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Modulations of non-climatic factors on climate–growth relationships can confound the interpretation of
dendroclimatic reconstructions. Accordingly, we evaluated the influences of core direction, tree age, tree size,
growth rate and species on the climate–growth relationships of 210 tree-ring cores from Kongtong Mountain
and Xiaolong Mountain on the semi-arid Chinese Loess Plateau. We employed both the linear methods of corre-
lation and response function analyses, and the nonlinear method of the Boosted Regression Trees (BRT). Most
trees are sensitive to the moisture availability. Old trees are more sensitive to drought than young trees, which
may be related to the intensified hydraulic resistances and reduced photosynthesis in response to drought.
Tree cores taken from the southern direction are oftenmore sensitive to drought than cores taken from other di-
rections. The enhanced drought sensitivity for the southern cores may be possibly related to more branches and
leaves for photosynthesis. Slow-growing trees show higher correlations with precipitation of the September
prior to growth. This indicates that the extremely stressed, slow-growing trees tend to rely largely on nutrients
produced prior to the growing season. For the reconstructions of annual drought in this region, we suggest
collecting tree cores from the southern side of old trees growing at stressed sites.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Non-climatic factors, including the biological and microsite factors,
can modulate the climate–growth relationships, challenging the task
to extract climate signal from tree rings (Cook and Kairiukstis, 1990;
Fang et al., 2014b; Fritts, 1976; Pederson et al., 2013; Wilmking et al.,
2005). These factors could lead to systematic biases in tree-ring based
reconstructions (Nehrbass-Ahles et al., 2014). Investigations on the in-
fluences of non-climatic factors can aid interpretation of dendroclimatic
reconstructions (Fang et al., 2014b; Nehrbass-Ahles et al., 2014; Tardif
et al., 2003). Different speciesmay respond to different climate variables
in a region (Pederson et al., 2013), suggesting the influences of species-
related genetic controls on the climate–growth relationships. In addi-
tion, special attentionwas needed to consider the effects of tree age, be-
cause it can complicate the stability of the reconstruction through time
(Briffa and Melvin, 2009; Carrer and Urbinati, 2004; Li et al., 2012;
Szeicz and MacDonald, 1994; Yu et al., 2008). Old trees, for example,
can be more sensitive to climate (Carrer and Urbinati, 2004), while

other studies found that the young trees are comparably sensitive to cli-
mate (Li et al., 2012; Szeicz and MacDonald, 1994).

Microsite factors can modulate the input of external climate condi-
tions that influence tree growth. In dendroclimatology, tree-ring sam-
ples are often collected from forest ecotonal boundaries such as the
treeline locations. For thewarmandhumid sites, it is preferable to select
sites with stressful microenvironments with, for example, very shallow
soil (Fang et al., 2012a). Since trees experiencing different microsite
conditions may respond differently to climate, one must carefully eval-
uate the microsite conditions for the growth of individual trees before
averaging them together to reconstruct climate (Fang et al., 2014b).
For example, trees growing at shaded locations may be less sensitive
to drought in arid regions. In addition, different microsite conditions
can lead to different growth rates, which can also lead to systematic
biases in the dendroclimatic reconstructions (Briffa and Melvin, 2009).

Both biological and microsite conditions were significant factors
impacting tree growth in Europe and America as investigated by previ-
ous studies (Nehrbass-Ahles et al., 2014; Pederson et al., 2013; Tardif
et al., 2003). However, the influences of biological and microsite factors
on climate–growth relationships in arid Asia and their implications for
dendroclimatic reconstructions remain poorly understood. In addition,
there are still some non-climatic factors that are not fully addressed pre-
viously. For example, although previous studies have considered the
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directions of cores for dendrochronological studies to avoid reaction
wood (Speer, 2010) and for the reconstruction of net primary produc-
tivity (Babst et al., 2014), limited studies have concerned the directions
of cores on the climate–growth relationships. Moreover, this study in-
vestigated both the linear relationships using the correlations and re-
sponse functions and nonlinear relationships using the Boosted
Regression Tree (BRT) method. Accordingly, we studied the impacts of
nine biological and microsite factors on the climate–growth relation-
ships and their implications for dendroclimatic reconstructions at two
locations, Xiaolong Mountain and the Kongtong Mountain, in the Chi-
nese Loess Plateau, where a number of tree-ring based reconstructions
have been conducted (Li et al., 2007; Liang et al., 2006; Shao and Wu,
1994; Yang et al., 2010). This study hypothesized that climate–growth
relationships for individual tree-ring series can be different due to the
changes of the non-climatic factors from tree to tree. We thus first
grouped the climate–growth relationships for individual tree-ring series
and then detect the relationships between these groupings and thenon-
climatic factors.

2. Data and methods

2.1. Tree rings and climate

The mean temperature of our study region in the Chinese Loess Pla-
teau (Fig. 1) is ~9 °C and the annual total precipitation is ~500 mm.
Summer precipitation comprises over two thirds of the annual total pre-
cipitation with its peak in July, when the Asian summer monsoon front
reaches this region (Fang et al., 2012a,b). Xiaolong Mountain in the
south iswarmer andwetter than KongtongMountain, as the Asian sum-
mermonsoon propagates from south to north.Winter conditions are in-
fluenced by the winter monsoon, which extends over a long and cold
season. Located at the southern boundary of the Chinese Loess Plateau,
XiaolongMountain is a transitional region between boreal and subtrop-
ical forests, and is dominated by both green and evergreen broadleaf
species. The Pinus tabulaeformis sampleswere collected from3 sampling
plots atmountain peaks and cliff areas of XiaolongMountain (Table S1).
Located in the interior region of the Chinese Loess Plateau, Kongtong
Mountain is surrounded by grasslands and croplands. The porous loess
cannot well retain the precipitation and the thus forests are mainly
found over the “rocky island” with rocky substrates to retain moisture

on Chinese Loess Plateau. KongtongMountain is dominated by summer
green broadleaf and the coniferous forests of Pinus purpurea and
P. tabulaeformis are found for some locations. We collected tree-ring
samples from both coniferous species from 14 sampling plots
(Table S1).

We collected 224 tree-ring cores from 100 trees at Xiaolong Moun-
tain and Kongtong Mountain (Fig. 1 and Table S1). Of these, 122 of the
older tree-ring series were used for generating climatic reconstructions
(Fang et al., 2012a,b). The additional 104 tree-ring series were mostly
taken from young P. purpurea trees at Kongtong Mountain. In addition,
we considered the information of the species, tree age, basal perimeter,
perimeter at breast height, tree height, growth rate, direction of cores,
distribution of branches and correspondence between directions of
the branches and the cores for individual tree-ring cores. In the field
we usually took four cores and tried to reach the pith of each tree.
Tree age was then determined by the number of crossdated tree rings
of the longest core of a tree. Basal perimeter and perimeter at breast
height were both measured in the field. Tree height was estimated by
measuring degree of elevation and distance from the tree. Tree height
was less accurately measured at numbers in a 5 m interval, such as
5 m, 10 m and 15 m. The average growth rate was calculated as the
ratio between perimeter at breast height and tree age. Tree cores were
taken from all four sides (i.e. south, north, east andwest) when possible
(many coniferous trees grow near cliffs with only one or two sides can
be sampled). Uneven distribution of branches was observed, particular-
ly for cliff trees, whichmay influence the growth rate of tree cores in dif-
ferent directions.We thus also recordedwhether the tree core direction
coincided with directions with most of the branches. It should be noted
that some non-climatic factors are not considered in this study, such as
the slopes and the canopy density, becausemost of the sampled conifer-
ous woods are located on mountain peaks or cliff areas (Fig. S1), where
it is impractical to measure their slopes and canopy density. We used
climate data from the nearest meteorological stations: from Pingliang
for Kongtong Mountain and Tianshui for Xiaolong Mountain (Fig. 1).

Following standard dendrochronological methods (Cook and
Kairiukstis, 1990), cores were mounted, air dried, and polished for
crossdating and measurements of ring width. The crossdating proce-
dure assigns calendar years to individual rings by first visually checking
matching of the extremely narrow and wide ring sequences. Measure-
ments were then tested using the program COFECHA for quality control

Fig. 1. Locations of the sampling sites, meteorological stations and the topography and distribution of the needleleaf and broadleaf forests over the Chinese Loess Plateau study region. The
location of the study region in eastern Asia is also shown.
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