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Abstract This paper presents the !rst compilation of available published scientilc material from the 20
century and results of research during the past 15 years in the seacoast process monitoring system. Using the
Irst Latvian coastal land surveys from the 1930’s and analysis data from topographic maps from the 1980’s,
changes in the Baltic coastline (growth and erosion) over a period of 50 to 60 years have been determined and
maps of these changes have been made. The data indicates signilcant seacoast erosion that exceeds 50—-60 r
at the open Baltic seacoast, but reaches a maximum of 100-200 m, especially in"uenced by the large ports
(Ventspils, Liep#ja). Coastal erosion is signilcantly less along the coast of the Gulf of Riga. Coastal growth

by the accumulation is seen along limited portions of the coast. During the last 15 years, coastal erosion due
to severe storms has increased signilcantly by a factor of 1 to 3 times compared with the rate observed during
the last 50—60 years of the'2€entury.
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INTRODUCTION 1960). The !rst extensive look at coastal formation,
morphology, and coastal processes during the !Irst
Latvia’'s seacoast is approximately 497 km londjalf of the 2@ century is the monograph by V. Ulsts
including 253 km along the Gulf of Riga. By its(1957) and the book ,Latvian SSR geology” (Ulsts
con!guration and exposure to dominant southwesterli961), as well as publications by P. Revelis (1238)
(SW) and westerly (W) winds, the coastline can b€ Gudelis (1967).
divided into three main sections that differ according Publications by R. Knaps (1966, 1968, 1982), |. Ko-
to coastal morphology and morphodynamic processesbova (1974) and I. Kozhuhovs (1968) are devaied t
the open Baltic seacoast (Nida — OveSu cape), the Ihe transport and "ow of sediments along the eastern
Strait coast (OveSu cape — the Cape of Kolka), awmdast of the Baltic Sea, while works by V. Ulsts (1959,
the coast along the Gulf of Riga. The latter can 963, 1964, 1968) are concerned with the differentia-
further divided into three lesser coastal subsectiorton of the transport of deposits and the analysis of
the Kurzeme coast stretching from the Cape of Kolkancentrations of heavy minerals in the lithodynamic
to the city J$rmala, the southern coast from J$rmalazone. In the second half of the™2€entury research
the port of Skulte, and the Vidzeme coast form Skulentinued in contemporary processes, coastal evolu-
to Ainazi (Eberhards 2003) (Figs. 1, 8). tion, and lithodynamics (Ulsest al. 1967; Veinbergs
The Irst published scientilc information concern-et al. 1982; Veinbergs & Da%il#ns 1992; Venska 1990;
ing the morphology of Latvia’s seacoasts, geologic&huisky 1969, 1982; Boldirev 1981, 1992). Wider
structure, and coastal processes date from the 193@%rmation about the conditions of Latvia’'s seacoast
and 1940’s (Sleinis 1937; Rutkis 1960; Saule-Sleinsan be found in reports to the All-Union Marine
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Geology Institute by V.
Ulsts, I. Veinbergs, V.
Venska, |. Da%il#ns ar
B. Saltupe; they are nc
published, but the mail
results are summarize
in the research by V. Ul z
sts (1998) “The Balticg [
Sea’s Latvian coaste
zone”.

From 1987 the
Geography (now the
Geography and Eart
Science) Faculty of thiz |
University of Latvia
began systematic stuc
of the processes an
relief of the Latvian
coastline, establish
ing a coastal monitor _
ing network that, by§ -
1993-1994, covered th
entire coastline (Eber
hards & Saltupe 1999
and mapped the vari
ous types of seacoas
dunes and beaches. Tl :
results of studies by th % [
University of Latvia’s _ ] , o
Geography and Earthi9- 1. Map of the region of study. Compiled by G. Eberhards and J. Lapinskis.
Science Faculty at the
end of the 20 and beginning of the XIcenturies
concerning the seacoast, including aeolian (W'”‘ET the 20" century were estimated by interpolation of

generated) processes, coastal erosion, and the in %Estal mapping, morphology and geological strectur

ence of ports on coastal changes, have been comp% .omparing with adjoining populated area changes

sections of the coast consisting of forests outside of
opulated areas. Here the changes during the last half

in various publications (Eberhards & Saltupe 199 ind the coastal zone's relief and structure.

Ebefhafds 1998, 2003; Lapinskis 200.5)' Separafe For the populated sections of coastline with build-
publications are dedicated to the evaluation of coasmbs roads, and a hydrographic network, de!nite
fﬁgs}fgei?dgjggggfgﬂz 2363? Séebveiﬁtdi[%%mg_dur('chosen) lines perpendicular to the coast from the

y ( ' same objects (buildings, road intersections) accord-

Eberhards & Saltupe 2006; Eberhards 2006). ing to topographic maps from 1935/37 or earlier and
from the 1980's were used to determine changes in
distances to the tops of the coastal cliffs. For certain
rtions of the coast erosion and receding from 1980
1990-1995 were surveyed with instruments. This
ade it possible to determine the maximum predomi-

MATERIALS AND METHODS

In order to determine changes in Latvia's coastlir{(%0
during the last century, the !Irst coastal land survey,

plans were used (1935/37, 1938) with a scale &N2 nant coastal recedin .
. : g or growth among the low-lying
and 1:5000, as well as port and city plans (1900019 coastal areas such as Bern#ti — P'rkone, J$rmalciems,

and topographic maps issued by the USSR Ma Ik :

Geodesic and Cartography Board during the yeai%?ftgfelé?g;ng villages along the Kurland coast of the

19%%_1?83 t(scale 1:#) 000). lans included only, After an analysis of the data obtained from the
€ ‘rst topograpnic survey plans INcluded only., 14 anhic materials and on-site mapping, a map of

those Latvian coastal zones that were given to farm% predominant coastal processes of Latvia during

for agricultural use in the Irst half of the 2@entury. the last century (1935/37—1990) was made (Figs. 2

e o stnle maximum cosstal changes (ececing or growt)
: pograp re determined, and the long-term rate of coastal

d;]d ?]OI exnzt. Tr&erer:‘orerltt W?s nh(i)t prgsf'?!eltofa:]%y%%sion was calculated (m/year). After regular study
changes, based on cartographic material, Tor thogfie coastal zones and mapping materials from 1990
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to 2007 inclusive, coastal erosion maps afterdivers There is no historical cartographical information

est storms were made, and by measurements takealaut the processes of the Baltic seacoast and the

monitoring stations, the extent of coastal erodiming  Gulf of Riga during the !rst half of the Z0century.

the last 15 years was determined (Figs. 4, 5). Only the monograph by V. Ulsts (1957) discusses the
Using morphological and geological data on th&orphology of the Gulf of Riga’s coast and sketches

Latvian coastal zone, a map of the Latvian seacoadf¥ coastal processes. _ _

development trends during the past 2500-2000 years,Another point of evidence that makes it possible to

the time of formation of the Post—Litorina Sea, Wa%]etermine primary changes in the Latvian seacoist a

made (Fig. 6). Local information about coastal er%— eir tendencies from the“half of the 20 century to

sion and sedimentary accumulation was given by t %e present time, is found of the changes in the coastal

X atures since 1967/69 due to the most damagin
research_of V. Venska (1985-1990) in the context Qorms, divided into erosion of various featureeemg ’
the Latvian SSR Geo-

logical Board (later the fo —

state enterprise “Latvia*
Geology”) at several lo
cations (Liep#ja, Bern#ti
P'rkone, Staldzene, Kol-
ka and Sili%i). Informa
tion about changes i
the coastline due to th
activity of Latvia’s ports
during the past 50-10
years is compiled in th
coastal change map of tt
past century. The analys
of all of the aforemen:
tioned data and materia
enabled us to come t
conclusions about chang
es in Latvia’'s coastline
during the past centur
and about the continu &
ing tendencies in thes
processes in the earl
215 century, in relation
to climate changes.

ST
1

“oh
L

RESULTS AND
DISCUSSION

The map (Fig. 6) tha
shows the predominar
features of coastal proc
esses after the regressii
of the Litorina Sea during
the past 2500-2000 yeat

S8TI0H
L

according to geologica L"‘““:‘
structural and morpho - | — nccraation (<10 m)
logical data, is the !rst - —mammm:;zm:
- : J .| wemmaccrestion (31-70 m)
p0|nt of evidence that Ca_- . | smmm 400-150 2ccreation as a result of a harbour Influence {m)
be used comparatively i — ratreat (<10 m)

 r0treal (1130 mj

assessing developmen e

of the seacoast in the2( | mmretreat (71-150 m)
century and nowadays : B Fa o I revreat (>150 m)
as well as of the degre T T

of inheritability of the Fig. 2. Changes to the Kurzeme coast of the Baltic Proper (1935-1990). Compiled by
processes. G. Eberhards and J. Lapinskis.
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cliffs, terraces—that characterize the sum of |terga

from Nida to Kolka. Still, during the time between

coastal changes of the last 30—35 years. Someniafor these storms, there was a dynamic balance or accumu-
tion is to be found only about the Gulf of Riga’s coastation, with erosion only in local coastal areas, mainly
because there are well-preserved morphological eaeng the cliffs of Uimale — J$rkalne and at Kolieays
sional features and accumulated formations (terracglse Cape of Kolka).
After mapping of the coast after storms and accord-
In 1984, L. *akmunds (,*enmorprojekt”), accord- ing to data obtained from monitoring stations from

ing to the unpublished materials of R. Knaps, creatd®90 to 1998, the length of coastline subject to active
a map—scheme of the Latvian seacoast, in which témsion reached 120-150 km, or 25-30+ of the total
coast on the whole was judged as relatively stabteastline (Eberhards & Saltupe 1993; Eberhards)2003

above the beaches and foredunes).

(dynamic balance, weak

erosion and accumule
tion), but pronounced erc
sion was found in only
small locales (Fig. 7)
These conclusions wer
based on the partial in
vestigation and evaluatio
of the coastal zone afte
the strong storm of 1982
which was the stronges

24"TE
1

Legend

Coastal change

— decreation {<10m}j

— OCTEENON {11-30 M)

mm BCCreation (31-70 m)

sanm 400-150 accreation as a resull of a harbour influence (m)
— redreat (<10 m)

 reireat (11-30 m)

m rtreat (31-T0 mj

I redreat (71150 m)

I retrest (=150 m)

since the damaging stori
of 1967/69. However, th
most complete informa £
tion about changes in th -
Latvian seacoast durin
the last century (1935/37
1990) are given by thi
aforementioned map mac
according to the analysi
of coastal township plan
and topographic map
(Figs. 2, 3).

A comparison of the
maps (Figs. 2, 3, and ¢
gives evidence that th |.
primary locations of ero .| .
sion and accumulatiol =
along the Latvian sea
coast are inherent, th¢
is, long-term erosion an
accumulation, possiblh
with interruptions, have
characterized the sarr
coastal locations durin
the entire Post-Litorine
time. V. Ulsts (1998) hac
already indicated such Fig. 3. Changes to the coast of the Gulf of Riga (1935-1990). Compiled by G. Eberhards
characteristics. and J. Lapinskis.

Based on repeated Latvian
coastal research data (1956,

1963, 1967, 1976, and 1987) V. Ulsts (1998) corexdud At the end of the 20century (1995-1997), according
that during the second half of thet2€entury (until to V. Ulsts’ calculations (1998), the length of coastline
1990-1997) the zones of coastal erosion, which coustposed to active erosion (abrasion) reached 154 km
have been attributable to global or regional climai@1+ of the total coastline), with 73 km along tbeen
change, had not expanded. It was noted that along B&tic Sea and 81 km along the Gulf of Riga.

entire open Baltic seacoast, only in 1956 and 1967, During the past century, the changes in the segcoas
during especially strong storms, regional erosion toake division of erosion sections, and the maximum
place, including accumulative coasts with foreduneand long-term average erosional speeds on the open
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Baltic seacoast, as well as on the Gulf of Riga’s coashme locales, the signilcant role is played by ports.
have been signilcantly different, compared to th&he differences of the in"uences of the sum of these
activation of these processes during the past 15 yeaomnditions in alocal cross-section are especiigiple
(1992-2007) (Figs. 2, 3, 4, and 5). These changaleng the coast of the Gulf of Riga, where, unlike the
were primarily caused by the orientation of separatgen Baltic seacoast, the longshore sediment toainsp
sections of coastline relative to wind directions during 5 to 10 times lower (Knaps 1968). Changes along
storms, the repetitiveness of storms, the direction tife western gulf coast (Kolka — J$rmala) are aasedi
long-shore sediment drift, the strength and amount ofly with NW and N winds during storms; along the
sedimentary deposits in the shallow sea’s lithodyina southern coast (J$mala — Skulte) with W, NW, and N
zone, as well as the geological structure of the coaginds, while the eastern coast is impacted by titiese
and the coastal valley resistance to wave erosion.dpectrum of dominating sea winds (SW, W, NW) (Fig.
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1). During strong NW
storms (frequency:
every 2 to 8 years),
with maximum storm
surge levels >1.4-1.6
m a heightened risk
of erosion affects the
Kurland coast, but dur-
ing ordinary storms
the least threat of ero-
sion is along the gulf's
Vidzeme coast (Skulte
—Ainazi), which is rela-
tively resistant to ero-
sion due to geological
structure (Devonian
sandstone and clay, or
glacial till), with a wide
coastal zone of shallow
water and a high con-
centration of boulders.
A noteworthy degree of
erosion along the entire
Vidzeme coast is pos-
sible only during very
severe, long-lasting
storms (wind speeds
>30 m/s, >10-20 hours)
with storm surges sur-
passing a maximum of
1.8-2 m (once every
30-36 years).

The accumulative
coast of the Gulf of
Riga (Jurmala — Skulte),
with its predominant
sediment accumula-
tion since the time of
the Littorina Sea, is
ensured by the direction
of sediment transport
towards the edges of the
gulf along both coasts
(Knaps 1966), as well
as by the long-term in-

Fig. 4. Changes to the Kurzeme coast of the Biftper during the past 15 years (1992—20079W of sediments from

Compiled by G. Eberhards and J. Lapinskis.

the three main rivers
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Fig. 5. Changes to the coast of the Gulf of Riga during the past 15 years. Compiled by G. Eberhards and J. Lapinskis.

(Gauja, Daugava, Lielupe). It is subject to noticeablgevastating storm of 1969. During 1980-1982, accord
erosion only during W and NW storms, when the maxing to the unpublished data of R. Knaps, from Katka
mum wind-driven surges exceed 1.5-1.6 m. J$rmala the coasts were typically in equilibrium, with

During the last 50-60 years of the"2fentury, from \yeak erosion and accumulation in local areas attd wi
Kolka to the city J$rmala changes have predomlynatqh..uence of ports.

been a mosaic-style washing away of the coastfiyma During the last 15 years (1992-2007), with at least

small coastal sections, along with a few locations ?f h I v wind - thesi
accumulation (Fig. 5). Washed away are primarily th@ur southwesterly or westerly wind storms; theseno

low-lying (2-5 m above sea level) coastal zones wifl#€ has extended beyond that of the most severesst
average rates of 0.3-0.5 m per year. A pronouncbgfore. Along the entire coastal zone from Kolka to
accumulation and growth of the coastal zone up @#¥rmala, as a result of the storms of the last few years
50-200 m is found only up drift of the ports of Roja(2001-2007), the accumulative beach terraces and
Kaltene, Mersrags, and Engure in 0.5-1 km stretch@mdeveloped fore-dunes that formed after 1969 were
The process of coastal erosion was activated by th@shed away.
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Fig. 6. Coastal processes along Latvia's coastal areas during Post-Litorina time (2500-2000 years). Compiled by G.
Eberhards and J. Lapinskis.

Typical coastal erosion sections, usually 100-20df the island Daugavgreva, on both sides of the mouth
and up to 500 m in length retreated 20-25 m, loutgal  of the Gauja and at Saulkrasti.
the southern coast near certain ports (Skulte ) Rigg During the 1980's the Gulf of Riga’s Vidzeme coast
near the mouth of the Gauja, 30-50 m (Fig. 5) Hawrt Was cqn5|dered a transit-type of coast with a delcit
more, the average rate of coastal erosion reached RfFediments, weak abrasion, and stable against ero-
m/year. Compared with the rate of erosion for a 405N in the section stretching from Vitrupe to Ainazi.
year period in the 20century, the present rate haduring the last 15 years, only during the especially
increased. Considered transit-type coasts with weggVere and persistent storm of January 2005 was there

. . Signilcant washing away of the coast, but in a section
accumulation and erosion 20-25 years ago (accord@ m Salacgreva t% Ainayii there was accumulation in

to R. Knaps), at the beginning of theZentury they 0 \yide, low-lying terrace with leld vegetationate

can be classiled as transit-type coasts with sedimefpl, beachRandu plavas(Eberhardet al. 2006; Eber-
delcit and weak or average erosion. hards & Saltupe 2606). ' ’

After the storm of 1969, along the southern coBisto - According to analytical data from carthographic
the Gulf of Riga (J$rmala — Skulte) the accumulativgaterial, along the open Baltic seacoast, durirgsB0
renewal of dunes and foredunes continued, ensurgashrs of the last century, the erosion of coastline has
by sediment transit along the Kurland coast and inpbigen predominant both along the high cliffs (10s1)8
brought by the river Gauja along a coastal stretdP#vilsosta — Lebciems) as well as the accumulative—
reaching. The erosion of dunes and the widening btyfpe barrier dunes of the Litorina Sea and Postribia
the zone of erosion continued only at the eastern elagoon plains. In the erosional sections, coastal retreat
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Fig. 7. Coastal processes during the 1980’s (map drawn according to unpublished data by R. Knaps). Compiled by
G. Eberhards and J. Lapinskis.

reached more than 50 m (0.5-0.7 m/year), reachingaw of sediments along the eastern Baltic coast. This
maximum of 100-200 m (1.4-2.8 m/year) at the Caggowth of coastal territory has been a tendency for the
of Bern#ti, J$rkalne, and to the north of the ports @ntire Post-Litorina time. Only in the region around
Liep#ja and Ventspils (Fig. 2). Only in certainaegie the Cape of Kolka (a zone approx. 5 km in length)
local zones (Pape, J$rmalciems, Akme%rags) is theas there been a catastrophic washing away of coastal
dynamic equilibrium or accumulation with develop-dunes during storms, reaching 200-300 m at the Cape
ment of foredunes. of Kolka (2.8—4 m/year). According to R. Knaps'aat
Significant accumulation and growth of landhis tendency has been observed since 1850.
averaging 250-350 m and intense formation of fore- Systematic measurements at the Baltic seacoast
dunes is found before the southern jetties of the pogeosion monitoring stations give evidence that there
of Liep#ja and Ventspils (Fig. 2). Before the southerimas been a rapid increase in the rate of erosi@cent
jetty of the port of Ventspils has the increase in coastahes (Eberhards 2003; Eberhaetial.2006). Because
area reached 600—-900 m (Eberhards 2003). of the effects of lve major storms (1993, 1999, 2001,
During the last 50-60 years of thet™2€entury, 2005, 2007), the maximum width of washed away
along a section of the Irbe Strait (approx. 60 km) fromoastline reached 30-64 m (Figs. 4, 5). The sites of
OveSu rags to Vaide, the beaches and fore-dunes havaximum erosion are mainly at the cliffed coast from
increased by 50-100 m (0.7-1.4 m/year) due to tRé#vilosta to J$rkalne, at the largest capes (Mietrags,
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Fig. 8. Latvia’s sea-coast zones with different erosional risk. Compiled by G. Eberhards and J. Lapinskis.

Bern#ti, Melnrags), as well as down drift the ports ahaximum of 30 or more m/sec, storm surges along
Liep#ja and Ventspils (Fig. 4). The erosion at the Cafige coast above 1.0 to 1.2 m, the widespread coastal
gggzlllracd;[ggt?(;gﬁ' gtgrgstoo‘;?ggol rﬁp\g r3[0\5\)/5;[\1’SSI\IG\&?mposition of unconsolidated material, as well as the
=clally IC due 1o predom ck of a coastal ice coating during autumn and winter
winds (Eberhards 2003, Lapinskis 2006). gtorms. The retreat of the high cliff along P#vilosta

Signilcant coastal erosion along the open Balti U . .
seacoast was due to in"uential natural conditions: J¥rkalne, Melnrags, and BuSenieki — Liepene, with

the location along the eastern edge of the Baltic Sé@eir complex geological structure, was noticeably ac-
the high frequency of storms with wind speeds atcelerated by slope processes (Eberhards 2003).
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Fig. 9. Sand dredged from Latvia’s port shipping channels and dumped at sea far offshore or on inland (1990-2004).
Compiled by G. Eberhards and J. Lapinskis.

During the storm of 2005, when almost half omeasurements of erosional intensity, and hydro-mete-
Latvia's coastline was subject to regional erosiorg-  orological information during severe storms ofplast
tions of intensive coastal erosion independent of thé@n years. According to the aforementioned facthes,
coastal type alternated with locations where olgdh  Latvian coast was divided into !ve different coastal
erosion and negligible coastal, fore-dune, and abovg2Nes (Fig. 8). For NW storms, the most sensitive area
beach terrace erosion took place. These “zero-poin reatened by damage to structures and infrastructure,

h coastal erosion, and local "ooding is the kame
(0.3-0.5 to 1.5-2 km long coastal zones) usually la g’ast of the Gulf of Riga (Kolka — J$rmala); the threat

with negligible changes for 10 to 15 years (Eberha_r damage to built-up residential areas is greatesg
et al.2006). The coast of th_e Gulf of Riga saw erosioge open Baltic seacoast (Nida— Ove3u cape)reetg
along 40+ of the total coastline (except for therlimd  est threat by coastal erosion and "ooding is along the
coast). During the more typical storms of the last fe@ulf’s southern coast (J$rmala — Saulkrasti). $taht
years, depending on wind direction, speed, and ¢dve |ittle threatened by erosion is the coast along the Irbe
storm surges, a shorter stretch of coastline was subjgetait, with the exception of the Cape of Kolka (from
to signilcant erosion (15-30+). Vaide to Kolka). The eastern shore of the Gulf of Riga
A map of the increased coastal erosion conditiorsd the buildings along it are seriously threaterdyl
was made based on the mapping of coast erosi@ying rare, extreme storms.
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