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Ab stract
Cli mate de te rio ra tion of the Lit tle Ice Age was mani fested in the most spec tacu lar way in the gla ci ated high moun -
tains, but it should also be ana lysed in term of a cli matic con cept. Spa tial varia tion in LIA cli mate is il lus trated also in
non- glaciated ar eas of the North ern Hemi sphere in a broader con tex. Ex treme cli matic events were forc ing fac tors for
moun tain slope de for ma tion by geo mor phic pro cesses in the High Ta tra Moun tains. The old chroni cles, li che no met ric
dat ing of land forms and la cus trine sedi ments are used to de ter mine the be gin ning of “Lit tle Ice Age – type events”
(about AD 1400) and its end (about AD 1920). Dur ing this time span the set of cli matic con di tions re spon si ble for trig -
ger ing high- energy geo mor phic pro cesses was rec og nised. The cata strophic hy dro me te oro logi cal events were con cen -
trated in cer tain pe ri ods. Clus ter ing of weather anoma lies and natu ral dis as ters re sult ing from them are dis cussed in the 
pa per.
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IN TRO DUC TION

Af ter the warm est phase of the Holo cene, i.e.af ter the pe -
riod known as Me die val Warm Pe riod (AD 800–1200), de te -
rio ra tion of cli mate and re ac ti va tion of gla ciers took place in
many moun tains of the world. It has been claimed that os cil -
la tions of gla ciers in re cent cen tu ries were the larg est dur ing
the last 5 thou sand years or even the larg est since the end of
the Pleis to cene at least in cer tain re gions. The pe riod of sig -
nifi cant ad vances of gla ciers in the late Holo cene is termed
the Neo gla cial pe riod, and its lat est epi sode, which is char ac -
ter ised by the most ex ten sive gla cier ac tiv ity, has been called
the Lit tle Ice Age (LIA). Cli mate de te rio ra tion of the LIA re -
sulted in de vel op ment of new forms of gla cial ori gin and in
depo si tion of min eral and or ganic sedi ments. Maxi mum ex -
tents of gla cier ad vances in the high moun tains of the north -
ern hemi sphere oc curred be tween AD 1600 and 1850.
Sev eral con cepts re fer to the du ra tion of the LIA. The on set
of the cli mate de te rio ra tion, to which the gla ciers re sponded,
was not si mul ta ne ous. There fore, the ini tia tion of the LIA,
de rived from defi nite ad vances of gla ciers, is de fined dif fer -
ently, de pend ing on a moun tain mas sif where gla ci ologi cal
stud ies have been car ried out. Low ell (2000), who ac cepted
AD 1200, gives the ear li est date. Other al pine re search ers
used to de fine three ad vances of moun tain gla ciers dur ing the 
last 750 years, namely in: 1300–1380, 1570–1640 and
1810–1850 AD (Wan ner et al. 2000). The In ter na tional
Sym po sium in To kyo of 1992, de voted to the cli mate of the
Lit tle Ice Age, made gla ci olo gists aware of a sig nifi cant dis -
agree ment in de ter min ing the on set and the end of this pe riod. 
Por ter (1986) dem on strated that the LIA started af ter the Me -
die val warm ing, i.e. since AD 1250 and lasted to ca. AD
1920, while Lamb (1969, 1977) as signs the LIA to the years

of 1550–1850 with the main phase in 1550–1700. The par -
tici pants of the Sym po sium men tioned above, split them -
selves into two groups: the first one which ac cepted the LIA
du ra tion from 1275±60 to 1850±50 years and the sec ond
group which claimed the LIA be gin ning from AD 1510±50.
On the other hand, the end of the LIA is not dis put able and
AD 1850±50 has been ac cepted (Grove 1988, Brad ley, Jones 
1992). De ter mi na tion of the LIA du ra tion does not de note
that it was a sin gle cool ing epi sode. His tori cal evi dences
gath ered in vari ous Euro pean coun tries al low con clud ing
that cooler and warmer pe ri ods were not si mul ta ne ous in the
north ern hemi sphere. Nev er the less, sev eral cold epi sodes,
last ing even up to 30 years, which were syn chro nous on a
global scale, can be iden ti fied. These were: AD 1590–1610,
1690–1710, 1800–1810, and 1880–1900. It is much more
dif fi cult to dis tin guish syn chro nous warm pe ri ods (in the
1650s, 1730s, 1820s, 1930s and 1940s – Brad ley, Jones
1992). The time spans of defi nite cool ing on the global scale,
re sult ing from changes in so lar ra dia tion, did not al ways lead
to in crease in gla cier mass gain. Dur ing the last mil len nium,
three clear so lar ra dia tion min ima oc curred. They are known
as: Maun der mini mum (1645–1715), Spörer mini mum (ca.
AD 1500) and Wolf mini mum (ca. AD 1200–1300). Ac cord -
ing to Wan ner et al. (1995, fide Lock wood 2001), in the sec -
ond half of the Maun der mini mum, de spite the dis tinct
cool ing, no sig nifi cant in crease of al pine gla cier masses has
been stated, as it was a dry pe riod with a rela tively small
snow fall. For this rea son, it has been ac cepted that in gla ci -
ologi cal re con struc tion a si mul ta ne ous analy sis of ther mal
and hu mid ity con di tions is nec es sary.

Van Geel and Rens sen (1998) as signed the LIA to
global, abrupt cli mate os cil la tions on the Holo cene scale. It is 
be lieved that such fluc tua tions have been re lated to the North



At lan tic Os cil la tion (NAO), and the ad vances of the moni -
tored gla ciers in the Alps (Aletsch and in the Grin del wald
val ley) were re lated to the course of tem pera ture and pre cipi -
ta tion dur ing win ter and sum mer sea sons. How ever, the cli -
mate os cil la tions as so ci ated with NAO are over lapped by
tem pera ture and hu mid ity varia tions re lated to vol cano erup -
tions in the trop ics. Huge vol canic erup tions were al ways fol -
lowed by several- year- long ther mal and pre cipi ta tion
anoma lies. The facts of very cold sum mer sea sons and “nor -
mal” win ter tem pera tures were ob served af ter erup tions of
the vol ca noes: Tam bora in 1815, Cra catau in 1883, Santa
Maria in Gua te mala in 1902. These facts have been docu -
mented by Briffa et al. (1998), Wan ner et al. (2000) and
Zielin ski (2000).

Al though the cli mate de te rio ra tion of the LIA mani -
fested it self in the most spec tacu lar way in the gla ci ated high
moun tains, its re sults af fected vast ar eas of the whole globe.
It brought about sig nifi cant changes in the en vi ron ment and
wors ened liv ing con di tions of so cie ties. The cata strophic hy -
dro me te oro logi cal phe nom ena, such as in ten sive down pours 
or con tinu ous rains, floods, hur ri canes, low tem pera tures of
sum mer sea sons, de graded ce real yields and threat ened hu -
man lives in Europe and in other con ti nents. There fore, the
on go ing stud ies aim ing at the re con struc tion of en vi ron -
mental events of the LIA in non- glaciated ar eas are car ried
out in the frames of palaeo geog ra phy, pa laeo hy drol ogy and
pa laeo cli ma tol ogy, den dro chro nol ogy and other natu ral sci -
ences. His tori cal chroni cles, de scrip tions of cata strophic
events, and the later di rect meas ure ments of cli matic pa rame -
ters are im por tant sources of in for ma tion about this pe riod. A
fun da men tal con clu sion which comes out of the multi- year
stud ies on the changes of natu ral en vi ron ment dur ing the last
thou sand years lead to the fol low ing fun da men tal con clu -
sion. The term Lit tle Ice Age should be used thought fully, so
its mean ing and du ra tion must be al ways ex plained. Gla ci -
ologi cal cri te rion can not be a pre cise meas ure of the LIA.
Jones and Brad ley (1992) in their monu men tal work en ti tled
Cli mate Since A.D. 1500, pub lished in 1992, sum ma rized the
re sults of the stud ies on cli matic changes of the globe. The
find ing that dur ing 500 years a sin gu lar docu mented cli mate
cool ing did not oc cur is one of the most im por tant con clu -
sions. There were cooler and warmer epi sodes, but in the
global scale in this time in ter val one can dis tin guish only 6 si -
mul ta ne ous cool ing pe ri ods (1590–1610, 1690–1710, 1800– 
1810, 1880–1900). The pe ri ods of si mul ta ne ous warm ing
oc curred only 4 times (in the 1650s, 1730s, 1820s, 1930s and
1940s). It de noted that the pe ri ods of cli matic anoma lies oc -
curred in dif fer ent times in dif fer ent parts of Europe and the
world. Mat thes and Briffa (2005) pro pose term “Lit tle Ice
Age- type events” for clari fi ca tion in ter mi nol ogy of the char -
ac ter is tics of the LIA in the light of cli matic con cept. There is
no one- to- one agree ment be tween the gla ci ologi cal and the
cli matic con cepts of a “Lit tle Ice Age”. Con clu sion com ing
from this con cept says that “we need to con cen trate and in -
crease knowl edge and un der stand ing of cli matic vari abil ity
and of spa tial varia tion in the Earth- atmosphere- ocean-
 system”. There fore, the re con struc tions of cli matic, hy dro -
logi cal and geo mor pho logic events need to be re lated to re -
gional events. This last find ing sub stan ti ates a need for more
de tailed stud ies on the LIA in the Ta tras.

CHANGES IN THE TA TRIC EN VI RON MENT

In the moun tain ar eas with out gla ciers in the Holo cene,
the non- glaciological cri te ria are to be used to de fine the on -
set and the end of LIA. The re sponse time of large al pine gla -
ciers to cli matic changes lasted a few or even sev eral
dec ades, un til the gla ciers reached a new mass bal ance (Hae -
berli, Hoezle 1995). The aim of this pa per is framed in the fol -
low ing ques tions: how did the natu ral en vi ron ment of the
Ta tras, the high est and the north ern most non- glaciated
moun tain mas sif of the Car pa thian arc, re act to the cli mate
de te rio ra tion of the LIA? In which pe riod and in which way
did this de te rio ra tion mani fested it self most spec tacu larly?
The an swer to these ques tions is dif fi cult, as Man was not a
per ma nent resi dent of the Ta tras, as it was the case of the
Alps. Dur ing the last 600 years Man lived in the Ta tras only
spo radi cally, thus he did not docu mented the changes un der -
go ing in the high moun tain en vi ron ment as it was done by the
Alps in habi tants. In spite of that, there are his tori cal docu -
ments al low ing at least a par tial an swer ing the above ques -
tions (Generisch 1807). A real, sci en tific ex ami na tion of the
Ta tras started at the turn of the 18th and 19th cen tu ries, when
the moun tains be came the field of in ter est of many lo cal re -
search ers and Euro pean sci en tists (i.e. Bal tazar Hac quet and
Rob ert Town son). Among the pub lished works on the na ture
of the Ta tras, the con tri bu tion by Chris tian Generisch, en ti -
tled Re ise in die Car pa then mit vorzügli cher Ruck sicht auf
das Tatra- Gebirge, pub lished in 1807, de serves a spe cial at -
ten tion. The main ad van tage is the chap ter en ti tled Me te or -
olo gische An sicht, which com prises all the in for ma tion about 
the weather anoma lies, i.e. on cata strophic pre cipi ta tion and
floods in the Ta tras and in their fore land since the be gin ning
of the 14th cen tury, as avail able from ar chives and chroni cles.

The turn of the 18th and 19th cen tu ries can be iden ti fied as
the be gin ning of sys tem atic sci en tific stud ies. The notes
about weather con di tions were taken by Town son in 1793,
Staszic in 1802–1805, Wah len berg in 1813, Koøistka in
1860, while sum mary of their ac tiv ity is given by Gus tawicz
(1883) and Szaflar ski (1972). A chroni cle of Zako pane par -
ish for 1848–1890 by Józef Sto larc zyk (Sto larc zyk 1915) is a
very valu able source of in for ma tion about weather in the
Polish Ta tras and Pod hale.

The avail able in for ma tion on floods and con tinu ous pre -
cipi ta tion, ac com pa nied by cata strophic short storms of ten
chang ing into snow falls in sum mer sea son, are com piled in
Fig. 1. These are data rec ords from nar ra tive sources, i.e. an -
nals, chroni cles, mem oirs and de scrip tions of trav els and
trips to the Ta tras and the sur round ing val leys.

The larg est num bers of weather anoma lies were reg is -
tered in AD 1850–1900. In this pe riod 29% of all the events,
which have been de scribed in the chroni cles and other writ -
ten docu men ta ries for the last 400 years, took place. The sec -
ond out stand ing pe riod is the time span of AD 1700–1750
(16%). The “calm est” pe riod com prises 1750–1800 (2.7%).
The dif fer ences be tween par ticu lar pe ri ods are very pro -
nounced. They point to dif fer en tia tion of cli mate dur ing the
LIA in the Ta tra fore land. The his tori cal docu men ta ries do
not al low for de fin ing when LIA started in the Ta tra in te rior.

Fig ure 1 shows the cata strophic floods and pre cipi ta tion
in the Ta tras and at their fore land in 1600–2001 (years
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marked in the up per part of fig ure) and the earth quakes
marked in ital ics on the time axis (at the bot tom). The fig ure
re fers to the both slopes of the Ta tras.

There is a clear co in ci dence be tween cata strophic pre -
cipi ta tion, rock falls and earth quakes. The old chroni cles of -
ten point to the earth quakes as a con se quence of ex treme
pre cipi ta tion. Rock falls are caused by sev eral trig gers: cli -
matic con di tions (tem pera ture, pre cipi ta tion) con trol ling
physi cal weath er ing (loos en ing of a rock mas sif), while the
fac tor which ini ti ates the fall is the earth quake and in ten sive
pre cipi ta tion in fil trat ing into the loos ened rocks. These ob -
ser va tions are con firmed by de scrip tions of ex treme events in 
the Ta tras. One of the larg est natu ral ca tas tro phes oc curred in 
1662. Due to the earth quake and the cata strophic pre cipi ta -
tion in the Ta tras, the sum mit dome col lapsed and Slavk -
ovský sum mit in the Slo vak High Ta tras has been low ered
(Pary scy 1995).

The re con struc tion of natu ral pro cesses in the Ta tras, be -
fore Man en tered this re gion, can be done by study ing the
forms of re lief of the slopes and val ley floors formed in the
ear lier phases of the LIA. Ab so lute age of the Ta tric forms
has been de ter mined by li che nome try, den dro chro nol ogy,
14C dat ing of or ganic de pos its and 210Pb dat ing of min eral la -
cus trine de pos its of the last 150 year time span.

In fer ring from the la cus trine de pos its of Mor skie Oko
and Zielony Staw Kie¿mar ski lakes, it has been ac cepted that
the large fre quency of high- energy rapid mass move ments,
char ac ter is tic of the LIA, started in the Ta tras ca. AD 1400
and ended ca. AD 1860 (Ko tarba 1995), yet the struc tures
typi cal of this pe riod are more nu mer ous in the younger de -
pos its origi nat ing from the two dec ades of the 20th cen tury.
Based on the above, one can ac cept that the rhythm of geo -
mor pho logic events of the LIA in the Ta tras lasted un til
around AD 1925. The dates 1400–1925 can be ac cepted as
the be gin ning and the end ing of the LIA in the Ta tras (Ko -
tarba 2004). The be gin ning of the LIA in the Ta tras, de rived

from the hillslope pro cess re corded in la cus trine de pos its of
Mor skie Oko lake, is ad di tion ally con firmed by secu lar ten -
den cies in cli matic changes in the last mil len nium com plied
us ing the in di ces of ther mal and hu mid ity con di tions of
Poland given by Ma ruszc zak (1991). The 50- year mean air
tem pera tures in the mid dle Po land, de ter mined by the in stru-
men tal meas ure ments and by ex trapo la tion, show two min -
ima. The first mini mum, iden ti fied as the 1st phase of cool ing
of the LIA was ca. AD 1400. Ear lier, Lamb (1969) showed
that the 15th cen tury was as cold as the 17th and 18th cen tu ries.
He as signed the be gin ning of LIA to ca. AD 1400.

As sum ing the sum mer tem pera ture vari abil ity as a cri te -
rion for de fin ing the be gin ning of the LIA, it is rea son able to
ac cept the cool ing by the end of the 16th cen tury (1576 –
NiedŸwiedŸ 2004). There is also an anal ogy be tween the cli -
mate in sta bil ity in the north ern hemi sphere and in the Ta tras.
The rhythm of the mean an nual tem pera ture in Ice land, given
by Bergthórs son (1985), char ac ter is tic of the LIA, lasted un -
til 1920. Moreo ver, the mean an nual tem pera tures of the
north ern hemi sphere com piled for the 19th and 20th cen tu ries
by Mann et al. (2000), and pre sented by Brad ley et al. (2003)
ex plic itly il lus trate the con tinua tion of the ther mal rhythm of
the LIA un til 1925.

The pe riod of in creased la cus trine sedi men ta tion rate in
1905–1910 is well cor re lated with the phase of de bris flow
ac tiv ity, in di cated by li che no met ric dat ing of de bris flow
tracks. In the time span of the last 200 years, the pe riod
1901–1925 mani fested it self by a large per cent of de bris
flows (above 20%).

EX TREME HY DRO ME TE ORO LOGI CAL
EVENTS AND DE BRIS FLOWS IN THE HIGH

TA TRAS

Time in ter vals in which ex treme pre cipi ta tion events oc -
curred, i.e. par ticu larly in ten sive pre cipi ta tion lead ing to in -
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Fig. 1. Ca ta strophic floods and rain falls (AD years above) and earth quakes (AD years at the bot tom) in the Ta tra Moun tains and on the
fore land from AD. 1600 to 2001 ac cord ing to old docu ments and chroni cles on the Pol ish and Slo vak side.



ten si fied for ma tion of de bris flows, have been de ter mined.
The analy ses of this type have been per formed for the sur -
round ings of Mor skie Oko lake (MO), the Pañszc zyca val ley
(P), the vi cin ity of Czarny Staw G¹si eni cowy lake (CS),
Zielony Staw Kie¿mar ski - Ze lene pleso (ZP) (Figs 2, 3). In
gen eral, it can be ac cepted, that the en tire 19th cen tury was
char ac ter ised by high slope dy nam ics, al though it is not evi -
denced in all the val leys. The steeper and the shorter the
slopes, the worse are the pos si bili ties to pre serve the older

sur faces. The pe riod of the 19th cen tury in ten si fied de bris
flows lasted un til the 1930s. Then, a calmer pe riod oc curred
which pro longed it self un til the be gin ning of the 1970s. Dur -
ing the re cent 30 years, next ex treme geo mor pho logic events
of an in creased fre quency caused by heavy down pours are
ob served.

The de bris flows in the fi nal phase of the LIA were much
larger (10–20 m wide) than the con tem po rary tracks (Fig. 4),
and had a high per cent age of blocks whose maxi mum axes
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Fig. 2. Lo ca tion of the test ar eas in the High Ta tra Moun tains; CS – Czarny Staw G¹si eni cowy Lake, P – Pañszc zyca val ley, MO – Mor -
skie Oko Lake, CSR – Czarny Staw pod Rysami Lake, ZP – Zielony Staw Kie¿mar ski (Ze lene pleso) Lake.

Fig. 3. Ca ta strophic floods and rain falls in the Ta tra Moun tains and ad ja cent ba sins ac cord ing to his tori cal notes and docu men ta ries (T-K), 
de bris flows in side the High Ta tra Moun tains – Mor skie Oko val ley (MO); Pañszc zyca val ley (P); Zielony Staw Kie¿mar ski val ley (ZP) and
Czarny Staw G¹si eni cowy Val ley (CS). Pe ri ods of de bris flow ac tiv ity are based on li che no met ric dat ing for the last 200 years; CV – hemi -
spheric cool ing based on nor mal ized mean tree ring den sity anom aly of the north ern bo real for est (Briffa 2000, Briffa et al. 1998).



ex ceeded 100 cm. In the 20th cen tury flows the width did not
ex ceed 10 m and the grain size of the ma te rial build ing the
lev ees and tongues was smaller (Ko tarba 1991, 1992). The
trans por ta tion ca pac ity of storm wa ters in the past was larger
than at pres ent, and the block sizes in the old de bris flows
point to a larger com pe tence of these wa ters. The analy ses of
the old and con tem po rary tracks of de bris flows in the Slo vak 
part of the Ta tras made by Mid riak (1985) al low to con clude
that in the past, un der the con di tions of a more se vere cli mate, 
the forms were larger, longer, con cen trated mainly in the ma -
jor troughs dis sect ing the rock walls, and de scended lower
than at pres ent. The ma jor ity of the ma te rial en trained into
wa ter trans por ta tion on the slopes is an in di rect meas ure of a
rela tive larger in ten sity of hy dro logi cal events in the past, but 
it also shows that the in creased ero sional ef fects in some Ta -
tric val leys in the LIA re sulted from a higher sen si tiv ity to

geo mor pho logic pro cesses due to the lack of sta bi liz ing
dwarf pine cover.

SUM MA RIS ING RE MARKS

The term Ta tric Lit tle Ice Age is used in this con tri bu tion
for the pe riod ac cepted in the world as im por tant global cli -
matic os cil la tion in the last mil len nium and in the Holo cene
scale, which has its spe cific im print in the natu ral en vi ron -
ment of the high- mountain Ta tra mas sif. Both the du ra tion
and the char ac ter of the changes in the abi otic en vi ron ment of 
the Ta tras dif fer from the LIA con cept de vised in the do main
of gla ci ol ogy.

The LIA in the Ta tras mani fested it self in a cli mate wors -
en ing, char ac ter ised by fre quent cool and moist sum mer sea -
sons. It can also be ac cepted that win ter sea sons were se vere,
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Fig. 4. Maximum boulder size (A) deposited in levees of debris flow tracks, and maximum width of hillslope debris flow tracks (B)
triggered during last ca. 220 years (lichenometric dating) at G¹sienicowa Valley (Kotarba 1992).



al though not all of them. How ever, it was not the pe riod of the 
cli mate de te rio ra tion as sig nifi cant fluc tua tions were ob -
served every other year which was evi denced by nu mer ous
nar ra tive sources. The cata strophic hy dro me te oro logi cal
events con cen trated in cer tain pe ri ods. Thus, one can speak
about clus ter ing of weather anoma lies and natu ral dis as ters
re sult ing from them. There were also the pe ri ods dur ing
which the tem pera tures of vege ta tion sea son were simi lar to
those of the pres ent days.

Based on the pa laeo lim no logi cal data, this con tri bu tion
ac cepts that the Ta tric LIA had started ca. AD 1400, which is
slightly ear lier than it is given in other works, mainly in Euro -
pean gla ci ologi cal and pa laeo cli matic stud ies. Syn the sis for -
mu lated by Kreutz et al. (1997) docu ments a shift to
en hanced me ridi onal cir cu la tion around AD 1400 de tected in 
ice cores from both Ant arc tica, and cen tral Green land. Ta tric
pa laeo lim no logi cal evi dences re sult from the analy sis of
sedi men to logi cal rec ords of the Ta tra lakes, with par ticu lar
em pha sis on Mor skie Oko lake (Baumgart- Kotarba et al.
1993, Ko tarba 1995, Ko tarba et al. 2002). The on set of the in -
ten si fied sedi men ta tion of min ero genic ma te rial trans ported
from the slopes and de pos ited in the lake ba sins is dated at the 
be gin ning of the 15th cen tury and its end is as signed to the
sec ond dec ade of the 20th cen tury.

The cata strophic floods in the di rect fore land of the Ta -
tras were ini ti ated in the moun tain in te rior, but their larg est
ef fects were ob served out side the moun tains. His tori cal
docu men ta ries al low AD 1850–1900 to be called the pe riod
of the larg est number of the weather anoma lies dur ing the re -
cent 400 years. The time span AD 1700–1750 mani fested it -
self in the larger number of floods and ex treme pre cipi ta tion
in sum mer sea sons.

The idea that the set of con di tions re spon si ble for the
high- energy geo mor phic pro cesses in the Ta tras, char ac ter is -
tic of the LIA, lasted un til the be gin ning of the 20th cen tury is
sub stan ti ated by the de vel op ment of low pres sure sys tems
over the North At lan tic. Marsz (2004) in di cated that the
warm wa ter sup ply to the Golf storm de creased abruptly in
1877–1886 and this state lasted un til the 1920s. A change in
the cli matic re gime, from the pre domi nat ing south ern cir cu -
la tion (which brings air masses from the north over Europe)
to the zo nal cir cu la tion (which brings warm At lan tic air
masses from the west and south west over Europe) took place 
just in the first half of the 20th cen tury, af ter 1905. It was also
re flected in tem pera tures of a vege ta tion sea son. NiedŸwiedŸ
(2004) in di cated that the ther mal on set of the LIA in the Ta -
tras can be as signed to AD 1575 while the end to 1895. Also
se lected tree- ring den sity se ries from high- latitude land ar eas 
sug gest that time span of LIA cli mate is from AD 1570 to
1900. Mat thes and Briffa (2005) dem on strate in map form
“that the ma jor ity of the North ern Hemi sphere ex pe ri enced a
rela tively low mean sum mer tem pera ture for more than three
cen tu ries (AD 1570 to 1900)”. Re gional, new gla ci ologi cal
stud ies in the moun tains of Can ada (Luck man 2000) and
New Zea land (Win kler 2004), re mote from the Ta tras, also
show that the LIA pro longed un til the be gin ning of the 20th

cen tury.
The ex ami na tion of the geo mor phic re sults of the ex -

treme weather events in the moun tain in te rior have not pro -
vided suf fi cient evi dences to dis tin guish dis tinct phase of

cli matic de te rio ra tion dur ing the re cent 200 years. The li che -
nome try dated sedi ments of the hillslope de bris flows, which
are as sumed the ef fects of in ten sive con vec tion pre cipi ta tion, 
ana lysed in four test sites in the High Ta tras, sup port the
opin ion that al lu via tion of the slopes in par ticu lar val leys was 
very in di vid ual and only the most cata strophic floods in the
Ta tra and Fore- Tatra were syn chro nous with the larg est cli -
matic cool ing in the north ern hemi sphere (e.g. in 1813).

It is dif fi cult to evalu ate the de grad ing im pact of hu man
ac tiv ity on the en vi ron ment of the Ta tras dur ing the LIA. It is
im pos si ble to as sess how much a com mon for est down cut -
ting on the south ern and north ern Ta tric slopes, as so ci ated
with min ing and met al lurgy, as well as the dwarf pine fell ing
due to sheep hus bandry and lo cal in dus try, con trib uted to in -
ten si fied soil ero sion in forms of wash ing out and creep ing.
There are suf fi cient prem ises to be lieve that in flu ence of an -
thro po pres sion on the Ta tric en vi ron ment em pha sised natu -
ral pro cesses dur ing the Lit tle Ice Age.
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