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IEVADS

Pétijuma aktualitate

Jaras krasta zona ir vieta, kur mijiedarbiba starp atmosferu, litosferu, hid-
rosféru un atseviskos gadijumos arT biosféru un antroposféru ir loti intensiva
(Zaromskis, 1997; Pilkey et al., 1993; Finkl, 2004). Krastiem piemit liela daza-
diba gan plana skatfjuma, gan krasta Skérsgriezuma, bet plasais varietasu spektrs
un sadrumstalotiba apgriitina $aja vid€ pastavoso likumsakaribu izzinasanu. Lai
panaktu labaku to izpratni, ir nepiecieSams veikt §1s novérojamas dazadibas
klasific€Sanu un apvienosanu grupas, lietojot noteiktus un visparinatus krasta
zonu raksturojosus lielumus.

Krastus ietekmé grupa to attistibu virzoSu un limit&josu faktoru, tapec
dazadu valstu pétnieki, izmantojot p&tijumu detalizacijai un pétfjumu vietai
pielagotu metodisko pieeju, visbiezak savos pétijumos ietver visai ierobezotu
skaitu dazadu geografisku vietu un akcenté kadu konkrétu pétijuma mérki. So
petijumu rezultata ir izstradatas loti daudzskaitliskas un daudzveidigas jiiras
krastu klasifikacijas (Rijn, 1998; Haslett, 2000; Woodroffe, 2002; Fairbridge,
2004; Benedet et al., 2004). Tomér jau kop$ 19. gadsimta beigam, dazadi
modificgjot un pielagojot tas konkrétiem mérkiem, plasak tiek lietotas tikai
divas pieejas: genétiska (Zenkowitch, 1967; Rijn, 1998) un apraksto$a (Davies,
1984).

Vesturiski Latvija jaras krastu geologiskajiem pétijumiem veltitajas zinat-
niskajas publikacijas ir pienemts lietot bijusas PSRS vadoSo pétnieku izstrada-
tas morfogendtiskas krastu klasifikacijas shemas. Sadu krastu morfogenétiskas
klasifikacijas sisteému, balstoties uz ASV pétnieka D. Dzonsona (Jonson, 1919)
idejam, 1959. gada izstradaja A. Jonins, P. Kaplins un V. Medvedjevs (Yonin et
al., 1959). Baltijas jiiras apstakliem S$T sisteéma tika aprobéta V. Gudela pétiju-
mus apkopojosa publikacija 1967. gada (Gudelis, 1967). Saskana ar V. Gudel,
Kurzemes rietumu jiiras krasti pieder pie jliras abrazijas vai jliras akumulacijas
izlidzinatajiem krastiem.

Detaliz&ti un sistematiski ped&jos gadu desmitos veiktie petljumi jlras
krasta zonas subaeralaja dala Latvija (Eberhards, Saltupe, 1995; Lapinskis,
2005; Eberhards, 2003; Eberhards et al., 2006; Torklere, 2008; Lapinskis, 2009)
ieverojami paplasina iesp&jas parskatit agrako pieeju un izveidot kvalitativi
jaunu krasta klasifikacijas sisteému.

Informacija par litomorfodinamiski viendabigu iecirknu telpisko izvietoju-
mu un attistibu potenciali lauj novertet tas ietekmes, kas saistitas ar antropogg-
nas izcelsmes traucgjumiem — tadiem ka krasta aizsardzibas pasakumi un ostas,
ka ar7 tas ietekmes, kas saistitas ar mainigiem sistému ietekmé&joSiem argjiem



faktoriem — regionalam un globalam klimata izmainam (Bray, 1995). Sodien
arvien vairak piecaug dazadu nozaru parstavju un iesaistito pusu ieinteresétiba
praktiski pielietojama, zinatniski pamatota un atbilstosi detalizeta informacija
par musdienu situaciju pickraste un tas iesp&jamajam attistibas tendencém
(Eberhards, 2003; Klavins, Briede, 2009).

Darba merkis un uzdevumi

Par esosa pétijjuma merki tika izvirzita Baltijas jiiras Kurzemes pickrastes
krasta zonas subaeralas dalas izvertéSana un raksturoSana, pamatojoties uz
pedgjo 18 gadu laika veiktu instrumentalu un pusinstrumentalu p&tijumu rezul-
tatiem, galvenokart akcentgjot pludmales un aktiva eola reljefa morfometrisko
parametru izmainu c€lonsakaribas krasta zonas rajoné$anas konteksta.

Atbilstosi darba izvirzitajam mérkim uzdevumi ta sasnieg$anai tika iedaliti
SecIgos etapos:

* juras krasta klasifikacijai un rajoné$anai veltito pétijumu apkopo$ana un

analize, pievérSot uzmanibu to mérkiem un metodikai;

* juras krasta procesiem Latvija veltitas publicétas literatiiras un nepubli-
céto materialu apkoposana un analize, pievérSot uzmanibu iesp&jamam
pretrunam;

* lauka un kameralo darbu satura izstrade un darba metoZu izvéle;

* juras krasta subaeralas dalas morfometrisko un sanesu parametru lauka
pétijumi ar instrumentalam un pusinstrumentalam metodém;

e pétljumu gaita iegitas informacijas apstrade, saneSu budzeta, krasta
reljefa formu morfometrijas telpisko un hronologisko izmainu analize un
rezultatu interpretacija;

* Baltijas jiras Kurzemes piekrastes krasta litomorfodinamiski viendabigo
iecirknu izvietojuma likumsakaribu izzinasana telpiska skatfjuma un
secinajumu izstrade.

Balstoties uz pétijuma gaita iegiito rezultatu analizi izvirzitas Sadas t€zes:

 juras krasta Latvija rajongSanas ieprieksgji izstradato sheému detalitate
ir nepietieckoSa un to piclictojamibas iesp&jas ir neatbilstoSas musdienu
prasibam;

» morfogenétiskas pieejas izmantoSanu krastu rajoné$ana Latvijas aps-
taklos apgritina to relativa viendabiba un ievérojama krasta sistéma
pastavosa antropogéna slodze;

 juras krasta geologisko procesu monitoringa sistéma uzkratie dati ir
izmantojami ar krasta rajoné$anu saistitu uzdevumu risinasana;

» Liepajas un Ventspils ostu argjas hidrotehniskas konstrukcijas butiski
deform€ saneSu materiala apmainu Baltijas juras Kurzemes piekrastg;



» zemako pakapju krasta iecirknus rajonéSanas vajadzibam ir iespjams
noskirt, izmantojot evolucionaras un morfometriski sedimentologiskas
pazimes;

* atbilstosi Baltijas jiiras Kurzemes pickrastes apstakliem var izdalit rak-
sturigos krasta nogazes virstidens dalas Sk&rsprofila tipus.

Darba zinatniska novitate

* Veikts originals Latvijas krastu litomorfodinamikas pétijums, galveno
veribu pieveérSot krasta subaeralaja josla pastavosajam kopsakaribam
starp saneSu materiala bilanci un krasta reljefa formu morfometriju
telpiska un hronologiska skatijuma.

» Novertéta juras krasta geologisko procesu monitoringa sist€émas datu iz-
Skirtsp&ja un piemérotiba litomorfodinamiski viendabigu krasta iecirknu
noteikSana.

* Pirmoreiz apkopoti un analiz&ti rezultati, kas iegiiti 18 gadu laika
lauka pétfjumos par 110 stacionarajam niveléSanas profilu Iinijam un
650 stacionarajam stavkrastu erozijas mérjjumu Iinijam, ka arT par 40
atseviSkiem darba izstrades gaita ierikotiem nivel€Sanas profiliem un
atkartotiem krasta zonas pusinstrumentaliem apsekojumiem visa 244 km
garuma no Lietuvas un Latvijas robezas lidz Kolkas raga virsotnei (izne-
mot iecirknus starp ostu moliem).

* Pirmoreiz izstradata pludmales un aktiva eola reljefa klasifikacija, kas
lava izdalit 11 raksturigos krasta nogazes subaeralas dalas profilu tipus
un sastadit morfodinamisko krasta iecirknu kartoshému ar horizontalo
iz8kirtsp&ju garkrasta griezuma 0,5 km.

Darba aprobacija

Pamatojoties uz pétijuma rezultatiem, ir sagatavotas Cetras zinatniskas pub-
likacijas un 20 konferencu un sanaksmju té€zes. Par dazadam pétijjuma dalam ir
sniegti zinojumi tris starptautiskas konferencgs un trispadsmit konferencés Lat-
vija. Sadarbiba ar Dr. habil. geogr. Gunti Eberhardu ir izstradats un 2008. gada
publicéts agrakos autoru pétijumu rezultatus apkopojoss karsu atlants ,,Baltijas
juras Latvijas krasta procesi”.



1. JURAS KRASTU PROCESU PETIJUMI
LATVIJA

Latvijas teritorija ar krasta zonas izpéti tas dinamikas aspektos pirmie ir
nodarbojusies inzenieri sakara ar Kurzemes lielo ostu rekonstrukciju un izbiivi
19. gs. beigas. Latvijas juras krastu procesiem veltitos pétijumus par laika pos-
mu kops Otra pasaules kara ir iesp&jams iedalit pec tajos izmantoto metozu vai
to kombinaciju ievirzes. Tas ir

1) vesturiskas un kartografiskas metodes;

2) teorctiskas metodes;

3) talizp&tes metodes;

4) stacionaro p&tijumu metodes;

5) eksperimentalas metodes;

6) matematiska modelésana;

7) saneSu mehaniska sastava analize;

8) litomorfologiskas metodes.

Pirmie, kas jau divdesmita gadsimta vidl savos pétljumos pieversas tiesi
miusdienu krastu procesiem, saneSu kustibas jautagjumiem un detali analizgja
jaunakas krasta reljefa formas, bija Viktors Ulsts, Eduards Grinbergs un Riidolfs
Knaps.

V. Ulsts pievérsas loti plasam ar juras krastiem saistitu jautajumu spektram.
Vin$ analiz€ krasta reljefa formu attistibas likumsakaribas, eolo un jliras nogu-
lumu litologiskas tpatnibas (Ul'st, 1965), p&ta smago mineralu kliednus (Ul'st,
1964) un krastu aizsardzibas inzeniergeologiskas problémas (Ulsts, 1961).
V. Ulsta monografija ,,Baltijas juras Latvijas krasta zona” ir viens no nozares
plasakajiem un vispusigakajiem apkopojosajiem darbiem. Saja monografija
V. Ulsts ir publicgjis loti detalu Baltijas jiras krasta zonas morfodinamiski
vesturiskas rajonésanas shemu (Ulsts, 1998).

Sakot ar 1987. gadu, Rigas IicT un 1992. gadu Kurzemes rietumu krasta
notiek Gunta Eberharda un Baibas Saltupes aizsaktais juras krastu geologisko
procesu monitorings. G. Eberharda p&tfjumi skar LitorTnas laika lagiinu parz-
maugu veidoSanas likumsakaribas, piekrastes eolo veidojumu morfologiju un
genézi un jo Tpasi problémas, kas saistitas ar krasta noskaloSanu (Saltupe, Eber-
hards, 1990; Eberhards, 2000; Eberhards, Saltupe, 1993, 1995b; Eberhards et
al., 2004). 2003. gada publiceta monografija ,,Latvijas juras krasti” ir plasakais
apkopojosa rakstura darbs, kura ietverts ari ievérojams apjoms lidz Sim citur
nepublicétas informacijas (Eberhards, 2003).



2. JURAS KRASTU RAJONESANAS
PROBLEMATIKA

Ikviens méginajums klasificét vai sistematizet kadu dabas objektu vai paradi-
bu kopumu tiek pamatots ar nepiecie$amibu panakt labaku to izpratni un iesp&ju
ertak rikoties, izmantojot noteiktus un visparinatus lielumus (Zenkowitch, 1962).
Jaras krastu gadijuma klasifikacija lauj izprast faktorus, kuri kontrol€ krastu mor-
fologiju. Krasta zonas morfologija atspogulo tektoniskas ,,bazes” ietekmi, kas
kombingjas ar regionalu un lokalu procesu ietekmi (Galon, 1960; Zenkowitch,
1962; Bird, 1984; Swift, Thorne, 1991; Boyd et al., 1992; Finkl, 2004).

Baltijas juiras krasts Kurzemes piekrasté pieder pie vilpu un vilgu inducétu
straumju dominéto jeb tallasogéno krastu grupas. Atbilstosi plasak lietotajam
aprakstoSajam visparigas krastu klasifikacijas shemam Latvijai raksturigi tikai
ta sauktie smilSu krasti, kuru aktivaja josla veidojas sanesu 1&ca no smilts-grants
frakcijam, turklat Sie sane$i tiek intensivi un nepartraukti parkartoti. Piederibu
kadam konkr&tam tallasogéno krastu apakstipam nosaka cetri galvenie faktori
(Davies, 1984; Swift, Thorne, 1991; Fairbridge, 2004; Finkl, 2004):

1) krasta zemiidens nogazes slipums;

2) vietas hidrometeorologiskie parametri;

3) sanesu bilanci veidojosie apstakli;

4) ilglaicigas tidenslimena izmainas.

Baltijas jiiras krastu klasifikacijas un rajonéSanas piemeéri

Latvija

1982. gada, veicot kompleksu Kurzemes rietumu krastu izp&ti E. Bulgako-
vas vadiba, tika izstradata klasifikacijas shéma, kura, pamatojoties uz morfolo-
giskajam un litologiskajam atSkirtbam, ka arT masdienu procesu patnibam, tika
iz8kirti pieci krastu tipi un tris apakstipi (Bulgakova, 1982).

E. Bulgakovas pétijuma tika veikta arT krasta rajon€Sana, nodalot Cetras pir-
mas pakapes krasta apaks$sistémas ar robezam Liepaja, Pavilosta un Ventspili.
Nav noradits So apaks$sistému noteikSanas pamatojums, bet krasta dinamisko tipu
mija tiek skaidrota ar Austrumbaltijas sanesu plismas piesatinajuma pakapes
svarstibam saistiba ar krasta Iinijas orientacijas izmainam un ostu hidrotehnisko
bivju raditajiem Skérsliem. Katra apakssistéma sikak tiek iedaltta iecirknos, no-
radot, kadi dinamiskie apstakli taja doming. lecirknu robezas netiek precizétas
un klasifikacijas kritériji tiek pieminéti loti virspusgji.

V. Ulsta monografija ,,Baltijas juras Latvijas krasta zona” (1998) publicétaja
klasifikacijas un rajonéSanas shema par krit€rijiem tipu noteikSana ir izmantots
gan krastu v@sturiskas parmantojamibas princips, gan krastu geologiska uzbuve,



gan iezu vecums, gan misdienu procesu Ipatnibas. V. Ulsts piedava krastu dali-
jumu &etros tipos ar septiniem apakstipiem. Sada klasifikacijas shéma ir saméra
vienkarsa un taja pasa laika ietver visus krastu tipus, kadi Latvija varétu but,
tom@r tai piemit vairaki buitiski trikumi, kas neizb&gami rodas, shematizgjot
komplicétu dabas procesu kopumu un méginot apvienot morfodinamiskos un
morfogenétiskos klasifikacijas principus:

« atseviski tiek izdalits izskaloSanas krastu tips, kaut gan izskaloSanas kras-
ti ir morfodinamiski identiski ,,parastajiem” abrazijas krastiem — tajos
pastav ilgstoss saneSu materiala deficits, respektivi, krasta konfiguracija
konkrétaja vieta nav piemérota musdienu apstakliem;

* atseviski tiek izdalits dinamiska Iidzsvara krastu tips, kaut gan uz gené-
tiskiem kritérijiem balstita shéma tads tips nav iesp&jams (dinamiskais
lidzsvars atSkiriba no abrazijas vai akumulacijas ir stavoklis, nevis
process vai genétiska piederiba).

Ka alternativu V. Ulsta shémai G. Eberhards sava monografija ,,Latvijas
juras krasti” (2003) piedava klasifikacijas shému, kura balstas uz atsSkirtbam
krasta geologiskaja uzblve, sane$u materiala sastava, krasta izskata un aug-
stuma un misdienu krastu procesu rakstura un intensitaté pedéjo 10-30 gadu
laika. Piedavatajai shémai ir raksturiga augsta detalizacijas pakape. Jaatzime,
ka pec sadiem un lidzigiem principiem sastaditas shémas daudzviet pasaulg tiek
piepemtas lieto$ana krastu apsaimniekotaju un ,.krastu inzenieru” vide. Tom&r
arT $ada pieeja nav pilniga un atstaj vietu parpratumiem, jo zemas hierarhiskas
pakapes krasta iecirknu raksturo$ana apvieno gan morfogenétisko (tas Saja
shéma doming), gan morfodinamisko principu.
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3. MATERIALI UN METODES

Pettfjums skar relativi Sauro (20-250 metru) krasta zonas subaeralo pargjas
joslu posma no Latvijas un Lietuvas robezas Iidz Kolkas raga virsotnei ar par-
traukumiem ostas (237,5 km).

Jiiras krastu geologisko procesu monitoringa dati

Monitoringa tikla veidoSana 1987.-1990. gada uzsakta G. Eberharda un
B. Saltupes vadiba, un laika no 1992. lidz 1996. gadam tika izveidots visu Lat-
vijas piekrasti aptveross stacionaru tikls, kas turpmakajos gados tika papildinats,
palielinot ta blivumu. Monitoringa sistéma ietver divas stacionaru grupas, kuras
datu ieguve notick ar atSkirigdm metodém — krasta sk&rsprofila nivelesanu un
stavkrasta augSmalas atkapsanas stacionariem petljumiem.

Nivelésana tiek izmantota tajos krasta posmos, kur izplatitas plasas
pludmales un attistijies eolais reljefs (Eberhards, Saltupe, 1999). NiveleSanas
profili apvienoti grupas (stacionaros), kas, savukart, izvietoti raksturigos krasta
iecirknos. Katras profilu grupas atrasanas vieta izvel&ta atbilstosi kop&jai krasta
sisteémas specifikai ta, lai biitu iesp&jams ieglit informaciju par katru sanesu bi-
lances zina biitiski atdkirigu apakssistému (iecirkni). Arpus stacionaru robezam
izvietoti desmit atseviski profili, kuros iegiitie dati lauj kontrolét dinamisko
procesu izmainas neraksturigos iecirknos. Kurzemes rietumu piekraste izvie-
toti devini stacionari. Profilu linijas ir orientStas perpendikulari Gidenslinijai,
Skérso visu pludmali un jaunako eolo reljefu. Mérfjumi tiek veikti ar optisko
nivelieri SOKIA C3 un kops$ 2007. gada ar lazernivelieri Leica Sprinter 100M.
Profilu garums atkariba no konkréta krasta posma Ipatnibam atrodas robezas
no 50 Iidz 200 m. NiveléSana tiek veikta vienu reizi gada, parasti vasara vai
rudent. Lai ieglitu pietickami precizu pludmales un eola reljefa skérsprofilu,
latas nolastjumi tiek veikti visos mikroreljefa lickuma punktos, bet ne retak ka
ik pec 10 metriem. M&rijumi tiek veikti tikai I1dz augstuma ,,0” atzimei Baltijas
augstumu sist€ma. Dati ir pieejami Latvijas Universitates Geografijas un Zemes
zinatnu fakultates Latvijas jaras krastu geologisko procesu monitoringa (turp-
mak LIKGPM) datu baze.

Stavkrasta augSmalas atkapSanas stacionarie pétijumi tiek veikti, dalgji pa-
matojoties uz Lielbritanijas upju krastu erozijas petijumos izmantoto metodiku
(Hooke, 1979, 1980; Hadson, 1982). Metodes pamata ir attaluma noteikSana
starp kraujas aug§malu un kadu piemé@rotu daba ieziméetu atbalsta punktu (repe-
ri). Attalums tiek merits ar merlenti ar precizitati daba 0,1 m. Mé&rjjumu linijas
ir izvietotas perpendikulari tidenslinijai un apvienotas grupas — stacionaros.
Stacionari ir izvietoti visos Kurzemes rietumu krasta posmos, kuros izplatiti
stavkrasti. Kopgjais stacionaru skaits ir 60. MerTjumi tiek veikti vienu reizi gada
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vai ari vairakas reizes gada, ja ir bijusas speécigas vétras. Salidzinot kartgjo me-
rijumu rezultatus, tick noteikts noskalotas pamatkrasta joslas platums, noskalota
materiala apjoms un noskalo$anas intensitates garkrasta sadalfjums. Bezvétru
perioda tiek noteikta nogazu procesu ietekme uz stavkrasta noardisanos.

Sie dati tika papildinati ar autora originala pétijuma iegiitiem datiem un
citu petjjumu rezultatiem. Kopuma pétitaja teritorija tika izverteti un analiz&ti
vairak neka tiiksto$ krasta Sk&rsprofilu un vairaki simti atsevisku krasta nogazes
elementu uzmerijumi. Jaatzimé, ka krasta Skérsprofilu izvietojums nebija vien-
merigs. Pieméram, lielako Kurzemes ostu apkartn€ un tajos krasta posmos, kuru
saneSu bilanci ka talu no neitralas ir pieradijusi agraki pétjjumi (Bulgakova,
1982; Eberhards, Saltupe, 1995a; Ulsts, 1998), skérsprofilu blivums ir loti liels,
bet daudzviet citur starp profiliem ir vairaki kilometri. Toméer, apvienojot visu
petljuma gaita iegiito informaciju, ta pietickami pilnigi lava raksturot apstaklus
Baltijas juras Kurzemes piekrasté un izdarit pamatotus secinajumus.

Dalgja krasta apsekoSana atskirTgas sezonas veikta reizi gada kops 1998. ga-
da. Atseviski dinamiski aktivi posmi apsekoti divas I1dz tris reizes gada.

2002. gada augusta un 2004. gada julija pétitais krasta posms tika apsekots
visa garuma. Darba gaita analiz€jamie krasta sistému raksturojosie elementi ar-
pus monitoringa stacionariem tika izraudziti ta, lai dati par tiem biitu ieglistami
iesp&jami &rti, no merinstrumentiem izmantojot tikai optisko nivelieri, mérlenti,
limenradi un GPS uztvérgju. Visi fiksgjamie krasta morfologijas parametri tika
noteikti ik pec 250 metriem (Souza, 2007). Veicot m&rTjumus stavkrastu stacio-
naros, kops 1992. gada vizuali tika noteikts stavkrasta piekaje esosas pludmales
platums, ka ar1 olu klatbiitne pludmales nogulumos.

Datu apstrade un analize
Kartgjie nivelésanas gajieni un stavkrastu stacionaru parmeérisanas rezultati
tika apstradati ar programmu MS Excel, izmantojot formulu:

V= Z (Qi + Q2i+l ) L , kur:

V' — sane$u apjoms noteikta krasta posma;
i-1,2,..n,;

Q — krasta Sk&rsprofilu laukumi;

L — attalumi starp Skersprofiliem.

Izmantojot datus no merfjjumu linijam, noteikts sanesu apjoms un ta izmai-
nas (1. attels).
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1. attéls. Pludmales un virspludmales reljefa tilpuma aprékinasana izmantotie parametri
(autora shema).

Darba tika mekl@tas un parbauditas vairakas saneSu bilances un krasta
formu morfometrijas parametru empiriskas sakaribas. Izmantojot MS Excel
datorprogrammu, veikta datu kopas analize par atsevisku parametru vértibu
telpisko un hronologisko sadalijumu:

 katra krasta Skersprofila pludmales un aktiva eola reljefa sanesu apjoma

izmainu analizei tika sastaditi grafiki, kas atspogulo parametra vértibu
izmainas laika;

e pludmales un aktiva eola reljefa saneSu apjoma vertibu sadalijums

Baltijas jiiras Kurzemes krasta zona tika analiz&ts, sastadot stabinveida
diagrammas.
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4. KRASTA NOGAZES SUBAERALAS DALAS
MORFOMETRIJA BALTIJAS JURAS KURZEMES
PIEKRASTE

Nemot vera Baltijas juras DA dala pastavosos apstaklus, var noskirt divus krasta
nogazes parametrus, kuri ir metodiski erti registréjami un raksturo sane$u materiala
bilanci katra konkréta krasta iecirkni (Bulgakova, 1982; Eberhards, 2003):

* pludmales sanesu apjoms (par pludmales robezam pienemot tidensliniju,

aktivas eolas akumulacijas reljefa (AEAR) vai stavkrasta piekaji);

» AEAR apjoms (par ta iek§zemes robezu piepemot krastam subparal€lo
Iiniju, aiz kuras kérpji, siinas un ziedaugu vegetacija to pilniba nosedz —
sakas ,,peleka kapa”, bet par apaks€jo robezu pienemot pludmales maksi-
malo augstumu; 2. att€ls).

Veca
priekskapa
(pamatkrasts)
Aktivais
eolais

reljefs

Pludmale
Vidgjais
tdenslimenis

2. attéls. Pludmales un AEAR tilpuma aprékinasanai pienemtas telpiskas robeZas (autora shéma).

Mingtie parametri Baltijas jiras Kurzemes piekraste vari€ loti plasas ro-
bezas. To izmainu analizei tika sastaditas diagrammas (3. att€ls), kas p&tjjuma
specifikai atbilsto$a precizitaté raksturo vid&jo aritmé&tisko sane$u apjomu,
apjoma svarstibas novérojumu perioda, ka arT vétru ietekmi.

Veiktie pettjumi rada, ka mazakais un lielakais noverotais pludmales apjoms
bija attiecigi 3 un 95 m*/m, bet 87,9% no Baltijas jiras Kurzemes krasta kop-
garuma visos novérojumos, kas izdariti no 1992. lidz 2008. gadam, pludmales
apjoms atradas robezas no 15 1idz 45 m*/m. Loti mazs (<3%) ir to krasta posmu
kopgarums, kuros pludmales apjoms parsniedz 55 m*/m. Vismazakas pludmales
apjoma vértibas tika konstatStas tajos krasta posmos, kur sekliidens dala un
virspludmales reljefa (stavkrasta) atsedzas glacigénie morénas nogulumi. Liela-
kas konstatetas vertibas attiecas uz tiem krasta posmiem, kuri izvietoti ciesi pie
ostu dienvidu moliem, ka arT vietas, kur krasta Iinijas orientacija mainas, radot
akumulacijai labveéligus apstaklus.
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3. attels. SaneSu apjoma izmainas pludmalé (A) un AEAR (B) péc monitoringa datiem
stacionarajos nivelésanas profilos Lielirbe 63-1 un Nida 1-6 (piemérs) (Lapinskis, 2005;
Eberhards et al., 2009; nepublicéti LJKGPM dati 1992-2008, autora interpretacija).

Lai novertetu raksturigakas pludmales un eola reljefa nogulumu vertibu
variacijas, tika sastaditas to sadalfjuma histogrammas (4. att€ls). Rezultatu talakas
interpretacijas ertibai un petjjuma mérkim atbilstosas detalizacijas pakapes iegi-
Sanai, apjoma sadalijums tika att€lots ar soli 5 m*/m, kas arT aptuveni atbilst mak-
simalajai iespgjamajai me&rjjumu klidai liela apjoma pludmalg vai priekskapa.
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4. attels. Baltijas juras Kurzemes piekrastes pludmales un aktiva eola reljefa tilpuma vértibu
sadalijums (izmantota 2002. gada augusta un 2004. gada jilija mérijjumu vidéja aritmétiska
vértiba; autora dati un interpretacija).

Uz vertikalas ass krasta posmu procentualais sadalfjums pétfjumu teritorija (Lietuvas un Latvijas
robeza—Kolkas rags). Mérfjjumu skaits 940.

Raksturigi, ka vairak neka 90% no mérfjumu profiliem pludmales apjoma
vertibas laika posma no 1992. Iidz 2008. gadam svarstas plasa intervala — par
vairak neka 70% no domingjosas vertibas. Vislielaka pludmales apjoma vertibu
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svarstibu amplitiida raksturiga tiem krasta posmiem, kuros nav izveidojies vai ir
rudimentars eolas akumulacijas. Rezultati liecina, ka novérojumu perioda plud-
males tilpuma vértibas kopuma nav biitiski palielinajusas (lielakais picaugums
ir 10-20%) (Lapinskis, 2005; 2009).

Loti butiski ir atzim@t, ka 38,7% no pétljuma teritorijas kopgaruma eola
akumulacija vispar nenotiek vai arT ta ir |oti vaja — tur sastopama AEAR apjoms
neparsniedz 5 m*m. Nieciga apjoma fragmentari un efemeri kapas aizmetni
visbiezak ir sastopami stavkrastu piekaje, kur tie var izveidoties, ilgstosi (vairak
ka trTs gadus) saglabajoties bezvetru apstakliem. Lielakais noverotais eola relje-
fa tilpums bija 118 m?*/m, un tas attiecas uz aptuveni 500 m garu krasta iecirkni
pie Ventspils ostas dienvidu mola.

Vertibu sadalfjuma histogramma (4. att€ls) parada, ka tai nav izteikta maksi-
muma un sadalfjums neatbilst normalajam. Vairak neka 90% no mérfjjumu vietam
eola reljefa tilpuma vértibas laika posma no 1992. lidz 2008. gadam ir mainijusas
piecauguma virziena, turklat vislielakais pieaugums (60-250%) ir tajos krasta pos-
mos, kuros sastopamas liela apjoma priekskapas un plasas smilSainas pludmales.
Liela apjoma svarstibu amplitiida (50-90%) bez loti izteikta eola reljefa apjoma
palielinasanas ir raksturiga tiem krasta posmiem, kuros sastopamas maza vai vi-
dgja apjoma priekskapas un plasas dazada materiala pludmales (Lapinskis, 2009).

Esosie pétijuma rezultati liecina, ka AEAR apjoms ir izteikti mainigs gar-
krasta griezuma un ir atkarigs no atbilstosa krasta iecirkna sane$u bilances, ka
ari no ta geologiskas uzbuves.

Lai biitu iesp&jams veikt litomorfodinamiski viendabigu krasta iecirknu iden-
tifikaciju un liela datu apjoma sadrumstalotiba to neapgritinatu, gan pludmales,
gan eola reljefa sanesu apjoma vértibas tika apvienotas piecas klas€s. Pludmales
saneSu apjoma veértibas virs 45 m3/m tika nodalitas 5. — augstakaja klas€, vértibas
zem 15 m’/m tika nodalitas 1. — zemakaja klas€. Par&jas, ievérojami biezak
sastopamas vertibas tika iedalitas tris apjoma klas€s ar soli 10 m*m (5. att€ls).

40 40
A B
30 304
20 20| - H
10 10 i ]
0 Il | Il |

T T O T T T
e L(<15) 2. (15725)‘ 3.(25-35) 4.(35-45) 5.(>45) & 1.(<5) 2.(5-30) 3.(30-60) 4.(60-90) 5.(>90)

pludmales apjoma klases, m*/m aktiva eola reljefa apjoma (m*/m) klases

5. attéls. Pludmales (A) un aktiva eola akumulacijas reljefa (B) saneSu apjoma klasu
sastopamiba Baltijas jiiras Kurzemes piekrasté atbilstosi 2002. gada augusta un 2004. gada
julija mérijjumu vidéjai aritmétiskajai vértibai (autora dati un interpretacija).

Uz vertikalas ass atlikts kopgjais krasta posmu procentualais sadalijums no Lietuvas un Latvijas
robezas 11dz Kolkas ragam.
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Datu analize liecina, ka eola reljefa apjoma vértibas, kas mazakas par
5 m*m, ir nodalamas 1. — zemakaja klas€. Atlikusajos krasta posmos eolas
akumulacijas intensitate vari€ visai plasa diapazona. Atbilstosi noteiktajam eola
reljefa saneSu apjoma vértibas virs Sm’/m tika iedalitas ¢etras klas€s ar robezam
30, 60 un 90 m*/m (5. attels).

Sada pludmales un eola reljefa tilpuma vértibu apvienosana piecas klasés
lauj erti noskirt iecirknus ar butiskam atSkiritbam sane$u bilancg, turklat, iz-
mantojot $adu izskirtsp&ju, datus par pludmales un eola reljefa apjomu daba
iesp&jams ieglt, arT izmantojot pusinstrumentalas metodes.

legiitas diagrammas (5. attéls) parada, ka pludmales apjoma vertibu sada-
[fjums garkrasta griezuma ir strauji augoss un pakapeniski dilstoss, kamér eola
reljefa vertibu sadalfjums ir atskirigs — parsvara ir sastopami krasta posmi bez
AEAR vai ar vaji attistitu eolo akumulaciju. Rezultati liecina, ka Baltijas jiiras
Kurzemes piekrast visbiezak sastopamas pludmales ar sanesu apjomu robezas
no 15 m*m lidz 25 m*m, tom&r dominante ir vaji izteikta (Lapinskis, 2009).
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5. LITOMORFODINAMISKI VIENDABIGU
KRASTA IECIRKNU KONCEPCIJA

Krasta sisttmu veido savstarp€ji saistTtu un pat savstarp&ji atkarigu vieni-
bu — dazada limena , litoralo $tinu” kombinacijas (Carter, Orford, 1993; Bray
et al., 1995; Haslett, 2000). Primaras jeb makro m&roga Stinas var raksturot ka
litomorfodinamiski relativi paspietickamas sist€mas, kuru robezas notiek sane-
Su materiala parvietoSana un cirkulacija. Turklat starp $im ,,SGinam” pastavoso
mijiedarbibas procesu méerogi ir loti atSkirigi gan laika, gan telpa (tabula). Ta ka
krasta sistéma notiek nepartraukta virziba uz tadu stavokli, kura ta klatu paspie-
tickama, atsevisku tas elementu eksistence un attistiba ir tam pakartota, respekti-
vi, parejosa (Woodroffe, 2002). Tomer ikviena konkréta laika vieniba var izskirt
stavoklus, kuros iesp&jams definét un noteikt starp elementiem un procesiem
pastavosas robezas (Peterson et al., 1990; Bray et al., 1995; Schwarzer et al.,
2003). Ta, pieméram, krasta zemiidens nogaze var izskirt smilsu akumulacijas
valus un starpvalu ieplakas, noteikt zemtidens smilSu vala virsotni — robezu,
kas nodala ta frontalo dalu no distalas. Tapat ir iesp&jams regionala méroga
krasta sistemu iedalit vairaku limenu mazaka méroga apaksvienibas, kuras, pie-
méram, domingé saneSu akumulacija vai erozija. P&tfjumos iegiita informacija
par morfodinamisko iecirknu telpisko izvietojumu un attistibu lauj novertét
tas ietekmes, kas saistitas ar antropog€nas izcelsmes traucgjumiem — tadiem
ka krasta aizsardzibas pasakumi un ostas, ka arf tas ietekmes, kas saistitas ar
mainigiem sistému ietekmé&josiem argjiem faktoriem, pieméram, regionalam un
globalam klimata izmainam (Peterson et al., 1990; Motyka, Brampton, 1993;
Morton et al., 2001).

Krasta linijai subparalélo elementu telpiskas robezas

Krasta iecirknu ($tinu) koncepcija Iidz ar to noteikSanai nepiecieSamo me-
todisko bazi visai plasi tick apskatita jau aptuveni 30 gadus (Carter, 1988; Bray
et al, 1995). Jau kops jiiras krasta p&tijumu pirmssakumiem pé&tijumu objekta un
ta atseviSsku elementu telpisko robezu un izplatibas defin$ana ir bijusi nevien-
nozimiga. Galvenokart tas ir skaidrojams ar liclo dabas apstaklu daudzveidibu
Pasaules okeanu un jiru krastos, ka arT atskiribam dazadu p&tijjumu mérku uz-
stadfjumos (Inman, Brush, 1973). Tomér neatkarigi no katras konkrétas krasta
joslas telpiskas robezas noteikSanas kritSrijiem pati $adu robezu cksistences
koncepcija un piekrastes dalijums batiskakajos krasta morfologiskajos elemen-
tos jau ir uzskatams par visparpienemtu (Woodrofe, 2002). Ka raksturigakos
$adu robezu piem&rus var minét gan pickrastes izplatibas robezas jlras un
krasta virziena, gan krasta Itniju, gan pludmales un eola reljefa robezu. Mingtas
robezas ir dinamiskas, tapcc attieciba pret saneSu materiala parvietoSanu un
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atbilstosu reljefa formu parveidosanos un jaunveidosanos, $adas robezas pre-
cizak butu dévet par barjeram, kas nosaciti savstarpgji norobezo domingjosos
procesus un to veidotas reljefa formas vai to kopumus. Tas ir procesu robezas,
un bitisks to novertésanas elements ir laiks.

Krasta sisttema funkcion€joso procesu robezas

Neatkarigi no krasta zona pastavosam strikti geografiski nosakamam tel-
piskam robezam, ir iespgjams izskirt arT ta saucamas ,,procesu robezas”. Krasta
sisttma notiekosie procesi ir uzskatami par mijiedarbibu starp argjiem, sist€mu
ietekmgjosiem vides faktoriem un pasu sist€mu (6. attels) (Wright, Thom, 1977).

krasta nogazes
atmosferas un topografija/morfologija

hidrosféras iedarbiba v 1

. )
tudens masu kustiba
krasta zona

terig€nais materials

T RS

sanesu transports

materiala zudumi

D

terigénais materials

erozija/akumulacija At

6. attels. Krasta sistémas morfodinamiska modela struktiira un darbiba.
Punktétas bultas — argjo vides faktoru ietekme, nepunktétas bultas — krasta sistémas iekSieng notie-
kosas mijiedarbibas, A 7 — laiks.

Visu krasta sisttma funkciongjoso tai nozimigo procesu norise ir nepar-
traukta un tieSi vai pastarpinati savstarpgji saistita, tapec robezas starp tiem ir
nosakamas vien teorétiski (Wright, Thom, 1977; Carter, Woodroffe, 1994; Rijn,
1998: u.c.) un argjo vides faktoru ietekm& notiek plasu atskirigu krasta tipu
attistiba (Davies, 1984). Esosa pétljuma konteksta ar argjiem vides faktoriem
tiek saprasti gan sistémas evoliiciju limit&josie, gan virzos$ie faktori. Ta, piemé-
ram, geologiskie faktori (Zemes garozas vertikalas kustibas, sakotngja krasta
geologiska uzbtive u.c.) nosaka tadus krasta fizikalos parametrus ka nogazes
krituma lenki, krasta reljefa elementu noturibu pret vilnu iedarbibu un krasta
sistéma esoso sanesu 1pasibas. Faktori, kas ir saistiti ar atmosfeéras un hidrosfe-
ras mijiedarbibu, izraisa krasta nogazes topografijas un morfologijas izmainas,
nodro$inot ar energiju procesu ciklu erozija—transports—akumulacija.
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Litomorfodinamiski vienotu krasta posmu robezas
(garkrasta saneSu transporta robezZas)

Litomorfodinamiski vienotas krasta sistémas robezas faktiski ir izmainas
argjas ietekmes faktoros, kas, savukart, izmaina sanesu transporta intensitati vai
virzienu. Ta, pieméram, $aja nozimé abas lielas Kurzemes ostas, kas pilniba
partrauc garkrasta saneSu apmainu, iedala Baltijas juras krastu Kurzeme tris
savstarpgji litomorfodinamiski noskirtos krasta posmos (rajonos). Respektivi,
§1 robeza ir fizikals Skerslis (barjera) ar konkr&tu ietekmi un novietojumu krasta
sisttma, kas novietota subperpendikulari krasta Iinijai, $k&rso visus aktivas
krasta nogazes elementus vai to lielako dalu un turpina eksistét vairak neka 20
gadus (Bray, 1997).

Litomorfodinamiski viendabigu krasta apakSposmu robezas

Pret&ji iepriek§ aprakstitajam absolitajam robezam attieciba uz garkrasta
sanesu kustibu, robezas starp zemas hierarhiskas pakapes (Lapinskis, 2009)
savstarpgji saistitiem krasta iecirkniem ir 1slaicigas (parejosas) — evoluciongjot
krasta sist€mai, tas relativi strauji migre, izveidojas un izzad, turklat tas gandriz
nekad nav fiziski objekti. Tas skir zemako Itmenu vienibas jeb savstarpgji
saistTtos un atkarigos sisteémas elementus, pieméram, viena litomorfodinamiska
rajona ietvaros esoSus iecirknus, kuros domin€ sanesu akumulacija vai erozija
(Bray, 1992, 1997; Motyka, Brampton, 1993). Minéto zemas pakapes robezu
ietekme uz garkrasta saneSu parvieto$anos vairuma gadijumu ir saméra vaji
izteikta (Carter, 1988; Bray et al, 1995), tapec tas ir defingjamas ka krasta sis-
témas evoliicijas produkts, kurs saskana ar litomorfodinamiskas nepartrauktibas
koncepciju (Carter, Woodroffe, 1994) eksist€ viena laika un telpas méroga ar
tadam krasta sist€ma pastavosam robezam ka tdenslinija, pludmales un prieks-
kapas robeza u.c., tacu, atskiriba no tam, ir versta krasta Iinijai subperpendiku-
lari (7. attels) (Mazzer et al., 2009).

Krasta litomorfodinamisko iecirknu robezu noteikSanai daba tiek pielietotas
divas atSkirigas petniecisko metozu grupas. Pirma pieeja galvenokart balstas uz
matematisko modeléSanu un telpisko analizi, izmantojot datus par hidrometeo-
rologisko rezimu un batimetriju (Souza, 2007; Mazzer et al., 2009). Sada cela
iegiito rezultatu izskirtspgja ir tiesi atkariga no izejas datu izskirtsp&jas, tapec
atrodas diapazona starp 10' un 10° m.
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7. attéls. Zemas hierarhiskas pakapes krasta litomorfodinamisko iecirknu robezas (autora
shéma).

A, B un C rami — v&ja virziena varianti; | — IV — krasta iecirkni; K — krasta linija (shematiski);
A,, B, un C, — saneSu garkrasta kustibas virziens un relativa intensitate (bultas garums).

Savukart otras pieejas pamata ir datu analize par krasta nogazes geomorfolo-
giskajiem parametriem un krasta sistéma eso$o sane$u granulometriskajiem para-
metriem (Souza, 2007). Kvalitativu datu ieguvi parasti apgriitina petamajai sistemai
raksturiga strauja mainiba — dala nosakamo robezu ir efem@ras un migréjosas.

Rezultata zemas hierarhiskas pakapes krasta iecirknu robezu noteiksana ir
realiz€jama vien kadam konkretam laika nogrieznim, kas Baltijas jiras Kur-
zemes piekrastes gadfjuma, kur joprojam turpinas krasta Iinijas izlidzinaSanas
(Eberhards, 2003) un pastav ievérojama antropogéna slodze, sasniedz 1-10 ga-
dus (Lapinskis, 2009). Daba uz So robezu atrasanas vietu norada krasta mor-
fologijas vai saneSu sastava izmainas. Ta, pieméram, izmainas saneSu bilances
garkrasta sadalfjuma ictekm@ eolas akumulacijas reljefu, pludmalé akumuléto
sane$u apjomu, pludmali veidojoSo sanes$u sastavu utt. (Wright, Short, 1984;
Ulsts, 1998; Woodroffe, 2002).

Krasta sistemas elementu hierarhija

NepiecieSamiba izdalit un definét jaunus dabas kompleksus (litogeomorfas
sisttmas un apakssisteémas) parasti paradas tad, kad ir uzkrats noteikts empirisko
datu apjoms un tiek publicéts pietiekoss teortisku darbu skaits. Sada situacija kliist
iesp&jams radit vienotu koncepciju, kas balstas uz noteiktu prieksstatu kopumu.

Dazadu limenu krasta apakssistému robezas var definét arT ka izmainas sane-
$u transporta intensitate un virziena. Sis robezas iespgjams klasificét atkariba no
to pastavibas laika un telpa (Bray, 1997; Mazzer et al., 2009) (8. att€ls, tabula).
P&c sanesu caurlaidibas spé&jas, robezas var noskirt absoliitas un dal&jas. Sekojot
Sai klasifikacijai, fiksétas absoliitas robezas nodala augstaka limena sist€émas
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(litomorfodinamiski vienotus rajonus), bet mainigas dalgjas robezas skir zemako
Itmenu vienibas jeb savstarpgji saistitos un atkarigos sist€émas elementus, piemé-
ram, viena litomorfodinamiska rajona ietvaros esoSus iecirknus, kuros doming
sanesu akumulacija vai erozija (Bray, 1997; Motyka, Brampton, 1993).

Baltijas jora ‘
lielméroga morfogenétiskais apgabals lielméroga morfogenétiskais
(B limenis) apgabals (B limenis)
litomorfodinamiski vienots krasta litomorfodinamiski
rajons vienots krasta rajons
(C limenis) (C limenis)
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8. attels. Litomorfodinamiski viendabigu krasta iecirknpu novietojums hierarhiska stavokla
struktiirshéma (Lapinskis, 2009).

Loti butiska loma Kurzemes rietumu krasta sistéma ir ostu hidrotehniska-
jam bavém. Liepaja un Ventspili kugu celu dzilums ir attiecigi 11 un 18 metri,
bet kugu cela nonakusais sane$u materials tiek parvietots uz jiras izgaztuvém,
kuras atrodas dzilak par krasta zonas ar&jo robezu (Ulsts, 1998; Eberhards,
2003). Saja nozimé abas lielas ostas ir absoliitas fiksétas robezas. Tas faktiski
iedala Baltijas jiras krastu Kurzemé tris C Itmena dalas, kuras nosaciti varétu
devet par Dienvidu, Centra un Ziemelu krasta rajoniem.

Baltijas juras Kurzemes krasta nav krasas geologiskas daudzveidibas,
saneSu materiala apmaina starp krasta nogazes subaeralo un zemidens dalu ir
iesp&jama praktiski visa ta garuma, arT krasta linija ir salidzinosi taisna — tai
nav izteiktu dabisku sane$u materiala barjeru (Ulsts, 1998). Tapéc parejas starp
morfodinamiskajiem iecirkniem vairuma gadijumu nav neparprotami konstate-
jamas tikai péc kadas vienas krasta elementu morfologiskas vai nogulu sastava
pazimes. G. Eberhards un B. Saltupe (2002) norada, ka krastu miisdienu dina-
miku var noteikt tikai péc vairaku pazimju kopuma: morfologijas, vegetacijas,
priekskapas un pludmales parametriem, ja dati par tiem savakti, veicot atkartotu
karteSanu un stacionarus mérfjumus (Eberhards, 2003, Eberhards et al., 2009).
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Tabula. Juras krasta hierarhisko vienibu klasifikacija un to pazimes (Lapinskis, 2009).

Hierarhjjas Krasta zonu raksturojosas pazimes urllJ ileit::'as
Iimenis mérogs
Krasta attistibu virzoSie apstakli:
* paisuma un jiras straumju loma krasta attistiba ir
nebitiska,
¢ hidrometeorologiskos apstaklus galvenokart nosaka
Islandes minimuma un Sibirijas maksimuma intensi- 10°-10°
A (Baltijas jiira) tates sva r%ﬁbag. I o gadi un
Krasta attistibu limit&joSie apstakli: 10°-10* km
* biosféras elementu loma krasta attistiba ir nebitiska,
* vésturiskie subaeralie apstakli noteikusi, ka galvenais
drupu materiala avots ir ledaja nogulumi (notikusas
atkartotas baseina Iimena svarstibas, krastam attisto-
ties ledajveidota reljefa).
Krasta attistibu virzosie apstakli:
* juras vilnu loma krasta attistiba ir domingjosa,
* valdosais v&ja virziens ir DR,
+ véetru laika vEja virziens parasti mainas secigi no DR
uz ZR rumbiem.
Krasta attistibu limit&josie apstakl]i:
B (lielméroga * neotektonisko zemes garozas kustibu atrums ir zem
morfogengtiskais | 2 mm/gada un to ietekmes nozimigums uz misdienu| 10°-10*
krasta apgabals, krasta attistibu pagaidam nav viennozimigi pieradams;| gadi un
pieméram, » krasta nogazé domin€ nesaistiti vai vaji saistiti| 10>-10° km
Baltijas jiiras DA | smalkgraudainie terigénie nogulumi.
dala) Morfogengtiskas pazimes:
* krasta attistibas gaita P&clitorinas posma ir notikusi
erozijas-akumulacijas izlidzinasanas,
» antropogéno faktoru (galvenokart lielo ostu hidro-
tehnisko biivju) ietekme ir notikusi sakotngji vienotu
litomorfodinamisku krasta sistému fragmentacija.
C (Litomorfodi- |Litomorfodinamiski vienota krasta sistéma, kuras robezas
namiski vienots |krasta fizikalajiem procesiem raksturigas mijiedarbibas| 10>-10?
krasta rajons, notiek saistTti un zinama méra paspietickami. To norobe-| gadi un
pieméram, Liepa- |Zo fizikalas barjeras, kas no materiala apmainas viedokla| 10'-10° km
ja—Ventspils) uzskatamas par neparvaramam (absolfitam) vai tuvu tam.
Krastam paral€laja dimensija savstarpgji saistitas
. . krasta sistémas vienibas, kuras norobezo parejas zonas,
D (litomorfodina- . .
S _ " |kuru parametri nav konstanti.
miski viendabigs . ~ IR - 1-20 eadi
krasta iecirknis, Krast_a 1ec1{kr,11is sava _starpa atSkir rinda pazimju, kuras g
pieméram 1eda_1ama§ Cetras grupas: un
’ * hidrodinamiskas, 1-10km
Akmenraga P
. * evolucionaras,
virsotne)

+ morfometriski-sedimentologiskas,
* antropogenas.
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Ieprick§ mingtais norada, ka, nemot véra krasta litomorfodinamiskaja
sisttma (C limeni) pastavoso nepartrauktibu, tam paklauto iecirknu (D Iimena
vienibu) identifikacija ir veicama, izmantojot netieSi nosakamas garkrasta sane-
Su kustibas parametru izmainas, kas realiz&jas krasta nogazes subaeralas dalas
elementu morfometrisko parametru un nogulumu sastava izmainas.
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6. RAKSTURIGIE KRASTA NOGAZES

SUBAERALAS DALAS SKERSPROFILU TIPI

Datu grafiskas un vizualas apstrades rezultata ir iespéjams novertét genera-
lizétu pludmales un eola reljefa saneSu daudzuma raksturigo vértibu atbilstibu
attieciga krasta iecirkna dinamiskas attistibas tipam. Turklat ir novérojamas
uzskatamas vertibu atskiribas litomorfodinamiski dazados krasta iecirknos ar iz-
teiktu raksturigo lielumu katram no krasta iecirknu tipiem, respektivi, pludmales
un AEAR nogulu apjoma atkariba no apstakliem krasta iecirkni ir ar nozimigu
atkaribu. Tas nozimé, ka raksturigo skaitlisko vertibu atskiribas ir izmantojamas
par pazimi atskirigu krasta iecirknu identifikacijai un grup&Sanai.

Sagrupgjot pétijuma analiz&tos krasta profilus péc pludmales un AEAR
apjoma attiecibas, tika nodaliti 11 raksturigie to tipi:

1. tipa krasta iecirknis ar 1. klases (<15 m3/m) pludmali un 1. klases
(<5 m*/m) AEAR (negativa sane$u bilance);

2. tipa krasta iecirknis ar 2. klases (15-25 m*/m) pludmali un 2. klases
(5-30 m?*/m) AEAR (negativa sane$u bilance);

3. tipa krasta iecirknis ar 3. klases (25-35 m?*/m) pludmali un 2. klases
(5-30 m*/m) AEAR (neitrala saneSu bilance);

4. tipa krasta iecirknis ar 4. klases (35—45 m*/m) pludmali un 4. klases
(60-90 m*/m) AEAR (pozitiva saneSu bilance);

5. tipa krasta iecirknis ar 4. klases (35-45 m3/m) pludmali un 5. klases
(>90 m*/m) AEAR (pozitiva sanesu bilance);

6. tipa krasta iecirknis ar 3. klases pludmali un 3. klases (30-60 m*/m)
AEAR (neitrala sanesu bilance);

7. tipa krasta iecirknis ar 4. klases (3545 m3/m) pludmali un 3. klases
(30-60 m*m) AEAR (pozitiva sane$u bilance);

8. tipa krasta iecirknis ar 2. klases (15-25 m*m) pludmali un 1. klases
(<5 m*/m) AEAR (negativa sane$u bilance);

9. tipa krasta iecirknis ar 5. klases (>45 m*m) pludmali un 5. klases
(>90 m*/m) AEAR (pozitiva sane$u bilance);

10. tipa krasta iecirknis ar 3. klases (25-35 m*/m) pludmali un 1. klases
(<5 m*/m) AEAR (negativa sane$u bilance);

11. tipa krasta iecirknis ar 5. klases (>45 m*/m) pludmali un 2. klases
(5-30 m*m) AEAR (pozitiva sanesu bilance).

Raksturigie krasta nogazes subaeralas dalas Skérsprofilu tipi norada uz at-
Skirigiem krasta iecirkniem péc litomorfodinamiskajiem apstakliem. Japiezimé,
ka 3., 7. un 8. tipa iecirkni ir sastopami ieveérojami biezak neka pargjie, tapec
tos var uzskatit par pamattipiem.
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Veikta pétijuma rezultata sagatavota karte (9. attels) ilustré krasta iecirknu
ar raksturigu krasta nogazes virsiidens dalas Skérsprofilu izvietojumu. Karto-
grafiskais atspogulojums un rezultatu analize norada, ka krasta tipu sadalfjuma
ir vérojamas noteiktas tendences — ta ir saistiba ar konkrétiem krasta rajoniem.
Grupgjot izdalttos krasta iecirknus p&c tajos pastavosajiem dinamiskajiem ap-
stakliem, iegti $adi rezultati:

* negativa sanesu bilance (1., 2., 8. un 10. profila tips) izplatita 108,5 km

kopgaruma;

* neitrala saneSu bilance (3. un 6.profila tips) izplatita 59,5 km kopgaruma;

* pozitiva sanesu bilance (4., 5., 7., 9. un 11. profila tips) izplatita 69,5 km

kopgaruma.
WATE 21;E 21'?5‘5
10 5 0 n‘:‘m g-
&
Apzim&jumi
sanedu bilance
+ - negaliva
E = neitrila
E 7 ——  pozitiva
B shirsprofila tipi

TN
I

45N
I

tm-e

» Ventspils
9. attéls. Krasta posmi ar raksturigajiem Krasta nogazes virsiidens dalas Skérsprofilu tipiem
un sanesu bilanci Baltijas jiras Kurzemes piekrasté (autora dati un interpretacija).

A — Dienvidu krasta rajons, B — Centra krasta rajons, C — Ziemelu krasta rajons

Kartografiskais pamats: GIS Latvija (SIA ,,Envirotech”).
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Domingjosie krasta skérsprofila tipi (8., 3. un 7.) ir sastopami visos Baltijas
juras Kurzemes pickrastes krasta rajonos, tomér Centra krasta rajona tie ir
Tpasi raksturigi (9. attéls). Citu krasta tipu sadalijuma noteiktas tendences nav
konstatgjamas, un kopuma jaatzime, ka to sadalfjums ir saméra vienmerigs. Tas
nozimé&, ka krasta sk&rsprofila tipu sadalfjums pa rajoniem un to kopgarums ir
erti izmantojams ka parametrs gan dabiski, gan antropogéni izraisttu novirZu
fiks€Sanai un pétisanai.

Lidz ar nodalitajiem 11 raksturigajiem krasta nogazes skérsprofila tipiem,
kas parstav vairak par 97% no pétita krasta kopgaruma, tika konstateti tadi
profili, kas tajos neieklaujas. Tie ir sastopami |oti reti, un parasti tos parstavoso
krasta posmu garums ir mazaks par petijuma izskirtsp&jai atbilstoso (0,5 km).
Tie ir saistiti ar krasta posmiem, kur pieméram,

« ierikotas krasta aizsargkonstrukcijas,

« atrodas vecu buvju drupas (Liepajas Forti, Papes kanala moli),

 ostu ziemelu molu cie$a tuvuma ir izveidojusies specifiski apstakli,

 atrodas mazo upju grivas (Uzava, Irbe, Mazirbe, MuizZupite u.c.).

Krasta iecirkni, kuru nogazes subaeralas dalas attistibu nosaka augstak
minétie specifiskie apstakli, ir detaliz§jami un pé&tami atseviski, izmantojot
atSkirigas metodes ar citu detalizacijas pakapi.
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SECINAJUMI

Juras krasta Latvija rajongSanas un klasifikacijas ieprieksgji izstradatajam
sh&mam nepiemit strikti noteikta hierarhiska struktiira jo tajas gan augsta Itme-
na krasta rajonu, gan zemaka limena krata iecirknu raksturosana tiek izmantota
pieeja, kas sevi ietver gan morfogenétiskus, gan morfodinamiskus, gan citus
elementus, tapéc So shému pielietojamibas iesp&jas ir neatbilstosas musdienu
prasibam un var radit parpratumus. Turklat morfogenétiskas pieejas izmanto$anu
krastu rajonéSana Latvijas apstaklos apgriitina to relativa viendabiba, daudzviet
sastopama neatbilstiba starp vésturisko un miisdienu krasta procesu virzienu un
ievérojama krasta sistéma pastavosa antropogéna slodze (lielas ostas).

Baltijas jiiras Kurzemes pickraste jau kops 1992. gada G. Eberharda vadiba
tiek geologisko procesu monitorings. Autora izveidotaja un aktualiz&taja datu
baze ir uzkrats loti ievérojams datu apjoms, kas pietickami reprezentativi rakstu-
ro krasta nogazes subaeralas dalas morfometrijas un sanesu bilances dinamiku.
Dota pétijuma ietvaros ir pilnveidota monitoringa izmantota lauka p&tfjumu me-
tode, paaugstinot monitoringa tikla blivumu un uzlabojot ta reprezentativitati.

Dota pétijuma rezultati liecina, ka juras krasta zona ir sist€éma, kas sastav no
atseviskam dalam, starp kuram pastav noteikta hierarhija un kuram ir raksturigs
noteikts telpiskais un laika merogs. Augstaka Itmena sastavdalas ietver zema-
kas, kuram atbilstosi ir mazaks gan telpas, gan laika mérogs. Telpas un laika
attiecibas ir tas, kas raksturo krasta zonas ka sist€mas stabilitati. Hidrologisko
parametru, materiala transporta un reljefa formu savstarpgja mijiedarbiba, ka art
mijiedarbiba ar antroposferu raksturo krasta litomorfodinamiku.

Mingto apstaklu mijiedarbiba nosaka ievérojamo krasta nogazes virstidens
dalas elementu daudzveidibu Baltijas jiras Kurzemes piekrasté. ST mijiedarbi-
ba ir atskiriga konkretos krasta posmos, turklat petijuma rezultati norada uz
loti butisko ostu hidrotehnisko biivju lomu Kurzemes rietumu krasta sistéma.
Veikta pétijuma rezultatu analize lauj secinat, ka abpus Liepajas un Ventspils
ostam saneSu materiala bilance garkrasta griezuma norada uz pétfjumu terito-
rijas dalfjumu trijos rajonos (C ltmena dalas (8. attels)), kurus nosaciti varétu
dévét par Dienvidu, Centra un Ziemelu krasta rajoniem). Tos norobezo fizikalas
barjeras, kas no saneSu materiala apmainas viedokla uzskatamas par neparva-
ramam (absoliitam) vai tuvu tam. Sie rajoni péc biitibas ir litomorfodinamiski
vienotas krasta sist€mas, kuru robezas krasta fizikalajiem procesiem raksturigas
mijiedarbibas notiek saistiti un zinama méera paspietickami.
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Vajak vai stiprak izteiktas morfologiskas un saneSu sastava garkrasta
parejas, kas konstatStas dota p&tijuma ietvaros, norada uz atsevisku zemaka Ii-
mena krasta iecirknu robezam. Tajos gadijumos, kad nepastav fizikalas barjeras,
dazados iecirknos domingjosie atSkirigie morfodinamiskie procesi rada katram
iecirknim raksturigos un dotaja petfjuma izdalitos krasta sistémas elementus.

Baltijas juras Kurzemes krasta nav krasas geologiskas daudzveidibas,
saneSu materiala apmaina starp krasta nogazes subaeralo un zemiidens dalu ir
iesp&jama praktiski visa ta garuma, arT krasta Iinija ir salidzino$i taisna — tai
nav izteiktu dabisku saneSu materiala barjeru. Ka liecina promocijas darba
rezultati — parejas starp morfodinamiski viendabigajiem krasta iecirkpiem
vairuma gadijumu nav neparprotami konstat€jamas tikai p&c kadas vienas
krasta elementu morfologiskas vai nogulu sastava pazimes. Par to liecina pé&tita
krasta nogazes virsiidens dalas elementus veidojo$o saneSu apjoma ievérojama
mainiba noverojumu perioda.

Izmantojot dotaja pétijuma ieglitos datus par saneSu apjoma dinamiku
Baltijas jiiras Kurzemes pickrast, noskaidrots, ka ir izdalami vienpadsmit
raksturigie krasta nogazes virsiidens dalas Skérsprofila tipi. Tos atskir noteikta
krasta nogazes dala uzkrato sanesu apjoms. Krasta tipu sadalfjuma ir vérojamas
noteiktas tendences — ta ir saistiba ar konkrétiem krasta rajoniem. Grupgjot
izdalitos krasta iecirknus péc tajos pastavosajiem dinamiskajiem apstakliem,
iegiti $adi rezultati: negativa saneSu bilance ir izplatita 108,5 km kopgaruma,
neitrala sanesu bilance — 59,5 km kopgaruma un pozitiva saneSu bilance —
69,5 km kopgaruma. Atzim&jams, ka Sie rezultati ir salidzinami ar V. Ulsta
(1998) iedalijumu, kur abrazijas un izskaloSanas krasta posmi (ieskaitot ap-
rimsto$os un aprimusos) ir izplatiti 103,5 km, dinamiska lidzsvara — 105,0 km
un akumulativie — 32,5 km. Autors uzskata, ka ievérojama atSkiriba dinamiska
lidzsvara un akumulativo krastu kopgaruma (attiecigi 44% un 53%) veidojusies
galvenokart de] citas metodiskas pieejas un citas krit€riju izvéles. Savukart
par 5% lielakais erozijai paklauto krasta posmu kopgarums ir izskaidrojams ar
pastiprinato vetrainibu novérojumu perioda.

Sads pétijums, kura veikta sanesu bilances analize visai Baltijas jiiras Kur-
zemes piekrastei laika posmam no 1992. gada un kura izdaliti krasta nogazes
subaeralas dalas raksturigie skérsprofila tipi, ir noticis pirmo reizi. legiitajiem
rezultatiem piemit arT lietisks aspekts — tos iesp&jams izmantot piekrastes terito-
riju attistibas planosana un ar rekreaciju saistitu jautajumu risinasana.

Turpmaki p&tijumi promocijas darba t€ma lautu uzlabot teritoriju planosa-
nai adresé€tu krasta attistibas prognozu precizitati un zinatnisko kvalitati.
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PATEICIBAS

Promocijas darba izstradasanu veicinaja ESF projekta ,,Doktorantu un jauno
zinatnieku pétniecibas atbalsts Latvijas Universitate” atbalsts (2004-2005).

Promocijas darba izstradasanas laika ta autors ka zinatniskais asistents laika
posma no 2006. lidz 2009. gadam bija iesaistits Valsts p&tfjumu programma
,.Klimata mainas ietekme uz Latvijas idenu vidi”, kuras ietvaros darbojas Jiras
krasta procesu izmainam veltita darba pakete. Dala iegiito rezultatu ir atspogu-
loti promocijas darba.

Autors vélas pateikties darba zinatniskajam vaditajam prof. Dr. geogr.
Valdim Seglinam par veltito laiku, vertigajiem padomiem, nesaudzigo un kons-
truktivo kritiku un komentariem disertacijas tapSanas gaita, ka arT sakotngjam
promocijas darba vaditajam emerit. prof. Dr. habil. geogr. Guntim Eberhardam
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INTRODUCTION
Relevance of this study

Coastal area of the sea is a place where the interaction among the atmosp-
here, lithosphere, hydrosphere and, in separate cases, also the biosphere and
anthroposphere, is very intense (Zaromskis, 1997; Pilkey et al., 1993; Finkl,
2004). Coasts are very diverse in terms of both plan view and cross-section, and
the wide range of varieties and fragmentation make the investigation of regula-
rities in this environment a formidable task. To achieve a better understanding
of these varieties, first of all it is necessary to classify them and combine into
groups, using specific and generalized characteristics of the coastal area.

Coasts are affected by a group of factors that are either propelling or delimi-
ting their development; therefore, researchers from different countries — using
methodological approaches adjusted to the research specification and location —
for the most part include in their studies quite a limited number of different
geographical sites and usually emphasize a specific research objective. As a
result of these studies, a great number and variety of types of coastal classifica-
tions have been developed and applied worldwide (Rijn, 1998; Haslett, 2000;
Woodroffe, 2002; Fairbridge, 2004; Benedet et al., 2004). For all that, since the
end of the 19" century, only two main approaches — modified and tailored to the
specific objectives — have been used widely: genetic (Zenkowitch, 1967; Rijn,
1998) and descriptive (Davies, 1984).

Historically in Latvia, in publications dealing with coastal geological
processes, the morphogenetic coastal classification schemas developed by the
leading researchers of the former USSR have customarily been used. In 1959,
A. Yonin, P. Kaplin and V. Medvedyev (Yonin et al., 1959) developed such a
system of morphogenetic coastal classification on the basis of the ideas of an
American researcher D. Jonson (Jonson, 1919). This system was approbated
corresponding to the conditions of the Baltic Sea in the publication summarizing
the studies of V. Gudelis in 1967 (Gudelis, 1967). According to V. Gudelis, the
western coasts of Kurzeme are quite uniform and belong to the straightening
abrasion-accumulation coasts.

The detailed and systematic research done over the last decades in the sub-
aerial part of the Latvian sea coast (Eberhards, Saltupe, 1995; Lapinskis, 2005;
Eberhards, 2003; Eberhards et al., 2006; Torklere, 2008; Lapinskis, 2009) enlar-
ges remarkably the opportunities to reconsider the previous approach, making
possible the formation of a qualitatively new system of coastal classification.
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Aim and objectives of the study

The aim set forth for the present study was to assess and characterize the
subaerial part of the Kurzeme coastline of the Baltic seacoast on the basis of the
results of instrumental and semi-instrumental research carried out over the last
18 years, emphasizing the causation of the seashore and active aeolian morp-
hostructure morphological parameter changes in the context of coastal zoning.

In line with the overarching aim of the study, specific objectives for its
achievement have been divided into the following consecutive stages:

Summary and analysis of studies on the classification and zoning of
seacoast, paying special attention to their aims and methodology;
Summarization and analysis of the published literature and unpublished
data on the coastal processes in Latvia, paying special attention to pos-
sible contradictions therein;

Development of field and laboratory research content and choice of
research methods;

Field research in the subaerial part of coastal slope, focusing on morpho-
metry and sediment distribution, using instrumental and semi-instrumen-
tal methods;

Processing of information obtained during the study; analysis of the
spatial and temporal changes in the coastal morphostructure and inter-
pretation of results;

Investigation into the spatial distribution regularities of lithomorphody-
namically homogenous coastal sections of the Kurzeme coastline of the
Baltic Sea; drawing of conclusions.

Based on the analysis of results obtained during the study, the following
theses have been set forth:

Previous research schemas for seacoast zoning in Latvia have not been
elaborated in sufficient detail, and their applicability does not meet con-
temporary requirements;

The use of morphogenetic approaches for coastal zoning in the conditi-
ons of Latvia is difficult due to the relative homogeneity of coasts and
the considerable anthropogenic load on the coastal system;

Data collected in the monitoring system of coastal geological processes
can be used in coastal zoning;

External hydrotechnical structures of the ports of Liepaja and Ventspils
significantly affect the exchange of sediment on the Baltic seacoast of
Kurzeme;

It is possible to separate the lower level costal units for zoning needs
using evolutionary and lithomorphological coastal features;

It is possible to mark out the characteristic cross-section types of the
coastal slope subaerial part corresponding to the situation at the Baltic
Sea coast of Kurzeme.
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Scientific novelty of the study

e An original lithomorphodynamic research of the Latvian seacoasts
has been carried out, paying the main attention to the interconnections
between the balance of coastal system sediments and the morphometry
of coastal relief forms viewed in a spatial and chronological way in the
coastal subaerial zone;

* Accuracy of data collected in the monitoring system of coastal geological
processes and its suitability for determination of lithomorphodynamical-
ly homogenous coastal sections have been evaluated,;

* For the first time, summary and analysis of the results collected over
18 years of field research on 110 stationary leveling profile lines and
650 stationary bluff erosion measurement lines, as well as 40 separate
leveling profiles installed during the research period and repeated semi-
instrumental inspections of the coastal area in the length of 244 km from
the border of Lithuania and Latvia to Cape Kolka (except the sections
between the port jetties) have been carried out.

» For the first time, a classification of the beach and active aeolian relief
has been made, enabling to distinguish 11 characteristic cross-section
types of the subaerial part of coastal slope and to construct a cartograp-
hic scheme of morphodynamically homogenous coastal sections with a
horizontal resolution of 0.5 km in the alongshore direction .

Approbation and implementation of the study results

Based on the findings, four scientific publications and 20 conference pre-
sentations have been prepared. Reports about different parts of the study have
been given in three international conferences and thirteen local conferences in
Latvia. In collaboration with Dr. habil. geogr. Guntis Eberhards, the map atlas
Processes on the Latvian Coast of the Baltic Sea — summarizing the research
results of previous authors — has been prepared and published in 2008.
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1. RESEARCH OF PROCESSES ON THE LATVIAN
COAST OF THE BALTIC SEA

The engineers who worked on the reconstruction and construction of the
major ports of Kurzeme at the end of the 19" century were the first researchers
of the coastal area in the territory of Latvia in its dynamic aspects. Investigati-
ons of the processes taking place on the Latvian seacoast that have been carried
out after the Second World War can be distinguished by the methods used and
ways how these methods were combined:

1) Historical and cartographical methods;

2) Theoretical methods;

3) Remote sensing methods;

4) Methods of stationary explorations;

5) Experimental methods;

6) Mathematical modeling;

7) Analysis of the mechanical composition of sediments;

8) Lithomorphological methods.

Viktors Ulsts, Eduards Grinbergs and Riidolfs Knaps in the middle of the
20" century were the first geologists who focused their research on the processes
on the seacoast, the movement of sediment and detailed analysis of the newest
forms of coastal relief.

V. Ulsts addressed a very wide range of issues relating to the coastal pro-
cesses. He analyzed the regularities of the development of coastal relief forms
and the aeolian and lithological peculiarities of the coastal system (Ul'st, 1965)
and studied the presence of heavy minerals in beach sediments (Ul'st, 1964)
and the problems of coastal protection (Ulsts, 1961). Ulsts’s monograph Lat-
vian Coastal Zone of the Baltic Sea is one of the most extensive and detailed
summarizing works in the respective field. Ulsts has published a very detailed
schema of the morphodynamic-historical zoning of the area along the Baltic
seacoast (Ulsts, 1998).

Guntis Eberhards and Baiba Saltupe initiated the monitoring of coastal
geological processes on the Gulf of Riga coast in 1987 and on the west coast
of Kurzeme in 1992. This monitoring is still going on. G. Eberhards studied the
Litorina Sea lagoon neck formation peculiarities, the morphology and genesis of
coastal aeolian morphostructures, and the problems of coastal erosion in particu-
lar (Saltupe, Eberhards, 1990; Eberhards, 2000; Eberhards, Saltupe, 1993, 1995b;
Eberhards et al., 2004). His monograph The Seacoast of Latvia published in 2003
is the most extensive summarizing research work, containing a large amount of
information that has not been published anywhere else (Eberhards, 2003).
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2. COASTAL ZONING PROBLEMS

Any attempt to classify or systematize any aggregate of natural objects or
phenomena is generally justified by the need to better understand them and,
consequently, know what to do, and usually specific and general measurements
are used in such classifications (Zenkowitch, 1962). In the case of sea coasts,
the classification helps to understand the factors which control the morphology
of the coasts. The morphology of the coastal area reflects the influence of tecto-
nical “base” in combination with the influence of regional and local processes
(Galon, 1960; Zenkowitch, 1962; Bird, 1984; Swift, Thorne, 1991; Boyd et al.,
1992; Finkl, 2004).

The coastal area of Kurzeme along the Baltic Sea belongs to the coastal group
dominated by waves and wave-induced currents also known as the tallasogenic
coastal group. In accordance with widely used, descriptive, generalized coastal
classification schemes, only the so-called sand coasts are characteristic of Latvia.
In the active zone of these coasts, the “lenticulars” of morphodynamically active
sand and gravel sediments are formed. Moreover, these sediment formations
are in the process of intensive and continuous reshaping. The following four
main factors determine belonging to a particular subtype of tallasogenic coasts
(Davies, 1984; Swift, Thorne, 1991; Fairbridge, 2004; Finkl, 2004):

1. Coastal underwater slope gradient;

2. Hydrometeorological parameters of the area;

3. Conditions forming the sediment balance;

4. Long-term water level changes.

The Baltic Sea coastal classification and zoning examples in
Latvia

In 1982, during the complex exploration of the west coast of Kurzeme
under the guidance of E. Bulgakova, a classification schema was developed
in which five coastal types and three subtypes were distinguished on the basis
of morphological and lithological differences and the peculiarities of today’s
processes (Bulgakova, 1982).

Coastal zoning was also performed within the framework Bulgakova’s
research, separating four first-degree coastal subsystems with the boundaries in
Liepaja, Pavilosta and Ventspils. The justification for defining these subsystems
is not indicated, whereas the interchange of coastal dynamic types is explained
by the eastern Baltic sediment flow saturation degree variations related to the
coastal line orientation changes and the obstacles created by the hydrotechnical
structures of seaports. Each subsystem is further divided into districts, indi-
cating what kinds of dynamic circumstances are dominant there. The district
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boundaries are not specified, and the criteria of classification are touched upon
rather superficially.

V. Ulsts, in the classification and zoning scheme published in his monograph
Latvian Coastal Zone of the Baltic Sea (1998), defines coastal types by means
of several criteria, such as the principle of coastal historical succession, specific
features of coastal geological formations, their age as well as the peculiarities
of today’s processes. Ulsts proposes four coastal types with seven subtypes.
Such a system of classification is quite simple, at the same time supposedly
comprising all possible types of coasts found in Latvia. However, this scheme
has several essential deficiencies, which are inevitable when an aggregate of
complicated natural processes is schematized in an attempt to combine the
morphodynamic and morphogenetic principles of classification:

» The type of “washing-out coasts” is marked out separately even if these
coasts are morphodynamically identical with the “regular” coasts predo-
minated by coastal erosion, as there is a continued deficit of sediment
material in these coasts, which means that the coastal slope parameters
at today’s situation are far from equilibrium profile state;

* The coastal type of dynamic balance is also marked out separately,
although such a type is impossible in a schema based on genetic criteria
(dynamic balance, unlike abrasion and accumulation, is a state, not a
process or genetic belonging).

G. Eberhards in his monograph The Sea Coast of Latvia (2003) offers an al-
ternative to Ulsts’s classification schema. Eberhards’s schema is based on diffe-
rences in the coastal geological structure, the composition of sediment material,
the coastal appearance and height, and the parameters of coastal processes over
the last 10-30 years. This schema is very detailed. Notably, schemas drafted ac-
cording to these and similar principles are accepted for use by coastal managers
and coastal engineers worldwide. However, this approach is not perfect either,
leaving possibilities for misunderstandings, because the hierarchically low-level
characterization of coastal zoning combines both morphogenetic (dominating in
this schema) and morphodynamic principles.
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3. MATERIALS AND METHODS

This study concerns the relatively narrow (20-250 meters) subaerial tran-
sitional part of coastal zone from the border of Latvia and Lithuania to Cape
Kolka (237.5 km), except ports.

Data of monitoring the coastal geological processes in Latvia

The monitoring network was started under the leadership of G. Eberhards
and B. Saltupe over the period from 1987 to 1990. A stationary network which
comprises all the coastal area of Latvia was formed from 1992 to 1996, and
the quantity of measurement lines was increased in the following years. The
monitoring system consists of two stationary groups in which data are obtained
by different methods — the leveling of coastal cross-section and stationary mea-
surements of the receding upper part of the coastal bluff.

Leveling is used in those coastal sections where broad beaches and the aco-
lian relief have developed (Eberhards, Saltupe, 1999). The leveling profiles are
combined into groups (stationeries) which are located in characteristic coastal
districts. The placement of each profile group has been chosen corresponding to
the specific character of the general coastal system, so that it would be possible
to obtain information about each essentially different subsystem (district) in
terms of sediment balance. There are ten separate profiles located outside the
group borders. The data obtained in these profiles allow to control the changes
of dynamic processes in uncharacteristic districts. There are nine stationeries
located along the west coast of Kurzeme. The profile lines are oriented per-
pendicular to the waterline, crossing the whole seashore and the active aeolian
morphostructure. Measurements are taken using the optical level SOKIA C3
and, since 2007 — laser level Leica Sprinter 100M. The length of profiles ranges
from 50 to 200 m, depending on the peculiarities of particular coastal sections.
Leveling is carried out once a year, usually in late summer and autumn. To
obtain a sufficiently accurate cross-section of seashore and acolian relief, the
level reading is done at all microrelief curvature points at intervals not exceed-
ing 10 meters. The data are available in the database of monitoring the Latvian
seacoast geological processes at the Faculty of Geography and Earth Sciences
of the University of Latvia.

The stationary exploration of the retreating bluff is partly based on the
methodology used in the research of coastal erosion in the rivers of Great Brit-
ain (Hooke, 1979, 1980; Hadson, 1982). The method is based on determining
the distance between the upper part of bluff and a suitable base point marked in
the natural landscape. The distance is measured using a tape measure, with 0.1
m accuracy in the field. The lines of measurement are directed perpendicular
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to the waterline and combined into groups — stationeries. The stationeries are
located in all sections along the west coast of Kurzeme, where the bluffs are
present. The total number of stationeries is 60. The measurements are made
once a year or several times a year in case of severe storms. Comparing the
results of regular measurements, the width of the retreated coast and the volume
of the eroded material are determined. During calm periods, the influence of
slope processes on bluff disintegration is defined.

These data were supplemented with the author’s original research data and
the results of other investigations. In total, more than a thousand coastal cross-
sections and several hundred of land-surveys of separate coastal slope elements
have been evaluated and analyzed in the study area. It should be noted that the
location of coastal cross-sections was not regular. For example, the density of
cross-sections is very high in the areas close to the biggest ports in Kurzeme and
in those coastal sections where earlier explorations have already shown the bal-
ance of sediments to be far from neutral (Bulgakova, 1982; Eberhards, Saltupe,
1995a; Ulsts, 1998), whereas in many other places there are several kilometers
between sections. Nevertheless, aggregating all the information obtained from all
surveys, it was possible to characterize the conditions along the Kurzeme coast
of the Baltic Sea quite completely and to make well-grounded conclusions.

A partial survey has been performed once a year at different seasons since
1998. Separate dynamically active areas have been inspected two to three times a
year. The coastal area under investigation was inspected at whole length in August
2002 and in July 2004. The elements characterizing the coastal system outside the
monitored stationeries were selected in such a way as to make the acquisition of
data as feasible as possible, using only the optic level, tape measure, level gauge
and GPS receiver from the assortment of measuring instruments. All the coastal
parameters to be fixed were defined every 250 meters (Souza, 2007). Performing
measurements in bluff stationeries since 1992, the seashore width by the bluffs as
well as the presence of pebbles in beach sediments were defined visually.

Data processing and analysis

The regular leveling survey data and the results of re-measuring the bluff
retreat stationeries were processed in MS Excel application, using the formula:

V= Z (Qi +Qi+1)’Li
i 2 , where:

V — volume of sediments at a particular coastal area;

i=1,2,..n;

Q - area of coastal slope cross-section;

L — interval between coastal slope cross-sections.
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Using the data obtained from leveling transects, the volume of sediments
and its changes were determined (Fig. 1).

leveling transect 1

Q.-

foredune -

G

Figure 1. Parameters used for beach and foredune deposit volume calculation (author’s
scheme).

A number of empirical coherencies between the balance of sediments and
the parameters of coastal morphometry were looked for and verified during the
research. An analysis of the data set on the spatial and chronological division of
separate parameter values was performed using MS Excel computer program:

* Diagrams reflecting parameter changes over the research period were
drafted for the analysis of changes in the volume of active aeolian morp-
hostructure and beach sediments at each coast cross-section;

» Histograms were drawn up to analyze spatial distribution of the beach
and active acolian morphostructure sediment volume.
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4. MORPHOMETRY OF THE SUBAERIAL PART
OF COASTAL SLOPE ON THE KURZEME
SEACOAST

Taking into consideration the current conditions in the south-eastern part
of the Baltic Sea, two parameters of coastal slopes can be distinguished that
are easy to register from a methodological viewpoint and that characterize the
sediment material balance at each particular coastal section (Bulgakova, 1982;
Eberhards, 2003):

» Beach sediment volume (defining beach within the boundaries between
the waterline and the beginning of elevation of active aeolian morp-
hostructure [AAM] or the foot of a bluff);

* AAM volume (defining the inland boundary of AAM as its coastal
subparallel line beyond which AAM is completely covered by the vege-
tation of lichen, moss and flowering plants, i.e. the area where “the grey
dune” starts, and the lower boundary — the maximum height of beach
deposits (Fig. 2).

Active aeolian
morphostructure

Sea level

Figure 2. Schematic representation of spatial boundaries used for calculating the beach sedi-
ment and active aeolian morphostructure volumes (author’s scheme).

The given parameters of the Baltic Sea coast of Kurzeme vary within a very
wide range. To analyze their changes, charts were drawn up (Fig. 3), character-
izing with study-specific precision the mean volume of sediments, variations of
the volume over the period of observation, as well as the influence of storms.

The smallest and largest beach volumes observed during the study were 3
and 95 m’/m respectively, whereas from all surveys performed from 1992 to
2008, in 87.9 % of the total length of the Kurzeme coast of the Baltic Sea, the
beach volume was within the range of 15-45 m*m. The total length of those
coastal sections where the beach volume is over 55 m*/m is very small (<3%).
The smallest values of beach volume were found in those coastal sections where
glacigenic sediments are exposed in the shallow water part and bluff. The high-
est values found refer to those coastal sections which are located closely to the
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southern jetties of ports as well as in coastal sections where the orientation of
coastline changes, causing favorable conditions for accumulation.
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Figure 3. Change in the volume of sediment forming at the beach (A) and active aeolian
morphostructure (B) according to the monitoring data from leveling transects Lielirbe 63-1
and Nida 1-6 (an example) (Lapinskis, 2005; Eberhards et al., 2009;

unpublished data from coastal monitoring 1992-2008, author’s interpretation).

To evaluate the most characteristic value variations of beach and aeolian
sediment morphostructure, their distribution histograms were drafted (Fig. 4).
For the convenience of further interpretation of results and for obtaining the
degree of particularization adequate to the aim of the thesis, the sediment vol-
ume distribution was shown in increments of 5 m*m, roughly corresponding
to the maximum permissible measurement error during cross-section leveling
performed at a large beach or foredune.
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Figure 4. Distribution of beach (A) and active aeolian morphostructure (B) sediment volume
values (according to the mean value from measurements taken in July 2004 and August
2002; author’s data and interpretation).

On the y axis: percentage of coastal sections with each sediment volume value in the study area
(n-940).
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Characteristically, in more than 90% of measurement profiles, the values of
beach volume for the period from 1992 to 2008 varied within a wide range —
more than 70% of the dominant value. Noteworthy, the greatest amplitude of
oscillations in beach sediment volume values is characteristic to those coastal
parts where there is no active aeolian morphostructure or it is rudimentary.
The results show that the values of beach sediment volume in general have
not increased essentially over the period of observation (the highest increase is
10-20%) (Lapinskis, 2005; 2009).

It is very important to note that the aeolian accumulation does not occur
at all or is very weak in 38.7% of the total length of the study area — there the
volume of active aeolian morphostructure does not exceed 5 m*/m. The embry-
onic dunes of insignificant volume or fragmentary and ephemeral dunes can
be found at the foot of bluffs, where they can take shape if there are no major
storms for more than three years. The largest observed aecolian morphostructure
sediment volume was 118 m*m at an approximately 500 m long coastal section
near the southern jetty of the port of Ventspils.

The histogram (Fig. 4) of value division shows that there is no explicit
maximum, and the division does not correspond to the normal one. In more than
90% of the measurement sites, the acolian morphostructure volume values have
changed in the direction of increase over the period from 1992 to 2008; besides,
the biggest highest increase (60-250%) was observed in those coastal sections
where there are large foredunes and wide sandy beaches. A large fluctuation
amplitude (50-90%) without a very explicit increase in the aeolian morpho-
structure sediment volume is characteristic of those coastal sections where there
are small or medium-size foredunes and wide beaches with different sediment
materials (Lapinskis, 2009).

The results of the present study are indicative of the fact that the sedi-
ment volume of active aeolian morphostructure is explicitly changeable in the
alongshore cut, and it depends on the corresponding sediment balance of coastal
sections as well as on its geological structure.

In order to perform the identification of morphodynamically homogenous
coastal sections in a way that would not be encumbered by the fragmentation
of the huge data volume, the values of both beach and aeolian morphostructure
sediment volumes have been divided into five classes. The values of beach
sediment volumes above 45 m*/m were classified under the 5" — highest class,
whereas the values below 15 m*/m were classified under the 1% — lowest class.
The other more frequently occurring values were dividend into three volume
classes with an increment of 10 m*/m (Fig. 5).

The data analysis shows that the values of aeolian morphostructure which
are lower than 5 m*m have to be included in the 1% — lowest class. In the
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remaining coastal sections, the intensity of aeolian accumulation varies in a
fairly wide range. Corresponding to the defined above, the values of aeolian
morphostructure sediment volume above 5 m*/m were divided into four classes
with the threshold values of 30, 60 and 90 m*/m (Fig. 5).

This fivefold classification of the beach and aeolian morphostructure sedi-
ment values allows convenient separation of sections with essential differences
in sediment balance; besides, by using such accuracy, the data of the beach and
aeolian morphostructure volumes can also be obtained in the field by semi-
instrumental methods.

The composed diagrams (Fig. 5) show that the occurrence of beach volume
values in the alongshore cut are growing rapidly and diminishing gradually,
while the division of aeolian morphostructure values is different — sections with
weak or no aeolian accumulation can bee found more often. The results show
that beaches with sediment volume within the range from 15 m*/m to 25 m*m
occur most frequently on the Kurzeme coast of the Baltic Sea, although the
predominance is not explicit.
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Figure 5. Incidence of beach (A) and active aeolian morphostructure (B) sediment volume
classes (according to the mean value from measurements taken in July 2004 and August
2002) (author’s data and interpretation).

On the y axis: percentage of coastal sections with each sediment volume class
in the study area (from the border of Lithuania and Latvia to Cape Kolka).
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5. CONCEPTION OF
LITHOMORPHODYNAMICALLY HOMOGENOUS
COASTAL DISTRICTS

The coastal system is formed by interconnected and even interdependent
units — combinations of “littoral cells” of different levels (Carter, Orford, 1993;
Bray et al., 1995; Haslett, 2000). The primary or macro-level cells may be cha-
racterized as lithomorphodynamically relatively self-sufficient systems within
which the transference and circulation of sediment take place. Besides, the in-
teraction processes among these “cells” are very different in terms of their both
temporal and spatial scopes (Table). Since a coastal system is in a continuous
advancement process toward a state where it would become self-sufficient, the
existence and development of its separate elements are subordinated and tem-
porary (Woodroffe, 2002). However, in each particular time span, it is possible
to distinguish the states in which the current boundaries between the elements
and processes can be defined and established (Peterson et al., 1990; Bray et al.,
1995; Schwarzer et al., 2003). Accordingly, a regional-level coastal system can
be divided into several lower-level subordinate units in which, for example,
sediment accumulation or erosion dominates. The information on the spatial
layout and development of lithomorphodynamic districts obtained in the course
of the study makes possible evaluation of the influences of an anthropogenic
origin, such as activities of coastal protection and ports, as well as effects of
changeable external factors on the system, such as regional and global climate
changes (Peterson et al., 1990; Motyka, Brampton, 1993; Morton et al., 2001).

Spatial boundaries of elements subparallel to the coastline

The conception of coastal districts (cells) — including the necessary met-
hodological basis for its definition — has already been discussed for 30 years
(Carter, 1988; Bray et al, 1995). Since the beginning of research in coastal
processes, the definition of research object and the spatial boundaries of its se-
parate elements and their extension have been equivocal. Mainly it is explained
by a great diversity of natural circumstances on the coasts of the World Oceans
and seas as well as by peculiarities of different research goals (Inman, Brush,
1973). However, independently of the spatial boundary-defining criteria of each
particular coastline, the conception of the existence of such boundaries itself
and the resultant coastal division into the most essential coastal morphologic
elements are already considered as generally accepted (Woodrofe, 2002). Co-
astal boundaries spreading into the direction of the sea and coast, the coastline,
the beach and coastal aeolian morphostructure boundaries can be mentioned as
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the most characteristic examples of such boundaries. The boundaries mentioned
above are dynamic; therefore, with respect to sediment material transference
and transformation and new formation of corresponding morphostructures, it
would be more accurate to call such boundaries as barriers, which mark off the
relatively dominant processes and the relief forms or their aggregates formed as
a result of these processes. Those are the boundaries of processes, and time is
an essential element in their evaluation.

Boundaries of processes functioning in the coastal system

Independently of the strictly geographically definable spatial boundaries in
a coastal system, it is also possible to distinguish the so called “process boun-
daries”. The processes taking place in a coastal system may be considered as an
interaction between external, system-influencing environmental factors and the
system itself (Fig. 6) (Wright, Thom, 1977).

topography and morphology
of coastal slope

atmosphere and v 2
hidrosphere forcing

)
coastal flows (waves,|
storm currents, etc.) |

terrigenous sediments

e A

. sediment transport
sediment loss

P N TITOI I

terrigenous sediments

erosion and
deposition

At

Figure 6. Structure and function of the morphodynamic model for the coastal system.
The dashed arrows represent interaction between the coastal system and the environment, the solid
arrows represent inside response of the system, A #- time.

Since all the processes functioning in a coastal system are continuous
and interconnected (directly or mediated), the boundaries among them can be
defined only theoretically (Wright, Thom, 1997; Carter, Woodroffe, 1994; Rijn,
1998; etc.), and the development of a wide-range of different coastal types takes
place as a result of the impact of external environmental factors (Davies, 1984).
In the context of the present study, both the limiting and propelling factors of
system evolution can be considered as the external environmental factors. For
instance, geological factors (the vertical movement of the Earth’s crust, the ori-
ginal coastal geological formation, etc.) define such coastal physical parameters
as the angle of incidence of the slope, the persistence of coastal morphostructure
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elements against the influence of waves and the features of sediments in the
coastal system. Factors relating to the interaction between the atmosphere and
hydrosphere cause topographic and morphologic changes to the coastal slope,
providing energy for the cycle of erosion-transport-accumulation processes.

Boundaries of lithomorphodynamically uniform coastal
zones (alongshore sediment transport boundaries)

The boundaries of a lithomorphodynamically uniform coastal system ac-
tually are the changes in external environmental factors, which, in their turn,
change the intensity or direction of sediment exchange. For instance, in the
context of this research, the two big ports in Kurzeme, which intercept the
alongshore exchange of sediments completely, divide the Kurzeme seacoast
area of the Baltic Sea into three mutually lithomorphodynamically separated
coastal areas (districts). Definitely, such boundary is a physical obstacle (barrier)
with a specific impact and placement in the coastal system, which is located
subperpendicularly to the coastline, crosses all the active coastal slope elements
or their most part and has a life span of over 20 years (Bray, 1997).

Subsection boundaries of lithomorphodynamically
homogenous coast

Contrary to the absolute boundaries described above regarding to the
movement of alongshore sediments, the boundaries among the interconnected
coastal districts of a low hierarchic level (Lapinskis, 2009) are of short duration
(temporary) — as the coastal system evolves, they migrate relatively rapidly,
take shape and disappear; besides, they almost never are physical objects.
They separate the lower-level units or interconnected or interdependent system
elements, for example, the coastal sections within a single lithomorphodynamic
coastal zone, in which either sediment accumulation or erosion dominates (Bray,
1992, 1997; Motyka, Brampton, 1993). The impact of the abovementioned
lower-level boundaries on the alongshore sediment transference in most cases is
quite insignificant (Carter, 1988, Bray et al, 1995); therefore, these boundaries
can be defined as products of coastal system evolution which, according to the
conception of lithomorphodynamic continuity (Carter, Woodroffe, 1994), exist
in one spatial and temporal scale with such boundaries in the coastal system
as the waterline, beach-foredune boundary etc., but, unlike them, is directed
subperpendicular to the coast line (Fig. 7) (Mazzer et al., 2009).
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Figure 7. Coastal sections (cells) of low hierarchic level and their boundaries (schematic
representation; author’s scheme).

A, B and C in the frame represent three different wind directions; I — IV represent coastal cells; K
represents coastline (schematic); A,, B, and C represent the direction and relative intensity (arrow
length) of alongshore sediment flow.

For defining the boundaries of coastal lithomorphodynamic sections in the
field, usually two different research method groups are used. The first approach
is based only on mathematical modeling and spatial analysis, using the data
of hydrometeorological conditions and batimetry (Souza, 2007; Mazzer et al.,
2009). The resolution of the results obtained in this way is directly dependent
on the resolution of input data; therefore, it is within the range between 10' and
10°m.

The second approach, in turn, is based on the analysis of the data on the
coastal slope geomorphologic parameters and current sediment granulometric
parameters (Souza, 2007). The qualitative data acquirement usually is encum-
bered by the rapid changeability characteristic of the system to be analyzed — a
part of the boundaries to be defined are ephemeral and migrating.

As a result, the determination of boundaries of low-level hierarchic coastal
districts can be performed only for a specific time segment, which — in the case
of the Kurzeme coast of the Baltic Sea, where the coastal straightening is still
going on (Eberhards, 2003) and the anthropogenic stress is remarkable — lies
within 1-10 years (Lapinskis, 2009). In the field, the changes of coastal morp-
hology or sediment composition indicate the locality of these boundaries. For
instance, the changes in the alongshore division of sediment balance influence
the aeolian morphostructure, the sediment volume accumulated on the beach,
the sediment composition forming at the beach etc. (Wright, Short, 1984; Ulsts,
1998; Woodroffe, 2002).
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Hierarchy of coastal system elements

The need to differentiate and define new natural complexes (lithogeo-
morphal systems and subsystems) usually arises when a definite empirical data
volume has been gathered and a sufficient number of theoretical materials have
been published. In such a situation, it becomes possible to make one unified
conception based on a certain body of premises.

The boundaries of coastal subsystems of different levels can be defined also
as the changes in sediment transport intensity and direction. These boundaries can
be classified according to their spatial and temporal scale (Bray, 1997; Mazzer
et al., 2009) (Fig. 8, Table). According to sediment permeability, the boundaries
can be dividend into absolute and partial. Following this classification, the fixed
absolute boundaries divide the higher-level systems (lithomorphodynamically
uniform districts), whereas the transitional partial boundaries divide the lower-
level units or interconnected and interdependent system elements, for example,
districts within one lithomorphodynamic area where the sediment accumulation
or erosion dominate (Bray, 1997; Motyka, Brampton, 1993).
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Figure 8. Position of lithomorphodynamically homogenous coastal sections in a hierarchic
scheme (Lapinskis, 2009).

The hydrotechnical structures of ports play a key role in the coastal system
of western Kurzeme. The depth of shipping channel in Liepaja and Ventspils is
11 and 18 meters respectively, and the sediment material reaching the shipping
channel is dredged and transferred to the sea dumpsites which are deeper than
the external boundary of the coastal zone (Ulsts, 1998; Eberhards, 2003). In the
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sense of this study, the two big ports are absolute fixed boundaries. Actually,
they divide the Kurzeme coast of the Baltic Sea into three C-level parts, which
relatively can be called as the Southern, Central and Northern coastal zones.

Table. Classification and description of coastal units (Lapinskis, 2009).

Hierarchy level

Coastal zone characteristics

Temporal and
spatial scale

A
(the Baltic Sea)

Conditions that propel coastal development:

 The role of rising tide and sea streams is inessential
in the coastal development,

* The hydrometeorologic conditions are mainly
determined by the fluctuation intensity of Iceland
minimum and Siberian maximum.

Conditions that limit coastal development:

* The role of biosphere elements is inessential in the
coastal development,

* Due to the historical subaerial conditions, the main
source of sediment in the coastal system is of a
glacigenic origin (repeated sea level fluctuations had
caused the formation of a coastal slope in the relief
originally formed during the glaciations).

10°-10*
years and
10°-10* km

B
(large-scale
morphogenetic
coastal region,
for example,
the SE part of
the Baltic sea)

Conditions that propel coastal development:

 The role of waves and wave-induced currents is dom-
inant in the coastal development,

e The dominant wind direction is SW,

* During the storms, the wind direction usually chang-
es sequentially from SW to NW.

Conditions that limit coastal development:

* Neotectonical Earth crust movement rate is below
2 mm/y', and the significance of its influence towards
the present-day coastal development has not been
proved unequivocally yet,

* Fine-grained terigenous sediments are dominant in
the coastal slope.

Morphogenetic characteristics:

* During the coastal development over the period of
the Post-Litorina Sea to the present-day Baltic Sea,
the coastal straightening has been taking place,

» The fragmentation of the initially uniform lithomor-
phodynamic coastal system has occurred as a result
of the impact of anthropogenic factors (mostly the
hydrotechnical structures of seaports).

10°-10*
years and
10*-10° km
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Hierarchy level Coastal zone characteristics Temp'oral and
spatial scale
C
(Lithomorpho- | Lithomorphodynamically united coastal system, within
dynamically |which the interaction characteristic to the coastal physi- 10>-10?
united coastal |cal processes takes place conjointly and to a certain ex- | years and
zone, for tent self-sufficiently. It has been separated by physical | 10'-103 km
example, barriers, which in the sense of the sediment exchange,
Liepaja— are considered to be absolute or close to such.
Ventspils)
Interconnected coastal system units in the dimension
D parallel to the coast, which separate other transition
(Lithomorpho- | Zones, the parameters of which are not constant.
dynamically | The coastal districts are separated among themselves | 1_20 years
homogenous |y 4 number of characteristics, which can be divided and
coastal section, |into four groups: 1210 km
for example, |. Hydrodynamic;
the top of Cape |. Evolutionary;
Akmenrags) |+ [ ithomorphometric;
» Anthropogenic.

There is no radical geological diversity in the Kurzeme coast along the
Baltic Sea, and the sediment and energy exchange between the subaerial and
underwater parts of the coastal slope is actually possible at its whole length.
Also, the coastal line is comparatively straight — there are no explicit natural se-
diment material barriers (Ulsts, 1998). Therefore, in most cases, the transitions
among morphodynamic districts cannot be clearly identified only by one coastal
element morphological characteristic or sediment composition. G. Eberhards
and B. Saltupe (2002) have admitted that the present-day coastal dynamics
can be defined only by means of several characteristics taken together — such
as morphology, vegetation, foredune and beach parameters — if the data have
been provided by conducting repeated mapping and stationary measurements
(Eberhards, 2003, Eberhards et al., 2009).

Taking into consideration the continuity in the coastal lithomorphodynamic
system (level C), everything mentioned above indicate that the identification of
subordinated districts (level D units) can be done by using indirectly definable
changes in the alongshore sediment movement parameters, which manifest
in the changes in morphometric parameters and sediment composition of the
elements of the subaerial part of the coastal slope.
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6. CHARACTERISTIC CROSS-SECTION TYPES
OF THE SUBAERIAL PART OF COASTAL SLOPE

As a result of data graphical and visual processing, it is possible to evaluate
the correspondence of characteristic values of a generalized beach and aeolian
morphostructure sediment volume to the dynamic development type of a co-
astal section. Furthermore, the value peculiarities in lithomorphodynamically
different coastal sections with an explicit characteristic value for each coastal
district type can be noticed, to be more precise — the dependence of beach and
active aeolian morphostructure sediment volume on conditions in the coastal
district is significant. It means that the differences of characteristic numerical
values can be used as an indication for the identification and grouping of diffe-
rent coastal districts.

Classifying the analyzed coastal profiles by the beach and active aeolian
morphostructure volume relations, 11 characteristic types were distinguished:

e Type 1 coastal section with class 1 (<15 m*m) beach and class 1

(<5 m*/m) active aeolian morphostructure (negative sediment balance);

*  Type 2 coastal section with class 2 (15-25 m*m) beach and class 2

(5-30 m*m) active aeolian morphostructure (negative sediment balance);
* Type 3 coastal section with class 3 (25-35 m?/m) beach and class 2
(5-30 m*/m) active aeolian morphostructure (neutral sediment balance);
* Type 4 coastal section with class 4 (35-45 m’/m) beach and class 4
(60-90 m*/m) active acolian morphostructure (positive sediment balance);
e Type 5 coastal section with class 4 (35-45 m’/m) beach and class 5
(>90 m*/m) active aeolian morphostructure (positive sediment balance);

*  Type 6 coastal section with class 3 beach and class 3 (30-60 m*m)

active aeolian  morphostructure  (neutral sediment balance);

*  Type 7 coastal section with class 4 (35-45 m’/m) beach and class 3

(30-60 m*/m) active acolian morphostructure (positive sediment balance);

» Type 8 coastal section with class 2 (15-25 m*/m) beach and class 1

(<5 m*m active aeolian morphostructure (negative sediment balance);
* Type 9 coastal section with class 5 (>45 m*m) beach and class 5
(>90 m3/m) active aeolian morphostructure (positive sediment balance);
*  Type 10 coastal section with class 3 (25-35 m*m beach and class 1
(<5 m’/m) active aeolian morphostructure (negative sediment balance);
e Type 11 coastal section with class 5 (>45 m*m) beach and class 2
(5-30 m*/m) active aeolian morphostructure (positive sediment balance).
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The characteristic cross-section types of the subaerial part of coastal slope
indicate different coastal sections according to lithomorphodynamic conditions.
It is worth noting that the profile types 3, 7 and 8 can be found considerably more
often than other types; therefore, they can be considered as the basic types.

The map prepared as a result of completed research (Fig. 9) shows the
placement of coastal districts with a characteristic cross-section of the subaerial
part of coastal slope. The cartographic reflection and analysis of the results
are indicative of definite tendencies in the coastal type division — relation with
particular coastal districts. Grouping the divided coastal districts according to
their current dynamic conditions, the following results were obtained:

» Negative sediment balance (coastal section types 1, 2, 8 and 10 ) spread

at the total length of 108.5 km;

* Neutral sediment balance (coastal section types 3 and 6) spread at the

total length of 59.5 km;

» Positive sediment balance (coastal section types 4, 5, 7, 9 and 11) spread

at the total length of 69.5 km.

The dominant coastal cross-section types (8, 3 and 7) can be found in
all Kurzeme coastal districts of the Baltic Sea; however, they are especially
characteristic of the Central coastal zone (Fig. 9). No definite tendencies were
established in the division of other coastal types and, notably, their division in
general is quite uniform. It means that the division of coastal cross-section types
into districts and the total length of those districts can be used conveniently as
a parameter for determining and analyzing the current and future interferences
caused both naturally and anthropogenically.

Additionally, along with the separated 11 characteristic coastal slope cross-
section types, which are represented in more than 97 % of the study area, some
profiles which do not fall within this classification were established. They occur
very rarely, and usually the length of their representative coastal sections is
below the resolution under this study (0.5 km). These profiles are connected
with the coastal areas, where, for example:

» Coastal protection structures are set up;

* Ruins of old structures are present (Liepaja forts, the Pape jetties);

» Specific conditions have developed through the impact of the northern

jetties of ports;

e There are mouths of small rivers (Uzava, Irbe, Mazirbe, MuizZupite

etc.).

Coastal districts where the development of the subaerial part of slope is
determined by the specific conditions mentioned above can be explored in a
greater detail separately by using special methods which provide for different
levels of detailed elaboration.
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Figure 9. Spatial distribution of coastal sections with typical cross-sections of subaerial part
of coastal slope and sediment balance along the Kurzeme coast of the Baltic Proper (author’s
data and interpretation).

A — Southern coastal zone, B — Central coastal zone, C — Northern coastal zone

Cartographical base: “GIS Latvia” (Envirotech).
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CONCLUSIONS

There is no strictly defined hierarchic structure of the schemas developed as
a result of the previous researches into zoning and classification of the Latvian
sea coast, because the approach which includes morphogenetic, morphodynamic
and other elements has been used in characterizing both the higher- and lower-
level coastal units; therefore, the possibilities of using such classification systems
do not meet the current requirements and may cause misunderstandings. Besides,
the use of a morphogenetic approach in the coastal zoning in the conditions of
Latvia is inconvenient due to its relative homogeneity, frequently occurring dis-
parity between the historical and current directions of coastal processes and the
considerable anthropogenic load on the coastal system (mostly the major ports).

The monitoring of geological processes of the Kurzeme coastline of the
Baltic Sea has been going on under the leadership of G. Eberhards since 1992.
A large amount of data, representatively characterizing the morphometry and
sediment balance dynamics of the subaerial part of coastal slope is stored and
updated in the database created and by the author of this thesis. Within the
framework of this research, the method of field study used in the monitoring
has been improved by increasing the quantity of measurement lines in the
monitoring network and upgrading its representability.

The results of the present study show that the coastal zone is a system which
consists of separate parts arranged in a definite hierarchy and characterized by
a specific temporal and spatial scale. The higher-level units include the lower-
level units which correspondingly have a smaller temporal and spatial scale.
The relations of time and space are those which characterize the stability of the
coastal zone as a system. The coastal lithomorphodynamics is characterized by
mutual interactions among hydrologic parameters, material transport and relief
forms, as well as by the interaction with anthropogenic factors.

The interactions of the conditions mentioned above define the remarkable
diversity of elements of the subaerial part of coastal slope on the Kurzeme coast of
the Baltic Sea. This interaction is different at particular coastal sections. Moreover,
the study results are indicative of the key role of port hydrotechnical structures
in the formation of the Kurzeme west coast system. The analysis of the research
results allows to conclude that the differences in sediment alongshore balance on
both sides of the ports of Liepaja and Ventspils lead to a division of the researched
territory into three distinct areas (level C units, Fig. 8), which can be called the
Southern, Central and Northern coastal zones). They are separated by physical bar-
riers, which from the viewpoint of sediment exchange can be considered as insur-
mountable (absolute) or close to such. These three zones are lithomorphodynami-
cally unified coastal systems, within which the interaction of characteristic coastal
physical processes takes place conjointly or, to a certain extent, self-sufficiently.
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The more or less pronounced morphological and sediment composition tran-
sitions of alongshore determined in the course of this research indicate the boun-
daries between lower-level coastal units. In those cases when there are no physical
barriers, the dominant morphodynamic processes in different districts form the
coastal system elements characteristic of each section identified in this study.

There is no radical geological diversity on the Kurzeme coast of the Baltic
Sea; the sediment and energy exchange between the subaerial and underwa-
ter parts of the coastal slope is actually possible at its entire length; also, the
coastline is fairly straight — there are no explicit natural sediment material
barriers. According to the results of this doctoral thesis, the transitions among
the morphodynamically homogenous coastal districts in most cases are not
clearly recognizable only by an analysis of the morphological characteristic
or sediment composition of one coastal element. The remarkable variability of
sediment volume in the morphostructures forming the subaerial part of coastal
slope in a temporal cut is indicative of such a conclusion.

Using the data on the sediment volume dynamics on the Kurzeme coast of
the Baltic Sea obtained in this study, it was ascertained that 11 characteristic
cross-section types of the subaerial part of coastal slope can be distinguished.
The said distinction can be made by the sediment volume stored up in different
coastal morphostructures. Grouping the separated coastal districts by their dy-
namic conditions, the following results have been obtained: negative sediment
balance is spread at the total length of 108.5 km, neutral sediment balance — at
the total length of 59.5 km, and positive sediment balance — at the total length
of 69.5 km. It is worth noting that these results are comparable with Ulsts’s
division (1998), where the coastal sections dominated by abrasion (including
wash-out coasts) are spread at 103.5 km, those dominated by dynamical
balance — at 105.5 km, and accumulative — at 32.5 km. The author’s view is
that the considerable differences in the dynamic balance and the total length of
accumulative coasts (44% and 53% correspondingly) have come about mainly
because of differences in methodological approaches and the choice of criteria.
The increase of 5% in the total length of coastal sections subject to erosion, in
turn, can be explained by increased storm activity during the research period.

This kind of study — in which the sediment balance analysis of the whole
Kurzeme coast of the Baltic Sea for the period from 1992 has been conducted
and in which the characteristic cross-section types of the subaerial part of co-
astal slope have been distinguished — is unique. The results obtained also have
an applied aspect — they can be used for coastal development spatial planning
as well as for recreation-related plans.

Further research into the topic of the doctoral thesis would allow to improve
the precision and scientific quality of coastal development forecasts for spatial
planning.
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