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ABSTRACT
It is now over one hundred years since Ravenstein published his "Laws of
M gration". How have these laws fared? H's paper also includes a map of
"Currents of Magration", not nentioned in the text. Thornthwaite also
conpared migration to currents, but did not follow through with this
anal ogy. Qhers have used simlar ternminology. Mre recent mnigration
studies may yield new | aws.

RAVENSTEI N S LAWS

Ernst Georg Ravenstein was a geographer of German extracti on who worked at
the Royal GCeographical Society in London, and was that organization's first
Victoria gold nedallist. In 1885 he published a paper entitled "The Laws of
Mgration" in the Journal of the Statistical Society. This 1885 paper, the
second and nost interesting of three, includes his notivation as its first
sentence (1885:167):

"It was a remark of the late Dr. WlliamFarr, to the effect that mgration
appeared to go on wthout any definite law, which first directed ny
attention to [the] subject....”

What then are Ravenstein's laws of migration? | list here a short selection
of ten, but a nore definitive review would be desirable; Gigg (1977a,b) lists
el even slightly different |aws:

(1) “... even in the case of 'counties of di spersion', which have a
popul ation to spare for other counties, there takes place an inflow of
m grants across that border which lies furthest away fromthe great centers
of absorption”. (1885:191)

(2) “The nore distance from the fountai nhead which feeds them the |ess
swiftly do these currents flow' . (1885:191)

(3) [We have] “proved that the great body of our migrants only proceed a
short distance”. (1885:198)

(4) “In formng an estimate of displacenents we nust take into account the
nunber of natives of each county which furnishes the mgrants, as also the
popul ation of the ... districts which absorb theni. (1885:198)

(5) “Mgrants enunerated in a ... center of absorption will ... grow |ess
with the distance proportionally”. (1885:199)

(6) “The process of dispersion is the inverse of that of absorption, and
exhibits simlar features”. (1885:199)

(7) “Each main current of migration produces a conpensating counter
current”. (1885:199) [Conpare with Newton's third Law of notion: Every
action produces and equal and opposite reaction]



(8) “Counties having an extended boundary in proportion to their area,
naturally offer greater facilities for an inflow ... than others with a
restricted boundary”. (1885: 175)

(9) [Mgration streans] “sweep along with them many of the natives of the
counties through which they pass [and] deposit, in their progress, many of
the m grants, which have joined themat their origin”. (1885:191)

(10) “Mgratory currents flow along certain well defined geographica
channel s”. (1889: 284)

W can now ask what has happened to these laws in the intervening years?
Have any been refuted? If so, which ones? If not, why not? Are they irrefutable
tautol ogies? Do they still hold today? Have any been extended? If so, which
ones? Have any new | aws been added? If so, what are they? If not, why not? And
finally, what could we do today with the 1881 census that Ravenstein did not? Is
our theory, our nethodol ogy, or our technique better? Do we have better data?

MODERN EVI DENCE

It is not difficult to denpnstrate that at |east sone of the laws stil
hol d today. Again a nore exhaustive investigation seens warranted and only snal
sni ppets are presented here.

Consider the first of the cited | aws:

" ... in ... "counties of dispersion' there [exists] an inflow ... across
that border which lies furthest away ... "

Here in the United States we currently (though it is in fact not new) have a
concern with in-migration from Mexico. Ravenstein's l|aw asserts that the
Mexi cans should have an inflow from CGuatenala and this indeed seenms to be the
case.

O take the second and third of the laws previously cited. These describe
the fanous distance decay. Today we show this on |og-1og graphs; many exanples
can be found in Hagerstrand' s paper of 1957, and indeed in nost freshman coll ege
texts, or, e.g. Osson (1965). We know that short distance noves predomn nate.

The forth law includes the population of the sending and receiving places;
contenmporary evidence is given in Figure One, and is of course now known as
Zi pf's Law (Zi pf 1946).

The fifth and sixth aws again relate to distance decay and to the symmetry
of in and out nmoves. W can sharpen these concepts of dispersion and absorption
by using Hagerstrand's notion of a "migration field , the intensity of which
drops off with distance. This is shown in Figure Two using the in mgration and
out mgration fields for Kansas. To the eye these cannot be distinguished from
each other, as is expected for processes which are "inverse"

The 1975 to 1980 US Census Bureau state-to-state migration table can be
used to evaluate the seventh of Ravenstein laws as listed. As shown in the
figures (Three and Four) the correlation between outgoing and incom ng nigrants
remai ns hi gh.

CRI TI QUES

There are of course also critiques of Ravenstein's |laws. For example, in
the 'Age of Mgration' (Castles & MIler 1993, pp. 19-21) it is asserted that
Ravenstein's " nodel is essentially individualistic and ahistorical." and



governnent restrictions ... are ignored ...." Later the authors state that
a push-pull nodel would predict novenents from densely popul ated areas to
nore sparsely populated regions ...." Even if these criticisns were valid - |
woul d assert that they are not and that they reflect a superficial reading of
Ravenstein's work; for exanple see the introductory comments on pages 241 and
242 of the paper of 1889 - they do not refute any of his |laws. The treatnment in
the migration literature as a whole is to ignore the laws, or to regard them as
irrelevant. They are generally not refuted, but sonetines are considered
incomplete (as in the work cited above), or not germane. | have not found any
attacks on the substance of the laws as such. This again could provide an
i nteresting area of study.

THORNTHWAI TE AND M GRATI ON STUDI ES

Turning now to a sonewhat different subject, Figure Five shows Ravenstein's
(1885:183) fifth map, of the "Currents of Mgration." This is by far the nopst
interesting of his maps, yet there is no mention of it in the text of the paper
whi ch seens very curious (would today's editor have noticed this and del eted
it?) Yet the map nust have been based on detailed study of census data. It shows
nostly |local nobves, i.e., county to county novenents. The map seens to have been
conpletely ignored by scholars, historians, and cartographers. It is difficult
to see how one could program a conputer to produce this map using the kinds of
statistics available today. Certainly it would be a chall enge.

The use of the word "currents" in the title of the map is also nost
extraordi nary. Wiat kind of currents are these? Ccean, electrical, atnospheric
or what? It certainly suggests a fluid, with flow ng phenonena. It is nost
curious that the Iliterature on nigration is replete with this kind of
term nol ogy. We speak of "migration flows" and "migration streanms” and "counter-
currents", and refer to intellectual or cultural "backwaters", as if there were
eddy currents. One can be "outside of the mminstream. And there are "waves of
immgration", etc. The language used in mgration studies provides another
chal | engi ng topic for epistenological exam nation

In this context the introduction to Warren Thornthwaite's nonograph on
mgration is nost interesting and revealing. Thornthwaite's reputation of course
rests on his later work in climtology. He is not particularly known as a
student of mgration but the fifty-two page nonograph from 1934 is still worth
exam nation, and also contains challenging maps. Hi s mgration study was done
while he was an assistant professor at the University of Cklahoma. He refers

specifically to pressures and gradients, and | quote here his first paragraph
(1934:1).

"In Anerica, as elsewhere, nmigration is a process which is dependent upon
the establishment of nmeans of communi cation between areas having different
intensities of population pressure. These pressure gradients are brought
about either through an increase in pressure in one area or through a
decrease in another area. The relative intensity of population pressure
may be increased within a given area either through a contraction of
econom ¢ and social opportunities or through the continued growth of
popul ation, and may be reduced through an expansion of opportunity or
through a dimnution of population. Through the flow of population from
regi ons of high pressure to regions of |ow pressure, the inequalities tend
to be reduced. The inportance of mgration bears an inverse relation to
the resistance, both physical and cultural, which it encounters. Physica

isolation, inertia, prejudice, and ignorance are sone of the factors,

whi ch inhibit nmore or | ess the freedom of novenent of popul ation. The fl ow
of population is in a way analogous to the flow of an electric current,



the mat hematical expression of which appears to have sone application to
mgration*. The anpbunt of migration from one area to another is directly
proportional to the pressure gradient between them and inversely
proportional to the resistance."

In the footnote (denoted by *, above) he even explicitly wites out "Ohnms | aw
i = EFR" He did not follow up on his use of this equation, and uses no
mat hemati cal nodels in the nonograph. Recall also that none of Ravensteins's
laws were stated in mathenmatical ternms; Ravenstein used only the sinplest form
of arithnetic in his several papers. Observe further that Thornthwaite did not,
in the 1930's, refer to 'spatial interaction' or 'gravity nodels', but he
clearly understood an economic benefit argunent, |ater picked up by economi sts.
One of course also notes his reliance on physical concepts, perhaps reflecting
his interest in climtology. Nowhere does he refer to Ravenstein's papers. In
his masters thesis at the University of Wshington in the 1920's Harold
Hotelling did develop the pressure/gradient idea nmathematically, but
Thornthwai te was not aware of this work; it was not published until 1978. Mbore
recently the econonmist Robert Lucas expressed a view simlar to that of
Thornt hwai te (Lucas, 1981:85), viz:

"Mgration is conmparable to a flow of water or electricity - an adjustnent
flow responding to pressure differentials at opposite ends of a pipeline.
This view suggests that it is neither the absolute I evel of push nor pul
factors which matters, but the existing difference in relative attraction
el ements. "

This differential attractivity nodel of migration is comobn in the economc
literature, but much | ess favored by sociologists and political scientists.

Guido Dorigo and | did (1983) relate something like Chmis law to nigration
putting mgration proportional to a pressure, and inversely related to
resi stance. This is not the place to repeat this work except to state that it
did allow us to translate many of Ravenstein's laws into equation form and al so
to produce electrical (or hydrodynamc) current-like maps of mgration (Tobler
1981, 1990). The 'popul ation pressure' in our work is deduced by conputation
fromthe actual mgration ampunts and is not given in advance, in contrast to
nost other studies, and the nobdel also takes into account sinultaneous two way

novenent s.

NEW EVI DENCE AND NEW LAWS

To the question of new evidence and new | aws of m gration we nust renenber
that Ravenstein used data from only a few censuses. Using data broken down by
age classes and for nultiple tinme periods, now avail able, we can extend sone of
his results. Whether we call themlaws or sinply enpirical regularities seens to

nme immterial. In Ravenstein and Thornthwaite's tine only place-of-birth to
pl ace-of -current-residence tables were avail abl e whereas we now have place-of-
previous-residence to place-of-current-residence tables, and, in the USA,

spanning fifty-five years. The brief coments given here do not constitute a
through literature search for new | aws, but are based on ny casual reading over
a decade or so. This is certainly another domain for the interested student.

One of the nmpbst studied regularities is the age profile of migrants. This
has been paraneterized by Andrei Rogers et al (1978) and surely warrants the
nane of a migration "law'. The rule about the simlarity of the sizes of the in
and out migrations also seens to hold for individual age groups (conpare Figure
3.4, p. 36, of Stillwell, et al. 1991), which we should have been able to



deduce. Many studies have replicated the nmigration age structure profile. Inter-
zonal and intra-zonal novenents show the sane effect (see for exanple, Figure 7
p. 28 of Rees & Stillwell, 1982), as do nmales and females. It seens a tineless
rul e.

Time series data allow further strengthening of Ravenstein's observation
that currents produce counter-currents. Table 1, colum two, gives the
correlation between the in and out suns (N=48) for the six decades of US
coterm nous state-to-state mgration, and colum three shows the conparable
val ue for the 1128 pairs of cross diagonals fromthe nmigration matrices. Figure
six shows the tine course of the correlation of the current and counter current
suns, and the next figure (seven) contains the scatter diagramfor the period of
| owest correlation, the 1935-1940 migrations. This occurred during the later
part of the depression and one inmediately notices the outlier. The next | owest
correlation, 1955-1960, also contains an outlier; this time it's Florida. An
effect simlar to what happens in geol ogy appears to be at work. Real change is
a rare event, but when it happens, it has a disproportionate result. | think of
such things as a gold rush, which nodify an existing mgration system
dramatically. Perhaps the | aws break down during these peri ods.

On the whole the nmigration systemcan be characterized as being 'sluggish',
in both space and tinme. By this | nean that changes generally occur only slowy,
with the exception noted above. It is technically difficult to calculate the
exact degree of persistence from one mgration period to another, but Table 11
shows the correlation between all six US state-to-state tables for the
contiguous USA. Thirty eight percent of the 1985-1990 migration table (Hansen
1993) can be explained by the 1935-1940 table, and fifty two percent of it can
be explained by the 1975-1980 table (using the squares of the correlations
listed). The graph (Figure eight) shows a form of autoregression calculated for
the six US mgration matrices, with data taken fromthe |ast colum of Table I
A reason for the general stability of mgration, moving in "well defined
channel s" (law ten, above), is the existence of contacts between people who
foll ow each other as migrants, or who return. But these contacts weaken with the
passi ng of generations, and so does the correlation of the tables.

The anpbunt of asymmetry in a mgration table neasures the departure froma
bal anci ng reci procal exchange between the places. For the aggregate US nigration
tabl e, grouping together all ages and occupations, this asymetry is |ow, never
exceeding twenty percent (Figure nine and Table I111). Twenty percent can of
course represent a |large number of people, but the bulk of the nmigration pattern
is quite stable. It is the "volatile" percentage that nost practitioners wish to
predict.

In space it is interesting to observe the frequent occurrence of the sane
sign in the net mgration of adjacent places, Figure Ten. This strong spati al
autocorrel ation also seens to persist over time. | have attenpted to isolate it
by drawing the zero net migration line for several of the US state-to-state
mgration tables. In order to do this one inagines the net migration table
converted into a "surface" wth positive and negative heights, as shown in
Figure Eleven for the 1975-1980 migration table. Pycnophylactic interpolation
(Tobler 1979b) is used to produce this surface fromthe state tables. The zero
contour line fromthis surface surrounds the areas of net nigration |oss. The
map for the USA in Figure Ten, and simlar maps conputed for other tine periods
and for other countries, suggests that (net) mgration occurs sinultaneously
over a very large area. Individual states do not bound the net migration area
Thi s concl usi on night change if higher resolution mgration data were avail abl e;
for exanmple see Dorigo's nmigration nmaps in Tobler (1990).



It is well known that the smaller the reporting unit the greater the amount
of migration, an effect due to the nore frequent occurrence of boundaries (it is
necessary to cross a boundary before being counted as a migrant). Some recent
time series evidence suggests a relative stability of the ratio of these flow
magni tudes. In the United States the Census Bureau reports data for the forty
ei ght contiguous states, and these are often grouped into nine regions and then
into four divisions. Figure Twel ve shows that the nunber of people classified as
m grants goes down as the mgration natrices becone snaller - just as one would
expect since fewer boundaries are crossed when going fromregion to region, or
from division to division. Less than twenty percent of the total nunber of
nmgrants cross the regional boundaries, and |less than ten percent the division
boundari es. These nunbers appear not to fluctuate erratically through tine, but
there does seem to be a slow decline in the percentage values. A simlar, but
somewhat sharper, decline has occurred in the number of persons migrating to an
adj acent state. The latter suggests an increase in the average distance
mgrated, while the former suggest the opposite. Table Il gives the nunerica
val ues. Undoubtedly there are additional regularities to be found in mgration
dat a.

COVPUTATI ONAL TECHNOLOGY

Qur data processing capabilites are far greater than were those of
Ravenstein or Thornthwaite. Statistical and geographic analysis can proceed
al nost effortlessly. For exanple, a USA county to county migration table - a
3141 by 3141 matrix with potentially 9,862,740 entries - need no |onger be
considered large. Table 1V lists some of the larger natrices that have been
processed in recent years. But we still need to ask the right questions. Many
descriptive indices have been invented since the 1880's but they are generally
pretty sinplistic (e.g., migration efficiency), and not of great diagnostic
value. Mgration calculations do not seem to have as many accounting
regularities as other aspects of nuch of denpgraphy and are in this respect
somewhat di sappoi nting. Geographers however wll I|ike the fact that conplex
m grati on maps can be made quite easily by computer (Tobler 1987). To conprehend
9,862, 740 nunbers one certainly needs such visualization techniques. Mgration
maps now take only a few mnutes to produce, and can be used in exploratory
studies of mgration, and can be quite up to date, given the data.

CONCLUSI ON

Many migration studies do not seem ainmed at detecting structural
regularities. A disappointingly large proportion of the works is rather
bureaucratic and parochial. Many are anecdotal and culture specific. Oten they
seemto aimat "what's going on in my backyard", i.e., in country C at tine T,
or at "what will happen next", as if that know edge were obtainable in nore than
the very short run. O of the form "here's what the latest statistical table
shows". There are now also nany studies on the inpact of mgration on the
| eaving area or on the destination area, and on the decision to mgrate. O
course the questions asked today should differ from those of a hundred years
ago, but it would be to our advantage if nore researchers would ask questions
like those | posed in the first paragraph of this paper, repeated here for
enphasi s and as a chal |l enge.

What has been done with Ravenstein's laws in the |ast 100+ years? Have any been
refuted? If so, which ones? If not, why not? Are they irrefutable tautol ogies?
Do they still hold today? Have any been extended? If so, which ones? Have any
new | aws been added? If so, what are they? If not, why not? Wat can we do today
that Ravenstein did not? Is our theory, our nethodology, or our technique
better?



We certainly have better data, and nore computational power, but just as
Einstein's theory supplanted Newton's, we should go beyond the work of earlier
scholars, rather than to ignore it. The nmigration literature is by now huge and
there must be nore space-tine regularities buried in this mass of material. Can
we tease them out? One attenpt at a simlar level of generality is that by
W | ber Zelinsky (1971). Ohers should be encouraged. Sone of the difficulties
are outlined by Robin Pryor (1981).

Urban Geography, 1995, 16, 4:327-343. Presented at the 1994 San Franci sco
nmeeting of the Association of Anerican Geographers.
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TABLE |
CORRELATI ON BETWEEN | N AND OUT M GRATI ON
Using State to State Data
Decade N=48 N=1128

35/ 40 0. 57 0.722

49/ 50 0. 95 0. 939

55/ 60 0.72 0.793

65/ 70 0. 89 0.841

75/ 80 0. 95 0.672

85/ 90 0. 82 0.770

TABLE ||

CORRELATI ON BETWEEN ENTRIES IN SI X US M GRATI ON TABLES
Decade = 35/ 40 49/ 50 55/ 60 65/ 70 75/ 80 85/ 90
Decade:
35/ 40 1.00 0. 88 0. 86 0.81 0. 68 0.62
49/ 50 0. 88 1.00 0.91 0.93 0. 85 0.76
55/ 60 0. 86 0.91 1.00 0. 96 0. 89 0.71
65/ 70 0.81 0.93 0. 96 1.00 0. 95 0.76
75/ 80 0. 68 0. 85 0. 89 0. 95 1.00 0.72
85/ 90 0. 62 0.78 0.71 0.76 0.72 1.00

N = 2256; State to State M grations
48 by 48 Census Bureau tables, |ess diagonals



TABLE 11
PERCENTAGES OF TOTAL | NTERNAL M GRATI ON

Decade Degr ee of Inter- Inter- To Adj acent
Asynmetry Regi on Di vi si on State
35/ 40 16. 05 18. 52 8.78 48. 66
49/ 50 3. 17 15. 60 7.14 40. 64
55/ 60 15. 89 13. 49 6. 30 34.70
65/ 70 9.33 12. 43 5.26 32.71
75/ 80 17. 29 11. 49 4.44 30. 61
85/ 90 12. 90 11. 37 4.03 30. 82
TABLE |V
LARGE MOVEMENT TABLES ANALYZED TO DATE
Tabl e Ceographi c CGeographi c Mean km
Si ze Locati on Area, sgq km Resolution Reference
714x714 Net her | ands 40, 844 7.3 van der Erf, 1984
813x813 Scot | and 78,749 9.8 Coonbes, 1985, 1986
3072x3072 Swi tzerl and 41, 236 3.7 Dori go, 1986
3141x3141 United States 9,529,081 55.1 Slater, 1984
5111x5111 Chi cago 3,203 0.8 CATS, 1959
9289x9289 Engl and & Wal es 151, 147 4.0 Coonbes, op.cit.

FI GURE ONE

Conparison of actual and predicted migration. Scatter diagram (N = 2256)
relating Zipf's popul ation over di stance hypot hesis (abscissa) to the actua
nunber of people mgrating (ordinate), 1975-1980. Logarithm c scal es; distances
measur ed between centroids of states.
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FI GURE TWO

Kansas migration field,

nmgration table,

1975- 1980,
i ncl udi ng di agonal .

The di agonal
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county-to-county migration,
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The verti cal

48 by 48 US table);

FI GURE THREE:

Conparison of the in- and out-m grat

the margi nals of the 1978-1980 table (N = 48)

ion totals by state.

(abscissa) and out-migration (ordinate) totals by state.
t he nunber of people migration (conpare with Figures 6 and 7).
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FI GURE FOUR:

Stream and counter stream Detail ed conparison of the in- and out-mgration of
people, using a mgration table given in the formof a 48 by 48 fromto table.
Scatter diagramof the cross diagonals of the 1975-1980 migration table (N =

1128), relating the "streans" and "counter streans". Abscissa: above di agonal

val ues: ordinate: bel ow di agonal values. Logarithmic scales for the number of

peopl e m grating.
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FI GURE FI VE:
Currents of Mgration. The fifth map in Ravenstein's "Laws of M gration" paper
(1885). The smmll vectors are printed in red.

CURRENTS OF MIGRATION.




FI GURE SI X:

Time course of the correlation between the in- and out-mgration totals by
state. The dates on the absci ssa describe the period for which the census
requested mgration information. For exanple, the 35.40 "decade" refers to the
1940 census date, in which the question asked was "where did you live five years
ago?" In 1950, the question referred to the residence in 1949; all other periods
were for the residence five years before. The values for the 75.80 "decade" on
the abscissa are represented by the scatter diagramin Figure 3.
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FI GURE SEVEN:
The scatter diagramfor the 1935-1940 in and out migration totals. This is the
data represented at the point 35.40 on the abscissa of Figure 6. California is

seen as exceptional.
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FI GURE EI GHT:
Aut oregressive correlation for six nmigration matrices (48 by 48) representing

the situation in the United States, 1935-1990. See Table Il. Abscissa | abel ed as
in Figure 6.
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FI GURE NI NE:
Asynmetry of the US 48 by 48 state-to-state migration tables from 1935 to 1990.

Asynmetry is conmputed as the variance of in minus out migration over the total
variance. See Table IIl. Abscissa |abeled as in Figure 6.
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FI GURE TEN:

Spatial autocorrelation of the nmigration in the United States, by state, 1975-
1980. States with a plus synbol were gaining, those with a mnus sign were

| osi ng, people through internal migration. Ontting the state boundaries
enphasi zes the spatial coherence, and quickly renders it obvious. The zero net
m gration contour can easily be visualized (see Figure 11). In Figure 10 each
synbol is located at the state centroid.




FI GURE ELEVEN:

The 1975-1980 net migration surface for the contiguous United States. This
represents an alternate presentation of the data used to produce Figure 10.

FI GURE TVEELVE:

Percentage of tota

48 Census Bureau tabl es,

i nterna

NET MIGRATION
197570 1980

mgration in three categories,
taking into account the assignnent of states to the

based on the 48 by

di fferent categories (See Table II1.) Abscissa |abeled as in Figure 6.
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