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GIS-BASED MODERN POLLEN-CLIMATE CALIBRATION SET FROM
EASTERN BULGARIA FOR 2017

Abstract: A dataset consisting of 63 modern pollen surface samples from the basic plant communities
along the North—South transect of the Bulgarian Black Sea Coast and typical agrocenoses was created
in order to obtain reliable modern pollen analogues for palaeoclimate reconstructions using the Modern
Analog Technique (MAT). Pollen percentage values were calculated on a sum of 43 pollen taxa for each
pollen sample. Climatological data for each site, including average annual temperature, average
temperature of the warm and cold half-year and average annual precipitation were taken from the
nearest meteorological station and were corrected with an altitudinal coefficient of temperature
variation. Statistical analysis was used to reveal the relationship between individual pollen types and
climate variables in order to create a GI1S-based modern calibrated climate-pollen dataset for 2017 year.
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YBoa

€00X0ANMOCTTa OT TOYHH KOMWYECTBEHU JaHHU 32 MaJeOKIMMATHTE Hajara 3aMsHaTa

Ha MHTYUTHBHHUTE KA4YeCTBEHH HHTEPIIPETAllMH Ha (DOCHUIHUTE TOJEHOBU CIIEKTPH,

MIOJTyYeHH TIPH CIIOPOBO-TIOJIEHOBHS aHANN3, C KOJTMYECTBEHH MaTEeMaTUYECKH MOZIEIH
[1, 2]. MeroabT Ha ceBpemennuTe ananosn (MCA) [3, 4, 5] namupa Bce TO-TOIIMO TIPUIOKEHHE TTPH
MaJeOKIMMAaTUIHN PEKOHCTPYKIIMA W C€ OCHOBaBa Ha CHOMpPAHETO Ha CHBPEMEHHH IMOBBPXHOCTHH
MTOJIEHOBH TIPOOY M HAa CPaBHEHUETO Ha HAIMYHMETO U MPOLIEHTHOTO YYaCTHE Ha TTOJIEHOBY THUIIOBE B TSIX
ChC ChBPEMEHHHM KIMMATHYHU JAaHHU, KaTO MO TO3W HAYWH C€ YCTAHOBSBA 3aBUCHMOCTTA TIOJIEH —
kinMat [6]. KnmuMmaTHaHUTEe TPOMEHIMBH CBBP3aHU C Hal-CXOIHATa ChBPEMEHHA Mpoba, Morat aa
ObIaT acoIMupaHd KbM BPEMETO U MACTOTO Ha (pocritHaTa mpoda, KOSITO Ce PEKOHCTPYHpa B PAMKHTE
Ha JajieH reorpadcku paiion [3, 5].

ChpBpeMEHHUTE TaHHU, KOUTO TPsiOBa /1a ObIAT M3MOI3BaHHU TPH MAJICOPEKOHCTPYKINHTE, 3a /1a
ce HaMepu HEeOOXOaUMHS MUHUMAalleH Opoil ChBpPEMEHHH aHalO03W, Ca B JMHEHHA 3aBHCHMOCT OT
Mamaba Ha W3CIeqBAaHUS palloH, T.e. KOJKOTO TMO-TONSIM € W3CIeIBaHWs PaliOH, TOJKOBA ITOBEYE
ChBPEMEHHHM aHAII03U TPsAOBa 1a ObaaT npuiaokenu [7]. ETo 3a1io, oT rojsiMo 3HaYeHHe € HaTPyIBaHETO
Ha 0a3a OT CHBpEMEHHH KanuOpupaHW HTaHHMH 3a TMpenu3upaHe Ha MOJENHTE, JOMMyCKaHe Ha
OTHOCHTEITHO TT0-MaJIK{ TPEIIKH, a OT TaM U JI0 TIO-TOJIsIMa TOYHOCT Ha peKoHCTpyKuuuTte [1, 6].

MeronsT Ha cbBpeMeHHHTE aHaI03u (MCA) e TecTBaH M BaluAMpaH upe3 cuMyiaumu [1, 2] n
npuwioxked B M3touna bBbiarapust B cepusi OT MaleoKIMMaTW4YHH pekoHcTpykimu [8, 9, 10],
MOTBBPKJIABAIIM JAHHUTE OT KIIACHYECKUTE MHTYUTHBHH WHTEPHpETAllui Ha (OCHUIHH CIEKTPH OT
coinuTe peruonn [11, 12, 13].

Ilenra Ha HACTOSIIIOTO M3CJIEIBAHE € JIa Ce U3rOTBU ChBpeMeHeH kamubparuonen cer (CKC) 3a
u3touHa bearapus 3a 2017, koiTO 1a MHKOPIIOpUpPA MACUBUTE OT IMOJIEHOBU JTAHHU OT ChbBPEMEHHHU
MTOBBPXHOCTHH MTPOOHU U MpHIIekammuTe uM knumatuaau napamerpu B ['MIC cpena, kaTo 10 TO3M HA4YWH
C€ OCTOMHOCTH 3aBHCHMOCTTa IIOJICH-KJIMMAT, Taka 4Ye Ja MOKe Ja ObjJe H3MOoN3BaHa MpH
MaJIeOeKOIOTMYHN PEKOHCTPYKITHH.
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Marepuaj u MeTOAUKA

3a u3siCHsBaHE Ha BPh3KaTa MOJICH—KIIMMAT B CbBPEMEHHH YCIIOBUS, ca ChbOpaHu 63 ChbBpEeMEHHU
MOBBPXHOCTHU NpodH (34 moBbpxHOCTHU NouBeHH Mpodu (I1I1I1) 1 29 moBBPXHOCTHU MBXOBH IPOOH
(IIMIT) mpe3 2017 r. B 10 XapakTepHH 3a U3CJIEIBAHUS PAHOH PACTUTEIHHU ChOOIIECTBa M 00paboTBaeMu
TUTONIM 3aCeTH C XHUTHH Kyntypu (Dwur. 1).

3a aHa;mM3 ca B3eMaHHW Ha CIy4acH MPHHIMII 5 MOBBPXHOCTHH MOYBEHHU MOINPOOHU OT 1o 2 — 3
cm® oT mouBeHHMs Cy6CTpaT Ha ABIOOYMHA MAKCUMYM [0 5 CM M HAKONIKO MOATNPOOH OT MBXOBE OT
pa3IuYHU BUJIOBE B paMKUTE Ha IpoOHa IuIomaaka ¢ pasmepu 1 X 1 m. Brnocnencreue, mommpoodure ca
CMECEHH B €IHA M OT Hesl € B3eTO KOIMYECTBO OT 3 cm’,

@ur. 1. MecTononoxeHne Ha CbBPEMEHHHUTE MOBBPXHOCTHH 11pobu: A) TIII1, b) TIMII.

JlabopaTtoprarta obpaboTka Ha mpobuTe € u3BbpiieHa B Jlaboparopusara mo 6a30Bu OMOIOTHIHA
JUCLUIUIMHY KbM KaTenpa ,,PacrenneBbpacTBO, TeXHNYECKN YHUBEPCUTET — BapHa B CbOTBETCTBUE ChC
cranmaptHus ameronusen meron [14, 15]. 3a onpenensiHe Ha CTATUCTUYECKUTE 3aBHCHMOCTH B
[IOJICHOBUTE CIEKTPHU Ca M3TOTBEHU HETPailHW INIMLIEPUHOBH MHUKPOCKOIICKM IIpEnapaTH, B KOMTO ca
n30pOSBaHN M OIPEACTSIHU 10 Hail-HUCKO TaKCOHOMHMYHO HMBO BCHYKM CpEIIAIlld ce€ B NpoouTe
MIOJICHOBH 3bPHA U CIIOPH.

[Ipu ycTaHoBsiBaHEe Ha 3aBUCHMOCTTA MOJEH—KIMMAaTHYHHU (PAKTOPH € MPHIIOKEH AHAIU3bT HA
ocratpitute (Redundancy Analysis, RDA) [16, 17], kaTo cTratucTHueckaTa o0pabOTKa Ha JTaHHHUTE U
rpad)MuHOTO MPEICTaBsHE € OCBIIECTBEHO ¢ momorira Ha copryepHus npoaykt CANOCO 4.5 [18].

Pesyarartu u odchxnane

JlaHHUTE 32 YeTUpUTE OCHOBHM MapaMeThpa Ha KIMMaTa: cpequoronuinHa temmneparypa (CI'T),
cpenHa Temmeparypa Ha cryaeHoro nonyromaue (CTCII), cpemna Temriepatypa Ha TOILIOTO MOIYTOANE
(CTTII) u cpemnorogmmHa cyma Ha Banexute (CI'CB) ca B3ern or Hali-Onm3kata 1o mpobOata
mereoposornyHa cranuus [19]. Ilpu organedeHn mnpoOu Oelie W3BBPLICHA KOPEKIHs Ha
METEOpPOJIOrMYHUTE CTOMHOCTH, B 3aBHCHMOCT OT pa3jdKaTa B HAJAMOPCKaTa BHCOYMHA MEXIY
METEOpOJIOruYHaTa CTaHIUS U onpoOBaHus TepeH. C 1en a ce moayyar Te3d KOPEKUHOHHU (aKkTopu
Oelre U3BBPIICH aHAJIU3 Ha HAJIMYHUTE JaHHU OT CTAHIMUTE W HaJIMOpCKaTa BUCOYMHA HAa KOSTO CE
Hamupat (Pur. 2). 3a CI'T — Geme nmonyuen xoepunuent 0,52°C ma 100 m HagMOpCKa BHUCOYMHA.
[lonydyeHnusiT pe3ynrar € ONM3BK [0 M3MOJN3BAaHUS B CBETOBHATA IPAaKTHKa KOEG(PUIIMEHT Ha
temnepatypHo otkionenue ot 0,57°C Ha 100 m Hagmopcka Bucounna [20] 1 mpeBuIIaBali HoTyIeHus
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ot Luo et al. [21] — 0,46°C/100 m. 3a apyrute npomeHiuBy O0sixa monyuenu cienuure ganau: CTCIT —
0,52°C/100 m; CTTII - 0,52°C/100 m u CI'CB — 45 mm/m*100 m.

[Ipu u3BBHpIIEHUS] CHIOPOBO-TIONEHOB aHAM3 Ha CHBPEMEHHUTE MpoOm Osixa ycraHoBeHH 43
MOJICHOBH TAKCOHA, KOMTO CE CPEeIIaT U B U3CieABaHNUTe (POCUITHU TpodH B paiioHa (Pur. 3).

OT romsiMo 3Ha4YeHHE 32 MHTEPIIPETAlUATa Ha 3aBUCHMOCTTA MOJIEH—KIMMAaT € HAMUPaHEeTO Ha
CTaTUCTUYECKa 3aBHCUMOCT B ChbBPEMEHHUTE MPOOH U Clie]] TOBA MHTEPIIOIUPAHETO U 332 (OCHITHUTE.
[Ipy ananmuM3a Ha Ta3W 3aBUCHMOCT, 3a BCEKHM OT/EJEH IMOJCHOB TAKCOH, MOXE Ja C€ MpEleHH
MPUTOAHOCTTa MY W JIaJIX TOH Jia ObJie BKIIOUEH HITH U3KIIIOUEH KaTo HHIAUKATOP.

C men ma ce rapaHTHpa, Y€ PAJKO CpEIIaHWTE, HO BaXXHH 32 KpalHUTE PEe3yNTaTH TOJICHOBU
TaKCOHM HsIMa Jia OTIaIHAT, OCIIe MPUIIOKEH METOIBT ,,Square—root transformation® u Oelre u3uncieHa
o0IaTa cyma Ha KBaIpaTHUTE OTKJIOHEHHsI Ha TIPOLIEHTHOTO Y4aCTHE Ha BCEKH OT IMOJIEHOBUTE THITOBE.
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@ur. 2. 3aBucumoct Mexy Haamopckarta BucounHa u CI'T (cpegnoroaumna remmnepatypa), CTCII
(cpenna Temnepatypa Ha cryaeHoro nonyroaue), CTTII (cpenna TemmepaTypa Ha TOIIOTO
nonyroaue), CI'CB (cpemHoroauiiHa cyMa Ha BaJICKUTE).

GIS-BASED MODERN POLLEN-CLIMATE CALIBRATION SET FROM STOYAN VERGIEV 202-208
EASTERN BULGARIA FOR 2017
205



2
ES

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

w Pinus diploxylon o> [N I'EESSEl I E
u Juniperus 62 BN i I B H
o N BN ©
Picea o0 NN T 00N
s B 2 00 b wmw |
B Quercuis
s NN B Y S e
W Carpinus betulus st 1 I . .
b s I NN N H .
ot s I B
= Ulmus s+ I I . N =
u Tilia s> I NN B D |
s> [ D Il ¢ =
Abus s [ . I .
m Acer so ¢ [ BT
© 1 IS L . |
W Fagus s [ I | D |
R + N I — B
s | I I S I e

Fravinus ormis

=
S

=
n
-I
1 ]

B Carpirus orientalis

=
o
—

Juglans S . B BN
m Hippophae 4 NN . . | hm
o Nl e I | . W
m Viis o NS T e Il .
u s/ Camabis 25 NMEEEE | [ W
v I . ¢}

u Artemisia

(75}
(=2}

- | 1
: ey 0 0 N e
DR T e .
Poaceae 33 [ I .
, 2 [ b B
mdsteripe 3 N I e
w_Achillea-type &y | [ e | |
e =y s B ' ! I a
® Cichoriaceae
ey | | [ | mi
Cerealia-type 27 [ | 1 e I | |
N 00 00 I [ [
pentago faiceclde s —— Y o T 1
Rumex acetosella » [N m M|
23 [ T —— |

u Centaurea cyaniis

2zl T @l
W Filipendula o B | 0 | I |
. 20 [N I O e n
Apilaceae

b N 00 ) B @
m Fabaceae i3 [ [ e |
. ] | - ]
™ Centanreajaceae-hipe i; . Y [ | I @ N
® Lamiaceae 15 N B 0 I
- 1+ I "IN m n
" Brassicaceae £l 0 (] [ B s
W Jurinea-type 2 [ - Iaa
o 1 NN . H A
Porgmaceae o I 1 | =
u Polygomm aviciiare 9 | I NN | P N .
i, g Bl e b
7 ] O e b

® Hypericum ¢ NI B N .
s 1 e I I W

Cirsitm-ty,

P N T [ | I

u_1bies ; T | Bl I A ‘M
et ; I | - I N .

| B [ N1

dur. 3. HpOI_IeHTHO Y4aCTueC Ha UHAUKATOPHUTE TAKCOHU B ITOJICHOBUTC CIICKTPU.

GIS-BASED MODERN POLLEN-CLIMATE CALIBRATION SET FROM STOYAN VERGIEV 202-208

EASTERN BULGARIA FOR 2017
2

o

6



[Ipu u3BBpIIEHNS CTATHCTHUECKH aHAIN3 OfXa M3YHCIEHH U KOpEeNalMOHHUTE KOSPUIIMEHTH Ha
Pearson Mexay NpOLEHTHOTO ydYacTHEe Ha BCEKM OT IIOJICHOBUTE THUIIOBE BBHB BCsKa Mpoda H
KIuMaTtnaHuTe npomMeHnuBu (Qur. 4a). [lo To3n HaumH Osixa MACHTUGHUIMPAHU HIKOM aHOMAIIUH H
OTKJIIOHEHHUs, OsiXa HMHTEPIpPETUPAHU BPB3KUTE MEXKAY IMOJCHOBUTE THUIIOBE M KIMMATHYHHUTE
NPOMEHJIMBH W 0fXa ONpenelieHM HWHIUKATOPHUTE BUAOBE, KOMTO Ja OBJAaT BKIIOYEHH IpH
u3uucieHusra [1, 6].

OT OTKpUTHTE IPY CIOPOBO—TI0JIEHOBHUS aHaU3 50 MOJIeHOBU TaKCOHA, B MOZENa 051Xa BKIIOUCHH
caMmo BHJIOBETE ChC 3HAYMMU KoepuireHT Ha kopenanus (R>0,26, p=0,1, N=68-609). Texuusit 6poit
e 43.
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Owur. 4. OpauHAITMOHHY TUATpaMy Ha aHaimu3 Ha ocTaTeiuTe (RDA).
A) bumot moka3zBaiy B3aUMOBpPB3KaTa MEXAY PACTUTETHUTE TAKCOHU U KIIMMAaTUIHNATE
napamerpu (Bcesika Touka 1mokasBa OCPEIHEHOTO Y4acThe Ha MOJICHOBUTE TUIOBE); b) buruior
ITOKa3BaIl B3aUMOBPH3KaTa MEXKAY IOJICHOBUTE CIIEKTPH M KIIMMATHIHUTE TapaMeTpH.

B®3 ocHOBa Ha (hakTOpeH aHAJIN3 Ha TPOMEHIIMBUTE KIIMMATHYHU JAHHU U MTPOIICHTHOTO y4acTHe
Ha BCEKH THUI B CIICKTpUTE Oellle u3uepTaHa auarpama. Ha Hest € ChOTHECEH BCEKH MOJICHOB CHEKTHD
KBbM KOe(DHITMEHTHTE Ha KOpealis Ha KITMMaTHIHUTE mapameTpu (Dwur. 40).

[IpoIeHTHOTO CHOTHOIIEHHE Ha N30paHUTE KATO OAXOJISIIHN 32 WHANKATOPH TAKCOHU BHB BCSAKA
npoba Oere npenzuuciaero 1o 100% (Pur. 3). Ha 6a3a u3pbpuieHuTe aHAIN3HU 051Xa ONPEAEICHH KaTo
MPEACTABUTEHN BCHYKUTE U3CIICBAHU MOJICHOBY CIIEKTPHU OT TepuTopusta Ha M3touna Benrapus.

H3BoaM

W3BbpineHuTe aHamWM3W IOKa3BaT 3HAYMMA KOpenamus Ha KINMAaTHYHATE NapaMeTpu u
MIPOIEHTHHUTE CHOTHOIIIEHHS HA TAKCOHUTE B TIOJIEHOBUTE CIEKTPH. 3a 88 % OT MONEHOBUTE TUTIOBE €
YCTaHOBEHA JIMHEHHA 3aBUCHMOCT MEXKIY TPOIEHTHOTO WM CBHOTHOIICHHE W KIMMATHYHUTE
npoMeniuBH. [lonydenuTe JaHHU ca TPUIOKUMU IPU NaJleoKIMMaTUIHU pekoHcTpykuuu B 'UC cpena.

Baaropapaocru. HaygynuTe n3cnenBanus, pe3yJaTaTUTe OT KOUTO ca MPEICTaBEHU B HACTOAIIATA
myOnukanms, ca us3pbpuieHH no mpoekt HII11/2018 ,,CwvznaBane ma 'MC mozmen 3a omeHka Ha
3aBUCUMOCTUTE MOJIEH-PACTUTENHOCT U MOJIEH-KIMMAT B arpoLEHO3U‘ B pAMKUTE Ha Ipuchinata Ha TY -
Bapna HaydHom3crenoBaTencka qeiHoCT, QUHAHCUPAHA IIEJIEBO OT AbP KaBHHUS OFOKET.
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