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Climate changes and raising atmospheric CO2 concentrations are expected to influence tree and
forest development. However, the direction and intensity of the tree and forest responses are
diverse, and long-term studies are scarce. Here, we studied responses of Quercus mongolica to
climate over the last 117 years based on the tree-ring width, δ13C-derived physiological parameters
(Δ13C, Ci and iWUE) and δ18O in Jeju Island, South Korea. Trend and change point analyses were
performed to the radial tree growth, physiology and climate, and tree responses-climate
relationships were analysed temporally and spatially. iWUE significantly increased since 1900 but
decadal variations were observed in 1950, 1975 and 2010, revealing an evolving physiological
response. iWUE was mainly driven by stimulated photosynthesis under no water limitations. This
photosynthetic stimulation was driven mainly by the atmospheric CO2 fertilization, warming and
higher radiation, probably through the simultaneous influence on the phenology and physiology
of trees. At a local scale, higher radiation combined with less cloudy conditions were the factors
with the greatest positive influence on tree growth, while at a regional scale land and sea surface
temperatures positively influenced both tree growth and physiology. Moreover, all these
responses strongly intensified after the 1970s, showing that tree responses are not temporary
stable. Altogether, the present results indicated that the physiology and growth of Q. mongolica
from eastern Asia are driven by a combination of climatic, ecological and anthropogenic factors.
Moreover, the significant, rapid and unprecedented changes in the tree responses indicated that
trees may benefit from recent global changes, showing a physiology-driven growth enhancement.
This represents a key understanding of trees and forests ecosystems responses to future climate
changes, which is relevant to assess and design global change mitigation strategies.
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