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Articles in which elements of one discipline are used to shed light on the other are particularly
sought. Also welcome, are originel contributions that are purely geographical or purely
mathematical These may be prefaced (by editor or author) with commentary suggesting
directions that omght lead toward the desired interaction. Individuals wishing to submmt
articles, aither short or full- length, as well as contnbutions for regular features, should send
them, 1n triplhcate, directly to the Editor—in-Chiel. Contnbuted articles will be refereed by
geographers and/or mathematicians. Invited articles will be screened by suitable members
of the editonal board. [MaGe 1= open to having authors suggest, and furnish materal for,
new regular features

The opimions expressed are those of the authors, alone, and the anthors alone are re-
sponsible for the accuracy of the facts in the articles.

Send all correspondence to: Institute of Mathematical Geography, 2790 Bri-
archiff. Ann Arbor, MI 48105-1429, (313) 761-12231, IMaGe@UMICHUM, Sol-
stice@UNMICHTUM

Suggested form for citation. [f standard referencing to the hardeopy in the IMaGe
Monograph Senes 12 not used (although we suggest that reference to that hardcopy be
mecluded along with reference to the e-mailed copy from which the hard copy is produced),
then we suggest the following format for citation of the elsctronic copy. Article, author,
publisher (IMaGe} - all the usuzl-plus & notation as to the time marked electronically, by
the process of transmission, at the top of the recapients copy. Note when it was sent fom Ann
Arbor {date and time to the second) and when you received it [date and time to the second)
and the field characters covered by the article (for example FO=21345 to FU=37462).
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peTmission 1 mase Iepnnis fom the electronie file, oz to have IMaGe make a single masier ceprind for a nonucal fee
depandent on manuescoipt tenpth. Hasd copr of Solstice is available ai & cost of 51525 per yeur [plus shipping and
hanaling: hard copy is issoed once veorly, in the Monogzaph secies of the Instituie of Mathematical Geazraphy, Order
directly from [MaGe: It is the desice of IMale to offer electronic copbes Lo interested parties for free. Whether or
oot 11 will be feasible 1o continue distoibuting complimentary slectronic files remains to be sean. Fresentiy Bolstice
is funded oy Malie and by 2 generous dopation of compater time from a member of the Editotial Boerd, Thank
¥om for participaiing in this projsct focusing on covironmentallv-sensitive pubishing.
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1. WELCOME TO NEW READERS

Welcome to new subscnbers! We hiope you enjoy participating in this means of yournal
distnbuuon. Instrucuons for downloading the typesetting have been repeated m this 1ssue;
near the end. They are specific to the TpX mstallation at The University of Michigan. but
apparently they have been helpful in suggesting to others the sorts of commands that might
oe used on their own particular mainframe installation of TEX. New subscribers might wish
to note that the electrome files are typeset files—the mathematical notation will prmt out
as typeset notation. For example.

T
E1=J

when properly downloaded, will print out a typesetl summation as 1 goes from one to o,
as o centered display on the page. Complex notation is no barrier to this form of journal
production,

Manv thanks to the members of the Editoral Board of Solstice. Some of them have
referesd articles and offered suggestions, as have others. Thanks to all

2. PRESS CLIPPINGS—SUMMARY
Brief write:ups about Solstice have appeared in the following publications
|, Science, “Online Journals" Eriefings. |[by Joseph Palea] 20 November 1991. Vol 254
2. Science News. "Math for all seasons™ by Ivars Peterson, January 23, 1992, Vol 141,
No. 4.
3. Newsletter of the Association of American Geographers, June, 1992,

4. American Mathematical Monthly, “Telegraphic Reviews” — mentioned 2= “one of
the World's first electromic journals wsing TEX,” September, 1982,

5. Harvard Technology Window, 1983
6. Graduating Engineering Magazine, 1993,

If vou hawve read aboul Solstice elsewhere, please let us know the correct citations (and
add to those above). Thanks.
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3. GOINGS ON ABOUT ANN ARBOR

|. ESRI, negotiating with IMaGe, has agreed to give a University Lab Kit to the Uni-
versity of Michigan. to be housed m the Scheal of Education. All here are very happy and
thank ESRI for therr generosity, We look forward to pursuing the research projects that we
explained to ESRL Bob Austin, Sandy Aringhaus, John Nysiuen, Fred Goodman, and Bill
Drake were all involved in various aspects of developing research and educational projects,

5 1In the Fall of 1992, Bill Drake taught 2 course i “Transition Theory” (and invited
Sandy Arlinghaus to co-teach it) in the Schoel of Natural Resources and the Environmeni.
It was quite popular. and this course that was experimental in nature in 1002-93 has just
become part of the permanent graduzte curniculum. A monegraph written pnmarily by the
students, and published by SNR and E, came from that course.

3. Book co-edited and co-authored by Bill Drake. Population — Environment Dymam-
ics, edited by Gayl D. Ness, Wiliam D. Drake, and Steven R Brechin, Ann Arbor: The
University of Michigan Press. 1893

Thie book has 15 chapters organized into four sections plus a final section “Summary,
conclusions. and next steps” by the editars. It also has a Reference Listing, information about
the comtributing suthors, and an index. The book is 456 pages and costs 545, The titles of
the four dominant sections are

Global Perspectives: History, ldeas, Sectoral Changes, and Theones.

The State as Actor: Population — Environment Dynamics m Large Collectivities,

The State as Environment: Population — Environment Dynamics in Small Communitiss.

Emergent Ideas: Theory and Method.

4 Fred Goodman of the School of Education has been very helpful in finding space and
resources so that IMaGe can give the software it's trying to line up to UM. Fred has been
inetrumental in providing constructive, diplomatic liason with other units within UM. We
also welcome Fred to the Solstice Board with this issus.
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4. ARTICLES

ELECTRONIC JOURNALS:
OBSERVATIONS BASED ON ACTUAL TRIALS. 1987-FPRESENT

Sandra L. Arlinghaus and Richard H. Zander.’

ABSTRACT

Electromic journals offer a 21st-century forum for the mmterchange of scholatly 1deas. They
are mexpensive. fast, easy to store, easy to search, and they have long-term archivabibity;
these advantages easily justify the time spent learning to deal with the new technology
The authors, both editers of nationally-noted electronic joumals, share with others their
interdisciplinary experiences in dealing with this new medium for producing online, refereed
jonmmals.

Dunng the past six years sach of us has ¢reated and edited a successful electronic journal
{E-journal] m our respective fields of geography (Solstice: An Electronic Journal of Geog-
raphy and Mathematics first appeared mm June of 1990) (Palca 1891; Peterson 1992} and
botany (Flore Online first appeared in January of 1887) (Palea 1891). Both journals are
peer-reviewsd: both are available, free, over standard computer neiworks; and, both have
editers who served as authors in early issues—to gel the joumal off the ground. E-journals
provide an opportunity to share computerized information with others in an ordedly and
responsible faslion. within the context of carrent technology. They offer:

1. An mmexpensive way te share information, quickly, with a large number of individuals;

2, As direct, online, transmissions from editor to individual; in this case, the transmizsion
should be free of charge, in much the way that a librarv card is free of charge. The
editor, publisher bears the cost of journal ereation and manufacture; the reader bears
the cost of maintaining on online mail box;

b- Ar direct transmissions to libranes - libranes should pay for diskettes, hard copr,
online transmission, or whatever they desire. The cost to the library is generally greatly
reduced from that of conventional journals, thereby freeing library funds {or other useful
projects. Funds generated from this source may make the E-journal{s) self-sustaining;
e. As posted "messages” on an electronic bulletin board or files on an “znonymous FTP"
server. The reader bears the cost of accessing the board or server and downleading the
article.

2. When E-journals are highly specialized, they can serve as a more formal alternative to
large (archived) data banks in the natural scences and elsewhers. Indesd, when the
E-journal is downloaded into a wordprocessor or a data manager, the content can be
mampulated and edited carefully to fit the research needs of the individual user
There are many systematic electronic communications alreedy available and there are

apparently more in the planning stages. The first edition of Michael Strangelove's “Directory
of Electronic Journals and Newsletiers” (1991) catalogues about 30 journals and over 60
newsletters. Major academic soceties, notably the American Mathematical Society and the

T
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Amencan Assocatien for the Advancement of Soence, have announced far-reaching plans to

produce other elecirome journals: (Janusz 1991; Palea, 1991: 1480). A glance at a fiver for

the Annval Meeting for the Soaety for Scholacly Publishing (July 19582) suggests that more

than half of the four-day meetings will be devoted to 1ssues related to elecirome publication,
There are

1. “"Genune” electromc journals

2

Mere computenized versions of hardcopy titles.

3. Non-archived electronic databases that are not really citable in a2 scientific paper since
the data used may have been changed or may ne longer be available. even though these
databases may be copymghted.

Whal makes a systematic electronic communication a “journal™ 15 a difficult 1ssue (Ni-
cholson 1992); concern for ngid, a pron, definition might better be replaced with open
regard for all entnes and suitable concern for the broad issues of journal production. For, an
E-journal 1s first and foremost o “journal” that has simply beer modified as “electronic.”
both hngustically and technologically, by the method of its tranpsmission and production,

Thus, we offer a generahzed summary of observations that have come from six vears of
actual tnals with flora OUnline and three vears of actual tnals with Solstce. It 15 useful
to separate thess results into three broad categomes; content issues, production 1ssues, and
archival issues,

Conient 1ssues.

The most important concern 1s to obtain good manuscnpts: And, to be acceptable as an
outlet for scholarly publication, E-journals should approcamate standard formats for profes-
sional journals, have high standards of scholarship, and be referesd. It does not matter how
sophisticated the technological production becomes; if the journal does not have interesting
and useful matenal of lugh quality. it will fuil. This point should be obvious; however, 1t can
become obscured, particularly in light of the exciting capability of the computenized format

Thus, author perceptions of E-journals are cotical; the most senous problem involves
citation. Will others see the work? Will the work be taken senously? The following strategies
nelp:

1. the editor should see 1o it that the E-journal (and when neceessary hard copy denved
from 1t} 15 bsted, housed, or otherwise recogmeed in

a. standard reviews that are specific to the discipline of the journal;

b. the usual indexing services [publications are ofien judged by the bibliographic and
citation services that mention them — services that accept electromie files are particnlarly
easy to deal with);

c. news media, including field-specific conferences and meetings as well as mass media;

d. standard book/jonrnal registers of documents using conventional book/journal codes
(such as ISBN and ISSN); and,

e library aschives. Libranes apparently dislike the idea of downloading journals; they
apprecate diskeites mailed to them. Archiving is important for E-journals so that data
can be retrieved long afier publieation.
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2 The editor should consider the unusual to boost regard and readership for this mode of

journal transmassion, such as:
a, the use of reprints [with appropnate copymght permission) of hard-to-find works
of field-leaders [prospective authors—ol lesser fame—usually perceive some benefit-by-
association and field leaders often are interested In particpating m a different venture),
b. the use of misractive review of material — posi-publication review followed by online
alteration of the original document as a later version [coded approprately-onginal is
version 1.0 and updates carry larger numbers according to the extent of change);
¢ the use of taxonomic, bibliographic. and other data sets consisting of long bste of
records that can easily be downloaded and sorted according to user need. Several agen-
cies are preparing monolithic data banks from which saentists can extract items of
information using specialized data management programs. Unfortunately, such data
banks usunally employ in each different management system, complex and difficult for
the scientist to learn, and the data banks give second-hand data (digested by those who
run the datz bank and who are not necessarily scientists). With the advent, however, of
electzonic publishing, information in the sciences developed by individual scienusts can
now be easily and directly shared;

d. the nse of novel typesetting or other electrome capabilities that display the power of

the vehucle of transmission {Horstmann 1991); and,

e the sharing of expenences in E-journal editorship with others — through professional

agssociations directly promoung electromic journal editorship (such as an E-journal edi-

tor's assomation) and with other organizations indirectly promoting it {such as the TEX

Users’ Group; “TpR" is = trademark of The Amencan Mathematical Soaety).

Readers whe are mitial skeplics can become more receptive when they see actual output;
hence, the early need for editor to become author, To increass E-journal avalability, and to
cenvert a wide varety of skeptics, E-journals should be distributed in more than one manner
(e.g. diskette, File Transfer Protocol (FTF), Bitnet, on a listserv, U.5. mail, hardeopy).

When editor becomes author, then & mechanism for review is &ll the more important.
Pre-publication peer-review by an editoral board or by other colleagues is effective and easy
to achisve electronically; post-publication feedback in an open or closed forum 15 also sumple
glectronically. In addition, it is important that the editor continwe to publish in vanous
other outlets held in high regard.

There are also & number of other reasonable, but less important, concems that anthors
might have. Thess include:
1. Manuseript security; because E-journals can be forwarded easily, alteration of onginal
manuscripts can occur. There are a number of ways to deal with this problem:
a. Uopyright 2 hard copy of the onginal transmission (thereby placng it in the Library
of Congress|;
b. Advertise that the original computenzed versiom or a hard copy of the onginal trans-
misston is available [on-demand) to those wishing it-including hbranes;
e, Store single hard copiee in zelected libraries (including that of the avthor's metitution );
d. Transmit E-copies directly from editor to individuals, over standard electronic net-
works, using an electronic distribution list automatically marked with the sender’s name

9
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and time;
e Download from an elecironic bulletin board, A persistent worry here is that a file
made available for downloading is not “published” in the sense of being distributed. This
worry underscores, again, the need for adeguate reviewing and indexang of the document.
However, the prospective author should note that a file made available for downloading
iz in fact published because

i this 15 the same wav hardcopy books are published — they ars simply advertised as
available for purchase. and

4. in hibliographic research, the date of publication is the date advertised as available,
since it is impossible to track down the date of first purchase or first mailing of the book.
f Copy-protect diskettes (using some sort of seal unigue to the journal) to prevent
unthinking abuse.

2

Virus and other crank programming prevention, Downloaded FTP or regular phone
modem files from other computers can spread electronic virses if they are “executable”
and only if they are actually run es programs. Downloaded text files cannot spread
viruses: downloaded executable files {EXE, .COM in MS-DOS) can be examined by
commercial programs for wviruses before they are run. When the E-journal 1= made
available through a network server, the E-journal’s health is simply transierred elsewhere;
the network supervisor has considerable responsibility in this regard. Of course, good
backup habits and & procedure in place for dealing with viruses if they happen are &
must 1n all workplaces that use programs obtained from outside the workplace,

Production issues.

Production issues gemerally appear to fall into one of two categenes: Document manu-
facture and sditing, and transmission. Warshousing is not an 1ssue of any significance, nor 15
the sort of marketing that requires a netweork of publishers’ representatives 1o sell hardeopy
documents.

Document manufacture and edifing.

The manufacture involves creating, or being supplied, electronic files. Editing at this
stage 1n journal ecomputenzation generally requires in-homse manufacture and distobution
of files and their media. It is useful to aim for the lowest common dencminator: currently,
that means ASCIL text and .GIF or .PCX graphics files if needed — such files are easily
cead on 2 IBM PO clone, a Mackintosh, or Unix machine (Xwindows or whateves), by any
wordprocessor and most graphic file viewers. It would be nice if the files could be set up
with the format of one of the new GUI wordprocessors {e.g, WordPerfect, MSWord) but
it seems prudent to wait until a multiplatform wordprocessor that creates fext files incor-
poratmg graphics images becomss commonly used. Most prespective authoss can provide
“manufacture-ready” copy in the form of an ASCIL file sent over the e-mail or provided on
diskette. Indesd, for MS-DOS environments DCA or RTF (Document Content Architecture
or Rich Text Format) are also standard file formats retaining formatting commands; these
may be used to transfer a formatted text to any of most commercially available major word
processors, It 15 thus an easy matter to ship the E-file 10 referess and to provide auwthors
with E-proof to check prior to final production.

10
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There are 2 number of issues, found also in conventional publislung, that remain difficult
For this reason [also), it is useful for editors to be expenienced as authors of conventional
articles: it is additionally desizable for them to have had editorial expenence in deahng with
a conventional publisher.

1. When the ASCII file is typesel wsing TEX, mathematical notation, tables, and figares that
are rectilinear in shape are easv to handle: otherwise. complex mathematical notation s
difficult even to appraomate mn ASCIL The typeset TEX file is mself an ASCII file with
ASCII formatting commands, and so can be transmitted easiiy
a. The computenzed typeset TpX file is not stoely “what-you- see-1s-what-you-get™)
however, the file is of traditional guality typesetting, and the file of electronic text and
notation can now be downloaded and cheaply typeset or printed in hard copy by the
journal receiver at hus or her expense. To typesel the file, the recever must firsi convert
the transmitted TpX file to = .DVI file and then print it on any available downloading
device (such as a Nerox 9700 senies machine or an AFPS phototypesetter).

b, The receiver can view the transmitted TEX file on sereen (with the TEA commanas

visible). The editor can fight-justify the TgX file in a word processor [prior to trans

mission ), and bitstrip it to retain it 2s an ASCII file, in order to produce a journal-like
electrenic page n the tramsmitted E-file without interfenng with (or influencing) the
wrpesetting of the hardecpy, Right-justified electronic copy tends to reduce the visual
ympact of the unnatural looking typesetting commands that appear in the TEX file as it

12 viewed online.

¢. TEXN produces device independent files; however, becanse different installations of TEX

support differsnt features it is good, at preseni at least, to keep the typesetting simple.

To this end, the editor should consider supplying a set of TEX macros to authors wishing

to do their own typesetting using TEX; these can be supplied over the electromc mail

n much the way that the American Mathematical Socety encourages the submission of

abstracts for its mestngs.

4. Not all individuals have access to TEX even though their university has it mdividuoals

in mathematics departments generally do have access to it and know how to use it

e. Figures, charts, and tables that can be considered as a matnx (such as a crossword

puzzle) can be typeser using TEM- Maps and non-rectilinear figures generally cannot.

f Ome approach to dealing with figures. that works easily, is 1o scan complicated maps

and figures and to mcorporate the scanned file into any distributed hardeopy by electronic

cutting and pasting, The Xerox DocuTech stores scanned images as electronic files on a

nard disk and permits such electronic editing. Hardeopy, complete with figures, can be

produced in an on-demand fashion for sale to standing orders and to others who nquize.

Warehousing is thus converted to & “just-in-time” appreach requinng virtually no extra

space or cost. Hard copies can then be made available in a vanety of bindings.

g If the scanned electronic files are downloaded as part of a text file, then the reader's

electronic cutting and pasting is unnecessary. The capability of future word processors

holds the answer to the possibility of shipping mathematical notation, maps, and photos

In & single easy-to-read, typeset, transimission.

h. Graphies transmission can be executed immediately by making available for distnibu-

tion binary files of graphics images on an Intemet server for downloading via FTF (File

11
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Trapsize Protocal) of from a standard bulletin board.

\ Wer another approach to the graphics issue might invelve lukage to a Geographic
Information Svstem o provide a procedure for creating compatible transmittable map
fles directly from date managers into a TpX-ed file. Data files are likely to be quite large;
compressed files should be used with instructions for decompressicn and Tecompression
provided online mn “help files”

5 As above, TEN can be used to create an ASCII file that 1s typeset. meludmg diacritical
marks. 1 however, the editer chcose: not to use Tk, publishers can convert the for-
matting codes of other software such as Microsoft Word, XyWate (Signature), and othe:
robust word processors. I straight ASCIL perhaps employing the upper IBM ASCII set
whenever diacritical marks sre important, is used to transmit the electronic files. then
another set of issues, some similar to and some different from using TEh. confront the
editar.

a, At present it is important never lo fght-justify straight ASCII files. Fugln-justified
texi iniroduces extra spaces in word processors that produce stzight ASCII files. To
mend this. users must do a number of search-and-replaces, replacing double spaces with
single spaces. They need to do this to make the text look like their own text so they can
add items from 2 bibliography to their cwn bibliographes or add to other downloaded
liszz of subjects that are searchable with = word processor or data manager.
L Data-intensive text files, either those for which it is difficult to find a publisher in
hardeopy or, in particular, those that are suited to searching and other computer text
mamipulation (such as bibliographies or checklists), are well-suited to journals employing
the straight ASCII format. Date files take two forms: article format, sirmlar to paper
publications — searchable with a standard word processar or with “lext management”
software, and, data base format, appropriate for importing nto 2 standard data base
manager. The latter should have data presented with an equal number of lines per record
and information entered on the appropriate line for each field, or in another “delimited”
format
¢, Large text files should be divided into smaller files each less than 300 kb in size. These
can be uploaded as is, or first converted inle smaller compressed [e.g., JARC, .ZIF, or
LZH) files. Split text files can be downloaded and reconnected [throwgh DO5 copy
command) by the user. Very large files may, for now, be more appropnately distnibuted
on disk.
d. Foreign lenguage characters, symbols, and graphics. Authors should expeet that
downloaders will generally use & data bits and an error-checking protocol, so binary files
amd text files with the TBM upper ASCII character set (foreign and special characters
and graphics) can be easily transmitted. I the text is prepared in something other
than a MS-DOS, pure ASCII environment (non-ASCID texts are created by many word
processore), authors need to remove all software-specific formatting codes and type-siyle
codes, before uploading. These can, however, be suggested — underlining codes, for
example, might be represented by symbels like & or | so downloaders can re-underline
through search-and-replace.
Users of operating systems other than M3-DOS generally do mot have access to the
wpper IBM ASCII set, which has foreign characters and symbols such as the degree sign

12
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(%] and simple graphics. Also, because all users may not have MS-DOS mcrocompuiers ot
compatibles, some authors may wish to substitute special codes for the IBM upper ASCII set
used in M5-DOS. It 15 recommended that instractions for translating (by search and replace)
the eodes into the actual character be given at the begimmng of the publication. Any system
can be used: however, a simple svstem, which can be easily interpreted even before translation
and may be sasily used by non-MS-DOS systems, is the “hackspace and overstrike” method:
many joreign characters may be easily manufactured by causing the printer to backspace
and oversinke a diacritical mark. Since some wordprocessors cannotl deal with the ASCII
backspace character (ASCIL 8), substituting an unused Jower ASCII character such as @ or
| for the backspace character will allow search and replace for (1) the backspace cheracter
iteell. (2) for an acceptable prnter code substitute for it or (3) replacement of the thres
characters with an IBM upper ASCII character. Examples of backspace substitution. a|’ =

5 Alo=A, u|" = u; znd of direct substitution: deg. = °, v =4 (search for space-u-space

and replace with p ). Graphics chamacters have hittle utility and cannot easily be coded for

non-MS- D05 standard machines. so if is recommended that these be restncted 1o specal
apphcations
Thers are a number of effarts at an enlarged ASCII set for foreign languages (Hayes

1982). The coming of Unicode or something similar will hopefully provide = complete set of

multiplatform foreign characters.

e, In bibliographies, spell out all duplicate author’s names (do not uwse a seguence of
hyphens.) so that the author’s names can be searched for. Begin each entry flush left
and leave an empty line (two hard mghts) between each entry.

f Do not spell any words with all capital letters (this may make it difficult to search for
them; it also looks bad)

g. If appropriate, present files in a “sgueezed” form as an ARC file or ZIP or ancther
‘archiving' utility file format. This allows faster and less costly downleading and keeps
diskette files small

4. File management sesme to be relatively easy with an E-journal. Keeping track of
manuscripts, and of who is referesing them, and of their stage in the production process,
is made simpler by the technology.

Transmission
E-journals should have standard, and thus easy-to-use, modes of access. They should
be transferable across different svstems {e.g, varous micro, mini and mainframe platforms),
Alphabets should be standasd (ASCIL, IS0 Superalphabet eveniually) in order io be availzble
to a wide number of users. Transmission can occur in a number of different ways and have
various Uses.

1. Issues may be obtained by “ancnymons FTP" or downloaded via regular telephome lines
by modem from an electronic bulletin board. An electronic bulletin board system is. a
computer and software systerm that can be accessed from outside by @ caller, who hkely
has & number of options, meluding perhaps:

a, Reading or leaving messages, These are typed while online and may be public o
private [readable only by the addresses).

b. Depositing or taking away data or text files. These are created with a word processor
or data manager previous to caling and are “up-" or “down-leaded” as a unit.

13
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¢ Extracting nformation from a large data file, Authors can prepare compibiative
publications that they use personally and wish to share. Then they may, if they wish
mantain the publications informally or formally as a senes of versions In onhne data
banks, Users of the bulletin board download online files, and nse the files cizectly for
gearching for particular data or by copying porlions 1o enlarge their own personal files,
with due respect, of course. for copymght privileges of the oniginal author.

5. & bulletin board can be of interest to scholars in the following ways:

o Messages - For exchange of ideas and information. Specd of contact 1s far greater
thay with regular mail. Special “Conference” sections allow pubhc exchanges on single
seieniific topics that are eguivalent to symposia at national mestings

% Files — Electronic publications that may be cited in an author's ceroculem vita. Such
publicauions should be coprrighted. These mclude: original text matenal and computer
pragrams; text or data files of an ephemeral or informal nature; and, previously published
cemputer programs (of “reprnt” value), With the eventual realization of a network
of bulletin boards acrose the country, this method of transmission holds consmderable
PEOMISE.

% Ship the E-journal across Biwnet or Internet to & distnbution list of subscribers who ask
to have the E-journal mailed to them. Some installations do not have the capacity o send
Elec in excess of 25,000 characters. In that case, split the journal apart with mstructions
10 the user {o coneatenate the files prior to downloading, printing, or typesetiing.

Archival issues.

All journals are useful only for as long as they can be located in the holdings of some
msttution. As technological formats for produang journals change, 1t will be important to
keep mot only the new, but also the old — as back-up with a known bfe-span. Some of the
issues that will confront archivists include those listed below.

1. Availability — the E-journal should be archived indefinitely in an institution willing to
provide copies or the equivalent on request.

9. Durability — Archives should be maintained so as not to degrade with time, £.g, contents
of dickette transferred to hard disk. then to optical disk, then to sclid state or whatever
future technslogy provides. Duplicates stored off-site, and EMF protection are also
advisable in the long-term. Paper burns and degrades with age, but magnetic images
can be maintained indefinitely if copied periodically onto new media (diskettes are sad
to have a maxamum data retention life of 10-15 years),

3. Retrievability and salvageability - Standard operating system formats should be changed
in a timely fashion: MS-DOS to Unix, etc. Standard word processing formats should
be upgraded so they can be read decades hence. Database formats should be standard
or also available in ASCII-delimited format. Any reguired programs {decompression
programs, graphics viewing programs, epecial word processors] should be archived, too,
along with necessary hardwars platforms.

We have found that editorial and publishing problems can be overcome within the limits
of existing technology such that electronic journals can be successful in transmitting and
presenting information to scholarly readers. We foreses a significant upgrade in guality and
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aicH ;'EJ' of electronic presentations with the advent of standard cruﬁﬁ-piatfarm graphies-

wu:d processors. standard export-import formats, and standard multi-language char
ﬂgfs,ﬁ“, The advantages of electronic publication: inexpensive, fast, sasy to stare, easy to

lomg-term archivabilisy, easily justify the time spent leaming to deal with the new
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WILDERNESS AS PLACE

John D. Nvstuen

Some conflicts are the result of people talking 2t cross purposes because thev interpret
jdentical empincal dats n guite diffsrent wavs. These differences can arnise from deep seated
differsnces 1n beliel svstems or from the knowledge svstems (theones) appled to understand-
g & phenomenon. The conflict over the meaning of wilderness 15 an example

Visual Paradoxes

The biclogist Richard Dawkins in his book The Extended Phenotype uses the analogy
of the Necker Cube (Louis Albert Necker, 1832) to illustrate the fact that the same empir-
ical evidence can be interpreted in two or more perfectly accurate ways, each of which 1s
valid but incompatible with the other. The Necker Cube 35 a misual paradox i which the
mind percerves a flat plane drawing ac & three dimensional transparent cube in which the
onentation of the cube is arbitrary (Figure 1) Al one moment it appears {0 be viewed from
above but as one stares at i, a reversal cccurs and in the next moment it seems to be viewed
fram below. The visual paradox arises when full information is avalable. Partial knowledge
seems 1o favor one view or the other.

Full View 1 View 2
Information

SV N

Figure 1. Necker Cube. A sequence of three cubes chown as line drawings. The reader
unfamiliar with Necker's Cube would be well-advised to reconstruct this figure. The left
hand cube is one with all edges showing; the center cube has three edges hidden so that it
appears the reader is looking down at the cube from above: znd, the nght cube has three
edges hidden so that ot appears that the reader is looking up at the cube from below.

An additional set of views is available — that of a two dimensional plane figure which,
of course, is what the drawings are. This set of views may become dorminant by rotating the
cube so that the many symmetnies of the cube are emphasized (Figure 2.
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Figure 2. Views Along Axes of Symmetry of a Cube. This figure is also 2 sequence of three
views of cubes shown as line drawings. The left eube is 2 full- information cube (no hidden
edges) seen head-on, with a face of the cube closest to the face of the reader. The center
sghe is o cube with all edges showing viewed head -on with an edge closest to the reader 50
that the prominent edge, and the liametrically opposed edge appear to coincide for part of
their length, The right cube it & view of the cube with one corner closest to the reader so
shat the plane view of the cube appears as a hexagon with three diameters.

Aqether well-known visuzl paradox, face/vese, was introduced by Edgar Rubm in 1815
(Figure 3). In this example additional knowledge seems to resolve the paradox —as e simple
white, classical vase agaimst & black background, both vase and profiles of faces &t either side
ore evident. If baseball caps are put on the profiles, the faces dominate; if, instead. flowers
are drawn in the vase, then the vase dominates.

Usually one has to plan how 1o seek additional knowledge about a problem. If only a
certain type of knowledge is pursued hecause that is the way the problem is interpreted,
then one view will likely prevail, If only economic evidence 15 admitted for consideration {for
example), other views, other values may remain mvisible.

Past expenience may bias ane's interpretation bevomd what seems reasonable to others
with different points of view. Gerald Fizher’s (1967) man-girl paradox is a sequence of eight
progressively modified drawings — from man to nymph-like girl (Figure 4). The fourth
drawing in the seguence was found upon empirical testing to have equal probability of being
ceeq a5 a man's face or a girl's figure. However, by viewing the sequence successively from
{he top left to the bottom might one can maintain a hias towards seeing the man’s face almost
to the last drawing. There, only 2 faint, melting ghost of a face remains to be seen, if seen at
all. The opposite is true if one starts with the girl's figure and moves in the reverse direction.

Wilderness Defined

The value of wilderness to society resembles a Necker Cube paradox. People of goodwill
see the same empirical evidence in very different lights, The dominant Amencan ViEW of
the environment i utilitacian and anthropocentnc. The environment 15 lor humans 10 use.

18
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Face/Vase

Face

Vase

Figure 3. Face/vase paradox
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Natural resources are culiural apprasals, more 2 matier of somety than of nature, For
something to be a resource we must want o use it, know how to do so, have the power 1o
do so. and be entitled to do so. Nature offers omly the opportunity for use.

A biocentric ethic imbuses nature with intnnsic values independent of mankind. We
are part of nature, not apart trom it. lu an anthropocentric view we are distingmshed and
especially favored by Ged. Ina biocentric view all creatures, large and small. and plants too,
have a right 1o exst. Most Native American cultures held to this beliel. They apologized 1o
their fellow life forms when consuming them to meet their own needs.

I Western Society the biocentric ethic 15 not well understood perhaps even by many
of ite advocates. Preservationist: focus on symbols of wilderness rather than on wilderness
i t1s full existence. Tactical reasons motivate this approach but then frequently wilderness
advocates are outmaneuversd. Do preservationisis really care about the snail dartes and the
spatted owl? Or are Lhese species being used as focal ponts to preserve entire habitats?
They embody or personify concern for more abstract values. Do we really want the habitat
e be preserved unchanged®

I recell when visiting Disneyland, a frontier scenaric of " settler’s log cabin under
sitack and in fiames." The logs were made of cement and the flames came from gas Jets —
{hiey burn eternally for the tourists, daily durng open hours, scason after scasomn,

The wilderness worth saving is the bicsphere process. The wilderness sthic is to let wild
habitats exast where human contact is shight and/or remote (outside—backdrop). Living wild
hebitats change and perhaps spotted owls or other species will vanish but not as a result
of direct human action. Of value are natural processes remote and indifferent to mankind.
John Muir said, “In Wilderness is the Preservation of the Barth.” That plrase iz the motto
of the Sierra Club which Muir founded 1n 1892, Preservation of the earth as the home of life
transcends societal concerns. Beyond a species imperative, it is life imperative.

Conflict or Synthesis

M. €. Escher, the artist noted for his depictions of the complexities of time and space,
transcends the choice required by she Necker Cube. He gave the object some atlention m his
lithograph Belvedere (see The World of Escher, p. 228). The man seated in the foreground
is holding an impossible cubic object while contemplating a drawing of it on the ground in
front of him, In this scene Escher provides a drawing, a hand-held model, the embodiment
of the concept in the structure of the castle building

Escher stmultanecusly embraces two views of the cube with a model and a construction
process that can only exist in the imagination. The paradex is in the images of physical
things depicted. There are no paradoxes in nature. Nature exists. Paradoxes ohserved in
pature mean that our understanding of phenomena i inadequate. This 1¢ what drives the
imagination of physicists. Theor holde that nothing can exceed the speed of light — except
human imagination; light bends; space is warped; black holes exist; time fHows backward;
light 1z both wave and photon. Desper and desper understanding of nature Incorporates these
constructs of our imagination. From the beginning many predictions of quantum mechanics
were viewed as very strange. Now afier many decades or resisting refutation, the theory
vields new results that border on the surreal: that quantum phenomena are neither waves nor
particles but are intrinsically undefined until the moment they are observed {John Horigan,
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1892), Yel nature erigts, The problem 15 our nund set, the position of our understanding.

To understand Escher's impessible cube one must sake into account the position of the
oheerver. 1t is like & tainbow; it exsts only for those who are in the proper position 1o
appreciate it, There 1s no rainbow for the people whe are being rained upon.

| remember talking 1o a Gurung woman (the Gurung are a highland people of Nepal)
who. under & government program, had migrated to & lowland farm on the Nepalese portion
of the Gangetic Plain (elevation B0 feet). 1 asked her if she mussed the mountains for I had
cmap the breathtaking panoramas of her homeland in the high Himalaya. She said, “What 18
there to mss? We have four begs of good tand here and we had only one half bega of very
poor land in the other place X

e do not need 16 he articalate or self-conscious about things essential 1o our bang, For
example, food 15 50 fundamental to our existence that we treat 1t very emotionally. Reasoned
discourse 15 not the only or even dominant basis for thinking about foed or debating public
policy about entitlement to food. A sense of place 1e as deeply held and fundamental to
our exisience as food. We become attached to & place to the extent that we fill the place
with meaning. A personal and deep atzachment is made to the place called home. Home 15
familiar. safe, restomng, and comtrolled territory, We fight te protect 1t from invasion with
deep feeling and ensTEy. We will die for it

Wilderness is & place that is not home for humans. It becomss real and important only
to the extent that we fill it with meaning, To give it meammng 1t must become foreground
{subject). Mere opposites of home values do not capture the essence. Is wilderness strange,
dangerous, stressful, and wild teratory? Strange and wild are nice but to me stressful and
dangerous are the wrong emphasis, somelimes used by organizations that are trying to build
celf.confidence in adolescents by thrusting them into comfromtation with wilderness. Recre-
ation hunters whose intent 15 to achieve a kill reveal this sort of confromtational approach
vo wilderness as well, [ believe thail wildemness should not be taken as hostile, something to
overcome, but rather one should enter a wilderness prepared, take prudent action and seek
1o experience the strange and the wild to be found thers. Admittedly, some views aof wilder-
pess are going to be incompatible. But at least hunters and preservationiste have VISIONE
of the meaning of wilderness, compatible or not. Certain vantage points must be assumed
or wilderness will remam invisible. An slliance to build = public edifice 15 conceivable that
mizht, like Belvedere, provide positions for people to calmly gaze in different directions.

Wilderness is like a rainbow. Existence depends, m part. on the position of the newer
Do rainbows exist? Or are they only latent until observed in some fashion or another? Are
they to be valued, if so. how is value assigned? Can you own one’

Wilderness As Place

The Bureau of Land Management (BLM} is a federal agency that controls 179 milbon
acres of land mostly in the western siates (ever mine percent of the total land ares in the
coterminous USAJ The bureau was created in 1846 through consolidation of two federsl
apencies, the Land Sales (Office and the Grazing Service. The bureau inherited from these
prior agencies the mandate to either sell off federal land to prvate owaers as quickly and
efficiently as possible or to make federal lands available jor use by povats individuals through
issuing graging permits. In 1878 Congress passed the Federal Land Policy and Management
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Aet which contamed & mandate 1o the BLM to inventory. study, and make recommendations
ior wilderness designations for BLM lands. The bureau was to report back its actions by
1081

The bureau people were somewhar at a loss for words, What exactly is wilderness? Is
that a place with no conceivable human use; a place nobody wanis? Wouldn't 1t be what 1
left over after we do our job? Could we address this mandate simply by subtraction? The
answer was no, that would not do. Wilderness did not fit into a commodity based, ‘I can
own 1, philosophy. How could humans manape a wilderness? What would there be to do”

The bureau people were more than a little uncomfortable with their new task. In the
pasi two decades a sea of change has occurred on how to view the environment and the BLM
has been caught im:ts tide. Today, environmental groups are a political force with access to
agency decisions through new zvenues of public partiapation. It is not business as usnal

In the words of C. Ginger (1983);

“The philosophical challenge faced by BLM has, at its core, human perceptions of the
value of land. These values are the same as those that wers at the base of the disagresment
between John Muwir and Gifford Pinchot 2t the end of the nineteenth century. Muir and
Pinchot debated the ideas of preservation of land versus conservation of land. Placed in the
context of the wilderess protection, we mught ask if we are saving wilderness for wilderness'
sake or because it is a wise use of natural resources. These two perspectives { preservation
and conservation) were a challenge to a third perspective that dominated the government
mstitutions that oversaw public lands in Muir and Pinchot’s time exploitation of natural
resources in the short run. All three points of view are present today in our approach to land
and resources but it 15 Pinchot's view that provides the deminant ideal in the form of the
multiple-use sustained -yeld philosophy established by Congress for public land management
in the United States. The debate over wilderness designations in the West illustzates that the
idea of preserving a chunk of land is not just an administrative, legal or even political issus
The sometimes dramatic conflict reflects an underlving difference in values and perceptions
of our relationship to the land. And the values are not simply held by individuals, Ther are
reflected in and perpetuated by the institutions we have created to act collectively. We can
find in the Bureau of Land Management how the debate over our relationship to the land 1=
defined and pursued.”

Human institutions are not natural phenomena. They are created by humans and some
tontain paradoxes and ambiguities. These ambiguities may be the source of confict in
drcumstances where identical evidence is interpreted in different ways,

Human belief systems are mutable but they are also guite resistant to change even
in the face of accumulating evidence. In the United States race relations and women's
roles in society have changed in the second half of the 20th century to the extent that
cenain behaviors and attitudes accepted as commonplace in the first half of the century are
disapproved and are illegal today. Equal access to places and roles is now an accepted ideal,
not vet attained in many eircumstances, but with many instances of success. Justice and
equality are underlying moral imperatives driving these movements in particular directions.

Sustainability and ultimately, survivability of life are the imperatives underlying the
shift from anthropocentnic to biocentric views. As far as we know, we alone, among sentient
‘beings, record history, and thus can be aware of long consequences of our actions. As humans
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gam capacty to control and to destroy we must take responsibility to sustain. We need gozls
in this regard. Sustmming life processes on earth is an acceptable goal to be placed on the
balance scale along with other values.

Defimng and managing wilderness by the agencies responsible for public lands is a skie-
mish i the paradigm shift over the position of humans in nature. Elements of nature must
be given standing in human value systems in order that wilderness be recognized 1 human
affairs. This 15 1o be done by defining wilderness as a place apart, imbued with boundaries
and rights, where humans behave in prescribed ways as if they were in someone else’s Lhome.
For wilderness to be a place it must be filled with meaning that large segments of society
understand and support, otherwise it will rTemain a backdrop in human affairs, invisible to
policy makers.
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THE EARTH ISN'T FLAT. AND IT ISN'T ROUND EITHER!
SOME SIGNIFICANT AND LITTLE KNOWN EFFECTS
OF THE EARTH'S ELLIPSOIDAL SHAFPE

Frank E. Barmore °

Reprinted, with permission, from
THE WISCONSIN GEOGRAPHER
VOLUME &, 1992
pp- 1 — 8

Abstract

The small differenice between the shape of the earth and a sphere is usually thought to be
negligible except for work of very high accuracy such as geodesy. This 1= not the case. Thers
are some examples where this small difference i shape makes an easily appareni difference
i what is ohserved. This paper will comment on three problems and evaluate the impact of
the non-spherical shape of the Earth on the result: 1) the gibla problem of Islamic geography.
9% the center of area (geographic center) and 3) the center of population.
Introduction

[ have noticed that some common considerations in geography are often treated without
due regard for the Earth's ellipsoidal shape. Thus is surprising, The Earth is not spherical
(round). It 13, rather, very nearly an ellipsoid of revolution with equatorial radii, a and b,
of 63782 km. and polar radius, ¢, of 6338.6 km, — a difference of 21.6 km. This difference
i significantly larger than the next largest pervasive topographic feature, the contment —
acean basin dichotomy of 3 km. Also, this shape, an ellipsoid of revolution, 15 not ntrinsic
to terrestrial planets. Venus is nearly spherical, o = b =2 = ca. B031.5 km_ (Head, et al,
10217, Mars is reasonably well described as a tri-axial elbipsoid of @ = 3388.2 km, b= 3354.1
km. and & = 3376.7 km. (Mutch, et al, 1976)

This departure of the shape of the Earth from a sphere 15 often given as the flattening,
f=la—c)a=0003% or 0.34%,
or the sccentnaty, €, where
e = (a® —c*)/a® = 0.0068.

The departure from a sphere also resulis m 2 difference between geocentric and geographic
latitude= of (at 45° latitude],

0,195% = 0°1L.7 = 0°11"42"

While these are smeall quantities, they are not insignificant. For comparison, consider
the following difference or 1atios of similar magnitude:

a. one vacation day per vear (which, in tum, 1s larger than the one day calendar adjusi-
ment every fourth or “leap” year),

b. a watch which gains or looses five minutes per day,
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. & two inch gap in & 50 foot bnck wall.
& 1/6 inch crack in a 48 inch table top,
. 5100 per $30,000 of annual earnings,

L

f anangle of 1/3 of the apparent diameter of the sun or moon

We routinslv concern ourselves with such small differences in daily hife. We expect and
receive better accuracy from crafismen. Differences 1n direetion of this magmitude are easily
SEETL

Consistency would requite that we be as concerned with eguelly small quanuities i
geography as we are in other crcumstances. Therefore, all but the simplest considerations
in peography should routinely take into account the Earth’s ellipscidal shape. Often this
i not done. This paper will consider the impact of the Earth’s non-splerical shape on the
results in three cases: 1) the gibla problem of Islamic geography, 2) the computation of a
geographie eenter (center of area) and 3) the computation of & center of populanion.

The Qibla Problem

As I have previously commented (Barmore, 1883), 2 Koranic line which may be translated
as “ . wherever vou are, turn your face towards it [the Holy Mosque — the Kaaba]” is
often invoked to establish the correct odentation (the gibla) during the obligatory praver
(the salat). and lhence the correct omentation for mosques. This requirement, m turn, 15
often considered as satisfied when & mosque 1= aligned with the direction of the Kaaka
in Meeea, There iz, in Islamic scentific Lterature, sufficient discussion of the direction of
Mecca to indicate the usual definition of direction (King, 197%). The direction is that of
the shartest arc of 2 greal eirele on a spherical Earth between the locality and Mecca, (But
aote that medizval Islamic religious and legal scholars have often argued otherwise and, as
a tesull. other orentation traditions have existed (King, 1672, 1982z, 1882b, and other work
i preparation).) The dirsction is then specified by stating the arimuth of this arc of a great
grcle relative to the meridian.

Given the geographic coordinates of a locality and of Mecca the azmmuth of Mecca s
easily calculated with spherical togomometry, provided a spherical Earth is assumed.
Tables of such information, both historical and contemporary, exist in great number. These
tables, as well as numerous individual calculations in the literature discussing the many
facsts of Islamic culture, often give their results to the nearest minute of arc {or even the
nearest second of arc). The implication is that the results are correct to the same level
of accuracy. But the Earth iz not sphemcal. The Earth is ellipsoidal in shape K gibla
azimuths are calcelated assuming a sphenical Earth, they do not represent the real case with
an mcouracy approaching a minute of are. In every case 1 have examined, the calculations
were done as if the Farth were a sphere. In order to illustrate the errors that result, [ have
calculated the simple azimuth as well as the geodetic azimuth of the Kaaba in Mecca for a
number of places. (The simple azimuth is calculated on a sphere while the geodetic asimuth
more closelv represents the correct case (See Appendix A)) The gibla error,

QG E =az(5) - AZ(E),

is the amount that must be subtracted from the incorrect but more easily calculated sumple
azimuth, az(5). in order to obtan the more accurate geodetic azimuth, AZ(E), caleulated
om the ellipsoid representing the Earth. The locations of various places were taken from The
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Times Atlas of the World (1880). The location of the Kaabe in Mecca was taken from a
large scale map of Mecca (1970}, The result, for Clarke’s (1366) Ellipsod; 15 displaved in
Table I for selected localities and shown for the world in Figure 1.

Table 1
The error in the qibla azmmuth for vanous places when caleulated on a sphere:: The
results are given in decimezl degress and in minutes of are:. A tabulated value of the qibla
eror, G F =az(5)—AZ (L), 15 the amount that must be subtracted from the incorrest but
meore easily calculated simple azimuth, 22(5), in order to obtain the more accorate geodetic
azimuth, AZ(E), calcuiated on Clarke's (1866) Ellipscid representing the earth.

Place Qibla Jibla Error
Name Lat(N=) Long{E=} az(5) AZ(E) degree min.arc
Baghdad 33.3333 444338 200.0637 200.1583 —, 0946 —.67
Caire 30.0500  31.2500 1362137 136.0561 AaTa B45
Chicago 41.8333 —87.7500 48.5875 48,5200 RULL 3.99
Cordoba J7.8833 —4.7667 100.3041  100.1910 4131 6.78
Damascus 33.5000 363167 164.7021 164.6278 0743 4.46
Istanbul 41.0333 '28.9500 151.5875 151.4770 1105 G.63
Jakarta —6.1333 106.7500 2051509 294 9765 1744 10.46
Jidda 21.5000 391667 972106  97.1680 0426 2.35
Kebul J2.2167 692000 250.8200 250.9551 —. 1261 —7.56
Khartoum 15.5500  32.5333 485631  4B.7381 - 1732 =10.39
Marrakech JLEBIGY  —8.0000 91.5913  91.5139 0774 4.63
Medina 245000 395833 1758084 175.7846 L2349 1.43
Mombasa —4.0867  30.6667 (.3437 (.3460 —.0024 —{.14
Riyadh 246500  45.T067 2445752 2447080 — 1328 =T,
Tashkent 41 2667 G9.2167 2403127 2404550 —_1423 —B. 54
Tehran 35.6667  51.4333 218.5599 218.7030 —.1431 —8:59
Tombouctou  16.5167 —2.0833 764880  T76.53301 —.0421 —2.53
Trabzon 41.0000  39.7167 179.697T6 179.6062 0013 .08

When these results are considered it is clear that gibla errors on the order of (.1 degrees
(0% 06"} will result when azimuths are caleulated assuming & spherical earth, Not only is
this true for qibla azimuths, but it 1= also troe for ammuths calculated {or any other purpose:
Clearly, ammuths calculated assumung a spheneal earth will not. 1n general, be accurate to
& tenth of a degres and should not be given 1n a way that implies such accuracy.

It would not be appropnate to caticze histoncal works concerming the qibla problem for
ladang such accuracy. However, knowledge of the elhipscidal shape of the Earth is now widely
known — clear descriptions are to be found 1 many text: on physical geagraphy. 1 wish to
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Figure 1. The error in the gibla azimuth for various places when calculated on 2 sphere.
The results are given 1n minutes of arc. The plotted value of the gibla error, GE = az(8) —
AZ{E}, 15 the amount that must be subtracted from the incorrect but more easily caleulated
simple arimuth. a=(5), in order to obtain the more accurate geodetic azmuth, AZ(E),
calculated on Clarke’s (1866) Ellipsoid representing the Earth. The variations are complex
near Mecea, located at 214 degrees N 30,8 degrees . and at the antipodes of Mecca, Note
the non-uniform contour intervals, the incomplete contours in regions of high conteur line
density and some intermediate contour fragments, shown dashed.

taise two questions: 1) Is there an mnstance in recent or contemporary works concerning the
“gibla problem” where the problem has been considered with due regard for the ellipsordal
(nom-spherical) shape of the Earth? 2) Would Islamic legal, religious or geographic scholars
have any interest in this small but noticeable correction to a traditional sclution of the “gibla
problem™?

The Geographic Center

Thers exists, in north centzal Wisconsin, less than 3/4 kilometer to the north and west
of the very small community Poniatowski, 2 monument with the following text:

The location of Poniatowski near tlus umigue geographic poinmt has given it sufficent
fame to be mentioned in newspaper articles, seme tourist literature and even celebrated in
song (Berryman, 1983),

If the Earth were spherical or much more nearly so, then the statements on the marker
would be true enough. But, as a result of the Farth’s ellipsoidal chape: a) the place marked
1z not halfway between the Equator and the pole, b) the place marked is well removed from
the “center” and c) the halfway point and the center are well separated from ome another.
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GEQLOGICAL MARKER

Thic marker in Section 14, in the Town of Rietbrock, Marathon County is the exact center of
the northern haif of the Western Hemusphere. It iz here that the 8ith mendian of longtitude
(sic) bisects the 45 parallel of latitude, meaning it is exactly halfway between the North Fole
and the Equatar, and is a quarter of the way arcund the earth from Greenwich, England.

MARATHON COUNTY FARK COMMISSION

(Note, however, the Earth’s ellipsoidal shape not withstanding, the monument does mark
the place. 90 W longitude, 45 N latitude, well encugh.) The monument’s fallure 1 marking
the halfwayv point and the center 15 substantial and each failure will be discussed 1n turn,
Halfway Point:

Because of the ellipsoidal shape of the Earth, the length {measured on the surfzce) of a
degree of geographic {that is, geadetic) latitude vames with latitude. As a result, the pont
that 1s eguidistant from the pole and the eguator is not simply the midpomt mn latitude.
Using Clarke’s [1863) ellipsoid and the vanous relationships in the geometry of an ellipsoid
(Bomford, 1971, Appendix A) 1t is 2 straightforward caleulus problem to find the eguidistant
point. It is at the geographic latitude 45.1447 = 45°08'41" (see Appendix E). The place
with this latitude iz about 16 km. from the one marked and sufficiently far from Poniatowek
as to place it well into the next county to the north, Lineoln County.

Center:

The concept of the gragraphic center (center of arez) for a curved surface is not as straight-
forward as when the area is flat. What iz usually meant by the center 15 the average [or
mean) location. The location coordinates used (latitude and longitude] are curvilinear rather
than rectangular. Because of this, one may not average the latitude and longitude of the
elements of arer that make up the whole in order to find the center {average location) of the
whole area. In order 1o make this point more clear, consider Figure 2. Shown shaded is the
northwest quadrant of the Earth. On a sphere, this ares shows a great deal of symmetry
about the point at latitude 45° ¥, longitude 90° W, Surely the center of this quadrant on
the surface of a sphere is at this central point. But, if one calenlates the average latitude of
the various area elements that make up the northwest quadrant on the surface of a sphere,
the result is 32,7042 degrees or 32°42'15" N Surely the center is not there. (Other statistics
are no better when applied to latitude alone — the median latitude is 30° N, and the modal
latitede is 0°.) What must be averaged 1= the location, not the coordinates of the location.
Phrased differently, the latitude of the eenter of ares is different from the average latitude
of the same area.

Anv satisfactory method of finding the center must take into account the curved surface
of the Earth in a suitable way, One method is to calculate the center by assuming that the
quantities spread over the two dimensional surface of a sphere are distributed in & three-
dimensional Euclidean space {as indeed they are), One early geographical use (the earhiest
[ have noted) of this “three-dimensional” method for finding centers of population (or area]
on the surface of a sphere was denved by 1. D. Mendeleev and used by his father, D. L
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Figure 2. The geographic center (center of arez) of the northwest quadrant of the Earth
(or the upper lefl quadrant of a sphere or an ellipsoid) and other statistics. A) An oblique
view of the Earth showing the northwest quadrant. B) The region of the northwest quadrant
near the median and mean latitudes of the quadrant on the 90th meridian, C) The remon
of the northwest quadrant near the geographic center. The center was determined by the
preferred method (Barmore, 1881); that is, calculated with the computations and the result
restcted to the surface. The ellipsoid 15 Clarke’s (1866) ellipsoid.

Mendelesv {1907 and earlier] to find the centers of area and population of Russia. Such a
method is easily extended to caleulating the center of area or population on the surface of
an ellipsoid.

| believe an alternative method is preferable — 2 method that restricts the computations
and the results to the surface of & sphere. We are largely confined to the Earth’s surface
and 1t 15 appropoate to adopt this provincial viewpeint when determining the center of
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population or geographic center. This is discussed elsewhere in some detail (Barmore, 1991,
Whichever of the twe methods iz used (computations in the earth in three dimensions or
computations on the surface in two dimensions) the gecgraphic center (cenier of area) of the
northwest guadrant of & sphencal Earth is at 907 W, longitude and 457 N. latitude,

But the Earth is not spherical. The Earth is ellipsoidal in shape. When these compu-
tations are done for an ellipsoid. one finds that the geographic center is far removed from
45° N. latitude {though it remains on the 90th meridian). | have used both methods to
caleulate the geographic center of the northwest quadrant for Clarke's (1866 ellipsord using
the ellipscidal geometry found in Bomford {1877) and find the center iz about 22 km. 10 the
north, well mto the next county, Lincoln County, at about 45°12' N, latitude. In addition to
being far above the 43th parallel and far removed from Pomiatowski, Wisconsin, the center
is also far removed from the point midway between the equator and the pole {see Figure 2).
Thongh the monument marks the intersection of the 45th parallel of latitude with the 90th
mendian well enough, 1t marks neither the point midway between the eguator and the pole
nor the center of the northern half of the western hemmsphere. The elmme of the marker
that it 15 at “the exact center of the northern half of the Western Hemisphere ... " and

ig exactly halfway between the North Pole and the Equator, ... ™ are simply not troe.
The Center of Population

When calculating the center of population of the United States, the Bureau of the Census
explicitly states that it ].'!.H.E- assumed a sphencal Earth (U.5. Bureau of the Census, 1973],
But the Earth 15 ellipsoidal in shape, not sphencal. The formule wsed by the Census Burean
for the center of population calculation are not particularly suitable for the computation of
the center of populations on a sphere, let alone an ellipsoid. As has been previously pointed
out in considerable detail (Barmore, 1%81), the Censuz Bureau formule do not take the
curvature of Earth's surface 1o account in an appropnate way. But, however the center of
population is caleulated for populations on the surface of a sphere, the gquestions remains:
What will be the center of population for populations on the surface of an ellipsaad? As
mndicated in the previous section, there are two methods of computing centers on spherical
surfaces and the procequrss can be extended to the problem of calculating the center of
population of the United States on the surface of an ellipsoid.

[ have caleulated the eenter of population of the United States for 1980 using Clarke’s
(1866 elipsoid and the ellipscidal geometry given in Bomford (1977) two ways: 1) in the
Earth mn three dimensions and 2} on the surface In two dimensions as outlined in a previous
paper (Barmore, 1991), The same sxample data set was used n all cases. The results of
these computations as well as previcusly denved results for the sphernical case are shown in
Table 2 and Figure 3.

When these resultz are considered it 15 clear that the difference between the center
obtained with the Bureaw of the Census formula and the center obtained using the preferred
method (or the other reasonable alternative) is substantial. However, the error in jgnonng
the ellipsoidal shape of the earth is smaller — less than a minute of arc difference in the
lacation of the center of population.

The Burean of the Census gives the center of population to the nearest second of arc of
latitude and longitude. If one wishes to pursue the location of the center of population of
the Umted States to an accuracy of ome second of an arc then the ellipscidal shape of the
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Table 2,

The Center of Population for 1980 for the United States caleulated by vanous methods
for the same example data set previously used (Barmore, 1881),

Center of Population

Method of computation label latitude lompgitude depth
Bureau of the Census formules BC 38.1376 90.53737 —
In three dimensions lor a sphere 5 38.1823 90.3477 163 km
In three dimensions for an ellipscid « 39,1887 00,3468 165 km
On the surface of a sphere CoP 35.1980 90,4978 {
On the surface of an ellipsead COP - E 322045 90,4969 0
e | I-\"i;:' | ...--: E
e b / i = —
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Figure 3. The “Center of Population® of the United States for 1980 caleulated by vanous
methods. The place shown as an open circle and labeled BC | is the center determined by
the U.S. Bureau of the Census (1983). As discussed previously (Barmore, 18991} this place
should not be calied the center of population, The places shown as solid ardes and labeled
5 and e, mark the centers calculated in thres dimensions assuming the population is on the
surface of a sphere or on the surface of Clarke’s (1866) ellipscid, respectively. The celculated
centers lie ca, 165 km below the places marked. The places shown as an astenisk or a plus and
labeled OOFP or COFP = E are the centers calculated using the preferred method (Barmere,
1991) and assumes the population is on the surface of a sphere or on the surface of Clarke's
(1866) ellipscad, respectively. The preferred method restricts the computation and results to
the surface [sphere or elbpsoid] contaimng the population.
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Earth (and a host of other considerations) should be taken into account.

Summary

The Earth iz not sphercal. The Earth is ellipsoidal in shape. When computations
are done without due regard for the ellipsoadal shape of the Earth they may bein emor by
amounts on the order of 1/10 degree: This paper points out: 1) that errors of ca. 1/10 degree
result 1n gibla {ancg other azimuths calculated on a sphere; 2) that errors of co. 1/10 degree
result in the location of the geographic center of very large areas calculated on & sphere. but
3} that the error m the location of Uinited States population center when properly calculated
on a sphers 13 less than one minute of an arc.
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Appendix A

Because the Earth is not a sphere (nor, for that matter, exactly an ellipsoid of revolution)
a certamn amount of care will be needed m using the terms azimuth and distance. This
paper uses several terms (described below) which correspond closely to those defined and
used by Bomford (1677). Also. several other concepts deserve additional comment,

ASTRONCMICAL AZIMUTH: For places on the physical surface of the Earth, the
astronomical azimmth of one place from another corresponds to what would be measured
with an accurate mstrument located on the surface of the Earth.

GEODETIC AZIMUTH: For places on the surface of an ellipsard representing the Earth,
the geodetic azimuth of ane place from another is what would be measured with an accurate
mstrument located on the surface of the ellipsoid, the instrument being “leveled” relative
to the elipsoid’s normal at the instrument’s location rather than the “gravitational field.”

SIMPLE AZIMUTH: For places on the surface of a sphere, the simple azimuth of one
plece from another corresponds to what would be measured with an accurate instrument
located on the surface of the sphere, the instrument being “leveled” relative to the sphere’s
normel at the instrument’s location rather than the “gravitational field.”

DISTANCE: For places on the surface of an ellipsoid, distances between places are often
measured along the “normal sections” rather than along geodesics. For places on the surface
of a sphere, distances between places are almost always measured along geodesics, called
great crcles.

On the sphere simple azmuths and great crcle distances are easily calculated with
spherical trigonometry. On the elipsoid geodetic ammuths and normal section distances are
determined by more complex ealeulations. In this paper Cunningham’s formula was used
for Geodetie Azmmuth (Bomford, 1977, Eg. 2.23) and Rudee's “S-figure” formuls was used
for distances along the normal section (Bomford, 1977, p. 136)

LOCATION: Places are located on a sphere, an ellipsoid or an accurate map according
to their geographic (thal 15, geodetic) coordinates.

ACCURACY: Roughly speaking, calculations done on a sphere will represent distances
and direction on the real surface of the Earth with an accuracy of one degres or more.
Caleulations dene on a suitable ellipsord will represent distaness and direction on the real
surface of the Earth with an accuracy of one minute of arc or more. For an accuracy of
one second of arc or more, details such as the choice of the ellipsaid parameters, the Earth's
gravitaticnal field and heights of the vancus places must be taken into account. For the
purposes of this paper (accuracy of one minute of arc) geodetic azimuthe and distances in
the normal sections represent the real case well enough. It is a rare case indeed that the
difference between the geodetic and the astronomical guantities would be so large as one
mnute of arc (Bomford, 1877, p. 115, 528). In the main text of the paper resulls are often
stated to the nearest second of are (or 0.0001 degree). It should be kept in mind that these
resuits are the geodetic results. This level of accuracy is justified for compansons of similar
results but it is not the absolute accuracy of quantities on the physical surface of the Earth,

ELLIPSOID: All the calculations invelving the ellipsoid and discussed in the main part of
the text used Clarke's (1866) Ellipsoid, s=6378.2064 km. and e=0.08227185. The geometry

of the ellipsnid and vanous series expansions for some of the relationships were those given
by Bomford (1977, Appx. A, C).
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NOTATION. All azimuths are measured from the North toward the East and are alwavs
positive (ie,, SW = =225 degress, never —135). Angles are given in degrees and decmal
degrees [sometimes without the unit name or symbol) or in degrees and minutes of arc (and

s

sometimes seconds of arc) and alwavs with the symbols: dd*mm'es" ).

COMPUTATIONS: All compuiations were done on an Apple TIGS computer using the
spreadsheet 1n AppleWoreks 3.0 (Clans Corp.)
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Appendix B
Half-way Point Calculation.

{added to this reprinting at the request of the Editor.)
I the distance from the equator to the pole measured along a meridian on the surface of the

ellipscid is 5, then:
pole
5 Tf ds
equator

Rewriting this in terms of the radius of curvature, g, and the geographic {geodstic) latitude
¢, the latitude of the half-way point, &, 35 then given by:

& 1 =2 1
Lpldm:é.ﬁ p-n:fﬂ.'::is.

Bomiord (1977, eq. A.33)v gives the radius of curvature in terms of the semi-major axis a,
the eccemtniety e, and the geographic latitude. Then:

'["I‘ I:I.|:1 _EEJdP - 1 /r."ﬂ E“ _Ez:ld':ﬁ
o (1-e%in®e)®? 2 Jy (1 —e%sin®s)3/2

Cancelling common terms, nsing the binomial expansion (e is small), and evaluating the
resulting seres of definite integrals on the right hand side (RHS) one finds:

¥

R_HS: I._I_I.. ] 33 ﬂ_q ]'IE.

4
The left hand side (LHS) integrals can be reduced (with a certain amount of algebraie and

tngonometric mampulation) to;

sin T gndd  gindd
::|—: .E'.[.-.--li.r_ i e S s
4 2.4 B 4 32

: 3 AL
LHS = &+ J-e® (5 =

Ignonng the smaller terms — terms containing &%, e® etc. (using the eccentricity for Clarke’s
1866 ellipscid) yelds:

= [L.TBTY235567 = 45.1447° = 45°08'41"
Including terms containing ¢* and €% vields;

& = (.7R7943019 = 45.145924° = 45°08'45"
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MICROCELL HEX-NETS?

Sandra Lach Arlinghaus -

The ongoing revolution in electronic communications offers exating opportunities to re-
alize geographic ideas in perhaps ummagined electronic realms. It i well-known, throughout
governmental. business, and academuc communities, that the cartographer can make a map
from hundreds of electronic lavers in a Geographic Information Svstem (GIS), in which the
data belund the map work interactively with the map, so that upgraded data produces an
apgraded map. GIS 15 certanly one exatmg result of the mieraction between traditional
science and electronics.

Cordless telephiones offer other prospscts: networks of mobile termunale can be hnked
together m networks across aty streets as well as within office skyscrapers. Chua (1882) notes
that the Hesearch on Advanced Communications for Europe (RACE) imitiative of 1088, to
study techniques to implement a third generation Universal Mobile Telecommunications
Svstem by the year 2000, 15 a significant step toward unifving communications and fixed
networks.

The concept of a mobile telecommunication is straightforward {Chia 1992). Simply
stated, a set of microeell base stations, each of which can transmit and receive elecironic
miormation; 15 spread across a geographic space as a network of stations, each with its own
tnbutary area; a muicrocell, with which 1t commumeates, Typically, one might think of the
microcell base station as the center of a areular tnbutary ares; with dreular areas packed
o cover a larger crcular area. At the center of the larger dreular area, a macrocell base
station serves as an "umbrella” {o relay information to the microcell base stations under it,
and from one network of microeslls to the next (Chia 1992). Within this sort of “mixed
cell architecture” a velicle carrying a termunal onboard passes through the microcells and
receives information on a continual basis from the base station assogated with the microcell
it is currently traversing. This sort of hand-off of information in order to traverse a network
is not new; indeed, the Rohrpost — an underground network of pneumatic tubes used for
message transmission in Berlin in the early 19005 — was composed of energy regions in
which pneumatic carniers were handed off from one region to the next in order to transmit
messages across a farly large geographic area [Arlinghaus 1986), More commonly, a relay
foot race involves the handing off of a baton from one runner to a second, once the first
runner has expended much energy to traverse some specified gecgraphic gpace. There are a2
host of other illustrations of this sort.

There are zpparently numerous engineenng concerns assogated with the optimal posi-
tioning of the base stations: antenna radiation patterns, natural terrain features, interference
from tall bmldings, and mterference and signal attenvation of all sorts, including difficolties
when the mobile unit turns a corner (Chia. 1992). The geometry of directional paths through
Manhzattan space (Krause 1975), based on number of vehicle turne can then also become of
concern (Arlinghaus and Nystuen 1989)

It 15 the geographic 1ssues of street patterns and building position that are fundamen-
tal to the engineering coneerns in implementing these networks in which moving vehicles
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mierchange imformation with a fixed network of bass stations (Chia 1892). Even a bmef
glance at an atlas shows the range of vanation in street pattern — from the predomnantly
rectilinear gnd of Manhattan, 1o the polar-coordinate style of rotary and radial evident in
Washington D.C. Thus, many studies mvolving microcell networks are done, initially, in an
abstract environment {Chia, 1992) — as a benchmark against which to evaluate others in
less than optimal environments, It is within this spirit that a microcell system, composed of
lavers of microcells of varing size, 15 viewed.

Lattices

Viewed broadly, microeell base stations are a set of lattice points, The way in which the
lattice is consiructed can affect all other considerations of the functioning of the consequent
microcell netwark. There are an infimite number of “geneml” environments that one might
use 1n which to construct benchmark networks. When the size of the microcells 1= sufficiently
flarge,” the microcell tnbutary areas might be viewed as curved surfaces which when pieced
together form a set of plates composing & broad continental (for example) suriace. When
the size of the microcells (or macrocells) 15 “local" rather than "large” curvature may not
be an issue and the cells might be treated as plane regions, (What is “local,” and what
i5 not, is & significant problem for pragmatic implementation; at the abstract level it is of
imporiance to note it, but mot necessarily to deal with it directly.] And, if the hne-of-sight
geometry 15 one that excludes parallelism, or that permits more than one parallel, then 1t
may be smitable to view microcell network architecture/geography from the non-Euclidean
vantage point of elliptic or hyperbolic geometry [Arlinghaus 1980,

Within a plane region, there are two basic ways of creating an evenly-spread lattice; one
with the lattice points lying in-a gnd pattern, and the other with the lattice points lyving in a
triangular [ hexagonal grid pattern (Coxeter 1951), The differences between the two should
be clear to anyvone who has plaved the game of checkers on both a square board and on 2
“Chinese” board. What 1s not evident, though, 15 the sorts of patterns that emerge when
one stacks lavers of sguare or hexagonal cells of different sizes in varying orientations. When
& sgquare lattice 15 chosen, one style of space-filling by tnbutary regions emerges; when an
hexagonal lattice is chosen, another appears.

Microcell hex-nets

Walter Christaller (1933, 1966) grappled with the problem of overlays of hexagona!l nets;
he did so 1n the German urban environment, One might question some of the interpretations
of the patterns, but his analysis of the actual patierns of overlays is correcl.. There are
numerous discussions of this problem often under the heading of "central place theory® —
of, how aties might share interstitial space [Chrstaller 1933, 1966: Dacey 1965). When
the focus is on the extent to which space 15 filled by portions of the hexagonal cutlines, as
it might be when signal attenuation and interference of radio waves are an 1ssue; then the
fractal approach which permits the easy measurement of the extent to which an imfimtely
iferated overlay of nets will fill space is useful.

One way to look at the complicated 1ssue of wisualizing overlays of hexagonal nets s
simply to think of a central hexagon surrounded by six hexagons of the same size — each
of these is centered on a microcell base station. The central hexagon iz alse centered on
amacrocell base station which serves the entire set of seven hexagons and has as its own
larger tributary macrocell, a hexagon formed by joining pairs of vertices (separated by two
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mtervemng vertices| of the perimeter of this snowflake region. When these microcells and
macrocells are iterated across the plane, a stack of two layers of hexagonal cells emerges.
with the onentation of one relatve to the other at an angle that insures that each of the
macrocells contains the geometrie equivalent of 7 mucrocells. If ome zooms i or out, to
generate other layers of larger or smaller hexagons, the stack may be increased; as long as
the angle of onentation is fixed by the first two, the value of *7" will be a constant of the
hierarchy —no matter which two adjacent layers of the hierarchy are considered, a largs cell
will contain the eguivalent of 7 smaller cells: In the literature, this is often referred to as the
*H'=T" hierarchy

When one chooses different orientations of the nets, different K values emerge; indeed
there are an mfinite number of possibilities. When 1t is also required that vertices of smaller
hexagons comncde with those of larger hexagons, there are still an infinite number of hierar-
chies with the K values generated by the Diophantine equation z° + a2y +y® = K (Dacey
1965) where = and y are the coordinates of the lattice points arranged in a toangular lattice
(and so relative Lo a coordinate system with the y-axis inclined at 60° to the x-axs).

A structurally identical process may be employved to make similar caleulations for layers
of squares centered on & sguare lattice. Relationships which show the number of small squars
microcells within a larger square macrocell are also copstant betwesn adjacent layers of =
merarchy formed from a single orientation crterion (“J" value),

Fractal geometry may be used to generate any of these hierarchies: hexagonal or square.
All that 1s needed 35 to know the number of sides in a fractal penerator and the seli-similanty
patiern desired (K- or J-value]. From these; one can determine completely and umiguely the
entire merarchy-both cell size within a layer and onentation of layer {Arlinghaus, 1985
Arhnghans and Arlinghaus 1988). The fractal dimension measures the extent to which parts
of the boundary of the hexagons or squares remain under infinite iteration. When the results
of the caloulations are displaved in a table, it appears that hexagonal nets consisiently fill
lesz space (Arlinghaus, 1993).

This Table suggests that individuals actually implementing microcell systems might wish
to first consider shape, size, and onentation of layvers of a mixed cell architecture prior to
superimposing any of the geographic concerns of street networks, or engineering concerns
caused by interference and signal attennation. A mived cell architecture of low fractal di.
mension might be one that reduces interference, to some extent, just by the relative positions
of microcells 1o macrocells.
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Table: Companson of fractal dimensions

Lattice coordinates of
microcell base station
adjaczent to

mucrocell base stalicn

at (0,0)

(1,1)
(1,2)
(0.2)
(0,3)
(0.4]
(0.3)
(0.6)
(0,7}
(0.8)
(0,9)
(0,109

Fractal Dimension

Squares

¥ A1)

L3565
2.0

1. 4635
1.5

1.363
1387
1.318
1.333
1.290
1.301

Hexagons

1.262
1.129
1.585
1.262
1.161
1.208
1.161
1.129
1.153
1.131
1114
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SUM GRAPHS AND GEOGRAPHIC INFORMATION

Sandra L. Arlinghaus, William C. Arlinghaus, Frank Harary*
Abstract

We examine a new graph theoretic concept called a “sum graph.” display a new sum
graph tonstruction, and prove s new theorem sbout sum graphs (sum graph unification
theorem| venfring the construction. The sum graph is then generalized. ultimately as an
augmented reversed logarthmie sum graph, so that it is useful in dealing with large sets of
geograpiuc information, The generalized form permits 1) the compression of large data sets,
and 2} the simultaneous consideration of data sets at varous levels of resolution.

The advantages of employing sum graph unification and the angmented reversed loga-
nthmic sum graph to handle data sets are llustrated by hypothetical example; as a data
structure, the vanous forms of sum graph data management provide compact handling of
data and do so in a manner that permits vanability of resclution, at multiple levels {unlike
the quadtree). within & single laver of mathematical manipulation

Our interest in creating, end exploring, this sort of data structure rests in searching for
structures that are translation mvapant Data structures resting on geographic direction,
such as the quadtree, seem destined not to be translation invariant; structures that are not
tied 10 the ordenng of the space in which they are embedded, but only to &n ordering withm
the structure itsell, have the potential to be translation invariant.

Geography and graph theory have a long history. of interaction: the Four Color Problem
{now Theorem) and the Konigsberg Bridge Problem of graph theory arose as geographical
guestions. As geography has siimuiated mathematical creation, go too has the body of theory
developed by graph theorists stimulated careful analysis of various geographical networks, It
15 within this well-establbshed spint of interacuion, and within the technological framework
wheze electronic processing of data may be characterized using graph theory, that we examine
2 new graph theoretic concept, called a sum graph. as a theoretical data structure.

In this structure, the numencal pattern of the labels of the nodes in the “sum graph” will
be dictated by the linkage pattemn in the underlying data, rather than the other way around,
which is more conventional. Thus, data that are “hnear” (sequential), such as data streams
in a raster mode, will be represented by a sum graph whose linkage pattern is linear, thershy
foreing a certain style of label to be present on the associated nodes. We demonstrate the
theoretical coneepts in this paper using examples limited to the linear case because it is easy
o express and because it has wide applicability,

Thus, the first section introduces the reader to elements of the abstract development
of sum graphs, focusing only on those concepts that will actually be applied. The second
section shows how to force “correct” labelling of “sum graphs” to permit the simultanesus
consideration of data at multiple levels of resolution within subsets of a data set that is
linezr in character. The third section introduces the concept of “logarthmic sum graph”
used to comprese large data sets into subsets within bands of width of one unit — & critical
strategy as the length of the bnear sequence (data stream) increases. The fourth section
mtroduces the “reversed sum graph" which also permits simultaneous consideration of data
al more than one scale and does so with optimal labelling within bands of one unit. The
fiftk section introduces the “angmented reversed loganithmic sum graph,” & graph combining
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the desirable elements of previously considersd structures sugmented by a sel of linkages,
induced by the numencal labelling of subsets, that permits inclusion of data at vadable levels
of resclution and offers a means to hnk that data between, in addition to within, subsets:
Throughout, we show how to use these concepts in a small application denved from a set of
data concerning North Amercan cities.

1. Sum Graphs

Definition ! (Harary, 1989)

Let 5 bea set of n distinet positive integers. Define the sum graph G7(5) as follows:
1. G(5} has n nodes, each labelled with a different element (number) of 5;
2. there 15 an edge between two nodes labelled o and b ifand only fa <b £ 5.
Example |

Figure 1 shows the sum graph of 5; = {1,4,5,7,8,9}. 5 is a set of arbitranly chosen
labels for the nodes. Because the label “8° i5 an element of 5, _ it follows that the edge linking
4and 5 (4 =35 =19) is present in the graph. Because the label “8” is not an element of S
there 15 an edge linking 1 and 5 (1 -5 = §) A number of theorems concerning sum graphs
appear in the mathematics literature (Harary, 1990; Bergstrand et ol, 1990, 1991). We
state those results withoul proof; others wishing to employ these methods should read with
understanding the proofs in the mathematics literature, lest the methods be inappropratels

applied in different situations. First note that the largest number in S eannot be the label
of a node joined to any other node.

o

ey
[
0w

g e e it ey Y s

£aj
=3

Figure 1.
G7(51): the sum graph of {1,4,5,7.8,8}.
Reader is to solidify any dashed lines with & pencil

Lemma ] (Harary, 1990}
Every sum graph conteins at leasl one isolated node.
Example 2:
The sum graph of 55 = {2,3,5, 6,10} 1= displayed in Figure 2.

=
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Figure 2.

G7(52): the sum graph of {2, 3, 5,8, 10}.

Lemma 1 assures that the node labelled 10 is isolated. Example 2 illustrates that more
than one 1solated node is possible: hence, the phrase “at least® in the statement of Lemma
1
Defintticn 2 (Harary, 1969]

Two graphs Gy and G; are isomorphic is there is a one-to-one correspondence f between
their node sets such that, for any two nodes a and b in G, {@,b) is an edge in Gy if and only
i (fla), F'(k)) is an edge 1o Gs. Thus two graphs are isomorphic not only when they lock
the same, but perhaps have diffierent labellings of the nodes, but they are alsc isomorphic
when the graphs do not look alike but have the same connection pattern — as are views
of the same digital terrein model from different vantage points. Figure 3 illustrates this
phenomenon for the graph of the octahedron. lsomorphic structures are invanant under
geometnic translation.

Natation Given 2 set 5 of positive integers, write k5 = {kz 12 £ 5},
Theorem I (Harary, 1990)

W G™(5) is & sum graph and §' = k5, k a positive integer, then GT(5) and GT(S5")
are isomorphic,
Example 3

Consider the sum graph of Example 1, G7(51) with & = {1,457, 8 9}. When & = 3,
we have §) = {3,12 15 21, 24,27}, The distributive law of algebra guarantess that exactly
the same edges will appear i G7(5)) as in G7(51). For example, because 5 & 51, 1 and
4 are adjacent in G 7[5, ); becanse 3.5 £ S1:3-1 and 3-4 are adjacent in GT(5}), since
d:1—3+d = 3.(1+4). Thus, G7(5:1) and G7(5)) have the same edge structure (but different
node labellings, hence, perhaps, different geopraphic positions), so they are isomorphic.

One interesting structure a sum graph might have is a graph-theoretic path (Harary,
1968)

Definition 3 (Niven and Zuckerman, 1960)

.
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Figure 3.
The octahedron in two different views (View A on the left: View B on the right)
The reader should draw it

The sequence of Fibonacel numbers F, is defined as follows: Fr=1, Fy=2,Fo=
Facs —Fa_; when n > 2. For example, the first nine slements of this sequence are 1, 2,3,
o, 6, 13, 21,34, 55.

Theorem 2 (Harary, 1990)

U3 ={F,F; .. Fp}is the set comsisting of the first » Fibonacs numbers. then
G7(5) consists of a path connecting F: and Fp-i and the isclated node Fj.

Example 4
Let 53 ={1,2,3,5, 8 13,21,34,35}. Then G*(53) is the graph of Figure 4.

2. Sum Graph Unification: Construction

One of the charactenstics that distinguishes a sum graph from other graphs is that the
algebraic rule assigning edges forces the sum graph to have at least one isclated mode. Thus,
m aligning this graph-theoretic concept with gesgraphic notions, one might, at the cutset,
be tempted to look for applications that reguire “isolating” cne geographic location from
a sel of others, as in site-selection for toxic waste sites; for prisons, er for other similar
societally-obnoxious facilities.

Further reflection suggests, however, that the power behind this “isolation” might be best
exploited by considering the isolated node as one with linkages not visible at the graph-scale
shown, much as inset maps generally do not reveal linkages o the larger-seale maps they
medify. Thus, this cartographic conception of the isolated node as 2 node with invisible edges
will provide a systematic method for shifting scale, or varming resolution, without disturbing
the associated spatial structure. The isolated node acts as a “cataloging” node functioning at
& seale different from the content it catalogues (the term “isclated” will therefore be reserved
for the graph-theoretic case; when viewed in & geographic comtext, the “isclated” node will
b referred {0 a5 2 “cataloging” mode to emphasize this role),

Consider three disjoint sets of nodes, 4, B, and €, with a linear linkage pattern joining
#uch (Figure 5). The linear linkage pattern of each path is based on some sedal arrangement
of data, such 2s data ordered by longitude from east to west,
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L e
'
3o
.
E =
13 »
21 =
34 .
25 0w
Figure 4.

G={53): A Fibonacel sum graph containing a path and an isolate

It is not difficult to obtain the paths, Py, Py, Pj of Figure 5 as three distinct sum graphs
using Theorem 2. Fibonacd lzbelling of the nodes of Figure 5, shown in Figure §, gonerates
\as sum graphs) exactly the path-patterns of Figure 5; eg.. the edge joining 2 to 31 A is
present because 2 + 3 = 3 s also a node label. An additional node. a cataloging one, is
necesserily introduced in each sum-graph, A, B, and ¢ of Figure 6. When the label of &
cataloging node is used as a label for an entire configuration, this sum graph represents not
only the linear linkage within the path, but also, at the same time, represents infarmation
{as a label] for the entire path. Information at different cartographic scales is displayed
amultanecnsiy.

In Figure §, the simpie Fibcnacel labelling scheme of Theorem 2 produced three distinct
sum graphs. Because the same labels are re-used, it would not be possible to compare
information concerming these distinet sum graphs. Stmng-_-r theoretical results follow: results
that will permit such comparison, while retaining the desirable asset of ssmultanesus display
of data at different cartiographic scales

Consider, as a whole, the set of twelve nodes from Figure 5. Find 2 sirategy for labelling
these nodes that will prn:du:-: exactly the three pathe of Figure 5 as subgraphs of a single
sum graph. Viewing the three parte of Figure § as subgraphs of a single sum graph will
guarantes distinct labels for distinel nodes while retaining scale-shift characteristics,
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. . .
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.
Figure 5.

Three graphs, Left, Middle, and Right, representing senal linkage of data.

1 = 1 w 1 =
2 s 2 s 7 @
| |

3 = 3 = 3 =
5 ® 30w A
E = E =
13 =

Figure 6.

The thres distinet Fibonaco sum graphs showing the paths
Fy [on the left), P; {middle), and Py (nght).

One way to achieve such a labelling 15 as follows. Assign Fibonacel numbers consecutively
{gtarting with 1) to the nodes of one subgraph (A, in Figure 7). Continue this scheme to a
node of subgraph B; thus, i1n Figure 7, A has nodes with labels 1, 2. 3 and one node in B
has label 5. It might be natural to label the next node in B with the next Fibonace number
— 8. However, this would introduce an unwanted edge between 3 and 3. So, label the next
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node with one more than the next Fibonacel sumber — in this case 8 — to remove the
possibality of introduding unwanted edges, Lebel the remaining nodes in the Fibonacci-style
with 5 and § as the first two elements. Continue this scheme through to one node of subgraph
C (labels 14,23, and 37 are thus introduced}. The second node in the third subgraph must
not be labelled 60, or else an nnwanted edge 1= mtroduced boking 23 to 37. Call the label of
the second node “61". Continue labelling in the Fibonacd style wsing 37 and 61 as the first
two elements of a Fibonaco-stvle label-generating scheme. In the case of Figure 7, all nodes
are now labelled: a single extra node whick is a cataloging ome, it also labelled. All paths
of this single sum graph are exactly those desired. The label associated with the cataloging
node, 416, is the catalogue number for the entire configuration; other labels describe the
Iocal, linear linkage patterns. Distinct labels correspond to distinet nodes in such a way that
only desired paths are introduced between nodes. A single added cataloging node permits
assocating information with a label for this node at the scale of the entire configuration —
in the manner of object-oriented data struciures

1 = 3 T 37 .
2 T g 61
d o 14 1I- 98 =
23 = 150 =

257 »

416 =

Figure 7.
A Fibonacci-style of labelling for a sum graph with one cataloging node (416)

showing the paths P; (on the left), P, (middle), and Fg (mght) as subgraphs

Thus, two levels of vanability in resolution are displayed — that of the linkage pattern
within individual subgraphs, and that of the weight of the entire graph, reflecting to some
cxtent on the size of the data set, and the style of its subgraphs and their pattern of internal
connection (had the subgraph in the middle terminated at 14, the subgraph on the mght
pwith an added edge) would have begun with 23 and had an isolated node with label 419),

Stronger yet would be to construct a single sum graph from which desired paths would
emerge (a5 in Figure ) and in which distinet paths would correspond te distinetly-labelled
cataloming nodes az in Figure 6. The notion of wanting one cataloging node per desired path,
in order to ensure greater variability in resolution, motivates the following definition,
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Definition 4

Suppose a set of n nodes is partitioned into ¢ subsets. Further suppose k of these subsets
cortam more than one node. To each of these k subsets add a node. The resulting £ subsets
will be celled “constellations® (Figure 8},

Figure 8.
Thres constellations, Left, Middle: and Hight, partition a distribution of nodes

Now we return to the example of Figure 5, with three nodes added to make three con-
stellations (all with more than one nede, as i Figure 6], We seek some labelling for the
entire set of constellation nodes (Figure 8), s nodes of a single sum graph, that will

1. produce the paths Ps. Py, P
2. produce cataloging nodes within the subgraphs containing Py, Py, P::
4. make retrieval of path structure ample.

Because there are paths that are to be retrieved as subgraphs of a single sum graph, some
sort of Fibenacei or Fibonacei-style labelling will be needed (Theorem 2). The labels from
Figure 5 cannot be chosen because under that circumstance distinet nodes do not have
distinct labels. Theorem 1 suggests that distinctness in labelling as well as retention of
path ctructure is achieved by multiplying Fibonace numbers by constants. Thus, the issue
15 4o know what values to choose as these “multipliers” so that distinctness of node labels
[tequired by Definition L) s ensured. Example 5, below, suggests a general construction
that will satisfy these conditions. It will be proved in full generality in Theorem 3.

Ezample 5

1. To ensure path structure, give the underlying Fibonaca label pattern of 1.2.35;
Lada 1235813 to, respectively, the left, middle, and nght constellations ( Definition
4] the node pattern of Figure 8. To produce a set of suitable multipliers for these nodes,
proceed to step 2.

2. Choose the smallest prime number greater than the sum of the largest and next largest

al
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Figure 9.

Sum graph denved from Figure 6 using the base multiplier and its poWers,
wniing = = 23 for brevity.

numbers used in the underlving Fibonacd pattern. In this case, 13 is the largest number
in the underlymg Fibonacel pattern and 8 is the next largest, so choose 23, the smallest
pome number larger than 13+8=21 (chocsing 21 would introduce an unwanted edge). This
number will be the multiplier for cne constellation (in this case, we arbitranly choose to nse
it for the left-hand constellation)

4. Use suceessive powers of 23 (23 functions therefore as a base-maltiplier] to label
the nodes of successive constellations. In this case, 23° is used as the multiplier for the
Aght-hand constellation. The nodes are now labelled as shown in Figure 8

When this set of nodes is used as the set 5 of Definition 1, the resultmg sum graph 15
isomorphic to the union of the three sum graphs in Figure 5. The fact that three cataloging
nodes are introduced by this procedure gives an indication from each coeficient of the cata-
loging nodes of size; shape, and connection pattern of the subgraph it represents {az did the
single cataloging node of 416 for the entire graph in Figure 7). The set of steps in Example
o may be stated more generally as in the Construction below,

3. Cartographic Application of Sum Graph Unification

The following application will show how the labelling produced by the Sum Graph Uni-
fication Construction might be used. Consider a set of seven North Amencan aties together
with selected suburhs of those cities (Table 1.1), Column 1 in Table 1.1 lists these eities znd
suburbs in seven groups as metropolitan areas (the latter named in all upper case letters):
constellations. To consider the east-west extent a proposed metropolitan mass transit svstem
might need to cover, the longitude 1z also associated with each location (in column 2 of Table
L1). The sequential ordenng of cities and suburbs, by longitude from east to west. describes
& path within each constellation linking these nodes. The metro area node is a cataloging
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Construction: Sum Graph Unification

Given a set of nodes partitioned into constellations. To ensure & prescribed path structure
hinking the nedes, that can be retrieved electronically entirely (only) from the numerical
characteristics of the labels for the nodes, assign labels in the following manner.

1. Lebel the nodes of each constellation with Fibonasea numbers, in order, begimning
with the label “1" in each constellation,

2. Find = base multiplier for each Fibonaca label. Form the sum of the two largest labels
from step 1. The smallest prime number greater than this sum will serve 4= a multipher.
Use this prime base multiplier as the multiplier for labels of the nodes in one constellation.

3. Use successive powers of the prime in step 2 as multipliers for labels of the nodes in
successive constellations.

node not hooked into the path, Column 3 associates a Fibonaco number with each node of
the emtire distribution of nodes (step | in the Construction). Column 4 shows weights for
the nodes by constellation; 37 1s the base muitiplier because it is the smallest prime greater
than 21+13 (steps 2 and 3 in the Construction). Columm 5 shows the product of columns 3
and 4; distinct nodes have distinet labels,

Suppose the entire st 15 rearranged by longitude. independent of constellation: positions
of data within all but the New Orleans constellation remain the same. In the New Orleans
constellation, the suburb of Metaine 1s shified from the New Orlsans constellation to the St.
Louis constellation (between E. St. Louis and Lemay), That Metaitie jumps metropolitan
area i evident from the factored weight associated with it; it belongs to constellation 7,
that of New Ocleans, as its exponent in the factored weight shows (Table 1.2). Thus, the
sum graph node lzbel shows that 1t 15 out of regional order and provides a direct means to
re-sort it back into regional order. Rank-ordering or other conventional means would not do
so: rank ordering does not show which city belongs in which constellation. These sum graph
node labels offer a way to organize data and to retrieve predetermined sequential order of
miormation from a jumbled data set. The node labels are somewhat large in magnitude, but
that is irrelevant in this particular application. It may be mmportant in others, and thusit is
to this iszue and to the related one of data compression that the remainder of the material
is direcied

4. Sum Graph Unification: Theory

The example above may prove = wseful source of mental reference points on which 1o
base the formal proof of the following lemmas needed 1o probe Theorem 3 below. The first
Lemma will prove that there are no unwanted edges linking nodes within constellations and
the second one will prove that there are no edges inking nodes between constellations.

For the most part, Theorem 3 is just a formabization of the method developed in the
example based on Figure 9. However, additional details are necessarv to allow for constel
lations of a single node (in these cases no new node is added). One might interpret guch a
node ag 2 small city with no suburbs. (Readers wishing to examine the rigor of this method
should read Theorem 3 and associated material with care; others might wish to skip to the
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next section; |
Lemma 3a

Let @, b, £, 1, j be positive integers. If p > a = b, and p > e, it is impossible for
aspt i et = i gt
Proof

Note that a -pf+h_-pi =g ~blpl < p™! S ec.pliify > 1. Similary, if 5 < i,
c-pl < p'<a-p'+b-p'. Thus in either case, the equation of the lemma 15 impossible

NOTE: We will want to choose p greater than the sum of the largest two cccurnng
Fibonacc mumbers. For example, suppose 21 is the largest occurring Fibonaco number.
Then 21 +23% = 2-23% = 23%*! o using 23 as the base multiplier would introduce an edge
between the modes 21 -237 and '2-23°
Lemma 3b

Let a; b, ¢ be positive integers, p > a +b. Let o, y, = be positive mtegers, = =2 y.
Then a -p® + b -p¥'= ¢ p* ic impossible.
£roet

Without loss of generality, assume =z < y. Then, p? < a p* +b-p¥ < (g +b)p¥ < p¥ 1,
Thus, for the squation to be possible;, z =y But then a+p® = 0{modp); which is impossible,
sinee nP:{FI+1 E 'P!'I
We now formalize the ideas exhibited in the construction of Example 3.
Diefinition 5 {Harary, 1970)

A hinear tree is a path, A lLinear forest is & union of disjoint Bnesr trees.

Theorsm 3 (Fibonacei sum graph unification)

Suppose we are given a sei of n nodes, which are partitioned into ¢ subsets, k of which
contain more than a single node. Then there is a set § of n + k suitably chosen positive
integers whose sum graph G 7(5) consists of ¢ isolates (k additional nodes and ¢ — k& nodes
from single-node subsets] together with a linear forest of & nemtnivial paths.

Proof:

Suppose that the n ongnal nodes are a1, a2, ..., @, Divide these into the { desired
subsets

{I-'.l_- I12| o 'Il?:l.j}

'{1?_1. E ) PR 1!3113}

'[1"1]1351---=tn¢}
where ny +mg+-:-+ny=mn. Let N =2+ max{ni ns, ..., n:}. Let p be the smallest prime
greater than Fpy, the Nth Fibonaca number. Now label n + &k nodes as follows:
L Hn; =1, label z;; with p' |subsets with exactly one node),
2, W n;#1, label 25 with p*, =i with 2p',... &, With p"Fﬁt., and a new node y, with
p'Fi1q, (subsets with more than one node).

Follow thiz procedure forall 1, 1 <4 <, Let 5 consist of the oniginal nodes together with
the new y:s. Now consider constellations eonsisting of the nodes labelled z; if i = 1 and the
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nodes {z;1, . ... T ¥ip 18 ¢ = 1. Then Theorems 1 and 2 assure that thers are Fibonaco
paths =i, 24, . .- 2i; and that y; is not adjacent to x4 forany e (1 £a <n;) Lemma 3a
asgures that there are no edges within a constellation other than the Fibonaco path, Lemma
db assures that there are no edges between constellations.. Thus, the theorem is proved.

5. Logarithmic Sum Graphs

The procedure displaved in the Construction, and proved in Theorem 3, meets the oo
tenia of producing desired paths, from the Jabelling scheme alone, each with a corresponding
cataloging node, as subgraphs of & single sum graph. In cases based on large data sets, the
multipliers get very large very quickly. However, if the loganthm (using the base multiplier,
T, as the base of the logamthm) of each label 15 taken, this issue of apparent significance
vanishes {Table 2). In the example on which Figure 8 was based, the values of the multipliers
transformed by the log base 23 display clearly the constellation structure. The nodes asso-
ciated with all entries with integral part “1" are grouped in a constellation, all with integral
part “2” in apother, and all with integral part' “3” in vet another. The integral values serve
as & data “key" 1o tlus data structure. The fractional values are, of course, the same from
subset to subset, exhibiting the same underlying Fibonaco linkage pattern from subset 1o
subset. The largest value in each subset i¢ the cataloging node; if other nodes were 1o be
meluded in, for example, the third constellation, those also would have a loganthmic value
greater than 38180367 but less than 4. Thus, mdependent of how many nodes thers are
n & single constellation, all the loganthmic labels are contained in a band of real numbers
one unit wide: d 15 a greatesi lower bound [which 15 attained), and 4 iz an upper bound for
labels 10 the third constellation. Further, the loganthmucally - transformed labels inerease
additively: thers are only as many different data kevs as there are different constellations,

1 . 2 » i =
1.22 202 » 3.22 :ll
135 » 235 = 335 .
151 = 251 = 3.01 =

2.66 w J.66 e
381 =
Figure 10,

Logarithmic sum graph

it
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When these logenthmic labels are attached to the nodes of the graph in Figure 9 we
refer to the resultng graph as a “loganthmce sum graph” (Figure 10). Note, however, that
even though thie graph i 1somorphic to the sum graph of Figure 9, it 15 not 1tself a sum
graph {in much the way that a truncated cone is not itself a cone, even though it is derived
from a cone)

From & purely theoretical standpoint, it is possible to identify the constellation to which
t node belongs very simply from its assigned multiplier. For, if p is the base multpler, a
node whose multiplier is N'=a«p" has k < log, N < k + 1, since a < p. Thus, a node
with multiplier N belongs to constellation k if and only if [log, N| = k (where brackets
denote the greatest integer funciion). (From a computer standpoint, one must be careful,
sinee occasionally computational error maght make ]cl-gPpi" < k computationally, Adding
a sutably small amount 1o log, N before determiming its constellation should avert this
difficulty.] In fact, it seems easier computationally to store log N rather than N a5 a
multiplier, since thes much smzller numbers can be stored. This motivates the following
formal characierization of loganthmic sum graphs.

Defintion 6
Let 5 be a set of n distinct positive integers, p a prime, Define the loganmthmic sum
graph, relative to p, G7(log,5) as follows:
1. G*(log,5) has n nodes, labelled with the n different labels {log,z | =z £ 5}
2, there is an edge betwesen two nodes labelled a and b if p° +p = 5.

Loganthmic sum graphs retain all the advantage: afforded by Theorem 3, and they make it
possible to handle large data sets more =sasily

6. Reversed Sum Graphs.

In the procedure of Theorem 3, and in the logadthmic modification of that procedure
to accommodate large data sets, the cataloging nodes all have the largest labels within their
subgraph. It mught be useful, in some situations, for the cataloging nodes to have the smallest
labels within their subgraphs. For this purposs, we define the notion of a “reversed” sum
graph.

Defimition T

Lzt 5 be & set of positive integers such that the som graph G7(8) [logarithmic sum
graph G7(log, 5| 1= partitioned into constellations such as those of Theorem 3. Define
the reversed sum graph “G(5) ‘reversed logarithmic sum graph TG(log, 5 )|, isomorphic to
G*(5) |G*(log, S}, as follows. If the nodes in a given constellation have labels a; < a3 <

4. % @p, telabel them ap@p-1,...,21. That 15, the node labelled a; is mven the new label
fpii~i. (Note that single-node constellations are not affected.)
Example 6

Let 54 ={1,2,3.5,8,13}. The graphs G7(5), TG(S) are dizplayed in Figure 11. [As
it the case of the loganthmic sum graph, note that a reversed sum graph (Definition 7) is
not itself a sum graph. )

As Defimtion 7 suggests; logarthmic sum graphs may also be reversed. Figure 12 shows the
loganthmic sum graph of Figure 10 and its reversed logarthmic sum graph. Reversed sum
graphs, loganthmic or not, always assign an integer, the data key, to the cataloging node.
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] = 13 »
2 . 8 s
s . -
5 3 3y

13 I e

Figure 11.
A Fibonaca sum graph G7(5) (left)
and its reversed sum graph TG(S5) (nght):

This feature i¢ particularly impeortant in the case of the logarithmic representation, when
data might be added to or deleted from a single subgraph, all with integral part of their
labels identical to that of the cataloging label

7. Augmented Reversed Logarithmic Sum Graphs

Reversed loganthmic sum graphs single out cataloging nodes as the only nodes with
mtegral labels, It may be useful to consider linkages within the set of cataloging nodes
and to “augment” the reversed logarithmic sum graph with edges displaving these inkages
{Figure 13}

Definition §

The avgmentad reversed loganthmic sum graph, ARL sum graph, denoted ~A(log, &),
consists of the nodes and edges of "G{log,.5) together with all edges linking the nodes with
integer labels 1n TG(log,S). Thus, TA(leg,5) = TG{leg, 5) U { complete graph on nodes
with integer labels in TG (log, 5}
1f m is the numbier of nodes with integer labels in TG(log, 5}, this augmentation adds (7]
edges to the reversed sum graph "G(log, S). The ARL sum graph is not itself a sum graph.
Augmented reversed logarithmic sum graphs retain all the charactenstics of Theorem 3, have
the computational advantage of logarithmic sum graphs in handling large data sets, permt
the reverse sum graph strategy of integral labelling of the catzloging node, and have the
added feature of displaving the complete linkage patiern among cataloging nodes. Linkage
patterns emerge both at the local scale and at the more global cataloging seale.
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| ||. ’ ||. 3 [}
1,22 w e 3.22 T
1.35 .|. 2.35 l 335 w
1.al » 251 = .01 »
2.66 = 3.66 »
381 »
.51 .|. 2,66 T 381 9
1.35 = 251 = J.66 m
1.2 = 285 = .81 '»
1 L] 222 = 355 =
2 " 3.22 »
3 .

Figure 12.

Logarithmic sum graph (top) and reversed logarithmic sum graph (bottom).

8. Cartographic Application of ARL Sum Graphs

The labels of Table 1.1, derived from the Sum Graph Unification Construction, offer a
way to organize data and to retmeve predetermined sequential order of mformation from a
jumbled data set. The relative sizes of the weights for the nodes in Table 1.1 are, however,
awkward. A simple way to overcome this awkwardness s to take the logarithm of the node
weights (1o the base of the base multiplier), Thus, in Table 3, column 6 shows the logy; of
each node weight determined in Table 1.1 (listed in column 5 of Table §). The constellation
pumber is easily read ofl as the integral parl of the logarithm and all entnes for a single
constellation are contained within a band of values one unit wide: When the labels are
reversed, the ntegral label corresponds to the cataloging node. This reversed loganthmie
sum graph [represented by Table 3) retains the favorable characteristics of Table 1.1 for
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1.l = A0 . J.81 »
L.ad -II 251 » 3.68
1:22 = 2.35 .!. 4.0l
I . 2222 » 4,35 .
e . &:22 !-
3 =

Figure 13.

ARL sum graph denved from a reversed logarithmic sum graph
Reader should draw edges joining nodes 1 and 2, 2 and 3, and 1 and &

sorting of data; the node labeling scheme of Table 3 15, however, easy to handle.

The augmentation aflorded by ARL sum graphs permits sigmificant compression of data,
particularly In large dasa sets, as it retamns the favorable charactenstics of the reversed
loganthmic sum graph noted above. To illustrate this capability, we present the following
application

Comsider the set of 38 cities and metropolitan region: labelled m Table 1.1. One set
of data that is often stored is distances between places {“distance” is used as an example).
Generally this sel is stored in a sguare aray, or better, sometime: in an upper- or lower-
triangular matrix

Sum graphs can reduce greatly the number of entriss that need tc be stored. Table 4.0
shows a complete set of great-drele distances between metropolitan areas. Each metropolitan
area 15 assigned the latitude and longitude of the city for which it 18 named. Thus, particular
sets of geographic coordinates are viewed simultaneously at two different scales. Tables 4.1
1o 4.7 show complete sets of great-arcle distances among the aties 1 cach of the seven
metropolitan areas (constellations),

The distance between Livoms and Scarborough (for example), which does not appear
directly in any of the set of Tables in Table 4, may nonetheless be obtamed by summing the
distances from Livonia to DETROIT, from DETROIT to TORONTO, from TORONTO
to Scarborough (Figure 14). The algonthm displayed in Figure 14 shows how 1o uge the
reversed logarithmic node lzbel of two arbitrary nodes to determine the distance between
them using only theentnes in Table 4.0, between metropolitan areas {constellations), and in
Tables 4.1-4.7 (showing local linkapes within each constellation), The distance so-obtaned 15

59



Strmmer, 10093

not tsell & greal-circle distance but it may well be a distanee more realistically representing
current ar-travel circumstances.

DETROIT — TORONTO
Livonia — Scarborough
Figure 14.

Commutative diagram showing distance caleulation scheme using Table 4; algorithm showing
how to find distance within Table 4 using the data key provided by the reversed logarithmic
sum graph label

Algorithm

L. Assumpiion: the cataloging city is also the dty with the lowest non-mtegral lzbel in its
constellation

2. Find the distance from 2 aty with a node with reversed logarithmic sum graph label 5.z
to one with label by, <k (and z <y if j = k)
g If 7 =k, use Table 47 to find the distance from j.z to jy.
b gk,
i use Table 4.0 to find distance between cataloging cities § and k.
i, use Table 4.7 to find distance from jlowest to jo.
m. use Table 4.k to find distance from k lowest to ky.
Add the results of i, ii. and m to find the required distance.

_ There are 32 different cities in this example. An upper-trangular 32 by 32 matnx of
I:E;:I = 496 different entries would normally be required to find between-city distances. Using
the sum graph method, shown in the algorithm of Figure 14, requires the use of & smaller
Tables: Table 4.0 for distances between cataloging node cities and Table 44, 1 < < T, for
distances of cities in constellation 1 from cataloging city i. The latter procedure, compased

of smaller matnices, Teguires storing (from each matnx) a total of

(?J " (E AN (5) G EJ oAy 19
2 2 2) " \2 2/ " \2 2\
=21 1546+ 10+15~10 =3 + 3 = 83 separate entries. In this case, sum graph methods

afford a compression ratio of about 6 to 1 over traditional methods.

With larger date sets, the compression ratio becomes much more substantial. Given a
data set of 10,000 entries to be partitioned into 100 constellations of 100 entries each, tradi-
tional methods using an upper triangular matrix would require that {mfm:l = 48, 995, 000
entries be stored. Sum graph methods would require storing I:lg}] entnes for Table 4.0 and

(2") entries for each of Tables 4.4, 1 <i < 100, for a total of 101 - (1%%) = 499, 850 entries.
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In this case the compression ratio 15 100 to 1. If instead the 10,000 entres are partitioned
in a different manner, different compression ratios result. If 1000 constellations of 10 entres
each are used, the comresponding compression ratio is 91.8 to 1; if 10 constellations of 1000
each are uged, the compression ratio 12 10,08 to 1. Clearly the manner in which the partition
15 selected is important, Larger data sets bring even larger compression ratios: if 1,000,000
data points are considered, and are partitioned into 1000 comstellations of 1000 each, the
corresponding compression ratic 15 1000 1o 1.

Any process of this sort alst needs to accommodate the insertion of new data; when
it does so without having to alter existing structure, it is “dynamic” The Sum Graph
Unification Construction is dvnamic to an extent. Table 5 shows part of the data set of
Table 3 with Ann Arbor added to the Detroit metro arex, Only the one constellation needs
relabelling, all others remain undisturbed. If, however, enough new entries had been added
to force an increase in the prime base multiplier, then a global change would have been
required for that single entry (generally easy to achieve electronically). None of the formulbe
would have reguired alteration.

“Dynamic” tables of this sort might see application as on-board mapping systems in
cars or buses giving optimum route displays in an interactive mode (so-called TVHS or other
commoniy-used acromyms). So data becomes accurate more guickly in response to changing
traffic patterns tramsmitted to the vehicle in some sort of interactive fashion. Advances
i theory can bring advances in technology to the level of affordable cost and widespread
application. The application of sum graphs might be one effort in that direction.

9. Summary

We have taken 2 tool from graph theory and specialized it in a number of directions in
order to deal with various types of problems thai often arse with data structures. Table
. 8 organizes these specializations in capsule format. Independent of how the sum graph
1t specialized to adapt to vanous difficulties in data management, however, the linkage
pattern between nodes in a sum graph is determined by node weight alone, which is deqved
from whether or not one node is linked to another. Thers is no reliance on geographic
direction or on any sorl of other relative ordening based on the underlying space in which
the nodes are embedded. Hence, the sum graph data structure has 2 theoretical base free
from directional bias and 1s perhaps therefore, translation invariant. Determining whether or
not this theorstical date structure offers a graphical application at the level of GIS theory-
as i the guadtres) that permite translationa] invariance of the structure (independent of
pixel shape} under GIS constraints, appears a significant next step in brnging theory into
practice
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TABLE 1.1:

Analysis according to sum graph unification construction
City LONG- FIBO. BASE FACTORED NODE RANK
Suburb ITUDE NACCI MULTI- WEIGHT WEIGHT ORDER
METRC west LABEL PLIER
Salem 70 54 1 37 1-37 37 |
Lynn T a7 2 a7 23T Td 2
Cuincy T1.00 3 37 3-37 111 3
Brockion 71 0 5 37 537 185 4
Cambrdge 7107 8 37 g .37 206 A
Boston 71 OT I3 2T 18 =37 481 i
BOSTON 21 a7 21 : 37 TiT T
Longuewsl 7330 1 37+ 1-87° 1369 ]
Verdun 73 34 2 37° 2. 37¢ 9738 o
Montreal 73 35 3 372 B ATE 4107 10
Laval 73 44 5 37= 537" 43 11
MONTREAL B 372 B.372 10052 12
Camden 75 06 1 ki 197" 50653 13
Philadelphiz 75 13 2 373 2.37° 101306 14
Upper Darby 75 1¢ 3 37 3-372 151959 |
Normstown 75 21 5 374 5.373 253265 16
Chesier 75 29 & a7 g-37° 405224 7
PHILADELFHIA 13 373 1337} 58480 I8
Scarborough 7812 1 37 1-378 1874161 19
Toronto O3 2 a7d 2.a7% 3738322 20
North York 79 25 3 a7 3374 56822483 21
York 79 29 5 a7i 5.37% 9370805 23
Etobicoke 7034 R 3Tt E.37d 14303288 23
Mississauga 79 37 13 art 1%+ 374 24364093 24
TORONTO 21 a7h 21 374 35357381 25
Windsor g3 00 1 37s 1378 69343957 26
Warzen 83 03 2 375 9 .379 138687014 27
Detroit 8310 3 378 3-.378 208031871 28
Dearhomn 83 15 5 378 5-37° 346719785 20
Livoniz 8323 8 378 §-37° 554751656 30
DETROIT 13 37* 13 .378 001471441 31
ot 1, 90 10 1 376 1:378 0565726409 32
St. Lous g0 15 2 378 2378 5131452818 33
Lemay a0 17 3 are 3.37° 7607179227 34
ST. LOUIS 5 a7é 5.g78 12828632045 35
New Orleans 90 03 1 <) 1377 04031877133 36
Marrero onos 2 377 2..377 189863754266 3
Metairie BT 377 3377 284705631399 38
NEW ORLEANS 5 37’ 537" 474650385665 30

b
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TABLE 1.2:

Analysis according to sum graph unification construction
Two constellations ordered from east to west by longitude

Citr LONG- FIEQ- BASE FACTORED NODE RANK

Suburb ITUDE NACCl] MULTI. WEIGHT WEIGHT ORDER

METRO west LABEL PFLIER

New Orleans 2005 1 il 137" 04931877133 36

NEW ORLEANS 5 377 St 474650385665 30

Marrero ag g 2 377 et 189863734266 37

E. 5t, Lounis 90 10 1 3Te 1378 25RAT2E400 32

Metaine g0 11 3 377 3377 JRATO5631300 3R

S1. Lows 80 15 2 378 22378 5131452818 33

ST. LOUIS 5 a7o 5379 12828632045 35

Lemay 2017 3 e 3378 7697179227 34
TABLE 2:

Multipliers and their logarithms to the base
of the base multiplier of 23
for the example of Figure 7.

Multiplier Loganithm, base 23
1.23 =23 |

2.93 =46 12210647
3.25 =09 1.2503793
523 =115 1.5132064
1.23% =520 2

2.23% = 1058 22010647
3-23% = 1587 23503793
b-23* = 2645 2.5132964
8 .23% = 4232 2 6631042
1-23% = 12167 3

2.03% = 245344 3.2210647
3 .23 = 36501 3.3503703
5-23° = OR35S 3.5132064
§.923° = 67336 3.6631042
13 -23% — 158171 38180367
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TABLE 3:
Table 1.1 labelled as 2 reversed logarithmic sum graph

City LONG- FIBO- BASE  FACTORED NODE LOG
Suburk ITUDE NACCI MULTI WEIGHT WEIGHT BASE
METRO LABEL FLIER 37 NODE
Salem 70 34 21 37 21 .37 T 17466857
Lynn 70,57 13 37 1337 48] L.620043
Quiney 7L 00 8 37 837 205 L.500874
Erockton 7101 5 37 5= 3F 185 1.304708
Cambridge 7107 3 a7 3-37 111 1260450
Boston TLOT 2 37 T AT T 1.169881
BOSTON 1 37 1,37 37 1
Longueuil TRan B ar: 8372 10052 2.500074
Verdun 7334 5 37t 5.372 G845 2394708
Montreal Ta:3D 3 i 3437% 4307 2268430
Laval 78-44 2 ar? 95372 2738 2.169861
MONTREAL 1 37 1.37° 1369 2
(Camden 75 06 13 27k 13,375 GEE480 3.620043
Phil. 7512 8 i B.37% 415224 3.500074
T. Darby 75 16 5 378 5-37% 25265 3.364708
Norris. 7521 3 374 3372 151858 3260430
Ohester 7522 2 37" i 101306 3169001
PHILADELFPHIA 1 373 1:377 50653 3

Scar, 7812 21 T 2137 39357381 4.746657
Tarante 7923 13 37+ 13 374 24364003 4 629043
NYark 7025 R 37 8-37% 14003288 4.500974
Cork 79 20 5 371 5374 0370805 4.304708
Etobicole T9 34 3 37" gaar 5622483 4.269430
Misst. 7937 2 3 2374 3748322 4.16999]
TORONTO | 3t 137 1874161 4

Wind &3 00 13 a7s 134375 a01471441 5.620043
Warren 83 03 8 a7s 8375 554751656 5.300074
Detrait 83 10 5 e R i 346719785 5.304708
Diearh. 83 15 3 a7h 3377 208031871 5.260430
Livoma 83 23 2 a7 2375 138687014 5:169991
DETROIT 1 378 1:375 60343057 5

ESLou 00 10 5 378 5+37% 12828632045  6.304708
SLou a0 15 3 378 3-37° TEOTITH227  B.262430
Lemay 9017 2 : bl 2.37" 5131452818  6.160001
ST. LOUIS 1 37t 1.37°8 2565726400 6

NO-d 9008 5 a7t 5377 474650385665 7.304708
Marr an o 3 37° 3.-3717 2847956313099  7.260430
Meta af 11 2 377 o Syl 180863754266  7.160901
KEW ORLEANS 1 377 L+ 37" 04931877138 T

1
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TABLE 4.0: Distances between all metro areas
BOSs MONT PBHIL. TOR DET SL NO

BOSTON 5 235 263 428 615 1034 1349
MONTREAL i S84 212 323 874 1394
PHIL 0 23l 444 Bil& 108G
TORONTG 0 211 B2 1112
DETROIT 0 452 936
ST LOUIS 0 298
NEW ORLEANS ¥

TABLE 4.1: Boston-area cities
Salem Lynn  Cuincy Brock: Cambr  Boston

Salem 0} 4.24 185:] 1.6 153 21.4
Lynn 1 15.1 27.8 102 IR
Guincy I 12.6 10.9 3.96
Brock. 4] 22.4 13.6
Carabr. i B.21
Boston ]

TABLE 4.2: Montreal-area cities
Longne. Verdun Laval Mont

Longuenil 0 6.6 11.3 4.64
Verdun il g.2q 3,04
Laval 1] 7.35
Montrea! [

TABLE 4.3: Philadelphia-area cities
Camden Chester U Darby  Noms. Phila.

Camden {l 15.2 8,12 15.3 Ta0
Chester ] o654 184 13.0
Upper Darby { 11:2 3.5
NOITIELOWD 1] 10.7
Philadelphia 0

TABLE 4.4: Toronto-area cities
Scar. Miss. N, York York Etab. Tor

Scarborough 0 243 110 148 185 108
Mississanga ¥ 17.9 104 627 135
North York i 766 118 B.23
York 0 470 512
Etohicoke L .23
Toranto 0

TABLE 4.5: Detroit-area cities
Windsor Warren Dear.  Livoniz Detroif

 Windsor 0 16.3 12.8 2007 218
Warren o 20.0 19.5 13.9
Dearbor i 10.5 B.27
Livemia [ 11.5
Detroit {

53]
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TABLE 4.6: 5t. Louis-area cities
E 5. L. Lemay 5t Loums

E. St Louis: 0 .20 4.49
Lemay 0 1.79
£t Loms i

TABLE 4.7: New Orleans-area cities
Mei., DMar., New 0O,

Metaine 0 761 5.98
Marrero ] .84
New Orleans 0
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TABLE 5:
New data added — Ann Arbor
City LONG- FIEOQO:- BASE FACTORED NODE LOG
Suburh ITUDE NACCI MULTI- WEIGHT WEIGHT BASE
METRO AREA LABEL FPLIER 37 NODE
Wind R3O0 21 3 21372 1466223007  5.746657
Warren B3 03 13 37 13- 378 801471441 5628043
Dietroit 8310 8 12 8372 554751656 5.508074
Deark 8315 B i 5-37" B6T19785 5.304708
Livomiz 8328 3 are 3.37° 208031871 5269430
Ann Arbor B343 2 3 2375 138687914 5.169981
DETROIT 1 are 1-375 69343957 5
ESLou an e 3 a7e 5378 12828632045  6.394708
Slou g0 15 3 e 337" TEOT1T9227  6.2608430
Lemay Q017 2 aye 24378 5131452818  §.169991
ST. LOUIS 1 78 1:378 2565726409 6
Nzl 90 05 3 il 5377 4T4659385665 7.394708
Marr a0 06 3 37" 3-37 2847956313908 7.269430
Meta o011 2 37 2377 189863754266 7.160091
NEW ORLEANS 1 37 1.37" 04031877133 7
68
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TABLE &:
Specializations of sum graphs

Type of graph

Sum praph
{Figure 7)

Sum graph with base multipher
(Fignre 9)

Logarithmic sum graph
{Figure 10)

Reversed sum graph
{Figure 11)

Augmented reversed loganthmic

gim graph
(Figurs 13)

Characteristics

Variable resolunon at

local and global scales, only
Shape, size, and connection
pattern of parts to whole
suggested by global label
Vagable resolution at
mtermediate and global scales.
Relative shape, size, and
connection pattern of parts
to whole suggested by multiple
labels assocated with split
TegIons

Confines sum graph labels 10
a single unil for each
subgraph, Deals well with
split regions; is not itssli

a sum graph. Label on
cataloging node suggests
relative shape, size, and
connection pattern of parts
to the whole

Not 1tself a sum graph. Sole
function is to assign an
mtegral value to the
cataloging node of each
subgraph.

Combines characteristics

of logarithmic and reversed
sum graphs. Added edges
Join cataloging nodes.
Linkage patterns are
suggested at local,
intermediate, and global
levels of resoluticn.
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3. SAMPLE OF HOW TO DOWNLOAD THE ELECTRONIC FILE
BACK ISSUES OF SOLSTICE NOW AVAILABLE ON FTP

This section shows the exact set of commands that work 1o dewnload Solstice on The Univer-
sity of Michigan's Nerox 8700, Because different universities will have different installations
of TEA, this 1= only a rough guideline which might be of use to the reader. (BACK ISSUES
AVAILABLE using anonymous fip to open um.cc.umich.edn. account GOFS: type ed GOFS
after entening system; then type |5 to get a directory; then type get solstice 190 (for example)
and download it or read it actording to Jocal constraints,) Back issues will be available an
this account, this account is ONLY for back issues; to write Solstice, send e-mail to Sol-
stice@UMICHUM bitnet or to SolsticeBum.ccumich.edu . Issues from this one forward age
avelleple on FTF on account IEVG (substitute IEVG for GOFS above).

First step is to concatenate the files you received via bitnet /internet. Simply piece them
together in vour computer, one after another, in the order in which they are numbered,
startimg with the number, *1.*

The files you have received are ASCII files; the concatenated file is used to form the et
file from which the .dvi file (device independent) file is formed. The words ‘percent-sign” and
“backslash” are written out in the example below; the user should type them symbolically.

ASSUME YOU HAVE SIGNED ON AND ARE AT THE SYSTEM PROMPT. .
= create -f.iex
= percent-sign 1 from pe c:backslash words backslash solsticetex to mis -t tex char notab

(this command sends my file, solstice.tex, which 1 did as a WordStar [subdirectory,
“words” ) ASCIL file to the mainframe)

F mun “fex par=-i.tex
|there may be some underfull (or certain over) boxes that generally cause no problem;
there should be 5o other “error” messages in the typ esetting—the files vou receive were already

tested )
5 run *dvixer par=-t.dwvi
firi e e e
s control *print® onesided
s run “pagepr scards=-1.x¢r, par=paper=plain
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1. WELCOME TO NEW READERS

Welcome to new subseribers! We hope vou enjoy participating in this means of jourmal
distnibution. Instractions for downloading the typesetting have been repeated in this issue,
near the end. They are specific 1o the TEX installation al The Umversity of Michigan, but
apparently they have been helpful in suggesting to others the sorts of commands that might
be used an their own particular mainframe installation of TEX New subsenbers maght wish
to note thal the electronic files are typeset files—the mathematical notation will pant out
as typeset notation. For exampls,

pHE
when properly downloaded. will print out a typeset summation as § goes from cne to n,
as & centered display on the page, Complex notation is no bammer to this form of journal
production
THANK YOU NOTES AND GOOD WISHES

Many thanks to the members of the Editorial Board of Solstice. Some of them have
refereed ariicles and offered suggestions, as have others. Thanks to all. We send our VETY
best wishes to Mickael Goodchild

In this issue, we announce the availability of Solstice on a GOPHER. Many thanks to
Bruce Long of the Department of Mathematics of Arizona State University for his initiative
m puttmg this journal on their GOPHER (PLLAASU.EDU), It was kind of him to think
of Salstice and hus constructive actions are greatly appreciated.

20, o0, are those of Eugene Fosnight of The University of Michigan, Schoo! of Natural
Hesources and Environment. for his aid in technical matters Thanke, Gene!

2. PRESS CLIPPINGS—SUMMARY
Bnef wnte-ups abont Solstice have appeared in the following publications:
L Science, "Online Journals” Brefings. by Joseph Palea] 20 November 1991 Vol 254
2 Science News, “Math for all seasons” by Ivars Peterson. January 25, 1992, Vel 141,
Noo 4
4. Newsletter of the Association of American Geographers, Juns, 1992,

4. American Mathematical Monthly, “Telegraphic Reviews” — mentioned as “one of
the Werld's first electromic journals nsing TEX.,” September, 1082,

i. Harvard Techmology Window, 1903

fi. Graduating Engineering Magazine, 1993
7. On Internet, 1954

If you have read aboul Solstice elsewhers, please let us know the correst citations {and
add to those abeve) Thanks: In addition, Solstice is an object of study in at least one
Ph.ll dissertanion. We are happy to share information with concerning elecironic journal
production and are delighted when others share with us, as well,
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Publications of the Institute of Mathematical Geography have, in addition, been reviewed
or moted in

L. The Professional Geographer published by the Aseociation of American Geogsaphers:
2. The Urban Specialty Group Newsietter of the Association of American Geographers:
3. Mathematical Heviews published by the American Mathematical Socisty:;
4. The Amencan Mathematical Menthly published by the Mathematical Aseociation of
Amenca;

Zentralblatt fur Mathematik, Springer. Verlag. Berlin

L

B. Mathematics Magazine, published by the Mathematical Association of Amenca.

Newsletter of the Assomation of American Geographer.

el
b

Journal of The Regional Science Association.

9. Journal of the American Statistical Association.
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Villages in Transition:
Elevated Risk of Micronutrient Deficiency
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Community Svstems Foundation, Ann Arbor, MI USA
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Nutrition Directorate, Ministry of Health, Republic of Indonesia, Jakarta, Indonesia
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Center for Research and Development in Nutntion, Bogor, Indonesia

J. Gorstein
Commumity Systerns Foundation, Ann Arbor, MI TUSA
Depariment of International Health. School of Public Health University of Michigan

B Tilden
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Tanzama

ABSTRACT

Some researchers have suggested that as villages move from traditional living patterns
emphasizing seli-sufficiency, to ones featunng economic development. there is & vulnerable
transition pened in which fanulies of the community are at greater health nsk. This elevated
risk results from many factors such as employment velatility, changes in food consumption
patterns, composition of the extended family, temporary migration, and child reanng be-
havier. Elevated risk, if present. would strike hard at children who are most vulnerable and
readily reflect adverse changes in family statns

Analysis of data from the Eastern Islands of Indonesia supports this hypothesis of ele-
vated nsk during transition. Villages in the study area were ranked by a classification system
used 1n Indonesia to measure level of development ranging from traditional agricultural vil-
lages, 1o modern, markei-onented willages This ranking system not onlv is related to the
amount of infrastructure available in the community, but also includes many other factors.
The approach followed takes advantage of the multitude of parameters measured m this study
by poriraying jeint risk of vitarmin A deficiency, iodine deficiency disorders. irom deficiency
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anemia as well as other health indiceiors such as measles, worm infestation, and diarrhes]
diseases. By examining community-level prevalences for all three micronutrient deficences
this methodology offers unique opportunity to study how the nisk for these conditions eovary
at the commumnity level, and thus provides important information for targeting communities
with integrated control program activities. Amongst all willapes with high prevalences of
any of the three micronutnent deficiencies, there i about a T0% ‘overdap’ in msk between at
least two of the three micronutnems, with 22% of the villages being at high nsk for all three
micronutnent deficiencies

Villages in transition are shown to have higher prevalences of total goiter rate. lowes
mean hemoglobin levels, gher helminthic infection rates, and higher prevalences of wasting
anc underweight malnutrition, all at statistically significant levels, They also tend to have
slightly higher prevalences of low serum: retinol, although not statistically significant within
the sample sizes in this studyv. While {focusing upon villages in transition it bul one type of
targeting, there is a qualitative diflerence between this one and cther fargeting sirategies.
In this instance the targeting can be based upon anticipating the nsk rather than reacting
to nsk estimates based on surveys. Becauss the government 1z both planner and resource
allocator for 1ts development programs, difficulties experienced during movement through a
trapsition penod can be monitored and dampened by zllocating special integrated activities
to the region recesving development assistance

INTRODUCTION

Objectives of Study

As governments stove to maximize the effectiveness of their imited resources. the 1ssus
of identifying and targeting those most in need of health and nutrition assistance becomes
paramount. This paper presents a unigue approach to determining these needs for assis-
tance. The approach combines recent theoretical developmentis in the field of population-
environment dynamics with general resouvrce allocation sirategies to suggest 2 method for
identiiving lgh-nsk population groups. As part of this inguiry, measurements of the extent
of overlap among risk factors 1 made which can be utilized to improve the eficiency of pro-
gram implementation. Perhaps most impertant, the methodology which is proposed permits
governments to anticipate difficult problems so that preventive rather than solely curative
measures can be taken 1 a timely manner.

I'haz paper begins by describing the setting in which the study was undertaken. Next
the theorstical model 15 presented along with the possible applicability of the model to real
world situetions &t hand Thard. data 15 used to determine whether the model has predictive
capacity, and finally conclusions and policy implications stemming from the analvses are
presented

The Setting: The Eastern lslands of Indonesia

In 1880 the Government of Indonesia commissioned the Center for Nutntional Research
and [revelopment of Bogor, Indonesia to undertake a study on the health conditions of the
Eastern Islands. Community Systems Foundation of Ann Arbor, Michigan was asked teo
provide techmecal assistance through the ALD, VITAL Field Support Project. The Govern-
ment was especially concerned with deficiencies in micronutrients thal were expected to be
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a strong contributing factor to poor health status of the children in those 1slands.

A cross-sectional prevalence study was carmed out in October 1990 through June 1981,
The purpose of the study was to gather data on the prevalence and distribution of specific mi-
cronutnent deficiencies, including vitamin A deficiency (VAD), iron deficiency anemia (TDA),
jodine deficiency disorders (IDD). and protein energy malnutntion {PENI). It was planned
that this information would be used for assistance in the targeting of specific nutrition and
health interventions in thess remote islands. The study provides the first substantial body
of information Tegarding the prevalence of these conditions in the Eastern Ielands.

The Eastern Isiand provinces of Indonesia include the islands sast of Java and Kelimatan
(Borneo), the island of Sulewesi (the Celebes), the islands of the province of Maluku, the
islands of Inan Jaya, Nusa Tengears Barat (NTB), Nusa Tenggara Timor (NTT), and Timer
Timur {Tim Tim}. However, only Maluku, NTT, Tim Tim, and [nan Jaye were selected for
this study as these provinces were not fully represented in earlier surveys.

Most of the provinces are eulturally distinct from the rest of Indonesia, as well as from
each other. Dietary patierns, terrain, and climate also differ, leading to a belef that causes
of malnutrition mav difer from the rest of the country and among the four provinces.

Irian Java, the sasternmost island, is populated by subsistence hill tribes whase mter-
tribal warfare has kept development efforts at & mumimum until they wers released from
Duteh Colonial domination in the early 1980s. In the last thirty years, the development of
roads, communication networks, construction of schools and health centers have done much
to bring this province more into the mainstream of Indonesian life. However, the population
and their lifestvle iz still quite different from most of the country. Through the transmnigration
of groups from Java to Iman Jaya, the population s now quite diverse representing a wide
range of sociceconomic and eultural backgrounds

Timeor Timur (Tim Tim) is an even more recent addition to the Republic of Indonesia.
Tintil 1874 it was under the jurisdiction of Portugal. In that year, Portugal divested itsell
of all its colonizl possessions, wcuding Tim Tim. Tim Tim was then integrated into the
Republic of Indenesiz, and for several years speafic pockets of resistance to this integration
made the expansion of governmental social welfare programs problematic. Under the Pos-
tuguese, verv little effort was made te educate the rural population, and semi-fendal political
systems kepl power in the hands of & few rich Portuguese families living in the capital, Dih.
The resulis of this survey suggest that Tim Tim has made progress and is in the process of
expanding i1ts rural social welfare sysiems.

The provincs of Maluku 1= the location of the onginal spice 1slands for which the European
countres orgimally set sail 1o the Unent. Nutmeg and mace oniginated from the island of
Banda (which is in this province), and eloves were found on the island of Ambon. During
the 16th century this arez was & site of confrontation between the Portuguese the first
Europeans to settle in the area, and the Dutch. Different islands in the province still display
characterstics which have been adopted from these two western European nations.

Nusa Tenggara Timor (NT7T), like Maluku, is one of the origimal provinces of Indonesia.
[t has a dryer climate than most of the country. Unlike the other eastern provinces, 1|
has characteristics which are similar to those of the rest of the country, and its level of
participation in socal welfare programs 1s the highest of all the provinces in the survey.
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Mutritional problems of the area

Vitamin A deficency — Vitamin A deficency has long been known to cccur in Indonesia.
Consequently, Indonesia has been one of the leaders in the world in ressarch of this impor-
tant problem. Blindness due to xerophihalmma had been the primary justification for these
mvesiments, However, in 1983, studies provided some evidence that sub-climcal VAD, even
when not assomated with nutrition blindness, leads to incressed risk of mortabty, thereby
intreducing and additional impetus for its control.

The 1sland of Ambon 1n Maloku was included 1 the 1978 National Nutntional Blind-
ness Survey, but the other four proviness were not surveyed because of logistic and cost
constreints, The island of Biak was recognized as having high levels of xerophthalmiz in
1881, due to the energetic efforts of the head of Kabupatlen medical serviess. It was sug-
gested that xerophtihalmia might alse be a problem in NTT in the early 1980s

Nutritiona! Amemia — Of all the micronutrient deficiencies, nutritional anemia is undoubt
edly the most widespread. Howsver, its distobution and magmitude 1s least knowsn through-
cut the country, Young children and pregnant and lactating women are the most likely 1o
be at risk. Nutritional anemia has been associated with impaired cogmitive and motor devel-
opment of children, low birthweight, and increased osk for mortality in pregnant women as
well as redueced productivity in aduli males, Data generaied from the present study provides

the first population-based prevalence information on anemiz available in the country.

Pratern Energy Malnetntion — Protein Energy Malnetntion (PEM) 15 2 problem associated
with poor food avatlzbibity and excessive infection. It is identified in children wheo are short
for their age (stunted) and for underweight for their age. and 1m some cases with dimimshed
body mass for their sinture {wasied), The methed by which PEM has besn assessed in this
siudy is through anthropometry, The primarv measurements taken were the height, weight,
and age of preschool children. These different measures were then combined to form thres
mdiees: weight-for-age, height-for-age, and weight-for-height. Height-for-age is generally
comsidered a measure of food avatlability and overall sodoeconomic conditions dumng the
development of the child, while weight-for-height (body mass on the frame of the child)
is considered to better reflect insult to the child either due to illness or recent acute food
shortage. Weight-for-age 15 a combination of these two ndices, although limited since it
farls to distinguish. thin children from shorl children with adequate muscle and fat in the
classification of the undernourished.

Iadine Deficiency Disorders — lodine deficiency disorders are a group of health and de-
velopmental problems associated with mnadeguate jodine mmtake. Histoncally, the magmtude
of this problem has been measured by palpable goiter rates, which is the most abvions and
specific svmptom assocated with low jodine intake. Among the other symptoms of IDD
cretimem {memtal and developmental sub-normaley) is found in areas in which iodine defi-
aency is endemic, and a whole spectrum of more subtle symptoms also have been attrbuted
te msufficient iodine nutmture. These include reduced 10, deafness and delayed moter shill
development. Several biochemical parameters are somefimes used to assess the magmituade
of IDD including: urinary 1odine, thyroid stimulating hormone (TSH), and levels of other
thyroid hormones (T3 and T4)
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The Study

The study focuses on vitamin A deficiency (VAD) in children in the age group U to
§ years, Ophthalmological examumations were carried out to look for clinical eye signs of
VAD Blood collections were performed lor the measurement of sernm vitamin A m a 11%
subsample. From blood samples taken, hemoglobin levels were also assessec. This same
group of clildrer were examined for protem energy malnutrition.

Fregnant women in the same communifies wers sested for amemia. lodine deficency
disorders (IDD) were studied in elementary school children through examination for palpable
goiter as well as through assessing iodine levels in urine specimens collected from a 10%
subsample. From each sub-province (kecamatan] surveyed, two elementary schools were
chosen which wers located close to the village and census umt (wilayah) in order to examine
children 0-§ years aleng with pregnani women.

Everv pregnant woman chosen in the survey area was examined for general health con-
ditions. goiter, and hemoglobin. Urine samples to check for iodine levels were not taken.

Data Processing and Analysis

The data was converted 1o electronic form using a customizec computer and entry pro-
gram eguipped with buili-in cheeks to minimize data entry error. In addition. several thor-
ough rounds of data checking and cleaning were carried out, to ensure the mtemal validity
of the data.

Table 1 lists the variables used in the present analysis. Using FoexPro Verzion 2.0 and
SPSS.PC Version 3.0, these vanables were created by aggregating household data up 1o the
village level to derive community-level variahles. From the 245 villages, 56.3% wers accepted
with loes due to missing vahies, leaving a total of 138 villages included in the analysis. Most
of this data loss is due to the fact that indine defidency in schoolchildren was measured only
in those villages with schools

These continuous vanables were chosen from the dataset to depict the nutrtion and
health of the sample population. The first two variables, MN-VITA and MN-HEMO r1ep-
cesent sera data collected im preschoolers in Eestern Island willages from which the serum
vitamin A levels and serum hemoglobin levels were assaved. These data were aggregated 1o
the village level as mean serum vitamin A and hemoglobin levels.

MOVING FROM TRADITIONAL TO MODEREN VILLAGE LIFE:
RISKS DURING TRANSITION

Relative Health Risks at the Community Level

The determunation of the prevalence of nutnture deficiency in the Eastern Islands marks
the first stage i devising an eflective mterveniion. Another crtical element 15 the deter-
mination of the extent to which assistance can be targeted to lgh-nsk populations. The
findings of thie survey show wide variation in health status among provinces and, more
important, within each province. Such variation implies that considerable benefits mugnt
arcrue from targeting — provided that a practical method could be devised. If the actual
identification of high sk groups for targeting is costly, the relative gains from targeting

1l
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TABLE 1
All azta were gathered for preschool children unless otherwise indicated.

Variable Deseniption
MNATTA  Mean Serum Vitamin A Levels

MN-HEMO Mean Serum Hemoglobin Levels
CASES Prevalence of Xerophthalmia {X1B)-clinieal sign of VAD

MEAS Frevalence of Measles in the last 3 months

POX Prevalence of Chicken Fox in the lazt 3 monthe
DIA Prevalence of Severe Diarrhea in the last 3 monthe
WORM Frevalence of Farasitic Infestation in last 3 months
MN-WHZ  Mean Weight for Height z-score [wasting)

STUN Frevalence of moderate Stunting

UNDEBEWT Prevalence of moderate Underweight

WAST Prevalence of moderate Wasting

TGR Total Goner Hate {among schoolchildren)

VGR Vistble Goiter Rate (among schoolchildren)
MN-EMI  Mean Body Mass Index {among pregnant mothers)
TGR-M Total Gonter Rate (among pregnant mothers)
VGHR-M Visible (Goiter Rate {among pregnant mothers)
EL-HH Mean Education level of head of household

E-AMOM  Mean Educaticn level of mother

are lost. For example, in most settings, it is not practical 1o conduct a careful household
survey to determine relative nsk. Other less expensive means must be found which can act
as a reasonable surrogate for these rigorous bul expensive approaches. Thus, the Eastern
Islands Prevalence Survey was designed, in pari, to tesi the effectiveness of using wanables
collected at the desa (village) level to estimate household health sisk. The question is not
whether perfect correspondence exasts between village and household but rather, are there
easily gathered willage-level vanables which do a reasonable job in ranking regions. If village
estimates can be used to indicate relative nsk, then a targeting strategy, at the sub-province
{Kabupaten or Kecematan) level may be practical. On the other hand, if there is not 4
sirong correspondence, practical targeting is less likely

A seguence of steps was undertaken to examine this question. First, vadables gathered
at the commumty level were related to the average nutriiional status for individuale and
other health indicators of households in the desa. Next, the strength of association between
household and desa-level data was assessed using Pearson correlation eoefficients and analvsis
of vaniance. The final objective was to select a subset of vanables which could be gathered
at the desa level and which would relate to hounsehold health conditions. A wide range
of vanables gathered at both the household and community level were analvzed for their
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targeting effectivensss. These results are presented elsewhers ( Eastern Islands Micronutrient
Deficiency Prevalence Study, Center for Research and Development in Nutntion, Nutrition
Diirectorate. Ministry of Health, Republic of Indonesia, October 1991) In this paper we will
explore an aliernative (or supplementary) scheme for determining relative msk - one based
on emerging theoretical developments in the field of population-environment dynamics

Elevated Risk for Villages in Transition

Recent research suggests that there 15 a special vulnerability as a commumity moves
from relative tradinional Lving patterns emphasizing seli-sufhoency, to ones featunng eco-
nomic development (see Drake, W. DL “Toward Building A Theory of Population Eaviron.
ment Dvnamics: A Family of Transitions.” Population-Envircnment Dvnamics, Umiversity
of Michigan Press, Ann Arbor, 1993). The theory asserts that movement from traditional
to “developed” status is charactenized by the reglon passing through a series of transitions
i each of many sectors of its society. For example, one well known transition 1s the demo-
graphic transition. At the onset of this transition, births and deaths are both high and are m
relztive equilibnium with each other. Historically, births exesed deaths by small amounts so
that the total population rises only very gradually, Oceasionally, famine or epidemic forces
a decline in total population but in general. changes in rates are slow, Dunng the transition.
however. death Tates drop dramatically, usually due lo improvement in the health condition
of the population. This change i health 1s caused by many, often mterrelating factors. After
some time lag, the birth rate begins 1o drop and generally declines until it i in appreximate
balance with the death rate again

Eut there are in {act many similar transitions each related to different seciors of the
community. This dymamc 1= visualized as a family of transitions. That is. not only has
demogzaphic and eprdemiclogic transition beeu described but also deforestation, toxieity,
agriculiural. energy, education. and urbanization transitions as well as many others. It 15
argued that for each transition there is a critical period when society is espedially vulnerable
During that period, rates of change are high. societal adaptive capacity is limited, in part due
to this rapid change, and thers 15 & greater likelihood that key relationships in the dvnamic
become severely imbalanced. The trajectors that & community takes through & transition
vanes, depending vpon many factors eperating at local and national levels. Transitions not
only zre oecurring in many diflerent sectors but also at different scales, both temporal and
spatial. At times. a commumity experiences several transitions simultaneously, which can
raise socizl vulnerability as they amplifv the efiects of each other.

It i¢ hevond the scope of this paper to describe the details of these dynamics except
to note that for any given location expenencing rapid modermization. such as a wiliage m
one of the Fastern lsland Provinces of Indonesia, it 15 reasonable to conjecture that there
might be special vulnerability (for a comprehensive description of the transitions exsting
& community, see thid. 301:335) If this were trus, then health indicators of at-riskness
might indicate magnified problems in those villages experiencing an overall transition from
sraditional self-sufficiency to relative modemity. This elevated nsk, 1t is argued. results from
many [actors such as employment volatility, changes in food consumption patterns, compo-
sition of the extended family, temporary mgration, and child rearing behavior. Elevated
nek, if present, would strike hard at children who are most vulnerable, and readily teflect
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adverse changes in family health status,

[t follows then, if transiional communities are expenencing vulnerability which then
translates into heghtened child health at-riskness, a targeting strategy might be devieed
based on some readily available community-level indicator. Such a targeting strategy might
provide a practical policy tool

Classifying Villages According to Their Transition Status

*ortunately, in Indonesia the government has for years meintained an up-to-date record
of the “transitional” status of villages throughout the country. Villages in the study area.
like all other parts of the country, have besn ranked by a classification system used to mea-
sure level of development. This ranking system i related to the amount of infrastructure
available in the community but alse includes many other factors. The village scale ranged
irom traditional self-eufficiency (Pradesa) to modern marke: oriented eommunities {Swasem:
bada| {formal village classification of villages was provided by the Indonesian Government ),
Pradesa villages (pre-villages) are generally located in remote regions and have relatively
little contact with the national economy. The main occecupation is agriculture, and educa-
tion levels are very low. Traditional custom has a dominant influence and these villages
are considered “traditional " The next level of development is classified as Swadava, and
1 silll charactenzed by very strong influence of traditional custom, “... strong relations
among villagers and social control based on the family system.” Infrastructure, while more
advancsd than Pradesa villages, is still relatively basic. Average education is low, commu:
mcation and transportation are minimal, production methods traditional. and facifities for
social activites rarely observed. The third level of development in villages, Swakaryva. sheavs
traditional customs further m transiuoen. Influences from outside are observed in the village
which are deemed to “... be changing way: of thinking™ Job opporiunities are shifting
from pomary to secondary sectors. Secondary sector here is defined as small industry and
crafis. Traditional custom and religion is in transition, education and skill levels are judged
te be medium, communication and sodal facilities increasing to a “. . medium level " and
mstitutional and governmental tasks functioning in & more developed manner.

The lughest development classification level is Swasembada, “Traditional costom and
religion is not influencing development ... education and skill of the villagers is high, and
members take initiatives and responsibility for local action. Communication, productivity,
marketing, and social faclities are above standard. Village output/yield in all sectars 35 high
and job opportunities are mainly in the “third sector” (commercial and s5eTvice .

I order to maximize the generality of the results of this study, the balance of this paper
will use genenic terminology when labeling villages. Pradesa villages will be called tradi-
tional, Swadaya and Swakarya called transitional and Swasembada, modem or developed.

TESTING FOR ELEVATED RISKS IN TRANSITION VILLAGES

I there iz validity to the hypothesis that there is elevated nisk dunng the time villages
are going through 2 transition from traditional to developed status, then one might expect
at least some health status indicators to change unfavorably during this pered (it is quite
possible thet, dus to low measurement specificity and sensitivity, indicators eould show no
heightened at-riskness during transitional periods when, in fact, there were risks but the
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opposite 15 less bkely to be true.] Analysis of Fastern Islands data supports this hypothesis
of elevated sk,

However, as is trus for any study, asscciation does not necessanly mean causation. There
are always possible alternative or competing explanations for the cause of the ohserved
outcome. In the case of this analysis, the most probable competing explanation for elevated
risk in transitional villages would be inherent differences among villages which are unrelated
to their Jevel of development, For example, does village topogrephy have an effect upon the
cutcome, especially for health indicators known to be related to geography such as iodine
deficiency?

Other competing explanations know to be related to child health tisk, such as educational
level of the head of household or of the mather are part of the fabrie of & transitional village
and. for our purposes, do not need to be separated. In fact, to a large degree. they define
the heightened at-riskness of transitional villages. Whenever possible, we shall attempt to
provide what evidence there is for refuting tlus competing explanation. But regardless of
the causes, the fact still remains that is associations exist, then an intsrvention RITAlEEY can
be proposed which reflects this elevated nsk, regardless of its cause,

Table 1 in an earlier section. provides s listing of the available health indicators which,
while gathered in some cases at the mdividual household level, 1n all instances have been
aggregated to the village Javel. This section presents the results of analysis for the major
mdicators available, orgamized by village transitional status, Tt should be remembered that
due to data gathering protocol, the number of villages available for analveis. vanes b each
indicator vanable.

Undernutrition

A sample of the nuinuonal status of preschoo! children in each of 138 villages was taken
during the course of this study. Heght, weight, and age were measured and key anthropo-
metnie indices of clild nutmture were calenlated and standardized using the NCHS reference
standard. Village prevalence estimates were determined frem these samples and related to
village transition status, Both weight-for-beight (wasting) and weight-for-age shewed statis-
ucally significant association with village tvpe Wesght-for-height (a measure of stunting)
was also at a higher rate in transitional villages although not statisticallv significant.  Fig.
ure 1 presents the prevalence of wasting by village type. Both types of transitional villages
\early and late| showed statistically significant higher malnutrition. For the purposes of
presentation in the figures that follow, both transitional types have been combined into one
category

Figure 2 shows the prevalence of underweight malnutrition for preschool children in the
same 138 villages. Transitional villages zgain show a higher sk for malnutrition Using
the NCHS standard and a cut-pint of less than two standard deviations from meas values.
transitional villages experienced 48% malnutntion while traditional and modern villages
showed 3597 and 41% respectively, These differences were statistically significant at the
p=.1 levels (p=0065 and 0009 respectively).

Vitamin A Deficiency
Two indicators of vitamin A deficency wers measured during this study; mean serum
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FIGURE 1

Prevalence of Wasting
by Village Type
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Figure 1. Frevalence of Wasting by Village Txpe (145 villages). Three bers are dis
plaved in this chart: one for traditional, one for transitiomal, and cme for modemn villages.
The heght of the bar measures the percentage of prevalence (% < -2 5.D. NCHS) Tradi-
tional shows wasting of 3.6%; transitional at 10.4%; and. modem at 7.3%. The source is
1991 Eastern Islands Prevalence Survey.

vitamun A level and prevalence of xerophthalmia as indicated by detection of bitot’s spots
(R1E). Eecause of an extremely low prevalence of xerophthalmia, the only varable amenahle
1o analysis of transitional villages is vitamin A serum level:. Figure 3 presents the prevalenes
of low serum retmel m preschool children by village tvpe. The cut-point used to define
commumity ai-nskness 15 the WHO recommended 3% of the population with serum retingl
levels < 10 meg/dl. Although all village types showed prevalences of low serum VA well
above the cul-off for being a public health risk, transitional villages experience the highest
prevalence of low serum retinol although not at statistically significant levels.

lodine deficiency (IDD)

lodine deficiency disorders (IDD) 15 used to define & group of functionzl diszbilities zss0-
aated with madeguate levels of jodine ranging from impaired thyroid function to debilitating
eretimism. lodine 15 normally ingesied in water or plants which have extracied it from soil
IDD := most Likely to occur in isolated rural areas that are ecologically deficieni in jodine
and have little contact with food products from areas with higher iodine availability, Three
aifierent measures were used to assess jodine defimency in this study: visible goiter rate, to-
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FIGURE 2

Prevalence of Underweight
by Village Type
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Figure 2. Prevalence of Underweight by Village Twpe (145 willages). Three bars are
displayed in thie chart: one for traditional, one for transitional, and one for modern villages:
The height of the bar measures the percentage of prevaience (% < -2 5.0. NCHS). Traditional
shows underweight of 35.7%; transitional at 46.8%; and, modern at 41.2%. The source is
18291 Eastern Islands Prevalencs Survey.

tal goiter rate, and percent of villages with total gorter rate above the WHO defined at- ns]-:.
prevalence rate of ten percent.

Figure 4 shows the visible goiter rate classified by village category, Again, nek was shown
te be highest in transitional villages. Figures 3 and § also show much lugher risk zates
transitional villages using the other indicators of deficiency. total goiter rates, and percent
of villages with high total goiter rates {p=0.0045).

Because there iz ofien correspendence between topography and iodine deficiency, an
atiempt was made {o refute this compefing explanation for the observed outcome Figure
T shows the relationship between topography and village transitional status Topography
was categonized as lowlands, mountainous, and coaztal. If the competing explanation for
mgh nsk in transitional villages 15, in fact, their mountainous topoegraphy. one would expect
mountainons villages to be overrepresented m the transiional village category. The data in
Figare 7 indicate exactly the opposite. Fewer transitional villages lie in mountamoeus areas
than i erther the low land or coastal village categones, While this observation does not fully
refute the competing explanation, it strongly supporis transitional villages as the underlying
explanation for igh nsk.
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FIGURE 3

~ Prevalence of Low Serum Retinol
in Schoolage Children by Village "JE'j..fpfa
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Figure 3. Prevalence of Low Serum Retinol i Schoolage Children by Village Type (143
villages) Three bers are displayed m Vhis chart: one for traditional, one for transitional, and
one for modemn villagss The height of the bar measures the percentage of prevalence (¥t <
10 meg/dl). Traditional shows jaw serum retinol of about 12.5%; transitional at about 13%;
and. modern at zhout 10%. The source is 1891 Eastern [slands Prevalence Survey.

Iron deficiency

Anemia is the most widespread micronutnent disarder in the warld, It has profound
consequences on adull produchivity, mpaired cognitive and motor development in children,
and in pregnant women can significantly complicate the risk of intrauterine growth, bow
birthweight, and perinatal mortality, As many as fiftv percent of all maternal deathe in
developing countries may be secociated with apemis and may be the excluzive cause In as
many as twenty percent of all maternal deaths (ACC/SCN Workshop, Freventing Anemua,
SCN News 6:1-6). In addition to an inadequate intake of iron in the diet, anemia may be
brought on by exposure to certain nfectious diseases, Malarda, hookworm, schistesomiasis,
and other mfections are related 1o the stiology of anemia. In the Eastern Islands of indonesia,
the tole thalt malaria plays in the eticlogy of ansmia cannot be jenored. However, regardless
of canse, nutritional anemiz musl be reckoned with.

Figure & indicates the relationship between nutrtional anemia in preschool children and
village type. Using the WHO cut-off for sron anemia of eleven gmjdl, the mean values of
both categories of transitional village fell below the cut-off while traditional and modem
villages were above the cut-ofl. There s 2 statistically significant difierence between village
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FIGURE 4

Visible Goiter Rate in Schoolage Children
by Village Type
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Figure 4. Visible Goiter Rate in Schoolage Children by Village Type (171 villages |,
Three bars are displeved in thas chart: one for traditional. one for transitional, and one
for modern villages. The height of the bar measures the mean village wisible goiter rate,
Traditional shows visible goiter rate of 0.028%; transitional at 0.525%; and, modern at
0.041%. The source is 1991 Eastern Island: Prevalence Survey.

types with p=0.043 for between group difference:.

Intestinal worms

Intestinal parasites {helminthic infection) can significantly comtribute to malnutntion m
adults and even more in children. Heduction in such infections usvally requires a multifaceted
approach to public health including family education, improved waste disposal. sale water,
and proper food preparation. Figure 9 presents evidence on the prevalence of helminthie
infection by village tvpe for 169 villages in the Eastern Islands. Again, both early and
late transitional villages show a higher mean village worm rate although net at statistically
significant levels

Not all measured vanables showed at-riskness in transitional villages. Prevalence of
diarrhea, chicken posx, and messles did not show measurably higher rates dunng the study
period. Difference in seasonality of high-msk periods depending en topography and the
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FIGURE 5

Total Goiter Rate in Schoolage Children
by Village Type
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Figure 5. Total Goiter Rate in Schoolage Children by Village Type (171 villages). Thres
bars are displayed in this chart: one for traditional, one for transitional and one for modemn
villages. The height of the bar measures the mean village total goiter rate. Traditional shows
total goiter rate of 6.8%; transitional at 16.1%; and, modern 2t 5.9%. The source is 1901
Eastern Islands Prevalence Survey.

episodic character of some of these dissases mav be factors which preclude indication of
neightened nsks by village type.

TESTING FOR RISK OVERLAF WITHIN THE HEALTH SECTOR

While thiz datasel provides evidence of the vulnerability of transitional villages to mi-
cronuirient deficiencies, and supports the targeting of micronuinent control programs to
these villages. it is also pertinent to investigate the general “overlap” in miteromutrient defi-
aency prevalences n all village types. Thus analvsis addresses the issue of integrating VAD
control actrvities with IDD and IDA control programs. As governments examine the possible
benefits gained from the mtegration of VAD control activities with IDD and IDA programs,
and a strategies that target high nsk populations appear most cost-effective, the examination
of the extent to which villages at high nsk for one micronutrient deficiency is at the same
time at high nsk for another mieronutrent deficiency becomes = logical research question
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FIGURE &
Percent of Villages with High Total Goiter Rate
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Figure 6. Percent of Villages with High Total Goiter Rate (169 villages). (Prevalence
of village total goner rate | 10% — schoolchildren.) Three bars are displaved in this chart
one for traditional, one for transitionzl. and one for modern villages. The height of the bar
measures the percentage villages with high total goiter rate. Traditional shows percentage
of villages with high total goiter rate at 26.7%; transitional at 49.3%; and, modern at 31.3%.

The source 15 1991 Eastern Island: Prevalencs Survey.

with direct programmatic implications. The data gathered from the Eastern Islands Preva-
lence Survey, provides a unique opportunity to investipate this measurement of the derres
of covaniance, or “overlap,” between these deficiencies.

Methods

In order to address this issue, two types of analyees were carmed out. The first set of
analyses focused on measunng the correlations between the prevalence of the thres micron-
tnents. Statistical procedures included formulation of & correlogram and multidimensional
scaling. (These methodologies are not mcluded in this paper but are available through the
pomary author in a sepasate paper presently m draft form.) The second type of analysis
was atmed at presenting the relative “overlap” in high prevalences for all three micromu-
trient deficencies, and Venn diagrams were constructed to allow for visualization of this
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FIGURE 7

Topography by Village Type
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Figure 7. Topography by Village Type Counts of Villages. (145 villages}). (Percent
villagss in mountainons regions.) Three sets of three bars each are displaved in this chart
cne for traditional (low, mountainous, and coastal topography), one for transitional {low.
mountamnouns. and coasigl topography), and one for modern (low, mountainons, and coastal
wopography | villages. The length of the bar measures the percentage of villages in mountain-
ous {or coastel or low) regions. 43% of the traditional villages are mountainous: 26.4% of the
transitional villages are mountainouws; and, 43.7% of the modern villages are mountainous
The source is 1891 Eastern Islands Prevelence Survey.

phenomenan

Determination of Owverlap in Risk

Figure 10 1s 2 Venn diagram which shows the overlap in risk for micronutnent malnuo-
trition. It represents aggregated data from 138 villages. VAD TGR. and IDA are shown to
have 2 subsiantial overlap among the villages, This overlap, like the broader overlap among
different sectors in the community, has important implications for intervention strategies
which will be discussed further in the concluding section of the paper.

Figure 11 presents the overlap in nsks {or the same micronutrient deficiencies m tran-
sitional villages and Figure 12 shows these overlaps for traditional and modern villages. It
1s interesting that the pattern of overlap does not change between transitional and non-
transitional villages.
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FIGURE 3
Nutritional Anemia o Preschool Children
by Village Type
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Figure 8. Notrtional Awremua i Preschool Children by Village Type. WHO cut-off
Fe-deficiency 15 at a value of 11 (measuning mean HB {gmydl))- {145 villages). Four bars are
dizplaved m this chart: ome for traditional, one for early transitional, one for late transitional,
and one for modemn villages. The length of the bar measures the mean Hb (gm/dl}). The
bars for the early and late transitional villages fall short of the WHO cut-off line at 11. The
bars {or the traditional and modern village go beyond the WHO cut-off line. The source is
1991 Fastern Islands Prevalence Survey

CONCLUSIONS AND POLICY IMPLICATIONS

summary of Evidence for Elevated Risk in Transitional Villages

The forgoing analysis presents a rather compelling picture of heightened health risk
i villages experendng transition from traditional self-sufhicent biving patterns to more
developed markei-onented economiss. Almost every health indicator examined in this study
shows that households in villages expenencing transitions were worse off — whether the
measure be clhild malnuintion (PEM), anemia (IDA), vizamin A defimency (VAD), 1odine
deficiency (IDI)), or helminthic infection. Further, this heightened nsk was evident i spite
of apparent “improvements” in community infrastructure, both phyvaical and organizational

Theorstical developments and the first stages of empincal work elsewhere suggest that
this heightensd nisk dunng transifion may be attnbutable to the vulneralility created by
rapid Tates of change in each of many sectors of the community especially when they occur
smultaneously, Old and often useful patterns of interaction among sectors are damaged or
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FIGURE %
Prevalence of Helminthic Infection
by Village Type
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Figure 2. Prevelence of Helminthic Infection by Village Type (169 yillages), Four
hars are displaved in this chart: one for sraditional. one for sarly transitional, one for late
transitional, and one for modern viliages. The length of the bar measures the mean viliage
rate of worm infestation. The bar for traditional villages has length 13.91; that for early
¢ransitional has length 15.29; that for late transitional has length 16.8: and. that for modern
has length 5.88 The source 1s 1991 Eastern lslands Prevalence Survey.

destroved and new adaptive patierns have not vet developed. Changes within ong sector
cesult. often harmfully, in changes in ancther. And. perhaps mest important, these changes
oceur so rapidly that societal adaptive capacity 1s limited during the transition.

Societal velnerability dus to rapid rates of change deserves Tecogmition and. if possible,
remediation, Risks are brought about by changes in employment patterns, education levels,
more abundant supphes of water, altered waste disposal svstems, :nereased trapsportation
alternatives {and costs), disruption in food production, storags, preparation and consump:
tion. and changes in population density. These overlapping nsks call for a COMMUNIty-wide
ctrategy of remediation whieh explicitly recopnizes theis mieraction. The strategy need not
be complex; onlv conceived proadly enough to expheitly embrace interaction AIMONE SETIOLS,

Policy implications

4 possible policy impleation from the findings of this study suggests planming jor specal
emphasis and corresponding resources devoted 1o health care activities during periods of
rapid social or economic change. Especially when government-sponsored development efforts
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FIGURE 10

Overlap in risk for
Micronutrient Malnutrition

in the Eastern Islands of Indonesia
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Figure 10. Three-circle Venn diagram: two circles on top, one below, intersecting Lo
torm eight disjoint regions. The arcle on the upper left represents VAID; the one on the
upper night, TGH; and, the one on the bottom, IDA Owerlap in Fisk for Micronutnent
Maloutrition 1n the Eastern Islands of Indonesta {number of willages is 1453). Breakdown
of the partition by Venn regon: 1. VAD and TGH and TDA: 30: 2. VAD and TGR and
net-IDA: 2. 3. VAD and IDA and not-TGR: 39; 4. VAD and now-IDA and not-TGR: T;
i, IDA and TGR and not-VAD: 268; 6. IDA and not-TGR and not-VAD: 30: 7. TGR and
not-VAL and not-IDA: 4; 8. not-VAD and not-TGR and not-IDA: 7.

are being implemented, it may be helpful to schedule lgher levels of service delivery in order
1o overcome the anticipated higher misk for children during transition peneds.

While focusing upon villages 1n transifion 15 but one wype of targeting, there 15 a gqualita-
tive difference between this and other targeting strategies discussed eachier. In thie mstance,
targeting can be based upon anticipating the risk rather than refiecting current or historical
nsk estimates. Because government iz both planner and rescurce allocator for its develop
menl programs, difficulties experienced during movement threugh a transition period can
be dampened by allocating special activities to the region receiving development assistance.
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FIGURE 11

Overlap in risk for

Micronutrient Malnutrition
in Transitional Villages

Figure 11. Three-circle Venn diagram: twe arcles on top, ohe below, intlersecting to
form eight disjoint regions. The circle on the upper left Tepresents VAD: the one on the
npper right, TGR; and, the cne on the bettom, IDA. Overlap in Risk for Micronuinent
Malnutntion in the Eastern Islands of Indonesia in Transitional villages. Breakdown of the
partition by Venn region: 1. VAD and TGR and IDA: 36; 2. VAD and TGR and not-1IDA
1: 3. VAD and IDA and not-TGH: 25; 4. VAD and not-IDA and not-TGR: 5; 3. IDA and
TGR and not-VAD: 20; 6 IDA and not-TGR and not-VAD: 21; 7. TGR and not-VAL and
not-IDA: 3: & not-VAD and not-TGR and not-IDA: 3.

At the very least, government can moniter local conditions more closely and be prepared to
act quickly if preblems should anse.

Because this is the first study showing these elevated risks for transition villages and
hecause the resulte from this analvsis should nol be extended to other settings without
further confirmation, it alss might be useful to explore more fully the nature of socetal
vulnerability in transition communities. A pilet project mcorporating & research design
which focuses upon this guestion could be far more robust than was possible in this study
and conseguently capable of stronger conclesions regarding the strategy’s usefulness, If such
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FIGURE 12

Overlap in risk for
Micronutrient Malnutrition

in Non Transitional Villages

Figure 12. Three-arcle Venn diagram: two areles on top, one below, intersecting to
form eght disjomnt regions. The arcle on the upper left represents VAD: the one en the
upper right, TGR| and, the one on the bottom, IDA. Overlap in Risk for Micronutrient
Malnutrition in the Eastern Islands of Indenesia in Non-transitional villages. Breakdown of
the partition by Venn remon: 1. VAD and TGR and IDA: 4: 2. VAD and TGR and not-IDA:
L} 3. VAL and IDA and not-TGR: 14; 4. VAD and net-IDA z2nd not-TGHR: 2: 5. IDA and
TGE and not-VAD: 5; 6. IDA and not-TGR and not-WVAD: 9;: 7. TGR and not-VAD and
not-IDA: 1; 8 not-VAD and not-TGR and not-IDA: 4

a pilot study 1s implemented. it would be useful to install & simple monitonng component
capable of measuring the gains from thiz approach.

Implementing a targeting strategy

Implementing a targeting strategy has many practical clements. Ease of gathering data
necessary for targefing is crucial. As discussed earlier, data reguirements which are too
costly or time consuming usually are not useful. One strength of the strategy sugeested in
this paper is the use of simple village-level vanables which are easy to gather but which
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do a good job of identifving average household at-riskness. But there is another practical
dimension which 1= less easy to guantify. That is, how to blend analvtic evidence of at-
niskness 1 a particular sector of a community with local judgment of those closest to the
setting. Expenence elsewhere indicates that a targeting strategy based only upon analytic
comsiderations 1s less than optimal. Furthermore, sisks orgamzed by type of problem or sector
in the community can be less useful than combining risks inte one composite. Often it is
mest practical to allocate resources 1o the entire community rather than to each component
or sector. While it is helpful to keep each nsk category separate for analysis purposes,
there 15 also benefit i being able to aggregate risk across sectors. Assessing and acting on
at-nskness based on village transitional status permits such a strategy.
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4. SAMPLE OF HOW TO DOWNLOAD THE ELECTRONIC FILE
BACK ISSUES OF SOLSTICE ON A GOPHER

Solstce 15 avadlable on a GOPHER from the Department of Mathematics at Arzona State
University; PLLAASU.EDU port T0
BACK ISSTUES OF SOLSTICE AVATLABLE ON FTPR

This section shows the exact set of commands that work to download Solstice on The Univer-
sity of Michigan's Xerox 9700, Because different umiversities will have different installations
of TEX. this 15 only a rough gmdeline which might be of use io the reader. (BACK ISSUES
AVAILABLE esing anconymous ftp to open um.cc.umich.edu, account GCFS; type od GCFS
after entening system; then type Is 1o get a directory; then type get soletice 190 (for example)
and download it or read it according to local constraints.) Back issues will be available on
this account; this account is ONLY for back issues; to write Solstice, send e-mail to Sol-
stice@UMICHUM bitnet or to SolsticeBum.cc.umich.edu . Issues from this one forward are
available on FTF on acconnt [EVG (substitute IEVG for GCFS above).

First step iz to concatenate the files vou received via bitnet/internet. Simply piece them
together in your computer, one after another, in the order i which they arc numbered,
starting with the number; “1.7

The files vou have received ars ASCII files; the concatenated file is used to form the tex
file trom which the .dvi file (device independent) file 15 formed. The words “percent-sign” and
“backslash” are wotten out i the example below; the user should type them symbolically.

ASSUME YOU HAVE SIGNED ON AND ARE AT THE SYSTEM PROMPT, #

7= creale -1iex
# percent-sign t from pc c:backslazh words backslash solstice tex to mts -t.tex char notab

{this command sends my file, solstice.tex, which 1 did as a WordStar (subdirectory,
“words” ) ASCII file to the mainframe)

# run *tex par=-t.tex

(there may be some underfull {or certain over) boxes that generally cause no problem;
there should be no other “error” messages in the typesetting—the files vou receive were already

tested, |
# run “dvixer par=-t.dwvi
# contrel *print* onesided
# run Fpagepr scards=-l.xer, par=paper=plain
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