Tellus (1979), 31, 124137

On the 13C record in tree rings. Part L. 13C Variations
in northern hemispheric trees during the last 150 years

By H. D. FREYER, Institute of Chemistry 2, Nuclear Research Center, 5170 Jiilich, Federal Republic of
Germany

(Manuscript received April 24; in final form September 4, 1978)

ABSTRACT

13C data from 26 trees of different northern hemispheric locations are presented covering the
time interval of the last 150 years. It has been found that the mean 3C data of these trees during
the 1850~1920, 1920-1940 and 1960—-1975 time intervals decrease with an almost linear slope,
while the data in the 1940-1960 time interval are increasing. The total 6'3C shift since
industrialization found from our trees amounts to nearly —2 %, which is higher than the linear
813C decrease of —1%/100 years due to the biogenic and fossil CO, input into the atmosphere,
as assumed previously in model calculations of Siegenthaler et al. (1978). The mean data within
the given error-probability correspond to those of other authors with the exception of the data
for the 1920-1940 time interval. The disturbances in '*C data for recording of increasing

atmospheric CO, levels have been pointed out.

1. Introduction

Atmospheric carbon dioxide comprises the
stable carbon isotope species ‘2CO, and *CO, and
the radioactive '*CO, one. Due to the long-term
increase of atmospheric CO, its carbon isotope
ratio changes with time. Emitted CO, from com-
bustion of fossil fuels as well as CO, released by
man’s modifications of land biota and soils
(respiration CO,) are marked with respect to
atmospheric background CO, by a ¢'*C deficit of
about —18 %, (PDB scale). Both, fossil and non-
fossil respiration CO, cannot be distinguished by
their 13C, but their *C values. The '*C content of
atmospheric CO, corresponds nearly to that of
nonfossil CO,; in fossil CO,, however, the **C iso-
tope had decayed. Therefore, a decrease in the
4C/12C ratio reflects the fossil fuel production of
CO,, whereas a decrease in the '*C/!*C ratio is
due to both, fossil fuel combustion and alteration
of land biota.

Atmospheric CO, variations have been
measured carefully only over the last 20 years (e.g.
Keeling et al., 1976a, b and others). Measurements
within the foregoing time interval back to the
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preindustrial period are less reliable. Atmospheric
CO, variations of this past can possibly be
recognized by carbon isotope studies of fixed
atmospheric CO, in wood in tree rings. The
dilution of the atmospheric *CO, content by fossil
CO, (so-called Suess effect) has been proposed and
measured in tree rings at first by Suess (1953).
Later results have been summarized by Damon et
al. (1973). Measurements of 3C/'?C ratios in tree
rings have been reported by different groups
(Farmer and Baxter, 1974a, b; Freyer and
Wiesberg, 1973, 1974a, b, 1975; Galimov, 1976;
Mook and Tans, 1978; Pearman et al., 1976;
Rebello and Wagener, 1976; Stuiver, 1978; Wil-
son, 1978). Recently, Stuiver (1978) has used his
own data and those of Freyer and Wiesberg
(1974a, b) and Rebello and Wagener (1976) for
estimation of the past biospheric CO, source.

In this paper additional *C data from different
trees of the northern hemisphere covering the time
period of the last 150 years are presented. These
data have been taken for preliminary model
evaluation of the past atmospheric CO, increase
and total anthropogenic CO, production since
industrialization (Freyer, 1978Db).

Tellus 31 (1979), 2



ON THE 3C RECORD.IN TREE RINGS 125

2, Experimental procedure and precision
of analyses

Wood consists of the main components cel-
lulose, hemicellulose and lignin. The relative frac-
tions may not be constant over the entire age of
wood (Nikitin, 1966). The carbon isotope ratios
also are different. The main cellulose fraction is
enriched in '3C relative to total wood by about
1.4 %o (Freyer and Wiesberg, 1974b) which is con-
sistent with recent analyses that cellulose (40-50%
of total wood; Kiirschner and Popik, 1962;
Nikitin, 1966) differs in 13C from lignin (15-309%)
by +(2.8 + 0.2)% and from hemicellulose by
—(1.3 £+ 0.3) %o (measurements on 14 oak samples;
Freyer and Wiesberg, unpublished).

For the isotopic record of wood, cellulose was
chosen which was isolated according to Sohn and
Reiff (1942) and Kiirschner and Popik (1962).
Wood samples were taken at time intervals of
either 2 or 5 years. The samples were first treated
for about 2 h with NaOH (5%) at 60 °C in order to
convert the wood into a reactive form and also to
resolve hemiceliulose, resins and tannic acids. After
washing, the samples were treated for about 2 days
with a buffered sodium chlorite solution (7%
NaClO,, 1% KH,PO,) which was renewed after 1
day. During the oxidation procedure the samples
were mechanically crushed in order to facilitate the
conversion of lignin and accompanying matter into
a soluble form. The pure bleached cellulose residue
was then burned in circulating oxygen at 150 torr
according to a modified procedure described by
Craig (1953).

The purified CO, was analysed for its *C/*2C
ratio on a Micromass 602C mass spectrometer.
The 6C values are reported in the conventional
manner as %o differences from the PDB standard.
The absolute calibration has been checked with
the Heidelberg laboratory (Esser, 1975). The
reproducibility of the isotopic analysis including
sample preparation for an internal homogenized
wood standard from the year 1973 up to now is
+0.11%0 (10).

Only one radial cut was analysed for each tree.
It has been shown that natural isotopic variations
of about 1% in a single tree ring exist (Freyer and
Wiesberg, 1974b). In recent measurements (de
Silva, 1978), smaller variations in different radial
cuts of an oak tree were found, which amounted to
only +{(0.09 to 0.14)% (1o) (analyses of five
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successive tree rings for seven radial cuts). Besides,
the reproducibility for the relative *C difference
between single tree rings in different radial cuts (1o
= 40.135%0) was nearly of the same value as for
the measurements of the internal wood standard
used. Similar results, i.e. nearly equal relative }3C
changes in different radial cuts in the cellulose
fraction of a tree, have been found also by Mazany
et al. (1977). Very high variations of about 4-5 %,
around the periphery of a tree have been reported
recently by Mook and Tans (1978), which have
never been observed in our analyses and those of
Mazany et al. (1977).

3. Origin of samples

The tree species included in the present in-
vestigation are summarized in Table 1. Locations
from at least three different regions in the northern
hemisphere were selected, partly because of the
claim that trees in these regions are exposed to a
well-mixed atmosphere. The trees from the Black
Forest (Germany), the French Atlantic Coast, the
Spanish Pyrenees and Azores have been analysed
by Wiesberg (1974); the results (with exception of
the Black Forest pine) have been published by
Freyer and Wiesberg (1974a, b, 1975). The trees
from North Carolina (U.S.A.) have been analysed
by de Silva (1978). Detailed analyses of the Eifel
(Germany) trees will be reported in a succeeding
paper (Freyer, 1978c). All recorded periods given
in Table 1 are coincident with the total time of
growth of the trees.

4. Results and discussion

4.1. 3C variations in twentieth-century European
and North American trees

It is apparent from former measurements
(Freyer and Wiesberg, 1974b) that there is a
scatter of relative isotopic values obtained from
individual trees, which is by far larger than the
reproducibility of measurements or the natural
variations within one tree ring. Such scatter is
possibly due to local and physiological factors.
Some of these factors with major (environmental
CO,, pollution effect) or minor significance (tem-
perature effect) have been discerned (Freyer,
1978c; de Silva, 1978). Therefore, a relatively large
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Table 1. Location and recorded periods for the analysed trees

: . Recorded
Location Species Periods
Black Forest (Germany) Pinus silvestris, Pi 1 1774-1970
French Atlantic coast Quercus robur, Qu 1 19011972

Quercus robur, Qu 2 1904-1972
Quercus robur, Qu 3 1897-1972*
Pinus maritima, Pi 2 18971972
Pinus maritima, Pi 3 1885-1972
Spanish Pyrenees Quercus lusitanica, Qu 4 1910-1972%
Quercus lusitanica, Qu § 1908-1972
Azores Platanus acerifolia, P] 1 1947-1972
North Carolina (USA)  Quercus rubra, Qu 6 1910-1975
Quercus alba, Qu 7 1906-1975
Quercus rubra, Qu 8 1900-1975
Quercus alba, Qu 9 1904-1975
Populus alba, Po 1 1932-1975
Pinus virginiana, Pi 4 1922-1975
Pinus serotina, Pi 5 1884-1975
Eifel (Germany) Quercus robur, Qu 10 1890-1975
Quercus robur, Qu 11 1896-1975
Quercus robur, Qu 12 1914-1975
Fraxinus excelsior, Fr 1 1920-1975
Quercus petraea, Qu 13 1932-1975
Quercus robur, Qu 14 1890-1973
Quercus robur, Qu 15 1908-1973
Aesculus hippocastanum, Ae 1 1854-1973
Fraxinus excelsior, Fr 2 1888-1973
Pinus silvestris, Pi 6 1924-1973

* Analysed period: 1948-1972.
1 Three different cuts analysed.

number of trees have to be analysed to get a
representative record. Different tree species and
even different trees of one species exhibit different
63C (PDB) values. For comparison, the ’C
variations over the time record of a tree have been
calculated as deviations from the tree specific iso-
topic value. In earlier publications (Freyer and
Wiesberg, 1974a, b, 1975) an average value
obtained from all measurements over the whole
time record (i.e. time of growth) of a tree has been
used. The deviations reported in this calculation are
based on the average tree specific value within the
years 1930-1950 A.p. This time interval may be
recognized first of all as arbitrary. But it has been
found that the C values at that interval exhibit
an irregular trend (i.e. a decreasing trend for the
first and an increasing trend for the second decade
of this interval). Secondly, the relative 1*C values of
two different sets of Eifel (Germany) trees corres-

pond to each other at that time interval, while they
are different at other periods due to local environ-
mental and pollution effects (Freyer, 1978¢).

In spite of disturbances the whole *C record
within this century derived from our measure-
ments on 10 French Atlantic Coast trees (including
those from the Spanish Pyrenees and Azores)
(Freyer and Wiesberg, 1974a) and two British trees
(Farmer and Baxter, 1974b) have been found to be
similar. Our results are reported in Fig. 1. Addi-
tional measurements on seven North Carolina
(U.S.A)) trees (de Silva, 1978) are given in the
same figure. The French Atlantic Coast trees were
measured in S-year averages, those from North
Carolina in 2-year averages. The bars represent the
mean reproducibility of deviations (z-distribution)
from the average 1930-1950 values of the in-
dividual trees.

The general trend recognized from these
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Fig. 1. AdVC variations in twentieth-century European (upper data set) and North American trees (lower data set)
based on the average 1930-1950 individual tree specific values. The bars represent the deviations (£-distribution),

assuming an error-probability of 90%.

measurements is an overall 1’C decrease in this
century which is interrupted for a time interval
from about 1940 to 1960. Larger differences
between both sets of measurements are obvious for
the youth of these trees at the beginning of this
century. The French Atlantic Coast trees have
remained isolated over the whole time of growth,
while the North Carolina trees, now isolated, have
been partly situated in their youth stage in a forest
canopy. A difference in 63C between forest and
free atmospheric CO, exists which is described
below.

4.2. BC variations in nineteenth-century trees and
youth trend in forest trees

Very few measurements have been performed
within nineteenth-century wood. One of our
measurements on a Black Forest (Germany) pine,
given in Fig. 2, is dated back to 1774 A.p. Different
time periods are pointed out by the *C record.
During the youth stage of this tree, which holds for
about 20 years, the !3C values are increasing. This
stage is followed by an interval with relatively
constant 3C values. Since the beginning of in-
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dustrialization at about 1850 the '}C values are
decreasing. This decrease is interrupted at about
1940. The later increase and decrease is rather
high, which is possibly due to local influences, but it
coincides with disturbances observed for the other
northern-hemisphere trees at the same time inter-
val.

Similar records of youth trend and decreasing
13C values in the late nineteenth and early twentieth
century are exhibited by two other trees. The
results obtained on both trees (Fig. 3}—a Douglas
fir from a forest of Olympic Peninsula, Wash-
ington, U.S.A. (Stuiver, 1978) and a chestnut tree,
isolated at least since 1890, from the Eifel,
Germany (Freyer, 1978c)—have been used ad-
ditionaily for calculations of nineteenth-century *C
variations.

Increasing 3C values during the youth stage are
a common feature observed even for other forest
trees included in our measurements. This
phenomenon is related to '*C variations of the
environmental CO, in a forest stand. It is well
known that large diurnal CO, fluctuations occur in
a forest canopy which become progressively
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Fig. 2. §3C variations in Pinus silvestris (Pine; Black Forest, Germany) from 17741970 A.p.
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Fig. 3. 0"3C variations in Pseudotsuga menziesii
(Douglas fir; Olympic Peninsula, Washington, U.S.A.)
[lower measurements] and in Aesculus hippocastanum
(chestnut tree; Eifel, Germany) [upper measurements]
at quoted time intervals. The Douglas fir has been
analysed by Stuiver (1978); the data were obtained from
a figure in Stuiver’s paper.

smaller with the height of sampling (Lieth, 1963;
Baumgartner, 1969; Bischof and Odh, 1976).
During the night the CO, concentrations at ground

level increase in accordance with depletions in *C
(with respect to free atmospheric CO,) due to
addition of soil and plant respiration CO, (Keeling,
1958). For peak minima CO, concentrations at
midday the BC values correspond to those in free
atmospheric CO, because of turbulent atmos-
pheric mixing. As the net effect a slight depletion
in ¥C of ground-level CQ, remains at daytime
which is recorded by a young forest tree. This day-
time depletion will disappear at a certain height
within or above the canopy, which means that the
BC record of an older forest tree reflects free
atmospheric CO, more (see €.g. summary given by
Freyer, 1978a).

4.3. Mean 3C record in trees since beginning of
industrialization

From the different sets of measurements the
mean C record since the beginning of industri-
alization has been calculated. Without any dis-
tinction the first 20 years of each tree were omitted
to avoid the possible youth trend. The mean data
for the 1920-1975 time interval from measure-
ments of the European and North American trees
are illustrated in Fig. 4. Further measurements on
Eifel (Germany) trees—characterized as polluted
and unpolluted trees (Freyer, 1978c)—were
included at time intervals, at which both sets of
trees had been exposed to normal free atmospheric
CO,.

Similar calculations have been performed for the
1798-1937 time interval from measurements of the
nineteenth-century trees given in Figs. 2 and 3. The
13C values for the youth trend of these trees (which
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Fig. 4. Mean AJ'3C variations from different sets of tree-ring measurements based on the average 1930-1950 values
of individual trees for the 1920—1975 time interval. The different symbols stand for measurements on European trees
(full squares), North Carolina trees (full triangles), unpolluted Eifel trees (full circles) and polluted Eifel trees (open
circles). The upper and lower line represent the deviations (¢-distribution), assuming an error-probability of 95 %.
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Fig. 5. AtS”C_ variations from tree ring measurements in Pinus silvestris, Pi 1 (full squares), Pseudotsuga menziesii,
Ps 1 (open circles) and Aesculus hippocastanum, Ae 1 (full circles) based on the average 1890-1920 value of each
tree. The 3C record of these trees is connected with the record for the 1920-1975 time interval (broken line) from Fig.
4. The relative BC data for the average 1890-1920 and 1930-1950 values differ by —0.7 % at the mean based on the
individual AS3C values for both sets in the overlapping 1920~1937 time interval.

lasts for the Douglas fir and chestnut tree for about
30 years) as well as peak '*C values for the chest-
nut tree in the 1918-1927 time interval were
omitted. The disturbances in the Eifel chestnut tree
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will be discussed in terms of a modified tree
physiology as a consequence of an air pollution
effect (Freyer, 1978¢). The '*C record is illustrated
in Fig. 5. The mean record for the 1920-1975 time
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Table 2. Mean AS3C data for different trees for the 1798—1975 time interval, calculated as deviations
Jrom the average 03C values of the periods 1890-1920 (1798—1937 time interval) and 1930-1950

(1920-1975 time interval) for each tree

ASBC
c c
Years A.D. Mean + - —= Years A.D. Mean t ¢ —=
vn n

1798/1802* +0.91 (¥ 1920/21* +0.55 + 0.44 (6)
03/07 +0.94 (1) 22/23 +0.39 £ 0.30 (6)
08/12 +0.90 (1) 24/25 +0.32 £ 0.36 (6)
13/17 +0.72 (D) 26/27 +0.29 + 0.22 (10)
18/22 +0.72 (1) 28/29 +0.12 +£0.22 (12)
23/27 +0.78 (1) 30/31 +0.27 £ 0.14 (18)
28/32 +0.86 (1) 32/33 +0.20 £ 0.24 (18)
33/37 +0.84 (1) 34/35 +0.15 + 0.26 (20)
38/42 +0.77 (1) 36/37 +0.09 + 0.18 (20)
43/47 — 38/39 -0.15 + 0.19 (20)
48/52 +0.81 £ 0.13(2) 40/41 —0.12 + 0.19 (22)
53/57 +0.85 + 0.64 (2) 42/43 ~0.18 + 0.20 (22)
58/62 +0.75 £ 0.76 (2) 44/45 —0.15 + 0.20(23)
63/67 +0.75 +0.70 (2) 46/47 —0.01 + 0.14 (23)
68/72 +0.61 + 1.46 (2) 48/49 +0.13 £ 0.17 (24)
73/71 +0.46 + 1.33 (2) 50/51 +0.05 £ 0.21(19)
78/82 +0.42 + 1.14 (2) 52/53 +0.04 + 0.18 (21)
83/87 +0.34 £ 0.19 (2) 54/55 +0.05 £ 0.20 21)
88/92 +0.31 £0.49 (3) 56/57 —0.01 +0.19(21)
93/97 +0.21 +£0.27(3) 58/59 +0.12 £ 0.17 (21)
98/1902 +0.02 +£0.23(3) 60/61 +0.12 + 0.22 (21)
03/07 +0.09 +0.25 (3) 62/63 +0.01 +0.22 (21)
08/12 —0.16 £+ 047 (3) 64/65 —-0.07 £0.25 21
13/17 —-0.20 + 0.31(3) 66/67 —0.15 +0.26 (22)
18/22 —-0.27 + 0.39(3) 68/69 —0.40 + 0.28 (22)
23/27 —0.32 +£0.52(3) 70/71 —0.36 + 0.25(22)
28/32 —0.43 + 0.58 (3) 72/73 —0.39 + 0.27 (22)
33/37 —0.66 +2.98 (2) 74/(75) —0.53+0.32(12)

* The measurements have been performed at different time intervals (Figs. 1-3). The values have been calculated
for the given five (1798-1937) and two (1920~1975) year intervals. The 1975 tree ring is included only partly.
¥ The deviations t(a\/ﬁ) follow from the ¢-distribution, assuming an error probability of 95%. The number of

analysed trees is given in parentheses.

interval is connected with the former one. All mean
numerical data are given in Table 2.

The total '*C decrease since the beginning of
industrialization amounts to about 2 %, maximally.
A decrease in "C values has to be expected
because of increasing atmospheric CO, levels, but
other effects become evident which then disagree
with the present model conception (e.g. Machta,
1973) of exponentially increasing CO, levels of the
past. During the first time interval between 1860
and 1920 the >C values decrease at a rate which
could not have been caused even by complete

retention of all fossit CO, introduced into the
atmosphere. The total 6 C shift obtained from tree
ring data during that time interval amounts to
about —1.2%. Assuming 617- 105 g C = 290 ppm
CO, as pre-industrial atmospheric CO, concen-
tration (Bray, 1959), a complete retention of the
cumulative fossil CO, input of 26-10'* g C in the
18601920 period (Freyer, 1978a) would have
resulted in a d3C shift of only —0.7%. For the
time interval between 1940 and 1960, the input of
fossil CO, into the atmosphere has been increasing;
however, this effect cannot be recognized in the
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observed 13C fluctuations for this period, even
when disturbances of the record are supposed.
Only the decreasing *C values within the 1960—
1975 time interval agree qualitatively with direct
measurements of atmospheric CO, levels.

4.4. Comparison with *C tree ring data measured
by other quthors

It is obvious from Figs. 4 and 5 that the mean
13C data during the 1850-1920, 1920-1940 and
1960-1975 time intervals decrease almost linearly
with time. During the 1940-1960 interval an
increase is observed with lower linear correlation
(see correlation coefficients for linear regression of
mean “c” values with time, Tables 3 and 4). Tables
3 and 4 summarize the mean linear regression slope
in these time intervals calculated for all our
analysed trees, even if low or no correlation exists
for individual sets of measurements. From the slope
the total 3C shift during the 18501920 and 1920—
1975 time intervals has been obtained, partly by
extrapolation, when the measurements do not cover
the whole time interval.

The same procedure has been performed on tree
ring data published by other authors (Table 5),
which had been available not as numerical values,
but in graphical form (with exception of the data of
Rebello, 1974). These data are from the measure-
ments of Farmer and Baxter (1974a) on two British
forest trees (oak and European larch), Mook and
Tans (1978) on four Dutch trees (oaks), Wilson
(1978) on one Californian mountain tree
(bristlecone pine), Rebello (1974) and Rebello and
Wagener (1976) on one Brazilian mountain tree
(araucaria, two cross-sections), Pearman et al.
(1976) on two Tasmanian forest trees (King Billy
pines) and Fraser et al. (1976) on additional
three Tasmanian forest trees (King Billy pines;
mean curve).

Information on the coincidence of the analysed
periods and the time of growth of the measured
trees is very scarce. Therefore a possible youth
trend may be included in these measurements. In
the case of the Farmer and Baxter (1974a) data,
the trees had been planted some decades before the
beginning of the analysed period, while in the case
of the Rebello (1974) tree all rings had been
analysed. The measurements of Fraser et al. (1976)
start in 1850. An irregular trend of ¢'C values
observed within the 1850—1895 time interval have
been omitted for calculation of mean values. The
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measurements of Wilson (1978) are dated back to
about 1750, which tally extremely well with our
measurements on the pine from the Black Forest
until 1920, ie. constant *C values for the late-
eighteenth century and the first half of the nine-
teenth century followed by a sharp decrease in
0'3C since 1850.

Our final mean “a” data of slope and shift and
those found from measurements of other authors
are summarized in Table 6. The excellent agree-
ment of data for the 1850-1920 time interval is
evident, neglecting the measurements of Fraser et
al. (1976) for the 1850—1895 time interval. Even
the data of the positive and negative slopes for the
1940-1960 and 1960-1975 time intervals, respec-
tively, correspond to each other within the given
error probability. A main, perhaps random, dis-
crepancy between our observations and those of
other authors exists for the mean data of the 1920—
1940 slope and, consequently, for the shift during
the 1920-1975 time interval. Only three of our
slopes at the 1920—1940 time interval from a total
of 20 have a positive sign, which are all from
measurements that do not cover the whole time
interval. If our slopes for trees of regions C and
D (Table 4), which were not standing for the whole

Table 3. Mean 813C slope and extrapolated 6'3C
shift for the 1850-1920 time interval obtained
Jrom the nineteenth-century trees (Fig. 5)

Slope (%o yr™t) Shift (%)
Tree species (1850-1935) (1850-1920)
Pil —0.016 (0.98)** —1.13**
Ps1 —0.015 (0.97)** —1.02%*
Ae l —0.030 (0.97)* —2.11*
Mean “a” —0.018 + 0.008 —1.28 + 0.58
Mean “b” —0.020 + 0.020 —1.42 + 1.49
Mean “¢” —0.017 (0.99) —1.21

Note: Mean “a” has been calculated considering
individual values as twofold (which are marked by two
asterisks) obtained from data covering the whole time
interval and as single (which are marked by one asterisk)
obtained from data covering only a part of the time
interval. The deviations ¢-(o/ \/n) follow from the
t-distribution, assuming an error-probability of 95%.
Mean “b” has been calculated considering individual
values as single. Mean “c” has been calculated from the
mean data in Table 2. Values in parentheses are the
correlation coefficients 7.
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Table 4. Mean 63C slope and extrapolated 6'3C shift for the 1920-1975 time interval obtained from
the individual trees summarized in Table 1. Tree species A: European trees (from the French Atlantic
coast, Spanish Pyrenees, Azores). B: North Carolina trees. C: Unpolluted Eifel (Germany) trees.
D: Polluted Eifel (Germany) trees

Slope (%0« yr=1)

Tree species Shift (%)

by regions (1920-1940) (1940-1960) (1960~1975) (1920-1975)

A, Qul —0.033 (0.40)** +0.005 (0.16)** —0.026 (0.33)** —0.06**
Qu2 —0.020 (0.46)** +0.020 (0.32)** —0.013 (0.20)** +0.07%*
Pi2 -0.045 (0.78)** +0.019 (0.68)** —0.094 (0.94)** —2.02**
Pi3 —0.054 (0.80)** +0.026 (0.56)** —0.055 (0.94)** —0.87+*
Qu4.1 —0.057 (0.76)* +0.031 (0.71)** —0.031 (0.90)** —1.39*
Qud4.2 —0.073 (0.72)* +0.012 (0.34)** —0.024 (0.63)** —1.84*
Qu4.3 —0.059 (0.97)* -0.010 (0.31)** —0.007 (0.42)** —1.76*
Qus +0.029 (0.64)* —0.032 (0.76)** —0.117 (0.95)** —1.64*
Qu3 — +0.096 (0.86)* —0.054 (0.92)** —_
Pl 1 — — —0.004 (0.13)* —

B, Qué —0.019 (0.34)* +0.024 (0.58)** —0.022 (0.62)** —0.12*
Qu7 —0.018 (0.28)* —0.007 (0.33)** —0.066 (0.83)** —-1.37*
Qus —0.072 (0.74)** +0.022 (0.30)** —0.010 (0.20)** —0.81**
Qu9 —0.014 (0.16)** —0.029 (0.72)** +0.003 (0.12)** —0.89**
Pol — —0.186 (0.90)* —0.040 (0.50)** —

Pi4 — +0.050 (0.63)** —0.049 (0.56)** —
Pi5 —0.025 (0.58)** +0.034 (0.60)** +0.025 (0.39)** —0.48**

C, Qulo —0.147 (0.84)* +0.056 (0.69)** —0.108 (0.70)** —4.26*
Qull —0.103 (0.76)* 0.000 (0.01)** —0.005 (0.20)** —241*
Qu 12 —0.154 (0.79)* —0.043 (0.52)** —0.112(0.81)** —3.72*
Fr1 —_ +0.025 (0.33)** —0.075 (0.85)** —

Qu 13 — —0.017 (0.44)* —0.079 (0.86)** —

D, Qu 14 +0.014 (0.28)* —0.003 (0.02)* —

Qu I5 +0.048 (0.49)* +0.010 (0.07)* —
Ael —0.005 (0.12)* +0.014 (0.10)* —
Fr2 —0.124 (0.74)* +0.213 (0.99)* —
Pi6 — +0.042 (0.96)* —

Total, Mean “a” —0.044 +0.019 +0.013 + 0.016 —0.045 £ 0.012 —1.24 + 0.49

Total, Mean “b” —0.047 + 0.026 +0.014 + 0.026 -0.044 + 0.018 —1.47 + 0.65

Total, Mean “c” —0.029 (0.93) +0.013 (0.78) —0.046 (0.97) —1.09

Note: For calculations of mean values, see note to Table 3.

time interval as well as the generally unusual
positive slopes of trees analysed by Mook and
Tans (1978) are omitted, the discrepancy will be
lowered. It should be further noted that the slope
obtained from our mean curve (mean “c”, Table 4)

is lower than the mean “a” value.

4.5. Disturbances in *C data for recording of
increasing atmospheric CO, levels

The total 3C shift in tree rings since industrial-

ization obtained from the mean data of Table 6
amounts to about —2%,. This large total effect has
to be attributed mainly to increasing atmospheric
CO, levels, although it may be superimposed by
other environmental factors. The decreasing **C

data during the late nineteenth and early twentieth
century found among all analysed trees of different

geographical locations in the northern and southern

hemisphere are nearly identical. In twentieth-

century trees larger variations of data exist. It is by
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all means possible that nineteenth-century trees are
a better '3C recorder of atmospheric CO,
variations than twentieth-century trees, even if the
trees had been selected carefully. It will be shown in
a succeeding paper (Freyer, 1978c) that human
activities other than those to increase atmospheric
CO, levels could affect the *C record to a con-
siderable extent.

Temperature fluctuations may be another dis-
turbing factor of the 1*C record, but the direct tem-
perature effect is at the most of the order of 0.1—
0.3 %, variation in ¢ 3C per °C; moreover, the sign
of this effect is not well established. Pearman et al.
(1976) have found increasing &'*C data in tree
rings with increasing summer temperatures; some-
what modified data will be given by de Silva
(1978). Nevertheless, a direct *C response may
have some consequences, especially for the 1920-
1960 time interval. A maximum of mean annual
temperatures in the northern hemisphere existed in
1940 with about 0.5°C above the 1920 temper-
ature levels (Inadvertent Climate Modification,
1971).

The southern hemisphere tree stations quoted by
Pearman et al. (1976) and Fraser et al. (1976)
exhibit for that time interval, on the contrary, tem-
perature minima during summer, while the mean
annual surface temperatures of the globe as well as
of the southern hemisphere show the reverse trend
(Inadvertent Climate Modification, 1971; Lamb,
1973). In addition to the direct response, tempera-
ture fluctuations will influence the mass exchange
of CO, between atmosphere and ocean (Eriksson,
1963) and, consequently, the isotopic exchange.

Stuiver (1978) has found a '3C effect in the early
1930s at the heartwood—sapwood boundary of his
tree and has interrupted, therefore, his measure-
ments. This effect is known even from '*C measure-
ments, but only when the boundary line is visible
(Cain and Suess, 1976). The observed effect of
Stuiver (1978), however, falls in a time interval, at
which other trees, with a heartwood—sapwood
boundary at different times or having no boundary
at all, exhibit similar disturbances (i.e. increasing
J013C data). In the trees of Pearman et al. (1976),
Mook and Tans (1978) and in our trees no heart-
wood-sapwood effect has been detected.

5. Conclusions

BC measurements in tree rings during the first
half of the nineteenth century have been performed
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on a bristlecone pine (Wilson, 1978) and a
European pine (this work), neglecting the C
record of the Douglas fir (Stuiver, 1978) which,
possibly, is attributed to a youth trend of a forest
tree. It has been found that the '3C values during
that time interval remain relatively constant. How-
ever, many more studies have to be carried out
immediately to know the variability during the pre-
industrial period. A decrease of **C values since in-
dustrialization seems, however, to be well estab-
lished. The effect from 1850 up tc now, obtained
from our measurements, is larger than the 6'3C
decrease of —1%:/100 years, as previously
assumed in the calculations of Oeschger and
Siegenthaler (1978) and Siegenthaler et al. (1978).
The total effect of about —2 %, could not have been
caused by temperature fluctuations; perhaps it will
be somewhat altered (possibly lowered) if reliable
data on the temperature effect of the photo-
synthetic *C discrimination in trees are known. No
answer to this problem follows from the tempera-
ture-corrected data of Mook and Tans (see second
data of these authors in Table 5).

Neglecting temperature corrections, the large
13C shift in the late nineteenth and early twentieth
centuries could not have been caused by introduc-
ing only fossil CO, into the atmosphere. There-
fore, an additional CO, input into the atmosphere
from destroying of land biota has to be assumed as
discussed previously in statistical analyses of
several authors (Adams et al., 1977; Bolin, 1977;
Hampicke, 1978; Woodwell et al., 1978). Stuiver
(1978) has used, partly, some of our earlier results
(Freyer and Wiesberg, 1974a, b, 1975) for calcu-
lations of the past biospheric CO, source strength.
Recently, Wilson (1978) has estimated from his
B3C tree ring measurements that during the late
nineteenth century biospheric CO, had been
injected into the atmosphere in amounts larger than
the amount of CO, produced by fossil fuels up to
1950. Our uncorrected '3C data of this compilation
have been used for preliminary evaluation of the
past atmospheric CO, increase and total anthropo-
genic CO, production since industrialization
(Freyer, 1978b). Our calculation has been based on
the empirical coincidence of the !*C shift in tree
rings during the 1960-1975 time interval with
direct atmospheric CO, concentrations at Mauna
Loa (Keeling et al., 1976a) converted into '3C data
by a 613C/CO, short-term relationship of atmos-
pheric CO, levels (Freyer, 1978a). The question,
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however, emerges, whether this short-term
éBC/CO, relationship is applicable to long-term
increasing atmospheric CO, levels.
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BAPMALMH '*C B JEPEBbSAX CEBEPHOTI'O IIOJIYIIAPUS 3A MIOCNEOHME 150 JIET

IIpencraBnesnl maHHble 3a mocnemuue 150 ner mo
cogepxaumto 3C B 26 RepeBbAX U3 PA3THYHBIX MECT
CEBEpHOTO noJjywapus. HailzeHo, 4TO RaHHbIE NO
cpenHeMy comepxanuio 3C B 3THX JepeBpaX 3a
nepuonnl 1850-1920, 1920-1940 u 1960-1975 r.r.
yOBIBAaIOT MOYTH NHHENHO, B TO BpeMs Kak B 1940-
1960 r.r. conepxanmne *3C pacter. IToanoe H3MeHeRRE
613C ¢ pavana HMHAYCTDHAIIM3AlLMM, HaiIEHHOE B
HAlllMX AEPEBbAX, JOCTHraeT NOYTH —2 %, YTO BBHIILIE
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nuHeHHOro ymensineHus 6'3C B —19 3a 100 ner
6marogaps 6MOTEHHOMY M OT WCKONAeMbIX TOTIHB
BBory CO, B atMochepy, Kax 310 ObUIO NPeANnonoxe-
HO B MOZENBHBIX pacyeTax 3ureHTajepa u ap. (1978).
CpenHue AaHHbIE B NpelesiaX BEPOSTHBIX OIIMGOK
COOTBEICTBYIOT TAKOBBIM Y MApPYTrHX aBTOpOB 34
HCKJIIOYeHHeM nepuona 1920-1940 r.r. Ha#ime Hbr
BO3MYLLUEHHA B AaHHBIX 1Mo '3C, ykasplBaloOILUX HA
yBennuerue yposus CO, B atmMocdepe.



