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An adequate economic estimation of research and development programs
and large-scale projects requires to forecast and consider consequences
of their realization, and particularly the ecological ones. Associated
problems of time-discounting under long-term economic-ecological cal-
culations are analyzed in the present paper. With the help of computer
simulations with a model of intertemporal-intersectoral relations we justify
and interpret the fact that the economic influence of the time factor is
complex, i. e. may have different forms. A modification of the method of
discounting appropriate to nature-saving economy is developed.

1. Statement of the problem

The foundation of a large industrial complex or water-development
works intensively affecting related sectors and environment may cause
negative consequences in the distant future, which sometimes may be
more substantial than the direct effects. Meanwhile the existing economic
conditions of nature management generate an indifference towards their
losses and ecological disturbances, since a negative impact of the latter
on the level of production and quality of life is not revealed at once but
with a shorter or longer time lag. Accordingly, the current economic
valuations of costs and inputs depend on past and present activities,
but not on their consequences. Increase of costs in a distant future does
not provide backward influence on the producer who is responsible for
those consequences and therefore they are not taken into account in
making engineering decisions. In particular, pollution of environment
may damage and thus reduce the stock of resources necessary for future
production but it has only a slight influence on the costs in the place
of the pollution and at the moment of it.

Economic indifference to distant consequences of present actions
accounts in a great part for the character of preference of goods over
time: their relative utility diminishes over time at a discount rate. Here,
a discount rate is meant to be an index of utility of the fund of time as
a sort of a limited resource (the structure, organization and technical
level of the system being given). The lost time is balanced by additional
production costs. In order to put the compared alternative decisions
concerning different moments of time into equal conditions, one should
take into account the possibilities of development of the system between
these moments. The discount rate serves exactly as the measure of
equivalence of an earlier or later supply of exogenous resources or of
getting the useful effect (output, profit). Namely, the discount rate is
equal to the maximal rate of increase of the volume of profit (in fixed
prices) if it is obtained in the year t+ l instead of t, i. e. a year later,
the amount of resource investment in the initial year t 0 remaining
constant (with arbitrary t =to+\, U+ 2, ....). If the given amount of
the resource is supplied ceteris paribus a year earlier (in the year
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t0 — 1), then the rate of the corresponding increase of a shadow price
of the resource is also characterized by a discount rate. Both definitions
of the discount rate are identical, and as a matter of fact they express
the productivity property of a system (every year the output of any
good exceeds its input).

The factor A,f o+ft= (1 + 8)~h of discounting economic values of the year
t 0 + k to the year to has a corresponding meaning. Here 6 is the discount
rate. The discount factor shows (i) the value of a good in the year
to+k if its value in the year t 0 was sl, (ii) the costs in the year to,
which are necessary for obtaining a $1 output in the year to +k.

The conventional discounting methods are oriented on renewable
resources under usual terms of turnover of fixed capital (not exceeding
10—15 years), but in practice these methods are mechanically extended
to nonrenewable goods and much longer periods of time. This leads to
a considerable depreciation of the part of mineral, soil, timber and other
natural resources which are planned for exploitation in 25—30 years and
later, A transfer of the horizon of socio-economic interests to a more
distant future is natural in the modern age. The processes of construc-
tion and functioning of territorial-industrial complexes and large water-
development works last for decades and cause a profound transforma-
tion of nature. Deposits of minerals are developed during a long time.

Lengthening of forecast and planning intervals, scarcity of natural
resources, demographic problems, crisis phenomena in ecosystems lead
the economy to a revaluation of the time factor role and to qualitative
changes in the structure of costs and outputs.

2. Temporal macrostructure of outputs and costs
Intertemporal relations in the economy principally consist in connections
between inputs and outputs which are mostly separated in time. Thus,
returns to present investments will be obtained from the future output.
Such intertemporal flows are reflected in the fundamental proportions
of the dynamic balance: one part of output is consumed currently, while
another one is accumulated, i. e. used for,future production. Respectively,
the unit costs of production consist of current and capital costs, the
latter being provided by funds which were created and accumulated
earlier. This structure of production and costs corresponds to feedforward
intertemporal relations in the economy (the past '-*■ the presentthe
future), which were formed in the pre-ecological period of industrial
development and are taken as a natural expression of the irreversibility
of time.

In order to turn the economy to a nature-saving regime, the chain of
intertemporal relations should be closed by a feedback (Fig. 1). The

Fig. 1. Scheme of intertemporal relations in
nature-saving economy.

first step in this line is the monetary evaluation of losses and ecological
expenses caused by preceding activity [l]. To our mind the next step
could be the settlement of the compensation fund of these losses.
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Losses of mineral resources in the past as well as the erosion of
soil and the reduction of the productivity of agrarian, timber and water
resources cause a decrease in the present output. Negative social con-
sequences of ecological disturbances are also equivalent to a certain loss
of some goods, including products and services. The remaining losses
and damages suffered by a system in the year t require an additional
output in the same year for their compensation. That part of the produc-
tion forms a compensation fund. Its volume depends on the intensity of
the production in the year t— k, which was the cause of the year’s t
losses.

Thus, the remaining losses and damages and a fund of their compen-
sation are generated with a time lag directed opposite to the one which
is appropriate to the utilization of the accumulation fund. Indeed, the
latter, being produced in the year t, is expended on an output of the
years /+l, t+ 2, etc., i. e. with a forward lag. By the same logic, a com-
pensation of the remaining losses and damages which had caused the
need for an additional output may be considered an expense of the
production of the year t with a backward lag, i. e. on the output of
the years t— 1, t— 2, etc. Consequently, in case of the remaining losses,
not only the goods produced in the past are spent, but also those to be
produced in the future: as if the goods were consumed before they are
produced. Thus, in nature-saving economy there arises a specific form
of intertemporal flows: the profits obtained in the present year from the
exploitation of resources are spent on additional future costs which are
induced by it. A flow of compensational costs is directed from the future
to the present and the past, i. e. opposite to the flow of investments.

Ecological expenses, such as payments for the remaining losses and
damages, are accordingly reflected in the structure of costs of the year’s
t production. Subject to payable exploitation of nature, those expenses
should be included in production costs of the output which is responsible
for the long-term ecological disturbance. If the damage is inflicted in
the year t but its consequences will affect the economy during the years

t+ 2, etc., it becomes a source of future (ecological) costs of the
output of the present year t. In the same way one could interpret the
additional costs in the form of a rise in the price of prospecting, extraction
and processing of mineral resource because of a premature transition to
worse deposits under the condition that these costs be paid by the
producer in the year when he inflicted the losses of a resource. Under
the same conditions the costs of environmental recovery activities
purification of the environment, recultivation of soil, reestablishing the
variety of flora and fauna, etc. may be considered as future costs
of the present output.

* Payment for the remaining damage.

Allocation of output of present period and temporal structure of its costs

Time period

Intertemporal relations

feedforward feedforward
and feedback

output costs output costs

Past capital compensation capital
Present consumption current consumption current
Future accumulation accumulation ecological *
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In an aggregate form the structure of output and costs with respect
to their location in time is given in the Table. One can see that in a
nature-saving system the output of the present year should cover the
current, past and future costs generated by its production. Since inter-
temporal feedbacks make economic actions dependent on their conse-
quences, the formation of those relations may play an important role in
the creation of a new economic mechanism of nature management which
would ensure efficient use of resources, preservation and improvement
of the environment.

3. The modelling of intertemporal relations

In the previous discussion it was pointed out that a nature-saving eco-
nomy is essentially characterized by intertemporal feedbacks ensuring a
compensation of future costs generated by present economic actions.

For the analysis of intertemporal relations a dynamic model will
be used, in which the moments of production and consumption are
connected in a way analogous to that of the sectors in the Leontief input-
output model. Our model presents a structure of production and costs
over time (see the Table). The model is technologically closed: final con-
sumption and exploitation of natural resource are included in the list of
the sectors. Both positive and negative consequences of production acti-
vities are taken into account. The former consists in the output of goods
for final and intermediate consumption, while the latter in its losses
caused by activity in the past. In the model, the losses are represented
by additional input required for their compensation. Thus, the damage
inflicted to nature is regarded here in terms of corresponding losses
in the production system.

Balance relationships for the gross output of the year t (denoted by the
column-vector Xt ) and its shadow prices (a row-vector H t ) have the
following form:

+ AuiXt-i, (1)

Ht tAi +Ht-iAu +Ht+iAiu, (2)

where Ai is the matrix of direct input-output coefficients, An the
matrix of investment of durable goods produced in the current year per
unit of output of the next year t+\, Am the matrix of inputs for
compensation of losses in the current output per unit of the previous
(/ —1) year’s output which is responsible for the losses (for the sake
of simplicity we assume that the lag of the impact is equal to one
year).

Inequality (1) means that the output in the year t in any sector
should not be smaller than the total consumption for different purposes.
The addend A\Xt represents a vector of production used for current inputs,
AnXt+i is the vector of accumulation funds consisting of goods produced
during the year t to be used in the year t+ 1, AmXt-\ the vector of
funds for the compensation of losses caused in the year /—l.

Correspondingly, the addends of total costs in inequality (2) are
interpreted as follows: H t A\ is the vector of current costs, Ht-i Au—-
the vector of past costs (i. e. capital costs), H t+\Am the vector of
future costs (ecological costs), all of them calculated per unit of the
output of the year /. According to (2), the shadow price for any good
in the year t should not exceed the total costs of its production.

One can see that in the relationships (1) and (2) account is taken
of both the flow of production spent with a forward lag and the one
spent with a backward lag, as well as of both past and future costs.
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4. Positive and negative discount rates

Proceeding from the relationships (1) and (2), we state an optimization
model of planning for the interval [/ o+l, /о+п]. Since the basic
problem of dynamic decision-making in the economic-ecological system
consists in the alternative between the consumption and saving of natural
resources, it is necessary to introduce corresponding exogenous para-
meters (final demands and inputs of resources) in the relationships (1),
(2). For the goals of the present study the following simplest consi-
deration will be sufficient. Fix a year tQ+k within the planning interval
and assume that only for that year the vector of final demand for goods
Z to+k is nonzero. For initial and terminal years of the planning period
let there be given nonzero vectors of exogenous costs (i. e. inputs of a
resource) per unit Pu+i, and Pt 0+n, respectively. Then the (primal)
problem of the minimization of exogenous costs will be:

Pto+iXta+i-\-Pto+nXta+n min
subject to

{E —Aj) Xta+i—AuXto+2^o,

{E—Ai)X t -AnX,+,-Am { 0 || (3)1 Zto+k if t= to+k
for t =to+2, ..., t o+n 1,

{E—Ai) Xto+n AmXte+n-i 0,
Xt^O.

The dual problem of the maximization of final output has the following
form: ’

Hta+kZto+k max
subject to

Ht a+i{E—Ai)
Ht {E A{)

(4)
for i—tQ,+ 2„ , fo + ri —1,

Ht o+n{P -Ti) Hta+n—Pta+Пг

The principal distinction between the models (3), (4) and the con-
ventional ones is that the matrix of corresponding optimization problems
has not a block-triangle structure, but there are nonzero blocks on
both sides of the diagonal (Fig. 2). 1 Owing to this fact it is possible
to get various types of dynamics of variables in solutions corresponding
to different objective functions and, respectively, to describe a variety
of preferences of goods over time. For comparison, notice that in con-
ventional models only one of the two types of dynamics (growth or
extinction) is possible, being determined by a technological matrix. But
in the present model with intertemporal feedback a combination of both
tendencies may be present, since the process of the depletion of resources
is taken into account along with the process of capital accumulation.

1 A dynamic Leontief model is presented in [2, p. 59], where along with forward-
directed intertemporal relations also the backward ones are present: the expectation
of the future output is based on the past actual changes in the output. This mode!
differs essentially by its sense and properties from the one considered in [3] and in
the present paper.



Fig. 2. Structure of the matrix of inter-
temporal relations; i with feedforwards
only, ii with both feedforwards and

feedbacks.

A corresponding growth rate of the model is related to each of the
above-mentioned processes. The rate related to accumulation is greater
than unity, while the other one is smaller than unity. In order to deter-
mine these rates, let us study the dynamics of variables of the model
with different objective functions.

First of all, let us examine the special case of the problems (3),
(4) where the future costs are not taken into account, i. e. Pto+n =O, so
that the initial exogenous costs (requirements of the resource) P* o+iXto+i
are to be minimized. It may be called a model of accumulation. That state-
ment of the model can be regarded as a usual lagged dynamic problem
(in the interval (7 0+l, t 0 + k\) of achievement of the required
terminal output with a minimal initial input. It has a balanced solution,
growing at the maximal rate a (see, e. g., [4]). The corresponding dual
variables (shadow prices) are diminishing at the same rate. If the
system is productive, then a>,l- The value a—l is interpreted as a
discount rate. Being a sort of a measure of the utility of the time
resource, in this case it shows how much the required initial exogenous
input (i. e., the minimized objective function) would decrease relatively
if, ceteris paribus, it were put into action a year earlier, i. e. in the
year t 0 instead of to+\. From the dual point of view the discount rate
expresses the increase rate of the utility of the final output (i. e. the
maximized objective function of the dual problem) if it were obtained
in the year t 0 +k— 1 instead of t 0 +k.Thus, in the case when only the initial exogenous costs are mini-
mized while the future ones are not taken into account, we get a
situation typical of the conventional approach: the discount rate is
positive and hence the goods are more preferable in the year t than in
the year /+l. A measure of preference is given by the diminishing
sequence of vectors of shadow prices which discount respective goods
produced at different moments of time. The diminishing of prices
reflects a stimulation of the earliest possible utilization of resources
since in a productive system to delay it would mean to lose the cor-
responding annual returns.

Now, consider the contrary special case: the problem of minimizing
terminal exogenous costs P t „+nXto+n, assuming that P to+i =O. In this
case, (3) is a model of depletion with outputs diminishing and shadow
prices growing over time. The corresponding optimal balanced solution
is the one with the minimal rate of growth ß. 2 Under the productivity

2 It is noteworthy that the notion of minimal balanced growth arises due to the
introduction of intertemporal feedback into the model. Indeed, in a conventional one,
i. e. with Лш =O, minimal solution is zero.
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assumption, it holds that o<Oß<J, so that the discount rate B— l is
negative. Therefore here, if the production of the final output is shifted
back (to the year U+k—l), its utility will decrease at the rate B— l.
Hence, for the orientation towards minimizing future costs, the type
of preference of goods over time is appropriate, which is principally
different from the one corresponding to the conditions of the mini-
mization of past (initial) costs. Here, it proves to be preferable to
postpone the utilization of the natural resource to the next year
instead of using it in the present one, because it delays corresponding
damages and, hence, the need for their compensation. Under these
conditions the strategy of the saving and efficient utilization of resources
prevails, which restrains an involvement in the processing of new
deposits, stimulates reduction of losses and development of a techno-
logy adapted to natural circulations of energy and substance.

Thus, contrary to the positive discount rate which characterizes the
limited nature of the time-resource proceeding from the goal of
expansion of the techno-economic system, the negative discount rate
corresponds to the purpose of slowing down the depletion of the
resource-ecological system. Notice that the depletion may be well
compatible with the productivity of the system to this end the
output should exceed the input, including the compensation of losses
caused by preceding activities.

5. Dynamics of shadow prices in the case of the joint
minimization of initial and terminal costs

It was pointed out that in the nature-saving economy different items
of production costs are discounted in time with the help of two
different rates positive and negative ones. The first one is applied
to current and capital (i. e. past) costs, while the second one —to
compensational (future) costs.

The dynamics of the discount factor of the total sum of all the
three items of costs in the year t to the initial year to ceteris paribus,
depends on the ratios of positive and negative discount rates (by
modulus) and on initial levels of accumulation and compensation funds.
All possible trajectories of the aggregate discount factor can be obtained
by varying the exogenous data in the problem (3) of minimizing the
sum of initial (past) and terminal (future) exogenous costs.

In optimal plans two shadow prices are related to every product
in the year t (Fig. 3). One of them is declining over time (curve 1),
which corresponds to the problem of min P* o+iX* o+ i, while the other one,
corresponding to the problem of min Р /о+7Д /о+7l is growing (curve 2).

Fig. 3. Trajectories of shadow
prices in the problems of minimi-
zation: 1 of past costs, 2
of future costs, 3 of the sum

of past and future costs.
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The values of shadow prices in the problem of min P to+lXt0+i +Pto+nXto+n
are equal to the sums of the two above-mentioned prices (curve 3). In
the point of this curve corresponding to the year to+k, the vector of
prices expresses the maximum utility of the final output of this year,
as it follows from the duality relationship for the problems (3), (4);

i. e. the minimum sum of exogenous costs is equal to the maximum
utility of the final output in the year t 0 +k. Let the demand for the
final output be shifted forward by one year (i. e. it will be Z to+k+i
instead of Zto+h), then its shadow price in the expanding system will
reduce, corresponding to an increase in efficiency. On the contrary, in the
exhausting system, such a shift will result in a rise of the shadow
price of the final output (reduction of efficiency). Those effects will
cause a change, at a certain rate, in the vector of the aggregate shadow
prices in the given year. At the beginning of the planning period their
dynamics depends more on the past costs, while at the end on
the future ones. Differently directed influences are equalized at the
minimum point of the curve (Fig. 3, curve 3).

If, at the beginning of a planning period, the future costs compose
an insignificant part of the total costs and the positive and negative
discount rates are close to each other in absolute values (as this is
in Fig. 3), then for a sufficiently long period the factor of discounting
values to the initial year is a convex function of time. For example,
it implies that the discount factor fo’r monetary estimation of deposits
of a mineral resource may be on the average close to unity for a period
of its exploitation.

In any case, an account of long-term ecological consequences of
production activity will essentially increase the value of the discount
factor compared to the one obtained in the conventional way.

In the problem (3), the trajectory of gross outputs has a form of
a beak: they grow exponentially at a rate a>l until the year to +k,
declining after that at a rate B<l. This is a response of the production
system to the external load provided by the final demand in the year
to +k. It consists of the phases of pre-action and post-action. In the
former phase, during the period to +\,

..., to+k— 1, the production
is increased up to the level needed for meeting the final demand Z to+h .
The post-action consists in the compensation of the remaining damage
in a system during the period, tQ +k+ l, ..., t 0 +n.

6. Conclusions

The above discussion allows us to conclude that the effect of the time
factor (represented by the sign of the discount rate) depends on how
an objective of the system is oriented on the time axis.

In modern economy, goals of the most efficient utilization of labour
and material resources available at the moment of decision-making are
dominating. This orientation corresponds to the decline of discount
factors over time, i. e. the positive discount rate. Accordingly, accu-
mulated goods are preferred to the future ones, and an urgent intensive
exploitation of natural resources is stimulated. This results in a rise
in the productivity and development of the technosphere, but this is
achieved at the expense of a degradation of ecosystems at even a
greater speed.

In case when minimization of future costs is the prevailing goal,
the discount rate is negative (discount factors grow over time). Con-

min {Pto+iXio +i + Pt o+nXt o+n) max Нц+kZu+k, (5)



šequently, the saving of natural resources and the prevention of the
losses of nonrenewable materials will become preferable.

Thus, the minimization of past costs corresponds to a process of
accumulation, while that of the future ones to a process of depletion.
In the economic-ecological system with intertemporal feedback those
processes co-exist and interact.

The conventional methods of discounting entirely oriented on a mini-
mization of the past costs are unacceptable for economic-ecological cal-
culations with a distant forecast horizon. In such calculations it is
appropriate to use two discount rates the positive and the negative
ones, and in the long-run perspective, to take into account a tendency
for a rise in the utility of goods over time.
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llja KAGANOVIT5

LOODUSKASUTUSE PIKAAJALISTE TAGAJÄRGEDE
MAJANDUSLIK HINNANG

Teaduslik-tehniliste programmide ja suuremahuliste projektide adekvaatseks rahvama-
janduslikuks hindamiseks on vaja prognoosida ja arvestada nende realiseerimise pika-
ajalisi, eeskätt ökoloogilisi tagajärgi. Artiklis analüüsitakse sellega seotud eriaegsete
suuruste võrdlemise probleemi ökoloogilis-majanduslikes arvutustes kaugeks perspek-
tiiviks. Ajateguri majandusliku mõju mitmesust on interpreteeritud ja põhjendatud
aegadevahelisel mudelil imitatsioonarvutustega. On välja töötatud kulude diskontee-
rimise meetod loodussäästliku majanduse jaoks.

Eesti NSV Teaduste Akadeemia Toimetusse saabunud
Majanduse Instituut 20. I 1986

Илья КАГАНОВИЧ
ЭКОНОМИЧЕСКАЯ ОЦЕНКА ОТДАЛЕННЫХ ПОСЛЕДСТВИЙ

ПРИРОДОПОЛЬЗОВАНИЯ

Для адекватной народнохозяйственной оценки научно-технических программ и проек-
тов большого масштаба необходимо прогнозировать и учитывать отдаленные послед-
ствия их реализации, прежде всего экологические. В статье анализируются связанные
с этим проблемы соизмерения разновременных величин при экономико-экологических
расчетах на дальнюю перспективу. Неоднозначность экономического влияния фактора
времени обоснована и интерпретирована с помощью имитационных расчетов на модели
межвремеиных-межотраслевых связей. Выведена модификация метода дисконтирования
затрат для природосберегающей экономики.

Институт экономики Поступила в редакцию
Академии наук Эстонской ССР 20/1 1986
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	1. Ussimätas von Mäla. Vertikalaufnahme des westlichen Teils: Außentarand fast entleert; Bodenpflasterung des zweiten Tarands; im dritten (?) Tarand sieht man die NW-SO-gerichtete Kiste vom Skelett Nr. 1.
	2, Ussimätas von Mäla. Ansicht vom Westen. Grabmal in dem mit zwei Steinringen umgebenen Teil.
	1. Ussiinätas von Mäla. Vertikalaufnahme des östlichen Teils.
	2. Die dritte Baustufe des Grabes: Ecksteine des großen Tarands.
	Ussimätas von Mäla. Funde. I—s1—5 Keramikscherben, 6—B Hirtenstabnadeln, 9, 10, 12 Arm ringe, 11 Arm- oder Fingerring, 13 Messer, 14—16 Fingerringe, 17, 18 Schläfenschmuck (AI 5234: 4, 46, 46, 7, 12, 60, 23, 24, 56, 9, 20, 50, 62, 33, 55, 38, 17, 30.)
	Valgjärv, Bez. Valga. 1, 3—ll neolithische Keramik, 2 Rouge-Keramik. (AI 5332: 20, 11, 15, 14, 12, 18, 13, 10, 23, 19, 20.)
	Valgjärv, Bez. Valga. 1,2, 4—B neolithische Keramik, 3 Webegewicht oder Netzsenker, (AI 5332: 2,3, 5, 7. 8,6, 9,1.)
	1. Велна. Раскопки кургана 2. Вид с юго-востока.
	2. Велна. Курган 2. Погребение 11,
	1. Ausgrabungsplatz II in Maidla.
	2. Fundkomplex im Steingrab von Maidla,
	Funde von Maidla. 1 Armbrustfibel, 2, 3 Schmucknadel, 4,5, 8, 9 Anhänger, 6, 7 Beschläge. (AM 557: 282, 200, 85; 580: 2182, 138, 425, 630, 800, 1440. Alle 1:1.)
	Funde von Maidla. 1 Lanzenspitze, 2—4 Pfeilspitzen, 5 Axt, 6, 7 Schnallen, 8 Schwertortband. (AM 557; 170; 580; 965, 962, 949, 1825, 826, 769, 688. Alle 1:1.)
	Находки из Куремяэ и Йыуга. 1,4, 5 браслеты, 2,6, 7 фибулы, 3 височное кольцо. (AI 5347: 1; 5348: 21, 22; 5347: 2; 5348: 19; 5100: 78; 5347: 3. 1 : 1.)
	Находки из Йыуга. 1,7, 8 браслеты, 2 фибула, 3—6 височные кольца. (AI 5100: 580, 594 595, 582—586. 1:1.)
	Находки из йыуга. 1, 3—5 браслеты, 2, 6 фибулы. (AI 5100: 600, 611—613, 598, 602. 1:1.)
	Находки из Йыуга. 1, 4—6 подвески, 2 коленчатая цепочка, 3 височное кольцо, 7 спи ралька, 8 пряжка, 9 перстень, 10 фибула. (AI 5100: 617—620, 616, 601, 608, 615, 614 622. 1:1.)
	1. Каменная кладка кургана 2 в Палазн.
	2. Разрез кургана 2 в Палази.
	Находки из Палази. 1, 3 фибулы, 2 височное кольцо. (AI 5355; 6,3, 2. 1:1.) Внизу: общий вид части могильника в Палази.
	1. Место ворот в восточном углу первого городища Пада перед раскопками.
	2. Воротный проход на первом городище Пада.
	1. Северо-западная боковая стена воротного прохода на первом городище Пада.
	2. Основание дополнительной каменной стены на первом городище Пада.
	Находки из первого городища (1, 2, 16) и селища (3—15) Пада. I—l4 керамика, 15 шило, 16 нож. (AI 5345: 13, 14; 5346: 49, 48, 35, 35, 76, 44, 88, 8, 16, 10, 77, 46, 75; 5345: 11.)
	1. Kurista. Der zerstörte südöstliche Teil des Südwalls des Burgberges von Nordwesten gesehen.
	2. Kurista. Profil des Burgwalles von Osten gesehen.
	1. Городище Варбола. Общий вид раскопа 1984 г. в западном воротном проезде со стороны площадки.
	2. Городище Варбола. Раскопки и реставрационные работы в воротном проезде.
	Городище Варбола. Нишеобразное углубление от деревянного столба в южной боковой стене воротного проезда. На заднем плане видны известняковые плиты внешней стены.
	Городище Варбола. Нижняя часть нитеобразного углубления от пары деревянных столбов со скоплением гашеной извести в южной боковой стене воротного проезда.
	I. Городище Варбола. Южная боковая стена воротного проезда с нитеобразными углублениями от деревянных столбов.
	2. Городище Варбола. Воротный проезд после частичной раставрации.
	Монеты с городища Варбола-Яанилинн. Номера монет соответствуют номерам их описи.
	Монеты с городища Варбола-Яанилинн. Номера монет соответствуют номерам их описи.
	1. Общий вид могильника в Кяревере. Вид с севера.
	2. Кяревере. Погребение I. Вид с северо-востока.
	1. Кяревере. Погребения lII—V. Вид с севера.
	2. Кяревере. Погребение VI и VII. Вид с северо-запада.
	Находки из Кяревере. I—s1—5 монеты, 6—7 гвозди, 8 перстень, 9 игла фибулы, 10 фрагмент цепочки, 11, 12 фибулы. (AI 5351: 16, 15, 7, 13, 8,5, 4, 14, 10, 1,3; I—3,1—3, B—l28—12 бронза, 6,7 железо, 4,5 биллон.)
	Funde von Vaabina. I—ll Hufeisenfibeln. (AI 5354: 119, 124, 82, 130, 64, 63, 98, 139, 74, 35, 42. Alle 1:1.)
	Funde von Vaabina. 1 Hufeisenfibel, 2—5 Rundfibeln, 6—B Siegelringe, 9, 10, 12 Messer, 11 Schneidmesser mit zwei Handgriffen. (Al 5354; 155, 167, 49, 96, 120, 123, 94, 144, 32, 65, 5, 12. I—s, 9—12 2:3, 6—B 1:1.)
	Funde von Vaabina. 1 Ringfibel, 2 Kette, 3,4, 6—B Perlen, 5, 10 Schellen, 9 Schnalle, 11, 15 Rundfibeln, 12 Nadel, 13 Angelhaken, 14 Hufeisenfibel, 16—18 Spiralfingerringe, 19—21 Serienfingerringe. (AI 5354: 17, 48a, 126 b, 48d, 48b, 48c, 126 c, 126 d, 133, 70a, 137, 100, 134, 122, 108, 156, 157, 104, 9, 10, 11. I—ls 1:1, 16—21 5:4.)
	1. Олуствере. Основание печи I (вид с юго-запада).
	2. Олуствере. Участок каменной мостовой в раскопе XX (вид с юго-запада).
	Находки из поселения Олуствере. I—3 пряжки, 4, 5 удила, 6 бусина, 7 перстень, 8 монеты. (AI 4998: 6195, 6286, 6667, 6414, 6203, 6235, 6298; AI 5005; I—s железо, 6 сердолик, 7 бронза, 8 серебро.)
	Находки из поселения Олуствере. 1 кусок обмазки, 2, 3 керамика, 4 фрагмент курительной трубки, 5 оселок, 6 удила, 7—9 пуговицы. (AI 4998: 6562, 6491, 6199, 6268, 6194, 6251, 6455, 6461, 6599; 4 глина, 5 камень, 6 железо, 7—9 бронза.)
	1. Proosa. Gebäudefundament aus Granitsteinen von Osten gesehen.
	2. Proosa. Gebäudefundament aus Kalksteinen von Westen gesehen.
	Funde von Proosa. 7 Löffelbohrer, 2 Kochtopfhenkel, 5 Hämmerchen, -7 Armbrustbolzenspitze, 5 Nackenteil einer Dolomitaxt, 6, 7 Tongefäßscherben. (TLM 21 319: 74, 228, 249, 95, 226, 173 a, 161. 1, 2 1:2, 3—7 1:1.)
	Funde von Proosa. 1 Kreuzanhänger, 2, 3 Perlen, 4 Brustnadel, 5 Feuereisen, 6 Gürtelbeschlag, 7, 8 Schnallen. (TLM 21 319: 134, 27, 192, 120, 168; 21 320: 1,2, 17. 1,4, 6 Broiue, 2, 3 Glas, 5,7, 8 Eisen. Alle 1:1.)
	Tartu, Lätte-Str. Becherfragmente. (KRPI Tartu Lätte II 1985: A 148, 329, 343, 347 377 378. Alle 1:1.)
	Funde von Narva.1, 2 rheinische Keramik, 3 knöchernes Messergriffsfragment, 4 Pfeilspitze, 5, 6 Armbrustbolzenspitzen, 7 Speerspitze, 8 Sporn. (KRPI N: 58, 61, 97, 103, 109, 110, 161, 201.)
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	Палази. 1 курган, 2 разрушенный курган, 3 яма, 4 постройки, 5 дорога
	Untitled
	Рис. 2. Железная шпора из первого городища Пада. (AI 5345 4. 2:3.)
	Kurista. Profil des Burgwalles. 1 Baumwurzel, 2 Kohle, 3 Steine, 4 Rasenschicht, 5 Erde, 6 Sand, 7 mit Erde gemischter Sand, 8 gebrannter Sand, 9 Erde mit den Feuerspuren, 10 Kohlenreste, 11 herabgefallene Erde.
	Рис. 1. Городище Варбола. Разрез боковой стены воротного проезда с деревянными столбами-опорами. 1 известняковые камни внутренней стены, 2 известняковые камни внешней стены в местах расположения столбов, 3 поддерновый слой, 4 коричневатая почва, 5 темно-коричневая почва, 6 обгорелая почва, 7 песок, 8 гашеная известь.
	Рис. 2. Городище Варбола. Наконечник арбалетной стрелы из воротного проезда. (AI 5299: 23.)
	Рис. 1. Расположение археологических памятников в окрестностях могильника Кяревере. 7 могильник, 2 поселение, 5 место находки клада конца 16 в., 4 современные постройки.
	Рис. 2. План раскопов на могильнике в Кяревере.
	Схема расположения раскопов на поселении в Олуствере. 1 стена, 2 современные по стройки, 3 раскоп.
	Narva. Situationsplan der Ordensburg. 1 Konventshaus, 2 kleiner Vorhof, 3 großer Vorhof, 4 Ausgrabungsplatz. Ringlinien Schürfe und Sondierungen.
	Untitled

	Tables
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled




