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IN the current debate on the magnitude of modern-day climate
change, there is a growing appreciation of the importance of long,
high-resolution proxies of past climate'. Such records provide an
indication of natural (pre-anthropogenic) climate variability, either
singly at specific geographical locations or in combination on con-
tinental and perhaps even hemispheric scales®. There are, however,
relatively few records that are well dated, of high resolution and
of verifiable fidelity in terms of climate response, and conspicuously
few that extend over a thousand years or more®. Here we report
a tree-ring-based reconstruction of mean summer temperatures
over the northern Urals since AD 914. This record shows that the
mean temperature of the twentieth century (1901-90) is higher
than during any similar period since Ap 914.

Ring-width measurements from living and subfossil siberian
larch (Larix sibirica) trees have previously been used to produce
a continuous series representing interannual growth variability
in a region centred on about 66° 50' N, 65° 15" E on the eastern
side of the northern Urals, near Salekhard®. This mean ring-
width chronology, running from AD 961 to AD 1969, formed the
basis of a high-summer (June-July) season temperature
reconstruction’. However, this reconstruction is of limited value
in understanding 100-year timescale fluctuations, because of the
way individual tree measurements were detrended to remove
age-related sample bias in the mean chronology®® (a process
known as ‘standardization’ in dendroclimatology®'®). We have
now resampled these trees, and analysed both living and sub-
fossil material using wood densitometry to yield both ring-width
and maximum-latewood-density time series'' spanning the years
from AD 914 to AD 1990. The density data were standardized
so as to preserve variance at both short (internannual-to-
decadal) and long (>100 years) timescales'>. The ring-width data
were standardized using flexible smoothing splines, producing
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TABLE 1 Relationships between tree growth and regional temperatures in the northern Urals

(@) Tree-growth temperature correlations

Previous year Year of tree growth

S (o] N D J F M A M J J A S (0] Al A2
Density
1882-1935 0.08 0.01 0417 0.02 0.11 0.07 0.05 0.15 0.44f o0.68F 0.59%1 0.27* 0.32* 0.02 0.15 0.20
1936-1990 -0.14 023 0.01 0.08 0.12 0.37t -0.04 0.17 0.35* 0.64t 0671 0.39f 0.36t -0.07 0.15 0.27*
Ring width
1882-1935 024 007 o011 0.29* 0.22 -014 -0.06 0.08 0.02 043f 055f -0.10 0.19 0.14 0.29*  0.40t
1936-1990 -0.03 025 011 -0.10 0.13 035 -0.10 -0.07 0.8 0.38F 0.49f 0.17 0.09 0.03 0.451 0.26
(b) May-September mean temperature regressions
Calibration period 1882-1935 1936-1990 1882-1990
Verification period 1936-1990 1882-1935 —
Calibration
Variance explained 0.70 0.66 0.68
Verification
Variance explained 0.65 0.69
Reduction of error 0.67 0.70
Coefficient of efficiency 0.65 0.68
First difference sign
Correct 46 a4 —
Incorrect 8 9 —
Product mean t 5.4 3.9 —
Regression weights
Max. density year t 1.10 1.10 1.11
year t+1 -0.11 -0.14 -0.14
Ring width year t —0.48 —0.56 -0.54
year t+1 0.20 0.34 0.27

The density chronology was constructed by averaging measured values for all individual trees expressed as anomalies from a common empirically defined linear
expression of declining density as a function of age. This straight-line reference was calculated as a least-squares fit to the observed average densities of all samples
after aligning them with respect to their cambial age, regardless of their calendrical year of growth. The resulting indices, subsequently averaged across correct calendrical
years, provide a chronology in which long-timescale variability is preserved and sample-age bias is largely eliminated’?. Separate standardizing equations were calculated
for the modern and subfossil density data to explore the possibility of a systematic difference in the density/age relationship that might arise due to a slight elevational
difference in these data sources (the subfossil samples being up to 80 m higher than the living trees). Such a difference might introduce a bias between the early and
recent sections of the chronology. The similarity of the density/age equations derived from the separate subfossil (914-1744) and modern (1631-1990) samples argue
against any long-term sample-related bias in the density chronology, although this does not preclude the possibility that changes in the average altitude of the samples
through time might introduce some shorter-timescale bias where the replication is relatively low®, The width chronology is the average of series for each tree after low-
frequency variance, associated with a smoothing spline fit to the original measurements, has been removed. The frequency responses of the splines are tailored to the
length of each series so that most of the variance on timescales longer than two-thirds the series length is removed. This produces a final ring-width chronology with
low error variance, but with a spectrum that is truncated at low frequencies (that is, periods >50-100 years)?°. Individual monthly mean temperature correlations are

shown with each of the maximum-latewood-density and ring-width chronologies. Also shown are the results of multiple regressions in which both the density and ring-
width chronologies are used as predictors of mean May-September temperature. The results of verification tests'®*° are all highly statistically significant. A1 and A2

are the 1-year and 2-year lag autocorrelation coefficients.
* Significant at the 5% level.
1 Significant at the 1% level or better.

a chronology characterized by variance on shorter timescales
(generally below 100 years®) (see Table 1).

These chronologies were then used in a number of regression
experiments designed to exploit the well-known dependence of
tree growth on summer temperature variability at high
latitudes'?® '®. This is demonstrated in Table 1, which shows the
density and ring-width chronologies correlated with monthly
mean temperatures averaged within a region between 62.5° and
67.5° N, and 65° to 75° E'". All significant correlations are posi-
tive, indicating enhanced width and density associated with
warmer temperatures. Correlations with ring width are greatest
in June and July. Density correlations are stronger and manifest
over a longer (May-September) season. The responses are also
consistent in different periods. Mean May-September tempera-
tures are very highly correlated (r=0.95 over 1881 to 1990)
with cumulative growing degree days (>5 °C) in this region'®.
Regression results in which mean May-September temperatures
are estimated as a function of density and width data in both the
concurrent and following years (that is, # and ¢+ 1 respectively),
exhibit extremely strong predictive power (Table 1).

The explained variance over the calibration period (that is, 66—
70%) and most importantly the levels explained in independent
verification of the calculated regression equations (65-69%), and
also the general levels of statistical significance associated with
a number of stringent tests of model performance (see Table 1),
all rank among the highest reported in the tree-ring literature.
Regression based on the density predictors alone also explains
a high degree of temperature variance (~60%) but consistently

NATURE - VOL 375 - 13 JULY 1995

less than that achieved using density and ring widths in
combination.

The series (>1,000 years) of reconstructed summer tempera-
tures for the northern Urals shows extended periods of either
relatively cool or relatively warm summers persisting over 100-
200 years (Fig. 1). Superimposed on this is large variability on
annual and decadal timescales (Table 2). Despite relatively cool
summers in the late 1960s and 1970s, the mean summer tempera-
ture of the twentieth century (1901-90) appears to be the warm-
est of any 90-year period during the last ten centuries (0.13 °C
warmer than the next warmest period, 1202-91). Most of the
sixteenth and seventeenth centuries were notably cool, particu-
larly the 1530s and 40s, the 1580s and 90s, and the 1620s, 30s
and 40s. The pronounced coolness of the late sixteenth and sev-
enteenth centuries and the warmth of the twentieth century is
shown in other, though shorter, high-latitude summer-respon-
sive proxies'® and in an average of data from 16 selected sites
in the Northern Hemisphere* (Fig. 2a). However, the coldest
bidecadal mean in the northern Urals data, 1531-50, indicates
an earlier onset of the cold period seen in the mean ‘hemisphere’
data and in a similar millennial-length temperature reconstruc-
tion for northern Fennoscandia based on tree-ring data from
Tornetrdsk, northwest Sweden, that were also processed so as
to preserve long-timescale climate variability'?.

Although summers were predominantly warm in northern
Fennoscandia in the eleventh and twelfth centuries, they were
clearly cool in the northern Urals (Fig. 2b4). This is further sup-
port for the sparse body of high-quality palaeoclimate evidence

157



LETTERS TO NATURE

now challenging the still prevalent, over-simplified concept of a
globally synchronous, multi-century Mediaeval Warm
Period>?°. But after the coolness of the late sixteenth century,
both the northern Urals and the northern Fennoscandian
temperature curves show overall warming. Linear trends calcula-
ted over 1600-1980 show a 0.67 °C warming in northern
Fennoscandia, but 1.14 °C over the northern Urals. The two
series also display qualitatively similar century-scale trends,
warming to the mid-eighteenth century, slight cooling to the
end of the nineteenth century, followed by an abrupt rise and
sustained warmth during the twentieth century. The recent
warmth in Fennoscandia is not significant in a 1,000-year
context'”. The recent warmth in the Urals data is much larger
(compare Table 2) but because of the century-timescale vari-
ability in the reconstruction, assessing its statistical significance
is not straightforward. A comparison of the mean values for the
pre- and post-1900 periods, using a t-test which takes account
of lag-1 serial correlation®' in the sample data, indicates that the
likelihood of the unusual warmth of the twentieth century arising
by chance is less than 1 in 1,000. However, an empirically derived
probability distribution based on multiple artificial series with
the same persistence structure as the reconstruction (that is, AR3
rather than AR1) suggests a probability near 1 in 100. We also
compared (using a simple #-test) the 1901-90 mean with that of
the next warmest 90-year period (1202-91, compare Table 2).
This stringent test indicates that the two periods are significantly
different with a probability of 1 in 10. So although the twentieth
century was certainly unusually warm in the northern Urals,
determining how unusual it was, in the context of the long
record, is equivocal.

These results and the above discussion may be relevant to
general circulation model (GCM) studies of both ‘natural’ and
anthropogenically perturbed climates. Recent coupled ocean-

T T T T T \ T

Observed record

2 O
1 3
03
-1 €
o
- -2 £
o 2 <
< g
3 0
g—1
c -2
<

1000 1200 1400 1600 1800

b

Anomaly (°C)

T SN 1.0

c R e AVt Vil I\

d

20
10

Number
of series

1000 1200 1400 1600 1800
Year

FIG. 1 a, Observed and estimated mean summer (May-September)
temperatures over the northern Urals shown as anomalies (°C) from the
1951-70 mean. The smoothed line shows decadally-filtered values. b,
The extended reconstruction (914-1990) expressed as anomalies from
the same base. ¢, A measure of the strength of common growth ‘signal’
within the density chronology, the mean interseries correlation®* (RBAR;
thin line) calculated between all samples over a moving 30-year window.
The Expressed Population Signal (EPS; thick line) which is a function
of RBAR and the series replication shown in d, indicates chronology
reliability. Values >0.85 are generally considered satisfactory®!.
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atmosphere GCM experiments with anthropogenic forcing indi-
cate that maximum warming is likely in high-latitude and conti-
nental regions®?>. There is, of course, uncertainty in defining
this expected anthropogenic pattern. At present, this is best
viewed as the spatial temperature response of coupled ocean-
atmosphere GCMs forced with gradually changing atmospheric
compositions?*. Attempts to detect this response pattern in
observational temperature data must take account of natural
variability of climate on long (>50-100 years) timescales. Also,
simulated variability from long GCM control runs must be
checked against long palaeoclimate series such as the one we
report here.

Ocean-atmosphere GCMs also suggest that areas bordering
the North Atlantic will experience reduced warming and even
localized cooling near regions of deep-water formation®*. A
recent 600-year simulation of climate variability under present-
day boundary conditions has revealed significant quasi-period-
icity in annual temperatures centred on the northwest Atlantic
with characteristic timescales of between 40 and 60 years (ref.
25). Similar variability, explicable in terms of oceanic thermo-
haline forcing, has been observed in a number of different
regional observational records and has the potential to obscure
anthropogenic warming in the region of the North Atlantic?*?’.
The northern Fennoscandian summer temperatures show

TABLE 2 Extreme summer temperatures

(a) Individual summers

Warmest Coldest
Year Anomaly (°C) Year Anomaly (°C)
1045 221 1032 -6.20
1033 211 1548 -4.73
1257 2.08 1538 -4.15
1471 1.96 1783 -4.08
1922 1.85 1816 -4.03
1464 1.84 1601 —-4.01
1028 1.81 1531 -3.63
1468 1.70 1453 -3.62
1370 1.68 1523 ~3.62
1720 1.65 1891 -3.55
(b) 20-year-mean periods
Warmest Coldest
Standard Standard
Years Anomaly error Years Anomaly error
1461-1480 0.45 0.27 1531-1550 -—1.97 0.27
1948-1967 0.40 0.16 1623-1642 —-1.85 0.26
1238-1257 0.34 0.17 998-1017 -1.75 0.24
1919-1938 0.24 0.23 1580-1599 -1.61 0.17
1355-1374 0.09 0.23 966-985 -1.44 0.29
(c) 50-year-mean periods
Warmest Coldest
Standard Standard
Years Anomaly error Years Anomaly error
1919-1968 0.23 0.14 1595-1644 —-1.64 0.15
1208-1257 0.03 0.12 1522-1571 -1.55 0.15
1353-1402 -0.04 0.12 966-1015 -1.39 0.17
1460-1509 -0.13 0.14 1410-1459 -1.10 0.12
1261-1310 -0.18 0.13 1808-1857 —0.96 0.15
(d) 90-year-mean periods
Warmest Coldest
Standard Standard
Years Anomaly error Years Anomaly error
1901-1990 0.03 0.10 1522-1611 -1.52 0.10
1202 1291 -0.10 0.11 961-1050 -1.20 0.15
1301-1390 -0.28 0.10 1612-1701 —-1.12 0.11

Extreme individual summer temperature estimates along with the extreme
mean values from among all 20-year, 50-year and 90-year periods. Temperatures
are shown as anomalies with respect to the 1951-70 period. Only values for non-
overlapping periods are shown. Of the extreme individual summers, nine are
reconstructed as cooler, and four warmer, than the reconstructed extremes (1891
and 1922) during the calibration period. Compared with the instrumental extremes
(1891 and 1915), 15 summers are reconstructed as cooler but none warmer.
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FIG. 2 a, The histogram shows ‘mean Northern Hemisphere’ summer
temperatures® constructed as standardized decadal averages of 16
proxy series, compared with northern Urals temperatures smoothed to
emphasise decadal variability. Both series are expressed as anomalies
from the 1860-1959 mean. The data from ref. 4 have been adjusted
to give a standard deviation of one over the same period. b, Summer
temperatures in northern Fennoscandia’?> and the northern Urals
smoothed with a 25-year low-pass filter. The vertical axes are anomalies
from the respective means for 1951-70. The dotted lines show the
means for 901-1981 (northern Fennoscandia) and 914-1990 (nor-
thern Urals).

marked multi-decadal variance at periods near 33 years and over
a range from 60 to 70 years (as well as longer periods) which
may be associated with north Atlantic oceanic forcing'>?.
Prolonged twentieth-century summer warmth over the Urals,
and the slower rate of warming in recent centuries in northern
Fennoscandia, are therefore at least consistent with the pattern
of anthropogenically induced warming predicted by the models.
Although the relative warmth through much of the thirteenth
and fourteenth centuries means that statistical significance of the
twentieth-century Urals warmth is equivocal, our results indicate
that in this region no other period of this length has been
warmer, at least during the past 1,000 years. A very limited
number of high-resolution records indicate unprecedented recent
warmth in other high-latitude regions, but this warmth is either
observed over a shorter recent period or within a shorter overall
timeframe. g
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HE UMEIOHIEE ITPEHEJAEHTA HIOTEIVIEHUE JETHUX MECAILIEB
B XX CTOJIETUHM B TEHEHHME ITOCJIEJHUX 1000 JIET
B CEBEPO-3AIIAJTHOM YACTH CUBHUPHU.

IIepeBOJ, CTaThH:

Unusual twentieth-century summer warmth in a 1,000-year temperature record from Siberia //
Nature. — 1995. — Vol. 376, N 6536. — P. 156-159. — Asr.: K.R. Briffa, P.D. Jones, F.H. Schweingruber,

S.G. Shiyatov, E.R. Cook.

Mbl  nNpeacTaBnsieM  HOBYK),  OCHOBaHHyl)  Ha
APEBECHbIX KOMbLAX, PEKOHCTPYKLMIO CPeaHUX JETHUX
(Mait-ceHTA0pb) TemnepaTtyp AWUTENbHOCTLIO  CBbILE
1000 net pns CesepHoro Ypana, ceBepo-3anagHas
Cubupb. 3Ta  BbLICOKOTOYHAS MOrOAMYHAs 3anucb W
W3MEHEHUI AINTENbHOCTBIO OT JECATUNETUR 40 CTONETUS
nokasblBaeT, 4to XX cronetme 6bino0 cambiM TEMMbIM C
914 r. H.3. MNepsas nonosuHa XVII ctonetus Gbina oveHb
XONOAHOW, coBnajatwwas ¢ KkonebaHuaMn  cpeaHux
TemnepaTyp BCEro Nomnyliapus, HO NeTHWe nepuogsl B
koHye X u Xl cTonetum Obinu TakKe OTHOCUTENBHO
XONOAHbIMA,  YTO  3aMETHO  KOHTpacTUpyeT  C
NpeacTaBneHnsMU O WMPOKO pacnpoCTPaHEeHHOM TEMSIoM
CpedHeBEKOBOM nepuode B 3T0 Bpems. He wumetowee
npeueneHta notenneHne B XX CTONETUM HA CEBEPHOM
Yparne u ero OTCyTCTBME B CeBepHON PeHHOCKaHauw
cornacyercs C pesynbTaTamu COBPEMEHHbIX
ncenefoBaHWA TENNUYHOTO apdekTa ¢ MCnonb30BaHNEM
mogenen obuwen uupkynauum  atmocdepsl  (GCM),
KOTOpble MOKa3biBalT HeGOMbLIOe MOTenneHne Knumara
BOOMb rpaHny CeBepHON ATNaHTUKM U MaKCUManbHOe
notenneHne B npepenax BbICOKOLUMPOTHBIX
KOHTUHEHTaNbHbIX panoHoB 3emnn. OpHaKo, CXOoAHble
Tennble ycrnoaus, Kotopble Habmoganuck B XIIl ctoneTuu,
npegocteperalT 0 ToM, Y4ToBbl HE paccmaTpusaTh
COBPEMEHHblE aHOManuu TemnepaTypbl U 3aTsHyBLUEECS
noTenneHne KNuMaTa Ha CeBEpHOM Yparne Kak CBsi3aHHOe
UCKMIOYMTENBHO C TENNNYHBIM 3PGEKTOM.

B cBS3M C COBpEMEHHbIMM UCKYCCUSIMUA O BENUYUHE
N3MEHeHUI Knumara, NPeAnoNOXUTENbLHO
00yCrnoBnEHHOr0 BO3pacTaHMEM BbIGPOCOB TEMANYHBIX
ra3oB, BO3pacTaeT NOHUMAHNE BAXXHOCTU ASIUTENbHbIX U C
fonblio  paspeluatolieit  CnocOBHOCTbIO  KOCBEHHBIX
AaHHbIX O KnumMaTuyeckux ycnosusx npownoro (Eddy
1992; Bradley and Jones 1993). 310 no3BonseT yanuH1TL
BO BPEMEHM WCTOPWMIO KNMMaTa, OCHOBAHHY Ha
WHCTPYMEHTANbHbIX ~ HAOMIOAEHNAX,  Nydle  NOHATb
Npupody W3MEHYMBOCTU Knumata B LOWHOYCTpUarbHbIN
nepuod. [nutenbHble KOCBEHHbIE JaHHbIE NPEeACTaBnAT
coO0OM  eCTECTBEHHY0  (T.e. HE  @HTPOMOreHHYy)
W3MEHYMBOCTb  KnuUMata  Kak  Ha  OTAeNbHbIX
cneumduyecknx reorpadmyeckux yvactkax (Bradley and

Jones 1992) wnm B, coyeTaHuu, B MacwTabe
KOHTWHEHTOB U gaxe nonywapus (Bradley and Jones
1993).

HecmoTpst Ha UX BaXHOCTb, MMEETCS CPABHUTENBHO
HeboMblOe  YMCNO  3anucel,  KOTOpble  XOPOLIO
[aTMpOBaHbl,  MMEKT  BbLICOKYI0  paspeLlaloLLyto
CnocobHOCTb 1 BEPUCMKALMOHHYK TOYHOCTb C TOYKM
3PEHNs KNMMaTWYeckux OTBETOB. MmMeeTcs 3amMeTHO
MEeHbLUEE YMCIO TaKuX 3anucen, AIUTENbHOCTb KOTOPbIX
NPeBLILLAET ThiCAYY NET 1 bonee.

N3vepeHuss  TOMWMWH  KOMey C  XuBbIX K
NonyuckonaeMblX [epeBbeB JMCTBEHHWLbI CUBMPCKOA
(Larix  sibirica) paHee OblfIM  WUCMOMb30BaHbl A5
NONyYeHUs HEMpepbIBHOMO psga, NpeacTaBnsioLero
cob0i NOroAnyHy M3MEHYMBOCTL MPUPOCTa B palioHe,
LIEHTP KOTOPOro pacrnonoxeH npumepHo Ha 66 50' N, 65
15' E Ha BOCTOYHOM ckroHe [onsipHoro Ypana, B6nuam
r.Canexapga. 3ta 0600LeHHas XPOHOMOMMS TOMLMH
koney AanuTenbHocTblo ¢ 961 no 1969 rr. sBunacb
OCHOBOW  PEKOHCTPYKUMM  Temnepatyp  WIOHS-Wons
(Graypbill and Shiyatov 1992), KoTopas
XapakTepusosarnacb rnasHbIM 06pa3oM OT MOrogu4HOM
[0 [eKkagHoW M3MeHWMBoCTM Gnarogaps TOMy, 4TO Y
OTHENbHbIX W3MEPEHHbIX Cepui  Obinn  MCKMHOYEHbI
BO3pacTHble TpeHabl Yy 00606LEHHON  XpOHOMOruK
(Shiyatov and Mazepa 1987) (npouecc, 13BECTHbIN Kak
"cTangapTusauus” B aeHapoknumartonorum (Fritts 1976).
B Hacrosiiee Bpems Mbl 3aHOBO cobpanu obpasil ¢
9TUX MECTOOOUTaHWA W NPOAHANU3NPOBanM Kak Ku1Bble
[epeBbs, TaKk W MoMnyuckonaemblil Matepuan npu
NOMOLUM  OEHCUTOMETPUYECKMX  METOAOB,  YTOObI
NONy4nTb BPEMEHHbIE CEPUM KaK MO TOMLMHE Konewl, Tak
M NO MaKCUMarnbHOM MNAOTHOCTW MNO3OHEN APEBECUHbI
(Schweingruber 1988) npotsxeHHocTbo ¢ 914 no 1990
.

Mol "cTaHgapTuavpoBanu" 3T JEeHCUTOMETPUYECKUE
[aHHble MpWU NOMOLWM BbIPAXEHUS BPEMEHHbLIX CEpUit
W3MEpEHHbIX 3HAYEeHU ONS  KaKOOro  ApEeBEeCHOro
obpasya Kak pasnuuns OT IMMUPUYECKN HaWGEeHHOM
NIMHEHON  3aBMCUMOCTM  CHWXEHMS MIOTHOCTM  Kak
(byHKLMM BO3pacTa.



OTO OTHOWEHME B BUAE MNPAMOA NMHWMM  Obino
BbIYWCNEHO MPY MOMOLLY METOZa HaUMEHbLLUNX KBaapaToB
Mo OTHOLIEHMIO K CPeAaHen MNOTHOCTW BCex 06pasLios,
NOCTaABMEHHbIX B PSA C TOYKM 3PEHUS UX kambBuanbHoro
BO3pacTa He3aBMCKMMO OT KaneHAapHOro nepuoaa pocra.
Mony4eHHble MHAEKCHI BNocneacTBum Obinn yepeaHeHb! B
npeaenax Kaxgoro kaneHgapHoro roga W TemM CambiM B
XpoHonoru  Obina  COXpaHeHa  AONTOBPEMEHHas
N3MEHYMBOCTb, @ BO3PACTHON HaKIMOH y 0bpasuos bbin B
ocHoBHOM uckntoueH (Briffa, Jones, Bartholin, Eckstein,

Schweingruber, Karlen, Zetterberg, Eronen 1992).
OTpenbHble  ypaBHEHWS  CTaHZapTusaum  Obinm
paccyuTaHbl [Ans COBPEMEHHOW W  MONywucKonaemou
APEBECUHBI, 4TOObI onpeaennTb Hannune

CUCTEMATUYECKMX Pa3fMYnin B CBA3SAX MEXIY MIIOTHOCTBHO
APEBECUHbI 1 BO3PACTOM, KOTOPOE MOFMO BO3HUKHYTb
Bnarogaps HeGOMbLIOMY Pa3nMyMI0 NO BbICOTE B MeCTax
B3ATUS 3TON APEBECUHbI (Momyuckonaemble 0bpasypl
Haxogumueb 40 80 M Bbile NO CPaBHEHWID C KUBbIMM
AepeBbsMM). Takoe pasnuyne MOXeT NMPUBECTU K HAKMNOHY
MEXZy paHHeil U COBPEMEHHOW OTpe3Kamu XPOHOMOruu.
OpHako, Takoro pasnuums He oOkasanocb. Mbl Takxe
paccunTani CTaH4apTU3NPOBAHHbLIE XPOHOMOTUM TOSLLMH
Koney ¥ NIOTHOCTM [APEeBECHHbl ApYrM  Cnocobom,
NCMONb3ys  CrMaXuBaloLMe ChnalHbl C  YaCTOTHbIMM
XapaKTepucTukamu, onpeaensiemMbiMu ANWHOM
WHAMBMAYANbHOWM Cepun. ITOT NOAXOA B COBOKYMHOCTM C
OTHOCUTENBHO KOPOTKUMM  MHOMBWAYANbHBIMA  psiAamMm
nO3BOMMN  MOMYYUTb XPOHOMOMMW C HU3KOWM OLLMOKOM
BapuaLuu, HO CO CMeKTparbHON MAOTHOCTbLIO, B KOTOPOM
pesko yMeHblueHa ponb Gonee HM3kMX yactoT ( T.e.
nepuogos AnuHHee 50-100 net) (Cook, Briffa 1990).
MonyyeHHbIE XPOHOMOMMM MCMOMNb30BaNUCL B CEPUM
9KCMEPUMEHTOB, YTODbI UCNONb30BATh XOPOLLO N3BECTHYIO
3aBUCMMOCTb MPUPOCTa EPEBLEB OT NETHUX TEMMepaTyp
B BbICOKMX LmpoTtax (Jacoby and Cook 1981; Briffa,
Jones, Pilcher and Hughes 1988; Briffa, Bartholin,
Eckstein, Jones, Karlen, Schweingruber and Zetterberg
1990). 31 pesynbTaTbl MokasaHbl B Tabn.1, koTopble
NMOKa3blBaKOT, YTO MNOTHOCTHbIE M MO LUMPUHE Kornew
XPOHOMNOTMM  KOPPENUPYIT € MECSYHbIMM  CPeaHUMM
TemnepaTypamu paioHa, OrpaHUYeHHOro 62.5-67.5 c.w. 1
65-75 B.4. (Jones, Raper, Bradley, Diaz, Kelly and Wigley
1986). OtBeTbl npupocTa, KOTOPble B  OCHOBHOM
NONOXMTENbHbIE, BbICOKME B MIOHE U WIONe C LaHHbIMU
WnpKHbI Konew,. OTBET NNOTHOCTM ABNsieTCs YeTko Bonee
CUINbHBIM W NOKa3blBaeT B npegenax bonee AnuTensbHOro
(Man-ceHTs6pb) ce3oHa. OTBeTbl Takke MOCTOSIHHbI B
pasnuyHble  BPEMEHHble  WHTepeanbl.  CpepgHue
TEMNepaTypbl 33  Man-CeHTAOpb  OYeHb  CUIbHO
koppenupyoT (r = 0.95 B npegenax nepuoga 1881-1990
[T.) C CyMMOW OHEBHbIX TeMnepaTtyp Bblle 5 rpagycos B
aToMm panoHe (Jones and Briffa, B nevatn). Pesynbratsl

PETPECCUOHHOTO  aHanu3a, B KOTOPbIX — CpeaHue
TEMNepaTypbl 3@ Mal-CeHTSOpb OnpeaeneHsl  Kak
(hyHKLMS [aHHbIX no NNOTHOCTY "

CTAHAAPTWU3MPOBAHHbBIX MPY MOMOLLM ChiaiHa AaHHbIX
LUMPWHBI KOMeL, B OOHM W Te Xe rofbl COBMajatT W,

KpoMe TOro, nNpupocT AepeBbeB (rogbl t n  t+1
COOTBETCTBEHHO) cogepxar 0YEHb CUMNbHYHO
npeackasyoLLyto cuny (tabn. 1).

ObbsacHMMasn N3MEHYMBOCTb B npegenax

kanubpaumoHHoro nepuoga (T.e. 66-70%) u, uto Gonee
BaXXHO, YPOBHU 0OBACHMMbIE NPY NOMOLLW HE3ABUCUMOIA

BEpUdMKaLIK BbIYMCIEHHBIX PErPECCHOHHBIX
ypaBHeHun (65-69%), a Takke obwue ypOBHM
CTaTUCTUYECKOM  3HAYMMOCTM,  OCHOBaHHble  Ha

HEKOTOPOM YWCrie OYeHb CTPOrMX TECTOB MCMOMHEHUS
mogenn (RE, CE u 3Hak nepBoro pasnuums - cm. Tabn.
1), BCE BbLICOKOrO paHra Cpean CaMmblX BbICOKMX,
WMEILLMXCA B NUTepaType Ha CEroOAHAWHWA [OEHb.
Perpeccusi, OCHOBaHHas TOMbKO Ha MpeankTopax
NNOTHOCTK, Takke OOBLACHAET BbLICOKY  CTEneHb
TEMNepaTypHON U3MEHYMBOCTH npupocTa (npumepHo 60
%), HO CyLWEeCTBEHHO HWxXe, YeM Tex, Korga
UCMONMb30BaMUCh  LUMPWHA  KOMew W NNOTHOCTb B
COYeTaHMM, B TO BPEMS KaK AaHHble TOMLWMH Koney
ODOBACHSIOT TOMBKO MOMOBMHY 3TOMO YPOBHS (MPUMEPHO
35%).

B CBblLLe yem 1000-neTHen cepuu
PEKOHCTPYMPOBAHHLIX ~ NETHUX  Temnepatyp  ANs
CEBEPHOro  Ypana [OMWHMPYIOT — JOMrOBPEMEHHbIE
KBasuUMKNMyeckne konebaHus € nepuogamm U
OTHOCUTENbHO XONOAHBIX MMM OTHOCUTENBHO TENSbIX
net gnutenbHocTbio cebiwe 100-200 net (puc. 1). Ha
3TN konebaHus HaKnaablBaKTCs Bonbluas
Bap1abunbHOCTb ANUTENBHOCTBIO HECKOMbKO
[ECATUNETUI N norognyHas BapuabensbHoCTb (Tabn. 2).
CpepHsas neTHsis Temnepatypa B XX cronetum (1901-
1990 rr.) sBNsieTCs camon BbICOKOW 3a nocnegnue 10
cronetuit (Ha 0.2 rpagyca Tennee Mo CPaBHEHWO CO
cregyowmm cameiM TennbiM nepuogom 1201-1300 rr.).
OT10 notennexve rnaeHbiM 00pa3om cBsizaHo ¢ 50
rogamu, Bkntovarowwmmm 1920-1960-e rogbl, koHel, 1960-
X n 1970-x 6bInn CpaBHUTENBHO XOMOAHBIMK (CPaBHM
puc. 1).

Bonbwas yacte XVI wn XVII ctonetun Bbinm
UCKIIOYMTENBHO XONOAHbIMK, 0cobeHHo 1530-e n 1540-
e, 1580-e n 1590-e n 1620-e, 1630-e n 1640-e. Pe3ko
BbIpaXXeHHOe OTHOCUTENbHOE noxonogaxue B koHue XVI
u B XVIlI ctonetmax u notenneHme B XX CTONETUK
XOpOLLO COBMagaeT ¢ M3MEHUMBOCTbIO, MOKa3biBAEMO B
OPYrMX  BbICOKOLMPOTHBIX  KOCBEHHbIX  AaHHbIX MO
NeTHUM  TemnepaTypaMm,  YCpeOHeHHbIX no 16
MecToobutaHmam CesepHoro nonylwapus (Bradley and
Jones 1993) (puc. 2a). OgHako, Hanbonee XxonogHbIi



nepuoa AnUTENbHOCTLIO ABa AECATUNETUA Ha CEBEPHOM

Ypane, 1531-1550 rr., aCWHXPOHEH MOTEMMEHNIO,
BbID&XXEHHOMY B TEHEparnu3vpoBaHHOW  cepun U
nokasoiBaeT 0Oonee paHHee Havano nepuoga cC

XONOAHbIMWA ~ NETHUMKU  Ce30HaMM MO  CPaBHEHUID C
AaHHbIMM N0 "nonywapuio” U B NOAOBHON CE30HHOM
TEMNepPaTypHON  PEKOHCTPYKUMM AN CeBepHOW
deHHOCKaHaMM, OCHOBAHHOW Ha APEBECHO-KOMbLEBbIX
AaHHbIX ans cesepHon LUseuun (Briffa, Jones, Bartholin,
Eckstein, Schweingruber, Karlen, Zetterberg and Eronen
1992). CpaBHEHWe HWU3KOYACTOTHOWN U3MEHYMBOCTU B 3TUX
ABYX psifax (puc. 2B) NoOKasbIBAET, YTO M3MEHEHNE NIETHUX
TemnepaTyp B ceBepHol PeHHOCKaHauM U B npegenax
CEeBEpHOro Ypana nposiBnsieTcsl B OCHOBHOM CHHXPOHHO
nocne 1500 r. c TemnepaTtypHbiMi  KonebaHusmu
npumepHo B nepuoabl notennenns 0.3 C B ceBepHoOM
®enHockanaun n 1.3 C Ha ceBepHOM Yparne B npeaenax
nocnegHux 480 net. OpgHako, B TeYeHWe npenblayLumx
500 net xop TemnepaTypbl B OCHOBHOM ACUHXPOHEH B
3TVX ABYX paioHax. OcoBeHHO 3TO BbIpaxeHo mexay 950
1 1200 rr., koraa oH 6bin B OCHOBHOM TENSbIM B CEBEPHOM
®eHHOCKaHAMM M XOMOAHbIM Ha ceBepHOM Ypane, B
CUITbHOM NPOTUBOPEYNH C MHEHVEM 0
LupokopacnpocTpaHeHHom notenneHun B X1 u Xl
cronetuax (Folland, Karl and Vinnikov 1990; Mayewski,
Meeker, Morrison, Twickler, Whitlow, Ferland, Meese,

Legrand and Steffensen 1993). 3t marepuansl
MOATBEPKAAIOT  MOKA  €Le  MamnoYuCrEHHble,  HO
YBENMYMBAIOWMECH B  YMCMe  BbICOKOKAYECTBEHHbIE

naneoknMmaTyeckme CBUAETENbCTBA, OCnapuBaroLLme
noka npeobragaioLlylo CBEPXMPOCTYH0 KOHUENuuio o
rnobanbHO-CUHXPOHHOM, MHOrOBEKOBOM CpeaHEeBEKOBOM
Tennom nepuoge (Hughes and Diaz 1994).

OTN  PEKOHCTPYKUMM MOryT ObiTb  MOME3Hbl  Npu
n3yyeHun  obwen  umpkynaumu  atMocdepbl  Kak
"ecTecTBeHHOr0" (Te. He nozBeprasLLerocs
AHTPOMOTEHHOMY ~ BAMSHWMIO), TaK W HapYLEHHOro
TENMWYHbIMKM  ra3amu  knumata. CueHapun  Byaywimx
KNUMaTUYECKX U3MEHEHUI, KOTOPbIE MOrYT NPOU3ONTH B
pesynbTate  YBENMWYEHWS  KOHLEHTpaUUM  TEMUYHbIX
rasoB, CBUAETENbCTBYIOT, YTO MaKCUManbHOe NoTennexHme
Hambonee BEpPOSTHO MPOM3ONAET B BbICOKOLIMPOTHBLIX U
KOHTUHEHTANMbHbIX palioHaX M YTO Ha TEPPUTOPMSIX,
rpaHnyawmx ¢ CeBepHoi ATNaHTUKOM, MOXET NPOSIBUTLCS
HebONMblIOE  MmoTenneHMe WM Jaxe  JoKanbHoe
noxornogaHvue  BOMM3W  paloHOB  POPMUPOBAHMS
rmybuHHbix Bog (Cubasch, Hasselmann, Hock, Maier-
Reiraer, Mikolajewicz, Santer and Sausen 1992; Gates,
Mitchell, Boer, Cubasch and Meleshko 1992).
CoBpeMeHHast  MUMUTaUMs  W3MEHYMBOCTM  KnumarTa,
y4uTbIBAKOWAS COBPEMEHHbIE MOrPaHUYHBIE  YCNOBUS
BbISIBUMA BXHYIO KBA3W-NepPUOLNYHOCTb B XOLE FOA0BbIX
TEMNEPATyp B PaioHe, LEHTP KOTOPOro HaxoauTcs Ha

ceBepo-3anage ATNaHTUKW ANUTENbHOCTBI0 Mexay 40 1
60 rogammn (Delworth, Manabe and Stouffer 1993). 3ta
W3MEHYMBOCTb, OOBACHSEMas C  TOYKM  3PEHUS
OKeaHUYeCkuX TepMOranuHHbIX Cuil, obHapyxeHa B
pasnnyHbIX PErMOHanbHbIX psgax HabnoaeHuin u nveet
BO3MOXHOCTb CKPbITb @HTPOMOreHHOE MOTenneHne B
paitoHe CesepHoi  AtnaHTuku  (Schlesinger and
Ramankutty 1994). lletHne TemnepaTypbl CeBepHON
®eHHOCKaHAMM  MOKA3bIBAKOT — 3aMeTHble  KonebaHus
ANUTENBHOCTBIO OKOMO 33 neT 1 B npegenax ot 60 go 70
net (a Takke u 6onee anuTenbHble Nepuoabl), KOTOpbIE
MOryT ObITb CBSi3aHbl C CEBEPHbIMU ATNAHTUYECKUMU
okeaHnyeckumy cunamu  (BrifFa, Jones, Bartholin,
Eckstein, Schweingruber, Karlen, Zetterberg and Eronen
1992; Stocker 1994). CnekTpanbHasi NMOTHOCTb ANA
BCEro psga CeBepoyparnbCKo PEKOHCTPYKLMM COAEPXKNT
Bonee y3kue NoOMochbl 3Ha4YUMbIX konebaHwuin npuMepHoO
okorno 100 n 50 net 1 cnabble cBMOETENBCTBA 3HAYMMON
nepuoguuHocTu mexay 30 u 40 rogamn. 310 04eBUOHOE
CBUOETENbCTBO OTCYTCTBUS OKEAHUYECKOro BIUSHWS Ha
neTHWe TemnepaTypbl B npegenax Ypana, uTO
COBMECTHO C 3HauuTelNbHbIM noTenneHnem B XX
cronetun 1 6onee MeasIeHHON CKOPOCTbHO NOTENMEHNS B
COBPEMEHHbIEe CTONeTHs B ceBepHoit CkaHaMHaBWN - BCE
9T0, MO KpaWHeW Mepe, COrmacyetcs C PUCYHKOM
BbI3BAHHOrO  TEMAWYHbIMWA  ra3amu  MOTENNEHNS,
npeackasaHHoro  mogenamu.  OpHako,  4eTkoe
CBUOETENbCTBO B CEBEPOYPArbCKOM PEKOHCTPYKLUMM O
Bonee paHHeM nepuoae notenneHuns npuMmepHo Ha 1.2 C
mexgy 1000 n 1250 rr. u obwee notenneHne B XllI
CTONETUM (XOTS W HE TaKoe 3HAYMMOE MO CPaBHEHMIO C
XX cTonetMeMm) [JOMKHO npegocTeperatb  NpOTMB
PacCMOTPEHNS COBPEMEHHOTO ANUTENBHOTO NOTENEHNs
B Npegdenax CeBepHOro Yparna B KayecTBe YETKOro
CBUOETENBCTBA OOHAPYXEHWUS aHTPONOTEHHOMO BNSHMS
Ha Knumar.

CBuaetensCTBa 0 COBpPEMEHHOM becnpeLeaeHTHOM
noTenneHn B TEYEHME MOCnegHero CToneTus B
HacTosiLlee BpPeMs MMEKTCH NUWb AnS 3TOr0 OZHOro
panoHa. [pyrue (xoTs Gonee KOpOTKWe) nepuoabl
nogobHoro notenneHus Bbinn Takke OBHapyXeHbl B
APYrvX BbICOKOLUMPOTHBIX panoHax cesepHoro (D'Arrigo
and Jacoby 1992) u ioxHoro (Cook, Bird, Peterson,
Barbetti, Buckley, D'Arrigo, Francey and Tans 1991)
nonyLwapun.

Cenyvac BaxxHas npobnema BO3HUKAET - ABMSAETCS n
Takoe notennexve Gornee WKUPOKO pacnpocTpaHeHHbIM B
ceBepHoM EBpoasnatckom knumarte. [lonyyeHue u
aHanu3 6onee OBLWMPHOM CeTU APEBECHO-KOMbLEBbIX
XPOHOMOTMIA,  KOTOPOe B HacTosllee  BpeMs
NpOM3BOANTCA B 3TWX paloHax, [[acT BO3MOXHOCTb
nony4nTb OTBET B Brikanwem byayLiem.
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