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In a continuing «ffort to bring together specialists in dendrochrunoiogy®,
forestry and reiatsd fields, the Intermational Institute for Applied Systems
Analysis (IIASA), in cooperation with the Systems Research Institute of the Polish
Academy of Sciences in Warsaw and the Agricultural Academy of Krakdéw) hosted &
Task Force Mesting on AMETHODOLOGY OF DENDROCHRONOLOGY. East/West
Approaches which was held in Krakéw, Poland (2-6 June, 1886)

The Tesk Force Maeeting was successful and met its goals: to establish the
state-of-the-ert of dendrochronological methods in East and West. to facililate the
establishment of a network on regional and Ltransregional ehronologies aiming to
mssess past growth conditions and present trends es base line dala in order to
evaiuate anthropogenic impacts on forest dacline as well as to improve the long-
term prognosis mechanims using climatic background flulctuations to evaluate
future acological sustainability of biospheric systems (i.e., forest, agriculture and
aquaculture).

Some thirty five participants from 13 eastern and western oouniries
participated in 2 stimulating week of discussions; following Lhe recommendations
made at the Workshop, it was decided to publish the pepers presented by the
participants and, in addition, to write a book on the different approaches
eurrently being employed by dendrochronologists in East and West. This book
should reach an informed, but not expert, audience in anvironmental science es
well as policy makers, and those who are not spacialists in the diffarent {ields.

In a eontinuing effort in this innovativa field of scieance, a further meeting will
be held on a reiated topic "Forest Diaback and Reproduction: Regional and Global
Consequences”, again in Krakéw, Poland (March 23-31, 1886). The Workshop will
will be hosted by IIASA, togather with the Sysiems Research Institute of the Polish
Academy of Sciences as well as the Agricultural Academy in Krakdw. The goals of
the Workshop will be obtain & consistent picture of forest decline and Lo identify
the choices that international orgenizations, tha forestry community, governments
and industry must face, to avoid further forest decline and facilitate the
sustainability of the forest sector.

Robert E. dunn
Leader
Environment Program

Septamber 1888

aDendrochronology: the method of dating eventa and varistions in the enviromment
by a comparative study of tree rings.
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I would like to express my sinoere espprecistion to al acthors .snd
participants of this Workshop who devoted their effort and Lime Lo this voiume snd
to contiruing research in this field of science. | would like Lo Lhank our colleagues
at the Agricultural Academy of Krakdw and at the Systems Ressarch lnstitute in
Wersaw for co-sponsoring this meeting, for the warm hospitality extended to ux
during cur visit to Poland and for making this meeting a very svocessful and
fruitful experience.

I mm also greatly endebted to Professor Harold C. Pritls for his genercus
contribution to the continuing efforts in this new scientific field tn allowing us o
Tepint his book Tvee Rings and Climats.

' Academician Leonardas Kairiukstis
Deputy Leader
Environment Program

June 1986
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1. INTRODUCTION

L. Enirinkstis

Deputy Leader

Environment Program
International Institute for
Applied Systems Analysis

A-Z2361 Laxenburg, AUSTRIA

Dendrochronology, the method of dating events and variations in the
environment by a comparative study of tree rings, is usually used o stody the
historical trends in climatic fluctuations. During the last d de. this sci has
become very important for early indications of forest disback duve w
anthropogenic pollution. There are aiso atiempts to use dendrochronoclogy Lo
solve Iarge-scale regional problems, including the sustainability of weter supply.
prediction of agricultural crops, adoption of silvicultural measures for eoclogiocal
changes, etc. More speculatively, dendrochronological methods are also ased for
indications of the possiblie increase in biospheric carrying capacity due Lo the co,
increase.

Such a wride range of applications of modern dendrochronology beyond (s
traditional field can be expressed by the particularities of this sctence. Methods
of modern dendrochronology ensble a precise dating of events and L distinguish
between the impact on the ecological systems caused by naturai environmenta!l
background (climatic) fluctuations and those that are anthropogenically induced.
This new field of application of dendrochronology is very important from a
methodological point of view hecause both anthropogenically-induced and natural
changes in the global biosphere have z simultaneous impact on some basic
eaological processes. Assessing and dealing with this process is no easy task.

Dendrochronology {(establishing past growth conditions and present trends as
base line data) can be of vital assistance in obtaining an eariy assessment of new
processes. Deviations from the master-chronologies (base lines) can then be used
to document the beginning and extent of deciine in tree growth and can be
compared with known changes in atmospheric chemistry. Such deviations from a
base line oan be used to assess ecological sustainability of biospheric subsystems
{forests, agriculture, water, etc.) and to forecast future outcomes.

Within the Environment Program =t the International Institute for Appiied
Systems Analysis (IIASA) projects are being carried out on “Ecological Sustainable
Development of the Biosphere”, "Acid Rain", and 'Climate Impacts”, among others.
Several methodological themes span across these projects and applloations have'
been initiated:

—  environmental monitoring;
~ ecologically sustainable/unsustainable regional development; and
~— dendrochronology and applications.
These themes span across the three above-mentioned projects and involve

both methods of dendrochronology and dendroclimatology for dendroindicationa of
natural und anthropogenic impacts.
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It wms for this remson thst I[JASA orgenired the Task Foroe Meeting on
"Methodoiogy of Dendrochronoiogy: East/West Approeches” which was held in
Xrakow, Poland in June 19686, in cooperation with the Agricultural Academy of
Krakow and the Systems Resesarch Institute (Warsaw), of the Polish Academy of
Sciences. Different methods are currently being empioyed in countries of East and
¥est and thus [JASA used its resources to assist in bringing eastern and western
scientists together o clarify these differences and to establish, unify or calibrate
common approaches. Anagreement between the Laboratory of Tree-Ring Research
in Tocson, Arizona (USA), JIASA and the Commission for Dendroclimatalogy of the
USSR Academy of Sciences in Moscow (USSR) was reached.

The following issues sare discussad at the Task Force Meeting:

- geographical, biological, and ecological bases for field samplings;

- data processing and intercalibration methods;

- -establishment of modern regional and transregional xhronologies;

- application methods, particulariy for early indications of forest dieback
based on changes in atmospheric chemistry; and

- approachesand methods for estimating future probable outcomes.

The Task Force Meeting svas designed to achieve the following resuits:

1. To -eestablish the corrent state-of-the-art wof dendrochronology
methodology, especially common aspects and differences in eastern and
western approaches.

2. To Ifacilitmte the -establishment of a mnetwork on Tegional and
1ransregional chronologies aiming to assess past growth conditions and
present trends as base line data in order io -evaluate anthropogenic
impacts (pollution or COZ) on forest decline.

3. To improve long-term forecasting mechanisms using ciimatic background
fluctuations 1o evaluate future -ecological sustainability of biospheric
‘subsystems such as forests, agriculture, and aguaculture.

4. To draft wand international rTeview -on the -Tationalization of
dendrochronological sampling and -on the analysis of methodologies,
particularly the unification of -eastern and western approaches as a basis
for a multi-author international book Lo be published at a later date.

5. To work towards .the successful ontcome of the TII International
Conference on Dendrochronoiogy (Seattle, USA; 1987) and an
International Workshop on the Application of Dendrochronology in
Forestry and Ecological Forecasting (Vilnius and Irkutsk, USSR; 1987) as
well as io further development and worldwide cooperation in this
scientific field.

Some 35 scientists from 16 -eastern .and western countries (see the List of
Participants in 1the Appendix) attended the Krakdw Task Force Meeting at which 26
papers were presented and have been-included in this publication.



1.k SORE PROPOSITIONS OF nmngcnmum.ocr_

Harold C. Fritts

Laboratory of Tree Ring ~esearch
University of Arizona )
Tucson, 85721 Arizone 'JSA

1. Introduction

I would like to talk about some propositions (or
principles) of dendrochronology that could be important in the
five days of discussion wa have before us. For some
propositions, we say wish only to articulate them clearly. For
others, we say be more concerned with specific applications.

In hopes of stimulating discussion, I offer the following
thoughts on a faw tentative propositions. The topics are nat
necessarily listed in order of importance.

2. Crossdating

Tresa—ring data from one msasured and dated stem section
can be regarded as a tiew series of annual valuss that in
themselves provide rélatively noisy estisates of environsental
factors that have directly or indirectly limited growth in sach
year (Fritts, 1976). In order to use tres—ring data in a
rigorous fashion, such as in tieme series analysis, it is
proposed that a nusber of trees be sampled, and all rings
should be cromsdated before they are used in the analysis. Is
DENDRUCHRONOLOGICAL crossdating the only reliable sesthod
available today that can assure that the ring is dated to the
exact year of forsation? Are there any situations to which
this proposition doss not apply? If crossdating is not used,
can other dendrochronological ssthods such as standardization
and calibration be applied? Should studies of undated
saterials be considered as the dosain of dendrochronology?

There are a variety of approaches to crossdating. Most of
them involve at least six logical steps that I will attempt to
-describe in a simple and straightforward fashion. I am by no
ssans the most qualifiewd person in this roos to be discussing
this particular topic, becauss of ay liaited expariance with
crosadating. Howaver, I will present this list just to get a
discussion started.

Basic Steps in the Procedure of Crossdating

1) Visual and statistical comparisons are aade of
the ring characteristics through tise that can be cobserved
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on collected specimens. These involve features such as:
width of the ring, width of the earlywood, and width of
the latewood. Wood density or other related differences
in structure are commonly used. Often plots of one or
more ring features are utilized and some computations made
to assist the dating operation.

2) If one and only one ring is formed in a ymsar, the
chronology of ring characteristics over a particular
period of time is generally synchronous betws -
neighboring trees as long as one begins with i.» same year
when making the comparison. If 2 ving is ebsent in one or
mare trees, or if two layers of.latewood are formed in one
year (sometimes called a "double" or “false ring"), the
chronolagy from that tree may match the chronalogy in
other trees up fo the location of the absent or false
ring. BSeyond that location the chronologies will appear
ta be ane year aut of phase unless there are other
archblems in other trees that compound or compensate for
the discrepancy.

33 Grossdating utilizes the prasence and absence of
synchrany in ving characteristics from different cores and
trees to identify where rings may be lecally absent, whers
extra latewaood bands make a ring appeair dauble, or where
there is simply 2 misinterpiretation of ring structure.

4) Knowlwwigs of cell growth, ring structure, and
chronc.agy is used to correct the sequence by entering
zero values for locally absent rings, combining the widths
of double rings, and adjusting_for miscounting_or any
aother discrepancies within the ring sequence.

5) The commarison,; chacking, ana corrFecting are
roilicated many times using specimens from different
trees. The time period spanned by the rings must include
“ome growing seasons when climate had been sufficiently
limiting to produce a visible growth reduction. The
replication of crossdating continues until no further
®rraors can be identified. If the dating is correct, nc
additionral effort can change the over—all dating, although
the dating of somes specimens may still be in question.
Specimens with such praoblems usually are not used to
develop the site chronology. Computer programs have been
develcped that analyze the statistical crossdating of
tree—-ing series {(Anicl and Schmidt, 1982, Baillie, 1982;
Holwes, 1983). These programs are most useful for
checking the dating of samples that have a relatively
small number of errors. They are also valuable as a
rou*ine check of dating quality. The programs should not
be co sidered as substitutes for the dating procedure but
rathe as abjective guides for making crossdating
dec_s.ons.

&) The final step 1n crossdating involves checking
w sS1te chronaology acainst independently dated
nolnygi- © fron other species and {rom trees in ather
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«ites. This last step may not be absolutely neceasary
because of the internal consistency and rechecking that
has already been built into the crosasdating of trees
within the sampled csite. If step 6 is included, it serves
as an additional confirmation that the chronology dating
is accurate to the exact year of ring formation. Step ¢
can always be used at any time it might be necessary to
@valuate the dating of another chronology.

3. Stratification, selection of site, and averaging

Most of us emphatically acknowledge that a variety of
environmental factors can limit growth. Over the decades
dendrochronologists have developed ways of reducing the
noisiness of the data attributed to multiple factors by
sampling all trees for a particular analysis from a given
species, age class, and a narrowly defined site. After these
rings have besn dated, their characteristics can be averaged in
different ways to combine the results from many trees and
sometimes different sites., Noisiness can be reduced further by
standardization, filtering (smoothing the data), and by
combining 2 number of different standardized chronologies to
abtain a wider caverage. More complex techniques of
multivariate analysis, principal components, and Auto
Regressive Moving Average (ARMA) also help to reduce the
noisiness if they are applied correctly. &re there msore
techniques that can be listed?

4., The signal to noise ratio

The percent variance that is common to all sampled trees
4rom a particular site can be regarded as the mignal. The
vemaining variance not in common to all trees can be considered
the noise. My climatological friends sometimes criticize this
definition of the signal because they would like the term
“gsignal” to include only the climate response. My definition
of signal includes the effects of all variables that appear to
influence the sampled trees in the same way.

The signal is hypothetically the same for one trae or for
the mean of many trees representing a site chronology. The
noise, however, diminishes in size like the average values of
random numbers. As more and more measurements are averaged
together to form a chronology, the noise diminishes but the
signal remains the same size. The ratio of signal to noise
(8/n) increases reflecting the relative strength of the signal
compared to the naise. Thus, any operation that reduces the
amount of error variance (the variance not in common to all
sampled trees) reduces the noisiness of a tree-ring record.
Fritts (1974) developed empirical methods for estimating the
signal and noise and showed how these results can be used to
evaluate the effects on a chronology of changing the sample
size.

Wigley, Briffa and Jones (1984) developed the statistical
proof for the empirical methods of Fritts and derived the
statistical equations for estimating the signal and noise from
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a particular sample. They abjected to the s/n becauss it is a
ratio, and derived a substitute, which they call the "sxpressad
popul ation signal.” It is approxisately the s/n divided by

[1 + s/nl). They also derived an equation to compute a minisus
sasple wize balow which the correlation of the sxpressad
population is too low. However, like Fritts's computations,
there is na theary to help one choose the ainimus correlation
to use. HOow can wa decide what is a ssaningful threshold
correlation coefficient or lower liait to the s/n? Is there an
upper limit in the nusber of rings (the nusber of cores or
trees) nesded to abtain a high—quality chronology? At what
point does increasing the sample size becoae prohibitively
costly? If wa hope to extrapolate our tres—ring results to
various environmental probless, it will be axtressly important
that we thoroughly understand how such information is in in our
tree-ring data, and how wa can sample or manipulate data to
enhance the s/n. It is proposed that in addition to more
mathemsatical snalysis of our procedures, sodeling and
simulation studies could also be an aid in studying questions
af this kind.

S. Standardization

Standardization is often but not always necessary. - It
can transfora non—-stationary ring asasursssnts into indices
with more or less stationary ssans and variance over tims. It
can be regarded as another s/n snhancassnt technique. Several
promising and innovative methods of standardization sxist
taday, but some have not been thoroughly tested on tras rings
from diffaerent species and regions. The International Tree
Ring Data Bank is an cbvious source of data that could be used
for such testing.

6. Evaluating clwonology quality

Caertain standard statistics of tree—ring clwonologies can
be compared and interpreted as indicators of particular
chronology qualities (Fritts, 1976). It is proposed that a
minimus set of statistics should be calculated and published
with every chronology to facilitate comparisons. As new
procedures and insights develop, new statistics can be added to
the inforsation published with our chronologies. For asxasple,
when computers serw first used for standardizing, it was
custosary to publish the standard deviation, ssan sensitivity,
and first order auto-correlation. Later the psrcent variance
that was common to all trees was added along with other useful
statistics. Ed Cooks new program, ARSTAND, provides a host of
new statistics. It also calculates the standard deviation,
swan sensitivity, and first order auto-correlation for
comparison. The ITRDB already archives a large array of basic
statistics along with the original seasurssents and derived
chronolagies.

7. Characterising the tisme-series analysis

New techniques of time—-series analysis can provide
powarful tools for dendrochronological resesarch. Somestises
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chronologies that are transforsed by these tachniques have the
same or more information in them than was obtainad using the
older sethods for standardization. If the new transforsation
is clearly demonstrated to be superior, it can be safely
substituted for the earlier version and submitted to the ITRDB.
However, sometimes the new transformations such as the
"prewhitened" chronologies from ARSTAND can actually have leas
information than the normally derived chronology. If this is a
possibility, both the untransformed and transforesed
("unwhitened” and "prawhitened”) chronologies can bae published
and contributed to the ITRDB (Stahle et al., 1983). In other
words, new techniques may provide new approaches to certain
problems, but the results say not be advantageous in other
studies. It may take time to establish the liaits of new
technologies. Until the new methods are shown to be clearly
superior to older methods, it is judicious to preserve and use
the results from both technologies.

8. Calibration

Calibrating the growth response. There are at least two
basic types of calibrations. The first can be called the
‘response function. Climatic data are the predictor variables
and a tree-ring chronology the predictand variable. Tha
principal objective is to obtain a set of regression
coefficients that can be interpreted as the growth response to
each variable of climate (Fritts et al., 1971). The original
response function (using program RESPONSE) was calculated using
principal component regression, but now there are a ssveral
‘approaches to the response function problem (Mughes at.
al.,1982; Fritts and Wu. in press).

Recantly, Cropper (19835) applied wsimulation results to
different approaches to the response function problem. His
results show that the confidence limits of the principal
companent regression versions are underestimated by about 40X.
He proposed that ridge regression was a suitable alternative.
Soma of the differences in several response function programs
are discussed by Fritts and Wu (submitted).

Transfering the tree-ring signal into estimates of
climate. The sscond type of calibration relates climate to

tree growth in such a way that the yearly chronology values can
te transfered to estisates of clisate. Transfer functions are
obtained that range from simple regression using individual
tras—ring chronologiss as predictors to canonical regression
where large arrays of climatic data can be related to large
arrays of tree growth data (Fritts et al., 19713 Fritts 1974).
Much discussion has revolved around the question of which type
of sultivariate model is best (Hughes et al., 1982; Btockton et
al., 1985). It might be fruitful to use the variocus transter
function techniques on widely different data sets and then
evaluate from known data the relative merits of esach transfer
function approach.

9. Simulation Modeling
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I have changed the direction of my own work to focus on
development of two simulation eodels in hopes that thay may
helo resclve some importan: déndrochronalogical problems and
lead to new environmental applications. One model will attempt
to simulate the response function by modeling the processes of
cambial division, cell enlargement, and cell differentiation as
they are affected by the physialogical—environmental coupling
system on the tree sites.

Figure 1 is a simplified diagram of the model entitled
"Response Generation Subsystem” (RG5). The most important part
of the model is the “PHYSIOLOGICAL RESPONSE SIMULATOR"™ (shown
cn the right) that estimates a well replicated chronology from
a given climate input by operating an daily climatic data and
mimicking the physiological linkages between the climatic
regyme and the processes of "Cell Division, Cell Enlargement,
znd Cell Differentation." These last thres processes are
airgady modeled in o prsgram, ARBAOR, described by Stevens
(13975). @f file of synthetic cells is created which will
rezembiec the naturally occurring cellular features across the
ring when the model is in working corder. A Densitometry
Simulator converts the cheracteristics of this cell file into
simulated width and densitcmetric measurements in OUTRPUT B.

The left-hand portion of the dieagram is the RESPONSE
FUNSTION SIMULATOR. The input for this part is alsc Daily
.limatic Data that are convertad ta monthiy values. Thesa are
CRgpanse funchion coefficients to estimate
mont, ar any other feature
raesponse function work. The
type of control for the
or Y shawn on the right.
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can then be analyzed by tranmsfer function technigues ¢to sws how
well different transfer functions recover the original clisatic
data. A large nuabsr of replicate data can be generated from
randos nusbers to check whether the probability estisates froms
current sethods are correct.

For the tise being the aodel will use Frandom noraal
nusbers to synthesize large or saall spatial arrays of climatic
data with specific tiee ssries characteristics including
nonlinearities and trends. Increasingly complicated clisatic
patterns are generated by first creating one or sore sats of
randos numbers to represent uncorrvelated modes of climatic
behavior. These “parent” series are treated by one or more of
7 differant sadules that convert the "parent seriss™ to a new
“offspring” data sat. These bescose the data of naw “parents*®
which are passad through the aocdel again, this tiams using other
modules to generate new “"offspring” with still other
characteristics. Synthetic tree—ring chronologies with a great
variety of characteristics can be derived from synthetic
climatic data which also can have a variety of characteristics.
Randos Normal Nusbers are added in a way to reflect noise and
both intrinsic and extrinsic stand influences. The madule
functions are: 1) gesnerate an “offspring” series of purely
randoa norsal nuesbers, 2) generate an "offspring® that is
correlated with a "parent” by a specified asount, 3J) genarate
an “offspring® that averages together the weighted effects of
two or more “"parents®, 4) introduce a nonlinsarity into a
"parent® series to foram the “offspring”, 3) introduce
autoregressive and soving average process, &) generate a trend
using-a specific function or character string that is added to
the “"parent” data to fora the "offspring”, and 7) add a ssan
and genarate a specified standard deviation in the offspring.

These two subsystea models allow us to exasine both
bioclogical and statistical systems that are involved in foraing
a tree-ring chronology. Eventually we hope to join these two
subsystems, as the output froa the sodeled processes in
Figure 1 can becomes the input for the statistical series
created in Figure 2.

10. Verification on independent data

Soodness of fit ssasuresents aade for the calibration
interval usually overestisate the reliability of a
‘reconstruction estimate. For transfer function work
independent climatic data should be set aside, and the success
of the reconstruction tested using a variety of verification
statistics. Unfortunately, different statistice are used by
differunt workers, and there is always the temptation to
publish only those statistics that look good or are most
convenient to calculate. Could there be some agreed upon
reporting criteria including the specific independent
statistical tests that appear to be most useful for
verification? This is one simple way we could make
dendraochronology a sore objective science.
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1i. Reconstruction

Backward forcasting, backcasting, or reconstruction are
terms sometimes used to describe dendrochronolaogical work.
Generally it concerns conditions in the past and applies
Hutton's Uniformitarinise Principle (Fritts, 1976) to deduce
past conditions based upon the abserved and reca. Jed conditions
of the present. In such cases, tree growth values for a
particular set of years or seasons have been used as surrogates
of past climate, because climate and growth are linked by a
complex set of known cause and effect relationships. Other
phenamenon may be linked simply because they are correlated
with causally linked factors. Such correlated linkages can be
used in recanstruction work, but care must be taken to prove
that the correlatian was not a circumstantial result somehow
due to chance variation. Verification with independent data is
one good way to demonstrate that the reconstruction is a real
effect.

Statistical forcast (involving some future time) is also
proposed and most certainly will be discussed at this meeting.
Here the tree is not cnly a proxy of climate at a particular
time but alsg an indicator of what the future will bring. #e
will nesd to review very carefully the biological as well as
the physical evidence for a forcastable system involving the
tree—+ing response. Is there also empirical evidence for a
forcastable effect? If there is, rigoraus statistics are
needed to assure the effect is stable through time. Reliable
calculations of degrezs of freedom are needed, especially for
the low frequency ianformation, because few complete cycles are
available far a test. Since tres—-ring chronologies often yield
very lang time series with well-behaved statistics, they are
especially valuable for testing forcast models of low—frequency
etfects. I have had limited exposure to this type of analysis
and luok forward to learning emore about this type of work.

12. Forest decline and other related oroblems

Oendrochrorology has already made a number of unigue
cantributions in the field of ecclogy (Fritts and Swetnam,; in
press). Craossdating provides the precise time control, and the
dendrochronological time series estimates are relatively
stable. Differences between the highly wvariable effects of
climate and the slower action of possible pollution changes
have been resolved in a number of dendrochronalagical
applications (Cook, in presss Eckstein ¢t al., 19843 Kienast,
1982, 1985; Schweingruber et al., 1978). La Marche et al.
(1985) report a possible enhancement of growth of high
elevation trees in arid western North America that could be
responding tp rising levels of CO,. There arz sany more
applications that could and should be mentioned in a complete
review of forest decline work.

At this particular meeting we are asked to review the
important methodologies dealing with environmental problems and
to discuss differences in our perception of the science in an
attempt to arrive at a clearer understanding. We have a
marvelous opportunity as well as an obligation to build bridges
of understanding between the East and West and tao begin a truly
international =ffort.
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2. SITE SELECTION AND SAMPLING

2.1  SITE SELECTION AND SAWPLING STRATEGY

F.H. Schweingruber

Swiss Federal Institute of
Forestry Research
Birmensdor{ — SWITZERLAND

1. INTRODUCTION

Practically every dendrochronological study states the locality from which
the material is taken and the number of tree-rings contained in the samples
and chronologies, but only in dendroecological papers are the principles of
selection described (e.g., MUELLER-STOLL, 1951; JAZEWITSCH, 1961; FRITTS,
1965). LAMARCHE, COOK, and BAILLIE (1983) pointed out the potentisls and
limits of dendrochronological studies in historical and ecological fields.
The present paper focuses on the aspect of site in sampling strategies for
various spheres in dendroecology-

2. SITE SELECTION

The results of dendroecological studies stand or fall with the selection of
the sites and trees. Consequently the technical dendrochronological work
begins in the foreat. In order to minimire variability within local tree-
ring chronologies, the following principles must be observed in all
studies:

= The homogeneity of the sites determines to a large extent the quality of
the chronology.
A site chronology should only be constructed from trees from the same
class of site. In fortunate cases it is possible to find sufficient trees
within a emall area. Often, it is necessary to group together trees from
different places but the same site conditions in order to obtain a chro-
nology. The units of collection are best identified by means of phyto-
sociological relevés or at least floristic descriptions. These surveys
also permit the relationship of ecological conditions on sites far
distant from each other, which is not possible on the basis of topogra-
phical-geological descriptios alome.

- Stand development affects cambial activity.
Wherever possible, only trees of the same social statues (dominant, co-
dominant) ahould be grouped into a site chromology. The variability due
to competition is thus reduced, although it cannot be completely elimina-
ted, particularly not in intensively managed forests, where a number of
silvicultural operations are conducted within a relatively short time.
If, on the other hand, the study concerns stand development, then all the
trees should be included, although once again, the single curves are not
grouped together to give mean curves.
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~ Growth varies within an individual tree.
The variability is greatest at the foot of the stem and smallest in the
crown region. In order to obtaln the longest possible ring sequences with
a minimum of individual variability, samples are taken at breast height.
Where stem discs are avallable, it is possible to exclude all the irregu-
larities (compression wood, temsion, wood, abrupt or localised changes in
ring width, wound tissue). However, samples are usually obtained with an
increment borer. With two cores per tree a large part of the individual
variability can be eliminated throngh averaging.

For our own studies, we select the following points for coring:

= not in the vicinity of a wound;

~ not in the vicinity of reaction wood; between buttresses, parallel to the
slope or a forest margin, or halfway between the luff and lee gides. The
absolute compass direction does not appear to be of any great impor-
tance.

In stndies on slopé or snow movements or on the influence of wind, atten-
tion must be paid to the side of the trunk with compreseion wood in comt-
fers or temsion wood in broadleaves.

=~ Not all {rregularities are predictable.
Consequently, it is best to sample 2 few more trees than necessary, so
that anowmalous curves may be discarded.

=~ Individoal variability decreases with an increasing number of samples.

For this vesson, several trees are cored on each sgite. For densitometric
studiea 2 cores from each of 12 trees are sufficient. For ring width analy~
sis, a sample number of 2 cores from each of 20 trees is recommended. Stu-
dies on individual features such as frequency of wounding or abrupt growth
changes require samples from more than 20 trees.

=~ In densitometric studies, variability due to technical processing can be
greatly reduced by taking the cores as nearly perpendicular to the fibre
orientation &s possible. Thie requires the use of a support for the
increment bhorer.

The more carefully and appropriately the sites and trees are selected, the
fewer the trees which bave to be sampled an thus the less the work invol-
ved.

It should be borne in mind that coring injures the tree. Even with
careful work, a bore hole is left; this usually becomes sealed and over-
grown within a few years. In the case of conifers, treatment is seldom
necessary. Broadleaves, however, react physiologically, the result being
radial, disc-shaped discolourations around the bore hole. Furthermore,
fungal infection often follows; as a minimum preventive measure the hole
should be plugged with wax, so as to prevent the entry of spores. Opinions
on the effectiveness of further treatment vary.
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At least the following characteristice should be recorded for each gite:

Date Tree cover % Tree height fa m
Place (local, regional) Shrub cover 2
Latitude and longitude Berb cover 2
Beight above sea level Moss cover 2
Exposure Tree/ehrub/herb species
Slope inclination .
Geological substrate .
Species sampled and number .
of trees/cores (1f not all, then at least the most
important)
Collector’s name Special features of individual treeas, e.g.,

broken top, old wound with resig.
Brief description of the site, for example: old pine stand with earlier
pasturage, with dense undergrowth, on deep brown soil, on gentle. south-
facing slope. Stand possibly planted.

Alm of the study or reason for ssmpling, e.g.:

— gite for coring in a climatological sampling network — maximizstion of
the effects of precipitation;

-~ gtudies on previous May bug epidemics;

— can the date at which the site was sbondoned be determined? (emly old
rrees sampled);

~ comparison with samples from another site. Drier? More pointer years?

- compariason of ring growth with present density of needles.

3. SAMPLING STRATEGY
The sampling strategy depends on the aims of the study, which 1 turn deci-
de the methods to be applied.

Every study begins with a asearch phase. At this stage, the optimum
information should be obtained with the least effort. To that end those
features of the core which are easy to ildentlfy wisually are examined,
e.g.:

— Mean ring width
= gensitivity (frequency of visually recognizabie pointer years}
= frequency and date of abrupt changes in ring width

- rot, wounds, compression wood

~ relationship betweer growth and demsity of needles.



The final defimitiom of the aims and the selection of the sites are made in
the course of this work.

During sample collection the basic assumptions are tested by visual
inspection of each core. Aberrant cores are discarded, eince it is usually
poassible to detect what feature of the tree or the site caused the abnorma-
lity. This phase of selection is often ignored once the samples reach the
laboratory, with the result that good results may be ohscured and the
amount of work 18 increased. Msny statistical misfits could be recognised
as such in the field. As a rule, samples collected previously are unsuit-
able, since they have been taken with different aims in mind. Equally un-
suitable are samples from rigid cetworks, as the sites are generally not
homogeneous and fail to meet the criteria for a valid ecological study.

Dendrochronology can be applied in a wide spectrum of fields, and the
range of sampling strategies is correspondingly broad. The basic principles
are illustrated in the following with three examples.

3.1 Dendroelimstology, continental networks

FRITTS (1965), KUTZBACH and GUETTER (1980), and LAMARCHBE (1982) have shown
how ring width chronologies from ecologically different sites in the
vestern USA and the Southern Hemisgphere can be analysed statistically im
order to obtain reconstructions of the climate with varying quality. Our
strategy 1s somewhat different,as is also our objective: reconstruction of
previous conditions of temperature and precipitation for given areas and
years.

Selection of sites and trees: Through selecting well-grown trees at the
1limits of vertical or horizontal areas, it is possible to maximize particu-
lar ecological factors in the tree-rings. Trees growing near the northern
or upper timberline contain most information on temperature, while those
growing near the lower, aridd timberline provide more information on preci-
pitation.

The density of aites within a network can be increased within a study
area by including local extreme sites. In deciduous forests, for instance,
sites in hollows with cold air masses are climatically more raw than those
on the surrounding normal "sites; and at the upper timberline in arid areas
only those trees growing on north—facing slopes with deep soils comtain
worthwhile information on temperature. In every case, phytosociological
findings indicate the special features and suitability of a site. Through
strict application of this ecological prinmciple of selection it 1s possible
to eliminate diffuse ecological effects, particularly those which are not
limiting every year, and emphasise those that are.

Methods: Densitometry is practically the only suitable method for the re-
construction of summer temperatures in the Northern Hemisphere. Determina-
tion of maximum density allows year-by year reconstruction for large areas.
For the reconstruction of precipitation, ring width may also be used
(KIERAST, 1985). Araucariaceae, certain Cupress , and five dled
pines are less suitable for densitometric analysis.




3.2 Dendroecology

Aim: determination of the year—by-year interplay of relationships between
climate (absolute measurement), site (phytosociology, soll science), and
tree growth (various ring parameters).

Selection of sites and trees: definition of the programme on the basis of

climatological, topographical, and geological characteristics assessed from

maps, aerial photographs, and field inspections. identification of typical
_sites in terms of site characteristics, and selection of typical trees.

upper timberline
(subalpine!

medium locations

elevatton

lower timberline
{semi-arid}

Fig. 1

Ecological site selection in wountain forests.

Method: since this is a pew field in dendrochronoluygy, simple methoas
whould be used at first, e.g., registration of pointer years (skeleton
pPlots of total ring width and latewood width, and identification of pro-
nounced density fluctuations within the rings) as well as long~term growth
changes (onset and duration).

Meagsurements of ring width and demnsity can caturally also be used;
this, however, involves considerably more work and the results, at least at
first, are not significantly better than those obtained with simple
methods.

3.3 Pollution research

Since dendrochronology is practically the only discipline which can provide
the long-term historical dimension in pollution research on terrestrial
eccsystems, the range of applications is very wide and, in almost every
case, of political importance.



The following mmin problem arees can be investigated:

local: dammge to trees and forests in the immediate vicinity of an emission
source. Damage to and state of health of trees in cities.

rvegional/national: comparison of the state of health of forests in areas
with different population densities or exposed to different natural
hazards.

continental/hemispheric: investigation of ring growth in relation to clima-
tic a2nd envirommental changes (COZ, acid rain, nitrogen oxides, etc.).

0f the many problems, the example below deals with & question relating to
forest decline and of cuxrrent interest in Central Europe.

Aim: assessment of growth behavior of individuals and forests on ecological
well descrtbed sites and vregioms.

Selection of gltes and trees: selection of trees of different species but
with the same social status (16 per species and site) on homogeneous sites.
Selection 1s based primarily on ecological criteria: dry to moist, acidic
to basic, low to high elevation, outside and inside inversion layers, close
to or far from suspected emission sources.

The question as to the representativeness of the results in terms of
forestry can not be decilded until the ecological conditioms under which
damage is manifested in tree-rings are known.

In all such studies it 1s necessary to compare a large number of trees
and sites. The seversl hundreds usually analysed are not sufficient.

Method: This last vequirement dictates the use of the simplest, least time-
consuming method. The classic skeleton plot or the shortened version with
pointer years is used to determine the onset, duration, and intensity of
abrupt growth changes (fig. 2). Such changes are in themselves manifesta-
tions of ecophysiological changes and can at most indicate anthropogenic
environmental damage. It 1s difficult to understand such growth changes
because we are missing many knowledges about carbon translocation and
fixation in different parts of the tree. It 1is known that heavy pollution
reduce cambial activity. But it is not sure that minimal loungtime pollution
cause abrupt growth reductions.

4. CONCLUSION

The basis of every good dendrochronological study is the selection of
samples according to biological-ecological criteria. The first important
step in the somewhat lengthy process of dendrochronological analysis there-
fore takes place in the forest Itself. Neither the most accurate measure-
wents nor the most sophisticated statistical treatment can compeunsate for
errors made here. The selection of trees, sites, and methods should prima-
rily be made according to the aims of the study. One case may involve the
use of complicated methods for the detailed analysis of one single tree,
while another may require simple observations on 5000 trees. Dendrochrono-
logy today offers many methods, and it is important to decide which 1s the
most appropriate for the task in hand.
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2.2 SANPLNG IN TIBET

Wu Xiangding and Lin Zehnyao
Institute of Geography

Chinese Academy of Sciences
Beijing

PEOPLE'S REPUBLIC OF CHINA

1. INTRODUCTION

The Tibet (Qinghai-Xizang) Plateau, known as the "world's
roof", plays an important role in the formation and fluctua-
tion of the general atmospheric circulation over the Northern
Hemisphere. As geoscientists, we are engaged in the research
of climatic change during the historical time and have been
aware of the importance of the plateau, which is a treasury
of information on long-term climatic variation.

With a multi-discipline expedition, we started the study
on climatic charige over the plateau in the early 1970's.
There are only a little historical literature recording some
weather or climate phenomena and a few short-term meteorlo-~
gical stations in Tibet. Thus, dendroclimatological approach
has been adopted as one of main methods to obtain available
proxy data for the climatic change study.

Although the forest area in Tibet is smaller, human's
activities are not frequent as those in densely populated
region. Compared with the Eastern China, the Tibet plateau
has not been influenced by humen being. That may be another
reason we chose the plateau as one gap to develop dendrocli-
matology in China.

It has been proved that tree-ring width variation is a
kind of data for understending the changes of air temperature
and precipitation during the last hundreds years of Tibet,
when some specimmens are collected and analysed successfully.



2. ™WO KINDS OF SAMPLING SITES

Based on Prof. H.C.Fritts (1976) who has described the
basic principles of site selection, dendrochronologists must
apply the law of limiting factors and the concept of ecolo-
gical amplitude when they obtain their research materials.
in order to assure selection of trees which will give them
the information they desire. Thus, we have selected” two
kinds of regions for sampling over the platean (Wu and Lin,
1978; 1981).

2.1. Driest sites

It is obvious that the ring width of trees growing in
the driest sites is most likely to have been limited by
drought. The experience with sampling in Arizona statse,

USA and other driest sites has proved the positive relation-
ship between variations in ring width and variations in
precipitation.

Most areas in Tibet are quite dry, the annual precipita-—
tion is less than 500 mm, except a small region located in
the southeastern Xizang, where the annual precipitation can
be over 800 mm. According to the Penmen's formula, we have
calculated aridity the ratio of potential evaperation and
precipitation over the plateau and find the aridities of
most sites are heigher tham 2.0, even larger tham 20.0 in
desert (Lin and Wu, 1981). It can be said that the Tibet
plateau is one of the driest areas in China.

The annual average total precipitation in the most sites
we have collected samples is near 400 mm, even 300 mm a year
in a few sites, according to the observed records of the
nearest meteorological stations, For example, the annual
rainfall is 470 mm in Qamdo county town, 30 km distant from
the tree site. In Lhunze county town, 150 km distant from
the tree site, the rainfall is 270 mm a year.

In these driest areas, the forests are limited in small
scope and are quite sparse, excepting some woods located by



lake, river. If the trees are far from the waters, the most
of them may be useful samples for reconstructing the past
precipitation.

It should be emphasized that the rainfall in Tibet is
mainly caused by monsoon. When the Southwest Monsoon (Indian
Monsoon) is set up in early Summer, it brings much moisture
into the plateau and the rainy season begins from the south-
east through the northwest gradually. With the monsoonal
circulation withdrawal, the dry season comes instead and there
is almost no rainfall during the winter half year. The rain-
fall is, of course, concentrated in the summer half year.
Rormally, the rainfsll during May through geptember occupies
B80% or more of the annual total precipitation. Taking Lhasa
as a sample, the three months'’ rainfall (Jume, July and August)
is BO% of annual precipitation there, and the five months'
rainfall reaches 97% of total. It is so concentrative that
the distribution of seasonal rainfsll is different from that
in the East Asia monsoon area. In addition to this, the rainy
season does coincide with warm season. Although the air tem-
perature raising from cold winter is favourable to tree grow-
ing, the decisive factor meking thecambial initiation in the
stem might be onset of the rainy season. Besides, the ring
widths of trees will rely upon the length and rainfall of the
rainy season, which is called "intensity of monsoon".

2.2. High altitude sites

The other kind of sampling region could be limited near
upper tree line with high altitude. The Tibet plateau is
famous for high altitude and cold climate. The upper limits
of most plants in the plateau are higher than those in plains
and hills. Generslly speaking, the upper tree line in the
plateau can stretch into 4,000 m or more, even 4,500 m or
more. Compared with other areas in the world, this high
location growing some trees is seldom to be found. The air
temperature by the altitude is quite low, annual mean is near
O°C, the warmest month(July) mean is often below 15°C and



the coldest month (January) mean could be lower than -10°c
or more. That means the days of daily air temperature below
0°C would last more than half a year. The precipitation,
meanwhile, by this altitude would be more than that at the
foot and hill, because the maximum precipitation height
might be closed the altitude of upper tree line.

Bagsed on our study (Wu et al., in press), there is &
maximum precipitation height at each site over the plateau.
With closing to the heighi, the rainfall has more or less
increasing. The height is different with topography and
environment, but the maximum precipitation height is generally
located by 5000 m above sea level at the north slopes of
the Himalayas and it is about two to three km a.s.l. at the
south slopes. It should be noted that the trees growing at
upper tree line can get more water supply not only from
rainfall but also from melted snow or glacier than those at
low land or in wvalley. ‘Thus, we can be sure that the ring
width of trees growing at the upper tree line is most likely
to have been limited by cold rather than drought. And it
has proved the positive relationship between variations in
ring width and variations in air temperature.

3. DISTRIBUTIONK OF SAMPLING SITES

We have collected a great deal of specimens in Tibet
since 1974, The total sites are 31 and the distribution of
sampling sites is shown in Figure 1. It's obvious that the
distribution is not even enough because of the limitation
of forests in the plateau. The most forests and distributed
mainly over the south edges of the plateau, the Himalayas,
end the east edges of the plateau, the Hengduan Mountains,
and the Yarlung Zangbo River valley. The landscape in the
Southern and Western Tibet is almost desert or alpine
steppes without any forest.

Among those 31 sites snown in Fig.1, 15 lie on dry area
where tree growing responds to rainfall variation and 16
by the frigid tree line zone where tree growing responds to
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temperature variation.

In arid area, we has noted that the tree-ring characte-
ristics from forest interior through forest border vary with
increasing aridity. There is a small forest (Pinus densata)
in Rangxian County with 3500 m a.s.l.. We sampled from the
border through the interior of the forest and buil* four
tree-ring chronologies which had 100-meter interva. between
each two, marking with No.1, No.2, No.3, and No.4. Some
statistical characteristics of each chronology are calculated.
They are mean tree-ring width (x), mean sensitivity (MS),
standard deviation (SD) and correlation coefficient (R) related
with the annual precipitation in the nearest meteorological
station. The results (Table 1) support H.C.Fritts' deduction
that -the rings in forest interior are wide and “complacent”,

Table 1. Some statistical characteristics of
four chronologies

Series x (mm) MS SD R

No.1 1.9 0.38 0.56 0.86
No.2 2.1 0.36 0,42 0.60
Fo.3 2.4 0.24 0,37 0.53
Ro.4 2.3 0.22 0.35 0.41

and there is little correlation in the ring-width variation
among trees or between ring widths and climate, meanwhile
the rings near forest border are narrgw, mean sensitivity and
standard deviation of the chronologies are high, and there
is a high correlation of the chronologies among trees and
with climate. For ring width (x), No.1 is 1.9 mm, and it
is narrower than others, For MS and SD, No.1 has highest
values, 0.38 and 0.56 separately, but No.4 has lowest values,
0.22 and 0.35. In particular, the correlation coefficient
(R) between ring and rainfall near the forest border reaches
0.86, and it is quite low, 0.41 in the forest interior.

On the Tianbao hill, the Hengduan Mountains, a scattered
Liax spiciosa forest, 3700 m a.s.l. was noted. Some trees



stend on the hill with a slope of 35°, and the hill is covered
by flowstone, 80 that every tree we got cores from is sur-
rounded with stone. Under the layer of stone there is a
shallow layer of soil with poor capability of storing water.

Based on anslysis for some cores sampled from these trees,
the tree ring variation could be used to indicate the local
annual precipitation wvariation.

With collecting near upper tree line, it should be notable
that the trees are located near a maximum precipitation height,
wh;re the high humidity ceuses rot inside some trees, particul-
arly for old trees. When we sampled in Gyirong, Zhangmo and
other sites in the south slope of the Himalayas, it took us
much time and spirit to reach at the upper tree line. How-
ever, it was difficult to find a few ideal trees &s our speci-
mens because rot was popular and serious over there. The
number of ring that could be identified by longer cores was
only several decades. The trees lay in the overwet highland
are not ideal as dendroclimatological samples.

It is necessary to find out the laws on the topographic
climate over the sampling site, especially on the vertical
distribution of seasonal precipitation. Using both of observed
meteorological data and investigation, we could know more or
less situation before climbing any hill, and it could avoid
wasting much time and spirit.

In addition, there is temperature inversion in some
mountain areas. The phenomenon occurs in the Himalayas and
the Hengduan Mts., but it is only during the winder and can
not influence on tree growing.

4, CHARACTERISTICS OF SAMFLING IN TIBET

Compared with sampling on plain or hilly land, there are
a few specific problems in Tibet. They might be caused by
the specific plateau climate and topography.

Two kinds of dendroclimatological specimens, responding
to precipitation and temperature, could be sampled with in
short distance. 1In the arid area of the Himalayas and the



Hengduan Mts., it is easy to see a few high peaks which may

be over 4,500 m a.s.l. and the straight distance could be only
ten km and more, or only a few kilometers, from the arid forest
border to the cold upper tree line. For example, we have got
the specimens to reconstruct ‘the past annual precipitation by
the towns of Qamdo and Nyingchi, about 3,500 m m.s.'., while
lots of cores could be collected near the upper tree lines,

10 km or so distant from the towns. The upper tree lines, of
course, are near 4,500 m. s In Zhongdian County, .the Hengduan
Mountains, the straight distance is only one km or two for
sampling both two kinds of dendroclimatological samples (Wu
and Lin, 1983).

The false ring and missing ring in Tibet are of rare oecur-
rence. It may be because the Tibetan climate is dominated by
the monsoon regime that has an obvious seasonal variation, and
the warm season happens to the rain season in Tibet. The
cambium and differentiating xylem of the conifers in Tibet can
produce the earlywood and latewood during the summer half

:ar., We have not found eny false ring or missing ring on the
:ross sections which were collected as dendrochronological
samples from the Northern Himalayas and inside the plateau.

A few trees contain false rings or missing rings and they
come from the Southen Himalayas only. The reason of causing
the difference should be discovered in the future.

Selection of specieé 'is another decided factor for building
dendrochronology. Based on our experience, the species which
could be considered fro dendroclimatic esnalysis in Tibet are
as follows: Pinus densata, Liax spiciosa, Abies ferreana and
some species belonged to the genus Sabina. Especially, Sabina
saltuaria and Sabina wellichiana grow at high altitude and
their growth 8peeds are very slow. A4ll species of Sabina is
one of the slowest growth in the conifer trees of Tibet. Ve
have collected many specimens of Sabina near upper tree line,
and these trees' age could reach 300 or 400 years with breast
diameter 35-40 cm. The age of a tree (Sabina saltuaria) from
Saqila Mountain, Nyingehi, is 483 years old, but its breast
diameter is only 38.4 cm and the height is 9.6 m. Another
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tree was located near a glacier in Baxoi County, 710 years
old and breast diameter 58 cm. It was said that there would
be some trees with thousand years old in the Northeast Tibet.

The cores of all species mentioned above have clear rings
and larger sensitivities, and most of them have suited to
be in master chronologies. Of course, we have tried to use
other species, such as Picea spinulosa, Picea likiangensis,
Cupressus gigantea, et al. for dendrochronological analysis,
but the results have been less effective than those using
the species mentioned in last section.

How to congider the response of tree to climate in Tibet
would be more difficult. A few meteorological observed
stations lie scattered over the plateau, and most of them are
located in river valley. One station is, sometimes, separated
from others by high mountains or rivers. The distance between
two stations would be quite far, decades or hundred km, When
the correlation coefficient or response funection between the
ring widths and the climatic factors recorded by the nearest
station from tree site are calculated, the results may be be-
yond expectation because of the different micro-scale climatie
regimes, In addition to this, the length of climatic data
each site has seldom lasted 70 years. It is not eough for
the claibration and verificiation between tree ring chronology
and climatic series. In this case, we prefer a chronology
that has been properly dealt with strict sample and rigorous
cross dating to the statistical results. Of course, we must
try to use an additional proxy data %o check the chronology.
And one kind of proxy data is documentary information.

To use more reliable documentary data may be another way
to improve the tree ring chronological reliability. VWhen
sampling in Tibet, we have been paying attention tc¢ collecting
other kinds of proxy data, including documentary record during
recent hundreds years. With History Archives and other units
in the Xizang Autonomous Region, we are editting a series of
books from the local historical files. in Tibet on disaster
records. And the Volume one "section of snow damage" has been
published. Other literal record concered with weather and
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climate are also useful, such as the record in Tibetan calendar,
personal diary, etc.. Here are two examples to describe the
velationship between the tree ring widths and some documents.
Accoding to the Tibetan calendar in 1937, an anomalous drought
appeared in Summer around Lhasa through Xigaze and many poor
peasants and herdsmen became beggars in street. The ring
width in corresponding year indicated very narrow within some
tree chronologies. The other example is from the diary of a
former top officer to Tibet in Qing dymasty. According to

his diary, it was anomalous cold in Lhasa in 1905, the ice

was s8till remained in ponds by the end of April, the wadded
garment could not been taken off in Middle May, the climate
was cool at the beginning of July and it looked like in Middle
Autumn, and it began freezing on the road in Lhasa in the
first decade of November. That means it is much colder in
1905 than other years of the early 20th century and the modern
time. We also find a narrww ving in the chronology built by
trees near the upper tree line.

Excepting calibration ot verification, the documantary
data could be combined with tree ring chronology to reconstruct
the past climatic variation. Authors have been doing the
reconstruction in Tibet platezau (Wu and Lin, 1981).

5. CONCLUSION

Due to the high altitude and complicated topography,
the dendroclimatic sample in Tibet could have some specific
circumstances, which should be worthy of brief mention here.

In some small areas, thwve exist two kinds of trees as
Bamples of dendroclimatological analysis. One is the trees
growing in arid land, the ovher is the trees near upper tree
line. Their distance could be only a few kilometers, though
they express respomnses to precipitatioun and air temperature
separately. Tt should be noted that baking suitable samples
with local conditions will be most important.

The false ring and missing ring within the plateau are

)t fregquent. And several species of trees, the genus Sabina.
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Pinus densata snd other Tibetan conifers, have bean sampled
and proved their dendrochronological potential, All is a
preliminary study based on our experience. Until all kinds
of Tibetan species are tested and analysed, futher speculation
is unwarranted.

The documantary data can be used to complement the tree
ring chronologies either checking or combining each other.
It is more available for past climatic reconstruction in
Tibet.

In a word, we have tried to provide an overview of thke
potential and progress of dendroclimatological collection in
Tibet plateau. Considering the plateau character and little
man's impact, we believe that dendroclimatic research in
Tibet is likely to have a broad and great potential.
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3 MEASUREMENT AND DATING PROCEDURES INCLUDING
DENSITOMETRY

3.1 MEASUREMENT AND DATING PROCEDURES IN DENDROCHRONOLOGY

D. Eckstein
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University of Hamburg
Leuschnerstr. 91D

D-2050 Hamburg 80

FEDERAL REPUBLIC OF GERMANY

INTRODUCTION

Dendrochronology is concerned with wood coming from different
sources: living trees, construction timiwrs, panels of paint-
ings, archaeclogical excavations or subfrssil finds. The annual
growth of trees can be analyzed with regard to its width, its
density and structure, and to its chemi-:al composition. Which
of these features are best to be used. 32pends on the gquestion-
ing. The appropriate technical procortlures vary from a  pure
ocular observation of tree-ring rtraracteristics o highly
sophisticated methods like x-ray dersitometry, automatic image
analysis, or mass spectometry. In i« following I wiil concen-
trate on tree-ring width, =since deu-:tometry and histometry as
well as the chemical analysis of wwaoi are dealt with in separ-
ate contributions within this Session.
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MEASUREMENT OF TREE-RING WIDTH

The most simple and oldest measure to extract information from
a piece of wood and convert them into a time series is the
skeleton-plot technique. The specimen is examined with a hand
lens, and a vertical line is marked on a strip of graph paper
at each interval where a narrow ring occurs; the narrower the
ring, the longer the line, average rings are not marked (Fig.
1}. :

This sort of representation is mostly applied on conifers from
extreme sites. In all other cases, above all for deciduous tree
species, all rings are absolutely measured in order to receive
the most possible information. This can easily be done using a
magnifying glass with a built-in scale, particularly if
measurements have to be taken on site. It is wmuch better,
however, to make the measurements in the laboratory. The
sample, viewed through a stationary binocular microscope
furnished with crosshairs is mounted on a travelling stage, the
movement of which can be red off to one tenth or ane hundredth
of a millimeter (Fig. 2). The ocular lenses can also be
replaced by a TV-camera and the image of the sample be viewed
on a Tv-screene what enables the operator to work in a more
relaxed attitude. In principle, the tree-ring widths could be
determined fully autarﬁatically, but then the expenditure of
time and care for the sample preparation as well as for the
examination of the 4ata and for the detection of errors would
probably be counter-productive. N
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TREE-RING PECULARITIES

Since the essence of dendrochronology is to establish the exact
year in which a tree ring was formed and since all further
deductions depend on this, much care has to be concentrated to
reliably recognize the tree-ring borders. Some pecularities are
to be mentioned (Fig. 3). In conifer trees so-called falge or
double rings sometimes occur, they are latewood~like bands
within the earlywood. In conifers as well as in diffuse-porous
deciduous trees missing rings are another problem. Since
missing rings cannot be seen, there is no way to directly
detect them. Sometimes, however, it is possible to recognize a
ring just disappearing. Even rying-porous trees gometimes
contain ring anomalies, for example, a series of extremely
narrow rings. All these anomalies can lead to serious mistakes.
The r£ing pattern in the case that one to several rings are
missing or were overlocked or were erroneously measured more
than really present will run out of phase with the time-scale.
Much experience is necessary to overcome these difficulties.
The final check, however, is the crossdating procedure which
will be demonstrated further down.

MEASURIN(G PROGRAMS

In the early 60's Fritts {(1963) began to use computers for
tree-ring analyses. But it was only few years ago ¢that the
measuring set-ups were directly linked to minicomputers and
microcomputers. This step became possible with the development
of interactive programs previding the necessary interaction
with the data, in particular in cases of doubt or of ring
pecularities. Various computer programs are in use, one of them
being develeped by Aniol (1983a), which stands as an example.
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It is called Catras (Computer aided tree-ring analysis gystem)
and consists of several programs performing the different steps
of the of tree-ring analysis. Its structure is shown in Fig. 4.
Around the data bank various programs are indicated. The outer
ring symbolizes the interface between user and program. The
user enters his orders which the system translates into ofders
the machine can understand. The processes are optimized with
respect to time and storage. The user can fully concentrate on
his research without being distracted by the coperating of the
computer; no knowledge of EDP is necessary. Catras has several
programs to input measurement data. A powerful algorithm
facilitates synchronization of the series. It plots tree-ring
series on éraphic video display, line printer, or plotter. With
different methods and algorithms mean curves are calculated.
Series can be manipulated with the help of an editor. A table
of contents of the data bank can be supplied. Catras can be
used for data exchange if the format, which the Laboratory of
Tree-Ring Research in Tucson/Arizona has proposed, is adhered
to.

The result of the measurement is a time series where the annual
values vary in relatiomnship to time. This variation contains
the information one is interested in (=signal), but it also
includes portions caused by other influences (e.g. aging,
microsite etc.) (= noise). The signal usually can be enhanced
by a careful selection of trees. For example, trees growing on
shallow soils free from the influence of groundwater most
likely record variations in precipitation; trees from a
polluted site record the pollution history; the influence of
periodically occurring insect attacks can be traced in tree-
ring series by sampling in appropriate areas, etc. For further
details I would like to refer to the Session on Site Selection.
The enhancement of the signal is furthermore achieved through
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replicate sampling in order to average out the random differ-
ences within and between individual trees. The number of trees
that should be sampled is 10 at minimum and should be increased
to 30 or more per site if necessary.

CROSSDATING

It is common practice to visualize tree-ring series as curves
either on a linear or on a logarithmic scale. The logarithmic
scale amplifies minima and damps maxima of the curves. 1In the
two tree-ring series of Fig. 5 the ratio between the widths of
consecutive rings are the same at corresponding positions. The
similarity between both series can be recognised more easily in
the logarithmic presentation.

Any dendrochronological study involves the establishment of
crossdating between tree-ring patterns. In the case of a dating
exercise crossdating is the final goal, in all other appli-
cations of dendrochronology it is an absolute necessity before
the proper analysis can be continued. There are various ways.
The early American work relied almost exclusively on wvisual
observation of the timber samples and skeleton plots. But
mostly the whole tree-ring pattern has to be considered. The
subsequent crossdating either of the skeleton plots or of the
whole pattern can be done visually: the ring patterns match
ring-for-ring up to the year where a ring is missing in one of
the samples (Fig. 6), the ring count is one year off after this
point, unless correction is made by inserting a "ring" at the
proper place in the sequence.

Crossdating can be performed among the radii within a stem,
among different trees, and different sites. If crossdating can
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be achieved there is evidence that there is some environmental
information common to the sampled trees. There are examples
known that even within a large region all collected trees had a
ring missing in one and the same year. Verification could only
be obtained through an independent sampling in a neighbouring
region. Visual matching and crossdating is the method of choice
when living trees are dealt with where the date of sampling is
known. With historical .and prehistorical samples a trained
dendrochronologist ecan find the correct matching positions
visually as well, but it is a matter of saving time and of
avoiding subjectivity to use some mathematical gquantification
of the similarity. Huber (1943) introduced a measure to check
visual agreement. Since he worked in the pre-computer era this
measure must have been simple. He counted the number of cases
where ©wo tree-ring curves under comparison increased or
decreased together and converted this figure into a percent
value. For two curves at random position one expects 50% agree-
ment or disagreement, respectively. The standard deviation for
this mean value depends on the length of the overlap of two
curves under comparison (Eckstein, Bauch 1969), for example,
the standard deviation for n = 100 is % 5%. Even with the
availability of computers, this kind of checking a visual
agreement is still in use, although more powerful statistics
can now be applied, so for example, correlation calculations
(Baillie, Pilcher 1973). But before A correlation calculation
can be performed the possibly occuring trends in the tree-ring
series have to be removed in order to avoid pseudo-correlation.

The elimination of trends out of tree-ring series is a problem-
atic field. It can be done simply by hand, as in earlier times,
or using moving averages or mathematical functions as an
exponential, a polynomial, or a spline function, respectively.
Details will be dealt in the Session on Standardization.
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There is still another feature to be mentioned, the so-called
significant years, indicator years, or pointer years (Bckstein,
Bauchk 1969). Pointex vyears are such vyears where external
influences on the growth of trees are particularly strong.
Consequently the tree-ring width in many trees out of a popula-
tion becomes larger or narrower. In order to recognize a year
as a pointer year one needs of course many trees. In a pointer
year more tree-ring series agree in their upward ox downward
direction than the greatest possible number of agreements that
would be expected to occur by chance. For example, out of 20
trees 18 must agree or out of 50 trees 37 must agree that a
vear be acknowledged as a pointer year. Once such a chronology
is established it is a good tool to crossdate series of unknown
age. In addition, pointer vyears are interesting years for
climatic considerations.

¥UTURE DEMANDS

From a dendroclimatic point of view it would be very helpful {f
more tropical tree species could be tested for their tree-ring
characteristice. Some tree species are already known to have
some potential for dendroclimatology (Eckstein et al. 1980).
But new dating methods are necessary for this problematic
field; e.g., stable carbon isotope ratio variatioms could be
appropriate for such complacent trees
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Skeleton-plot technique (Stokes, Smiley 1968).

Fig.2

Fig.3

Equipment for tree-ring measurement.

Examples of complicated tree-ring structures:
disappaering ring in a beech tree (arrowed, left; mag-
nification 30x); false ring in a spruce tree (arrowed,
middle right; magnification 30x); sample of oak with
extremely narrow rings (right; magnification 13x)
(Eckstein et al. 1984).
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Fig.6 The procedure for cross-checking wood samples and tiee-
Ting series for missing and false rings (Fritts 1976).
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3.2 HISTOMETRIC ANALYSIS OF TREE RINGS IN ECOLOGICAL AND
DENDROCHRONOLOGICAL RESEARCH

E.A Vaganov
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The data on trees rings stiructure are being applied now-
days more and more intensively. The fact is accounted for by
the creation of the corresponding methods and devices for this
kind of anelysis (Polge, 1966, 1978; Schweingruber, 1983; Va-
ganov, Terskov, 1977 et al), by the vast volume of ecological-
ly~-based information concerning woody plants growth and also
by a more precise interpretation of this information on the
bagis of regressive models describing the interrelations bet-
ween the annuel rings structure paremeters and scme climate
factors and conditional factors for trees growth.

Indirect physical indices of trees rings structure
(such as demsity and its distribution, porosity, the flux of
incident or transmitted light) possess quite distinct struc-
tural basis, i.e. they integrate the anatomical differences
of cells in intraseasonal zones. For instance - the changes
in density es well as incident light or porosity changes in
conifers are practically defined by the ratio between the
gize and width of tracheids walls in different parts of the
tree ring. In other words histometric heterogeneity of xylem
results in differences of physical parameters of the annual
rings structure.

The aim of the article to comsider the originel semiau-
tomated methods dealing with the histometric data anslysis,
to discuss some main problems concerning the relationships
between the kinetics parameters of seasonal growth and the
structure of trees rings, to estimate the ecologicel factors
(climate ones first of all) influencing the formation of
rings' anstomical structure of conifers and to evaluate the
possibilities of dendroindication of growth conditions on the
bagis of histometric deta. The case with conifers (pine and
larch mainly) in different growth conditions has been inves-
tigated. Radial sizes of tracheids have been anslyzed as the
principal characteristic.

Method of tracheidograms. Tracheidogrem represent= a
discrete curve of changes in cells redial size (trachei..) in
a separate radial row on the annual ring cross-section (¥ig.
1). In order to obtain tracheidograms e special automatic
device including a microcomputer hes been developed. It pro-
vides s simultaneous measuring of the tracheids radiasl size
and the initial data processing in accordance with the cpe-
rative programme. The set of applied programmes includes:
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1, Cells radiaml sizes measurements, building of histogram
showing cells distribution in size and the estimation of
the main statistical parameters of the distributiom curve,

2. Standardization of tracheidograms., Since the annusl rings
in one and the same tree and in different trees contmin the
various number of cells and differ in width the comparative
enslysis of their strueture becomes diffjicult. Standardiza-
tion "compresses" or "streches” the initial tracheidogram
along the absciss (making it f£it the standard - in our case
30 cells) leaving the ordinate invariable, thus simplify-
ing the comparison of the annual rings.

3. The calculations of tracheidogram quantitative indices:
the number of cells; the width of the trees rings; maximal
( dmax ), average (dm ) and minimal size (Gmin ) of
cells; the average gizes in intraseasonal growth zones

dam s ) and the value of these zones in a ring

(ose,08L ), 'fie relative state of cells size maximum in
a ring ( ONM ) and some other derivative parameters.

4. Separate measurements of the early and late wood zones (by
visualization of boundaries) and the calculation of the
increment curves, the percentage of late wood and the in-
dices of the increment in relation to the "sliding" norm
or the approximating function.

The operating features of the device are characterized
by the following: the measurement of 500~600 cells or 300
tree rings (in the measuring regime of early and late wood
increment) as well as the processing of the date obtained ac-~
cording to the assigned programme become possible in 30 min-
utea period. The datae concernlng the enslysis of the average
tracheidograms of the treeés rings obtained while unifying the
megsurements of 6 cells rows in every snnual ring are repor-
ted.

Tracheidograms in the analysisgs of growth mechenisms and
geasonal differentistion of xylem cells. As it is ¥kmown the
cell produced by the cambisl zZone consecutively passes through
the pheses of cell wall enlargement and bulging completed by
the formation of the cell; the subsequent changes in size
practically do not occur. The mature tracheids of conifers,
forming in different intervals of seasonal growth appreciably
differ in size and cell wall width. Therefore if the number
of cells and the aennusl rings width account for the seesonal
increment on the whole, then the enatomical indices, radial
sizes of tracheids in particular, can be used for a more de-
tailed characterization of the seasonal growth process and
hence for the determination of the factors affecting the
growth rate in different seasonal intervals. However it de-
mands the solution of some problems. First of all it is neces-
sary to clear out what kinetic parameters determine the final
size of the cells. Secondly, 8ince the tracheidogram is the
sequence of cells sizes it 1s important to establish the sea-
sonal terms in the course of which the given cell passes the
maturing pheses, i.e. reflects the enviromnmental influence to
some extent. And finally, as the result - what is the mecha-~
nism of influence of the environmental factors and growth
phase upon the cell radiel size?

The special investigations of seasonal growth kinetics
and ennuel rings formetion of trees with different growth po-
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Pig. 2. Seasonal dynamics of cells production rate (4),
the rate of transition to enlargement (B), the average cells
size in the enlargement zone (C? in fast (1) and slow (2)
growing specimens, cells production rate comparison (F) with
tracheidograms of fast (Dg and slow (B) growing pines

tential carried out in field conditions in the region of the
Angara river in 5 year period asllowed to obtain the following
results. The growth kinetics of the cells number in trees of
different growth potential in one and the same year is identi-
cal. The growth kinetics of wood layer width increment dif-
fers (Fig. 2 ). The produced cells of slow growing trees get
into the zone of enlargement with some delay in iime. That is
why the cells of one reiative disposition in a ring become en-
larged in fast and slow growing specimens in different seaso-
nal intervels, but nevertheless they have the same enlargement
period end don't differ in size. The duration of cells produc-
tion of slow and fast growing trees in one and the same year
doesn't practically change. The increase in the total produc-
tion is conditioned by the increase of the proliferative zone
i.e. cambium so long as a positive correlation (r = 0.6-0.7)
exists between these kinetic parameters.

The additional information on the ratio of cells produc-
tion and theilr enlargement can be obtained from the anslysis
of the "instant" tracheidogrems, i.e. the ones obtained on
the formi:.  ennusl ring in certain seasonal terms. The forma-
tion of the local maxime end minime of cell size changes wi-
thin the ring is well observed. These changes prove to be
"tied" to one and the same ring zones, though the cells for-
ming tr:m in the ennual rings in slow and fast growing trees
are o «rged not simulteneously.

T.e ebove stated results ellowed to suppose that the fi-
nel gize ~f tracheids cdepends on the kinetic charecteristics
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which change during the season in fest and slow growing trees
identically and simultsneocusly. The enalysis of the experimen-
tal dete shows thet the finnl size of tracheids i1s determined
at the earliest stages of cells differentiation - at the level
of changes in production rate. Really the tracheidogrems of
the formed annual rings reflect the specificity of growth rate
curves of cells quantity (Fig. 2). The similarity of rates
curves of cell production in amnual rings of different trees

accountsalso for the observed likeness in tracheido of
differgnt trees emnuel rings of one formation year (Fig. 1D,
Fig. 2).

The analysis of ring seasonal formation kinetics and its
structure leads to the conclusion important for dendroclima-
tology: since the production season is far shorter in dura-
tion than the season of growth and xylem maturing, the corre-
lation between the histometric characteristics of trees rings
(cells number, emnual ring width, average cells size etc.)
and weather conditions should be searched for the production
season only and the period preceding it. The amount of cells
in cambial zone is determined at the beginning of the season,
the cambium assigning the total cell production for 80-90%
and the ennuel ring width for 60-70 %. The current changes in
production will depend on the conditions of this period (e.g.
2-2.5 months in our case), Therefore the establishing of close
relationships between any histometric characteristics of the
annual rings and weather conditions in the periods following
cells production completion is hardly useful.
The date on the dynamics mechanism of the ennual ring
formation and on the relationship between the kinetic and
morphological characteristics of a xylem are described in terms
of a simple computerized model, allowing to reconstruct the
dynamics of seasonal course of cell production and wood incre-
ment. The following statements are in the basis of the model:
1. Proportionality in cell size and relative rate of produc-
tion.

2. The existence delay in time between the loss of cell abi-~
lity for division and the transmission to enlargement (8-
10 days in accordence with the experimental data).

3. The kinetics of cells enlargement of early and late wood
in conformity with the equation of monomolecular reaction
with similer kinetic coefficients.

The comparison of the calculated and experimental datsa
for various material,including the one not used in the con-
struction of the model,showed them to be in a good agreement
not only with a quantitative estimation of cell production,
enlargement and wood increment but also with the dynamics of
the "instani" tracheidograms. It is not only the indirect
provement of the model initial premises correction but an im-
mediate indication of close relation of intraseasonal growtih
rate to cells size in conifers rings. The practical result the
model yields is the possibility to confront every cell with a
certain seasonal interval,which conditioned its size. For
example,Fig.3 presents the seasonal dynsmics of temperature
eand precipitation in compliance with changes in cell size of
pine in a given year. As it is seen the fluctuations of cell
sizes in the first seasonal half "follow" temperature fluctua~
tions. Precipitation deficiency at the end of June caused soil
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Fig.3. Comperison of cells size c es in pine annusl
ring (2) with the temperature dynamics (1) and precipitetion
(3) during the season.

drought and & sharp decrease in cells production rate and their
gize,and only the rains in July reinforced the increment and
promoted the increase of cells size (feebly marked "semi-false"
ring was formed). Thus,the model is applicable in different
espects. The possibility sppears,firstly,to fix tracheidogram
in time (i.e. to marz tne vempore. scelie on the tracheilzgre=m);
secondly, the direct comperison of the annual ring growth rate
with meteorological factors was made,thus permitting to clear
out the reasons of intraseasonel growth changes. And thirdly,
the establishment of the quantitative relations between the
increment end the main medium factors is possible. It is of
paramount importence for the interpretation of dendroclimatolo-
gical informetion.

Tracheidograms use in the analysis of weather conditions
influence upon the seasonal growth rate and cell size, The
annual rings comparative enalysis 1n trees of one stand,but of
different growth potentisl showed their analogy (Fig.2). Stan-
dardised tracheidograms are more suitable for the obvious com-
parison. Their likeness testifies to ome type of the increment
reaction in different trees in response to the dynamics of the
external conditions (weather ones,first of all) in a given
yeer. This uniformity menifests itself in a high degree of
eynckronism of changes in tracheldogram quantitative indices.

2ut the gnmuel rings trecheidograms of trees even of the
sane region differ greatly. For instence, the annual rings of
pines from dry site reveel e cleaerly expressed zone transition
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from early to late wood. The transition to the formatior of
late wood cells is observed at the more and more earlier parts
of the ennual ring,the moisture deficiency being increased in
the firat helf of the season.

Let’s consider the case of tracheidograms epplication in
quantitaetive evaluations of the relmtionship betweer the cells
size and weather factors in the course of the growth season.

TABLE 1. Correlation coefficients of indices in trees rings
traecheidograms of pines and larches growing in different lo-
cations.

Index ¥ dp  dpgy OSI  ONX  dgy dgg .—-’
1]1.0 ‘ ) |
2 ;
N 3 |
4
1]0.386 ¢
210.345 . !
dn 3 |o0.765 -
4 |1 0.506 .
110.297 0.735
a 2|1 0.607 0.685 1.0
max 3 | 0.759 0.949 °°
4 10.435 0.700
1 0.253 O.gOO 0.0;;
210.080 -0.629 0.1 .
OSL 316,686 -0.725-0.642 '*°
4 0,242 ~0.714-0.460
1 ~0.094 -0.639-0.672-0.232
om 2 0.329 -0.007-0.145 0.038 1.0
3 0.273 =0.151-0.255-0,094 '*
4 | 0.060 0.400 0.330-0.490
110.578 0.802 0.447-0.510 0.20¢
dSb 2| 04371 0.788 0.747-0.031 0.01~ .0
310.605 0.514 0,793-0.431 0.13.
110.156 0.316 0.097 0,336 0.114 0.467
d29 2 [ 0.406 0.529 0.512-0.083-0.053 0.519
3]0.521 0.783 0.667-0.537-0.074 0.345
1,2 - larch growing in dry end moderate moistured “ocetions,
correspondingly; 3 - pine of dry locations; 4 - larch growing
at the northern forest boundaries.

Teble 1 presents the correlations of the annual rving structurec
indi ces for the trees of different locality. Depending upon
the cinditions (dry,humid) the correletion between the sane
indices may be different ir sign. The corditions,limited in
temperature or moisture make one of the fectors influence
prevelently on the growth rate thus ennancing the correlation
between the annual rings structure. Toe ennuasl increment of
cells number is in agreement with the increase of the everare
or maximel cell size in e ring &and elso correlates with tne
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increase of the average cell size in early and late zones.
Tuis correlation isn’t occesionel since the production inhibi-
tion aleso Affects the intraseasonml dynamics of growth and
cells size. Important is the fact that the correlation between
the relative width of late wood zone and cells production and
their average size is megative on the whole,i.e. growth acce-
leration deteriorstes wood technical characteristics.
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Pig.4.Correlation in cells size of pine (A) and iarch (3) an-
nual rings from differert moisture locations with the average
summer months temperatures (I) and precipitation (II):1 - May,
2 - June,3 - July.

Apparently the cells sizes in different parts of the an-
nuel ring in trees from dry and humid sites would react upon
the temperature regime and some months precipitation in dif-
ferent ways. The data presented on Fig.4 illustrate the case.
The temperature increase adversely affects the cell size of
pine growing in dry conditions,May and June temperatures ap-
preciably influencing the cells size. The dynamics of the
correlation coefficient shows the poasitive relationship bet-
ween the cells size and the precipitation in May and June and
the negative relationship between the cells gsize of transition
and lete zones and the precipitation in July.

Quite other dynamics of correlation coefficient of cells
size and weather conditions is observed for a larch growing in
moderate humidity conditions. E.g. the Iincrease in May tempera-
ture positively affects the cells size of the early and tran-
sition zones. The temperature in June accounts for the cells
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size increase only in the central pert of the ring forming
wainly during this month. The temperature of July influences
the cell s4ze only in the late zone. The changes in May and
July precipitation prectically have no effect on cells size in
different zones. The increase of rains in June results in the
size increase of the cells completing the early and confronting
the late zones. The same conclusions are supported by the re-
sults on the correlation analysis of quantitative indices of
the annual rings tracheidograms and weather factors (Vaganov

et al.,1985).

The correlation manalysis of rings structure parameters
and weather factors leads to the conclusion that changes in
weather conditions of certain months in different locations
anequally influence the cells size and morphology,the cells
being formed in tree growth rings in different seasonal terms.

Annual rings tracheidogrems in the reconstruction of
weather conditions. The analysis of the data obtained ahowed
The cells size and seasonal growth rate of the trees from the
conditions with some factor %iumidity or temperature) constent-
ly limiting the growth rate to be essentially influenced by
the conditions preceding the growth beginning end the ones of
the first half of the season. Om the contrary,the woody plants
from morefavourable climaetic locations are more sensitive to
current conditional changes. The indices of seasonal rings
structure depend on different factors and weather conditions of
different months influence these indices wvalue. So the con-
nection between the weather factors and seasonal rings struc-
ture indices is "multiple" in general case. This *"multiplici-
ty" makes it possibile for dendroclimatological reconstruc-
tion to use the methods of multiple regression,where trachei-
dograms indices are presented as variable sings and the weather
factors s the dependent ones. The preliminary correlation
enalysis and the quantitative estimation of weather conditions
influence of certain months on cells size in different ring
parts promote in carrying out the regressive analysis and
making it more purposeful. Fig.5 presents the instrumental
values and the values obtained from the equations of linear
maltiple regression of some weather factors on the basis of
the data on annual rings fine structure. The given example
demonstrates the unique abilities of dendroclimatological
reconstruction in accordance with tracheidograms: one ring
only provides the evaluation of several weather factors most-
%y influencing the trees seasonal growth in certain condi-

ions.

Still more perspective is the usage of histometric in-
formation in weather conditions reconstruction with the help
of "differential" traecheidograms. Tracheidograms hss its
own peculiarities for every concrete year. If the standerdi-
ged tracheidograms of many growth years are plotted on one
graph then the spread in values of cells size in one end the
same parts of seasonal rings would be considerable. Moreover,
the standardized tracheidograms serve as the summarized
estimate of seasonal growth conditions,whatever weather con-
ditions and season duration were. In this sense the standar-
dized tracheidogrem can be considered as the "ecological
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Fig.5. The example of reconstruction of average monthy
precipitation of May (A) and July temperature (B) in accor-
dance with the tracheidograms parameters: 1 - instrumental
data, 2 -~ the date calculsted from the equstion of & mul-~
tiple linear regression.

equivalent” of growth season. Unifying the stadardized tra-
cheidograms of many years one can obtain: firstly,the maxi-
mal tracheidogrem of the whole growth period under study,

and it will correspond to the maximal possible cells growth
by the optimel combinetior :f mcisture end temperature con-
ditions. Secondly,the "difierential” irecheidogrem for the
definite year can be derived and it will show how much the
certaein tracheidogram cells size is smaller than that of the
meximal on in different seasonal intervels. "Differential®
tracheidogram of trees growlng in abundant moisture locetions
will show the differences in temperature and optimal condi-
tions. Differential tracheidogram of trees growing in dry
locations will summerize the growth deviations from the op-
timal ones in temperature and in moisture. If both differen-
tiel curves are brought in line for the certain growth year
then one can Judge which of the factors was limited and in
whet seasonsl intervels (Fig.6). E.g. in 1963 and in 1964 the
seasonal growth of pines in this locality was limited only
by temperature (differentiml curves practically coincide);

in 1967 and in 1969 the lack of moisture was noticeable,but
nevertheless the fluctuations in cells size and growth rate
are mainly conditioned by temperature. But 1965 and 1966
years reveel the essential difference in curves,the fact
showing the influence of a strong drought upon the pine growth
in those years.
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Piz.6. The method of obtaining the differential tracheido-
gram (A) from the maximsl (1) and the real (2) one; and dif-
ferential trecheidograms (B) of pine annual rings of the
same celendar years from moistured and dry locations.

The applicetion of differential tracheidogrems provides
e quentitetive characterization of weather conditions speci-
ficity and help to clear out which of the factors is mainly
responsible for the variations in cells size and growth rate
changes. One of the peculiarities of the differential trache-
idograms is their ability to reflect tree’s reaction not only
on the changes in current conditions but also on the prece-
ding ones. loisture deficiency can be different at the begin-
ning of the season,it can be compensated for a short period
at the expense of precipitation,and can show no display at
all during the season,in case the initial moisture is high,
precipitation is abundant and uniformly distributed. The de-
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crease of cells size and growth rate can be ascribed to the
moisture deficiency in some cases and in the others to the
considerable decrease in temperature. Differential tracheido-
grams allow to distiquish between these cases.

In conclusion it is necessary to note that the above
considered applications of histometric data in the anelysis
of trees seasonsl growth mechanisms and of the trees rings
formetion contribute wvaluably the dendroclimatology,develo-
ping the method’s biologicel principles of the use the an-~
nual rings structure. The possibility of creation and appli-
cation of new approaches and new kinds of analysis in dendro-
climatological reconstructions aelso arises.
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3.3 X-RAY DENSITOMETRY AND IMAGE ANALYSIS AS METHODS IN
DENDROCHRONOLOGY IN CANADA AND THE UNITED STATES

M.L. Parker

M.L. Parker Company Inc.
1178 West Pender Sireet
Vancouver, B.C.
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1. INTRODUCTION

Although the recorded observation of the relationship between time and the diameter growth of
trees dates back at least two millenia to Theophrastus, the student and successor of Aristotle (Studhalter
1959), it was not until the 20th Century, through the work of A.E. Douglass (1919, 1929, 1935, 1937),
that dendrochronology developed as a recognized and continuing field of scientific investigation. During
the first half of this century, the widrth of annual rings in trees has proven to be very uscful for dating
archaeological samples and for relating tee growth to climate. In addition to the published works of
Douglass, a2 number of other authors have provided useful descriptions of the techniques and applications
of dendrochronology using ring-width data. These are, for example, Schulman (1956), Bannister (1963),
McGinnies (1963), Stokes and Smiley (1968), Ferguson (1970), and Fritts (1972, 1976).

2. MECHANICAL-OPTICAL METHODS OF MEASURING TOTAL RING WIDTHS

Instruments that measure total ring width have been in vse for many years (Douplass 1943, Exlund
1949). The usual technique is to observe ring boundaries on the transverse surface of & tree-ring series
under a Jow-power microscope. Some of these instruments have been computerized and automated, so
that digital ring-width data are recorded directly on magnetic tape or disc; or ring-width plots are produced
as a sample is being measured. Total ring-width values can be produced accuraiely by these instruments
if the operator is skiliful. However, the instruments are not very accurate for measuring earlywood or
Jatewood components separately. The transition between earlywood and latewood is very gradual on some
wood samples and these instruments rely on the subjective judgement of an operator to make decisions
on boundary Jocation.

One advantage of wvsing a system of X-ray densitometry to obtain ring-width and ring-density
component (earlywood and latewood) measurements is that an operator is not required to make a judgement
on earlywood-latewood or latewood-earlywood boundary locations of each nng. Density levels can be
chosen for these boundaries and the system can be programmed to “trigger” antomatically at these points.
The decision as to what density levels are 10 be used may be a subjective one made by an operator, but
the boundanes located during sample scans will be consistent and objectively Jocated by the instrument.
The electro-mechanical scanning densitometer is faster than traditional operator-controlled ring-width
measuring instruments, because the scanning densitometer can make a rapid and continuous traverse of a
sample without siopping at every ring boundary.

3. THE INTRA-RING DENSITY PROFILE

During the past three decades methods have been devised 10 rapidly and accurately measure aspeets
of the annual ring other than total ring width. For coniferous species, the annual tree ning can be broken
down into earlywood and latewood components. The major constituents of the xylem are the longitudinal
tracheids. These cells progress, as viewed in cross section, from pith to bark in a radial direction, from
large diamneter with thin walls to smaller diameter with thick walls. This aspect makes the rings discernible
and usually gives them the appearance, in the transverse cross section, of having two distinet bands per
year: earlywoond and latewood.

‘The changes in cell diameter and cell-wall thickness from the first-formed tracheids to the last-formed,
result in density differences. This gencral progression from lower-than-average density 10 higher-than-average
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density can be measured and expressed as the “intra-ring density profile.” This profile is the basis for
techniques, such as X-ray densitometry, that measure both the width end density aspects of both carlywond
and latewsod. This intra-ring density profile is shown in Figure 1. Figure 2 presents some of the width
and density parameters that can be denved from it.

4. DEVELOPMENT OF X-RAY DENSITOMETRY

In 1973, when the status of radiation densitometry of wood was reviewed by Parker and Kennedy
{1973), there were about ten institutions active in this field. Smith (1977) reports that there were 24
laboratories throughout the world using the technique of X-ray densitometry of wood in 1976. Everisen
(1980) lisis 30 laboratories in 18 countries engaged in radiation densilometry of wood by 1980.

Various radiation, light and mechanical techniques have been developed to study the within-ring
density variations in wood samples (Cameron et al. 1959, Marnan and Stumbo 1960, Green 1964, 1965,
Green and Worrall 1964, Harris 1969, Kawaguchi 1969); but perhaps the most successful method, X-ray
densitometry, was pioneered by Polge (1963, 1965a, 1965b, 1965¢, and 1966) duning the 1960's.

The basic technique of X -ray densitometry is to produce a radiograph (ncgative image) of a transverse
{or radial) cross section of a weod sample by transmitting X-radiation through the wood onto a sheet of
X-1ay sensitive film. The film is then developed and scanned on a densitometer that converts the film
density of the wood image to an analog signal. This signal represents the intra-ring density variatiens and
the width components of the annual rings.

Particular aspects of the techniques employed vary fromn laboratory to laboratory. For example,
some laboratories radiograph cylindrical increment cores, while others cut the wood samples to a uniform
thickness before they are radiographed. Some laboratories use a stationary technique, with the X-ray
generator positioned several meters from the fitm and wood sample. Other laboratories use an in-motion
terhinique for making the exposure.

Techniques in radiography of wood samples have been extensively developed during the past 20
years. Beta-ray and X-ray absorption have been used to obtain detailed measurements of intra-ring density.
“These methods have centain advantages over previously devised techniques for measuring intra-ring density.

Very high-resolution radiographs of wood samples can be produced by X-ray téchnigues, particularly
of \he samples are of uniforin thickness and in-motion radiography is used. Large quantities of accurate
and detailed intra-ring density data can be obtained from radiographs of wood samples with a scanning
densitometer, particularly if it is interfaced directly with an on-line computer. These intra-ring density data
jnovide pew and useful information for ficlds that deal with the forest environment or the structure and
properties of wood.

Many laboratories began using radiography during the last twenty years incorporating new electro-
mechanical instuments {microdensitometers) with digital computers. X-ray densitometry is undergoing a
stape of experimentation and development in tree-ring analysis and many innovations and improvements
may be added. The next stage shou' be nne nf extensive * - = of intra-ring density data in practical application

3. COMPARISON OF X-RAY DENSITOMETRY WITH OTHER TECHNIQUES
5.1. Beta Radiation Method

Beta radiation was used in England during the late 1950's to produce intra-ring density data by the
radiographic technigue (Cameron et al 1959, Phillips 1960, Phill