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Abstract

Der opstilles en simpel model til kvantisering af et samfunds
sikkerhed mod overgreb sésom atomkrig, besettelse af -fremmed

magt, oSV,

Som parametre anvendes de eventuelle fjenders evne til at
geﬁnemf@re deres forehavende, deres intentioner om at gore
det, samt det angrebne samfunds evne til af afverge overfal-
det.

Denne opdeling har bl.a. til hensigt at sikre en dybere dis-
kussion af hver af disse sterrelser, som modvegt mod vage
udsagn om stigende eller faldende sikkerhed. Numeriske exem-—
pler pd modellens anvendelse sigter séledes mere pé& at &bne
en debat om de vurderinger der ligger bag parametervalg, end
mod at give et endegyldigt tal for et omrades sikkerhed.

Der gennemregnes 6 exempler: Destruktiv krig imod USA, USSR,
Vesteurdpa og @steuropa, samt territorial beszttelse af hhv.

Vest- og Ysteuropa.
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ABSTRACT:

A .siMpla model For’quanti?ging the security of a scciety

"'is,phopoéed. The level of security is descnibéd in terms of

- three time-dependent variables: The CAPABILITY ~of potential
aggressors, their IHTENTfGNS, and the Iikelihood that the
soclety in qﬁestion would be @ble>'t6 succeés?ullg defend
itzelf ‘and thereby AVERT = an assault. The hodel is used to
the Soviet Unioh, western'aﬁd'Eastern‘Europe; The security
a3 regards'destructiQe war is found to be again ‘decreasing

for all four regions, after a temporary improvement during

‘the 197@ies. The security as regards foreign invasion and
occupation of . Western EuFbpe is. declining a?t?r‘ 1988, -

. following a Iong‘beﬁiod of steady impﬁovement. Use of the

mode 1 For>assessing alteﬁhative defense policg options and

future ztrategy is discussed.
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aszess chianges in security since 1945 Fdﬁ the Urited States;
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It is a common belief, that a society possessing & clear
military superiority over its potential aggressors enjoysa
high level of security. The estimate of security levels is
more involved for & situation of two or more societies
engaged in an arms races, such that the assignment of
superiority.is uncertdin at any given moment in time, and
subzect to ;possiblé: reversal .during~rela£iQelg short time
intervals. One sociétg may be superior in one area, but not
in other ones, and due to the instability of the balapce, it
is mnot even sure that there is any simple relationship
between supsgriority and security.

In a complex situation such as the one described above.
ovéhall military strength ia a poor indicator of security.
OUne must look into the specific capacities for offense and
defense in all the societies that may play & role in &
conflict situation. Furthermore, the intentions of potential
aggressors have to be assessed, along with the stability or
variability of their intentions.

From a professional military point of view, high security
is perceived in cdde¢ one has &t one’s disposal an
acrogs-the-board military capability, offensive as well as
defensive, and sufficient to intimidate any possible
combination of evemy Jaggressions (Sienkiewicz, 13815.
Qowever, in 3 situation where the aggressor has similar
capabilities, this does ot necegsarily maximize the
security of the gociety, i.e. the security of all its
membera and of itz basic structure and OPQAHiZ&tiOﬁI.

The security of & society thus depends on the military

capsbilities and their specific mix- for both the socity

itself and its potential aggressors. It also depends on

strategies for using the military capabilities., and more
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generally on pqlitica1<intentions.nThe present study aims at
defining a qukntitativc‘MeasuFe of security in terms of
variables " ('parameters"). that quantifg,enémg capabilities

and intentions as well a8 one’s own defense ("aversion")

capability. The reason for seeking a quantitative - albeit

simple - expression of security is that the process of
formulating the model,and of choosing its data, forces the
analyst to structure his views. and present Cthem in & way
which iz more -open to outside assessment than isolated

statemerts on subJectiﬁe  perﬁdptiOﬁs of securitg ‘;rénds |

usually are.

THE MODEL

In order to arrive st 4 quantitative model of security
’the'compleé issues involved will have to be disentangled and -
Porhulated in well-defined tqrms; Firat, security will Ee
defined for & specific societg'or an interrelated group of
societies, and furthermore, security is to be understood. as
being with respect to 4 specific tupe of assault or
Qggreésion, such a8 rnuclesr war, con?entional‘ war  or’
territorial o;cupaiion. Dﬁce the security with 'respect to
such idenﬁifiable events has beev evalﬁated; combinations of
offence tuypes can be considered, and to the extent that. the
' list of offernces can be made reasonably complete, an overall
~secu.r*itg may be defined in terms of a weighted sum - of
individual risks. This last-stnﬁ will not'be‘attempﬁed here,
and it involves . fundamental questions of methodologys
because the individual threats to the security of a society
may be of ~different  chiracters (ranging from death and

destruction to police state methods and mind control
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excerted by an- occupying forced, which may well be
considered incommensurable. \

Consider first the risk of an assault of & givén type.
"Rizsk" iz defined a4s the occurrence per unit of tiﬁea that
is the fregquency, of the event in question. The risk will
_ certainly depend on the capacity and intentions of potential
;ggressofﬁ. Malevolent intent does not present any risk if
not accompanied -by & 'capabilitgi to carry through the
of fense, and possession ofl the capability does neither if
there is no bad intentions on the part of the "potential
aggressorsﬁ. In order to separate the society’s defense
capabilities from the offense capabilities of the enemies,
the latter Will be defined in terms of the force level of
the potential aggressors, independent of the status of
defense capacities. The quantitative expression of the
aggressor capability, to be denoted A, i3

A = aggressive capablility of potential enemies as a frac-

tion of that which woild fully ensure accomplish-

ment of the type of aggressive objective under consi-

deration, and assuming total failure of defense.

Then & second risk parameter, C, is the chance of
averting the assault by some kind of defensive action,

C

]

effectivity of defense, expressed 4s the probability
of successfully averting Qn attempted aggression of
the type considered.

Third, the intentions of the potential agressors have to
be quantified. Do we think that an assault is likely to take
place within the next year, within the next twenty year, or
just how often? The  parameter describing the enemy
intertions iz thus a Pr?quoncg; B, which may be defined as

B = aggressive intentions of potential enemies, given as

the estimated probability per unit of time., that an
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sssault of the tupe considered will be attempted.

The hisk of an assﬁu;t with the lggﬁelior'ﬁeaghing hig
objective, F. may hou be stated as the probability of an
) assault (B), - times the c;pabilitg ror carrging it thhough
(R and not being dverted (1-C), ' , ‘ ,

" F = ABUI-C) . , - o €13
 This is cbviously the simplest expression describing the
considerations made above. A dnd C are pure numbérs,:whilevB
and F have dimension. .of inverse time. Morg:complex mode s
- could be consthu:tédQ.,foh #xample to indicage that one
.cohsiders the capabilities of the enemy 4s more important
for the risk picture than his intlhtions. Yet the simple
‘model will -remain & basic stdndtrd of risk estimationz;
against wh1rh one Would compare more spocialized models.

- Each of the parameters R, B tnd C, ag well as the risk.,
F, Are for a given tgpo or assault, sag the i‘th type.
Placing i as a subsepript on each quantity, the risk
expression becomes ", _ ' -A

F, @R B, (1 =-Cp» - B -3

' The inuer;e of the risk is the momentary valuo of the-

average time lapse, ti' between assaults of the 1i‘th type.
It is this quantitg which i{n the . present model will be used

2 a meapure of ,ecuritg with respcct to the 1i7th type of

offense, Fi" o B
- " . -1 ' .
5, =t, =CA B (1=-CD) _ | . (31
One may define an accumulated risk, Riu by
Rmazjtéa;1~cfdt, [4]
i t i v :

i

which has the foPm of & probability for an assault reaching
its objective within the time interval from ta to t. The

walue of t, say T . fob uhich R,<T,> ® 1, uould be the ~mean
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time»inteFVal between actual incidences of the 1i7th type of
aggression. Its inverse wollld be 4 measure of security over
a time span begirning 4t the time t_, and distinct from the

momentary security measure 8 ., which pettains to only one

i ,
point in time. The present study will reject the security

measure based on T , because the time-integrated probability

o not - - : : '
measure is,considersed to adequately represent the mechanisms

A
leading to conflicts in the real world, For example, past

periods of enemy intentions and capabilities, which

contributed encugh to R, to make it close to unity., but did

not actugllg result in iattempted dgression, may cause Ri to
exceéd ‘unity during some later period, for uwhich the
momentary measure of risk happens to be extremely small. The
impression of low security induced by the accumulative
approach is would thus be false. OUn the other hand, the
momentarg'estimate of security, 81; is a Fephesentatioﬁ of
the actual risk situation, and future changes in the risk
picture has to be modelled through the time-dependence of
the parameters Hi' Bi and Ci'

The esztablishment of fLime series for the three model
parameters (for each type of dggression) must for past times
be achieved by historical analysis, and - in case of policy
or extrapolation studies - by setting up a model of future
parameter behavior, a&s function of policy decisions or by
extrapolation of current trends. In both the past and the
future cazes, this kind of data acquisition involves
parametér estimation associated with several sources of
uncertaiﬂtg.

The nature of uncertainty is different for tﬁe parameter
Bi than for Hi alg Ci' Both Hi and C1 depend basically on
strength measures, which agdin derive in part from harduware

counte and in part from estimites of the effectiveness of
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'lgiven societzes ifi usiﬁg £ militarg hahdware at their
'5disposal, an to engage in’ non~militahg tgpos of defense.
There are cledrly uncertdinties 1hvalvcd in translating

-considanations of this nature into 4 single number, such as

the Fraction of set cb Jectives that 1n 1ggrossor could hope
to achieve, or the percentage chanco that & society has for
'ave»tihg an assault bg defensive actions. 8till, fixing past .

and ruture values of ﬂ1 and Ci is basically a technical
_problem, and on¢- that cdn be bised on tho evaluations of
'competent militarg profcssionals.‘ o |

o The parameter Bt
different matter.- There 18 No "tcchhictllg correct" ansuer
as to its proper valug. It depsnds on policg assessment and

judgemeht, and cannot be rigohauslg settled noither for past

or future situationi. Diffcrent 1n&1gsts may arrive at very.

diffebent estzmates; dcpcnding on porsonal value systems,
and data souhces such. as politi:al lcaders are rarelg
willing to; or capable of, rovtaling time-sequences of
aggressive intentions in the past. R

Yet the value of 4 ¢0CUr1tg modtl such as the one

presented here 13 that it separates the "technical" 1ssues

from the subjective udgements regarding enemy intentions.
In contrast to sueeping statemsnts of evieny 1ntontions; like

"The Soviet Union sdeks world doMination": one is forced to -

ask precise quostions of the form moﬁtlontd Nill the soviet
,Union attack us during tht néxt yedn? MWill it during the
next fiftg gcars? TH!! pht!surc fonr quantification can be a
. yeng sobering exercide, ind the 1solation of thn most
sibjective panameter makes it easier  to conduct  a
coﬁﬁtkuciiva‘ discigsion of ité value and trends, between
observers yith different sets of prejudices. |

. One further kind of uncertaintu involved in the parameter

PR o YR R, Y - P D - " Ty
PN o TR -t S B R A N 0 i

dlschibing onemg tntentions 1s quitt a
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Bi' as regards projections into the future, is the fact that
intentions can changs much more rapidly than the physical,
hardwahe-djpeﬁdent caplbillties»disehibld by Hi and Ci° In |
ohder to study the effect of this overriding source of

uncertainty for times beélond the present one, the numerical
examples given in the following sections will look at an

uncertainty in B , Which gets in at the present time and

-1 , .
increagses more and more., &8 one extends the model - further -

into the future.

DESTRUCTIYVE WAR

The type of 4assault considered in this section is
"destructive war", which shall be taken to mean anaggression
resulting in casualties of the order of fifty percent of the
populat}on in the attacked society. No previous wars have
had such death tolls, but present weaponry and in particutlar
nuclear arms have Made these dcstruciivo wars possible as
well as "thinkable!, in the sense that both superpouwers plan
for destructive wars, dnd seek in the name of detertence to
make it credible that they could carry them through.

The term "destructive war” is presently more or less
synonymous with "all-out nuclear war", but it could also be
effected with advanced, conventional weapons, or by use of
chemical or biological wsapons. The security model outlined
in the previouz section uiil b¢ applied to the period from
1945 to the present, and will be further used for
discussions of security to year 2000, Just after bLiorld War
II, the arsenil of rucledr wespons did not allow for
inflicting "destructive war" on any extended territory, and
the possibility of inflicting 52 pect. casualties with
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conventional wedpons werg then small, as reflected in the
choice of tHe "enemy capability”! pardmeter A (In this
section the type index "i! is omitted, because only owe'tgpe
of assault is dealt withy. '
', Before looking closer at the parameter choices, the
societies for which security is to be estimated have to be
defineds The model will be'used for four societies/groups of
societies: The Urited States (US). the :Soviet. Union 4(SU){\
lestern Europe (WE) and Eastern Europe (EE> not including
thg;Sovigt’Union. _ | - ' | | | | ,
Consider first the enemy capability, R, for inflicting
"destﬁqction" as defined above, In the ciseS‘ofuthe US and
the 5, the enemy is taken 4s the other supérpower. For WE,

the enemy is taken as the BU, at least up- to the present

time. In the future, one might consider nuclear . terrorists

“or the possibility, that the US might conduct a limited war
against the SU "through ﬁhoxg" in Europe. Neither of these
vpossibilitieslahe covsidered in the standard ;cénario for
the pericd 1985-2808. To 4 small extent, the enemy of the SU
could be extended to WE, just after WW II <(primarily the
‘Uﬁited‘Kingdom>; and perhaps agaiﬁ\toward; year 2000 (France
or more likely a new military alligncb Betweqn France, West

Bermany, Italy and perhaps the UK)., Finally, for EE, the

"enemy" mag‘comprisc all the three other regions, US, SU and

WE. However, uhile the SU is . the main'enemg<as regards
fOPeigp occupatiohi it 1s;not uitH respect ip nuclear war

(the reverse "nuclear war by proxy" scenario 1slless likely

for GU-EE, because of the physical proximity of the tuo

regions). The main enemy for EE as regards destructive war
remains the US. with WE going along but not likely
conétituting'an independant threat, except' in the future

event of a new military alliance in WE.

!
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Fizscher (1983) mentions three ways of determining enemy
capabilitigs: 1) counting military expenditures, 2) counting
weapons and 37 plaginé war gAmesl (battle simulationy.
Surely, military expenditures may misrepresent actual
capabilitiez, because good and bad investments are both
counted with full weight., HAlso weapon counts may be
deceptive, if the battlefield efficiency of the wespons is
poorly gnowﬂJ oﬁ if Tpérsonﬁel or drganizing capacities for
using the weapons are lacking in number or ‘qualitge A
statistical anaigsis of the outcomes of battle simulations
would in theory give the best answer for the combined
parameters of attack capability and aversion potential (A
and C), However, existing game models are highly idealized
and mostly oriented towards testing strategic doctrines or
towards tactical training of officers. FAs measures of
capability they are hardly superior to hardware counts. The
selection of the pa»;méter A for the present study Iis
therefore primarily basad of weapon counts; but an effort is
made to avoid the pitfalls mentionsd by more detailed
assesgment of weapon tuypes, qualities and modes of use.

The data parts of Figures 1-4 show the values of A chosen
for the four regions, 4s function of time. By 1943, the US
possessed & few hundred nuclear bombs and the SU but a
dozen. Deep penetration was possible by air lauch only.
Tactica} nucledr bombs became deployed in Europe, notably by
the US az & couwterhetﬁurt against SU superiority in numbers
of soldiers and conventional armsé. This is the reason for
letting A increase betwedn the establishment of NATOD in 1343
and the mid-fifties, for both WE and EE. The nuclear threat
continles to increase for all regions after the introduction
of hydrogen bombs in 1938, and the accelerating deployment

of strategic launchers, ICBM’s, on submarines or land.
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After 1960,  hew qualitative changes took place. US
Defense Secretary Robert McNamara introduced the concept of

"assured destruction!, which was interpreted as the

capability to kill ong fourth of the B8U population and to
destroy half of its industrg after a first strike by the SU.

r

In .terms of weapons thia is interpreted as a surv1V1ng
cond strike capability of 1200 megatons of TNT equivalent

on about as many independently targeted missile heads

(Kaplan, 1982). McNamara - furthdr introduced  the notion of

"flexible response’ demaﬁdfng 4 much .lirgcr argenal. of

specialized ° nuclear  weapons, differing in' size and

‘ \
precision, to be able to selectively attack military

targets, industridl targets and population centers. The

time—urgénég of strikes against certain 'hilitérg targets -

made it -imperative  to . improvc the command and :ontrol

capacitg; which émdng other things:meant the establishment

of a satellite surveillance system. The building up of these

,capac1tlps took place over the Following gears, as réflected

to some extent in the development of the parameter A for the

5U and EE. However, R flattens out _because  the purpose of

the US policy chaﬁge is ‘not phimarxlg to increase the total
destructive power, but rather to add new weapon tgpes -
_dftéﬂ of be@ativelg low gields = in order to avoid having to
‘use the = mass-destruction weapons ‘early in a conflict
_(couhterfOPﬁée as opposbd to countervalue gtbafe9g>. .Thfs
development will be reflected in the intent parameter B, but
it affects A only insefar -as the total capability for

destruction is irncreasing.

During the 196@ies, the BU effort is one of catching up

with the US, and to actually produce the nuclear arsenals
claimed to bé in existence in the I;té 195@1ies, By 1968, the
s had catched up on the number of ICBM launchers. and both
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powers began to harden silos and improve accuracy. It is
generally agreed, that by 1978 there was an overall parity
betusen the US and the SU,  with respect to the number of
strategic warheadsa. For particular weapon systems there
were differences. The US SLEM’s had been operative since
1966, and the B8U did not catch up until 1871. The reason

that the parameter A {4 taken as larger for enemy capacity

against the US than dgainst the SU in situations of weapons

parity, 1is purely geographical: It takes a larger
megatonnage to destroy half the SU population than to
destroy half the US'population.

From the beginning of the 1970ies, the capacities were
increased by MIRY ing of ICBM’s, and improved accuracy of
ELBM s brought. theae¢ out of the confinement to countervalue
uses. Hone  of  these qualitative developments have
significant influence on the parameter A as it is defined
here. | |

For EE and WE, the enemy capability, R, reached a high
value (taken as 8.8) already in the beginning and end of the
13€@ies, respectively. RAgain the differernce in the values of
A as compared with those of the US and the 8U are of
geographical origin. From 1979 a4 worsening of the situation
in the two Europes took place, due to the rapid deployment
of few 85-28 missiles and later of cruise missiles, due to
decreasing warning times and vulnerability of command and
control centers (e.g. because of Pershing-2 missiles), and
due to an overall increase in the numbegr of targets that may
be wiped out in a first strike (Trident 2 and Soviet
counterparts). Full deploymeént of these weapon systems would
be completed around 1938. For WE and EE, the value of A has
presently reached a4 level nearly equal to one, and for the

US and the ZU, it 1is 4ssiumed to remain at 0.7, based on the
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consideration that none of the wedpoh systems existing ' or
proposed =an fully ensure destruction of societies which are
a3 dispersed as the US or the 5U. . | , '

| The -intentions of potential- dggressors, i.e. the
parameter E. can be estimated on the basis of an analysis of
politigai sﬁétementg; intelligehce infohmation; publighed
stratégg and battlefield conduct material, or by theoretical
modelling guch as deterrence theory (aimed at modelling the
iﬂfluﬁﬁce on enemy intetitions of various force po;tures, in
order to find say the least expensivo force posture which is
sure to deter the enemy From aggression), Deterministic
‘hodels of enemy thinking are likely to fail, due to omission
of factors such  as histobic@l 'pwejudice, leadership
psgchologg'and_thé influence of a large Number: of smaller
gvents in international policy which  are .cpnsideréd
insignificahp or too numercus to include in operational
modals of enemy behavior. The choice of ‘the, parameter E
shown ih Figs., 1-4 is primarily based on public sources
stating or ekploriné national stragegies and political
attitudes towards aggfesﬁive a:tivitiés4.

Despite general political thtements on  the
“inevit§biiitg og Cwar’ resulting - from  contrasting
ideologies", the SU has hardly had any Eea} intentions of
attacking the US itself during the. period 1345 to now.
"Detente" has been ’seen by Soviet leaders as the only
realistic kind of relation with the US (Mamontov; 1973).
Towards Eparts 5?) WE, the SU may have had some aggress1ve
1ntentions until 1949; when NATO was formed and the "nuclear ‘
umbrella“ of the US became gxtended to WE. When the McCarthg
cold war syndrome spresd over the US, a IS attack on the SU
and EE bécame,' (or remained) quite thinkable despite

increasing SU nuclear strength. The ?igure chocen for US.




aggressive intentions is 2.2 per year Cone in 5 years) in
1548, when there was a US monopoly on nuclear arms, rising
to 025 g in 15350 (Korean war), declining a bit at the
death of Stalin, but reaching & new height of 8.3 g during
the Cuban missile crisis in 1961,

The aggressive intentions of the SU are lower and during
the late 134@ies dxrected mainlg towards KE. Theg increase
unt11 19€1, due to the impact of the cold war and due to the
con+idence associated with increased SU huclear capabxlity.

The positive contact estabiished between John Kermedy and
Nikita Khrushchev lead £o decreasing US intentions of
destructive war against the SU; and the doctrinal changes
brought about by McNamara &8 4  consequence of the
shortcomings exposed during the missile crigis must have had
a similar effect, although it was until after 1563 (partial
test ban agreement), that the 8U defacto accepted the
doctrine of “mutually dssured destruction" (MAD). By 1963,
the acgressive intentions of both sides have been estimated
iz down to 8.1 g_l, and during the following period of
detente (to about 1373), the aggressive intentions continued
to diminish,

From the late 197Pies, ideas of a successful first strike
seem to play a role among US military strategists. The 3U
has formally disavowed that they would strike first, but an
"automated rezponae” in case of US attack is often
emphazized (Garthoff, 1981). Since both WE and EE are
hosting large numbers of superpouer controlled nuclear
weapons, the adoption of such strategies by the US and the
SU amounts to obvious increases in the risk of Europe being
destroyed, so in this wady both the US and the SU presently
contribute to the "enemy intention” parameter B for WE Cand

similarly for EE). Furthermore, the US has recently adopted
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a- strategg calling for preparedness to conduct protracted
nuclear wars <(Richelson, 18B3). The weapon sgstems and
ueapon uses envisaged for 4 proﬁra:ted nuclear war between
the superpowerz mag add to the probability that EE and WE
will be destroyed during such 4 war, Dnlg if the war could
remain limited (in damagt), could the European security gain
by. such strategies;“;nd this bossibilitg geems at present
excluded beciuse of lackféf'su faccoptaﬁce; On the contrary,
any 1S efforts to limit 4 nuclear war to Europe and to
selected target: may wcll enhance the Soviet advantage of a
full-scale, destructive attack at an ¢arly time durzng a
conflict. The SU sggressive intentions touards WE may well
increase, if the SU believes that the US" will not react by
full—scale nuclear wars but by some 'Iimited response at
Alﬁast 1nit1a11g For this Peason the curfent dﬂvelopment 1¢

seen as probably leading ‘towards an increase in the

pawameter B describing U aggressive intentions against WE,
even ;1r this. is not consistent with the general SU
’ percéption of thé Us . as the main‘advcrsarg and WE as a
relatively friendlg hegioh. o | | » ]
The extrapolation of the model into the future further |
‘assumes a rapid increase 1n US agressive intentions towards
the 8U, reaching @.3 g by 1995 (and same for EEJ. Thg
motivation would be a US belief to have regained
superiority. due to its e?fﬁrts to safeguard its control and
command structuré, an emergihg space war capabzlitg and the

possible deployment of anti-ballistic ‘and' worldwide

operative ant1-subMarine derenso systems. The reaction of
(new) Soviet leaders may be to consider war uith the Ua‘as“ '
unavoidable aﬁd then to go for the advanﬁage of a first R
strike. The Jarious argumentd prcscnted above are translated B

into intention pahametcrs of 8.1 and. B 3y "l for the Us and

T S T T T IR TR I ey
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WE, respectiveli. The highsr dggressive intentions of the SU
towards WE, as a reflection of the possible acceptance by
the 85U of limited wahr concepts, elearly constitutes |ust one
of many conceivable modelg of future SU behavior.

A factor contributing to destructivé intentions against
the UE may tcuaréé_ géér 2008 also be terrorist groups,
acting e.g. on behdlf of small nagions mistreated by the US
t(Centfal -émeric&n gounthiéé being ocbvious candidates). If
such groups were to beﬁomsr armned’ with ‘ﬁuclﬁéﬁ @w'advgnced
biological  weapons, they ééuid constitute a noticable
destructive threat.
| The defense or aversion capability parameter, C, is also
shoun in Figs. i-4. The data for estimating C are mostly of
the same nature a8 those Used to determine A, but C can not
fully be determined by military hardware. It contains
components influenced bg choice of strategy, as well as
components related to defense will and attitudes in the
society. '

For the US, the drop in C between 1953 and 1980 is
azsociated with the increasing vnuclear capability of the SU
during that period. The introduction of the flexible
responge doctrine during the 1960ies and 19?51955 could have
increased C , because it may be seen as & counter-measure
againzt fully deztructive wuclear wars, but this effect is
uncertain due to lack of Soviet enthusiasm for the doctrine
(it takez two to play & limited nuclear ward. As the

of fensive nuclear arsendls intreased in quantity and quality

during the period, the actual value of C for both the US and
the SU is taken as declining. Sharp drops in the defensive
potential occur when the opponent introduces (invulngrable)
SLBM’s, that is for the 83U valus of C in 1966, and for the
Us in 1571.




A further decrease ih C takes place ' 1988-1384, due to
shorter warning times and increased vulnerdbility of command
and control facilities (Bracken, 1983).

{
For WE. ‘the parameteh C is {nfluenced by the game events.

The initial vqlue after 1945, however, is very low due to .

the post-wsr exhaustion. Some improvement is seen as a

result of the formation of NATO in 1949, For EE, the

defensive capability remains low all the time. due to Soviet
_control of defenze development. | ,

_ The model of the future behavior of C (1985 2008) assumes
N rather arb1trar11g; that the US succecds in establishing an

effertiwe antz-submarine defence around 1990, and that its .

deficienciez in command and control survivab111tg are. by

‘then eliminated. The SU i then assumed to acquire a similar

anti-submarine capabilitg by 1335 and. thehebg' to again
wullify the US defence superiority. This situation is

repeated, when the US in 1999 acquires & star-uar type of
missile defense sgifém; followed bg.thi BU one year later.
Thése“scenarios are constructed for fllustrative purposes
only. | | | ‘ o
Figs. 1-4 shoi the model results for the security S of
. each of the Four regions; and - the effect of asshmihg an
'uncort31ntg in the future values of B (enemy inteﬁtion#)i
but rio uncertainty in the other parameters. The form given

to the uncertainty interval I(t) around B(t) is

B(T)

It) = [ TRt s BIRI + KiT=t P” ] : _ [5].
: , P
where k is taken as @.1 y_l 'in' the present example

(corresponding to  an uncertainty interval which ‘after 10

yeare stretches from B/2 to 2B). The uncertainty sets in
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after tg'a 1984 (the present timel.
In Fig. 1, the modél results for the security of the US

betluiesti 1345 and 2008 are presented. Before 1966, there was

no significant risk of & destructive war against the US, but

during the following decade, its security drops rapidly. In
1978 the risk of a destructive assault is estimated to be
_one in 48 gears.j The resasons for 4 declining US security
c;mprise the rising nuclear capability of the SU as well .as
the dimini@hing éhance of conducting an effective defense
againét 4 growing arsensal o; nuclear weapons., US security
improves bétweenVIS?B and 1579, due to declining aggressive
intentions by the 3U. Howsver, a security corresponding to
one destructive assault each 50 geérs may still be
considered 55 quite uncomfortable. From 1984 to 2088, the
scenarios studied do at best lead to 4 security level more
or lesg staying at thé 1984 level., at worst to a decline in
security to over 160 pct. "chance" of a destructive assault
in & given year (More thdn once in ten years). It all
depends on Soviet reactions to the recent change in US
policy, and on the interplay between any further policy
changes by the twuo supérpowers. |

The security of the 8U, shown in Fig. 2, is also
impeccable just after WW II, but it starts to drop already
during the early 15958ies, because of the US nuclear
superiority. During the Cuban missile crisis in 1961, SU
securitg reachez 4 1low of one destructive assault in 20
years, corresponding to a 5 pct. chance of such an event
during 1361, During the periocd of detents, 1563-1575, the
risk of asszault dpon the SU was about one in 48 years. The
U8 policy and increased aggressive intentions since 15808
result in a new drop in 8U security. By 1984, the risk of

destructive wakr is 16-15 pct. per ysar, and in the future,
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éecuwitg ay eitﬁeh improve or. dwindle towards zero..

depending on further changes in US palicy.

. Fig. 3 chows the model results for WE. Just. after Wd II,
securitg was high although not &8 high as that of_thé Us and
the SU. Betueen 1953 and 1961, the security of WE behaves
similarly to that of the SU, and between 1961 and 1978 it
steadily i&prbues; Thevcaiculatgd values in 1361 and 1979
taha' phaﬁhically ideﬁtical to those of the EU. From 1388 to

1584, WE security drops £o a chance of destructive assault

amounting to about 5 pct. per year, mainly as a result of
the reaction of the 8U to thé increased aggressivity of the
US. It iz interesting to note, that the model assigns a

greater 1584 =ecuritg to NE than to the B8U, despite more

aggressive capability dihected against WE - and despite its'

lesser chance of succtssfullg dcfendihg itself against a’

nuclear . assault. The reason is that the 'agghessive

intentions sssocisted with the anti-communist orientation of -

the LS since 1530 thc much strongcr than the aggressive

intentions of the SU towards WE. The future ‘security of WE "

mag .dwindle towards zeto, if the SU should consider a
confrontation with the US as unavaidgblc; and if WE does not
successfully disengage itself from the superpower rivalry.

" The calculated securitg of EE is shown in Fig. 4. Its
GQVﬁlopman+ in time is similar to that of HE, but the
abgolute level is roughly half of that for WE. The reason is
mainlg to be found in the similarity of enemy intentions to
thoze directed against the 8U, because the combined estimate
of énemq capabilities and defense options is . no mbre

favorable than that of NE.

FOREIGH QOCCUFPATION




The type of dggréssion dealt Wwith in this section i=

territorial occupation and control of & society by a foreign
nation, achived sither by military invation or by some other
form of coercion. Occupation may follow & destructive war,
but the more interesting security problem is that of foreign
occupation without massive destruction, The model ‘pF
seruritg presentﬁd in section 2 can. be appli#d in the same
way as for destructive war. ,

In case of the US and the SU, enemy capabilities for
occupation without previous destruction are small, and
defence prozpects are good. Therefore the security will be
high no matter which intentions & potential aggressor may
have. When tranzlated iﬁto the model measure of security,
this corresponds to way over 200 yedrs between incidences.

Much more relevant cases are those of UE aﬁd EE, for
which territorial occupation by the 8U constitutes a real
threat. Figs. 5 and € show the parameter sets used in the
analysis for these two regions, along with the model
results.

The parameter A déseribing the capability of the SU for
invading WE or EE is taken to be around 8.5 for WE and close
to unity for EE. The aversion parameter, C, exhibits more
variation: Right after WW II, most of WE were unable to
defand itself against a4 Soviet invasion, and C was low. The
formation of NATO led to an upgrading of defensive
capability, and the subsequent development of operative
conventional forces in WE caused an increase in C, which by
1370 is azzumed to have reached a wvalue of about 8.5 (58
pct. chance of averting an invasion or of shaking off an
attempt st political coercion). A slight reduction in C is

introduced during the following decades, due to WE emphasis
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on nuclear weapons and to claimed economic difficulties in
maintaininé 3 strong .convenﬁional force posture. The
assumption’ is  that nuclear ueapons are -iess useful in
averting an attehpted occupatibn not aﬁcompanied by mass
destruciion'(becgust'the use of nuclear uweaporns Qould be
.likelg to eﬁtalatg ‘the wap tp a level of assured
.. destruction). | | - / |
Ih'theicgse of EE, the defense capability has until nowj'
V'beew lower that in WE, due to actualicoebsive interference
'bg tﬁe'suffThere are clear'éétbaéks in tho value of C at the
times of the SU  interventions in Hungary (1956) and o
Czechdslovakia (1968). The current trend of -increasing
digengagehant of the EE countries from the 53U is in the
‘model  assumed  to lead to an increasing foreign occupition
aversion cépabilitg C. radching the Né'ualue‘bg-gear 2060.
The question of US force withdrawal from WE is not

‘ ron;idered essential’ in Fixing C for NE; because the - ‘ o

inr_iigenou'= detense capabilitg is prcsentlg dominating the .
chance of auerting an invasion with territorial goals. oome
_mag argue  that U8 reinforcement is crucial in case of
b invation of WE by the SU, but the point of view taken here
© is, that if the conflict 1s not settled (by either a de
facto occupition or by & successful aversion) by the time
'that reinrorcement'tould'reach'NE; tﬁonxiﬁ, is - certain to
dﬁvelop into a destructive war, ’ ‘
Finally, there i3 the ‘parameter B describing sU
inténtibﬁé. Intentions of invading WE are considered small, - -
with some incréasé around 1948 (the temptation created by
lack of defensed and arcund 1961 (general tension). As
regards EE, the SU has constantly been seeking to control
- this "buffer zone", but during most of the period 1545-1380,

the SU has found 1t best -to 4avold actual oceupation if

Y- S




= 22~

political toercion could do the job (e.g. in the case of
Poland, 1381). The inténtion for occupation, B, is taken as
around 30 pct. per yedr (once in 3-4 years, in accordance
with sequences nf actual' events including the use of
coercive pressures to 4achive the same ends as with miiitarg
occupdtiond. The curbent tendency is for a modest decline.
but with great uncertdinty concerning the future values of
B.. A : | : :

One mcdélror future SU intentions would have a new rise
in B as regards occupation oé‘bqth EE and WE, as a result of
the irncreased (deéstructive war) intentions of the US towards
the SU. The SU leaders may decide, that a conflict is
unavoidable, and mdy try to exploit the advantages of
starting, e.g. by full occipation of EE and KE.

The rezult of the todel aszumptians described above is
that WE security increased from a post-war level of one
occupation in 3@ years (1945-1968) to a high of one
occupation in 208 years (1573). Fig. 5 further shows that a
decline in security agdinst occupation of WE' takes place
between 1373 and 1983, and possibly continues during the
next decades, but with clouds of uncertainty deriving from
the possible developments in 8U intentions.

For EE, the szecurity has been consistently low - around
oneg occupation or dimilar coercion every 3-4 years - but
with signz of & possible improvement during recent years,

which may or may not continue in the future,

DIsSCUSSION

The quantitative model of security discussed in this

paper iz dezigned to allow a separate discussion of the key
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~elements in the anilgsis of securitgkhwith respect to given
threats., If its tkesu1t§ differ fﬁom thoge of alternati?e
methode of analysis, it sﬁould therefore be possible to
enter a meaningful search for the precise difference in
assumpﬁiohs'that gives rise to the disdgreemcnt;'whethérAthe
differevnce is ;ssmcidted with data selection or with mode 1
“structure. \ | o
One cle;?cut examhls'qf such a. check would be the

secuwitg against destructive war during the Cuban ﬁissile
crisis in 1961, The present m&de}-predicts;~5 pct. chance in
that -geéh; that thé SU QdUId experiencéb 4 déstructive
nuclear war, Does this figuhg'agrcc wiﬁh estimates based on
political phenomenology? Does iﬁ agree with other models of
security, that may be proposed? [‘ | | |

Hcceptxng the pbssent mode 1 assessment, important igsues -
may be raised for discussion How will the 38U respond to the
dramatic drop in its security since 1985 (Fig. 227 The samg
question éag‘be ssked for WE. The model indicates that E
efforts to rFéata'conditions ‘of peaceful coexistence with
the U uere largﬁlg successful from 1960 to 1988 (economic
’ collaboration and German "Dstpolitik"). How can this path be
" regained? Fre the WE and US security interests so different
that a EQwoPean disengagement from the miiiﬁarg hreparatiOﬁs
and strategies of the superpousrs is na:essahg? IF 80, hdw
should the defense policy of WE be réshaped?

' The present model may be used to look into the security
implications of various ﬁaths, in torm# of the phfgmeters'
chosen to describe alternative options. In WE, there is an
" ongoing discussion of 4t least three alternatives: Fn
’inBepenQent niclear defense, a strong ;bnvéntional defense
(conueﬁtfonal boﬁh in the sense of “Unon-nuclear" and of

"traditional military" defense), and finally a territorial

YT W T S T T rEaa T - apasernanemesnt U e




defence with little offensive capabilitgs. The model would
bhe used to trace the development in Qecuritg for each of the
alternatives, along with the uncertainty estimated to
surrouﬁd garch optioﬁ, The alternative security results would
be compared to each other and to the "standard" scenario
{e.g. 3s expressed in this Work), and if differences in cost
can be e;timaﬁedé iETuilf‘be possible to determine the least
cost of reaching # desired legél'of secué?ig; withiﬁf the

range that can be achieved.

o




NOTES |

. A similar definition of security  is used by the

Alternative Defense Commission (1983).

2. It is often denoted "direct risk" in hisk analysis (see

Serensen, 1382).

3. Sources include Kaplan (1982), Beer (1381), Thee (1576
’ and SIPRI Yearbooks (19?8—1983). '

4. ‘Bources include Ba11'<1see>, Meyer (1984>, Stenkieuicz
(1981, Barthoff (19813, Douglass <198l); Bracken (1983) and

,P1chélson (led)

5. Although the  concept  of limited retaliation was
_introduced ny McNamara in the early 196@ies, it was not made
fully operational until the mid=197@ies, under Defense

gcretary James S&hlestngeh (gee¢Brackeﬁ, 13983:886).

€. See, e.q., review by 'D&nkbaar;(1984>; A discussion of
‘territorial defense in EE Mag be found in Jones (1981), and
basiz thoughts on a US defense based on non-offensive

weépons in Boston 8tudy Broup (1873).
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FIGURE LEGEHNDS

Fig. 1. Data and model results for destructive war in the
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Fig. 2. Data and model results for destructive war in the
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B.V. Gnedenko

"DYNAMIK 0G DIAGRAMMER", Introdukt1on t11
energy-bound graph formalismen.

Peder Voetmann Christiansen.

"OM PRAKSIS"INDﬁLYDELSE PA MATEMATIKKENS UDVIK-
LING". - Motiver.til Kepler's:"Nova Stereometria
Doliorum Vinarioum".

Projektrapport af Lasse Rasmussen.
Vejleder: Anders Madsen.

"TERMODYNAMIK I GYMNASIET".

Projektrapport af Jan Christensen og Jeanne Mor-
tensen.

Vejledere:

Karin Beyer og Peder Voetmann Christi-
ansen. [

!

"STATISTISKE MATERIALER"

"LiNEERE DIFFERENTIALLIGNINGER 0G DIFFERENTIALLIG-
NINGSSYSTEMER".

Mogens Brun Heefelt. -

"CAVENDI%H‘S FORSOG 1 GYMNASIET".
Projektrapport af Gert Kreinoce.
Albert Chr.

Vejleder: Paulsen

Nr. 5 er p.t.

Nr. 3 er a jour fort i marts 1984

N

Nr. 4 er p.t. udgdet,

udgdet.

" Nr.:7 er udgéet.

Nr. 12 er udgdet 4
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Reference etc. A Bibliography".

Else Hoyrup.

15/79 "STRUKTUREL STABILITET OG KATASTROFER i systemer i
og udenfor termodynamisk ligevegt".

Specialeopgave af Leif S. Striegler. A -
Vejleder: Peder Voetmann Christiansen. ) -

16/79 “STATISTIK | KRAFTFORSKNINGEN".
Projektrapport af Michael 0lsen og Jorn Jensen.
Vejleder: Jorgen Larsen.

~ 17/79 “AT SPORGE OG AT SVARE i fysikundervisningen". ___ - ) =
Albert Christian Paulsen.

18/79 "MATHEMATICS AND THE REAL WORLD", Proéeedings of an
International Workshop, Roskilde University Centre,
Denmark, 1978. Preprint.

Bernhelm Booss & Mogens Niss (eds.).

19/79 "“GEOMETRI, SKOLE OG VIRKELIGHED".

Projektrapport af Tom J. Andersen, Tommy R. Andersen
.0g Per H.H. Larsen.

Vejleder: Mogens Niss.

20/79 “STATISTISKE MODELLER TIL BESTEMMELSE AF SIKRE DOSER
FOR CARCINOGENE STOFFER".

Projektrapport af Michael Olsen og Jern Jensen.
Vejleder: Jorgen Larsen.

21/79 "“KONTROL I GYMNASIET - FORMAL OG KONSEKVENSER".
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22/79 "SEMIOTIK OG SYSTEMEGENSKABER (1)".
1-port line®rt response og stej i fysikken.
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emphasis on the role of realitivity".
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a+b 1. En analyse. 2. Interviewmateriale.

Projektrapport af Jan Christensen og Knud Lind-
hardt Rasmussen.

Vejleder: Mogens Niss.
25/80 "EKSAMENSOPGAVER", Dybdemodulet/fysik 1974-79.

26/80 "OM MATEMATISKE MODELLER".
En projektrapport og to artikler.

Jens Hejgaard Jensen m.fl.

27/80 "METHODOLOGY AND PHILOSOPHY OF SCIENCE IN PAUL
DIRAC's PHYSICS".

- Helge Kragh.

28/80 "DIELEKTRISK RELAXATION - et forslag til en ny model
bygget pd vaskernes viscoelastiske egenskaber".

PrOJektrapport, spec1a]e i fysik, af Gert Kre1noe
Vejleder: Niels Boye Olsen.
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differentia]1igningsmodeller"

PrOJektrapport af Tommy R. Andersen, Per H.H. Larsen
og Peter H. Lassen. )

Ve31eder. Mogens Brun Heefelt

"FUSTONSENERGIEN - = = ATOMSAMFUNDETS ENDESTATION".
O0Tuf Danlelsen

"VIDENSKABSTEORETISKE PROBLEMER VED UNDERVISNINGSSY-
STEMER BASERET PA-MENGDELARE".

Projektrapport af Troels Lange og- Jergen Karrebak.
Vejleder: Stfg Andur Pedersen.

"POLYMERE STOFFERS VISCOELASTISkE EGENSKABER - BELYST
VED HJELP AF MEKANISKE IMPEDANSMALINGER 0OG MOSSBAUER-
EFFEKTMALINGER".

PrOJektrapport speciale i fys1k af Crilles Bacher og

Preben Jensen.

Vejledere: Niels Boye Olsen og Peder Voetmann Chr1-
stiansen.

"KONSTITUERING AF FAG INDEN FOR TEKNISK NATURVIDENSKA-

BELIGE UDDANNELSER. I-II".
Arne Jakobsen.

“ENVIRONMENTAL IMPACT OF WIND ENERGY UTILIZATION“
ENERGY SERIES NO.1. '
Bent Serensen.

“HISTORISKE STUDIER T DEN NYERE ATOMFYSIKS UDVIKLING" .
Helge Kragh

’

"HVAD ER MENINGEN'MED MATEMATIKUNDERVISNINGEN-?".

-

Fire artikler.
Mogens Niss. ' -

3

‘"RENEWABLE\ENERGY AND ENERGY STORAGE".

ENERGY SERIES NO.2.
Bent Sorensen.

. nes for]ag

-~

Nr. 30 er udgdet. )
Udkommer medio 1982 pd Fy51k-, Matematik- og Kemilarer-

Nr. 31 er p.t. udgdet

Nr. 34 er udgéet. .
Publ. i "Renewable Sources of-Energy and the Environment",

- Tycooli International Press,-Dublin, 1981.
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0G SAMFUND".
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Vejledere: Stig Andur Pedersen, Helge Kragh og
Ib~Thiersen. °
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"TIL KRITIKKEN AF VAKSTOKONOMIEN".
Jens Hojgaard Jensen, ) T

"TELEKOMMUNIKATION 1 DANMARK - oplag til en teknolo-
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- Projektrapport af Arne Jorgensen, Bruno Petersen 0g

Jan Vedde.

"Vejleder: Per Nergaard.

“"PLANNING AND POLICY CONSIDERATIONS RELATED TO THE
" INTRODUCTION OF RENEWABLE ENERGY SOURCES INTQ ENERGY

SUPPLY SYSTEMS". .
ENERGY SERIES NO.3.
Bent Sorensen.

Nr. 38 er p.t. udgdet

Nr. 40 er p.t. udgdet



42/81 "VIDENSKAB TEORI SAMFUND - En_introduktion til
materialistiske videnskabsopfattelser".

Helge Kragh og Stig Andur Pedersen.

43/81 1. "COMPARATIVE RISK ASSESSMENT OF TOTAL ENERGY
SYSTEMS".

2. "ADVANTAGES AND DISADVANTAGES OF DECENTRALIZATION". . .
ENERGY SERIES NO.4-.
Bent Serensen.

"~ 44/81 “"HISTORISK UNDERSGGELSE AF DE EKSPERIMENTELLE FORUDSAT-
NINGER FOR RUTHERFORDS ATOMMODEL".

Projektrapport af Niels Thor Nielsen.
Vejleder: Bent C. Jorgensen.

46/82 "EKSEMPLARISK UNDERVISNING 0G FYSISK ERKENDELSE - N
I+I1 ILLUSTRERET VED TO EKSEMPLER". .-

Projektrapport af Torben 0. Olsen, Lasse Rasmussen 0g
Niels Dreyer Serensen.

Vejleder: Bent C. Jargensen.

47/82 "“BARSEBACK OG DET VARST OFFICIELT-TANKELIGE UHELD".
ENERGY SERIES NO.5.
Bent Serensen.

48/82 "EN UNDERSOGELSE AF MATEMATIKUNDERVISNINGEN PA AD-
’ GANGSKURSUS TIL KOBENHAVNS TEKNIKUM".

Projektrapport af Lis Eilertzen, Jergen Karrebzk,
Troels Lange, Preben Norregaard, Lissi Pedersen, Laust
Rishej, Li11 Ren, Isac Showiki.

Vejleder: Mogens Niss.

49/82 "“ANALYSE AF MULTISPEKTRALE SATELLITBILLEDER".
Projektrapport af Preben Nerregaard.
Vejledere: Jorgen Larsen & Rasmus Ole Rasmussen.

50/82 "HERSLEV - MULIGHEDER FOR VEDVARENDE ENERGI [ EN
PANISBY™ © ENERGY SERETS NOLG,

Rapport af Bent Christensen, Bent Hove Jensen, Dennis
B. Maller, Bjarne Laursen, Bjarne Lillethorup og Ja-
cob Merch Pedersen.

Vejleder: Bent Serensen.

51/82 "HVAD KAN DER GORES FOR AT AFHJALPE PIGERS BLOKERING
OVERFOR MATEMATIK?"

Projektrapport af Lis Eilertzen, Lissi Pedersen, Lill
Ron og Susanne Stender.

52/82 “DESUSPENSION OF SPLITTING ELLIPTIC SYMBOLS"
Bernhelm Booss & Krzysztof Wojciechowski.

53/82 "THE CONSTITUTION OF SUBJECTS IN ENGINEERING
EDUCATION", .

Arne Jakobsen & Stig Andur Pedersen.

54/82 "FUTURES RESEARCH" - A Philosophical Analysis of Its
Subject-Matter and Methods.

Stig Andur Pedersen & Johannes Witt-Hansen,



55/82 "MATEMATISKE MODELLER" - Litteratur pé Roskilde Vedr. tekst nr., 55/82:_
Universitetsbibliotek. . . Se 0gsé tekst 62/83..

* En bibliografi. - ' ) . :
Else Hoyrup. ~ '

56/82 - "EN - TO - MANGE" -
En undersogelse af matematisk okologi.

Projektrapport af Troels Lange.
Vejlieder: Anders Madsen. - ‘ -

57/83 “ASPECT EKSPfRIMENTET“ - : : Nr. 57 er udgdet.
Skjulte variable i kvantemekanikken? )

Projektrapport af Tom Juul Andersen.
Vejleder: Peder Voetmann Christiansen.

1

58/83 "MATEMATISKE VANDRINGER" - Modelbetragtninger
over spredning af dyr mellem smabiotoper i
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Projektrapport af Per Hammershoj Jensen &
Lene Vagn Rasmussen.

Vejleder: Jorgen Larsen. : ' P

A59/83 "THE METHODOLOGY OF ENERGY PLANNING"
ENERGY SERIES NO. 7.
Bent Serensen.

60/83 "MATEMATISK MODEKSPERTISE" - et eksempel. . ) _ . - -

Projektrapport af Erik 0. Gade, Jergen Karrebzk og
Preben Norregaard.

Vejleder: Anders Madsen. - ’ /

61/83 "FYSIKS IDEOLOGISKE FUNKTION", som et eksempe] pa~ -
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PrOJektrapport af Annette Post Nielsen.,

Vejledere: Jens Heyrup, Jens Hngaard Jensen og
Jorgen Vogelius.

- .62/83 "MATEMATISKE MODELLER" - Litteratur p§ Roskilde
Universitetsbibliotek. = .

En bibliografi. 2. rev. udgave
Else Hayrup

63/83 "“CREATING ENERGY FUTURES: A SHORT GUIDE TO
ENERGY PLANNING". ) :

ENERGY SERIES No. 8 . L
David Crossley & Bent Serensen '

64/83 “"VON MATHEMATIK UND KRIEG". -
Bernhelm Booss og Jens Heyrup

65/83 "ANVENDT MATEMATIK - TEO?I ELLER PRAKSIS".

Projektrapport af Per Hedegdrd Andersen, Kirsten
Habekost, Carsten Holst-Jensen, Annelise von Moos,
Else-Marie Pedgrsen, Erling Moller Pedersen.

Vejledere: Bernhelm Booss & Klaus Griinbaum

66/83 "MATEMATISKE MODELLER FOR PERIODISK SéLEKTION I ' . .
ESCHERICHIA COLI". . ) . o

Projektrabport af Hanne.Llisbet Andersen, Nle | i B
Richard Jensen og Klavs Frisdahl. \

Vejledere: Jorgen Larsen og Anders Hede Madsen’



67/83 “ELIPSOLDE METODEN - EN NY METODE TIL LINEAR
PROGRAMMERING?"

Projektrapport af Lone Biilmann og Lars Boye
Vejleder: Mogens Brun Heefelt

68/83 "“STOKASTISKE MODELLER I POPULATIONSGENETIK"
: - til kritikken af teoriladede modeller.

Projektrapport af Lise 0dgdrd Gade, Susanne Han-
sen, Michael Hviid, Frank Mplgard Olsen.

Vejleder: Jergen Larsen.

-

69/83 "ELEVFORUDSETNINGER 1 FYSIK"
- en test i 1.g med kommentarer

Albert Chr. Paulsen

70783 “INDLARINGS- 0G FORMIDLINGSPROBLEMER I MATEMA-
TIK PA VOKSENUNDERVISNINGSNIVEAU"

Projektrapport af Hanne Lisbet Andersen, Tor-
ben J. Andreasen, Svend Age Houmann, Helle
Glerup Jensen, Keld F1. Nielsen, Lene Vagn
Rasmussen.

Vejleder: Klaus Griinbaum & Anders H. Madsen

71/83 “"PIGER 0G FYSIK"
- et problem og en udfordring for skolen?

Karin Beyer, Sussanne Blegaa, Birthe Olsen,
Jette Reich & Mette Vedelsby

72/83 "VERDEN IFOLGE PEIRCE" - to metafysiske
essays, om og af C.S. Peirce.

Peder Voetmann Christiansen

73/83 "EN ENERGIANALYSE AF LANDBRUG"
- pkologisk contra traditionelt

ENERGY SERIES No. 9

Specialeopgave i fysik af
Bent Hove Jensen

Vejleder: Bent Serensen

74/84 “MINIATURISERING AF MIKROELEKTRONIK" - om vi-
denskabeliggjort teknologi og nytten af at
lere fysik

Projektrapport af Bodil Harder og Linda Szko-
tak Jensen.

Vejledere: Jens Hajgaard Jensen og Bent C.
Jorgensen

75/84 “MATEMATIKUNDERVISNINGEN I FREMTIDENS GYMNASIUM!
- Case: Linear programmering

Projektrapport af Morten Blomhej, Klavs Fris-
dahl, Frank Mglgaard Olsen

Vejledere: Mogens Brun Heefelt & Jens Bjerneboe

76/84 “KERNEKRAFT 1 DANMARK?" - Et herinéssvar indkaldt
af miljeministeriet,med kritik af miljastyrelsens
rapporter af 15. marts 1984,

ENERGY SERIES No. 10
Af Niels Boye Olsen og Bent Sorensen

77/84 "POLITISKE INDEKS - FUP ELLER FAKTA?"
3p;?ionsundersegelser belyst ved statistiske mo-
eller

Projektrapport af Svend Age Houmann, Keld Niel-
sen, Susanne Stender

Vejledere:- Jorgen Larsen & Jens Bjorneboe
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Specialerapport af Hans Hedal, Frank C. Lud-
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Vejleder: Niels Boye Olsen

"MATEMATIK 0G ALMENDANNELSE"

Projektrapport af Henrik Coster, Mikael Wenner-
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Vejleder: Bernhelm Booss

"KURSUSMATERIALE TIL MATEMATIK B"
Mogens Brun Heefelt
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Specialerapport af Jergen Wind Petersen og
Jan Christensen

Vejleder: Niels Boye Olsen
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