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This paper is limited to concern with the relationship be-
tween population and physical resources in two types of Dan-
ish landscape. In an earlier paper (Merch 1975) the subject
was more gencrally considered and more detailed infor-
mation of sources of data, variables, model etc. presented.

The investigation comprises a sector across the peninsula
of Jutland divided into two subregions, EAST and WEST
(fig. 1). The subdivision follows roughly the main stationary
line of the latest glacial period (Schou, 1949).

EAST consists of moraine landscapes from the last glaci-
ation (Wiirm) with comparatively fertile soils which have
been almost fully cultivated during the whole period of in-
vestigation.

WEST has outwash plains from the last glaciation and
moraine from the former glaciation (Riss). This region has
rather poor soils; before the middle of the 19th century a
great part of it lay as heathlands which were reclaimed dur-
ing the period of investigation (Jensen & Jensen 1979).

These two subregions represent two main types of Danish
landscapes, and also reflect two main types of land use sy-
stems, as well as of rural population growth in Denmark (cf.
Illeris 1965).

The period of investigation runs from 1860 - at the very
beginning of the period of reclamation - up to 1960 when the
reclamation was almost completed.

The sources of data are the official statistics which encom-
pass agricultural and population censuses for Denmark even
prior to 1860. The basic areas were parishes and municip-
alities. As the subject was rural population and resorces,
urban areas with more than 10,000 inhabitants and their
suburbs have been omitted. Minor towns have been regarded
as, at least indirectly, to be dependent on the real rural
population and production.

Fig. I. Location of the study area in Jutland, Denmark. The hatched zone
indicates the main stationary line of the last glaciation, and this was used to
divide the study area into the two subregions - E (EAST) and W (WEST)
mentioned in the text.

Fig. I. Placeringen af undersogelsesomrddet. Med skravering er vist hoved-
apholdsiinjen fra sidste iseid, som blev anvendt til opdelingen | de to defom-
rdder.

VARIABLES

The following six variables have been applied; as some of the
abbreviations may seem unlogical, the Danish terms are
stated in brackelts:

P total population

A total area

L rotational area (landbrugsareal i omdrift)

5 total agricultural area (samlet landbrugs-
areal)

H soil fertility (hartkorn)

V¥ value of agricultural area

P - total population. An open population as the Danish rural
population, including the populations in the period investi-
gated here, is dependent upon local agricultural resources,
system of utilization, and on other possibilities such as manu-
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facturing, commercial relations with other regions, commut-
ing etc. as well as upon a local service sector, For this study
the population is defined as »the total population« for several
reasons: in general, the population, including the local ser-
vice sector, was in such areas largely dependent on the agri-
cultural production. The commuting over longer distances
was still in 1960 at its very beginning. Finally, it would be
difficult to establish consistent data covering the whole
period on a purely agricultural population.

The resources are difficult to measure, and it has been
chosen to use only five types of areal measures, though a
given area - all depending on system of utilization - might
cover a resource of different size and quality.

A - rotal area. This variable might be problematic, but in
any case it sets an upper limit for the agricultural resources.

L - rotation area, or crop land. This indicated the most
intensively exploited resources and often the most important.

8 - toral agriculrural areq. This indicates the whole area
within the farming system including fallow areas, permanent
pastures etc., areas which in a specific year are mainly ex-
tensively utilized, but which may be of great importance in
a certain region’s farming system, or at certain times.

All A-, L-, and S-values are stated in hectares.

The area variables have been supplemented with estima-
tes of soil quality, and of land values as these might differ
much.

H - soil fertility. This variable is stated in »tender hart-
korne, an ancient Danish standard of assessment indicating
estimated productivity on the basis of soil quality and -struc-
ture. In all essentials, this assessment was established in the
mid-19th century, i.e. at a time when the farming systems
differed much from present-day’s; it can therefore only be
considered a very rough estimate of soil fertility, especially
for areas which have since then been reclaimed, for example
heathland.

V - value of total agricultural area. This assessment
might be a more realistic estimate of fertility or productivity
as it is intended to be in accordance with a reasonable sales
price, which will of course again be influenced by a.o. dis-
tance from major towns. Therefore in 1900 and 1960 the
official assessments of land - by and large corresponding to
sales value in 1000 Danish kroner - were applied. For 1360,
however, taxation values assessed in 1000 »Rigsdaler« (the
monetary standard of that time) had to be used.

In respect of population per unit of the last two variables
(H and V), this will thus not be a population density in the
conventional sense of the term but, as used here, all
measures should be regarded as relative values more than
precise measures.

THE METHOD

The relation between population and resources
P = f(R)

may be expressed generally as:
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Fig. 2. Population growth 1769-1960 in the two subregions E (EAST) and W
{WEST). The curves show the mean population of the two regions’ parishes,
There have been censuses for the whole period, since 1340 every 5th or 10th
year, since 1901 every 5th. The ordinate P (population) with logaritmic scale.

Fig. 2. Befolkningsudvikiingen i de to delomrdder. Kurverne viser gennem-
smitlig folkemeengde i sogne.

P=aRE (1)
from which it appears that the population density (D) is:
D=aR b (2
In the present study the observations show a skew distrib-
ution, more minor populations and areas than bigger ones
and a logarithmic transformation has therefore been used
similar to other investigations of population-land relation-
ships. By transforming to logarithmic values, the illogicality
is avoided that population and area formally may turn out as
negative values.
After transforming the equations (1) and (2) we get:
logP=1loga+blogR (3)
logD =loga+ (b-1)log R (4)
Model (3) was used for a regression and correlation ana-
lysis of the relationship between population and resources.
While relation (1) is exponential, relation (3) postulates a
linear relationship. In (3) the constant b is the gradient of the
regression line. From (3) and (4) it appears that the para-
meter a is the level of population density if log R = 0 (e.g.
R = 1.0) on the precondition that & is not significantly
different from 1.0. If these conditions are fulfilled, log a can
be regarded as the population density, or carrying capacity,
per resource unit (here area) at a given time even if the
population is in a period of growth. To a certain carrying
capacity a certain straight line with a gradient of 1.0 (45°)
will correspond. If & is significantly different from 1.0, the
relations are more complex.

GROSS PATTERNS OF THE VARIABLES
In connection with the regression analysis, the means of the
variables for the parishes in the two subregions were found.
They give a picture of some general dimensions and trends.
As the analysis pave the arithmic means of the observations
transformed to logarithms, the antilog of these means there-
fore corresponds to the geometric means. The population
densitics, D = P/R, were calculated from these antilog va-
lues. The means and densities are shown in table 1; as can be
seen, great differences exist between the two subregions.

P, the population, has during the whole 100-year period
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Ho 2,2179 165 4,25 2,2191 166 6,02 2,1705 148 10,59 in table 3. ° -
v 3,0197 1047 0,67 3,0990 1256 0,80 3,5527 3570 0,44 .
Tabel 2. Forholdstal mellem
Table 1. Means of the six variables. Log = means of transformed wariables, det samlede areal (&), det

antilog corresponds to geometric means. The population density D = P/R is

calculated from the antilog values.

Tabel 1. Gennemsnit for de seks wvariable.
merede vardier,
ningstzthed D =

grown by exactly one fifth in EAST, but more than doubled
in WEST.

A, the total area, is almost constant; the minor changes
are due to administrative, inter-communal regulations.

S, the total agricultural area, has been almost constant in
EAST, while it has grown by nearly 60% in WEST.

L, the rotation area has also grown in EAST, by 3%, but has
more than quadroubled in WEST.

H, the soil fertility, shows for both regions a minor »fall«
due to revisions of this very rough estimate.

V, the economic value, has of course grown, at least nu-
merically, f.e. on account of the inflation; and, a comparison
between the 1860-value and the two others is not possible at
all.

The population density shows that, in general, EAST is
more densely populated than WEST, especially for the total
area, and the stagnation of population in EAST is in contrast
to the growth in WEST. The fact that number of inhabitants
per unit of soil fertility (H) and value (V) is higher in WEST
than in EAST might have appeared from two contradicting
interpretations: 1) that WEST is relatively overpopulated or,
2) that the (H)-and (V)-values for WEST are underesti-
mated.

The different trends observed for the regions, especially as
regards the two types of agricultural area, reflect the differ-
ent systems of land utilization and their evolution. This ap-
pears especially from the ratios between total area and 1)
total agricultural area, 2) rotation area, and 3) share of total
agricultural area in rotation, as will appear from table 2.

The total agricultural area (S) constitutes a constant frac-
tion of the total area (A) in EAST, whereas it grows from
40% to roughly 70% in WEST. The fraction in rotation area
(L) was more or less doubled in EAST; for WEST (L) re-
ached the same level although it started at a much lower one.

The growth of population in the two regions appears from

Log = gennemsnit af de transfor-
antilog swvarer derfor til geometrisk gennemsnit.
P/R er beregnet ud fra antilog-vardierne.

samlede landbrugsareal (5)
og omdriftsareal (L). Bereg-
net pa grundlag af antilog-

Befolk— vardierne 1 tabel 3.

fig. 2. The curves show the mean population of the parishes
and municipalities in the two regions, and they demonstrate
two typical types of rural population growth in Denmark. In
EAST ({as in eastern Denmark) the population expansion
took place until the middle of the 19th century, when a
stagnation set in more or less. In WEST (as in the rest of
western Jutland) the expansion began later and took place at
a slower rate, but continued then until the middle of this
century.

These two types of population growth are reflecting the
mentioned, different exploitation of agricultural resources.

THE REGRESSION AND CORRELATION
ANALYSIS

The results of the regression and correlation analysis appear
from table 3.

In EAST, the coefficient of correlation (r) seems in gen-
eral to be lower over time and lowest for P = f(H). For
WEST, the conditions seem to be more complex. But for
both regions the correlation is significant at 99% level, apart
from P = f(H) in 1960, which is significant at 95% level.
The coefficient of determination (r*) varies from 0.87 and
down to 0.09.

For EAST it can be seen that, with some exceptions, the
coefficient of regression (b) is close to 1.0. This indicates, as
mentioned, that the parameter a can be taken as an approxi-
mation of a certain population density or carrying capacity
for the unit in which the resources are measured, cf. the
antilog a-values; this so with reservation of limits of vari-
ation. In this respect the model - as one could expect - is not
fitting just as well as was found for the more isolated pepu-
lations of the minor Danish islands (Merch, 1975). The
b-values that have to be rejected, those differing signifi-
cantly from 1.0, appear clearly from the table. This was
tested by a t-test.
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anti-
log P = a + b log R T n  log a
EAST
1860
log P = -0,0319 + 0,9062 log A 0,9002 &3
-0,0098 + 1,0194 log L 0,9327 &3 0,978
-0,0963 + 0,9500 log 5 0,9023 &3 0,801
0,8626 + 0,8741 log H 0,8828 63
0,6672 + 0,7360 log ¥ 0,8632 63
1500 =0,2409 + 00,9738 log A 0,8638 63 0,171
00,1428 + 0,9620 log L 0,8566 63 1,389
-0,1936 + 0,9782 log 5 00,8543 &3 0,640
0,8151 + 0,8981 log H 0,8152 &3 6,533
-0,6693 + 11,1206 log Vv 0,8748 48
1960 -0,5444 + 1,0751 loy A 0,7735 63 0,285
-0,2422 + 1,0319 log L 00,7323 63 0,573
-0,3028 + 1,0628 log 80,7361 &3 0,396
0,9400 + 0,8740 log H 00,6313 &3 8,710
=0,6111 + 1,0088 log W 0,7094 &3 0,245
WEST
1860 11,1001 + 00,4666 log A 0,4481 64
0,3650 + §,661% log L 0,8160 64
-0,1895 + 0,9066 log 5 0,7747 64 0,046
1,1492 + 0,7651 log H 00,7573 64
1,0117 + 0,6075 log ¥V 0,6531 &4
1900 0,8096 + 0,5681 log A 0,56B1 64
D,7805 + 00,7192 log L 00,6943 64
0,0920 + 0,8270 log 5 0,7265 64
1.,6186 + 0,6222 log H 00,6143 64
0,0919 + 0,9430 log Vv 0,8619 41 1,236
1960 -0,2404 + 0,9152 log A 0,755%1 &2 0,575
00,7977 + 1,0259 log L 0,7977 62 0,393
-0,B625 + 1,1323 log 5 0,8253 62 0,137
2,4136 + 0,3550 log H (0,3069) 62
0,3037 + §,6107 log v 0,6390 &2

Table 3. Analysis of regression and correlation of
population and resources for the two subregions.
P: population, A: total area, L: rotation area, S:
total agricultural area, H: soil fertility, v:
land value. Underlining of b-values indicates that
b iz significantly different from 1.0 as follows:
sesess at the 0.05 level, and _ at the 0.01
level,

Tabel 3. Regressions- og korrelationsanalyse af be-
folkning og ressourcer i de to delomrader. P: be-
folkning, A: samlet areal, L: omdriftsareal, S:
samlet landbrugsareal, H: hartkorn, V: vurdering

af landbrugsjord. Understregning af b-vardier angi-
ver, at b er signifikant forskellig fra 1.0 sdle-
des: ...... pad 0.05 og pd 0.01 niveau.

The regression for WEST points at more complicated re-
lations between population and area. But the model seems to
fit fairly well for 1960.

CONCLUSION

Generally, the correlation between population and resources
was high. In the respect that it pointed at a certain carrying
capacity per unit of resource (although the system cannot be
characterized as a subsistenc system), the regression model
was fitting quite well for the subregion EAST for all three
years investigated, but for WEST it fitted only for the year
1960. This and other differences observed between the two
regions originate in different systems of land use. During the
whole period of investigation EAST has been more or less
fully cultivated, and here the areal measures represent a
reasonable estimate of the resources. The agricultural sys-
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tems of WEST and EAST gradually approached each other
s0, by 1960, the areal measures should represent a fair esti-
mate of resources. For 1860 and 1900 both population and
farming system depended largely on the given physical re-
sources: meadow - cultivated field - heathland for sheepgraz-
ing, and these utilizations interplayed in a refined way (Jen-
sen & Jensen, 1979); but how the resources were distributed,
these rough areal data did not reveal.

RESUME
Med anvendelse af simpel regressions- og korrelationsanalyse be-
handler artiklen sammenhzngen mellem folkem=zngde og land-
brugsressourcer i lo danske landskabstyper. Sammenh#&ngen er be-
lyst pd grundlag af modellen log P= a + b log R, hvor P =
befolkning, R - ressourcer, a er en konstant som giver (logaritmen
til) en bestemt belolkningstzthed eller beereevne - forudsat, at kon-
stanten b ikke afviger signifikant fra 1.0; i 34 fald er forholdene mere
komplekse. Undersegelsen er foretaget for 1850, 1900 og 1960.
Materialet stammer fra den officielle statistik med sognekommuner
som basisarealer. Som P er anvendt samlet folketal. Som R er an-
vendt 5 arcalmdl: A samlet areal, L omdrifisareal, S samlet land-
brugsareal, H tender hartkorn, og ¥ vurdering af landbrugsareal.
Undersegelsen er forctapget for en sektor tvaers over Jylland og opdelt
i to delregioner: @ST, som bestdr af mor®ne [ra sidste istid og med
forholdsvis frugtbar jord. VEST, som bestir af morzne fra nzstsid-
ste istid (bakkeeer) og hedesletter fra sidste, har betydelig ringere
jord. Landbrugsmeassigt har @ST stort set veeret fuldt udnyttet gen-
nem hele undersegelsesperioden, medens VEST forst for alvor blev
lagt under plov i labet af perioden (hedeopdyrkningen).
Korrelationen mellem befolkning og ressourcer var generelt sig-
nilikant hej. Regressionsmodellen synes at passe for alle 3 tidspunk-
ter for @ST, men kun for 1960 for YEST. Denne forskel, og andre
som blev observeret mellem de to delomrider, mi ses pd baggrund
af forskel i udnyttelsessystem. For @ST reprasenterer de anvendte
mdl for ressourcer rimelige sken over de fysiske landbrugsressour-
cer. For VEST reprezsenterer de grove arealmil derimod farst i
1960, da udnyttelsessystemet havde n®rmet sig @STs, anvendelige
sken over ressourcerne. Oprindeligt var udnyttelsessystem og be-
folkning nok sd afh&ngige afl fysiske ressourcer. Men her var syste-
met baseret pd en komplex anvendelse af eng, ager og hede, og
fordelingen af disse 3 ressourcetyper afspejles ikke i sognenes grove
arealtal.
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