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Temporal scales and signal modeling
In dendroclimatology

Joél Guiot

Paleoclimatological proxies "represent
records of climate that were generated
through physical, chemical and/or biologi -

component of the trend. Afterwards, the
tree leaf area stabilizes, and a fairly con -
stant quantity of xylem is distributed along

FDO SURFHFROW WU X F W LR Q VaRitcle 6 inerBadirng diameter. This is the

rest on attempts to turn this around in
order to get back to the climate informa -
WLRQ +XJKHV HW DO
these reconstructions are obtained as
chronological series, which are character -
ized by a time resolution depending on the
sedimentation or growth processes. These
processes act as a low-pass filter and
determine the resolution of the climatic
signal. Here, | focus specifically on tree-
ring series.

Pre-processing of tree-ring series
Tree-ring series reproduce annual vari -
ability of the climate with relatively good
reliability, but tree growth is the result of
numerous complex processes. Hence, like
all biological proxies, tree rings record a
combination of several climate variables.
At low frequencies, the signal is affected
by an age-related trend, which includes
both geometrical and physiological fac -
WRUV
builds its architectural model and leaf
system, and then reaches its reproductive

maturity with a progressive increase of bio -

mass production. This is the physiological

The use of process models

'XULQJ LWV \RXQJ SKDWHW WHDHO WWRKEHH O R |

JHRPHWU\ IDFWRU
fects may occur during the tree’s lifespan,

, QUCPR & \¢orhpEtDiohHafiations, changes in

nutriment availability and carbon concen -
tration in the atmosphere, fires, infesta -
tions, diseases, or genetic variability — and
climate changes. All these factors result

in a complex combination of low and mid
frequency signals, which should be under -
stood and modeled to produce indices for
climate reconstructions.

The classical approach, called the stan -
dardization, consists of detrending tree-
ring time series before calibration with
meteorological time series. Numerous
methods exist, but it is difficult to distin -
guish the low-frequency signals related
WR FOLPDWH
.DLULXNVWLYV
produces indices, which are defined as the

ratio between the raw tree ring and a theo -
| U Hfac¢aQ Fhe s iRay Welkcaused by a

ORZ
either calculated by nonlinear functions,
smoothing, autoregressive models or a
function based on the biological age of
WKH WUUHHD DQG OHOYLQ

2WKHU O Rxessively, Xhil® ¢thets Introduce spuri

in a Bayesian framework

|

Prior = probability distribution of initial climate
Educated guess: inverse modeling
Climate model simulation: data assimilation

input climate || output climate

v

Proxy model to
simulate tree-growth

Posterior

Comparison

The transfer function

Regression

Climate series

- MCMC algorithm: inverse modeling
- Particle filter: data assimilation

Figure 1:

'LDJUDP RI WKH SURFHVVY EDVHG DSSURDFK DQG FRPSDULVRQ ZLW
SURFHVV EDVHG DSSURDFK WKH LQLWLDO SUREDELOLW\ GLVWULEXWLRQ

be given by educated guess, as it is done with the class of methods called inverse modeling, or by simulation of
climate models, as it is done with the class of data assimilation methods. The standard transfer function uses the
tree-ring series as input and the climate as output. The stream is opposite to the causal relationships.

method is complex and needs a large

number of replicated series for the same
species. No method is perfect and some
of them reduce the low-frequency signal

ous low-frequency variations. For these
reasons, climate reconstructions tend to
be biased, with either too little or too much
low-frequency variability.

Climate reconstructions

&OLPDWH UHFRQVWUXFWLRQ FRC

ing a regression between climate series

and tree-ring series on the period where

ERWK DUH DYDLODEOH XVXDOO\

and to extrapolate the regression, also

called transfer function, to tree-ring series

of previous centuries. These reconstruc -

tions may be affected by the so-called
GLYHUJHQFH SUREOHP

the tree-ring series no longer appears to

be correlated with summer temperature,

YURP W

IURP &RARKNH D Q G EaperibllY in the high latitudes and in some
7KH VWD QEDWHK\L [IDQV WK® KLJK HOHYDWLRQ

DO 7KH FRUUHODWLRQ VKL
the summer precipitation or other climate

change of limiting factors (climate becom -

LQJ ZDUPHU WUHHYV DUH ODFNLC
HIIHFW Rerti8zation, air pollution, soil
FRRERODWWREQ@ FKDQJH LQFUHDYV
or insolation. This induces a calibration

bias: if the transfer function is calibrated

RQ WKH PRVW UHFHQW SHULRG

it should not be used to estimate climate
YDULDWLRQV EHIRUH WKH A\
triggered some worries about the value of

the climate reconstructions.

'"HVSLWH WKHVH ULVNV RI-ELDVH
cause of them, numerous statistical recon -

struction methods have been introduced

after the pioneer paper to deconvolve

WKH FOLPDWLF VLJQDO )UuLwWwV
rings are indeed an interesting material for
statisticians because the time series have

annual resolution and they are also well

replicated (a site tree-ring series is based

RQ W R FRUHV

The climate signal calibration is often
based on multlple re ression, butU XOFWLRO .0
ol YRabEEY SiA ) e R £
g on the stationarity of the time series,
on the calibration period, the use, or not,
of the principal components, the rescaling
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Figure2: 6 XPPHU WHPSHUDWXUH DQG SUHFLSLWDWLRQ UHFRQVWUXFWLRQV DW )RQWDLQHEOHDX )UDQFH REWDLQHG I
%RXFKHU HW DO LH WKH 0$, (1 PRGHO ZLWKHXFXMRVHRSHIUHLREDO/DWQRG BRB@OMWR H' LHXGY DUV § R @ LIQVG RVUF B IGD B\ @

SSPY DQG EODFN FXUYHV DUH REWDLQHMG IIWRP LQFIPDVYIOQJ] YDOXSSPRILL WR SSPY LQ 6WUDLJKW OLQ
FRORUV UHSUHVHQW WKH WUHQGYV $GDSWHG IURP %RXFKHU HW DO

done after the calibration and other varia - done separately in the low-, medium- and Conclusion
WLRMWIHU HW DO 3V H higRfr&UWeRdy bands with the appropriate In conclusion, tree-ring series have an ex -
method is an interesting method to study proxies. cellent time control and an annual resolu -
the behavior of the reconstruction method. tion, and are good proxies for temperature
,2W FRQVLVWY L LQ JHQHU D Wrbcgss-Baderl [appvaddhésH V or precipitation variations (depending on
from climate model simulation to which Finally, one may model the formation of WKHLU JHRJUDSKLFDO SRVLWLR(
are added white noises of progressively the record by representing explicitly the sub-century timescales. At lower frequen -
LQFUHDVHG YDULDQFH LL [ckuirfrdd ghisical il hi6)ohidkl idridcesses cies, literature is extensive on the difficul -
reconstruction method on the pseudo which lie between the climatic information WLHV FRPLQJ IURP L WKH VWDC
SUR[\ VHULHY DQG LLL- D Q Datd\the QusewWdddigeai Buch a model SURFHGXUH DJH UHODWHG IDFW
formance of the method in function of the may be used in "forward mode", forced by selection of model relating tree growth
noise variance. A difficulty is that these climatic or other environmental data (Fig. DQG FOLPDWH DQG LLL WKH FL
pseudo-proxies should mimic as best as ,W PD\ DOVR EH LQYHUW H GoweRtsklV RYdp&sbdédlutiolslare based
possible the physics of the proxies used PDWH IURP REVHUYDWLRQV annultprowykapproathesluse of appro -
&KULVWLDQVHQ DQG /MXQJTYRWW6 OLIKWIRREBKIHODW HW D O priate treatment of low frequencies, and,
7ROZLQVNL :DUG HW DO finaKyHmé&oQanidtld we€-growth models.
2WKHU YDULDEOHYV PD\ EH P HDWRRKBMHEP RLQ/ V R OY\HHY IZDL@V R HDW%K R G
tree rings and used for estimating past which estimates the posterior probabilistic $)),/,$7,216
climates. They have not the same biases distribution of the climate parameters pro - g(5(+( @56 $L[ HQ 3URYHQFH )UDQFH
but can have others. The tree-ring maxi - viding the observed tree growth. When the
mum density has proved to be quite useful processes generating the low-frequency &?17_$&7 _
to reconstruct the summer temperature discrepancies are included in the model, it Joel Guiot: guiot@ceregefr
and seems to be free of age-related trends is possible to clear the climate reconstruc - 5()(5(1&(6
WLIID HW DO 2[\JHB L \xienvitehSthe\corresponding biases, such SFHYHGR : HW DOLP "\Q&
in ceIIqus_e is a potential means to recon - DV WRteffect. This process is illustrated %SXF KH Lf |£ HW DICR JHR VB HOF HV
struct variables related to water (Saurer LQ )LIXUH 6FHQDULR $ EODFN UFHV WKH
HW DO 6WDEOH FDWERQLOQWRWRSERQ ZLWK W Uckrder-D 0 XHW 'R FHPYLQ 7 'HQGURFOLPDWRORJ!
record the balance between stomatal WUDWLRQ ZKLOH VFHQDULR $ULIUAHE DR UEHE WKH
conductance and photosynthetic rate, LOQYHUVLRQ ZLWKcBrR&ntvaw/ D Q W%&LR2IHU * HW DO 7HOOXV $ $
dominated at dry sites by relative humid - WLRQ SSFPWK WHFRQV WU X RMLRRY g ddtmeLvw JBY *HRSK\V
ity and soil water status, and at moist sites highly correlated in the high-frequency do -
by summer irradiance and temperature PDLQ :KHQ2WeHKddt & not taken into &RRN5(.DLULXNVWLV /$ OHWKRGV RI GHC
ORDUUROO DQG /RDGHU DFFRXQW $ WKH WHPSHUDW X kbiby. UddiEafRriRiMneklidbdmental sci -
tion has no linear trend (the differences HQFHV .OXZHU $FDGHPLF 3XEOLVKHUYV
OREHUJ HW DO SURSRVHG W RRKWH ERWKLFDQW IRU Wkd, S YHFH P b¥ DW kB&erzopoHw &
pollen data and tree rings to reconstruct As this temperature trend is also recorded UL WaVNW DO . $SSO OHWHRURO
Northern Hemisphere average tempera - LQ WKH REVHUYDWLRQV QR VKRZ KHUH LW LV
ture. Pollen data are robust on low fre - LPSRUWDOQW WR WDNH LeWwR DFFRX uiH &562QH H
quencies, so that they could help improve fect to obtain better reconstructions in the +XJKHV 0. HW DO 3$*(6 QHzZV
the quality of the low-frequency part of low-frequency domain. Another approach OF&QDUUROO ' /RDGHU 1- HY4XDW 6FL 5
the signal. This application used a wave - based also on process models, which OREHUJ $ HW DO 1DWXUH
let analysis. A similar approach has been seems also promising, is data assimilation, 6DXUHU 0 HW DO 7HOOXY 6HU %
XVHG E\ *XLRW HW DO IRQ ZULEKIB®R[\ GDWD DUH XVHG L(?/ FRDQéM%(QI{FV\HDO 2
temperature in Europe, using a method of WLRQ ZLWK PRGHO UXQV $FI—?$?—IZ€3% HwPBD ( Q
spectral decomposition. A calibration is VHH DOVR )LJ
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