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The problems related to the protection of settlements located on the coast, mainly on Holocene sand-
pebble accumulative formations (barrier islands and spits) of the Okhotsk, Chukchi and Bering seas have
been considered. Approaches of solving the problem on the shores of Alaska, Chukotka, Kamchatka,
Western Priokhotye and Sakhalin have been compared as well. The evolution of coastal protection
solutions on the Arctic and subarctic coasts has been shown. It is concluded that the justification of the
design solutions does not always correspond to the level of modern knowledge about the dynamics of the
shores. Herewith, the basis for determining long-term trends of erosion of problem areas of the coast is
the interpolation of the long-term average data obtained at the analysis of remote sensing materials.

The main trends of erosion of coastal plains and dynamics of Holocene accumulative forms are considered
in relevance to the problem of protecting of the coast. Specific features of geomorphological processes on
the Arctic and subarctic coasts have been noted. It is concluded that biopositive and safe coastal protection
solutions are possible on the basis of a complete set of data about the development and dynamics of the
coastal zone of the seas.
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TpanumoHHBIA yKTaJ )KU3HA aOOpUTEHHBIX HApOJOB MOOEpek bsi APKTHUKH, HAPSAY C MAaKCUMAJIbHBIM
MpHOIKEHHEM K 0OBEKTaM TPOMBICHA, YIUTHIBAI U OCOOCHHOCTH CTPOCHHUS IMOOEPEKbs, UCIONb3YS
JUISL TIOCENICHUSI M XO3AWCTBEHHOW JIESITEIbHOCTH MECYaHO-TaJICUHbIE aKKyMYJISITUBHbBIE Oapbl U KOCHI.
B ycnoBusix BeuHOW MEp3JIOTHI 3a4aCTyI0 9TO ObUIM €AMHCTBEHHO BO3MOKHBIE MECTa JIsl TOCTOSTHHOTO
MPOKUBaHUSI. MBI HE MOXKEM YTBEPXKJaTh, YTO KaTacTpopUUECKUe MOIBEMbI YPOBHSI U pa3MbIB Oepe-
TOBBIX aKKyMYJSITHBHBIX (DOPM apKTHUECKHX M CyOapKTHUECKUX MOpEH B pe3ylbTaTe CepHu ITOPMOB
HCKJIFOUMTEILHOM CHIIBI, aHAJIOTMYHbIe HaOmrogaeMeIiM B KoHIe XIX u Hayaime XX B. Ha HOKHOM I10-
Oepexbe m-oBa Chroapi, OOXOIMIHM ATH MOCENCHUsT CTOPOHOW. TeM He MeHee CBHJIETENLCTB TOMY, UTO
OHU SIBJSUTMCH KaTacTpO(UUECKUMH B paMKax TPAJAWLMOHHON CHCTEMBI KH3HEOOECIIEUeHUs, Y HAC HET.
V3meneHnust ”HTEHCUBHOCTH pa3MbIBa OEperoB OTMEUEHBI Ha BCEX paccMaTrpuBaeMbIX Mopsix. ObocTpe-
HUC CUTyalluU B MTOCJICAHUE ACCATUIICTUSA, CKOPEC BCCTO, HE ABJIAACTCA YEM-TO U3 psila BOH BBIXOAAIINM.
Onnako TpeOyeMblii ypoBeHb KoM(popTa U OE30MacHOCTH, a TaKXkKe IIEHHOCTh UMYIIECTBa ceifuac Kyaa
BBIIIIE, 9€M CTO JIET Ha3al.

B pabote paccmarpuBaroTcs MpoOIeMBbl, CBS3aHHBIE C 3alIUTON HACEJICHHBIX ITYHKTOB, PACIIOIIOKEHHBIX
Ha 1o0epesxbe, IMaBHBIM 00pPa30M Ha IOJIOLEHOBBIX [1€CUaHO-TANIEUHBIX AKKYMY/ISITUBHBIX 00pa30BaHUsX
(GapbepHBIX OcTpoBax U kKocax) Oxorckoro, Yykorckoro u bepunrosa mopeii. CpaBHUBAIOTCS TOAXOBI
K pelieHuto npoodieMbl Ha Oeperax Amnsicku, Yykorku, Kamuarku, 3amagnoro [Tpuoxores u CaxanuHa.
[Tokazana »BosOIIHSI OEPETO3AMUTHBIX PEIICHUH HA apKTUICCKUX U cyOapKThueckux oeperax. CuemaH

CraThsi HampcaHa Ha OCHOBE [OKJIaJa Ha MEXIYHApOIHOW KOH(MEPEHIHMH TIOa STHA0i MexXIyHapOIHOro
reorpaduueckoro coro3a «lIpakruueckas reorpadust u Bo3oBsl XXI Beka», nocesimenHoi 100-neturo MucTHTyTa
reorpadun PAH (4-6 urons 2018 1., Mocksa).
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BBIBOJI, YTO 0OOCHOBAHHE IPOCKTHBIX PEIICHUI HE BCETIa COOTBETCTBYET YPOBHIO COBPEMEHHBIX 3HAHUH
0 auHaMuKe OeperoB. B ocHOBe ompeeneHust JOIToCPOYHBIX TEHACHINI pa3MbIBa MIPOOIEMHBIX ydacT-
KOB MOOEPEIkKbsI JICKUT JHIIb UHTEPIOJSAINS CPSIHEMHOTOJICTHUX JTAHHBIX, TIOJYYEHHBIX IPHU aHAIN3e
MaTepuanoB AUCTAHIUOHHOTO 30HANpoBaHus. Crennduka reoMmopdonornueckux mporeccoB Ha apKTH-
YEeCKHUX U CyOapKTUYEeCKHX Oeperax TakKe MPaKTUYeCKH HE YUUTHIBACTCSI.

[TpumMeHHTENFHO K TIpOOJieMe 3alUThl OEPEeroB PacCMOTPEHBI OCHOBHBIC TEHACHIMH pa3MbIBa IpU-
OpeXXHBIX PaBHUH M JMHAMUKH TOJIOIEHOBBIX aKKyMYISTHBHBIX (opMm. Hanbonee crpanaromme ot re-
pedopmupoBarus O6eperoB HaceneHHbIe MyHKTH — Shishmaref, Kivalina, Unalakleet — pacnonoxeHsr
HETOCPEACTBCHHO Ha AUCTAIBHBIX OKOHYaHMSAX KOC CUCTEMBI JJaryHHOro rnposirBa. COOTBETCTBEHHO Oe-
perosamuTHbIe pelieHHus A0JDKHBI MMETh B CBOCH OCHOBE aHAJIM3 MHUTPALM MPOJIUBA, BO3MOKHOCTEH
M3MEHEHUH HamlpaBlIeHHUsI pocTa, POPMBI U MOPPOMETPHUECKUX MapaMETPOB JHCTAIBHBIX OKOHYAHHUH
Koc, MoAH(UKaK NMPUIUBHON Tpu3Mbl. ClieyeT OTMETHTb, YTO Ha JIAHHBIX Y4acTKax MOOepexkbs J10-
CTAaTOYHO HAHOCOB /IS JTIOOBIX MHXKEHEPHBIX PEIICHUH B 3TOM HanpasieHnH. CienaH BEIBOI O TOM, YTO
Ha OCHOBE MOJIHOTO Ha0Opa JaHHBIX O Pa3BUTHU U JHHAMHKE MPUOPEKHON 30HBI PACCMOTPEHHBIX MOPEi
BO3MOKHBI OMOTIO3UTHBHBIC U Oe30IacHbIe OEpPero3aniuTHRIC PEIICHNS.

KnioueBsbie ciioBa: pa3mbIB OeperoB, OeperosamuTa, MpoMep3aroiuil IsHK, MHOTOJIETHSIST Mep3JIoTa,
apKTUYECKOE TI0Oepexbe, CyOapKTHIECKOEe MOpE.

Introduction

The traditional way of life of aboriginal
peoples of the Arctic coast along with the
maximum approach to the objects of the fishery
took into account the features of the cost structure
using sand and pebbly accumulative bars and
spits for settlement and economic activities.
In permafrost conditions, these were often the
only possible places for permanent residence.
A high level of specialization in life support
and an abundance of marine fishery resources
resulted in the XIX — early XX century on the
northeastern coast of Russia and the northwestern
coast of North America, one of the highest
density of coastal hunters in the subpolar range
is up to 3 people per square kilometer [Krupnik,
1989]. Obviously, permanent settlements arose
primarily in places of settlements of extinct
or emigrated communities, temporary fishing
grounds and seasonal hunting camps, which
during the life of several generations did not
experience the destructive effects of the sea. In
the period of industrial development of these
territories, the experience of the local population
played a very significant role among the criteria
for choosing the location for an industrial site or
a settlement.

At the present time, we cannot assert that
catastrophic rise in level and erosion of coastal
accumulative forms of the Arctic and subarctic
seas as aresult of a series of storms of exceptional
strength, similar to those observed at the end of
the XIXth and beginning of the XXth century
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on the southern coast of the Seward Peninsula
bypassed these settlements side [Mason et
al., 1996]. However, there is no evidence that
they were catastrophic in the framework of the
traditional life support system.

Over the past few decades in the Arctic an
increase in air temperature and a decrease in
the area of the ice cover were seen, which has
important consequences for the climate, the
ocean, the coastal zone and the traditional way
of life of the population [Kinnard et al., 2011;
Polyak et al., 2010; Streletskiy et al., 2012]. The
reduction in the area of drifting and pack ice leads
to an increase in the length of gathering speed
and, accordingly, of the parameters of the wind
waves, in addition, the growing ice-free period
increases the duration of the wave action on the
shores. As noted in the climate assessment report
in Alaska, climate change is much faster than
previously forecast, which increases the level
of danger to coastal settelements and energy-
related infrastructure [Markon et al., 2012].

Problems with erosion and protection
of shores of the Chukchi,
Bering and Okhotsk seas

On the shores of the Chuckchee Sea, the
coastal forms created by swelling predominate
[lonin et al., 1971]. However, at the present time,
under conditions of increased wave activity, the
susceptibility of the coast of the Chuckchee
Sea to abrasion processes is the lowest of the
northern seas of Russia [Molchanov et al., 2011].
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In addition, there are only a few settlements on
hundreds of kilometers of the sea coast. In the
area of the western entrance to the Longa
Strait that connects the East Siberian Sea with
the Chuckchee Sea, on the bar of the lagoon
Valkarkynmangkak there is the native village of
Billings with a population of about 200 people.
Features of the morpholithodynamics of the
coastal zone, due to the small width and depth of
the coastal summer polynia on which the wind
waving develops, as well as the nature of the
atmospheric circulation during the warm period
are such that the buildings are located practically
on the beach and no one is going to transfer them.

Unlike the settlement Billings located on a
typical lagoon bar, the village of Vankarem is
located on a tombolo formed in the wave shadow
of the eponymous rocky cape at the distal end of
the western lagoon spit. The villages of Inchun,
Uelen, Neshkan, Cape Schmidt are located on
the barrier forms of the lagoon directly near
the stone banks, which are actively destroyed
by frost weathering and abrasion, which are a
powerful source of sediments.

On the Bering Sea coast of Chukotka at
present time all the settlements are located in
closed bays and on high terraces. However, at
the beginning of the last century all the coast was
densely populated, there were several dozens
of aboriginal villages and settlements whose
inhabitants were subsequently collected in large
settlements [Krupnik, 1989]. One of the main
reasons for relocation along with the change in
the life support system is the degradation of the
Holocene coastal accumulative formations on
which these settlements were located [Kaplin,
Porotov, 2002]. The last in this row was the
village of Beringovsky, located on the Lakhtin
lagoon. Fighting with erosion here began just
after the construction in 1945 of a mooring pier
with a length of 80 m [Afanasyev et al., 1998].
In 1952—-1954 to protect the shore from erosion
in the area of the village 11 wooden bunks were
built with an interval of 100 m. They were
quickly destroyed with ice and stormy waving.
The epic with coast protection lasted almost
50 years, until the inhabitants were moved to the
settlement Nagorny, renamed after the people
left by the village of Beringovsky.
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The problem of coastal protection is not
indicated in the normative legal field of the
Kamchatka region. Nevertheless, it exists. In
connection with the change of technologies for
processing fish, some of the settlements created
at the fish bases were closed in the 60—70years.
Then followed a wave of “enlargements” of
settlements, which mainly touched native
villages. After the earthquake in 2007, village
Korf, located on the eponymous spit, was
resettled. The problem of coastal protection, thus,
has lost its sharpness. However, the inhabitants
of settlements Ilpyrskoye, Ivashka, Apuka and
Pakhachi in the north-east of Kamchatka, a total
of 1.260 people, are currently protecting their
homes with improvised tools, mainly of old
barges and fishing vessels.

Such settlements as Osora, Karaga, Vyvenka,
Kostroma, village Tilichiki, located on low
accumulative terraces and spits closed from
waving with stable feeding of deposits, have no
problems with shore erosion at present.

The problem with erosion and protection
of shores is more well known on the West
Kamchatka coast [Vladimirov, 1958; Zenkovich
et al., 1971; Gorin et al., 2012]. And if small
settlements and fish bases here have not existed,
the Oktyabrsky settlement with a population of
1600 people, located on the October Spit, still
struggles with the sea disaster.

A similar situation develops on the western,
mainland coast of the Sea of Okhotsk. The
erosion of low Holocene terraces, bars and spits
on which dozens of abandoned settlements and
fishery bases are located is of no interest to
anyone except scientists and local lore. However,
the first in the Far East city, and now the village
of Okhotsk with a population of 3,500 people,
located on the Tunguska Spit and onshore bars of
the river Okhota practically from the beginning of
its foundation and up to the present time “fights”
with the sea [Gershanovich, Zabelina, 1957;
Zabelina, 1961]. And if the territory of the port
on the distal end of the spit has been protected
for several decades by repeatedly repaired
wooden wave walls, the houses periodically
flood with storms during the high tides that reach
here 4 meters. The funding requested for bank
protection is about 70 million rubles.
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On the southern shores of the Sea of
Okhotsk attributed by us to the subarctic type
and on the Sakhalin coast of the Tatar Strait, the
morpholithodynamic justification and design of
more than 30 km of bank protection structures
were fulfilled, of which about 15 km have
already been built [Afanasyev, 2015] (Fig. 1).
Nevertheless, here coastal cities and settlements
are degraded and absorbed by sea, port facilities
are destroyed and even existing protection
projects in city Krasnogorsk, Uglegorsk,
Vzmorie are not realized for decades.

A slightly different situation and a different
view to the problem on the eastern shores of the
Bering and Chuckchee seas. The environmental
changes associated with accelerated erosion and
floods threatening communities in coastal areas
in Alaska are under the scrutiny of scientists
and the government [Alaska native Villages...
, 2003; Alaska native Villages... , 2009; Gibbs,
Richmond, 2015]. Human rights organizations
are also very active, emphasizing that the
indigenous population of Alaska is concentrated
in the permanent settlements that were selected
by the federal government, mainly because of the
requirement of the US Department of Education’s
Bureau of Education to create permanent school
facilities [Bronen, 2013]. Nevertheless, now,

budget constraints of existing laws do not allow
the relocation of even the most needy Alaska
communities affected by problems associated
with shore erosion. Moreover, after 2009, federal
funding for shore protection facilities can be
accessed only in the case of 35 % co-financing
by the community [Smith, Sattineni, 2016].

In 2006, of the 7 settlements that required
priority attention, 4 were located directly in
the coastal zone. The national settlements
of Shishmaref and Kivalina (with a total
population of 997 people) were recommended
for resettlement, estimated at 250-305 million
dollars, and for the towns of Kaktovik and
Unalakleet (with a total population of 949
people in 2016), bank protection was supposed
to cost about 70 million [Alaska village... ,
2006]. In 2009, the priority solution required
the problems of 10 coastal settlements [Alaska
baseline... , 2009]. Over the past few years
about 40 million dollars have already been
spent on coastal protection. According to the
plans of U.S. Army Corps of Engineers, not
less than 150 million dollars are necessary for
the protection of such settlements as Shaktoolik,
Unalakleet, Shishmaref, Kaktovik, Kotzebue.
The largest settlements on the coast of Kotzebue
and Nome have a length of a protected shoreline

Fig. 1. Coastal shore erosion protection (Sakhalin Island). The lower part of rock revetment is covered
by artificial pebble sediments, the gabion wall at the top is a splash protection to prevent the formation
of ice on the road during the cold period. Photo by V. Afanasiev
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of more than 4.5 km and until recently solved
these problems themselves. The total length of
the coast protection on the eastern shores of the
Chuckchee Sea is currently about 2.8 km of rock
revetments and sandbags and about 2.0 km of
riprap revetment. On the eastern shores of the
Bering Sea, a little over 3 km of coast protection
was built. There is incomparably more extent of
riprap revetment in the northern part of the Gulf
of Alaska. Protected, mainly, the territory of large
settlements and transport highways (Fig. 2).

Coastal structures on the eastern shores of
the Chuckchee and Bering seas have evolved
from offshore dredging to beach nourishment
(Barrow), timber seawall, barrels of filled sand
to gabion walls, sandbags, geotextile tube,
cement block mat revetment and rock revetment
(Fig. 3). At present, rock revetment is built on the
most problematic areas, located on barrier forms
and spits in native village Unalakleet (400 m),
native village Kivalina (730 m), native village
Shishmaref (800 m).

Fig. 2. Protection of the shore by concrete debris, Seward (Alaska). Photo by V. Afanasiev

Fig. 3. Protective sand shaft, Barrow (Alaska). Photo by V. Afanasiev
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Geomorphological aspects
of solving the problem

As the review of the problem shows, shore
protection is primarily needed for settlements
located on Holocene sand and gravel-pebble
accumulative formations (barrier islands and
spits). Only two protected settlements Barrow
and Wainwright, are located on 5-15 m
terraces of the coast with a high content
of the underground ice in the sediments of
bluffs. Without doubt, due to the presence of
permafrost and underground ice, the erosion of
coastlines in the moderate, subarctic and arctic
regions has significant differences [Are et al.,
2002; Overduin et al., 2014]. However, despite
a certain difference in operating mechanisms,
the quantitative difference in the intensity and
activity of abrasion and thermoabrasive arctic
coasts may be less significant than expected
[Leont’yev, 2004].

Nevertheless, the focus in recent years
has been on the study of rapid coastal erosion
that occurs along these permafrost-dominated
shorelines [Brown et al., 2003; Overeem et al.,
2011; Barnhart et al., 2014). On the basis of the
analysis of remote sensing data of various types,
practically all authors note that since the middle
of the last century and up to the present time,
the speed of erosion of the banks has increased.
It should be noted that literally only in recent
works have been differentiated morphogenetic
types in the analysis of the dynamics of Arctic
shores.

Minimal movements are noted for spits
and offshore bars, and maximum erosion rates
are observed for the bluffs of the youngest
land surface, recently drained lakes [Jones et
al., 2009; Gibbs, Richmond, 2017] Sand and
gravel-pebble barrier islands on the delta coasts
are stable, or are growing [Grigoriev et al.,
2001; Jorgenson, Brown, 2005]. The increase
in sediment accumulation in the areas of
inherited accumulation with increased erosion
of the coasts observed from the forties of the
last century was established by us in analyzing
of the changes in the morphometric parameters
of the accumulative formations of the Okhotsk
Sea coast [Afanasyev, Uba, 2017]. Bars and
spits that do not lose connection with modern
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areas of alimentation, thus, do not degrade both
under the conditions of the subarctic and in the
conditions of the Arctic coast.

The accumulative forms, the shape of which
formed during the last rhythm of coastal-marine
accumulation associated with the rise in the
ocean level, are rebuilt, but in conditions of
minor tides (microtidal (<1 m) and short period
of wave action are enough stable. In particular,
Elson Lagoon bars and the bars in the area of
Billings, where the rates of destruction of the
lagoon’s coasts are much higher than the speed
of the displacement of the bars, in addition, the
lagoon area is also increasing due to the addition
of permafrost lakes [Brown et al., 2003].

Comparison of the position of coastlines
(aerial photography, maps and geological
descriptions) became also the basis for
determining the long-term trends of erosion
(coastal erosion) of barrier forms and spits
([Mason et al., 2012; Gorokhovich, Leiserowiz,
2011]. As main results, it can be noted that the
observed spatial structure of erosion in basic
features exists at least since the 30s of this
century. For some regions, the features of the
change in erosion activity are established. So, for
example, the correspondence of actual trends in
the development of the coastal zone, established
as a result of observations and analysis of AFS
base of different years, long-term changes in
the intensity of wind-wave impact on the coast
(calculated wind energy characteristics) allowed
to construct the statistical models for forecasting
the erosion of the northern shores of the island
Sakhalin [Afanasyev, 1998]. However, when
we speak about barrier forms and spits, the
main planned changes (reducing, increasing
in area) are considerably connected with the
mechanisms of development of these forms, due
to the parameters of the long-distance migration
of sediments, the trends in the displacement
of lagoon straits, the seasonal features of the
structure of the coastal profile [Afanasyev, Uba,
2015; Leont’ev, Afanasyev, 2016; Afanasyev,
Uba, 2017].

Storms and erosion undoubtedly represent
a danger on the shores of this type. However,
the danger multiplies with the ignoring of
natural mechanisms and development trends.
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For example, bank protection in the well-known
village of Shishmaref between 1983 and 2003
led to low erosion and a rate of erosion twice
that of unprotected shores. A newly built rock
revetment protected the village from erosion
even in the abnormally strong southern winds of
the “Great Storm of 2011”7 [Mason et al., 2012).
Coastal erosion limiting permafrost is noted
under the sediments of the active layer. We also
consider the worsening of the wave-breaking
properties of the shore profile during the freezing
of beach sediments and the resulting increase
in erosion of the shores. The concept of the
dynamics of the coastal profile in the sequence;
freezing of the beach, formation of marginal ice,
formation of fast ice is developed [Afanasyev,
2016; Afanasyev et al., 2017; Afanasiev, 2017].

Conclusion

Unfortunately, the level of paleogeographic
and archaeological investigate does not allow
us to rely on on the paleodemographic model
of settlement in dynamic coastal landscapes at
the analysis of the stability of settlements on
coastal accumulative formations created in the
final period of the last transgression. However,
settlements with a long history are located in the
areas of inherited accumulation sediment, at the
base of barrier islands, as well as accumulative
formations such as tombolo in the wave shadow of
rock formations. These areas were stable during
all three rhythms of accumulation and erosion
caused by sea level changes of 2—4 m amplitude
in the last 6.5 thousand years. The main problems
associated with erosion are observed in the case
of the location of settlements on the coast areas,
which are dynamically developing. The choice
of location in the 20th century usually occurred
in one of the phases of damping of the intensity of
morpholithodynamics processes. Changes in the
intensity of coastal erosion have been observed
in all the seas being under consideration. For
example, on the shores of the sea of Okhotsk, a
cycle of changes in storm activity with a period
of 60 years was revealed. The aggravation of
the situation in last decades, most likely, is not
something out of the ordinary. However, the
level of comfort and safety requirements is now
much higher than a hundred years ago.
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During the period of intensive industrial
development of the coast of Chuckchee, Bering
and Okhotsk seas the settlements, that are the
most suffering from the restructuring of the
shores — Shishmaref, Kivalina, Unalakleet, have
been created. These settlements are located
directly at the ends of the barrier islands of the
system of the lagoon strait. Accordingly, coastal
protection solutions should be based on the
analysis of migration of the strait, the possibility
of changes in the direction of growth, form and
morphometric parameters of the distal ends
of the barrier islands, modification of the tidal
prism. It should be noted that these areas of the
coast have enough sediment for any engineering
solutions in this direction. It is also necessary
to pay attention to considerable deterioration of
wave-damping properties of beach deposits at
their freezing.

The first author was born and spent his
childhood on the coastal spit of the Bering Sea
and knows firsthand about possible dangers.
Now we are absolutely sure that solving the
problem of protection and planning activities on
the coast of cold seas is a very real challenge for
modern geomorphological science. However,
scientific methods should offer the perspectives
on the basis of a complete set of data on the
development and dynamics of the coastal zone.
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