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Methodology of Climate Change
Impact Assessment on Forests

Mostafa Jafari

Regional Institute of Forest and Rangelands (RIFR), Iran

INTRODUCTION

Climate change is one of the main challenging is-
suesin various countries (Jafari, 2013b) in current
century. Climate change and climate variability
and Global Warming and its’ effects on natural
resources, plants, animal and in general on human
life are among subjects that received attention of
scientists and politicians in recent years. Climate
change challenges need to be considered in various
dimensions (Jafari, 2013c). To both understand
the present climate and to predict future climate
change, itis necessary to have both theory and em-
pirical observation. Any study of climate change
involves the construction (or reconstruction) of
time series of climate data. How these climate data
vary across time provides a measure (either quan-
titative or qualitative) of climate change. Types
of climate data include temperature, precipitation
(rainfall), wind, humidity, evapotranspiration,
pressure and solar irradiance (aric, 2008). Climate
change assessments and evaluation should be done
by using recorded observation data as well as
prepared and provided proxy data (Jafari, 2010).
Plant ecophysiological study has very important
role to recognize climate changes (Jafari, 2007).
Trees and also woods can be used as archive of
past events. Climate change will strongly affect
water resources, plant communities and wildlife
in the arid and semi-arid regions (FAO, 2009).
Water, environment humidity and temperature are
main factors of plant growth. Majority of plant
and forest ecosystems on the earth are formed
under these two main factors. Whatever amount
of humidity and required water are available and
also favorable temperature for plant growth cause
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plantcommunity reach higher plants and trees and
forest ecosystems would develop. In fact plants
are important climate indicators. Trees are not an
exception. Plants, especially, trees are sensitive to
their environmental changes, and tree-ring width
is one of the reliable proxies of ambient environ-
mental conditions. Climate and environmental
changes affect natural ecosystems as well as
planted forests (Kiaee and Jafari, 2014). Investi-
gation of quantity and quality of these growths
could help to consider past climatic conditions.
Measuring and recording tree rings’ widths and
its” densities of early woods and late woods can
provide valuable data resources to produce time
series and consider its correlation with climate
factors in the same time periods (Figure 1).
Seasonal changes in temperate climatic region
effect on tree rings widths periodically. In spring
and summer time plants grow better than unpleas-
ant seasons like fall and winter. The outermost
layer of a tree is composed of bark. Bark itself is
composed of two tissues: an innermost layer of
live phloem, and an outer layer of periderm (the
bark ‘proper’), which has an outermost layer of
waterproofing cork (phellum) which protects the
wood to some degree from insects, etc (Figure 2).
The cork has its own cambium (phellogen) between
the phloem and cork layer. Only the outermost layer
of a tree is alive (essentially only the phellogen,
phloem, cambium, and maturing xylem of the
current year’s growth). Consequently, the majority
of the trunk does not require gaseous exchange.
The bark is punctuated by lenticels, a sort of giant
stoma, which allows the thin outermost living lay-
ers of the trunk to ‘breathe’ (Anonymous, 2008a),

Copyright © 2018, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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Figure 1. Tree ring width and densities, Fagus orientalis (beech tree), Mazandaran province mid-elevation

forest (MA Il F3)
(Author, 2010)
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Late wood
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Growths of the vascular cambium tissue
produce wood as secondary xylem production.
Sapwood is xylem that conveys water and dis-
solved minerals from the roots to the rest of the
tree. The darker heartwood is older xylem that has
been infiltrated by gums and resins and has lost

Figure 2. Anatomy of a tree trunk
(Encyclopedia Britannica, 2000)

Anatomy of a tree trunk

its ability to conduct water. Each growth layer is
distinguished by early wood (springwood), com-
posed of large thin-walled cells produced during
the spring when water is usually abundant, and the
denser latewood (summerwood), and composed of
small cells with thick walls. Growth rings vary in

© 2000 Encyclopadia Britannica, Inc.

radial surface

transverse
surface

tangential
surface

3115



Methodology of Climate Change Impact Assessment on Forests

width as a result of differing climatic conditions;
in temperate climates, a ring is equivalent to one
year’s growth. Certain conducting cells form
rays that carry water and dissolved substances
radially across the xylem. Bark comprises the
tissues outside the vascular cambium, including
secondary phloem (which transports food made in
the leaves to the rest of the tree), cork-producing
cells (cork cambium), and cork cells. The outer
bark, composed of dead tissue, protects the in-
ner region from injury, disease, and desiccation
(Encyclopedia Britannica, 2006). A big trunk of
a harvested tree can be use as an archive of data
and may provide its life long time series (Figure
3)(Jafari, 2010).

Main objectives of dendrochronology are: a)
Put the present in perspective of the past, b) Bet-
ter understand current environmental processes
and conditions, and ¢) Improve understanding of
possible environmental issues of the future. To
meet these objectives, the exact year of formation
of each growth ring must be known: a) Merely
counting rings doesn’t ensure accurate dating, and
b) Crossdating, also known as pattern matching,
ensures accurate dating (Sheppard, 2013).

BACKGROUND

Dendrochronology is an accepted and reliable
method in considering climate change impact on
forest ecosystem through study tree ring widths
(Jafari, 2015). The cambium of the trees growing
in temperate zones becomes dormant in the falls
and reactivates each spring. This leads to annual
rings and the vessels produced in the spring are
often larger than in the fall; the large vessels allow
for rapid sap movement in the spring, whereas the
narrow vessels minimize the risk of cavitations
under dry conditions in late summer. This leads
to aring-porous pattern in the wood as opposed to
the diffuse porous pattern where vessels are more
even in size. As trees age the vessels in the center
of the stem become air-filled and cease to carry
water; they still function for support and storage
of waste products, some of which are colored;
this is the heartwood in contrast to the sapwood
which carries water and is confined to the outer few
annual rings (The Ohio State University, 2013).

Recording temperature and using thermom-
eters have only been widely used since around
1850. Thus, the instrumental record for earlier

Figure 3. Hyrcanian forest research site, an old trunk of Fagus orientalis L. (Asalem, Guilan province

forest)
(Jafari, 2010)
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times is quite poor and full of gaps. Essentially
nothing is available in the way of quantitative
measurements of weather conditions for the time
before 1800 A.D. To reconstruct climate change,
therefore, we need to use indirect indicators. One
source of information is historical records: logs,
dairies, lists on when the wine harvest began, re-
ports on when the ice first broke up in a northern
river, or when the cherry trees first blossomed.
In some cases, such reports go back hundreds of
years, although rarely in unbroken sequence. Logs
and dairies are treasured finds; they do not exist for
most regions of the planet (Anonymous, 2008b).

Climate factors data can be measured by direct
observation in different meteorological station
(like climatology and synoptic stations) or can
be recorded by different instrument in different
locations and with different time intervals. This
information is more or less confidential for judg-
ments on the past events, and good tools for the
future projections.

Applications of Dendrochronology

As definition point of view, the word dendrochro-
nology is compose of: dendro (using trees, or more
specifically the growth rings of trees), chrono
(time, or more specifically events in past time),
and logy (the study of). Applications in dendro-
chronology include: ecology (insect outbreaks,
forest stand structure, past fires) (Jafari, 2012a),

Figure 4. Fires may injure or scar surviving trees
(Swetnam and Baisan, 2002)
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climatology (past droughts or cold periods),
geology (past earthquakes, volcanic eruptions),
and anthropology (past construction, habitation,
and abandonment of societies) (Sheppard, 2013).
Also some new terms provided (Jafari, 2013a) for
related applications such as, dendro-productivity
(Jafari & Khoranke, 2013), dendro-genetic (Jafari
et al., 2012b), dendro-medical (Jafari, 2014a).

In region where the seasons provide clear
seasonal climate difference, trees develop an-
nual rings of different properties depending on
weather, rain, temperature, soil pH, plant nutrition,
CO, concentration, etc. in different years. These
variations are used in dendroclimatology to infer
past climate variations. Annual rings width of old
trees wood sample is valuable data source as alive
archive document for past climate changes, if year
of growth and cross dating be well recognized. In
case of sample from standing live trees, growth
year is identifiable. But in case of wood samples,
which could be found in archeological sites, rec-
ognizing growth year by producing skeleton graph
and cross dating is necessary. Wood samples could
show the years of past events like fire, drought or
flood in growing site of sample tree. Fire-scarred
ponderosa pine (Pinus ponderosa) from Ashen-
felder Basin, Laramie Peak, Wyoming, (Figure
4). Low to moderate intensity fires that burned
through a forest may injure or scar surviving trees,
leaving a clear record of their passage. (Swetnam
and Baisan, 2002)
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Proxy Data and Climate Change

Climatologists who study past—or paleo—climates
(Paleo-climatologists) use the term “proxy” to
describe a way that climate change is recorded in
nature, within geological materials such as ocean
or lake sediments, tree-rings, coral growth-bands,
ice-cores, and cave deposits.

For a proxy to be useful, it must first be estab-
lished that the proxy (i.e. tree-ring width, stable
isotope composition of ice, sediment composition)
is in fact sensitive to changes in temperature (or
some other environmental parameter). This phase
of research is known as calibration of the proxy.
Perhaps the most frequently used temperature
proxy is the relative abundance of microfossils
in sediments. That microfossils bear witness to
temperature was recognized early in the history
of oceanography.

Measuring and recording of tree-ring width is
another reliable source of proxy of ambient envi-
ronmental conditions. When a tree grows at high
elevation, near the tree limit, its growth is limited
by temperature, and the thickness of its growth
rings contains clues about whether the growing
season was warm or cold. An equation can then
be written relating the changes in ring width to
temperature change. Similarly, if the growth is
limited by water (say, in a warm semi-arid setting)
the ring width can be used to calculate changes
in rainfall. Climate proxies have been utilized
to provide a semi-quantitative record of average
temperature in the Northern Hemisphere back to
1000 A.D (Anonymous, 2008b).

To provide paleo proxy data paleo- climatolo-
gists gather proxy data from natural recorders of
climate variability such as tree rings, ice cores,
fossil pollen, ocean sediments, corals and histori-
cal data. By analyzing records taken from these
and other proxy sources, scientists can extend our
understanding of climate far beyond the 100+ year
instrumental record.

Principle sources of the major types of proxy
climatic data for palaeoclimatic reconstructions
can be categorized as following groups (Jafari,
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2010): Glaciological (Ice Cores), Oxygenisotopes,
Physical properties, Trace element & micro-
particle concentrations

e  Geological: A. Sediments, 1. Marine
(ocean sediment cores), i) Organic sedi-
ments (plank-tonic & benthic fossils),
Oxygen isotopes, Faunal & floral abun-
dances, Morphological variations, ii)
Inorganic sediments: Mineralogical com-
position & surface texture, Distribution
of terrigenous material (provided by river
erosion), Ice-rafted debris.

e  Geochemistry: 2. Terrestrial, Periglacial
features, Glacial deposits & erosion fea-
tures, Glacio-eustatic features (shorelines
and sea level changes), Aeolian deposits
(sand dunes), Lacustrine deposits/varves
(related to the lakes), B. Sedimentary
Rocks, Facies analysis, Fossil/microfos-
sil analysis, Mineral analysis Isotope
geochemistry.

° Biological: Tree rings (width, density, iso-
tope analysis), Pollen (species, abundanc-
es), Insects.

e  Historical: Meteorological records, Para-
meteorological records (environmental in-
dicators), Phenological records (biological
indicators).

Proxy material differs according to its: a) its
spatial coverage; b) the period to which it pertains;
andc) its ability toresolve events accurately in time
(Bradley, 1985). Some proxy records, for example
ocean floor sediments, reveal information about
long periods of climatic change and evolution,
with a low-frequency resolution. Others, such as
tree rings are useful only during the last 10,000
years at most, but offer a high frequency (annual)
resolution. The choice of proxy record (as with
the choice of instrumental record) very much
depends on what physical mechanism is under
review. As noted, climate responds to different
forcing mechanisms over different time scales,
and proxy materials will contain necessary cli-



matic information on these to a greater or lesser
extent, depending on the three factors mentioned
(aric, 2008).

Natural Archives

Growth conditions can berecorded in treerings. A
wide ring could be define as plenty of warm days
and sufficient water, a narrow ring means nasty
conditions, either a short growing seasons because
summer was late in coming (up on the mountain),
or a severe water shortage (in the foothills, in areas
where water is limiting). The mixture of conditions
recorded (time of snow-melt, intensity of winter
rain, temperature in June, etc.) depends on what a
given tree cares about in terms of growth. Hence,
a tree is a “reporter,” and the same is true for all
other organisms recording climate change. What
a scientist can extract from tree rings depends on
how many properties of a ring can be measured
(width, density of early wood, density and width
of wood grown late in the season), how clever the
statistical methods are, and how well the items of
interest (say, spring temperature or annual rainfall)
are correlated with the properties measured. For
instance, special measurements can be made on
the isotope chemistry of the wood. This kind of
information can yield insights on the composition
of the rainfall (from oxygen isotopes) and on the
rate of photosynthesis (from carbon isotopes)
(Anonymous, 2008b).

While tree growth is influenced by climatic
conditions, patterns in tree-ring widths, density,
and isotopic composition reflect variations in
climate. In temperate regions where there is a
distinct growing season, trees generally produce
one ring a year, and thus record the climatic
conditions of each year. Trees can grow to be
hundreds to thousands of years old and can contain
annually-resolved records of climate for centuries
to millennia.

Category: Environmental Science and Agriculture

Tree Rings Measurement
Instruments

Outcome from dendrochronological research
studies played an important role in the early days
of radiocarbon dating. Tree rings provided truly
known-age material needed to check the accuracy
of the carbon 14 dating method. During the late
1950s, several scientists (notably the Dutchman
Hessel de Vries) were able to confirm the dis-
crepancy between radiocarbon ages and calendar
ages through results gathered from carbon dating
rings of trees. The tree rings were dated through
dendrochronology.

Even now, tree rings are still used to calibrate
radiocarbon determinations. Libraries of tree
rings of different calendar ages are now available
to provide records extending back over the last
11,000 years. The trees often used as references
are the bristlecone pine (Pinus aristata) found in
the USA and waterlogged Oak (Quercus sp.) in
Ireland and Germany. Radiocarbon dating labo-
ratories have been known to use data from other
species of trees (BETA, 2013).

Borer core samples submitted to the laboratory
are registered, followed by preparation of optimal
surfaces for analysis across several growth radii
of the tree. Subsequently, tree-ring series are
measured manually (Figure 5) and registered and
or using specially designed measuring devices
(Lintab and Aniol) connected to computers (Fig-
ure 6), screens and printers. The soft wares used
for data storage, cross-correlation and statistical
analyses are CATRAS and ITRDBLIB. Samples
subject to wood anatomical determination are
analyzed with light microscopy and compared
against the laboratory’s extensive reference col-
lection of European woody plants (Hammarlund,
2013). Major Equipment in the Biogeography/
Dendrochronology Laboratory currently houses
one Velmex Measuring Machine connected to a
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Stereozoom Microscope on aboom stand and a mi-
crocomputer analysis system. The lab equipment
also includes: - incremento borers, - stereozoom
microscopes, - belt sanders (4X24”), - desktop
and labtop computers, - GPS units, Stihl Chain
saw Stihl 046 with a 24” bar, Hand saws, - Hood,
- cruiser packs, - Soil Sampling probes, - Munsell
Charts, - Measuring tapes, - map tubes, - Paper
straws, Poplar core mounts, skeleton plot paper
(Indiana State University, 2013).

Discs or Borer Core Samples

The stem cross section is the best way to have
a good surface on which to observe tree ring
series. These discs can be sometimes obtain in
co-operation with foresters when timbering is
programmed. In most of the cases, cross dating
and then measurements of ring-width as well as
densitometry analysis are performed with small
cores 4mm in diameter extracted from the tree
by an increment borer. In order to avoid dissym-
metry in radial tree-growth measurement 2 or 3

cores are extracted on each tree. Consequently, on
each sampling site 20 to 45 cores are collected
and brought back to the laboratory. Precise cares
have to be taken in coring, particularly when
densitometry analysis will be performed. The
most important is the position of the borer on
the trunk. In order to obtain lately an observation
surface the most perfectly perpendicular to the
long axis of tracheids and fibers, the borer has to
be also positioned perpendicularly to trunk axis
(TGTC, 2008).

In case which disc of harvested trunk is not
available (Figure 7) or it is not possible to take
disc, core sampling is an alternative. There are
different types of drill instrument for this purpose
(Figure 8). Increment borers are instruments that
take a small cylindrical core from trees and al-
low determination if radial growth or age of the
tree (Figure 8c). The borer consists of three parts
(Figure 8): the case or handle, the borer bit, and
the extractor. Increment borers come in various
sizes, from 4 inches (101.6 mm) to 30 inches (762
mm) length or more. The ones which are in usual

Figure 5. Measuring disc sample tree ring widths in the Golestan research centre lab. using manual

measurements
(Author, 2010)
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machine

Figure 6. Measuring core sample tree ring widths in the dendrochronology lab. using computer equipped B
(Author, 2012)

Figure 7. Big trunk disc sample taken during harvesting process
(Author 2010)
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Figure 8. Wood sample by increment borer: a) Using borer in the trunk, b) Extracting core sample from

borer, c) sample in wooden holder
(Eng Khoshnevis, photos by the author, 2012)

use are in the 8-18 inch range (457.2 -203.2 mm).
Smaller borers are used for small trees or where
only recent growth is needed from larger trees
(Figure 8a, b, and c, Figure 9).

In the field sampling experiment, when the
cores remove from the borer, for the safety, it is
needed to lay them into an increment core holder
that has been pre-glued. Tightly wind the glued
cores with cotton string (Figure 10) so as to apply
pressure during the drying process (McCarthy,
2008).

Immediate observation of rings on cores ex-
tracted from the borer is rarely possible, and more-
over rings width measurement quite impossible.
Good observation and measurement need a perfect
transverse section. After a correct reorientation
of the core as the piece of wood was in the trunk,
such asectionis obtained either by refreshing with
a razor blade or polishing the surface selected in
order to obtain a plane surface allowing to access
to the cell structure (TGTC, 2008).

3122

Measured Data Analysis

A great number of laboratories in different part of
the world have been established to study on wood
and climate changes. Palaeo-climate changes are
on the target of the most of these institutes. The In-
ternational Tree-Ring Data Bank is maintained by
the NOAA Paleoclimatology Program and World
Data Center for Paleoclimatology. The Data Bank
includes raw ring width or wood density measure-
ments, and site chronologies (growth indices for
a site). Tree-ring measurement series from other
parameters are welcome as well. Reconstructed
climate parameters, including North American
Drought, are also available for some areas. Over
2000 sites on six continents are included (WDC,
2008). The objective of the measuring ring widths
would be to develop tree-ring records of climate
over the past several centuries, to understand inter-
annual to century scale variability in climate. This
study will improve the capability of understanding
environmental variability and key features of the



Category: Environmental Science and Agriculture

Figure 9. Borer samples in wooden holder
(Author, 2014) B

Figure 10. Borer sample and sample holder in the field
(Author, 2012)
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regional environment, e.g. persistence of drought,
reliability of stream flow (Hughes & Touchan,
1997). Analyzing data by using software by ac-
curacy of 0.01 mm (Robinson & Evans 1980) or
more accurate up to 0.001 mm.

Statistical Analysis of
the Climate Factors

Tree-rings can provide continuous yearly paleocli-
matic records for regions or periods of time with
no instrumental climate data. However, different
species respond to different climate parameters
with, for example, some sensitive to moisture
and others to temperature. For example four
common species which grow in Northern Ireland
and their suitability for climate reconstruction are
beech, oak, ash and Scots pine. Beech and ash
are the most sensitive to climate, with tree-ring
widths more strongly Influenced by precipita-
tion and soil moisture in early summer than by
temperature or sunshine. Oak is also sensitive to
summer rainfall, where as Scots pine is sensitive
to maximum temperature and the soil tempera-
ture. The moisture-related parameters, rainfall
and the Palmer Drought Severity Index (PDSI),
and to a lesser extent, maximum and mean tem-
peratures, can be reconstructed. Reconstructions
of climate parameters with tree-rings as proxies
may be relatively stable for some seasons such
as May—July. The combinations of species are
more successful in reconstructing climate than
single species (Garcla-Suarez ef al., 2009). The
development of dendrochronological time series
in order to analyze climate-growth relationships
usually involves first a rigorous selection of trees
and then the computation of the mean tree-growth
measurement series. A change in the perspec-
tive, passing from an analysis of climate-growth
relationships that typically focuses on the mean
response of a species to investigating the whole
range of individual responses among sample trees
(Carrer, 2011).
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Crossdating

Primary faze of crossdating work, under a good
dissecting microscope, begins by counting back-
wards from the first known year behind the bark.
Using a fine mechanical pencil, place a single
dot on each decadal ring (e.g., 2010, 2000, 1990,
etc.), place two dots on each 50-year ring (2010,
1960, 1910, etc.), and three dots on each century
ring (2010, 1910, 1810, etc.). At this stage, these
marks are just temporary year assignments. The
actual years will be confirmed after skeleton plot-
ting (McCarthy, 2008).

Using a mm graph paper is first step to draft
skeleton plots.The decades are labeled on the
x-axis and a vertical line is drawn on a y-scale
composed of 10 units. Any ring that is smaller
than its neighbor rings (+ 3 on either side) gets a
line drawn on the paper. If the ring is very small,
the line may be 10 units. If the ring is half as
small as its predecessor you might code itas a 5,
etc. (rings that are coded less than a 5 are rarely
useful in crossdating). This is a bit counterintui-
tive because the longer the line, the smaller the
ring. According to the provided skeleton graphs,
cross-dating among different samples comparing
with control sample would be possible. It is also
possible to recognize different years of various
samples from different sources for cross-dating.

A more precise method of dating volcanic
deposits of recent age is to identify anomalous
growth patterns among the annual rings of trees
growing at the time the deposits were emplaced.
Trees that were injured but not killed by tephra
or lahars may show a sequence of narrow rings
beginning at the time of impact. “Cross-dating,”
the matching of ring-width variation patterns in
one tree with corresponding ring patterns in an-
other, should be used to ensure that dating errors
are not introduced by missing rings.

Missing rings can often identified by drawing
narrow rings in cross-dating progress. Control
tree shows 23 annual rings between the 1472 and



1495 narrow rings (Figure 11), while the tree in
the We (Mount St. Helens) tephra-fall zone shows
only 20 rings. The series of missing and narrow
rings starting with the 1482 ring were caused by
tree injury during fallout of layer we. Because
of possible missing rings, dates of past volcanic
events cannot be determined unequivocally by
counting back to a series of narrow rings (Brantley
et al., 1986).

Since, the same set of environmental factors
influence tree growth throughoutaregion, the pat-
terns of ring characteristics, such as ring widths,
are often common from tree to tree. These patterns
can be matched between trees in a process called
crossdating (Figure 12), which is used to assign
exact calendar year dates to each individual ring
(The University of Arizona, 2013). The chronology
provides two main types of information:

1.  The chronology can be used as a tool for
dating events that caused tree death or a

Figure 11. Tree-ring cross-dating
(Brantley et al., 1986)

Category: Environmental Science and Agriculture

marked change in the appearance of a ring
or set of rings. The death date can be used
to date the tree cutting involved in the con-
struction of wooden dwellings. Scars can
record the timing of events such as fire,
flood, avalanche, or other geomorphologic
events, while sequences of suppressed or
larger rings record events such as insect
infestation, effects of pollution, or changes
in forest dynamics.

The chronology is an average of coherent
variations in growth from a number of trees.
Itenhances the common pattern of variation
or “signal” -usually related to climate- while
the non-common variance or “noise” is
dampened. Chronologies from trees that are
sensitive to climate can be used toreconstruct
past variations in seasonal temperature, pre-
cipitation, drought, stream flow, and other
climate-related variables (The University of
Arizona, 2013).

Tree-Ring Cross-Dating

— ||
T

1442

Control tree
outside tephra-fall zone

Tapinike, USGSICVE, 1996, Modiied from: Yamaguchi, 1966

M

\
)

23 rings —

Ly

1472

1495
20 rings
(3 rings missing)

Tree stump in tephra-fall zone
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Figure 12. Cross-dating according to the annual ring growth of different samples from live standing trees

to old or new wood samples, Illustration showing an example of time series crossdating
(Adapted from Dendrologisches Labor Hamburg, 2015, http://www.scinexx.de/dossier-detail-186-7.html)

\’m"‘{
1

"

The techniques of dendrochronological study
were used to date a spruce coffin board from Pu-
katawagan Bay, Manitobareceived from Manitoba
Historical Resources. The sample contained 74
annual rings, although the outermost 16 rings
were rotten and not measured. The ring width
series from the coffin board was matched against
records from living spruce growing near South
Indian Lake. Crossdating shows that the coffin
board was cut in 1878. The board also contains
a ring containing poorly developed latewood (a
‘light’ ring) in 1817 that is found commonly in
spruce records across northern Manitoba (Figure
12)(Scott & Nielsen, 2002).

Using different wood materials of different
periods, by cross-dating of the samples comparing
with control one, it would be possible to record
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and estimate changes from present time back to
the ancient area (Figure 13).

Dr. Andrew E. Douglass, an astronomer, de-
veloped dendrochronology about 1913. Douglass
used a bridging method to create his chronology.
First he studied recently cut trees whose dates he
knew. This initial step was critical because by
knowing the cut date, Douglass knew when each
tree added its last growth ring. This, in turn, let
him determine the year each tree started growing.
The calculation was straightforward: count the
dark rings inward and subtract that number from
the year the tree was cut. As Douglass matched
and recorded ring patterns from trees of different
ages, he confirmed that their patterns overlapped
during the years the trees simultaneously lived
(The University of North Carolina, 2013).
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Figure 13. The bridging method, cross-dating of annual rings from present live tree to the past wood

samples, for establishing a tree-ring sequence
(Kuniholm, 2001)

FUTURE RESEARCH DIRECTIONS

Enhance and improvement of measuring methods
on climate change issues in different sector is a
crucial and important needs. Dendrochronology
study method has several different applications. It
is crucial to used dendrochronological method in
medical field. Some question need to be considered
andif possible answered. How medical needs could
link with dendrochronological experiences? What
kind of element may be detected on tree rings?
How people could benefit of the results? What are
the best analysis methods? By using this method
we will be able to extend our work in medicine
science areas and speed up medical approach with
lower cost and economical saving (Jafari, 2014a).

CONCLUSION

The AFOLU sector (AR5, IPCC, WGIII, Chapter
11)isresponsible for justunder a quarter (~10-12
GtCO,eq/yr) of anthropogenic GHG emissions
mainly from deforestation and agricultural emis-
sions from livestock, soil and nutrient manage-
ment (robust evidence; high agreement) (Smith
et. al.,2014).

Climate change impact will cause changes
in biomass production in natural ecosystems.
It is a need to consider the vulnerability of Net
Primary production (NPP) in forest ecosystem
(Jafari, 2014b).

Climate change issue is an important subject
in current century. In all possible ways we need
to cope with this phenomenon to enhance our
understanding knowledge. Dendrochronology
as an able and certified study method could be
implying in a wide range of applications.
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KEY TERMS AND DEFINITIONS

AFOLU: Agriculture, Forestry and Other
Land Use (AFOLU), main players on emission
reduction and mitigation aspect of climate change,
chapter 11, WGIIL, IPCC ARS 2014.

Climate Change: Global Warming, climate
change and climate variability are a definition of
deviation of climatic factors from its normal trends
mainly impacted by human activities. Global
Warming and its’ effects on natural resources,
plants, animal and in general on human life are
among subjects that received attention of scientists
and politicians in recent years.

Dendrochronology: Dendrochronology was
developed about 1913, and is a (climate change)
method to study tree ring widths in terms of
time. The word dendrochronology is compose
of: dendro (using trees, or more specifically the
growth rings of trees), chrono (time, or more spe-
cifically events in past time), and logy (the study
of). Dendrochronology as an able and certified
study method could be implying in a wide range
of applications.

Proxy Data: Climate change assessments
and evaluation should be done by using recorded
observation data as well as prepared and provided
proxy data. Paleoclimatologists (climatologists
who study past — or paleo — climates) use the term
“proxy” to describe a way that climate change is
recorded in nature, within geological materials
such as ocean or lake sediments, tree-rings, coral
growth-bands, ice-cores, and cave deposits.

Tree Rings: Trees growing in temperate cli-
matic region are under seasonal changes. In spring
and summer time plants grow better than unpleas-
ant seasons like fall and winter. Each growth layer
isdistinguished by early wood (springwood), com-
posed of large thin-walled cells produced during
the spring when water is usually abundant, and the
denser latewood (summerwood), and composed
of small cells with thick walls.



