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ORIGINAL OBJECTIVES

The climate change experiment, CLIMEX, enclosed an entire undisturbed catchment of boreal vegetation at Risdalsheia (58.4°N, 8.3°E) within a large greenhouse.  The catchment was then exposed to increased CO2 (to 560 ppmv) and temperature (+5°C in winter and +3°C in summer).  Using cores taken from trees in that experiment, this study set out to establish:

i. whether net tree productivity is increased in higher CO2 and warmer conditions (i.e. applicable to plant growth in a Mesozoic ‘greenhouse’ climate).

ii. the nature of and extent of time dependence in the relationships between climate variability and ring width, ring density and derived ring mass change before and after the greenhouse experiment began.

iii. quantitative estimates of growth rates and climate relationships in and outside of the experiment.

BACKGROUND AND PREPARATION

The CLIMEX project ran from 1995 until 1999.  It made use of greenhouses previously erected for the RAIN project (1984 to 1995) which had filtered the rain before it reached the enclosed catchment, removing all nitrogen.  This filtering continued during the CLIMEX experiment.

It should be noted that the tree ring data were represented by relatively few sample tree cores.  The test site (the temperature‑ and CO2-adjusted greenhouse) yielded only 12 trees (20 cores), with the greenhouse control yielding 6 trees (12 cores) and the external control 9 trees (17 cores).  Another notable feature was the relative youth of the greenhouse control sample (1909-present, compared with the test site and external controls going back to before 1870).  From each tree, replicate cores were analysed to provide individual timeseries for earlywood (spring) radial ring width and mean earlywood density; late (summer) width and mean density.  Minimum and maximum ring density were also measured.  These parameter series enabled the calculation of mean chronologies (annual timeseries formed by averaging the data from the multiple cores and trees) of total ring width; basal area increment (BAI); total mean ring density (TRD); and cross-sectional mass (i.e. BAI * TRD).

Chronologies of raw measurements and ‘standardised’ chronologies (i.e. detrended and scaled to remove the sample-age-related changes in the time series) were produced.  We were then able to compare directly the interannual variability of tree growth in the internal greenhouse control, IGC (increased temperature but no increase in CO2) with that in the treatment area, GT (increased temperature and CO2); and both of these with remote external control site REC.

Meteorological data were available from the site - but only for very recent years.  Previous scientific studies at the site had used slightly longer series from a nearby station (Kjevik, 58.2°N, 8.06°E).  Longer (1880-1999) temperature and precipitation series were therefore taken from Oksoey Fyr (58.1°N, 8.1°E), and temperatures were adjusted to proxy: (i) Kjevik; (ii) external site conditions at Risdalsheia; (iii) control greenhouse conditions; and (iv) conditions in the test greenhouse (with artificial temperature increase).  These proxy series were then used, with the Oksoy precipitation series, to establish Palmer Drought Severity Indices (PDSI).

Correlations were performed in order to detect the relationship between tree-ring growth and the prevailing meteorological conditions for any particular month in the year leading up to and including the growing season.  The three groups of growth parameters (IGC, GT and REC) were correlated with temperature, precipitation, and PDSI for specific months between April of the previous year and October of the year in question (19 months in total).  Four time periods were used separately: early (1900-1940); late (1941-1983); RAIN (1984-1995); and CLIMEX (1995-1999).  Because of the brevity of these periods, particularly the latter two, the correlations were corrected to reduce the magnifying effect of small sample sizes.  Thus comparable correlations were available for each ring series against either parameter for any month, over each of four time periods.

ANALYSES

Climate Responses
Compared to many other Scandinavian chronologies, particularly those further north, the climate ‘signal’ identified by response function analyses (i.e. simple correlations of the various tree-growth parameters against individual monthly mean temperature, precipitation, and PDSI values) indicates that trees (including those at the remote control site) do not exhibit a strong and unambiguous ‘climate signal’.  Correlations are generally time dependent and represent a mixture of temperature and moisture-related responses.  The extremely short length of both the RAIN and CLIMEX experimental periods (even with our correction) inevitably mean that the correlations over equivalent periods are subject to very large sampling variability and, as such, provide only indicative, rather than strong evidence of climate sensitivity.  In general, growth (e.g. cross-sectional mass - see Figure 1) is negatively correlated with temperature in the early growing season (May, June) in the GT and IGC groups.  Similarly, the IGC and REC sites are (weakly) negatively correlated with drought stress in the pre-CLIMEX period, both greenhouse groups (IGC and GT) response positively to PDSI, indicating a requirement for moisture up until May in the control, but reversing sign in June and July, but continuing positive also through June and July in the treatment plot.  Overall, these results indicate a weak negative response to warmth and lack of soil moisture during the spring and early summer months.

Net Productivity prior to and during CLIMEX

Both the IGC and GT show somewhat reduced variability in growth (muted temporal standard deviation in tree mass) after the start of the original RAIN experiment, compared to the growth in REC.  We also note an apparent change in the ratio of early to total ring width (reduced % earlywood) during the CLIMEX period in the mass chronology for GT.

Mean ring-width density is relatively higher in the first two years of the CLIMEX experiment in IGC and GT than it is in REC (comparing normalized values), but is lower in the last two years.

Basal area increment is lower in all four years in GT compared to IGC, and lower than REC in the last two.

When these same data (basal area and mean density) are expressed in terms of cross-sectional mass (the better integrated indicator of net radial productivity), growth is lower on average over the CLIMEX period in the GT, than in either IGC or REC.  However, the two sigma confidence limits (calculated on the basis of the individual tree values within each group) overlap, so that we cannot claim a statistically significant difference.  In the last two years, however, the result is marginally significant.

Plots of the annual normalized difference series (GT‑IGC and GT‑REC) show the sharp relative fall in radial mass during the CLIMEX period in GT (Figure 2).  [Note, though, the changes in earlier periods that are of equal magnitude.]

CONCLUSION

The principal outcome of this analysis is the lack of any enhancement of growth in the enclosed pines during the CLIMEX period.  Indeed, there is evidence of reduced productivity (basal area increment, mean ring density, and in the integrated variable cross-sectional mass) manifest principally over the last two years of the experiment.  This was likely a consequence of increased moisture stress.  Our results are, therefore, at odds with the notion of increased water use efficiency in moisture stressed trees in higher CO2 and they provide no support for an assumed general enhancement (fertilization) of tree growth or net tree productivity in the southern boreal pines in a warmer and higher-CO2 environment.  However, it should be noted that external nitrogen input was excluded in this experiment and precipitation levels were fixed at near modern-day values.  A publication is currently in preparation describing these results.
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