098926

.047988

476,365
501,211
884,088

1969
1970
1971

.063794

.0/6425

.068436

115,637
88,727

132,606

231969
1970
1971

10 1966

.060247

.059052

.D55288

304,049
353,584
390,520

1969
1970
1971

24.085924
,108315
.094854

1,307,697
1,000,904
1,050,690

1969
1970
1971

15
, 089232
.093809
.086530

371,637
375,679
493,296

.147048

.114522
,103442

1969
1970
1971

25243,709
294,712
430,347

1969
1970
1971

12

296,535
327,005
664,316

.230071

.270121

.222334

1969
1970
197}

26.319499
.341401
. 184274

917,86'I
726,559

2,D38,853

1969
1970
1971 i6

225,261
202,730
159,438

,D71575
.076160
.086510

1969
1970
1971

28121,212
123,273
i30,209

1969
1970
1971

14
.068133
.072099

80 8i

and Cost  $! per Acre of Temporary Control Work

I 1966
1967
1968
1969

1966
i967
1968
1969
1970
1971

1966
'I 967
1968
1969
1970
i971

1967
i968
1969
1970
'1971

1966
1967
1968
1969
1970
1971

1966
1967
1968
1969
1970
1971

702.6
387,8
367.1
575.1
661.8
617.2

258.2
265.2
244.4
251.6
249,6
'135.9

532.0
71.9

598.2
402.2
151.9
337,6

242.9
242.4
158.2
181.0
182.4
192.9

108.24
165.90
114.75

11.49
0.00
0,00

480,94
406,74
310.64
520. 18
341.46
459.13

68. 11
89.12

108.08
167,19
37.55
27 85

37.514
31.447
37. 135
35.385
44.422
42.452

69.333
51.585
83.015
74.462
94.946

132.700

40.462
42.923
30.988
58.043
49. '153
38.973

54 319
53.124
86.759
68.019
87.238
75.333

39.853
34.2gB
31.355

151.944
151.944
151.944

93.585
I'19, 146
111,733
92.241

111.836
98.676

275.411
288.850

99.028
106.664
298.815
380.005

1967
1968
1969
1970
1971

1966
1967
1968
1969
1970
1971

1966
1967
1968
1969
1970
1971

1966
1967
1968
1969
1970
1971

ig66
1967
1968
1969
1970
1971

1966
1967
1968
1969
1970
i971

1966
1967
1968
1969
1970
1971

61. 62
7.64

16.55
0.00
0.00

240.52
300.82
109.76
47.51

170.6i
37.61

50. 36
195.38
74,20
32.97
35 52
26.57

604.85
527.74
466.62
465.34
386,99
475.38

26.71
37,68
31.36
24,08
36,90
16,49

251.09
291.21

98.97
i65,24
59,62
45.27

80.88
88. 15
51.15
27.47

175,10
66.25

45.699
77.092
73.351
73.351
73.351

49.616
64.978

105.701
76.867
80.351

123.540

98.00i
57.892

16 1,363
359.560
228.686
349.588

69.435
i39.591
161.272
168.037
178,895
95,298

91.914
79 622
84,225

1 12.300
74.910

159,655

47.376
33.337
64.240
67,406

152,206
35,143

45-553
21,528
50,686

0,000
32.296
39.044



Appendix Table 5: Comparison of Mosquito Monitoring Data:4  Continued!Appendix Table
light trap counts, landing counts and

complaints

$/Ac reYear$/Ac re LDC AcresYear AcresLDC

}96.466
z43.4o4
400.335
E45.461
114.539
114.539

45.873
53 590

106.266
143. 768
184.423
E10.044

1966
1967
1968
1969
1970
1971

168.77
83.49
33.49
5 94

101. 26
0.00

6o8.83
513 5'I
186.33
96,58

123.58
210.63

ig66
1967
1968
1969
1970
1971

23E7

I.anding Complaints c

bCounts

Light
a

Traps

Obs.

Count Geor iaChatham
47.32
30.27
13,52
9.65

13,60
17,18

161. 340
346.z38
435.042
537.637
274.372
204.759

12. 472
z6.443
4g.407
24.746
75,488
23,644

1966
1967
1968
1969
1970
1971

i8 1966
1967
Eg68
1969
1970
1971

195.55
131.45
98.87

158.95
96.87

162.o4

18.309
21.040
16.254
28.254
21.465
28,439

819. 75
682.57
719.12
614.89
571.28
171.74

1966
1967
ig68
1969
1970
1971

357,26
288.92
452.34
444.79
196.51
105.34

45. 131
51.053
31. 301
38 497
51.874
66.859

Ig66
1967
1968
1969
1970
1971

25

E. Voiusla Florida
1 11,267
86.299

125. 508
144. g28
163.312
125.112

26 1966
1967
1968
1969
1970
1971

330.85
439.68
443.58
452.31
387.86
526.91

493.54
573.84
716.08
717.69
515.59
5z5.4z

56.237
65.872
52.796
58.146
85,591
76.535

i966
1967
1968
1969
1970
1971

21

34,2oB
39.420
20. 199
21. 227

28 ig68
1969
1970
1971

153. 12
158.07
z76,oz
267.30

144.88
242.58
139.89
198. D8
177 50
269,93

49.416
56.649
53,63i
76 095

1 11.654
43.7zz

1966
1967
1968
1969
1970
197'I

22

a
Mean no. mosquitoes per light trap night

b
Mean no. mosquitoes landing on a person per minute

c
Mean no. phone calls per day

83

82

1

2 3 4
5 6 7
8 9

io

11
12
13

15
16
17
18
19
20
21
22

50.6
z4.3
39.6
13.5
18.4
13.6
23.8
19.1
6.4

10.9

31.2
6o.z

z31.6
68.7
86.8
22,4
63.9
54 5
61. 0
71,6
34.i
62.8

1.10
0.90
E.DD
o.04
1. 30
o.4o
0.20
0.30
D.30
1,29

5.4o
7.00

10.60
6.60
5.20
4.80
2,90
3,40
4.2o
2.70
3.40
6.6o

7.2
5,4
7.0
o.6
0.6
6.4
4.4
8.o
7.0
4.o



APPendix Table 8; Isosquito Abatement Regression Estimates for Single Equation Least
Squares Model. Sample size  n! 390Appendix Table 6: Labor 's Share of Direct Field Expendi tures  B.!1

De endent Variables
Number

Nosquitoes
 V,!

Acres
Chemical Control

 V,!

Acres
Permanent Control

Loca 1
Expenditure

 v4!
Labor 's Share

of Ex enditures
Labor's Share independent

VariablesLocationLocation  v3!
Intercept 5.2o6 0,381 1.635 -6.977

P.P76***
�.619!

ilosquitoes
 V 1!

Acres Chemical
Control  Vz!

0.036*
 I.857!

-o.o44"
 -o,546!

-0 181**
 -2,422!

Acres Chemical
 vzt- I!

,762am*
�4,i95!

Storm Rain
 x !

0. 031
�. 7oo!

0. 116s**
�.211!

-0,328
 -0.'130!

Sequence Ra 1 n
 x !

Temperature
 x !

Stock Permanent
Control  X4!

-0.180aaa
 -4,285!

p 783***
�5.484!

Budget
 x !

Population Density
 x6!

0.218an*
�.904!

Appendix Table 7: Wholesale Price Index �967 = IDO! -0.027*
 -1.702!

Wholesale
Price index

Wholesale
Price Index YearYear

99.8

IOO.D

ID2.5

ID6,5

I 1D. 4
coefficient
Nuit. Det.,
F Value
Regression F

.684 .801 .652

zz.6i4 386.339 362.256 139,246113. 2

a
The values in parenthesis are the t values

b
A one. tailed t test ises used since a ~riori Information indicates the direction of the

effect of each predetermined variable upon the dependent variable. The .01, .05 and .10
e'is of s gnif i cence are considered relevant throughout this report and are des lgna'ted bY

and s respect i ve 1y,

85
84

Breva rd
B rowa rd
Charlotte
Citrus
Collier
Duval
Escambia
Franklin
Hillsborough
Indian River
Lee
Levy
Manatee
Martin
Monroe

'1959

196D

1961

1962

1963

1964

lg65

,36
.56
.36
,25
.19
.46
.46
.25
,29
.46
.31
.32
.19
,29
.22

94.8

94.9

94 5

g4.8

94.5

94.7

g6.6

Massau
Paim Beach
Pineilas
St. Johns
St. Lucie
Santa Rosa
Sarasota
Volusia
Walton
Chatham
Delaware
Cape May
Monmouth
Ocean
Virginia Beach

1966

1967

1968

1969

197D

197l

,46
.43
.42
. 4'I
37

.31

.36
,51
.29
. 5D
.45
.41
,4O
.44
.25

Income  X !

State Grants  X !

Tourism  X !

Vage iiate  V !B

Population  N!

I . 563*as
�. zo8!
0.356**a

 8.327!
0,344s**

 9.064!
-1.827s*a

 -5.604!
P.333***

 -7 681!
.686




