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. PREFACE
. o Once each year, during the annual rreetmg of the Chio Academy cf Science,
[
el geographers are offered an Opportlm1ty to share their reseaxch findings with

colleagues through the presentatmn of professional papers. In many instances,
E papers presented during t.he Geography Sectxon of the Academy are f:u:st attempts
by graduate and undergraduate students at such an endeavor. Also, faculty
- merbers from warious Ohio universities usually have research results ard meth-
odological pomts of view to present. Unfortynately,*as 1s often the case with
suwch state—level conferences, little has been accarplxshed in the past in Fi
terms of collectively publishing geographical st\xhes presented to the Acadamy.
As a result, papexs presented are often either published in a wide variety of

e

%&mj‘g mﬂmp!y ot am“ because of more pressing professional matters,
'I‘he purpose of h}us volv.ma z,s bbp{fer for t:he first time a published
collect;xon of research themes of concern, to gﬁegraphers and students of geo-
graphy frem several Chio wniversities. Mule thls collectwn of studies 1s an
out-growth of the Geography Section of the Ghio Academy of Science meeting held
. at John Carroll University in April, 1973, it cannot be considered a “p.roceedings”
l?y ;:urrent definjtion. This volure is a representative selection of papers )
from the latter conference. In addition, several of the studies containad
., herein have been substantially altered from their original form. $t1ll, the
Academy meeting served as a ;;oint of departure for the mxtiatwn of what
will hopef\flly become an annual publication of topics of .qloncern to-Ohio 4
geographers,
. If there is any cne common theme among the eight contributions of this
volume it is that the individual authors mcpress their mterpretatlons of -how
- ‘mena'rmxa w}uch vary over geographic space can be understood and explained,
The specafic topics of concern range from methodological essays to the fidntita=
tive pruiyﬁis of historical geographic .Lnfom\atlion. Ikewever, since each contri~ |

4

bution is preceeded by an abstract, jo editorial.sumarization is ceamed necessary

ERC . 4
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within this introduction. Some attempt has been made to drrange thé papers
m a logj:cal sequence of related topics, but this sequence is only so meaningful’ N
as the-papez:s themselves relate to one another.

All of the mechanical operations of publication greparatim were carried out
at the University of ?kroni however, the 1973 Geography Section of the Academy was
organized by Haif Roder of the University of Cincinnati. Financial assistance for
publication was made possible by Allen G. Noble, Chairman of the Department of
Geogféphy, Unwversity of Akron. We are also 1ndebteh tc Rebecca Fbie for manuscript
pre;;amuon, Thomas Kdne for editorial assistance, Holly Worcester and Sharon Yerkey

for cartography, and’ Robert Pye for coordination of printing.

¥

Gerald . Pyle
Akron, Ohio
1973 N
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£ AN ATTEPT AT RFFORM DY RFGICMNAL (ECGRAPHY

‘e Bob 3. Malter . Frank £, Bernard *
v : Chio Umiversity ‘

Abstract: Despite the continued importance of regional courses in collece currice

- ‘ula ard the far-reachj;g,ixmtmm‘in_systmntickgeogmphyy—t#e%ematﬂ}ﬂ orqani-

c T /

zational structure of regional geography hds ramained obdurately stahle. 7he

persistent demand £or a regional course on Africa, together with the disturbing
anxchronistic curricular materials and our difficulty in finding adequate moter-
ials for our class, stirulated ug to develop a different approach to teaching
African geography. The apgroach 1s thematic and 18  intended to.modermnize Afric-
an regicnal gegyraphy, bring it into phase with the rest of the discipline, and em—
phasize the essential unity of the spatial viewpoint. Four themes are used as
the framework for providing an integrating overview of the continert and 1ts
problers, . . ) y

Less tha.n two decades 'ago, a carprehensive survey cf Arerican gecygraphy
placed emphasis on ", ', . assd¢iatjons onf phewn_ena that give character to partic-
ular places, and . . . the likeness'e;and differences among places” (\ 35;6 1.
This definition of geoqraphy, frequently referred to as areal dxffcm‘ntxdt;on,
has a lenthy and oo’n_t./inuous legacy both 1n torth America and Burope | 27:84-11 1.
The early i*ortance of this concept of geography led to an era in wl':1ch descrap-
tive regional stur.h'es were the'epitm\e of geographic scholarship. vrigley [ 73:
7-11 ] believes that vidal de la Blache's work [ 67;68 ] early in the present
century represents the pinnacle of this tradition. For Vidal and others suwch as B
Sauex { 59 ], Whittlesey®[ 74 ], and James [ 35 1, the region was not only the
proper unit of study hut also the ultimate goal of geographical resecarch and
writing. Accordingly, the curriculum of many geography departments here and ab-
road thrived on courses based upon major and m'inor region$. ‘ -

Despite the strength and popularity of the arcal differentiatidn definition
o;' geography between 1920 and 1960, a niwer of other traditions generated inter- ’
est. Pattison [ 49:211 ], Haggett [ 65:9-17 1, and llarvey [ 28:114-16 ] rwdentify
at least four such traditions which sustained geoyraphic research throughout the
recqronal era of the ¢ iscipline: landscape, spatial distribution, man-land, and
geametric, By the 1950's geographers were becoming increasingly involved in
resea:;ch in these other traditions and a few writers. [ 39;50:185 ) even‘ contested
the ascendency.of areal differentiation,

’ .
As a total definition of geoyraphy, areal differentiation andd the broader

v
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tradition of search for uniform regions failed in a nurber 1>f weys. While not L
inclusive, following are same of the more camon criticisms of the fégional ap~ - o
proach: ‘ ) R L

1) Regional reseatch was not fundamental in the sense that it provu!;d )
building blocks for other studies and bri;ges to other sciences. - _j
2) R:eglona.l research often sought the spatially unique and exceptional ¢
at the expense of the gereral and universal. . - - *
A . 3) Regions were often coneeived as concrete objects rather than as \ . -
intellectual devices. ) % T -
. 4) Regionalization as an exercise in scientific classification was ' . -
y often illogical. : g
|5} The ultimate goal of regional geography to comprehend the integra= % &
tion of a great licterogeneity of phenawena in particular places . . ‘

/ ' [éms ] led to the criticism that his holistic geoal 1s virtually '

8 L imgluoss;.ble for a ggoygrapher who is not a genius [ 50:190 ]. . .

6) Related to this holistic conception of the region is the criticism . '
leveled initially by Kimble [ 39 ] and extended recently by Wrigley ’
[ 75:7-11 ] that the region as a concept is inadequate to describe ‘f' .

7) Finally, there is confusion on the question of whether the region as . -
a concept in éeography is merely & set of procedural rules for con- % ¢
ducting research or whether 1t has explanatory powers [ 28:125 1. ' i:/

This barrage of critidian has 1&d some chiervers to toll the death bell for
regional geography { 29:20 ]. For example, an assessment of geography as a
science, conducted in 1965 [ 1 } mak’es no mention of regions, region building, or ' /
reéional analysis as problem arcas or clusters of researcl interest. A survey of b4

) th(; discipline, published in 1970 and providing ". . . a comprehensive review )
and appraisal of. . . rapidly expanding fields of kr.owledqe-. . " [ 65:v ] does ,. ‘
mention the region as. one of six illustrative-studies. i d
On the other hand, few, we think, would disayree with Wrigley [ 75:13 ] when :
;;sserts that "ruch geography is still regional, but no longer [1s] geography
. \‘1 " i




. té” apout the region, "? 'Thus, wtu.le reg:onal gq;;raphy no longer camprises the main
a?? }J dish, xgi‘s;tn.ll 1g ab léast a s‘!%e pcxtmn on,the qcographer s platte.r of aou}
) Eood [ 42:598 ). <For exanple, recent methodologmal discussions confimm that
- %
%3 sare geoqraphers still desi.re to apply regional analvsis to the earth's practacal

e.'
teg.wns continte to be mportant to qeograghers as conver;tions [ 42: 526~27 ],

. ', - pmblars [ 3:14-26; 24: 241-76; 43;-23; and 61 ).  And st111 others argue that

rd * x
* e think it is accuraje to say that we st111 do bear ma‘x{y,.ma.rks of the regional
-3
T era of the Qscipline and that we £imd these useful in our scholarship, teathmg
. . and everyday 11ves. * @ -
: L]

B
. Our cu:'r‘i‘c%la are even more reflectlve of % earher predominance of reg-
‘- ipral }ecx;&aphy: The exqeptiomligt philosophy which undergirded regional study -
is stil} anachronistically presentgin mruéaography departments. Theoretical

*and 'scienufic‘lll{ organized systematic mz(.)graphy cohabits uneasily with regional

geography, possessuws w-does many c-f the dlstmgmshmg quahtxes of the era
ar&l dxfferentlauon. Texts for teachlnq_ abodt sdfe of the earth's major 1eylons
*erm"lstrate renarkably the gap hetween the modern research frcatier and the reg-
1ona1 clas(smom Thé gap existg not Dnly in approach but also in organization
and cmtc.;‘t. Presumably, it extends also to methods of instruction. ,Good ex-
. anplcs gy be fqrdanohg the many texts on major world rega 5. Almost ;uu;uut
i e exceptmn these are, m w:u'.h subdivision 6f large areas into smaller and
snn’llez a,teas, fractionalizing the total region, losing sight ;Sf 1ts overall
spatml character,hand producing ‘an alloglcal system of classification, often an
. unique set of reglons The basis of orgamzatmn is the regmn and all the
material is rolded into this format. "y “
A survey uf' forty-three textbooks on major world regxo;ls which we recently
condw:ted confl.m‘s thgse vipwpomts. ThGSc; works are so indicated within the
L referencg list, of this study. Frm an examination of these tmcts, three organi-
i @ zational m}:rx;is are apparent. The most obvious and widely used one is areal.
[ Here, a series of region, sub-:ggims, etc, constitute the format by which
« matéxml is arranyed ané‘,gremttxi. over eighty~five percent .(tlurty—seven) of

v

.- .t the books surveyed fal Tf?&; this category. A.ssigrmi;nt to discrete categuries
. - ’ v A -

i

CERIC Tt N9 - S
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. . . . *»
is difficult. ’mere :re five (de Blaj, lgéq,ecmsb\xg 1958; }'ance, 1964; .
Prothero, 1969, and West and Auoelll, 1966) \w‘thh ‘:eem to overlap into the
?ther categerids. ’
» A seqond method of organizatfon j.% ‘a topical apgrooch to the major region
under consideration. _Of the books surveyed, five [ 33; 45; 52; 54; 66 ) can.,
) clea.rly be assigned to this categoxy with the poss.\.ble addition of tv.o ore. [ 25
. 55 ), *also included n, the first qmup. . ’ . ‘.
The third approach is thematlc. Only cne book [ 18 ] can c'learly be called
thématic, although’ four others [ 11; 19; 55; 71 1, assigned to t:be first categqu,
could possibly be mcluded since they have elements of the u‘matxc apgroach.

* In assessing the sarious texts and tlx,zr‘apptoaches to reqxonq} geography,
the~ t_h:l.xd method [ 18 ] seems to have cave closest to prov:l.duxg an mtegratmg
overview of a lan,e arude ﬁull, he has used only cne theme and t_herenfter has

‘ retaﬁied theéreal format at the lower subdivisions of discussion. west and
Auoelll (1966} also gppear to have a thamh- the cultural and hzstorn.al. forces
which have had an upact in Mukdle I\ncrlua, creatmg carplex pat tems of cultural
diversity. The spatial &mlw of f;he dynanuc umpact of 'b“nese forces, however,
is diminished beca\xse the’orgamzauonal furmat for discussion (sul';-reglong‘drxd .

countries) compartmentalizes the mtorml and. makes 1t difficult to grasp the

broader perspectwe.i . ]
» One final criticism can be le’veléd at i‘cglonaf geography teoxts, In rost
re(_;ional bpok‘ghthly descriptive writing and encyclopedic sct’)pe‘cmti.nue to sub-
stantiate the dull reputation of geographaic writing [ 17 ]. More serious is that
such ‘textual materials focus u.pon angue and exceptional cases, seck wut few
generalizations, and fail/to note‘ the connectivity of places and t_he‘ spatial '
systems prese.nt, clearly a lebacy of the arcal mffuentmtlon era. Al'though thcy )
projcse to® synthesize, t_hmr efforts are uften Bwittingly spatially ulsmteqra-
tive at a laxger_ scald. In addition to all of thc above, the characteristic
which seems most anachronistic (and which shculd make oohabitation with modern
geography illegal) is th;:t they almost never draw upon theoretical and conceptu-

al developments in systematic yeography. IKhere in any of the regional texts can_.

10
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one find reference to perception, spatial diffusion, network analysis, central’
place theory, or recent advanges in the use of historical squrces and quantita-
tive mmo_ds? The ans_w’er is virtually nowhere. o 4
Curricular materials and courses din regiqnal and. syst.émth gwgra;;hy thus -
stand in sharp contrast; a crew-cut, mrr;j\nfla-@pqlen}, peglegged regional geography”

pretends that his long-haired, doublebreasted, fl&lr-bot.taned syétemtxc coysn

does not exist. It 1s littleswonder that, when seeing®thls anachromistic -r:‘(;gﬂ‘ 4
~ ’

leave the field displayihg latent schizoxd symptoms. ¢ i -

Is there a need to resolve this apparent dxchotar'y to give sﬁk;st.ance to

what leading thinkers arque is umity? For many rcasons, if this has not al-
*

|
|
|
|
|
|
|
i
fonal figure and hig mod counterpart in the same department, some of our stidents ‘
|
|
|
|
|
|
}
. ready become apparent, we believe that there 1s indeed a clear call to medermize i

- reqaonal geography, to bring it into phase with the ramainder of the field, and

to emphasize the essential unity of the spatial viewpoint [ 2:4; 20:105 |.. And .

if we havé correctly intcrpreted the :forces impinging un teaching colleye ,cogr -~
¢ /
phy today, it seems reascnable to conclude that, whrther we are rexdy o admit

1t or not, regional geography continues to have a role in the curriculum und 1n

|
|
|
|
: . |
research as well. The question is: How can the great gep that seems to separate
regional and systemati¢ geography be t:ndged? - . vt

In pondering this tyucstxon, Berry s [ 2 ] attempt to Jdemonsthate the wpter-
dependency of systematic and regmnal geography by using a ygographic matnx 18
helpful. He statés that the key ‘to attaining th1s unitary view in which cys(o—

matic and regxonal ceogranhy become parts of t.he same whole 15 the wentafication

of a ccrmon theme or themes throughcut an entire set of systematic or topical

variables recorded for the places in the region. Such adentafication leads to

<
- : an understanding of the,character of the region under study and Lelps to d‘:tmg-

uish it from other eazt.h arcas. Harvey [ 28:116 ] agrees: "A 'thane' acts as a

. directivé by indicating the sort of facts the geographer wught to collect and by

.swgest..inq‘the mode of organization of these facts.” wWe conterd therefore that

. the method of nringing new vigor and life to regional geography so that 1t re-

flect§ the resecarch frontiers of the discipline 1s to 1solate a number of '

e

’

&
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themes—themes which express not only the Jharacter and interrelated paris of the
particular regional (sub) system under stuly at a Jiven scale but also reflect the
conoe.ptual stmcture of yeography. If themes can be chosen whlch can cive rise s ,

to theoues, rchmal geography will at last be st.nvmg for the gener )¢ rather

o~

than the unique | 28 116 1. The exceptionalist 1egacy of arcal dxfferentmtion
will no longer be the foundat.\on for regional tenchmq. s,

In viex; of the success of a theratic apg roach to systematic curricular
materials such as that of Kaspersgn and Minghi [ 38 I Writing un political q°o-\.
graphy, it 1s A}'p‘rismg that few thenatic attampts have been made 1n regional
geography. This vacuum, which to us seamed striking, stimulated Ofxr thinking

&thcrutu approach to Mu\.a. a‘uuld a thematic approach, commnicate the ..
special m&nance of Afrrca as well as incorporate modem pe:spec.t@s,m the
uxscxplmt." would 1t be pnaml:lu— tu biftng some urder to the hitherto n.motxcally s
L.es.nbed spatml systems of Muw and tl.« incorporate ssme of the revolutlonary
recent develqmentﬁ"fn ga;gxaphy? We Lx:m.lujud that given the dxsml smbg of .
)\f‘ncan curriculadr materails it «wm.be werth concelving a thcmt.:c apy.roach ;'or i
Africa. The pmjc:::t mlwﬁh&d Its origins in these <uestions.

From another survey, th'{s tame of perwxdic literature of A;;xca and 9003
.Jraphy,?h( sclected five thomes (see l\wenduc(for an outline). These themes are
intended to providé a continental vicw of su_(m!’icant spatial processes and -
patt.erns. Additionally, ey funush a 'yographic pex&:cctwe to n.sean.h topics .
én the other social sciences. Following is a hrief des.rxptxm of this thcmntm

° D

-

structure. 6
Thore I fs called “The l-)wucmmwnt African Vqu and Adaptations.” Althowh

it concerns the envimxm:nt,,xt bf.\;ms thh the assumption that an obJecuvely
descrxbod enyiromment 1s oftcn melevant to African luman gooy aphy. i\rgunents »
that descriptions of, }hy;i‘;‘.al lznd‘x:dp(“ p?nvxﬂe a setting or stage for the un— .
folqu of hunan q:d‘t.ul mtternq ate untmable Such settings are usually rot

’ob]ecnve base upon whach humn.n tdmvlor unfolds, but rather are ﬂkwselves R . .
mtexptebat&ms-—sem thmugh‘thc eyes, uf wGstz.m vbservers. The envirorment 1s ’

therefore commemd a mxixeu not only surrounding and umerpummg Afruan

\‘l‘r-- . PR ',‘.'l E
Wy e
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. . cultures but also mnteracting with them., It is interpreted not fram the view-

point of outsiders, but is acplored through the eyes of local culturézs since
African views of and adaptatmns to t.he envimment are a result’of Lcultural

= .. i
hny ez S

corxhtxmmg It is put h a mode that ismeaningful to the man who interacts

s ,'\“ with 1t. From the conoeptual frames of environmental Jperception, spatial organs

. iZation, and cultural ecology, African ﬂnterpretatxm and adjustments n yarious

parisoft}eoontment are @cam.\.ned. o -
2 -

- Qultural origins and dispersals are the focus for Theme I, entitled "Cult~ - °

ural Genegis and Proce55. - The basic preuse of t‘rus there is that a great
thread of continuity may ke found«in African, cultural evolutlon. This 1s of

mterest in 1tse1f, but it is also gedgraphxcally relevant hecause txacmg this

'

thread sheds light of the pmcesses of modern cultural f'hange, human occupancy, L

- , and spatml arrangennnts in Afnca The thread result.:s in an intricately woven

4 web of spatJ.al and te:ppral interaction. Diffusion theory, which 1s examined

. nethodoloaxcally as a dynaxmc procesé with [:a.rth\llal' reference to Afrlca,
. prov.xdes the framework for t.‘us dlscpcsmn. : "

Theme III,-entitled Popu];at;on Movenent.and Change,” is concerned with
Ypopulation mobility and demographic change. The mwanent of African peoples,”
both now and ip the past, is viewed as a ubxquxtous precess and sigmificant .«
inteqratmg factor in alican human Jeography. While nost geographic textbooks

"2}11 to give this theme adequate coverage, studies made in disciplipes suc'h/us
hlstory [ 58;47 1 and eoonanxcs {32 721, recogmze pepulation migration as a
critical factor in the exchange of ideas and in Affica's development, Modern
moVements, especially those semi—permnen.t, interregional moves between rural

* areas ank'developed regions, are the most recent, pulsations of population ﬂ’Obll-
.. . . - i ot
1ty. <, ' . rd [ L

The ‘fourth thc:#e, entitled "Respinse to ¥odernization, " dlscusséé the txansx-

“

tien frem trachtmnal life to modernity, occm:rmg in varying degrees m every
cotner of the African continent The processes which’have been rost sigmfxcant .
are econa;uc ghange, urbanization, and politf€al modernization. Frcm the build-
ing block af agricultural change, the concern is on t.he modemlzatxm process of

.
v
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the rural sector‘. Set wathin the rural matr.u are urban nodes possessing rural N
li.nké in varying deatbes and growing differentially, intermally and externally.
Modulating the‘wholé process of change are the political systems of the individual

comttries, each striving toward a caTon goal of pat’nm—state and atterpting to ,

,
4
!

ovema't‘\e'critlcal problems. .
. 'Ihe fifth theme, called "™Man's Impact on Afric_a,".atterpts.to assess the

imprint of man on ‘the continent and provide an over\ilew'of the Eurdarental spatial

" changes occuring, with a look to future directions. Drawing conclusions from |

the first four themes, a conterporary baseline is developed as a measuring point ,

for evaluating future spatial trends. . . .
These five themes are the framework for our attempt at curriculum re-
evaluation, mprovetmt, and innpovation in a field which we feel has been long
bound by the shacklc,s of trad).tlonal methodology. If regional courses are to be
taught in aeography departments and make pusitive contributions to geography's
development, they must change. The theratic structure is one form such change )
might take. We believe it brmgsﬂto the regional clabsroom a new sense of rele-
vancy and enables students to envision the geougraphy of Africa as something
more than n ;;yciopt‘edic co'llectio:m of facts, dutifully and dully repeated for
every maj‘;or region. Thenes pmvi».:le an utegrating uverview of the continent and
its problems. 'I‘hey also offer a set of specific concei:ts and models which can
be applied in small arcas and in case studies. They furnish cross-disciplinary
lix’xks to other social sciences. Finally, and perhaps most lmportantly, they give

students challehgmg generalizations set 1n an interp;etative framowork-—generali-

zationgywhich apply. in Lusaka, Abidjan, Dar es Salaam, or Rabat.

)
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. APPENDIX
! Africa: A Thematic Geography

1

Themes and Sub-themes

.
I. African Views and Adaptations to Their Environment
- A. Envircumental Perception
1. The Perceptual Approach
“ 2. African Perceptions o .
B. Spatial and Territorial Crganizatifh .~
1. Ceneral Systems .
2. Land Tenure Systems
3. Other Forms " . .
C. Traditional Systems in; Ecologic Perspectives
1. CQulturdl Ecology -
2, Sedantary Systems
, 3. Pastoral Systems '
4. Fole of Disease

II. CQultural Genesis and Process: Diffusion of Ideas and Ways'
A. Human Origins and Cultural Beginnings: The Spread of
Prehistoric Man and His Culture .
1. Eavirommental Interrelationships of Evolving Man Rl

2. Cattle Nonadism: An Example of Cultural Origins *

3.- Impact of Food Production on Man-Land Relations
B. Diffusion: The Process of Spread and Dispersal
. 1. Invention vs. Dispersal
2. Diffusion: The Spatial Process
3.’ Dispersal Mechanisms
~. 4. - Scale Networks . . ¢
G, Diffusion of Cultwre Traits
1. Agriculture
2. lanquage Groups
3. Organized Societies ’
4. Markets .
S. Islam :




»

IiI1. Rppulatlm Movement and Change

- K. ~Population Movements in Historical Pers{.:s:::twe{:3

’ N 1, Slave Trade .
' 2. Others )
B. Modern Population Moverents
1. Permanent
2. Terporary
3. Pericdic | !
- C. Probléms of Popalaticn Growth
1. Distribution and Density-
- 2, Derocraphic Change
3. Implications of Growth
r

’

IV. PResponse to Modermization
A Econcmic
1.. Pgrzmlmral Chance
2, Market Systers
3, Infrastructure~Circulation: Systems .
‘4. Industrijalizetion and Resource Development
5. Regicnal Development
B. Urhanization \
1. Growth
2, Central Place Systens and Pural Linkages |
3. . Central Places and Internal Spatial Change |
. 4, City as a Node of Modernization
€. Political :
1. Contemporary Territorial Trends
' - 2. Problems of Territorial Cohesion

g,

Vo Man's Impact on Africa
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. . ) A CLIVATIC MODEL OF THE A
EVERGIADES DROUGHT "{;
Linda Frosch ‘
University of Cincinnati . .
. .

The Florida Bverglades function as a natural weter reservoir for the popula-
tion of south Florida. A watershed comprising three Conservation Areas and
the Pveralades Mational Park collect surplus roisture for use by urban, indus~
trial, and agricultural activities whose water demands have increased signifi-
cantly in recent S. The moisture required to maintain the unique character
of the. Everglades ironment is a campeting demand for water which 1s derived
from the natural endowment of moisture for this area. The Everglades experienced
droughts and damaging fires in 1965 and 1971, but there is sore cuestion con=
cerning whether these droughts were natural or were the result of water being
allocated to human uses at the expense of the Everglades ecosystem. The nature
* of the climatic drought during these two years can be assessed by examinang the
fluxes of enerfy and moisture which define the envirormental demand for water.
Water balance techniques were erployed to model the nature of the
and moisture exchanges occurring in Conservation Area I from 1963 to 1971. The -
annual precipitation regime, the annual moisture index, apd the annual AE/PE
ratio were graphically analyzed to assess drought severity in 1965 and 1971.
The analysis revealed that the climatic drought of 1965.was more severe even
though the 1971 drought wes perceived as being the worst drowght on record. .
The 1971 drought was more severe than the drought indicated by the cliratic 2
mdel, and this suggests that the drought may have been influenced by the trxans-
fer of water for man's activities which reduced the proportion of the common -
water supply available to the Everglades. This evidence indicates that water
v management schemes in southern Florida must consider the potential urpact of
- water allocation decisions on the Everglades if this area is to be preserved.

) "Ihe relatively flat and low~lying peninsula of southeastern Florida, under~
lain by porous limestone and capped with a Tayer of peat, serves as a natural
resémir for surface water. The Everglades have developed as a product 1of thas
em{immeht. However, recent urban, industrial, and agricultur:al dcmndé for .
vater are competing with the Everglades for the natural endowment of moisture.
Managemént of this resource must consider altemative schemes for allocatarxz; - -
water among the conpeting demands. This cannot be accarplis;med without under-
standing.the importance of water in naintaini‘r_ig the 'talan:ekof the fverglades
ecosystemy ) . * )
¢ The toi:ography of the Iverglades is characterized by a slope of only one-

1
tenth of a foot pex mile, and consequently is’a difficult watershed to manage.

The Fverglades consist of 4,000 square-miles of marshes and prairies which are

seasonally inundated. Alternating dry and wet conditions are r.esponsmle for
the formation of Mas marshes s0 inpcitant in the life cy¢le of the f
fverglades. During the dry season, the Lverglades are often swept by saw-grass
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fires that may even consume the peat soil which lies above the porous rock cap.

Since 1940, southern Florida has experienced extremely rapid growth in . .
urbanization and industrialization. As urban areas expanded to the west along
drainageways on lands formerly used for agriculture, they displaced agricultural 4
lands farther inland to the eastern edge of the Everglades 15;151. In 1965, at
the time of one of the worst,droughts, agricultural users consumed about six Y
times more water than the other users. Irrigation use for agriculture is pro-
jgcted to increase nearly two-and-a-half times by the year 2000. In addition,
increased p:;pulation growth and tourism place a greater stress on the water
supply. By the year 2000, the fresh water demards of Dade, Broward, and Palm g
Beach counties are also expécted to increase one and three—quarters times the
amount. consumed in 1965 .

Furthermore these demands are seasonal, and during the dry season, most of
this additional water consumption occurs [5;21]. Scuthern Florida's patural
reservoir is dependant upon precipita}mn as the only means of water recharge.
The rainy season, extending from June to Octohber, contributes abcut 70 per cent
or 41 inches of the 59 inch annual total. It. is during the wet seasor that the
areas of Standing water are replenished. The remaining 18 inches are distrz-
buted throughout the other seven months as illustrated by Fig. 1 [2;3].

The purpose of this paper is to identify the extent to which climate may
be consi;ered responsible fqr the 1971 «ih:ought. Through the employment of water
balance analysis, the climatic envi.rom'r;nt of the Everglades is assessed in an
effort to determine 1ts role in,t.he° perceived drought condition.

. S’IUDY ARFA .
" The Everglades are divided 'into four entities as.shown by Fig. 2. These

«

. subdivislyns are the E.Vergladgs' National Park and three vater Conservation Areas.

Forty+nine percent of the Lverylades marsh lies within the three conservation

&

areas. Within the Everglades tiatiovnal Park there are approximately 200 square~

2

miles of the total 2,300 square miles of the Evexglades [3;2].
The purpose of the conscrvation areas in the Iverglades is to store excess

vater, reduce flooding during wet pericds, and release water during dry periods
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June

July

Avg.

Sept.

Oct s

Nov.
Dec .
lan. s
Feb.
Morch
April

Moy

. Rainflat | % af Tatal
L .
9.57 16.0
[ 7.76 13.3
j 9.35 16.0
. T 8.68 14.8
l 6.03 10.0
1.66 2.8
0.99 1.7
1.53 2.6
1.66 2.8
2.51 4.2
. 4.04 6.9
5.22 d.8
Tatal 59.00 100.0
N
Fig. |
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o to mi;\ixmze the .effects of drought. Thus, runoff i1s delayed, andi floods are
red&ed an the urban areas by .u'pcundxm the excess weter in the conservation

. B
areas. The stored water is later avallable eithér. as direct releases through

canals ar as seepage fmn\conservation areas during the dry season. )
: In oxder to ;t::dy the problem cn a smaller scale and to examine tht; condataion: *
rore precisely, analy51s was lindteci to Conservation Area I of the Everglades,
Fig. 2 shows the location of Consdwation Area I with respect to cbe ather’ dav-
xsmns of the Pverglades o
, Data for water h)dgets were obtam‘ed fraw rdcords of two weather stations
“located in the vicinity of Conservation Area I. Belle Glade Experimental Station
is located northwest of the conservation area, and Loxahatchee 1s located to the
» . northeast. Due to the absence of a weather station within the conservation area,
averages For temperature and perci&itati'on \;alucs of the two s}atwns were used
to obtain annual water budgets for the area, -
. METHCDOLOGY o
T}:omthwaite's water mlm techniques ‘were employed to examune the coinci~
‘ dence of energy ard moTisture. The water hudget is a balance between the inputs
of water frem precipitation and the outflow of water by evapotranspiration, Temp~
erature is directly related to energy Jdemands as defined by the PE values, while
the values of AE indibcate the amount of moisture consured by evapag.rangplratxon.
A four inch soil moisture capacity was used in calculation of thé weter budgets.
M Analysis of the data 1s shown graphically us-ing precipitation data, the

roisture in:lmc, and the AE/PE ratien. The precapitation grapb, Fig..3, reveals
the ‘arcunt of roasture avarlable, This is the moisture endownent vhich must be
* shared between the Everglades and human activities. The annual variation in
roistire supply is revealed by the graph. :
The noisture index vaims, as shown w1thin'Fiq. 4, indicate on a lLroader
scale, the classification of climate baséd on climatic cx_it‘erm alone. In essence,
the mdisture index separates a reglon into either a moist or dry climate ir,xiepen-

dant of vegetation, soil,”or water resource characteristics [1:310]. . .
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The values given to the AE/PE ratio (Pig."5) more specifically with
the significant variations involving temperature and precipitation. PE .
be satisfied unless the necessary moisture is available.. Using PL as the
nominator of the ratio, it is only when AE equals PE' that a value of unity
obtained. A value lws than unity indicat:& a defecit in noxsum;. Through
the arploynent of this ratio, the nine years, between 1963 and 1971, are com-
pared with reference to fulfillirg the anmial noi;bu.re demands when consu}exa—
_t¥n of capillary storage is included. )
[ . . , ’ . plFI!.'sIS oF m , . ) ~
'Ihe specific years involved in this study are t.he yeats prior to the 1965 “.
and 1971 droughts. Antecedent conditions are important in determining the
severity of drought, and water budgets were ther®fore camputed for the nine
Jears between 1963 and 1971. o ,
megraphsall-s}masimlartradinﬂ\enab.meofﬂ\eirvalues The
points of mference used m explaining the graphs are the highest value, the
lowest value, andtheaverageof ufvtwobasedondataobtamedfor the nine

-

years, = i J

The graphs of all'three paramsters For 1963, 1964, and 1965, have a value
lower than the average. Althowgh the AE/PE graph of 1964 is above the average, .
this can be explainad bysa closer analysis of the water budget for that year.
'I'he pm'ecipibatxm values shw there were only five rmonths out of the regular

N -seven months when moisture could not fulfill-t.he dmands of PE, But, the
latber four months of 1964, th.h the emept:.m of Or:tobez, show that there was ]

e

a general ’deficimcy in prec;pltatmn Leading” mto 1965, with the exception ,

vof February, there was.a five month period of noisture deficlency 'rtus
+ explains 'the cv.rulatue effect of rroisture defiglency which culminated in t.he’—\
1965 drought Although the yearly precipitation value fOl' 1965 yas hlgher than
either 1963 or 1964, it is evident from the ana1y31s of thc water budget for .

*  that year that 48,3 inches of t.he total 56.8 occurred after June with only

. 4 » « -

8. 5 mches distributed from January to May. ,
In swmery, the 1965 drouwght wos t:ausé by a lack of moisture to fulfill

ERIC 28 .
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the demands placed on it as based on prior conditions to that drought year,

The yearly water budgets for 1966 th!wgh 1971 also show that 1971 did not

,[ 32]0

" The combination of increaged urbanization, industrialization, and population
. " -
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For the recorded drought of 197}, the precéding years show evidence that

the drought occurred for the same reason as in 1965, but the S'everity of the
drought'is questicndble. Analysis of the annual precipitatich valies for the
years of 1966 through 1971, reveals that the average for the 8ix years was 62.1 y
which is 1.1 above the average velue cbtained over a 25 year period from 1940 to
1965. But in following this same procedure for 1963 through 1965, the average
precipitation value wa!sz 3, which is mxh lcmer than any of the average over=
all precip:.tat.im values, and also lower than the average'values for the yagrs of
1966 through 1971.

. The comparisof of the NE/PE ratios for the years prior to 1365 ad 1971
reveal lower values for 1963, 1964, and 1965 than those of 1966 through 1971.

experience a greater moisture defecit than 1965. For example, there were only .

six mn%tive months from November of 1970 to.April of 1971 when noisture did 1‘
not fuxhn the PE fetards. In fact, the noisture indices of the years 1966
through 1?71 had genetally higher annual values d.urmg preceding years than

did 1965. Therefore, based on the aspessent. of the cliratic conditions, the
1971;1rmlghts}p\lldmtmbemnoresevereﬂlanﬂ)el965draxght. The fact
ramj:ns, however, that fires raged for over four months and destroyed over half
a million acres in the drought of 1971. Furthemore, authorities ;f the Florida

Plood Control District considered 1971 to be the worst drought year on record

. / ‘ omcwqm« /"

Analysis of the water budgets suggests that the severity of the 1971 drought

was not due to climatic fuctors. Attmti;m must then be focused on oﬂ‘er varia-
bres M’Ajfh may have contributed significantly to magnify. drought condit#ns.

ray p'zovide a possible explanation. Micressing allocations of water to these
actw:lims has decfeased natural runoff and has thus diminished the supply of
surface m:.sture to the L\rerg]ades. Further reductions in runoff to the Ever~

.

»
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glades may produce recurrences of drought similar to 1971 which are not the

direct product of climate, Clearly, more adequate controls are necessary to .

. .
the pzeservat{op of the Everglades ecosystem,
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A CASE STUDY OF JAKE TFFECT SNOW .
SOUALL PRECIPITATICN IN NORTYERN CHIO: N .
- NOVRMPER 22, 1971

JFrank P, Martin . o~
University of Axren b

Abstract:” This paper describes and analyzes the pattern of snowfall that oc-

( an early winter snow squall in Northeastern Chio. Snow accumu-,
latim&unuﬂsspwsqmllvaried&matracetomreﬂantwnty-fiveum)s
in Sumit and Portage Counties. A chromology of the developrent and subsequent
movenent of the snow squall is presented,. along with the configuration of mod-
mteamlheavysmasﬂimiicatedmthe??lsoopeofﬂ;abeaa#lweau\er
radar operated hy the National Weather Service Office at the Akron—Canton Reg-
ional Adrport. Also included is a brief description of the meteorological .
conditions favorable for the development of snow squalls and the effect topo-
graphy has on these snow squalls arfl their intensity.

- It is well known to peteorologists that freq\mt.arxi persistant snow sho- -

wers and snow squalls oocurto the lee side of all five Great Lakes from late
autum uftil late spring., These lake effect snow showers or snow squalls can, )
under the correct metecrological oor;ditions,‘demsit as muxch as two to three
feet of snow on the inland arcas in a single meteorological cocurrence, The
heaviest of these snow squalls ooour most frequently to the lee side of Lakes
Er.I:.e and Ontario. The squalls are usually associated with cuthreaks of ;:old,
dry arctic alr masses which move southward out ‘of their northern Canadian source
region and turn easterly as they move over the northern Great Plains states‘.
Such a condition rommally leads' to a large air mass-water terperature iifferen-
t:ial, e;specia.lly in the late auﬁgh, éarly winter and in the spring. This air
mass-water w'pe;aumq differential, combined with a long over water fetch is
cap‘able of producing ]:omlly heavy snow squalls to the lee side of Lakes Irie
and mtario as indicated by both Sheridan (7:393-395] and Viggin {8:123-126}.

The most. intense of these lake effect snow squalls usually occur when a
secondary surface trough forms to the vxzst"am moves through the Great Lakes
area and combines with the lake induced vertical fluxes of momentum, heat, and
water vapor to produce heavy snowfall amounts (5:191—192].]

Several climatological studies of total snowfall from individual storme
as well as analysis of the total seasonal snowfall have revealed "pesk areas”
of snowfall for both Lake Drie and Lake Ontario. On o seasonal basis, Lake
Erie’s "peak arca® averaqesfgf hundred ax'xd s;.xty inches, and Lake Ontario’s

32
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is one hundred and ninety inches (Fig. 1). Most of this snowfall is the resukt Co.
of snow squalls [6;2-3].% .
In thls paper, an example of the variation in smwfall accmldauon and

intensity frcm swch a lake effect snow souall situation for\a six hour pericd
in northeastern Onio is reviewed and a presentation of the formation and sub~

. sequent movement of the snow squalls, as indicated by the three centumeter Decca
41 weather radar located at t.he Akron—Canton Airport Weather Serviace Office,

- is also included. The date of occurrence was. November 22, 1971;

CAUSES OF LAKE'EFFECT SNOW SQUALLS
It is generally agreed by meteorologists that the large scale synoptic

situation which can result in the dwélopnent of lake effect snow squalls is:
(1) an upper air truugh over the. eastern Unated -States which freguently beomes -
either statwnazy or broadens ‘w the west; (2) a strong flow of cold, dzy arctic

/aiz across the lake following a low pressure center that has noved into eastern
Canada; and (3) a southward extension of the primary low in the form of a
trq_x_gh over the Great'r;akes [2:3], The lake effect snow squalls, when they
forixll, either have a linear characteristic or are elongated. areas, oriented
either parallel to the prevailing wind direction or parallel to a shoreline
[3:7-8]. Over'lake suow squalls usually form away from thesshoreline when the -
upper level winds are approxima.tely parallel along the major axis of the lake.
These overlake .sc;ualls usually first, form as a single narrow line, and at
times, stream inland along the axis of the prevailing w:{:x;is. The squalls are
pormally two to twenty miles wide and £ifty to one hundred miles long (3:8].
Conversely, the sporelir;e type of squall generally forms with a more norr.h—
westerly wind flow and a Shorter overwater fetch than is the case for the
overlake type of squall [2:3]. Precipitation accompanying the shoreline type
of squall ;;au‘zmlly beqgins along the lce shore and may m&z inland as sevepal

- short lines, or as a single line, from cne to five miles wide and twenty five
éé fiﬁty‘milesi long. FHewever, the overlake type of squall may change to the.
shoreline type in response to changes in the upper level wind dircction (2:3].
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LAKE ERIE'S SIHBELT

\

The snowbelt associated with L:ke Erie wctends frgnmt_{':e northern part of
Sumit County, Oqj.o northeastward through U'ne lG'\r].lnCIEI»uf the state and across
northwestern Pernsylvania into the area just south of Buffalo, lew York. The
lake effect snowfall in this area is strengthened by the orientation of the Lake
along an east-west axis. The prevailing winds which blow over the Lake in tum
cause water vapor to accumilate from the open water. Nearly saturated air of

) the lower laye.x: of the air mass is further forced up the escarpment of the
Appalachain Plateau. This forced ascent causes an acceleration of the adiabatic
cooling, condensation and preqipitatim processes, thus re-sult“ing in heavy snow-
fall close to the lakeshore as well as inland. Studies of this type of oro-
graphic lifting indicate that from five to eight inches of snowfall can be added
to a mean annual total, on the average, per each one hundred foot increase in
elevation [{1:971. ) - | '
: THE SNOW SQUALLS OF NOVEMBER 22, 1971

On November 22, 1971 the "0700E" surface analysis map showed a high pressure
ridge (1030m.b.) centered over Lake Head, in western Ontario (Fig. 2) Tre clock-
wise circulation of air around this high.pressure center combined with the counter-
clockwise circulation of air around a very deep low pressure center (982 m.b.)

« located in the Gulf of Saint Lawrence between Nova Scotia and Newfoundland. This
circulation combined to produce a moderate flow of alr over northeastern Ohio.

Shortly after rudnight (0015E) on November 22, very light snow showers were
observed at the National ¥eather Service Office. The very light snow showers
changed to light snow showers at 0128E and continued .until 1138F of the same
ROYTLNG e Total.srwfall at the Natiomal Weatler Service Office by 0645F measured
only one half inch. By 0630E, srmfal‘l reports were received at the Veather
Service Office indicating accumulation had exceeded four inches in the area to

* the north and east north-ea.st of the airport. Cuyahoga Falls, Ohio, which is a
contigious subutb to the northeast of Akron (Fig. 3) reported six to seven inchés
of snow on the ground, while the horthern part of the city of Akron reported

¥ framan J.nch—-arxi—a—half to a hd1f-inch. Stow, Ohio, logated only a few miles to

. . +
-
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Fig. 3 - MAP OF GREATER AKRON f!

SHOWING SNOW ACCUMULATION AT (?(7005.
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the northeast of Cuyahoga Pallé {F1g. 3) reported ten to eleven inches on the
ground. Kent, Ohio, just to the east of Stow, had accumulated eleven inches by
0630E. The Lake Rockwell pumping station on the northeast side of Kent, reported
an accmuleuon of twelve inches at the same time (Lake Rockwell during the
remainder of the day picked up another thirteen mch% and repcrting twenty five
inches on the ground by late evemng) Beavy snowfall verying from eight to
fifteen inches was reported in the long, narrow line of squalls that extended
from southern Leke Erie through Rock Creek, Ohio into Slippery Rock, Penma. (Fig.
4) Reports from the Weatber Service Offices located in Cleveland and Youngstewn,
Ohioc indicated one half inch snowfall at both stations at 0700E. The hydrologist
fram the Weather Service Office at the Akron-Canton Airport, t.hrough cunversation
with road crews and residents, determined that an excess of sixteen inches of
snow was on the ground at 0700E at the intersection of State Route 43 and Inter-
state 80~S a few miles east of the‘ city Of Kent, Ohio.

FORMATION AND MOVEMENT OF THE SNCW SCUALLS .

The two areas of snow squalls were first observed by the weather radar at
the National Weather Service Office at 2330E November 21, 1971. At that time,
the snow squalls were located off t'he south shore of Lake Erie east of Cleveland,
Ohio and off shore in the Painesville, Ohio area. They extended approximately
thirty miles northvestvard into the Lake (sce Fig. 5). The two lines of snow "
squalls began moving inland shortly before midnight. By 0100E they had moved
into the area outlined in Fig. 5. Once the snow squalls had reached the out-
lined area, they became stationary and remaine;! so until 063.03. The two areas
intensified as they became statlonaq;, but they changed very little in confag-
uration throughout the period. “ The location of the sncw squalls resulted in an
extreme snowfall differential observed in the affected area. The outlined snow
squall areas';epresentezzl in Fig. 5 are those of moderate to strong echo return
as determined by radar, and verified by measured accumulations. As can be
seen in Pig. 6, the areas which received five inches or more correspond wéll
w1th the sreas of moderate or strong echo retwrn on the PPI scope of the Decca
41 Weather Radar at the Weather Service Office.

. ‘ 138 "
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. It is evident from the preceeding description that the.type of snow squalls
.- . Tthat covered t2 '..5".”‘.."3:3,' ea wore the overlake tyfe in origin. Supporting mrth— -

westerly wmds were' only moderately strong, but tbey were mtense encugh to
pushthesxmmlarxi }bhever.ﬂmewnﬂsweremtstmxgmxghtoovemmeme .
frictional dre':'g the physiography produces, and this condition resulted n a

" stationary squall for)an extended perfod of time causing in the great varia- )

tion of snowf' observed in the l\kron area, This type of snow WIL situation_
is got 1l in scme parts of mrtheasmm Chio, namely, fror the eastern
b e suburbs of Cleveland eastward and noxth;aastwaxd into Permsylvama. However,
T show squalls of this intensity do not normally extend so far to the south RrOT
are, they so strong as they were on Nové':ber 22, 1971, -~
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II‘SO!ATI(X\ CLL‘M'E.I\ND URBAN TOPOGRAPHY
) * M. L. Shelton '
! - tniversity of Cincinnata
. ' . Abstract: Enexgy exchange processes of urhban envirorments are significantly

InfTuenced by the physical structixes camprising our cities. Modification of
natural energy fluxeés creates a true urban climate which 1s a function of the
presence of the city. Vhile considerable prooress has been achieved toward
understanding the macro-scale energy system of urban enviroments, many questions
concerning micxo-scale energy fluxes in cities refain unanswered. The
tessential energy input of climate is solar radiation and knowledge of the .
quantitative and digtributional characteristics of insolation 1s essential for

¢

understanding the svstem of the city. . R S
! Measurements of lobal radiation near a west facing vertical wall were
employed to esamine solation receipts are rodified by urban structures.

The data revealed a @ t relationship hetween insolation and increasing
vertical height and increasirty perpendicular distance fraw the base of the
wall., Post-zenith global radiation was most intense at the w1, which rec-
eived 91 percent of its total insolation after 1200 hours, but the influence of
the wall disappeared within six feet ofs the wall. The intensity cf the post=
zenith insolation did not compensate for earlier shading, however, for a pont
fifteen feet .from the wall received mare inolatign than any measurgd point on-
. the wall. The wall &t ground level received only 45 percent of the expected
insolation for a comparable horizontal surface, and a point six feet nch and

" - fifteen, fect ‘from the wall received only 78 percent of the expected amoudk.
These ddta suggest. that steep gradients in herizental and perpendicular micro-
insolation climates of cities may be confined to the immediate vicinity of
urkan structures. N

.

U;ban landscapes are a composite of insolatic;n‘clmg.es. "Latitude, t1lt
of tha earth, and the slope and aspect of the surface exert the major georet-
rical controls over the amount of msolatio'n‘received by a aartlculat site” .
. ’ (8:14]. The .inflﬁence of t:l'zese controls is complicated by the buildings and

" md‘tiple-level surfaces of urban areas which present a complex, throe~dlimensional,
. ‘ - e 2

.

geometry €o incoming solar radiation. }"mergy exchange processes of urban env-
° irorments conseqliently are rore gcﬂp‘la than cnergy exchamges characteristic, of
> .y

A .
' surface configurations in the natural landscape. \ .
‘e

The magnitude of potential surface exposures‘ associated with urban topo~
. graphy contrasts markedly with @Iitims fourd in thc natural landscape. urban
. landscapes are composed gf structures with é thigty of shaPefs and orlentations.
' .The walls and roofs of buildings function. as a maz'e of reflectors which absorb
’ ‘ some of the insolation they receivé and direct much of the remajnder to other
' “absorbing surfaces [7:15]. Almost the entire surface of a city is available
for rcc?iving insoclatidn,,and this is a siqnificané factor when consxdm"mg

»

energy fluxes associated with gtructural features of urban topxgraphy.
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The conversion of the natural landscape to the artificial city-scape creates .
'mxlificatims in energy and mpisture fluxes and prahi.:e's a txue urben climate
which is & function of the presence of the city. Considerable effort in urban . .

. climatology has bgen dev?t.ed to defining the nature of n‘?hang‘es pzoducec} by
urb.p.ng'.zatipt:, and exardnation of differences bethe?n u’r'ba'n afeas _@;ﬂﬁrnzfal areas
- has been the principal focus of these endeavors. Many stulies have relied on \
traditidnal parameters, such as air temperature, precipitation, and humudaty,
. and ax:q illustrated by the mr),c- of landsberg, Geiger, and Peterson [5;4:8]. .
. \l‘?ecént studies by Bach and Patterson and by Terjusy [1;11]1have demonstrated
a concern for the energy balance of urban areas. Such studies reflect an in- l
creasing awaxeness of the necessity to understand the input/ storaqe/output
components of the urban energy system and its influence on energy fluxes at the
,earth-atmsphere mterface. Solar radiation is the aumtessentlal energy input, o

» and'kmwledqe of the auant:.tatwe and d1stx1kutmna1 characteristics of ingolation |
is moessazy for elucxadat;\on of . the energv system of the city. r«basurarehts of
glothl radiat:.dn on and ﬂear a west facing wall were anployed in the, present

study to%examine the pattern af, insolation inputs assocmted thh acomon
) .

feature of urban topography. ¢ . / ) . o,

. R © .

‘ , ('I[DBIEL RADIATICN . .

* . 3 - . .

The components of global radia't'ion ,?eived at the carth's surface are

I

direct solar 'radié_r:im and diffusq sky radiation; thelr summation is known a8 . .
global radiation. The percentage of each corponent in the total radiatiog; ’ ] ,
received by an area varled primarily with astronofrical,, gwqré\phical, and meteo-

rological variables and with varying atmosphexic contamination {3]. The ncident  ° ‘ .

angle at which this radmtion reaches the surface of the” carth is governed by

geographic latltude, solar declination or time of the year, altitude of the/ R .

" sun or time of ‘bay, angle of the slope, andl surface orientation of the slcpe.
A )'nr‘izontal surface has been taken as the reference plane for the descrip~
tion of insolation in general, and it is therefore a ;;imple gecmetr ical prob{em

"t tranglate from thc herizental mfcz’ence to a sloping surface. The amount of

direct splar radiauon srecelved on a slope is gqual to the product of the .
Q * r M
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radiaticn received on a horizontal surface and the cosine of the amgle bew;:m

« the solar beam ard a line perpendicular to the sloping surface [10].

»

Betemunatmn of the diffuse sky radmtlon reachmo a sloping surface 1s
extremely aonphu.ated "and is depexﬁ@“pon clcudmess, atmospheric Jturbidaty '
i and the albedo of the surface material. On a honzontal surface, diffuse

radiation for an average clear -8ky is about sixteen per cent of the total rad-

iation when the sun 1s high in the sky; and about thairty-seven per cent of the

total when the solar elevation is about ten degrees (2].
1 .
’ Calculation of insolation on urban structures is complicated by the slope .,

and orientation of buildiny surfaoes. Both direct anpd diffuse qmsclatxon

- receipts are inflpenced by the ninety deqree slope of walls, the multitude of
surface orxentatlons, %ﬁ yarying height of Buxldmgs. ‘basuram;nts of
" "" ‘msol,atmn aré needed to assess the full u'pact of these vanarles on msofdtmn.
B ' Global' radlatlon my‘ be measured by us& of a .pyra:mxétet whjich senses ~ ) 1

s solar radlatmn received fcom the whole herusphere on a horumtally ur[osul

suxface. The neasurenent of g-lobal racuatmn requires only ¢ horizontal-surtace

- ‘ receiver., Ssensduve to, sfort«wave radiaflon and a suxtablc zcuj.stermg am)amtus, .
- - mcept when the racﬁatlm ccnqx;nents are to be ncasured moepav.lmtly. .
» oL U swbems . " -
. . The wést facmg wall of a solitary concrete bulldmo in Carbondale, Ill—

mow, wWils selected Aas the slte for measuring the msolauon mcrbchmte of ,
M '

. N an urban st,mcmre. “The vfdll was fifteen feet h)gh, cor)tamed no windows, and
had no mtemrthy surface xrregulantxes. A, center sectxonfof thg wall approx—
." ’ unatcly cmht feet wide was umbstmcted to t.hf west, and it was not” affect ed by:

shading after the sum passed the zenith. The terrain immedeately, to the wvst of

the waLl was a relatively level grass surfaco clipped to lawn helqht. S *.

Moasurwcnts of global radiation were thken on May'25, 1969, at thu'ty
’ " mnute mt,eryals hetwcoh 0545 and 1945 howrs Centzal Stardard "‘uw A Duorhime
4\ .

Saubexrer ,star pyranoneter was crployed bo datect the mtensity of msolat;on.
. This instrument is a thlr‘*y-twp Jupctxon thermoplle uevxcq employing eiyht wh)te

and eduht black copper plates altermately n:\mted in Lhe form of a star.
\.1 . N ; ‘ - . PR s
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Radiation intensity is reasured by the electrorotive force difference between ‘ ,
the warming of the black or radiant heat plates ard the white or ambient temp-
erqt.u;e plabw as indicated by a potenticmeter. )
VME‘:as.uretrents with the star pyrancmeter were mede at the wall and at points
. perpendicular to the wall every three feet to a distance of fifteen feet £rom the
wall, The pezpetﬂizulax measurements were rode at ground level, at a ;eight of
thn?e feet,' and at a height of six feet. Fig. 1 is a graphical representation of
. these ata for the measurererits made at the throe foot level. '
Irregularities in the curves are due largely to cloud affects at the t:me of
the reading. The s)fy was generally clear on this date, but occasional clowds in-
fluenced same readings. D:.«zmg the early morming, dn overcast or haze condition ’ R
prevailod but it dissipated between 0815 and 0845 hours. )
The well shaded the study area durirg the rorning and the influence cf the 1
obstruction i.s clearly revealed by the graphs. At any particular gm\e before

noon, global radiation increased with increasing distance from the wall and also

- .

immaséd, for a specific mr{aendlcular distance, as vertical height increased.
The changing role of diffuse radiation as a camponent of global radiation
can be cbserved, espe'cially for those locations near the wall, prior to 0845
holirs. Vhile the haze condition prevailed, much solar radiation was scattered
and consequently more of the insolation was represented by diffuse radiation
which mi@ equally frow all directions, was less influenced by chstructions,
a‘nd reached all surface oxie;'utatlons. When the haze d;ssipated,l locations shaded
from direct solar radiation showed a brief loss in insolation intensity in re .
sponse to the reduced contribution of the diffuse component of global radiation.
Soon after noon, but varying with the vertical height, the global radiation = .

at the wall exceeded those values measurcd at perpendicular distances from the .
wall, This condition prevailed until 1815 hours when direct sun rays were no

longer reaching any of the measurement points and diffuse rc;diatlon was again .
dendnant., . ) :

- ‘ .
The influence of the wall in reflecting splar radiation is further observed

by the character of the insolation measurements awoy from the wall. At all

]
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“vertical heights there were basically three insolatlon levels after ncon: a »

nmdm.m at the wall, a slight decrease z.at three feet awey, and a consistent read-

" ing for distances betwlen six feet and Eifteen foet away from the wall. The data | .

rsuggest that the influence of the ;rall in increasing global radiation d%d not

extend beyond a perpendicular distance between three and six feet. -

' Global radiation at 1200 hours was estimated by averaging t.he readings for
1145 and 1215 hours, and the results are shown in Fig. 2. ‘These values reveal
the decreasing influence of the wall as an obstzuction to the receipt of direct
radiation as vertical height and perpendicaular aistance ‘;'mcreasex— The values for
1315 howrs, which are also shown in Fig. 2, disclosg re'flect.ive influence of

. the wall in increasing the insolation intensity near uall in the afterncon.

Table 1 shows the langleys per hour calculated by averaqmg the 30 minute
readings and multiplying by 60. The total langleys received at the wall and at
fifteen, feat £rom the wall for the three vertical heights also appear in this
table, The wall at ground level received significantly less globai. radiation

]

than any other location, and 9lzper cent of its total was received after 1200 . R

B

hours. ' .
' Followim prpbedures suggested Ly List (6], caloulated global radiation an .
a horizontal surface at this latlwde would be 855 langleys on May 25, The
percentage figures in Table'l show the relationship between measured values and R
V./expecbed insolatjon on a m:izontal sucface. The wall at ground level received
pnly 45 per cent of the amount expected for a fully exposed horizontal surface,
The maxixrun receipt neasured, the point six feet high and fifteen feet out, was
mly?S;;ercentofUmeanectedaxmunt. - * R
Prediction of global radiation received on a sloping surface is dlffmult ' .
due to the variable influeme of diffuse radiation. Duect solar radlatlon :{‘\,
" sloping surface can be estzmted hcwever, with the equation: ’
, f I w Incos B

L) ¢
where Ip is the radiation intm51ty on a given slope, ’o is the solar constant, .
andBistmangiebetwomtlesolarbemnand,’dﬁncmltomeplammﬂer |
N »

oonsidezation [10;39] .
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Table 1

Average Hourly and Total Daily Glcbal Fadiation for a West Facing
Vertical Wall on May 25 (ly/hr).

CsT

0600
0700 ,
0800
0900
1000
1100
1200
1300
1400
1500
1600

1700

1800
1900

Total
1 of‘

Ground Level .
vall 15 e,
3.0 4.8

3.3 "84 )
5.4 147
4.8 30.3
6.0 70.8
102 62.8
46.2 86.4
- 84,6 84.9
75.6 75.0
69.3 62.7
52.5 47.1
22,5 19.2
2.4 2.7
0.9 0.9
386.7 , 590.7
45y ' 69%

3 Feet High
wall 15 ft.
23.6 5.4
5.1 10.2
8.4  21.3
6.9 609
8.4 73.8
15.0 ' 87.0,
83.4  87.6
85.5 84,9
76.5  *72.0
63.3 .+ 56.4
492 4l.1,
3.2 24.6
2.4 2.4 .
0.6 0.6
439,5° 634.2
518 M,

6 Feet High
il 15 fe
3.6 6.6
| SRR R
9.0 46.2
6.9 - 65.1 _
12.6 8.3 g
17.4 ' 84.9
86.1  89.4
86.1  84.6
7.1 T4
6.6 573 ¥
48.6  42.0
29.7  "21.4
9.6 7.2 . -
, 0.6 0.6
U903 670.7 ' ‘
J 541: 78%
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o Solving tms equatlon for the west facing vertical wall at 1200 hours

yielded a value of 0 7 langleys per minute. The value derived by averac_:mg the
measured msolauon was 0,77 langleys per minute for the ground level measure~
rent at the walT. This is a difference of 10 ;aer cent and it could be account-
ed for by diffuse radiation and reflected radiation from the wall. Values
measured higher on the wall increased and indicate that the cbstructing effect
of the vertical surface decreased with beight at this latitude and at this
time of year, ‘
. . EVALUATION CF RESULTS .
. These 5iata sy@gesh that steep gradients in.insolation micpoclimate may be
' confined to the inmed:uate wicinity of urban structures. Perpendlcular grad—
ients obsewed at the wall were not identifiable at a distance of fifteen feet
from the wall. These omdltims may be a function of the height of the wall,
however, and additional testing w1th different structures 1s needed to identify
t.h;, precise nature of energy fluxes in the vicinlity of perperidicular purfaces.
. Méasurements of insolation at diff;rqnt times of the year are also needed
befo;e gener‘alizat‘ions can be formilated concerning energy fluxes associated
w:Lt.h vertical stnx:l:ures. ‘Conditions near ad]acmt utban structures should
also be studied to determine whether buildings have ovexlappmg zones of in=- ‘
fluence. Diffuse radlauon reflected fm adJacent .bulldmgs might increase
insolation inputs slgnlfu,aptly and thereby daminish the insolation differences

observgdli;n this study when b:xildings are jlxtaposed. .
¥ * ' '

The urban energy system is driven by insclation. The present study only
suygests the type of research needed to understand the role of this component
* *ih urban energy flux processes. Extended perieds of observation ax;’ study of
conditiong~between buildings are needed. The insolation microclunate of urban
:\topography' represent: a ;rucml carponent in the urban energy balz'mce, and in
our understanding of the causality of urban climate.

. 4
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’ THE STRICTUFE OF GROGRAPHY:
’ A REVISED VERSIONI * .

Larry K. Stephenscn .

University of Cincinnati *
Abstract:* The initial attempt to order the spatial organizatiomal approach to
geooraphy, under the label "the structure of geography," 1s felt to be sc highly
simplified as to be of limited value. Thus, a new, revised version of the struc-
ture of geography is proposed. This revised version is thought to nore closely
approximate the approach of geographers. Of particular value in the new version
15 the specification of the difference between spatial pat and structure.
The general structure of geguraphy presented is corprised of four conceptual do- |
mains: 1) spatial data, 2) spatial pattexn, 3) spatial structure, and 4) spatial
synthesis. - R DO

¢

A def.l.futmn of geography suffic'iently general to be acceptable to a major-
ity of gaogra;hex?:. maght be: Gbégraphy 15 ‘concerned with the spatial organiza- )
t1on of phencrena on the earth's surface. This definition, it can be noted, is -
not focused upor: a particular data get butyrather on an approach involving the

i examunation of spatjal dist:ribut.l‘ons. Ldwan 'I'nana;, in work associated with the
“High School Geogmph§ Pro_]ect;, has‘ attempted to order this spatial organization-
. al approach by explicitly stating what he labels a "structure gf geograghy."
{ 7°]. This structure (Fig. 1) notes the intellectual paths fram the basic
building blocks of geographic f;cts through spatial distn.b\ftions to regions
areal associatlons, and spatial interactidn. Scale is ufilized as a variable
:,ex;tity, ca;_)able of being changed at any ste;) in the methodological progress by
the process of agyregation or subdivision of areal units. .

o
It is believed that Thomas' structure of geography, while useful to a deg-
ree,' 15 too hi«;hly si‘n;;hﬂed. The revised structure of geo:p':a'phy pres?nted here
(F;g: 2) wes msplred'by Thomas' earlier structxire, and is felt to more closely

approximate the spatial organl'za.tional approach of geon;fraphy. The foIla;;ing o<
dlsc.ussmrn, based on Figure 2, attergts to pxw‘.Lde a f‘famcwork within which uucb‘

of the gedgrapher's activities can be profitably viewed. .
v ¢ ?

" SPATTAL DATA

Initially, it is assumed that there exists a reality which is external to
the ceographic observer, and that it is the spatial organization of this reality
’
’
t’htch is of partiqular interest to geographers. There are two firdartntal ways

£ ordering portions of this reality so that geographic information can be

v

. ERIC sy .
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assa‘tbled. [ 5:240 ] In one, the geographic observer scans the reahty, focus;mg \;

. on those topxcal items in which he is interested. In this wey, the geoqraph.ic ob—
server acts as a falter whuch selects certain a!gst.racts from reality and allows

these to pass through while preve.ntmg others frm passmg For exan;le, an urban

geographexmterestedmﬂiecaxhtimof}busingmanurhanareammlallw . ,

infomation about 1 of physical deterioration, plubing facilities, rental

ievels, etc., to pass h hili“filter while rejecting infornation about the j
‘ cordition of re\:ail struc s or the average nurbex of autcxroh?iles. 'I‘he geograp- !

' her is thus selectxve about the topical items wh«.,h he wishes to examine, with
this selection based cn hypothem &uggested by theory. After the tDp.L»al .LtBT‘S
of supposed inportance ate filtered th.rough the observer., they ate fxther passed 3

3

thro.xgh a scale ﬁlter which assigns items to starrlarldlzed areal units. The

screen of this scale ﬁlter is of oourse vanable from study to study; hcwever,

~for a.ny single study it.is ideally of the same gauge. .
The second mannex of ordermg gecgraphic information is perhaps the more

tradxtmna.l one. It involves the use-of the scalé filter as the initial filter~ «

J.ng device. This is acoomplished by setting the scale filter at the desired

level, and allowing information about that desired”level to pass mrough The ) .

geographic observcr then 4cts as a seoondary‘filter, selecting those topical items

) at that particular scale which he feels are worthy of fyrther consideration. This

is the ‘general filtering procedure used un regicnal descriptions. As an example -

of the results of such a filtering process, consider the recent description of the

Colgrado P%ateau rendered by Durrenberger. [ 4 ]. His scale f\iIter was set at

“*the Colorado Plateau;” and he originally considered a variety of available in-

. formation abcut this area. " For formal consideration (public'atj.on) . however, he

selectdd only certain topical items, namely those reflected in his article's |
-

' A

subheadings.o. . ,

. . -

These two ways of ordermg geographic Lnfozmatxon are’ admittedly ldcahstlc

-

whm considered separately. In actual arpLx.l«,al research geiographers osclllate
bgck and forth between the two. In the above example about urban housing condi-

}iot.xs tl;e'rescafcrtex Anitially decided upon an urban or metropolitan scale, while »

Q . e e e e s P
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for His Colorado Flateau st.dy Durrénberger most likely held cédrtain notions
[ 6:98-99 1. ‘

g

about 'thé type of information.,in which he was rost interested.
The overall result of the abcve described filtering procedur&s is the ac- |
curulauon of selected topma.l—aneal bits of information wtuch can ke called .geo
graphic facts. These geographic facts 5an be defined, following Thomas [ 7:134 |
as those "fact's which refer to the character of a place or t.he quality or gquan- -
tity of some phemnem which occupies a place at a given tme Once obtamed.
these geographic facts can be further ordered utilizing the conoepgof spatial
d:.stnbutxon, whlch is defmed as "a set of geographic facts representug the

Id

4
-
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. dess:riptors of a set of places,
N

« yses.) . ‘

A,
. socxal geoqraphex for exanple, nught be mterest;ed m the origins and destina-

' spatial dxsb::.bunons, $ut only 1f the total outfxw from or m-flw to an area .

,is considgred.' A vector could be donstructed, for exarple, depjcting the-total

behavwr of a parumlar phemrnmn or chaxacteristic of many places. [.7 137 }.»
The spatial dlstrlbutlons or, sets of geograph.l.c facts that geographers ~'
are rost oonce.med with are of two dfstmct,we types,, whzch are here 1abeled uni-
polar and b1-polar. Uni-polar spatial distributioms can be _thoudht o§ as vector
For example, an ecorumc geographer might be
interested in the percent of mnufactun{mg employrent by county for a part;cular.
state,, a lq:atial dist:ribut;orl.l which could be considered vector}ally. (A vector
can also describe the locatjon of a set og places, mich as for point-pattern anal-

\ . * '

) . . ]
. Bi-polar spatial distribl;tims represent dyadil flows betwem a set ;af .
areas or nodes, and can be conceivéd as n by m mtnces, where 1t 18 the number of
origins and m is the nurber of destination areas. It can thus be seen}at these
dyad.lc flws if matrix format represent a type of spatial distribution since they

represent th;e "behavior of a pa.rtxcular phenamencn., . .™ over space [ 137 1. A

tions of migrants betmen countxes in a state‘ a set of flows whxch could be noe
It is also possmle to view flmvs as uni-polar

considered in g matrix oontcxt..

outflow of migrants fran each county in a state. However, such a wector would
not describe the destmat.u)n areas of thege migrant outflows; for this xaska - .

natriu represmting the bi-polar spatigl distributions of mgrants bet.woen
. . \
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el . . . SPATIAL PATTFRN AND SPATIAL STRUCIURE

" "' major distinction botwegn uni-polar and bi-polar spatial distrabutions 1s

. that unf-polar dlstrihxuons serve as input to studies of spatial paktern, while

* bi-polar distributions se.rve as input to studies of spatxal st::\x:ture. That 1s,
each of the two gypes of spatiat distributions leads Joa different typa, of region-
ahzaticn Unifom regions, omtlguo\s areas homogenecus with respect to selected
Vanablw, are based upon um-pblar distnhxtxms E\mumal regions, comprised
| of ¢ areas having more interaction with one another fhan w:.th _any other areas, axre . __ ._,. . ..
based upon bi-polar dmtnlautmns. Thus, each of the two general types °.f regions
rwog:ﬁized by geographers is associated with one of two major geographical con- -
cepts,, spatial pattern or spatial structure.

The framework present=d here represents a contribution to geographic method-
ology for it notes the conceptual difference between spatial pattern and spatx;i}
structure, b toms which heretofore have been used somewhat interchangeably.

The need for a distinction between the geographical concepts of'fspafia1 pattern
and épatial structure is evident when it is noted that analyses of uni-polar dis-
tributmns are focused on t.he areal inits thenselves while analyses of bi-polar
distnbuums are concemed with the, exphcxt spatial interaction betwcen areal
wnits. Analytic studies of spatml pattern usually concentrate ‘on hypothc-ses
dealing with distc;nces separating individual areal units, Jdensities, and a;rzux‘c—
mmts such as dxspetsmn or concentratlon, while similar u'rvesugauons of spat—
jal structure test hypothetical notmns dealing with friction of distance, volume
and frequency of flows, and primary linkages between and among the areal units.
At least part of the differmce between spatial pattem and spatial structure 1s, s
th(m, m,the nature of t:he questJ.ons; asked and hypotheses tested.
; i spm'mr. SYNTIFSIS .ot X

Though eonsidered as sc;mrate and distmct concepts, spatial pattem and
spatial structure can be linked thiough the notlon of spatial synthesis (see Fig.
2). Harvey [ 6:129 ] has racently foted that "The interaction between ..." £lows

I

arx!,mye}mftt' on the one hand and spatlal pélttem on the other may well emerge as
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. .ora :ocal pomt for a new kind of geographm synthesls. ., It 15 argued here

that t.hJ.s spatial synthes.ls is not Jnew, only a particular operanomhzatlm of
it is, Two general types o(‘spaual $mt.he515 can be Luentlfxed- 1) Informdl
. Smihes:.s, and 2) Formal synthesis. The first of f.hese is one which geographers
have tradz.nmall) u:ed-, and mvolv&s utllxzi.ng spatla.l structural fmdmgs to aid
. in Lnxierstaxtlmg and explaining spaual pattern, a.nd vicek versa. For exa:rple, the
. R Lmrpolar dlstrlbutlcn of gasoline servme stations in an urban grez( mght be
' bettet undersbood Um.\gh a bonsldexatwn of urban tratfic flows, The term m‘
forml spat:.al synthes;Ls is used here to mdlcate reliance oD logiull, verbal. ‘
, e . staten?ts and the imagination of the researcher in t.he synthesizing procedure.
K The " gecond type of spatial synthesxs is relatwe‘ly new to aeography, .
is labeled formal ‘spatial synthesis due its raliance on. formal statlstlml
“ and mthmatlcal technicques. (It may have pcen this type of symfesls bo which
Harvey alluied ) To date, appl;u:atm of formal spatial synth&cls has been J,mut-
ed, Ben:y s [1; 2: 3 8 ] geéneral fz.eld theory of spatxal behavior 1is perhaps
. the npst publicized, although t:here are also other examples dealmo with thxs
pmblem. Berry's appmach basmally mvolves «.anomcal oorrelatxon of an attri-
bute matnx (a set of mn.—pola.r vectors) with a behavwr matrix (cne of bl—golar‘ T
flows). As shown by Berry, this cammcal oorrela‘twn dpyroach prowdes quanti- '
tative statenmtp of the relatwnsths betweal spat‘;al pattemn and spetial stouct-
ure, thus allowing conclusmns to be Srawn cor}qqmmg their intefdependence. .

) - © . CONCLUSION: . . ’

o

-

S+ The revised stmcture of geography discussed here is pomprited of four |

*’major copceptual domains: l) spat1a1 data, 2) spatial pattern, 3) Sratial struct-
ure, 'and 4) spatml synthesm. ’me first deals with the collection and ozdenng
of spatial mfor;nation to obtam g(pgrapl*uc facts, a proce(’lure which provides ., B

. I' mput mto one or r_he other of t.hc second ahd “third domains, spatml pattem and .

. " AP

R . spatml stmctm'e Explamtlon, if defined broadly as "a.ny satlsfacbory or

. reasmable answer to a 'Why‘ or 'ch' questim '( 6; 11\] 18 explxcztly consid-
ered % thm revised struct\xre and is represented by the fourth and last dhnam,

spatial synthesis. o ﬂtt.gnpt is mode hsxe- to mcorpoxate all pptions of gco—
o - - ‘ - ‘ -, e - - N
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gtaphi.c explanation but. ‘rather the purpose is to s}w the explanatory value of

1*.her spat;al pat.tm:n or §pat1a1 stncture, gwe.n the other.

mxk oons:.ders a sequence of geographic mttxxiology fram observation to explan-

ation..

‘a

’

i

1
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POLICY IMPLICATIONS OF THE DISTRIBUTION CF HAMILTON QOUNTY, CHIO
- PARKS USERS ~ .

' Leon Spitz and wWolf Roder
. . ) . University of Cincinnati
Abstract: An Analysis of Areal Distribution of Hamilton County Park Usqug. .
y ﬂisttﬂyisomcemedwithmearealdistrimdmofusersofﬂw_eeﬂamﬂ-
ton County parks; Sharon Woods, Winton Woods, and Mismi-whitewater Forest.

' Three hypotheses were proposed initially. The first hypothesis states that
the three parks cater to all of Hamilton. County, that the populatioh of the
states that park users originate chiefly from the high density areas.of the aity
and towns. The third hypothesis suggests that the parks attract users mainly

.° from the nearby neighborhoods. A
. During one October Sunday afterncon a sample of autcmobile license plate
. nunbers were collected fram various points of each park, excluding the golf~
_ purses.  Sample sizes were about Nxl00 each. Residential location of Hamilton
County platd nutbers were identified by checking against the listing appearing
in the Hamilton County license plate directory. Addresses were noted and there-
after plotted on a county map. Distance was measured from the park to the place
of residence of _the respective user. . .
Histograms of user distances showed that distance is a factor determining
use. It should be noted that due to residential dengity differences Sharon «
Woods and Winton Woods were able to draw more than 50 per-ent of the users from -
within a five mile radius whereas Miami-vhitewater Forest required a nine mile
radius to rmeet the same percent age. , .
Numbers of park users were compared to the various ﬁamshiporommtysub—
* . unit populations frem whence they originated. - s ,

The total nurber of autamobiles (one autamobile = one user) per park was
divided by the Hamilton County population of 924,018. The resulting figure
became a guide point by which the means of the subunits were placed. The
subunits consisting of means above the county mean were divided into two groups.
The same was done for the group falling below that mean.

‘The greater numbers of users originate from the subunits with means above

*  that of the county. The remainder of the users originate from subunits below

] . the county mean, . . -
*  'The resulting user pattern are by no means clear, but these conclusions can
be drawn with some certainty from the stidy: (1) the parks being used by all is

at best a weak pattern; (2) the parks being used by those from high density

areas, especially by inner city residents must be rejected; (3) the parks are

mainly Used by the neighboring suburban population, thus functioning as large

) neightorhood parks. This hypothesis is strengthened by the pattern of ocut of
A countly users, : ~

‘

The ;uﬂy is concernéd with the areal distribution of origins of 'users of
threc Hamilton County Parks, and the implications this distribution has for the
fﬁamh)g of this public service. As a service to the inhabitants of Hamiftm
Cowty,  the Park District receives a three per mile share of the real estate and
property tax of the county. In addition, it raises revenue through a $2.00 n

_annual car sticker or a $.50 daily user's fee, Several years ago ar:attarpt to
raise the tax share of the Park District was defeated by the county voters. At
' the time many concerned individuals felt that this defeat was caused by lack of

- » ¢
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publicity for the park issue and poor voter turnout. As a result, the guestion _
| was put to the ballot only a year later with considerable effort to influence the
votmg publlc, only to go down in defeat a second t:une This paper is an attempt
to 1dent1fy the users of the parks on the assumption that thls may allow seme
assesszmtoftwhoough‘tobeartheoosts. ¢y

]
L

Three hypotheses cin be proposed initially. The first states that the parks
,serve all of Hamilton County equally and that éll residents are potential users of_
ope park or another. If true, t;lis hypothesis would justify eq\‘lal:dlstxlbutwn of
__the oosts_mg'lrough taxes. The second hypovt.hf;s:[.s' expects that users originate
heavxly from the inner city of Cincinnati and other high den91ty areas otmerwiaa P
poorly served by park fac1ht1¢5. This model could be used to Ju:tlfy patlt taxcs
as a welfare measure for the pour and those not served by othex tcfzdlly accessible
parks. The third hypothe515 conslders that the City ‘of Cincinnati is,well provided
with park space, and expeéts that park users originate predominantly from suburban
tt,wns,. many of which are otherwise poorly served by public open spaces. The
location of the county parhs (Fig. 1) indicates that the third hypothesis would te
in accord with user distribution on a gravity model as well,

o -

'THE PARKS }

The three parks coifsidered are reasonably evenly spaced across the nortliern
half of the county (Fig. 1). In addigion, the District operates a small nature
pr%erve and an as yet not developai park m the soutlwestern part of thc, county
Each of the three parks contains a golf course and a mn—nade lake and offezs
p}@icking, fishing, boating and overnight camping facilities.' . -

lestm [2] has suggested a three-fold classification of recieaticnal parks
based o; aocessxbihtyidlsbmoe and attractiveness-size criteria. He secs the o

.sn'allest parks a's n’eighborhood [[)arks (essmt1‘al]:y qﬂ:y parks) with f)nly local .

.

, drawing power; a seatnd level park as latger with regiocual drawing power comparable |

to State Parks; with|the largest parks having a naticnal attractivencss fer users

.

from a wide region (Jational and large State Parks.) °

v

The co{Jhty parks in this classification fall between the first and second
size class. In Cindinnati they compcte with an unusually large ¢ity park ‘(Mt. Alry

-~
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Forest) which is on the same order of acreage, but lacks a lake. Man-made lakes. .
- Y
s Harper (3] hag shown, are necessary for recreaticnal areas of regional attrac-
-tiveness because accesss to water and a shore are perhaps the single most versa-~

3

tile recreational units [4). It is therefore rot unexpected that the nearby .

'cmpetumgOthtateParkseachhaveanm—nadelakeasﬂ'xecentersoftheu

attraction. For nost Hamilton County users the state parks are 30 to S0 miles
distant. ’ ‘
Pz;ov'isim of facilities underlines the intermediate naturefof county parks.

Golf courses and ball pla;zing £161ds aim at the day and part—day user, while .
provision of overnight- camp grounds indicate the expectation of visitors from
further afield. %1%& lakes and boatmg are nore typxcal of-the state perk, o L.
heavy user pressure dictates restriction to rental boat facilities in the _case of s
these County Parks, a policy nore typmal of cxty park facxhtxes. 4

: C, THE DATA - * .

s

) The user origin data %re represented by three samples of license plate nurbers .
recorded from caxs parKed 1n vancus areas of “each park. Golf course parking
areas were systemat;cally excluded on the assmptwn that these represent a -
special, most llkely local and hdbxtual sample of users. The data on twp parks,
Wmhm Woods and Miaxm-mltemter were acquired sumltdneously o a warm bunday-
‘aftermon in early October 1972. The Sharon Woods sample was gathfred the

~

following weekend. . P 5 .
' , The residential location corresponding to the license plate nutber was identi- »
“ M ’

‘fied fromta directory (4} for Hamilton County users. Thesé locations are Jdisplay- -

.
'

%d in Figure'l,

rd
* EXAMDIATION OF THE DATA ) . .
Table 1 dxsplays u‘e proportion of users ongmdt:!gg 1n Hamilton County for
each parky, It is a tribute to the reglonal drawing power of the paz}'s that

t.hirty to, forty per rent of user vehicles in each park originate outside of the,

county, although some bf theee may represert’ recat m—nugrants not yﬁt listed

4n the directozy. * . w
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USER ORIGINS
- N . ) ° : A '
.. e ) Hami.ltcn ‘ " Indiaa and-
S e Acea in | " County 4Other Ohfo  Other States Total
Park . «2Acres No, Percent No. Percent No. P@rcatt No,-
7 To.
Miani-vhitewater 1,955 59- 52 4 39 10 9 .13 -
» |WintonWoods 2,045 166 69 74 31 - 4 240 '
9‘4’ . i . . »
° SharonwWoeds - . 740 86 © 60 49 34 8 6 143

. .
L3

A conposite graph fhr all three parks of notor vehicle frequency by distance
to residence in Hamilton County is presented in Figure 2, This frequency
histogram shows 'the distance effect clearly and is in conformity with a gravity
updeldistrimumofusctg. :mstu’sersccme from near the parks with user

>0 ship differs Wh.ile winton and Sharon Woods draw more than fifty per cent of
their users fmm w1thm a five mile radius, Miami-Whitewater requires a radius of
Fbodsliesinﬂxecenterofthemrﬂ\ema:ﬂmrﬂxeastemacpansmofﬂ)e
Cincinati whn'ban belt, agd Sharon vbods lies on its edge. Miami-Whitewater
draws users heavily from the nearby small towrr of Harxison and its Indiana twin,

[
‘

but;.wseparatedfrmﬂxeminurbanomplexofdwcomtybysparselywcupied

- .
s, . . '

’ ‘topogtaphy. . - t. ,
(bns:l.derable effort’ wad ebcpended to calculate park users as pi rbions of

]
.

the totai popﬂatims of minor areas Of the comnty (nunicipalz.ties and tgwnships)
and ho carpare ﬂ‘l&ce figunes to average user.s per capita of Hamilton ty,

'Ihe results left the ‘authors dissatbsf,ied because of the anall size of the
satrple, giving a gingle user from” a small rrunicipalz.ty a disproportionate effect
Suffice it to indicate that the City of Cin¢innati, including the most densely
popu.lated area, was imt‘!e_rreptesmbed'amng park users, while nearby suburban v
towns provided the heaviest ghare of au‘sers. A car;aful examinati:on of Figure 1

! -t e
JAFunText provided by enic . ) ,
; . .

- .
.

frequency decaying rapidly with distance, For the individual parks this relatiod-

nine miles to meet ﬂus percentage. The ‘contrast is instructive because Winton -

,
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combined with a knowledge of the population distribution of Hamilton County wall

confirm thisg, insight.b
o CONCLUSIONS AND IMPLICATICONS
Hamilton County parks are not equally accessible to all users in the county, .
mor do they serve preacnunantly the inner c1ty or the underprivileged. The
distance effect of the gravity model is reafflm\ed in that the parks serve
mainly the users originating i#n the surrounding suburban towns and nearby
areas outside of the county. In addition the pa.r.ks exhibit save regional .
drawing power inicompetition with nearby state parks. ' '
To the extent’ that the suburban towns represent mddle mccme families,
éhe levy on all tax payer¥ represents a“subsidy to fhese middle class users,
and especially to those suburban towns which have failed to provide park facili~
ticS of their owh. For those able to pay, the user's fee appears to be a more’
eqiitable way of shardng the costs of the parks, In thas rege;rd then, the
vot:zrs ap{x&a‘r to have had a clear understanding of their own financial interest
!

in voting down additional taxes for the parks.

A case can be made for requiring higher user's fees from out of county

)
€

resldents. Chargmg them the same user's fees nust be justified on grounds of

& hospxtahty and recaprocity rather than equity.
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- ' LEW TOWNS: GREENBELT, MARYLAND THIRTY-FIVE YEARS LATER

* 3 " L3 N
. David Brennan

' ’ Kent State University .

Abstract: Greenhelt 1is one of three federally planned, Jeveloped and financed

“.new towns created by the New Deal. ¥ajor features of the Greenbelt Blan are:
(1) a girdle of green space encircling the community; (2) residential cluster—

. ing withing superblocks; (3) traffic separation of autos and pedestrains; and

* (4) the'development of a cormmercial-institutional-recreatfonal core.

" Viability of the plan was evaluated on three bases: (1) unity whereby

. specialized activities are integrated into a wnit; (2) flexabilyty which
. accommodates change; and (3 sirplicity which pramtes flexibilaty,

o The greenbelt 1s an effective buffer between adjacent areas, but does not
separate it from other’ towns. The econamy of the original plan remains; however,
personal social interaction has degclined,” Traffic separation continues, but

- ' needs medification. The size apd function of the core have intreased, although -

. structural deterioration and rcial competition have undermined the yiabil-
ity of some functions. Gr 1t hhs remained a viable commmity because the
planning process has atterpted to maxamize the potantmll of the original plan.

.

Throughout history man pas‘ Sought to better his living conditions. This *
search appears to arise from discontent with the presént and anticipation of ’
providing for a better future. A manifestation clyf’thls de§1ré 1S the planned
urban community in which man reartanges the alandscape‘to satisfy his needs"arﬂw
aspirations. America witnessed a number of such camunities, including
New Farmony, Pullman, , and Greenbelt. This paper assesses the viabile

.

ity of Greenbelt, Maryland, as a’planned commmnity by focusing attention on land

use, cormercial development, and spatial interaction within.the commmnity.

’

.

EVALUATION AND MF'I‘HODS *

As man has become more urbanized, he has sought to develop cities witl.'x
» spatial order. Today's plans treat the city as an entity composed of many .
subsystems. An umportant measure of a plan's effectiveness is its viabilaty.
This aspect of the Greenbelt Plan is evaluated on‘ three bases: (1) unmity *
or comprehensiveness whereby numerous specialized acthtie‘es are integrated,
o nto d unit whichas part of an urha;n system; (2) flexibility which accommo-
dates mc.xal, econcmic and technclogical changes within an existing or planned
framework; and (3) simplicity which promotes flexibility within the original

L3
/ plan ard fosters perceptual clarity of the communitys
¢

Data were gathered by means of a questionnaire, personal interviews, arch-

wal sources, mmnicipal records and housing records. A stratified random

ERIC . 68 .
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. sample without replacement based on dwelling cons¥ruction was used to obtain a
4
target san\ple" of ten percent of the 1668 housghélds. Those not respending after .

two visits were eliminated from the study. Data were analyed 'to find trends and ’
. A -

1 provide qualitative interpretations. -
. . « Y . '-‘

.o HISTORICAL OVERZIEW ~ , °
Greenbelt is one of three federally planned, developed and financed new towns
createdbytheNewDeal 'I‘hese tcmrsowetheiraustencetokexford'mgweu,

.o

member of Presx.dent Roblsevelt s Brair 'I’rust, who first )mposal the new town’ .
concept, in 1935 (1] In the same, year, Congress passed the ane:gency Relief
~ Appropriations Act and the !Jatima.l Industrial Recovery Act [6] wluch enabled
the 9overmmt to quhase rural IMW miles northeast of Washmgton, D.C.
for the developrent of‘ Greenbelt ({2]. The Green Towns p;ogrmn was then transfer-
red o the Resettlement A&ninistr;tion in the Department of Agriculture. After
developrent, the cclmtmlty was operated as a fedetal housmg Cooperative until
1953, when it was sold to the community, It has since operated as a pmvat.e
- cooperauve. The original community represents a snall and declining pro[uuon
of the larger city o'f‘ Greenbelt. .
Green, Towns evolved from three planning concepts "(1) the gazden city as
desxgned by Ibenezer Howard (3] attempting to delmeat.e a carprehens;vely planned,
, self-contamed balanced new town surrounded by green space; (2) tle nc;ghmxh:od
‘ _wit plan developed by Clarence A. Perry {5] consisting of a céntrally located
elementary School, scattered nm.gihborhwd parks and playvi;‘rau'ds, sl‘ops.locat.ed on
* the pegiphery, and the dcveloment of an harmonious resideptial enviroument
fosterfd by careful architectural, traffic arnd service planning; and (3) the . -
Radburn Plan developed by Clarence S. St.em (6] and henry Weight which focused *
N attention on the superblock intended to decrcase the amount of land devoted to .
streets, ;,eparat.e V'fl\ious types of t.raffic, provide additional space for neigh- .
borhbood parks, and promote social interaction. o .

. Y.+ 1D USE : . 1
o - . .
. Greenbelt is situated astride a tow, gently slopiny crescent-shaped ridge.
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were oocupied during 1941 [4].
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. N ¢ .
. encircled by green space:(Fig. 1). The intent of this open space 1s to establish

a non-urban buffer to separate towrs, pr(fvent crowdung- and eliminate urban sprawl.
Similarly, it u'proves the camunity's identity by setting it off frem sursound~

* ing areas. JIt also functions as a watershed to decrease surface run-off and

prevent erosion. This in turn increases ground water storage and decreases

the potential flood hazard. Because of its prood:ruty to residential areas, ’tlus -
nat:ural g'reme!y ptovxdes an opportunity for nature study, walkmg cycling
and playing. In recent years, the greenbelt has been. mcroached upon by hcusing
and apartment developments a.lon; the southém perimeter? Greenbelt residents
have bandad together to prevent higher "density development, but th'ey have met
with httle success since the zoning and plannmg fmct,ions were transferred
from.the mmzcipality to the county Moreover, the origmal planned oonmmity
represents ogly about twenty percent of the city's 35,000 people [7].

Careful dcsxgn and 1ayout of drainageways, streets, parks and pathways
promtes advantageous residential sitmg, partwuléxly in the souﬂr-central
area. Thus, the plan attempts to minimize envirommental problems and maximize
the potential of the natural 1andscap; Two separatg phases of ,o;mstrwtim are
clearly discernable: Occuparty of the masonry structures located in the well-
planned south-central portion of the commmity took place in 1937, while the
wood frame dwellings in the poorly ?oncewed northém and ‘peripht'arai areas

Along the ridge are superblocks, eaach five to six tifres the size of a
typical block which contain approximately 120 dwellmgs. Cluster develogrent
of row and town houses was used ip comuination with courts to concentrate
residential develogment and provide aZkiitimal open space for porks.  Parks
with neighborhood playground equimt have been st.zat\.egically located within
interior areas to maximize their use and minimize the t.raffxc hazards. Several

plqygrauxls in the northern areas are sitwbed on corners and represent a

n,ﬁafety problen. Econcmies of scale are gamed t.hrough residential concentra-

tion of utilities, parking, garbage oollectwn, mil dolivery, ad other
pervices. This schere also reduces the space needed forﬁtxeets and utility

+
v
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The southern and central resilential areas form & semx-cxrcle aroum the

‘

a:mercml-msmtutmna.l-recreat.wml core {Fig. 1), nnmdiabely adjacent to

the cormunity! s-nucleus)m a2 high Jensity apartment area: Zoning has regtricted

) 'non-residential develogment to this nuclear core. An open mall, elementary

school, labrary, numc:.pal building, ‘mcbor recreatmnal center ard ma]or .
outdoor recreational fac:.htxes are located here. A second elerentax:y scﬁopl
has been built on the pprth sidé to accamindate the mlaucn expamion n that
area. The off;ces of :I‘{e housmcv cdoperatxve and an addltmnal service station
are situated on the southérn periphery, M&etezas churches are dxspersed thmugh—
out the comunity, This core area, although simple arf design and f,mct;on,
unzfxes the cammunity, ‘Moreover, the streets and patlmays x:eflect and rewnforce
this dominant function of the cort area (qu. n. ’ . ’ ‘
Veh:.culat separation is acoanplished by means of a system of mterlor path- |
mys oonnecting tesxdentml areas with open spaces and the’ core axea. »eve:al

arterial stt‘eets prov;de direct access to the core and dxsx.nbube local traffxc

to and from residential-feeder streets. “ L. "

.
- .
.
» X

‘COMMERCIAL DEVELOPYENT _
khe.n Greenbelt was orlqmaliy déveloped, it was lsolated fr¥m other shopping
areas by same distance. At th1s time, the. Commercial center mcluded & super-

market, theate;, dry cleaner, gad station, pharmacy, variety store, shoe~ repair,

. harber shop and hau: drcsser (3], These functions were decxgncd to meet the

needs of the local pomlat;on 2rd rot to <ecure a mofe extensive market. w:th
time, additional functi.cms were cdded mcludi.ng a cafe, financial msmtution,
recreation center, and smoke shop among others. - Toddy, the ccnber offers fewer
goods and more serv1ces, uspeclally those hu\sed in‘a new profecsional buudmg.
Because the shcps are, few in number und qnall in size, they offer few "pecml— ’
12ed goods and compeke against one another by cmy,loymg extpnewe mixed merchan-
dising'technjmns. The theater offers ‘the h gbcst order functxon and appcars

to he declmmg In rccent years’, the cent ‘has lost some of its initial

N » .

s w . oh, 7 2 - : ‘ »
’ v oo . Lot
. ' A -




! Jis limi.ted begause of its snall salf-omta;\.ned market ,area, inadequate expans.ion L.

- apd lmubed access nbreoyer mny people expressed negative attitudes L
major cmmercial acpansim ) .. o, )

v Asetvicé.madpzwideseasyme—wayawe?stotmfrmtofﬂemllfor ) -

] ' perscns ‘running ertqus and early mobning truck aeliverzes. Aod:.nonally,

ﬂmeisfreeparkmgavaﬂabletotherearofthemnmchalsose.rVesthe'

v

— other institutlanal and red:'eatmza} functwns 1gcated nearby (Fig. 1) -
'ihe mall 1s arramed.bo mmunize umeoessary traffic and make it conv:;mmt
for shoppers. The open mall w{,xs innovative fo: .its ture and continues to fuster

" a sml}. bown atiosphere by serv:u‘g as an informal meeting placc fof many of t.he

L -

«msxdéxts. R . : : .
’ ’
Otiginal}y a low mca\'e area, wday most &eenbelt families exceed an average

N

annual income of $10, 000 [7]. This wuld seem to p:cvx.de grwter carmrcxal
apportumues' rm:ever’, the automobile with the help of oontwolled access high=
> woys has detracted from most of the increased potential. PCf:essLbllxty to the
et coré area for Gremb:zlt resme:’ is generally quite good, except for persons
" living on the north side, rpst of whar shop elseuhere, Persons Living wutside -
the original development find theil access to the center inhibated by the yreen~ N
belt,'mrkr%'idential land u.Ses and lim‘.é‘ed access highweys. These factors
perpetuate camercial isolation, increasé percebtual- clarity and raintain C(;!m- C ‘ ' ,
unitywunity, but severly linit camercial flexibility and growth. B ,
' The mall i's in need of raintenance, especially the sidewalks which are wwven
ané the bm.ld}ng exteriors which are wt—of«hte% deteriorating. .itter is 'a .
pmblen. .Although not serious, it does give the center a poor image. Although
cyeling is prohibited, many J('oun'igaft;»:q:'s continue to ride through the moll :Sr
Jeayo ‘t‘.heh' bikes in potentially hazardous places. Thus, 'viab‘ility of, the mall
* | is reflected dp part by its deéunim physical appearance. s " .
SPATINI, TNITRACTION :

.

.

'I‘ho Greenbelt Pla)m was desi to develop corrunity coheaion by pravidi::g
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+ efficient internal transportation and prom't'mg perscnal social interaction.
The annular street and pathway networke focus on the comumity center, wiule
. the court arrangmvnt and superblocks progote @he prysical and social bases
for dévelq)mg neightérhoods, ) * . .
,Tbe street pat consists of two arterial roads parallelmg the ridge
“amd 5evm connecting cross st.reets at 600 ‘to 800 foot mbewals. (Fig. 1),

-

T'Ius systen provides fiex;hxhty and ease of rovera\trto the cormercial-institu-

’

tmp—rgcmatlonal core for résidents located in the south-central part of the
camuuty. On the rorth side, distance and rmore limited access inhubit Tove-
ment td the milear core. Moreover, avnurber of attenuated cul-dg-sacs with
nultxple inner, courts increase parking and traffic congestion. There appears

to be unity and flexibility in ongmal south—ognt.ral development ; lwwever,

"newer” northsxde am penphcral areas are neze appexx]ages to the. conmumaty,

Thus, the mitxally simple dqslm has been pre—e})ted by other soc1a1 and econanuc

X::onsxdemtions {

Initiaily t}‘ere #as no cn-street uarknig, rtmzver, addxtxonal parking has
been provided by extending the street rz.ght-of-waxs and t.rermg lots. This
appa.rent flexxbxl;ty has’ had several effects on the cmmxmty (1) traffic |
flow is slower, encumbered and hazaxdws (2) st.reet maintenance is rore
dx,ffix:ult and expenswe° (3) sidewalks are needed but additional spece 18
lackipg (4) t.ha prmciple of traffic soparatxon has been partly discarded;
and (5) the oncr' pristene appeax;ance of );he community has faded into the past. .
Flexibility has b@ mmt‘;amed at the egqa:mse of_ unity, _and sumplicaty.

An ex;cnsivc, sysf:aév of interior pathweys with‘a nunber of street urxlér—
pasges sep;trate pcdestnans from autombile traffic (Fig. 1)« In the well
planned south :'md central areas, paﬂrmys aré better desxgncdy more numerous
and sol;dly oonstructed, while the northern and ‘perlgfhcral areas cons:.st of a .
fe-n', p00r1y7 laid out dirt' pﬂths. "'oday t.he syster is rapi&lv bccu'mp tbeolete
for a n("mber of reasons: (1) increased auturobile usage; (2) reducer! oamnroial,
pedest.rian txaffic- (3) poor siflewalk and hedqe mintenance; "(4) route cu‘cuxty,
and (5) a decling in mtenpr park use. As a re’sult,. the pattmays are deterjor-

y . " p : - ‘
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af:uﬁ stnx:wrally, becanmo fmcponally obsolete and overrun by vegetatxon. 2 -
The community is now congidering the possibility of upmvim the patmay system .

.

and including it in a more actens:.ve hikeway sysban Thus, the ongmal system

may be considered flexz.ble without deprecxat;\.ng its simple, mmylm fumt_:.on. .

-

o

In Greenbelt, the houses face the greenspace. The mtenor arranoement v
,orients pe:sons awy from the st:eet by placing the living rcoms and patios on
the interior side, with bathrooms ana Kitchens on t#e’ street side. This, com-
bjned with the pl’ys:.cal and socml g%oxmity affordea by the dwelling arrange-
mnt and courts system, creates a potentxal bases for social interaction.

"
g
't

’ The original residents of Greenﬁelt were screened according to incame, telxg-
ion, and oooperatwe ‘attitudes, This lSmught togethex people who were fma.m;.ally .
and attitudinally similar, but religiously mixed, Moreover, scree.ning provided

" a broad base of “support for the many nexghbortnod and commmty porticipation

pmgrams nutxated by the federal gavetment. - »

The physical design and social programs in the original Greenbelt xxxm'.;mlty .
provided mx;eroys opportunities for persons to develop a variéty of social

contacts. With time, many of these programs have been Jdropped. Similafly, socio-

a

econcric chandes have djscouraged sccial mteractmn The small town atmosphere

. * . ‘
wt&h onge prevailed in the camunity continues to decline as it is swept up in

the growing pace-.of né&qpolit;anian. .
s CONCLUSIONS '

. } N ,
(‘;reaxbe_lt may Be considered viable on the basis of exhibiting varying deyrees

»

of wrlity, sinplmty and flexibility, The land use patterhs, partxculaxl y Ln the
. swtp—central portwn of the commmity, form a well integrated umt. The utr'Lglml
plan allowed for considerable flexibility; lx:wcver, sm@’ of the original sumpli-
city Bas been lost. “The greenbelt has proven to be an effective non-urban buffer N
7., between t’mlns, and, alt.hough it does not completely separate it frum other twrfs,
' ;it'doe; 9ive the commmity a ‘sense of perceptual clarity and unity. ,
. 'I‘We size and function of the core arca have increased with time, meeting the

- L4 i@
h \‘yimal needs of. the cmr-umt/, althodgh exterior deteriuf’aticn and commercial

cxx'ptf Ltwn have uxdurmcl"tlu viability of somefunctions, The camercial core

;. -, i .- ~ . .

. . ‘
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‘remains siumple and umfleii, reflecting its s-nall "captive" trading area.
Flexibility is linited by size and nature of the community and the core area.
Flexibility of the lrovanant Systems have been rade at the expense of ¢

b fic separation arq :mcx'eased safety hazards. Smularly SOC10-eCONAMIC

thies have reduced sqexal interaction. Thus, the once physically and socaally
cohesive camrunity ha§ becane more camplex and less unified. It 1s readily
apparent that the northern and peripheral areas bave suffered from poor plan= -
n.:'mg,'. while the southern and central areas have remained viable. Greenbelt has
remained a viable ocxmumty, altheugh, planning has shifted to the county In'
the end, 1!: is not whether the plan itse}f is viable, but rather whether

&

planning proce‘ss can mxmze the viability of the plan. ’
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' A NETWORK Atm.ys*xs * sa
‘OF THE . .
. RO POADS OF BRITADN . ‘
~ - . '4 “
v C. Hughe§ 3 . C e

+ 7« University of Cmcnyxat:. o N i

Abstract: The road network built b
oonstructed for strategic, .
varied with fthe stage of. domination reach'ed:
legions weré replaced by the civil
the roads to imporve commmications and trade, o%

This paper uses contemporary methods of axpalysis to aescrxbe and compare
elements of the Roman road network in Bnt&m.u Much of Britain remained under
-direct military rule, being too barren to rt the urban populations of the
lowlands., Tre tribes of these areas were alsa less sympathetic to Roman rule
and were kept under control by a system of £ Those settlemefits whxch dig *
develop in the luthands grew up around the forts

“The difference in deve ognent and setk). it &S reflecte;l in the stmcture
of the road network. The roads in the southea
The structures of the networks and the
are contrasted using graph theoretical

»The offxcxally approved roads of the. _Raman Empire were described on-the
‘Antonine Itinerary, which detailed the mutes ‘acréss the pt'ovu‘aces, with the -
stages for changes of horse, or lodging, cl,early indichted.' There arg 16 such
routes in Britain, forming a highly efficient set of cormect:ions that’link all
the major towns and,tribal capitals.’
its importance as a major cquoénmbof the whole road netwdrk
ally sound xmkeup 4

This papet is an roach to a better mde&fétandmg of con{:emporary road
networks by meafts of a colparisoh with former gystems and alsb indicates how,
‘historical geography may be ﬁxtﬂ}ered by fhe use’ of such theoretical methods .
as network analvs}g, . .. i

N ~

; 'n'us paper is a study .95 Uge netmfk. of F&:man roads o(mstmcwd m the

meagures and n)ethods.

and 1ts ﬁmtﬁim—

4

'+ province of Bntam f o the ti;ne o; 1ts conquest by Aulus plaquus in 2Dy 3.

.

lﬂil the mxddle oﬁ the mird centmy ‘ffwg frequent collapse of cantral aut.h-

X
ority and mcreasmg dangc;x of Saxon rauls aftex about; A.D. 250 mike it unhkely

»

tha'E much mad oonst.’mctxm was tyxlermkm after this date.« Coa -
) ’I‘ne use of quantitative tqchniques in hxstoncal stud.les» is relatively

new: Pitts [19] used netv.ork analysxs ira study of the real accesslb.xlltyl of -

Nbsf‘o& on the Russxan n(/er roytes, and hodder {10} Vexamincd the spacing of

-t

:
“,

i

and those in Wales are Cﬂm&l‘ed'
conr@ctj.vxty of the mdxvidua], nodes’ .

This Toute system is analyzed o' show bot-_h. '

b

.v

.

Rcm&n settlemmts in Britain using central plac¢ ;heory:., The use of such
quan(;itatwe methods 18 n'q:ortant for two reasons. Firstly, ‘the x;ethods them-
selves can be tested” under conditims d1ffer1ng frcm those of the present or *»
the recemt past. Such testing will reveal the effects.of exooenous varzables
on the methods and fodels used enabling the rermval of bms. Secondly, the

uge of more ritorous rréthods wil’l*permt moxe information to be extracted from

. - o . P




f.hedataexanined 'ma.smllpemdtthetestmqofassmptimsaxﬂrelagmn- .

Bhﬁzs which at present go- urquest!med , ‘
Por exarple, Pitts' study shows that several othexr towns in ‘?ussm were

-y .

’mreaocasiblethanbbsm,andyé\: didmtachlevedxesareir!;ortame, . .
1
indicating that accessib:.lity was not the cnly or the major factot at work. ‘ .

-~ \ Y . A

ﬁnpxeamtsuﬂyexamin&cﬂmemnmadsofnritainmmaviwtosmmg
ﬂlat mthin the network, which contains six thotsani ormremilcs of road [13],

2 .

ccnpsnents can be distmquished whose properties réflect the diffemt..purposes .
for h‘hiCh tbey were built, Garrison and }t-xrble [8] suggest that seyen qx;oups of

.
N

» féctprs mt‘luence the final fozm of a road network:

"2 1 General economic develogment. L ) ,
2, 'menahmtlemixmenb~- . ‘ . .

3.
4.

+ s,

. 6.
R A

The location of ‘economdc activities,

.

0

Available technology and its,cost ‘structure.
The interests and prefefences of the decision nakers.

Military -ard poli€ical influences

0

_The historftal pattern of deveXomrent,

A |

. These factors are all of i.nportance in the development of roads in Rntain,
mtlthustbcmtedﬂmatmekxmmteredaland in vhich the level of econamic
developrmt was vezy lw, ecommié &cuvities.wem nostly ubiquitous rather than

“ sporadic,-andtheroadpwere for uaenostpartmgxgineeted trackways The .
r.'oad hzﬂdexs had a tabula rasa on whid1 to develop their roada with ro previwg
. systm to follow and mcorporate, a fez;f‘; p?ssmle to no subsequent road bm.:ﬂdgrs

m Britain. . . . - ‘ .
As !;he various factors influencing thd, form of the hetwork changed, the sete -
tlénent pattern changed also. The settlements were also part of the administra-

‘

tive structure, and the,i.t relative n'porbance in the system may be inc’icated by
' thelr accessibility on the road network. . .
The extent to vhich the network campenents differ from each othe.r in terrs '
of connectivity, redundancy and the relatiom;hips of the settle'\ents they 1ink
will be examined, as will be the indicated relative importance of the towns in N

terms of theu' accessibility. o -

EMC ! - ’
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N N THE RCMAN RMAD SYSTEM *
.* The Purpose of Roman Roads e - A «
2T .

g

The Reman roads in Britdin are described as having been "laid out as a .
i~ -

carefully planned, syStem linking the centreg of occupation, both mil1tary Sm‘
civ'il to every nelqhbourint‘g ,oentre, 50 as to ensure the rost'raplld communica-
tion poss:.ble“ [14 ll] ¥ 1t is s1gn1f1c:ant that' .t;e ‘major builder of roads wa.s
the amy, the guhAtary ’mporbmce of good cormnuucat;ons was fu%ly realized .
by the Romans: - L . )
The fu‘st mads constructed in Brxtém and northwest Curope were those
built in response to the military requiremnts of varicus campaigns of cdﬁquest.
After the native populations had been pacified to some extent the legions
could rote on, leaving the roads to the civil authorities.” The road network
was the:\ altered to suit changing reeds, with same roads falling into distse

Y

and others being b\iilt or ext -

- .

-~

The Development of the S in Bratain
Vhen rlautius J_and/cd at Rutupiae in A.D. 43 with four legions (see Fig. 1),
the appn’ent olljectwe was the conquest of the scutheast lowlards of Britain.
Thls area was the rxchest, n?:st productxve and nost civilized part of the 18-
lard. 'mc daminant 1nhab1bants were c;f the same tribal group, as those of the .
new thnan province of Gaul, and had annoyed Rome by aiding their rnlatlons in
their resistance. The legions necded to put a swp to thiis interference were

to Be based in Bx'{taln, Both to get them out of mamland Furope, where they

“would dlsturb the Lalance of power, and to make sure that the extra troops

]

. would be paid for out of the ‘n.vonues of a new province. A

The invasion was carned out by a tripartite advance [4:89-127}, after
the preliminary secuting ;Sf a beach- heaWae 1I Augus(:a, lod by Vespasian,

tock in the south ard oouthwest as far as Jsca Dumonionm.  The mrthwest was
i
secured by the XIV Genu:u starting® from the "'mmos, near the site of IundJmum,

the line-of advance passed through the site of Ve rulamum nto the terntnory of

[

the mtwella\mx and on to the area around Vencnae. The X Hispania advanced
from Camulor;!ux)un, vhich had been captured by that legion, and the XX Valeria
. s . . i
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cht:m, whlch ranamed in camp there to contrcl the main Eelgxu settlement. The
~ XX Hispania moved north to Lindum, shere a legionary fortress (castrun) was built
in the terntory of the Con'tani, vontrolling a future line of advance. &}
These i‘nit.ial advances of the legions gave vatal structure to the road system
of Foman Britain. It is hkelythatcmstnx:txmofﬂlemajoxtrmkmtwpro-
ceede; as the legions advanced [1:37; 13:382]. Four routes radiated from the

vicmity of Londinium, leading to later pre—enmmce of the city in the

affairs of the pmvmoe [20/61]. Thése four routes may w.ll refresent the l.um
of advance of the four leg
ing the later advance of )octobm.lﬁacastmfoxtheemsoudaumofthe

southwest and the containment o and Ordovices.

. L
from the Rurber to the Severn., It is widely accepted that the well marked route

" running fram Isca Dumnoniorum to Lindum was the lateral oammg.catim line ‘be- .
Y id

-

hind this frontier (Figs. 1 and 2). The fact that t:hm route was not of vexy arcag
mportmmce in the later affairs of the pmvmce wuld scem to support its’ havmg .
been built for a specific and transitory wrpose {1:41; 4: 1123- 20:381.

'l‘he conquered area developed rapidly; by A.D. 49 lead mnes of nen:lip
were export,mg {20:56}, and in gme.ml trade was proceeding well. The towns too
were growmg fast; in A.D. 61 whm the Iceni revolted they found and burned the

*flourishing towns at Londinium, Verulamium and” Camulodunum.
> The develogment of the lowlands led to the rapid develogment'of the. rod
ngtwork to serve the new trade and the f]cw of taxes. However, the vexy prosper-
ity of the area led to the nced for a furqw;'r advance.
The Romans, as w1t;h subsequent occupiers of lowland Bratain, found that in
order to control their possessxons they had first to control the hughland Britons.
o

Aided by the rugged terrain, the highland tr}bes, especially the Ordovices,
A
Silures and Brigantes, gave the Romans a far more difficult task than those of

1]
thé lowlands. The Romans decaded to huild a system of roods through the hills

with garrisons at sﬁratégic points to split up the tribal areas and provide a

81

-

«

, with the mute from Izandm.um to Glevum rwremt— ’
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series of bases in case ‘punitive action should become necessary,
[N
Under the second govenor, Ostorius Scapula, and the third, Suetonius

Paulmus, a séries af atfacks wegre made on the Welsh tribes. Legionary
fortresses wére cstablmhed at Deva and Isca snumm, vhich remained occupled. ..

unt;f\éae final thhdrawal of the legions. o ‘

The Brigantes, the larqest aM mst troublesale tribe, were the subject of

many expedxtionary forces and many mads were bu:.lt through Ehei.r
in atterpts to subdue them, 'Ihe garr;lsons An t.hese areas were a+dj 1S

e

helped restore the balance The other econcmic nvportance of tm arm, was J.ts

resources of ths province, although minerals extracted 1 from the P

' ‘supply of sheep and cattle. Despite t.he small degree to wluch the Ieglorm:y

diet depended on meat, Ieather was used in‘large appunts, as was waol .
A hew castx\n wasg buxlt at Fboracum by the IX leclon. The advancé frcm

this base brought the Scottish Highlands into the empire. The Antonine wall,

in the lowlands, marks t.he réal northern Imut of Rome's power; but through-

out most of the occupatxon the gractlcal limit of the empire was Haarian's wall,

beyond which r_here is 11tt1e evidence of permanent settlemeht, -

The fowms and Administration , ; R

The towns of Roman Bntam were largely the ‘result bf the Roman adxmns- /?

; t:atmn sited along the roads representing the advances of the1r Iegions. The ¢

tnbal territories were made into civitas or admmlst:atxve cantons, and the -
44

mst, important settlement within the civ1tas was deSignated the caputs Yhese
settlements were the major towns of most of the province and were in many
cases the market centres for the trij.bes (10] - -~
There were four other types of settlement in Roman Britain. The mmicjiun’
was the most’ hrportant a?:d the rarest, only Verulamium is Jbelieved to have had '
this status. mmicipiun was self—goveming and had many prlvileges. Slight= |
17 lower in sbatus was the colonia a form of settlarmt set up for retired
legfonaries, who were supposed to-set dn (\mcazrple of loyalty and industry to thé
local pogxlétibq and provide a nucleus of trained men in an emergency.
The Castrum, although it was not r'eally a*settlement in the same way as

» .

. - -

! ;
v b
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the civil towns, was usually a nemanent thing, and over tume, quite Iange civ- "’
ilkan settlaments grew up around the ‘fortresses. The legx.mary forts were more .
temporary, l‘auf around these too settlmenta grew up, The legivnary forts us'u'ally .
emptied when the ttuE)ps. moved on‘, but éometmes a settlement would rd’mm and
grow. Such townb, together thh others too small to cbtain any othef status,
ue‘re the vici, the lowest 1eve1 of the Romano-British urban hierarchy. g

Londinium, despite its uncertain official status, was clearly the prgrincial R

capital in fa::t', if ot in name. .As early as A.D. 60, it was thc_ddnunistrative
c'entre, and later bex:ame the headquartérs of the imperial revenue service for

Britai.n a;nd legionary general headquarters. Londinium was also the mijor .omer-

» .

. .

cial centre ard the site of Britain's chief%t.

The Components of the Road Network . . . N

. . N »

As has been indicated in previous sections, the Romang were faced witl a

. different problem in the highland areas of Britam, nopth and west of the Plaution
limes, than in the lowlands. The population was pastoral rather than agri.ultural, ’
was. less orgahs@ more warlike and, had had little or nd mterust in uv;hmt# E
before the, st. <The valley bottms wele, forested dnd thie hllltcps ,
erther rocky or peat—covered, making the ;qgsi:mctxm of a road netwrk,mm -
Qiffigult than in the more open areas to the south.  *

The highland areas were subject to military rule for rost of the Roman per-

’
iod, and almost all of the roads wex:e’built for theesbnquest or polxcmq uf the

hn.ghland‘ tn.bes. As tnne progressed and the tribes btx:a:m less belllgexcnt,

~
trade increased but seems never to have hecane as well devequx’ as ip the suuth~ N

R
<

east. ’ . oo

The roads of Wales have been chosen as an exmz:ple of litary' network; !

Wales was cccupied by the Romans rather than conquered, and the fortresses and

-

forts remained ‘?ﬂ—al@gtz contimusly. “This is in con@mst to the mihmry ,
areas of notthe: ar‘itam whcre% result of changing mlic.y, the forts were ~ .
*  abandgned and ;:eoccupied several times, making it difficult to dacide which roads

-
. 4

and cmtres were in use a“my glvm time, N . .

.

_area dealt with here, is that area bounded to the nortlf and west - .

\ .

-

.
8 ’1




g . 8 =

. . N .
» . - . R

by the supposej line of the Plautian frontier. The roads are only a selection
of those that existed] the major settlerents afe included and the man ks
- between them, Duplicate routes between centpes have beep excluded [6}. Cross—
A ', roads with no identifiable settlements hav been given 1daf€1@ug letters [6}.
AIOmE TToERRY '
- As already mentioned Fig. 1 shows the routes of the Antonine Itinerary in
_Eritain. The itinerry is a roxi-Book for the entire empire, giving names of -
towns and the distances between them, carpiled for travell;.nq offlcmls. The
, administration of the enpixe depended on the rapid interchange of dispatches,
i arxitomakethispossible,thecursus&_msinvmtedbyd\empemr
< Augusws Relays of horses were stancmed every 6~16 miles along the main |
mads, at m.xtatmnes, while every 20—30 miles a mansio was provided tor ovu'-
night reSt. The roads provided with such servioes include all those listed .
- onﬂ@mtpnmeItmerary,alﬂnughotherroadsarehmto}avemdmm ( ,
The 15 routes listed in the itinerary for Bnta;m pass through all the ma;or.
settlen'ents of the prevince, althot)gh tl‘c rost duect routes are often ot
. clpsen "The explanation probably lies in the fact that t:hese rcub& take
v . m Important towns M\ere offlcmls of the Uurd centuty would be noralikely
to haye business, 'I"xe direct routes cross less t)uckly inhabited country.”
S 033930, . e
‘e roads of the Antonine itinerary may be thought of as analogous to
modern inmstates’or motorways; they are the major routes on whm;:: time or

A ’

* trouble can be minimised at the price of increasing the distahce travelled.
“This network is composed of routes of the Antonine; itinerary and o.ther,
. mbre direct, local links. The routes are'slrx»m”:iﬁ Fig..2, and in the form of
- a linkege graphin 7ig. 3. The graph scems to be faixly wall connected; the |
. center of the highes.t order is Londinium, with six‘x;out'cs fadiating from it.

. o,

: . ! ” .
. # “Ihere are four fifth brder centtes: A "

. ' 1) Dumovaria CAntiaconm, the caput of t.he Cantii and a centre for zoutcs .
. R to the four main channel porr,s. -
+ -
2) Brawghing, a Edixly small settlement whose centrality is possxbly
due to‘a small fort built during’ the eaz:ly advance of the legions.

oo T 8:"5 ~ R
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3) Corinum Dobbunnonum,” the ca caput of the Dobunni at the junction of the
major southwest-northeast route and the Antonine route to Wales.
r .
4) Aquae Sulis, the major Bntz.sh spa town, lying just to the north of
‘e the mendip mining area. ., .

Most of “The settiements away frcm the Antcnine roads are military in

>

ongm, ambevm the civilian settlarents are foxtz.fxed, a rare thang in

" Roman Britain before the third century. Segontium was a mining centre and
)bndt_mm seems to have been a pre-Roman hill fortress. Both places may well
have been the equivalent of civitas capitals for the local tribes, who may not

have been as czvzhzed as the Silures. ' \
- *  Cicuio and Deva are fourth order =ettlenmts, and there are thirteen third
arder, nine second and five f:.rst order sattlemencs. In general, the network

in Wales is more uniform thar_l that of 1,ow1and Brlt.aiq, with third brder centres

-t

predominating. There are several roads whose presence 1s only suspected; if

Y

these are inéls.\ded in the graph then the number of first and second order

+ centres drops, a barrier network is ‘ineffect created [9]. . Such a network is
P ke
ideally suited to the.purpose of splitting apd controlling, an area.

.
.

,© The Antonine mad,s-’are not a subset :;f the wholé road network, however,
they were .i.nportant as the framework of the whole syf.ten and as an jndicator of
the routes, which the.Romam administration thought,most important. The
Antonine J.tiperaxy may be considered as the practir:al second ur third ceptury

. solutxon to a rwung problem, in which the r;xnn settltmznts of Bzit.ain ’

“wmwy;  Were to be efficiently connected with each’other and to the rest of tﬁe ampire.

E‘ifty of the ‘more than 150 centres hamed in the g:ine;r{a have been
mcluded in this analys].s. These have’been identified as having been settle-

: ments of scrme hrportamc, rather than s(:a.ges on the ' cursus publius
Ebotacml and Lindum arc fourth order nodcs, wndinimn begause

at the meeti.ng ‘?f rouws t.o the channel. Ibotacuq was ong '
of the t_hree T‘_irg, nea;'whz.ch wag a flounshing cclonia. Lindum was also
) a colonia, and»asforashorttimeacastnmarxiafrmt{exsattlamnt.. )
Thirteen settlaments.are thind order, four of them civr;s’;:é\pimls.

+ Momcium and Catar.actmlun are lazgc fort-vicus ;.ettlmmts, whi,le Venonae is

RIC . 0 - 87 R
L . - .




one of the smallest settlemants, but occupies a vital locat.ion at the junction ’ .

. of two important routes. '\ ! ' "
THE NETWORK ANALYSIS . : .
Using graphs abstracted fram the mape (Figs. 3 'and 4), comnectivity °* oo
mtéica were prepared for ‘each network. These matrices (bee [12] and [15]) .
were sutmitted to a network analysis program. The program calculates the .
diareter of the netmrk and raises the comnectivity matrix to this pc»aer During
th:.s eperaticn, .the shortest path distances between the cen;er {nodes) are
calculated. The rows of the powered com\ectlvztty matn.x and the shortest path
mat.r@ are sumed to g:we vhat Pitts [19] calls the gmss and nett connectivities
of the cmf.res., These values, together with the sum of the short,est paths
and-tbe average shortest'path lengths, are also printed. 'The final output from
the pmgrarrme consxsts of the S and I ratms for thc network [11], a.almlatod
from thg shortest path na;nx.
' Before the connect.wity values for the individual centres are considued
a few sirpler measures for the networks are worthy of mention.' First, the
gamma values for the networks were calculated and expressed as a percentaye uf
the connéctivity of a completely connected network: T .
1) - Lowland Britain " ean. _— :

2) Wales 8.62%
3) The Antonine roads , 4.24%

Next, the alpha ,yalues were calmlated; this v,'lue expresses u’me amount of
redmdancy in the network as a percmtage of that of a completely “connectud
network. . ‘ .

1) Lowland Britain 2.436% . ¢

2) vales, 1.851% .

3) The Antonine roads 0.443% .

. From these two values, it may be seen that the Welsh network .is befter

connected and more efficient than that of lowland Bratain. The extent to which
this is due to tho different nunbers of podes ls uncertatn, however, the diarcters, | -,

(TR, N .
{or lmgest-shortest path), are the >, nirf. That of the Antonine road

- petwork is fifteen. ) * ’ '

™ R !
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The relative sizes of the redundarcy ratios are repeated in the ‘r?u values .
(Alsc kwn as the first cyclamatic, or Betti nutber), which are the nubers ’
of links in excess of tfose ngeded to connect 11 t.he nodes of themetmrk. ‘
There ‘are t;ymty—tw swh lmks in lowland Britain, fxve n the Antonine net-
work and seven i the Welsh. ) *
These ratios and mdex nubers are of $ome use in camparing the netw.'.rks: .
but othexr measures, which infolve the linkage of the entire network, are more
useful. These measures describe the size and the confectedness of a iu twork,
enabling comparisons to be made. Two such measures; the dispersion (the sumved

shortest‘: path lengths) and the mean path lengths, are given helow for the thiec .

. ) , — 4
networks: v ,
- ’
1) Lowland Britain 7,918 4.1
2) Wales A . 3,557 4.2 .
$ 15,341, 6.1

’

3) 'I‘h: Antonine r

. The dispersion indicates the connectedness and t.hr. s.lze of the network,
mcreasmq with the number of nodes anc decreasing wn:h the nm'be: of lirks.
. The dispersicn of the southeast nétwork is-greater than that of the Vilsh net-
work because of t}‘ﬁg greater mumber of nddes, despite the yreater number of lirks. .
The gross and nett comect\i\_/ities of es of each net'work are yiven

4

.in Tables 1 to 3. The order of each rode is'al‘so gl{len.'
. The gross‘connectivity of the ith, node is .the sum of 1th. row ?f t}x-:

.powered connecnvx.ty matrix [19]: the row sum yives the nﬂ'FZj of :.ups of layth

that can bé made €rom the Lt}enodo to all ,other nedes (where n 1s the diawter

“of the network). This value indicates, in some way, the degree of centralafy of .

the node. In ot}'lcr words, the larger the nurker of pos’sible j!oumcy‘;, the Yreater .

the centrality. Within the same number of steps, (n) more of the network can b ™~

covered from 2 well coqnect.ed node. > ! ’. T

“ ’l’he’gross connectivity value contains a great deal oE duplicatxorll; this .

moy be ex.cluded by uz;lhg the nett connectivity, wh‘;:h neasures=the cen{ralxty ’ .

using the shortest fm:h lengths. 'mc nett cornectivity cf the ith node is the

sum of tho 1th row of the shortess pﬂth ratrix, ancd shows the minumar hu'nlx:r of

sters needed to réach all the othcr nodes. <In a :;ense, the dxstance bemg




Table 1:

Ranked Connectivity of Melsh Settlements

Name : s Nett Gross
Gobamnium T i}

B Cicurio- .2 10
Magnis 3 16
Alabum 4 9
Bremia \ 5 10
Bravonium , 6 R Y
Pennal 7 7
Viroconium Comoviorum 8. 7
Caer Gai 10 4
Moridunum 10 ‘13
Mediolamum 11 1 ‘

. Deva v . 13 2 *
Burrium 13 18
' pen-y-darren 14+ 21

- ? Cardiff 15 20
Nidum 17 A9 .
Isca Silurum 17 ‘23

. Castel Collen 18 25
Clyro ~ o 19 - 26
: Tomen~y-mr 20 ‘s
Lavobrinta 21 22
' Gelligaer A 22 24
Canoviute 23 3
- igdlewich . 24 6
mte, ’ 25 8
Glavum Colohia . 26 27
Segontium 27 12
- Venta Silurum 28 28
- + Mediomanum 29 29
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Table 2

" Routes of the Antonine Itiperary

o

R

N&ne I} .

Londiniur

. Verulamium

*~: &olonia Camulodunum
Glevum Colonia
Lindur Colonia
Isca Siludim .
Leva i
Eboracum .
Isca Dumdniorum «
Dufnovaria 3
Venta Belgarum
Novicmagus Regensur
Calleva Atrebatum
Corinur Dobbunnorm
Venta Silurum

Ranked Connectivity
y

A}

Purnovaria Cantiacorum

Venta Icenorum
Ratae Coritanorum

Virsconium Cornoviorum

Petuaria Parisorum
", Isurium Brigantum
Cataractonium
Bremenium
Blatobulgium
Luguvalium
Clanoventa

*

<

%

Bremetonnacun Veteranorum .

Mamucium L
Mediolamm ¢
Segontium
Moridunum
Hidum ¢
Magnis .
Bravonium

~ purcbrivae 1I

. Puroripons

N Abcne
Aquae Sulis

° Vindocladia -
Sorviodunum .
Clausentium

’ Rumpide
Dubris
Durobrivae I
Derventio
Verterae
Venonae .
Condate
Burrium’- '

' Spinis

ERIC

i

Mett' --Gxoss-— -- - Order
~ A
4 19 . 4
2 v 20 2
16 29 2
1 25 2
14 9 4
17 14 3 .
26 3./ 3 )
29 4 "4
49 - 50 1.
46, .« 48° 2
24" 30 3 N ’
43 47 1
.7 23 3 g
13 2 2 .
33 27 1 . .
33 36, 3 .
24 34 L2 ’ <
6 18 2
4 .7 L3 .
21 16 2 ' .
32 .| s 2 s
42 28 3
47 41 L1 .
50 49 % 1
48 44 2
44 35 o1 . .
37 22, 2 . cL
27 8 3 A
10 2 -~ 3
32 .10 - 1
21 ¥ 17 :
15 5- 2 g *
5 6 2 o - s
9 15 -2 N
25 . 24 2 .
29 -t 33 2 .
38 43 1 .
30 37 ., 2 .o
41 42 <, .2 AN s
34 38 2 »
35 3o 2 - B
30 . 45 1, ety , A\
40 45 : 1 L e e
19 7 - Z"Qf ' g~
21 16 274 *
4s. 40 82 Tof . ’
1 P? 12, 3 e 1 tre .
18 % '1‘ ‘3 ‘ . Y
8 £ a3 3’ " ,
12 26 3 L L
I N s.‘
. 6 Lo -
’ - -t ‘ - N
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D . ‘
Routes of Lowland Britain ‘
. i N . .
. . e Ranked Connectivity
. Name . L Nett Gross Order . .
- Londinium N 1 1 6 -’.
Verulamium coor 2 IO 3
. Glevum Colchia . 26 *o3, 3 ‘
, Colonia Camulodunum ) 28 - 18 T4 '
Lindum Colonia’ 35 , 38 2 .
. Isca Sifurum 44 - 44 1 .
L Isca Dumonjorum ~ 43 43 . 1 R
o X Durnovaria - . 29 0 - x-,3 .
. . Venta Belgarum . 14 23 o3
“ N Calleva Atrebatum @ 4 8 4
. . Novicmagus Regensum . 6 16 3 !
* Durovernum Cantiacorum 30 17 5 .
. Venta Icerrum * v 39 40 1 T
‘ . Ratae Coritanorum . 21 33 L3
L Corinum Dobbunnorum 7 9, 5°
J' Venta Silurum 37 42 2 "
Darocornovium 16 . 20- 3
) Spinis * ‘ 9 19 3
Venoriae 6 22 3
Durobrivae IT . 34 - 27 3
Durovigutum ' 20 nm o, o, 4 ,
Durolipons » 22, 13 3 o
Braughing o 4 2 5
- R Braintree . 24 14 3T -
. . Caesarcmagus , 11 12 3 ’
- *  Durcbrivae I . .10 ’ 15 3
Requlbium e . . 42 37 2
. Rutupiae a - 8 3
i Dubris . ., , 26 '3
. Leranis 3 24 .3
iy Clausentium . .23 £32 2 <,
R , vindocladia v 8 , 10 2 ~
’ L W\ . - 36 38 3 ~
Lindinis 34 al 34 34 K
v .. ngw - 14 ¥ 5 47
K non o 25 N 21 3
Sorvicdunum v ' 18 w7 4 !
Aquae Sulis - 12 3 5 T
Abonae L 3 29 1 ;
. Cunetio 15 6 4 .
U Dorchester .. 17 -3 2
. Alchester 19 36 2. .
. ¢ @ 27 25 4 '
X : i ) {rchest‘er 38 41 1
. “
. . LY -
L] Y . .
P “ ’ ki ve L /
. . Eoos - gy
' e
- 1 ! N 1 ol , - . -
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" measured is the 'useful’ distance of Lhe node from the rest of the network, | N
rafher than the total number of routes possiple.

o
The difference in thesc twe types of measure can be seen by the different
R < '
rankings of the nodes on the two types gf connectivaty. . 4 %o
» - ] b ..1./
Lowland Britain C ) ‘ f:'__“ .

e fominiun dominates this network, having the highest nett and gross m‘néi%'—\) ’
ivity. ?he nett connectivity seems to be measuring .c'entralxty within the network; ‘
all but one c;f the ten hig}mst ranking nodes ‘are on the major routes out of ' '
Lordinium and are linked. 'I‘he gross connectw1ty apyears to hc m;as:u::mg sone »

sort of acoessxblhty, m general, the rughest ranking nodes are those of the

veripherpl, except for Dorchester, Irchester and Alchester, which are fegr the

LY

highest order, and afe not linked to each other. The lowest ranking mﬂ: are

centre hut are not well conhected,
Wales
28

This netyork has no strongecentral node. Gobbanium has the highest nett
centrality and Mediolanum the highest gross centrality. The highest ranking .
nodes lie on the routes 'uut of these two nodes, the nett comnectivity is highest o

' A

- in the south and the gross in the north, meetino in the east and west. As mught

be expected, the lowest ranking nodes are found in thie centre and at the poriphery. .

The Antonine Itinerary ’ . .

As with the previous netwc‘;rk, the Antonine network hLas no central node, and )

by contrast -to thé net:dork in the southeast, Londinium does not rank highest on .
either measure, Venonae has the highest nett comnectivity, and all en nodes

‘ ‘rankim gps(: highly an this _measure are l;i.nked. Condate ranks highest un yruss
cmrect1v1ty, with tﬁe ten highest ranking nodes forming a group arwund,” with
three separite nodes.’ *For both measures, the ten lowest ranking mwes are at the
periphery of the network. ) r. . , °
K CONCIUSTONS ' o

- 0y
. ’

The present study has srnv'n that the Reman roads in vales and southwest

§ . . . »
Britain differ,.in several respects. The wWelsh network is better connected,

lesg redundant, and the average order of .its nudes is less. The lowland network i
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has mote nodes, yet its diameter is the same, thus indicating, that in one

way, its nodes are closer than these of h.ales, althouyh the dxsperslcm is greater,

shcwmg that the nodes are Iess well oonne(,ted than those of Wales in another -

way The average path length is the sam, hut the standam dev1at1on 1s greater
K4 .

in Wales. . -

3y
These differences tend to favor f.he suggestxm that, because of the different
purposes for which they wre built, the networks’-are d;fferent thelr final
form. A more detailed ana1¥s15, cast m a rore formal manner, and arploymg

a great deal more historical and arChaeologls.al data, will be ngeded before

any fimm cenclusions can be reached. ~ )

This analysis, has also shown that, despite the stress put on Londiniyr
as a major c:zntre of communitations, [13:103-108;20:61], the city does not appear
o }:‘:ve Leen the most umportant on the Antonine network. (iowever, the central
position of U)r'ldmj.un on the network of lowland roads shows that the choice of
routes' 1s of great importance in the appdr'en;, status of a centre. In any future
study, the roads Chosen as part of the network to be .analyzed must b& choseh
vexy'careful}y on the .usis of their probasblerulportance to trade andq'travel

.
- .

within the provincé,
s
The analysis of the Antonine network hag shown 1ts efflcumcy as a means

of connecting the major .,e*tlanents of the proVu;ce. The ]ack of a central node

may indicate a balance achieved within a network intended tu connect a number
’ . 13
of settlcrents, the presence of one settlgmeny with a very high connectivity r

ug}ll tend bo decrease the overall effitiency of the network. This ILssen.u;g

A

.

of efflc;mcy may in some cases be outwclghed by the advanmge ygained by the
central, city (srm.n for exarple in Central Place Theory).

This study. hag atmr:ptbd to show how network analysis can be applieg tu .
the exaxlxinatj.on of h;storical :ef.wrks and how the results of such applications
can be useful. The results supu;rt the idea that at least two separate gubﬁ'ystems
can be distinguished in the network of Roman roads in Britain, and that the
structure of these subsystems, and that of the Antonine itinerary, can be

profitably examined hy these means.

Y
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dmriryg the wntmg of the present paper, I received considerable assxstm;ce
from memmbers of the Classxcs Departme.nt of the UrJ.versity of Cincainrati. Mr. R.
Palma, of the lustory [‘)eparhnent, read a prel srunary dr’!ft and mede several
helpful comments and corrections. . ) . ; '
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