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Po3BHTOK NPHPOI00OXOPOHHUX PaiioHIB AHTAPKTHKHU: MaTeMaTH4HHii nporHo3 Ha 2020 pik.
0. B. Ky3bko, A. I1. ®enuyk, B. B. CaBueHko

Pedepar. Y crarTi aHanisyeTbes AUHAMIUHE 3POCTAHHS KiNIbKOCTI Ta 3arajibHOi MOl AHTAPKTUYHUX PaiioHiB, sKi
oco6nBo oxopoHstoThes (APOO) Ta AHTApKTHYHUX palloHIB, siki 0coOBo yrpasistoTees (APOY), mo € Binobpa-
JKeHHsIM CTiKOro MpUpPO0OXOPOHHOrO iMIepaThBy y crekTpi HalioHanbHuX iHTepeciB Ctopin JJoroBopy npo AH-
TapKTHKY. 3a3Ha4yeHa JMHaMiKa poaHaiizoBaHa 3a gornoMororo Mozaeni Pivapacona, sika Gyna 3actocoBana Tomacom
Caari 15t aHai3y AMHAMiKU TOHKH 0306poenb y XX croniTTi. BukopucranHts 3a3HaueHol MOl 1ano 3MOry CHpo-
THO3YBAaTH KilbkicTh Ta 3aranbhy mioury APOO ta APOY y Haitbmmxdomy necstumitri. Tak, y 2020 poui 3rigHo 3
pe3yJibTaTaMu MOJIENIIOBAHHS OUiKy€eThCsl, 10 3araibha mioima APOO ta APOY cknanarume 103 700 km? (criiBMipHO
3 mioweto lenanaii). OOGroBoproeTbes MUTAHHS MiABUIIEHHS TOYHOCTI MOJENi, 110 BUKOPUCTOBYETHCS, i TOYHOCTI
OTPUMaHKMX KilTbKiCHUX XapakTepucThk. OTprMaHi KiJIbKiCHI XapaKTepUCTHKHM HadaayTh MOJITHKAM i KepiBHHKaM
HalliOHAJIbHUX aHTAPKTUYHUX MPOrpaM J0JaTKOBi apryMeHTH Uit BUPOOJIEHHS pillieHb 11010 MOaIbLIOr0 ypaBliH-
Hsl JTFOZICBKOTO TisITBHICTIO Ta OXOPOHOIO TpHposn B AHTapkThIi. Cepern mmupoKol rpoManIchbKoCTi OTpUMaHi KillbKicHi
XapaKTePUCTUKH CIIPUSITHMYTh KPAIIOMY PO3YMiHHIO TEHACHLi# PO3BUTKY MiXKHAPOIHO-IIPABOBOTrO PekKUMY AHTapK-
THKH.

Pa3zBuTHe NIpHpoOI00XpaHsieMbIX PallOHOB AHTAPKTHKH: MaTeMaTH4YecKuii nporao3 Ha 2020 rox.
0. B. Ky3bko, A. I1. ®enuyk, B. B. CaBuenko

Pedepar. B crarbe ananmsupyercs Bo3pacTarolasi JMHaAMHUKa YBEJIMUSHHsI KOJMUYECTBa U 001Leil miomanu 0codo
oxpansieMbIx paiionoB AHTapkTukn (OOPA) 1 ocobo ynpasisieMblx paifonoB AuTapktiku (OYPA), uTo siBisieTcst
OTpaKeHUEM YCTOHYMBOTO MPUPOAOOXPAHHOIO UMIEpaTHBa B CIIEKTPe HAallMOHAIbHBIX HHTepecoB CtopoH Jloro-
BOpa B AHTapKTHKe. YKa3aHHasi AMHAMUKA aHAJIU3UPYyeTcs ¢ TOMOIIbIO MoAenn Puyapacona, kotopast 6bl1a npu-
meHeHa Tomacom CaaTu 4715 aHanu3a AMHAMUKY FTOHKHM BOOpyskeHuit B XX croneTuu. Micnonb3oBaHue ykazaHHOM
MOJENH J1aJI0 BOBMOKHOCTb CIIPOrHO3MPOBaTh kosnyecTBo U miowaibr OOPA u OYPA B Gnuxkaiiliem necarule-
tuu. Tak, k 2020 r. oxunaercs, 4yto obmas miowaab OOPA u OYPA ysennuutcs u cocraBut 103 700 km? (uto
cornoctaBuMo ¢ miowanso Menanaum). O6cyxaaercss BONpOC NOBBILIEHUSI TOUHOCTH MCMONB3YEMOH Moneaun u
TOYHOCTH MOJYyYEHHBIX KOJMYECTBEHHBIX XapakTepuCTHK. [lonyueHHble KOJMUSCTBEHHbIE XapaKTePUCTUKH Mpe-
JOCTaBAT MOJUTHUKAM M PYKOBOAMTENSIM HALMOHANBHBIX @aHTAPKTHYECKUX MPOrpaMM JOTONHUTEIbHbIE apryMeH-
ThI /17151 BBIpaOOTKM pelIeHNi Mo najbHelleMy YyIpaBIeHUIO Yel0BeUeCKOil NesITebHOCTIO U 10 OXpaHe OKpy-
xkaroleit cpeabl B AHTapkTHke. Cpean MHpokoil 00111eCTBEHHOCTH MOMYYeHHbIe KONNYEeCTBEHHbIE XapaKTepUCTH-
k1 OyayT cnocoOcTBOBATh Jy4lleMy MOHUMAHUIO TEHACHLHUI pa3BUTUSI MEXAYHAPOJHO-PABOBOrO pexuMa AH-
TapKTUKHU.
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Summary. This paper discusses the growing dynamics of the increasing of the amount and especially the Antarctic
Specially Protected Areas (ASPA) and the Antarctic Specially Managed Areas (ASMA). This dynamics is a reflection
of the sustainable environmental imperative in the national interests of the Antarctic Treaty Parties. This dynamics is
analyzed using the Richardson’s model, which was used by Thomas L. Saaty for the analysis of the arms race dynam-
ics in the twentieth century. Using this model made it possible to estimate the expected of the ASPA and ASMA
amount and areas in the near future. So in 2020 it is expected to increase the total areas of ASPA and ASMA up to
103,700 km? (which is comparable to the Iceland area). The question of the accuracy increasing of the used model and
the accuracy of the quantitative characteristics is discussed. The obtained quantitative characteristics will provide the
policy makers and national Antarctic program managers by the additional arguments for decision-making on the fur-
ther management of the human activities and nature conservation in the Antarctic. Among the general public obtained
characteristics will contribute to the better understanding of the development trends of the international legal regime
of the Antarctic.

Key words: Antarctic Specially Protected Areas, Antarctic Specially Managed Areas, Richardson’s model, mathemat-
ical forecast

1. Introduction. Problem formulation

Organizational and legal bases on the creation of a network of areas with special regime of conser-
vation and management of human activities in Antarctica were laid in a special international act —
Conciliation Measures for the Conservation of Antarctic Fauna and Flora, which were adopted by the
Consultative Parties in 1964. Two years later, in 1966, the first 15 protected areas were defined with total
area of 225.16 km?. In the subsequent decades the approval of new areas occurred unevenly (Fig. 1). So, the
next block of five areas (total area - 424.86 km?) has been adopted only in ten years - in 1975. Most notable
in Fig. 1 is a large block of 15 areas (total area - 342.42 km?), approved in 1985 - in the most dynamic pe-
riod of development of the international legal regime in the region and which was characterized by the si-
multaneous development of two contradictory trends: on the one hand — aggravation of debate between
the Consultative Parties on developing a future regime of mineral resources in the Antarctic region; and on
the other — an unprecedented promotion of the concept of maximum environmental protection of Antarctica
by international environmental organizations (Fedchuk, 2011-2012).

Later on, in the late 1980s and early 1990s, protected areas were created not in such large numbers
but on a relatively regular basis — average three areas on the results of each Antarctic Treaty Consultative
Meeting (ATCM) and eventually their area had substantially increased and began including not only upland
areas and the coastal strip, but also the adjacent marine area.
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Fig.1. Dynamics of ASPA and ASMA growth in accordance with ATCM decisions (1966-2013).
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Prior to 2002 the total area of protected areas amounted to 2765.64 km?2, equivalent to 5% of the
total number of protected areas as of 2013. Moreover, as shown in Fig. 2, the most significant increase in
the area took place in 1991, when there were created two the largest-size protected areas No 152 “Western
Bransfield Strait” and No 153 “ Eastern Dallmann Bay™ (with area of 915,80 km? and 609,54 km?
respectively), which differed by unprecedented marine component in their structure at that time.

In 2002, after the entry into force of Annex V («Protection and Management™) of the Madrid
Protocol, all existing at the time categories of regions with a special regime were reorganized into Antarctic
Specially Protected Areas (ASPA), and at the request of the time there was defined a new category —
Antarctic Specially Managed areas (ASMA). The latter are created with the complex object to plan and
coordinate the various activities to minimize the cumulative impact on the environment and to improve
international cooperation within the framework of territories and adjacent waters having considerable size,
but well-defined (Fedchuk, 2009). If the average size of ASPA that is created to protect outstanding
environmental, scientific, historical or aesthetic values in a separate local area is only 52.61 km?, the average
size of ASMA is 132 times larger and is 6943.1 km?. The total area of seven ASMA (48,601.73 km?) created
in the last decade exceeds the total area of all 73 ASPA (3840.48 km?) more than 12 times or amounts 92.7%
of the total area of all protected areas (52442, 21 km?).
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Fig. 2. The dynamics of growth of ASPA and ASMA areas
in accordance with ATCM decisions (1966—2013).

Despite the large number of environmental areas and their total area, formation of a spatial network
of such areas has not yet acquired a systemic nature and is not representative enough considering the gen-
erally accepted eco-geographical zoning of Antarctica (Shaw at al., 2014; Hughes at al., 2013). Moreover,
experts note that the rapid growth in the number and area of ASPA and ASMA since 2004 can be explained
by political interests of the Antarctic Treaty Parties, which propose the creation of new ASPA and ASMA.
It is known that the Antarctic Treaty freezes already existed territorial claims in Antarctica made by some
Parties, and does not support new territorial claims. At the same time creation of new ASPA and ASMA and
especially the increase of the area of ASPA and ASMA provides some Parties with certain advantages over
the other participants in the management and protection of these areas or for claims of exploitation of re-
sources in these areas. Thus, seven countries which have declared their territorial claims in Antarctica
designated 68% of all declared ASPAs (Lukin, 2014).

Taking into account, in particular, highly dynamic, almost exponential, growth of ASPA and ASMA
areas since 2004, this study is aimed to investigate the quantitative characteristics of the dynamics of
ASMA and ASPA growth using Richardson model (Richardson, 1960), the efficiency of which was proved
by Thomas Saaty in his work on analysis of the arms race dynamics in the twentieth century (Saaty, 1968).

2. Mathematical modeling

We introduce the following characteristics of the simulated problem:

N — total number of ASPA and ASMA;

Q —total area of ASPA and ASMA.

Based on the analysis of the practice of ASPA and ASMA creating over a period of 1961 — 2013 we
can make such statements:

1. Growth in the number of ASPA and ASMA is caused due to the progress of science, which pro-
vides grounds for the organization of such areas, as well as due to the national interests of Antarctic Treaty
Parties (this mechanism is characterized by the parameter g in equation (1).
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2. The achieved quantitative level of ASPA and ASMA requires additional efforts of the States- pro-
ponents of the Antarctic Treaty Parties to address the issues of monitoring and controlling the activities in
these areas. These extra efforts hold back (reduce) the growth rate of the number of ASPA and ASMA (this
mechanism is characterized by the parameter @ in equation (1).

3. Growth of N — number of ASPA and ASMA is proportional to Q - the area of ASPA and ASMA
(this mechanism is characterized by the parameter x in equation (1).

4. By analogy with the statement 1 growth in areas of ASPA and ASMA due to the progress of sci-
ence, which provides grounds for the organization of such areas, as well as due to the national interests of
Antarctic Treaty Parties (this mechanism is characterized by the parameter / in equation (2). _

5. By analogy with the statement 2 the achieved level of areas of ASPA and ASMA requires addi-
tional efforts of the States- proponents of the Antarctic Treaty Parties to address the issues of monitoring
and controlling the activities in these areas. These extra efforts hold back (reduce) the growth rate of the
area of ASPA and ASMA (this mechanism is characterized by the parameter b in equation (2).

6. Growth of Q — total areas of ASPA and ASMA is proportional to N — the total quantity of ASPA
and ASMA (this mechanism is characterized by the parameter / in equation (2).

The abovementioned statements can be summarized in the following equations:

v _ N+k 1
9@ Q )]
dQ_ )
_dt_h_bQ+lN )

where: t—time, and g, a, k, h, b, [ (which are > 0) — appropriate parameters of statements 1,2, 3, 4, 5, 6.

To facilitate further analysis we normalize the values of N and Q. For this the current value of N
we’ll divide by the value N = 64 (value of 2004) and the current value of Q we’ll divide by the appropriate
value of Q =20 742, 26 km? (value 0f 2004). That is like it was made above for 2004, the normalized values
of N=1,Q=1.

Due to continuous growth of N and H observed over the period of 1966-2013, there is a state of
unstable equilibrium between the values of N and Q in the proposed model, which indicates presence of a
ratio of ab <kl (Saaty, 1968).

To simplify further analysis let us make two assumptions: k£ = /, a = b. Then having worked out
equations (1) and (2), we will get:

d(N+Q)

= k=W +Q +(g+h 3

Thus, the rate of change in total dimensionless numbers and areas of ASPA and ASMA linearly de-
pends on the reached number and areas of ASPA and ASMA. Under these assumptions, a < k, or (k - a) >
0, then there is a positive slope of combined characteristics in Fig. 3, and in equation (3) the transition from
continuous derivatives to the corresponding discrete values is made.
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Fig. 3. Qualitative dependence of new combined number and areas of ASPA and ASMA
on the reached numbers and areas of ASPA and ASMA.
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Let us illustrate the practical use of the proposed model on the example of prediction of ASPA and
ASMA Q —areas, for example, in 2020 with the help of the equation (3) and by adjusting the model param-
eters based on analysis of the growth of number and areas of ASPA and ASMA during the period from 2004
to 2013. In order to determine A Q and, accordingly, Q for 2020, it is necessary to compute the value (k — a),
(g + h) for the investigated period, and to determine the value of AN for 2020. Normalized values of N for
2010 and 2013 are, respectively, 1.218 and 1.25, and normalized values of Q for the 2010 and 2013, are
equal to 2.49 and 2.53 respectively. Substituting these data in (3) we obtain the value of (k —a) = 0,077, a
(g + h)=0,352. Using a linear approximation of the dynamics of N values for the analyzed period, one can
take the value AN =95 - 64 =31 for 2020 and using the determined parameters and A N, we will obtain for
2020 value A Q = 4,013. Then for 2020 value of Q = 5,013, which is approximately 103,700 km? (compa-
rable to the area of Iceland). To improve the accuracy of the proposed mathematical model we can, for ex-
ample, introduce into the model more complex than in (1) and (2) non-linear functional dependence be-
tween the growth rate N and Q and their reached values; enter into the model parameters depending on the
time; abandon the assumption on connection of parameters k =/, a = b.

3. Conclusions

During the action of Antarctic Treaty there is a constant increase in the number and areas of Antarctic
Specially Protected Areas and Antarctic Specially Managed Areas reflecting the imperative of environmen-
tal sustainability in the spectrum of national interests of Antarctic Treaty Parties. The chosen mathematical
method has determined that while maintaining the current trends the total area of protected areas in 2020
may be 103 700 km?, which is comparable to the area of Iceland.

The obtained quantitative characteristics of dynamics of the number and areas of ASPA and ASMA
in accordance with the main tasks of the Scientific Committee on Antarctic Research, will provide policy
makers and managers of National Antarctic Programs with additional arguments for decision-making on the
further management of human activities and nature conservation in Antarctica as well as the further promo-
tion and protection of national interests in the Antarctic Treaty System. For the general public to obtained
quantitative characteristics will contribute to a better understanding of the trends of the international legal
regime of Antarctica.
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