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* CHAPTER I
BACKGROUND AND INTRODUCTION -

There has not been a great deal of work done in the general
area of electrical modeling of socio-economic systems. A good

example of what has been done is Koenig's model of a university's

flow of finances (10)%.

Koenig's paper demonStiates the application of the method-
ology of system modeling developed for physical systems in
establishing a discrete state model of a nonprofit organization
supported by the surrounding community. .

One of the larger models which has been done is the outdoor
recreational system model of the state of Michigan by Ellis (5).
Ellis' problem was very siﬁilar to the one which we have chosen

to do. He has modeled the outdoor recreational facilities of

'the state of Michigan utilizing a linear graph method with nodes

representing reéreational areas and links representing connecting

" highways. One unique feature of Ellis' system is the fact that

he has actually utilized two separate complete models to repre-
sent his total model. One model is used to represent the

recreational areas themselves while another model is used to'.

" represent the localities from which the users of these faciiitiés‘

originate. Dr. Ell;s also uses a computer solution for his
models which includes the use of computer mappiﬁg.

Two examples of work done in the field of transportation

utilizing the Integrated Civil Engineering System (ICES) are:

#Refer to bibliography. 1




a. Traffic Volume Data Analysis (TRAVOL) (9)
ICES TRAVOL is a subsystem for processing, storing, and applying
traffic volume data for the purposes of transpoftation planning
and research in an urban, regional, or statewide context.

b. Transportation Network Analysis (TRANSET) (12)

ICES TRANSET I is a processor of transportationnetwork

information. It 1s designed to provide computerized techniques
which will aid the engineer in solving transportation engineering
problems. .

For this research project it 1is proposed to develop one

particular model of the New Hampshire highway system and then
to thoroughly investigate this model %o determine if 1t will or
will not provide useful information. There are many models
which could be proposed'and tested and therefore I feel it to
be important to concentrate on only one model at a time. By
doing this, models may be systematically eliminated until a
satisfactory one is found.

The model proposed consists of a graph with nodes repre-
senting population centers and iinks representing connecting
highﬁays. This model will represent a D.C. resistive network.

The limitations of the proposed model are as follows:

a. Simplicity. Since there 1s very little precedent
to fall back on, the first model should be as simple as
possible. | | ‘

b. D.C. Resistive Network. This goes along with the

simplicity desired (as outlina previously). Later refinements
may include the addition of inductance, capacitance, transients,

ete,




¢. Number of Nodes. The maximum number of nocdes

allowed in the ECAP computer program (8) is 50, If ECAP is to

be used for analysls, as I propose, the numbgr of nodes is then

limited to this figure. | )
Additional links and nodes may be added as necessary to

refine the model. This provides a valuable research tool as

the model can be changed to simulate such things as the construct-

ion of new highways, etc., and then analyzed to determine the
effects these ﬁould have on the actual highway system.
The type of model proposed lends itself easily to analysis
by the IBM ECAP computer program. By using ECAP the model can
be accufately énd fully investigated with a minimum of time,

effort, and money.

-




CHAPTER II
PRESENTATION OF MODEL AND JUSTIFICATION

The model which was finally evolved for investigation is

presented 1n'Append1x I. This final model is the result of
many changes and revisions. The complete ECAP program which
describes the model 1s in Appendix II. '

When the project was first formulated, there were few pre-
conceived ideas of what social system problem to lnvestigate or
how a model for it should be developed. As a starting point
a consultation was held with the Resource Development Center
at the University of New Hampshire to attempt to find a social
systems problem of current_investigative interest. After
several meetings with Professors Owen Durgin and William Henry
at the Resource Development Center, it was decided to attempt
to model a major portion of the highway system of the state of
New Hampshire. . '

Thic model would be used to determine the vehicular traffic

flow between communities. The model was then constructed
using as a nucleus of nodes a list of communities of interest
to the ﬁesource Development Center because of their potential
" as population growth centers of the state. This list is presented
in Appendix III.
Links, representing existing highways and éoads, were put
in to interconnect the nodes. In addition to the nodes for

communities of interest, supernodes were provided for Massachusetts,
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Maine, Vermont, and Canada. These were {0 represent major access/

egreés routes for the state of New Hampshire vehicular traffic.
The initial graph was forned and discussed with the

Resource Development Center, resulting in the following changes |

'being made:

a. Consolidation of the following communities into

supernodes because of their close physical proximity: (1) Hanover
and Lebanon; (2) Jaffrey and Peterborough; (3) Rochester,
Somersworth, and Dover.

b. Elimination of the supernode for Canada. The
rationale for this is that the bulk of the vehicular traffic
flow between New Hampshire and Canada is through Vermont and
would be included in the Vermont node.

c¢. Expansion of the number of Massachusetts nodes
from one to three. These three nodes are to represent, approxi-
mately, the geogréphical areas of (1) Boston, (2) Lawrence-Lowell,
and (3)IWOrcester. This more reasonably describes the relation-
ship between Massachusetts and New Hampsﬁire. |

d. Expansion of the number of Vermont nodes from one
to two; to include the Brattleboro access/egress, in addition
to the one at St. Johnsbury.

e. Elimination of overlapping links. Several links

- were found to overlap without going through a node at the point
of intersection. These poihts were found to actually represent

. highway intersections which did not occur at a population center.
" Since this was a_physically.unrealistic situatior, it was easily

corrected by thé addition of zero-population nodes which actually




represented intersections in the model. This also had the
incidental effect of changing the graph from non-planarvto
planar.

These changes resulted in increasing both the number of
nodes and the number of branches in the model, but the totals
of branches and nodes are still well within ECAP marimum limits.

'The next step in development was to determine the para-
meters of the model and their electrical analogs. From a
pragmatic point of view it was necessary to utilize data
which was readily available from the Resource Development
Center and from the state of New Hampshire. The following
data was readily available:

a. population of communities

b. population potential (2———%)

¢. vehicular traffic count at specific highway
locations throughout the State

d. general road conditions tnroughout the state

e, distances between communities |

- f. retall trade information
(1) number of business establishments
(2) total yearly sales by busines type
(3) types of businesses in each community

The problem at this point was to decide which of the above,
if any, could be uscd as parameters to determine vehicular
traffic flow, |

Before proceeding further I would like to explain a little
about the data item called “populztion potential® in the list

above. This quantity is defincd as:
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n
PP
Q1 = 2—1—%:
=1 dij

where:

Qi = population potential of community i
P1 = population of ;ommunity i
PJA = population of community J
dij = airline distance between commﬁnities i1 and

This summation 1s taken over every community in the state,

The electrical analog desired is simply that of Ohm's Law
(E=IR)., Since traffic flow can logically be likened to current
flow, it will represent "I" and be the unknown in the equation.
This leaves voltage potential (E) and resistance (R) to be
defined.

It seemed logical to use either population at & node or
population potential (Qi) at a node to represent voltage'potentﬂal.
It was decided to use the population potential quantity for
voltage due primarily to the fact that the Resource Economics
Department has found this quantity to be one of the most useful
indices in predicting population-related éocial phenomena (14)%,
An appropriaté scaling factor was used to make the sources a
realistic numerical quantity.

-In the preliminary ECAP computer runs these "voltage sources"
were inserted in each branch in the following mahner: the
voltage sources for each pair of nodes associated with a branch

were added together to form a total branch voltage source. This

#See Durgin, “"New Hamoshire Repions,"™ New Hampshire Division of
Resources and Economic Development, pp. 7ff.




was done without regard to polarity which is one reason why the
initial computer runs raised enough questions for the model to
be considered unsatisfactory. '

The method of inserting the voltage sources was then changed
s0 as to accurately tie down the pctential at each node to the

- value of the node's voltage source. The primary advantage of

g doing this was the complete elimination of any question of
polarity. The method used made polarities meaningless so they
could then be ignored.

The metﬁod of inserting voltage sourceé consists of addihg
another branch at each node which contains the voltage source
and an insignificantly small resistance (EQAP wlll not accept
a zero resistancé in a branch). This brach runs from the node
to an artificial gréund node and therefore serves to effectively
stabilize the node_voltage-at the voltage level of the source.

Once the problem of sources was resolved, the parameter
remaining to be defined was that of r2sistance. As with other
parts of this probiem there are many possible options to be
considered in determining the resistance parameter.

Basically, resistance is defined as:

R=9p1l , where
A

R = resistance

p = resistivity

1l = length

A = cross-sectional area
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Initially I decided to attack the problem as follows:

Let R = k&, where k = %

Then if k'"is arbitrarily made unity,

R = ¢ = mileage |
‘ The next step was to run the program and, using already
available daﬁa on traffic flow, try to determine "k" in the
equation above.

An alternative would be to assign a value for "A" in the
resistance equation based‘on the highway and then try to
deter;ine a value for "o based on computer results for current.

A third alternative is to use actual driving time between
nodes as fesistance. This quantity should include all factors
which make up resistance and should be an accurate duantity,
This was not done due to non-availability of data. |

A fourth alternative is to plug in the actual traffic
count figures as currents and use ECAP to solve for the
resistance. An attempt could then be made to analyze these
resistance values to determine their actual compositidn. This
could not be done due to lack of traffic.count figures for
mwwtdgmws. |

The results of the analyslis of this mocdel are ﬁresented in
the next chapter. . -

Parenthetically, it sﬁould be noted that, if the correct
parameters can be identified, this moéél can be used to solve

problems other than vehicular traffic flow. Examples of

possible problems are (1) the flow of commerce and trade between
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communities and (2) population flow between communities. However,
the vehicular traffic flow problem seemed to be a good choice
to test the model since actual traffic count figures from the
state of New Hampshire are readlly available., Comparison of
experimental results with actual data is an excellent way to

test the validity of the method and the model.
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CHAPTER III
RESULTS

The results of the ECAP analysis of the model are presented
on the attached sheet in tabular form.

The items presented include the current in selected
branches along with the traffic flow vs. current ratio. This
data is presented for several conditions of out-of-state node .
potentials. The results do not vary to any degree no matter
what potential at which the out-of-state nodes are set. The
low, medium, and high settings for these nodes are arbitrary
figures and bracket the full span of quantities used elsctvhere
in the program. The data items which are labeled with the
name of an out-of-state node were obtained by setting a;l
othér out-of-state nodes equal to zero and the one mentioned
to a nominal value. | |

| The traffic data for 1966 was used because that is one of
the years for.which population data is available. February
is the low traffic month of the year.
This data is analyzed and discussed in Chapter IV.
The complete ECAP prbgram and computer analysis of the

model are included in Appendix II.
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CHAPTER IV
CONCLUSIONS AND FUTURE WORK

~ The results of the analysis of this model indicate that
the model is unsatisfactory in its present form. The model
merits some further investigation, but unless the problem
- areas outlined below can be resolved, a new, and probably
significantly different model, will need to be devised.

A principal problem area is a conflict between net current
flow and tontal traffic flow. The ECAP analysis solves for
the net current flow in a branch, i.e. the difference between
positive and negative currents flowing between nodes. The
traffic count data, in contrast, represents the total traffic
in a branch, i.e. the sum of "positive" and "neg;tive" traffic
flows between nodes.

Analysis of the tfaffic flow vs. current ratio (as presented
in Chapter III) clearly shows three categories, or groups, of
roads (among the branches analyzed). A listing of the highway
segments in these groups is included as Appendix V to this
report.

For example, the traffic count vs. current ratio for an
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adjusted average day in February, 1966* (with the potentials of
the out-of-state nodes set equal to zero and using R=L for all
roads), separates into the three following distinect groups:

l. 80 - 200

2. 1100 -~ 3100

3. 65,000 - 68,000

“These ratios represent Actual Traffic/Computed Current.

It can be shown that another way of expressing this ratio, with

. : , kLTt..
T'.: representing actual traffic count, is i1,
ij QE:ﬁTl

J

This is quite a significant development and should be
thoroughly investigated. On a first analysis it would seem that
‘these categories would represent "grades" of roads corresponding
to "resistance", or difficulty in traveling on these roads.

A comparison of these figures with known road conditions
seems to bear out this assumption. The group with the largest

ratios represents low-current branches, which in turn represent

high-resistance (and/or low-voltage) branches due to Ohm's Law.

Y

(*Traffic count data for the month of February, 1966, was used

in this analysis since it represents the low traffic count of

the year and thus the out-of-state nodes can be logically set
equal to zero. This was tested and proved true. Ratios in
Chapter III when out-of-state nodes were not zero were not
significantly different from those when they were zero. This

is due to the fact that in this model each node is "tied" to

a definite potential; and varying any nodal potential, including
the out-of-state nodes, only affects current flow in the

branches directly connected to that node.

The year 1966 was used because this is one of the years for which
population data is available.)
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An analysis of these ratio groups shows that the roads represented
by low-current branches are actually difficult-to-travel roade,
while those represented by low ratios (high current) are for
the most part multi-lane easily traveled roads (refer to list
in Appendix V).

The exception to the above is that the branches which have
a zero-populatzon highway intersection for one node (e.g., Branch‘
32 and Branch 13) fall in a resistance category much higher
than they should be. " The only reasonable explanation for this
lies solely in the differences in nodal potentials across the

affected branches. As pointed out earlier, the ratio

t
o io . TibkLio
T.l 2 AQ
J

where 4Q = Q; - Qj =
The range of Av for each group is as follows:
1., 200 - 775
2. 30 - 105
3. 0.7 - 1.6
These Av's easily account for. the separation of the various
groups. The zero-potential node affects these Av's by making
either Q; or Qj equal to ze?o.
Utilization of a resistance multiplier of 1, 2, or 3 to
indicate general ease of travel over each road and highway (see
Chapter III) did not provide any conclusive results. The threé

categories of highways remained intact, but the ratios became

4
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more widely scattered.T'?hii was to be expected, since the value
for "k" in the ratio '6%;67i1 was being assigned a value of
1, 2, or 3 instead of be;ngjkept at 1 as it had been previously.
Since the higher resistance roads were assigned the values of
2 ard 3, and since the ratios for these roads were already the
iargest ratios, these ratios naturally became larger and diverged.
This indicates that this method of resistance adjustment is not
valid. A more appropriate method to try would be tihe use of
.fesistance scaling factors which would merge all three ratio
groups into one group. These factors would probably be divisors
and could be selected to force the ratios to converge to any
desired quantity.

However, I feel that additional effort toward adjusting
the resistance values would be of little use at this time.
This model has serious deficiencies which should be resolved
first. | |

Iﬁ addition to the conflict between net current flow and
total traffic flow discussed earlier, another major problem
has resulted from the decision to "tie down" the potential at
each node to the value of the population potential at that node.
Although this procedure eliminates the problem of determining
~the meaning of polarities in the various current flows, it
presents the very serious problem of “fixing" the current flow
in each branch completely independent'of variations in cther
branches. For example, changing the out-of-state node potentials
from zero to a very large value has virtually no effect on the .
current flow in any branch except the ones containing the out-of-

state nodes. This is due to Ohm's Law in that the current
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~ | Q - Q
solved for in each branch is: I = % 2 'éETT'i » As just explained,
. 13

Q and Qj (as well as k and Lij) are fixed quantities for each

branch and therefore almost complete isolation exists between

branches.
I feel that this model has been reasonably thoroughly

investigated and, while satisfactory results were not obtained,

much knowledge and insight ihto the problem were gained. This

investigation can easily form a sound basis for development of

i

vl

a "second-generation" model.

Future VWork:
1. Resolve the problem of net current flow vs. total
This may require the use of two separate models,

traffic flow.
one for computing "negative" current and one for computing
I am using the terms "positive" and "negative"

x
=

"positive" current.
in an arbitrary sense to indicate that the total current in a

S

branch is made up of two componenté; one flowing from node i

' to node j and the other flowing from node j to node i.. The
total current is then the algebraic sum of these two components.

If a method could be developed to solve for these two

components separately, then the sum of their absolute values

would correspond to the traffic count figure.
Until this problem is resolved, this model is of little

value.
2. Resolve the problem of "fixing" the node voltages and

‘hereby isolating the branches from each other. This would
require a different method of inserting voltage sources so that

the node voltages could "float" and therefore be responsive to

ll“h!"’|||'ﬂH|i"i?lI!I.'Iﬂlluu,..u....,w‘ ‘
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changes thpoughout the entire system. This then presents thed
problém of determining polarities for the sources and the location
in the graph where they should be inserted. They are now

inserted between the respective nodes and ground, in series with
a very small resistance. They could be inserted between the

nodes and this is where the polarity problem comes in. This
problem should be resolved in conjunction with the problem
outlined in Paragraph 1 above.

3. Consider the use of factors other than those already
used in this project; such as volume of retail trade, number
of vehicles registered in a community, etc., as parameters in
sélving the graph.

4. The zero-population highway intersection nodes and
out-of-state nodes Qust be restudied to determine their aétual
~effects and what improvements could be made in their represent-
"ation. Eliminating the fixed node voltages would be a help in
this jtem.

5. The traffic terminating at a node vs. traffic simply
passing through a node must be represented in the model. This
requires exploring network flow analysis techniques (which are
beyond the scope of this report) as outlined in Chapter 7 of
Busacker & Saaty (3).
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DIAGRAM OF MODEL




APPENDIX II
ECAP PROGRAM AND MACHINE RUN




APPENDIX III

LIST OF COMMUNITIES OF INTEREST

Colebrook

Berlin

Lancaster

Conway

Littletion

Hanover :
Lebanon ; . %
Plymouth :
Rochester

Somersworth

Dover

Laconia

Concord ?
Claremont '
Newport

Keene

Portsmouth

Manchester

Hampton

Plaistow

Salem

Nashua

Milford

Jaffrey

Peterborough
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CATEGORY 1

Branch

CATEGORY 2
Branch

Branch

CATEGORY 3

Branch

APPENDIX V

THREE CATEGORIES OF ROADS AS DETERMINED
FROM ANALYSIS OF ECAP DATA -

- Low Resistance

42 - Highway 101A - Nashua to Milford

28 " 193 -~ Concord to Manchester

39 - F.E. Everett Tpke - Manchester to Nashua

41 - Highway 101 - Manchester to Milford

- Medium Resistance

12 - Highway 16 - Rochester to Conway

20 - " 103,89 - Claremont to Concord

45 - s 124 - Keene to Jaffrey-Peterborough

32 - - 195 - Portsmouth to highway intersection
- High Resistance

2 - Highway 3 - Colebrook to Lancaster

9 - " 3,193 - Littleton to Plymouth

13 - i 193 - Plymouth to highway intersection




APPENDIX VI

TRAFFIC COUNT DATA - FEB., 1966
AVG., 1966
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ILITY OF THE ORIGINAL PAGE IS POOR,
AUTOMATIC TRAFFIC RECORDER REPCRTS
and

MISCELLANEOUS STATISTICS

Released by
NEW HAMPSHIRE DEPARTMENT CF PUBLIC WCRES ARD HIGHVAYS
PLANNING ARD ECOXCHICS DIVIGICH
Traific Information for the Moét.‘n of February, 1268

+ SIATISTICAL INFORMATION

1554 1055
Net Motor Vehicle Fees Month of December 188, 135 241, 403
Net Motor Vehicle Fees 6 mos. ending 12/31 1, 339, 346 1, 328, 052
Net Gas Tax Income Month of December 532, 838 1, 381, 849
Net Gas Tax Income 6 mos. ending 12/31 8,551, 877 8, 384, °¢&3
Gas Consumption (Gal.) Month of December 18,371, 949 20, 5<5, 822
Gas Consumption (Gal.) 6 mos. ending 12/31 123,886,877 132,553, 206

- Construction Projects:
Nashua, LS 1872(2), P4688B Started in February 2.851 Niles

Total Construction in Operation as of 2/'28/66 42.057 Jlles
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IESSEY LI E == — - 185681 AKAR ==
T roany | { “Nzsnuz CS 3 litesiie~ -‘.-.'1 D) i
7ol toans 17,8 | Mzin Street 1868117060 f apsanmnans !
50! aqgzs | I=\.anchester US3 196511229 11122112732 |
231 ap3zz | (%) Elm Street 1686] pneal 19zariinznn rzy
53 1160188 =Corcord US3 [1865 569| 1395311285 s 1
04 1165312 g 3 | North Main Street 16661 apr3| 129282 7199 J110asi via29) ==
af 1 GS078 Cencord US3 [19851 58741 29571 87432 | 7utniassirs
S0l 24 1.2 | North State Street lUS 4 (19661 51721 o370l cipnl c-eslsiaaro | 2a 9
Rural State Average for the month of February, 1668 shows a 7.4%

JNVY4 Lnoaiod

“




REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR,

X Rout Avet Averoce | Avaregs Adjustec| Computed | % Gain | % Loss
I oo R b o A i N
53:.?. H. Turnpike Toll 19683124171 ] 15445170471 | 17402 6352388
& Totol Pesffis 1.5 1046125101 13223171477 1182051 6477534] 5.1
% F. Z. Everett Turnpike Toll |19885) 0700 A174l 7319 | 639R]
E:\.:f;:}’;;:..‘ Jntarchapge 194 9690 | 6705) 8259 | 7358
s F.E.Everett Turnpike Toll [1045]14455| 8235i11305 | 9559
CEngheatt Interghanan 103 11655115817 9265 "’6‘;'3 10592
¢, Spoulding Turnpike Toll |1045] 6293 | 4553 491
:é::\-'r.“ Y—"-v'ﬁh“_-lpn 1C0A/8 5349 4922 5338
= Spaulding Turnpike Toll [1955] 50161 2765 327
E::?“"’ﬂt:‘ \v" In*archanoe 6 : 325 ')f--fi | f.SfJi}l |
liashua Bypass, Souin 5522 T 1008 ,!.' 108071 3644520]
$ 1866 1'3') 34| 11653112512 112050 412'«'72 11.9
< Manchester BEypass 19651186851 1436317122 | 15400] 5521151
S E.E, Tverett Turnpike 10661152031 15857117814 £008934] 8.5
2 Boscawen US 3&4{1085' 40583 32001 3624 12690169
s e Byoass119661 391913312 382 290014
Salem 193 [1&551 19831 16715 35 T7A0;
18851234911 21002123967 | 21792 7954037] 24. 8
Winéham 193 1385112252 9179110270 Q087| 3645125
186581143641 1110412558 [ 117801 429954%1 18.0
Londonderr 193 [1055111862] 10170110398 | 10533 | 3841585/
1078113518 12245113171 | 12559] 458:177] 19,2
Manchester I11831ic65114540] 12820115515 | 131781 4810060
18651178351 16210117182 1 16583] 50527841 25.8
Concord Sypass 193 [1663114825| 10515{12885 | 11457] 4185391
b*“' thof 1'S 3 118568116254 11345{12632 112376 4517417 7.9
—C.?Ccrc Typass 193 (1955184501 13113115332 | 13905 5075579
ZShuth of Gircle 10661 177701 14150118540 1 15015] 51202580 (3)
©Concord Bypass 195 [1en51153011 1325714387 | 14005] 5111650
:?:“‘"‘ of Circle 1688 Digchnti nycld
& Concord 193 [1a651145791 1021712382 | 11147] 4068473
E‘T*r“‘ A7 NH 3R 1085 155861 1077313437 | 11845] 4323500f 8.3
i~Tilton 193 |10&5!1027: 5185 76761 6263 2285540
= 1057110122 5364 7864 | 6405] 2337834 2.2
tlieredith 193 [1965] 7204| 3017 5466 | 4603] 1570044
= 1905] 8388] 4770 6747 | 5643 2050351] 22.6
Aashliand 193 [1865! 5558 2777 4564 4143] 1512039
1666] 6337 40274 5106 4514] 1647604 9.0
Campton 193 [1985] 3916] 2607 31791 2875( 1049497
10551 4533] 2783 3567 31611 1153944 10.0
Hogkinton 185 [103531 5833] 4894 5450 | 5077| 18532€8
; ~ . |16a3]| §124 3584 8063 57321 2092155 12.9
Waraer 189 [18as! 2005 1461 17431 15001 58402t
10551 1993 16564 1804 17401 63502G, 8.7
(1) “Percent Czin or Lozs”is Sozed on corraspiading poricd of prasscing yecor.
(2) Ou! of gperaticn entirg moath, (3) Cemputsd figures, bossd on trend.

Lny aziengiony or cédiiong) computetions of this report must o cpproved as to

pruuuu by Plenning ond Ecsnomics Division before use Dy cthers.
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MISCELLANEGUS STATISTICS
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N EW HAMPSHIRE DEPARTMENT OF PUBLIC WORES AND HIGHVAYS
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STATISTICAL INFORMATION

COMPARATIVE TRAFFIC FIGURES

for

‘CALENDAR YEAR 1966

vstec| Computed | % Gain | % Loss
croge Tetel
Doy Vehicles m ()
02| 6352388
92
971 131oguﬂ
339 1948740] 7.3
2754 1190363
067 13\'.".:1')-?“ _8._9 -
5071 goddia]
0501 44127721 11.9
3001 5621151
709) £008934 B.5
1531 1269189
R‘i:‘i \J 0.0
o a Lz e
164 011
702 "a 037 24.8
1] 364512
(E01 42995491 18.0
565
177,19.2
naol
3 527646l 25,8
t67) 4125301
1761 4517417 7.9
14| 5075579
1151 51202600 (3)
051 5111650l
471 4068473
45 ':"’...3')00 6.3
G | 288 r)l('
"J} 2337 834 2.2

3 .6
14] 1647 t01 5.0
73( 1039197
61[ 1153944 10.0
77] 1853268
32| 2002154 12,9
601 584028
10l 635020] 8.7

sscing yecr.
d on treng,
cpproved as to
rs.




FOLDOUT FRAME /

—— - Rout Avareg ag [ACiuttad]| Computed | % Goin | % Loss R
Raesrdzr Location | A ‘;;:f:" w"‘;%e', ::&',ﬁ'; Av;:;ue v:‘:j’::“ == Recorder Location e
North Hampton US1 10”31 76091 7827) 8532 | 7886128382190 Milton NH
16861 75231 7858/ san2 | 706412906703] 0.9 J
Norta Hampion NH 1A (19651 4230 19701 2008 | 2483] 000235 Ossipee NH
10661 4723 21321 3307 26R5| 079875| 8.8 —
Zaxpioa Harbor NE 1A {19851 8730 36097 3793 485511772132 Jackson NH
S0l _Rridre 1065 86041 3823 3799 | 4937 1801809 =4
Shelburne US2 184851 2A71] 20R0f 2411 | 2212]| 80724 Rumney NH
18651 2668 2380 2684 2500 °]°4‘-7 13.0 _
Jelferson US 2 198851 1240) 1551 1AA8 | 16151 588331 Tamworth NH
10651 2175 1857 10845 1015( 69¢105i 18.6 113
Nashua | UsS 3 18R51 8RGAGI 10357110203 | 100841 3680631 Wincham NH
Narsh of Rakinensn Rd 1681 R3SA] 1051% 0822 | 10126] 260538021 0.4
Merrimack US 3. [18685] 4334] 4ae1 4273 | 24301 16170645 Chichester NH
jeas| asn2l 3101 40491 35036)1 18282831 13,7 —-
Hooxsett US 3 [1855! _2Rc80] ALA01 7807 1 T268| 2652627 Auburn NH
ional ngael sgaol 7880 ] 7218l 2615378 0.3 < ByD
Lircoln Us 3 1685 4580 2768 3442 3124] 1140165} Marlboro NH
1QRR1 5533 3340 4432 3811] 1380875 22.0
Northumberland US3 [ieas| 2015] 18457 1031 1004} 685114 Temple NE
1ca8| 10R9 1835 1963 1878 b‘h "8 1.4
Manchester NH 3A 19551 20531 3835 3403 35'1 Amherst NH
So. of Hacke:t Hill Rd. 16661 3031 4107 32625 384 & 6.4
Newinzion US4 |1€65114n03) 13300014712 1.*.51 3| asgusTdl Candia NH
yen. Sullivan Bridge NH 16 [1256] 15060 13\ 1 15204 | 142001 5219507 5.0 -
Norinwood US4 |1965] 3426] 25 27631 27041 G8E685HY Stratham NH
1666 81 "FE 2043 2438 1035848 5.0
Chichester US & 198651 45681 3208 4123 ] 3051] 1445047 Miliord NH
NH S 18561 4814 3870 4253 4032) 1471763 1.8
Ancover US 4 10851 4022 3083 3758 3316] 1210464 Zxeter RE
NE 11 {1¢661 3%52 2061 3460 3175 115850 4,3 Exp
Springiieid NH 4a 10551 1030] 1381 1643| 14951 545753 Chester NH
1GRE 1818 1174 1414 1300f 47456 13.0
Hillsbore NH 9 [ioasl 2343] 1 :r 21621 19211 70125 Newbury NH
10881 2285 17 2093 1001 60382% =
Newport NH 10 [1oassl 1520 1291 1500 136861 408771 Meredith NH
1eanl 1778|1487 1828 1570 754711 15.8
Lyme NH 10 |1065] 1na2| 7800 053] nas{ 300462 Belmont NH
19661 1223 627 1114 Q‘.\G 3635559 17.5
Landaff NH 10 |1683 1544 1433 1597 1472 537429 Hudson NH
US 30211866| 1584 1464 1653 1507 550111 2.4
Alton NH 11 [1665] 2500] 1380 2052 | 1648| 601515 a8 NE
1066 2555| - 1443 2179 17081 623515 3.7
NMarlboro NH 12 |1965] 48+9] 4330 4311 ] 4480] 1635107 Bartlet: US
1861 5129 4524 5081 4600 1711040 4.7
Claremont d 12 11665] 50151 2007 3757 ] 3105! 1134208 Nzshua Us
NH 1031965{ 3457 3373 4340 35209| 12879761 13.5 Main Street
Erockline I\H 13 [18E51 277} 1778 2202 19801 722725 ZManchester us
1866 2660] 1eod 2538 2218] £08650 11.9 [ZElm Street
Dover NH 16 [1063] 62761 7123 7442 7050| 2573206 =Concord Us
16€6] 6215 028 T362 68891 2514534 2,3 ["North MN.ain Street =
Somersworth NH 16 11665] 3413f 3883 4417 37431 1367933 Concord ~ {us
Zetweon WY 16A & 1€R 108881 3538 2598 4471 | 3884) 1416219 3.5 North State §treet ng

Rural State Ave!




Computed | % Gein | % Losy Route Avorogs | Averoge | Avercse Agjustee | Comauted
v‘:;::“ t m Recorder Location Numtar Sunc:y 'Week quy Soturdey A'a’:’,“ V":{&‘“ m ll.)
2832100 Milton NH 16 (19651 5242 | 2557] 3916 | 51354 114360
106703 0.9 1066] 5151 | 2532] 3912 | 31031153432 0.9
000235 Ossipee NH 16 {1055 4225 23471 3239 | 2670] 894482
070075 8.8 Gcan 41661 2220 3234 | 2851 0¢ G4
1772132 Jackson NH 16 119551 2068 1165] 1646 | 13641 <toavl
18018301 1.7 10661 2374 | 1375 2004 | 1620 5491565 19.0
807242\ Rumrney NH 25 {19651 2392 a52! 2351 | 2071 a0
012447 13.0 10aa| 2654 2128 2467 1 2251] 821636 8.7
588331 Tamworth NH 25 hensl 2525l 18na 22181 19eas] TITAT)
506105} 18.6 113 1066) 2381] 17061 2095 | 18601 670022 5,3
S6EQ63] Wincham NH 26 (10651 _ana4] 2637l 237p | 2¢scl 1058007
2605602 0.4 1066 2803 28151 3184 | 20521 1049827 1.6
1517065 Chichester NH 26 |19651 2471 240631 32741 28871 3057337
= 19661 3621] 28701 35511 =0a511126030 6.0
Auburn NH 26 116651 31001 172¢] 2276 | _2004] 731477
2G4 0.3 = Bypasel1966] 3007] 1607 216821 18001 65078¢ 5.7
1140163 Marlboro NH 101119551 20211 51500 sAna t 51831 16881918
1300875 22.0 1 19651 50601 53591 5071 ] 53211 2022524 6.0
14 Temple NH 101118651 22761 2204] 2687 | 2565] 03570
1.4 1066] 34nal 2s4p 2001 ] 200711024471 9.4
Amherst NH 10111965) 5408 5104 57471 52100 31010527
§.4 1086] 5416] 3200 5329 yniosad 1.8
Candia NH 103[108551 6380) 4814 5334 ]
5210507 5.0 1056] 69s2] 5074 5734 =5
G8605% Stratham NH 10:l1e65] 5545] 6754 6520
| 5.0 1066] 5897| 6973 7018 =}
i Milford NH 101010851 50261 4989 5557
A 1.8 A |osgl 5044 5304 5857 2
5 3 Zxeter HE 1665] 4130| 25001 3364 i
1158503 4.3 Exp. (1968] 4519| 2864 3716 2 1
53 >hester NH 102118651 230a] 1273 1§15 4
564 13.0 16661 2513 1334 1827 5 =3
230 Newbury NH 1030106561 400%) 2102 2571 o
2629 =1 10661 32211 2201 2765 2420l 20641y 5.7
68771l Meredith NH 104110551 3536] 2329 31061 28071 651629
754711 15. 6 1eR61 3633] 2543 34261 2855] 1042124 9.5
00462 Sclmont NH 106L1065] 32564 | 2587] 3271 | 2773 11014704
35050 11, 5 1086| 3367 | 270813407 | 2003 110509771 4.5
5874 udl Hudson NH 11100065] 37068 | sonalaaes 1 3103 111679459
550111 2.4 1088| 3000 | 348813607 | 3548 12051087131, 0
1515 Lee NE 125120851 4R01 1 2P021 3191 2128 1145506
23515 3.7 . 1agel 4704 | 2045|3328 | 3338 112182011 6.1
535107 Bartlets Us 302{10851 1456 a270 1144 | 30321 277252
i11040] 4.7 1066] 16870 | 1023l 1288 | 1162 224012112,4
332 115) {tshua US 3 L6 |16pa6 | 2asapnis (24553 fazusa o
13.5 Main Street 1956 Discdotingeh
ZManchester US 3 [1865111260 | 1210314620 |13956
11,9 +~Elm Street 1066110524 | 13658114288 |13304 14 1.9
{=concord US 3 |2965]11153 | 14266013386 113763 15
2.3 ["North Main Street 12566112106 | 15203015268 {14563 {54245441 7.8
Concord Us3 1965] 6963 ] 10507010104 |10000 13 Gl
3.3 North State Street Us 4 [1968] 6uan [ 1087000503 (10252173 53] 2.5
Rural State Average for 1966 shows a 6.8% increase over 19535,

<, 3NV 1n0a104
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