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Abstract Individual tree-ring width chronologies and mean

chronologies from Pinus tabuliformis Carr. (Chinese pine)

and Sabina przewalskii Kom. (Qilian juniper) tree cores were

collected and analyzed from two sites in the eastern Qilian

Mountains of China. The chronologies were used to analyze

individual and time-varying tree-ring growth to climate sen-

sitivity with monthly mean air temperature and total precipi-

tation data for the period 1958–2008. Climate–growth

relationships were assessed with correlation functions and

their stationarity and consistency over time were measured

using moving correlation analysis. Individuals’ growth–cli-

mate correlations suggested increased percentages of indi-

viduals are correlated with certain variables (e.g., current June

temperature at the P. tabuliformis site; previous June,

December and current May temperature and May precipita-

tion at the S. przewalskii site). These same climatic variables

also correspond to the mean chronology correlations. A

decreased percentage of individuals correlated with these

climatic variables indicates a reduced sensitivity of the mean

chronology. Moving correlation analysis indicated a signifi-

cant change over time in the sensitivity of trees to climatic

variability. Our results suggested: (1) that individual tree

analysis might be a worthwhile tool to improve the quality and

reliability of the climate signal from tree-ring series for den-

droclimatology research; and (2) time-dependent fluctuations

of climate growth relationships should be taken into account

when assessing the quality and reliability of reconstructed

climate signals.

Keywords Tree-ring � Dendroclimatology � Pinus

tabuliformis � Sabina przewalskii � Individual tree growth

response � Moving correlation analysis

Introduction

Investigating the relationships between climate proxies and

the myriad of factors that affect them provides a great chal-

lenge for paleo-climatology (Briffa 1995; Esper et al. 2002).

Such a challenge is especially acute when applying biological

proxies to climate reconstruction due to the complexity of

biological responses to climate forcing (e.g., tree-rings). As

natural archives, tree-rings are the most important and widely

used sources of long-term proxy data for paleo-environ-

mental studies and climate reconstructions (Mann et al. 1998;

Esper et al. 2002). The relationships between tree-ring

proxies and climatic and ecological variables have been tra-

ditionally described using quasi-linear models that do not

account for change over time. However, several studies have

documented the dynamic nature of tree-ring growth respon-

ses to climate variations (Carrer and Urbinati 2006; Carrer

2011; Zhang and Wilmking 2010; Zhang et al. 2011).

In dendroclimatology, the uniformitarian principle

implies that tree growth–climate relationships are stable
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over time (Fritts 1976), thus allowing dendroclimatologists

to infer the character of past climates derived from tree-

ring calibrations from recent observational data. Unstable

relationships between tree growth and climate factors

(Wilmking et al. 2004, 2005; D’Arrigo et al. 2007; Zhang

et al. 2008; Carrer 2011), however, have indicated that tree

growth response to climate forcing is inconsistent with the

assumption of stability as invoked by the uniformitarian

principle. This finding casts doubt on some tree-ring

reconstructions of past climate that are based on mean

chronologies. In addition, some tree-ring research has

reported that tree-ring width and density variations have

changed in response to air temperature, with decreasing

sensitivity to temperature in recent decades (Briffa et al.

1998; Solberg et al. 2002; Lloyd and Bunn 2007). Given

the fact that trees respond differentially to climate (e.g.,

Briffa et al. 1998; D’Arrigo et al. 2007; Zhang et al. 2008),

it may be worthwhile to use individual tree chronologies

instead of mean chronologies to investigate tree growth–

climate relationships (Wilmking et al. 2004, 2005; Pisaric

et al. 2007; Zhang and Wilmking 2010; Zhang et al. 2011).

In spite of possible advantages of using individual tree

chronologies (as opposed to mean chronologies), relatively

few studies have compared temporal responses from indi-

vidual tree chronologies and a mean chronology in the

eastern Qilian Mountains. To address this existing data

gap, our study focuses on two climate-sensitive tree spe-

cies—Pinus tabuliformis Carr. (Chinese pine) and Sabina

przewalskii Kom. (Qilian juniper)—to examine how their

tree-ring width responds to the climate change at the

individual tree level in an effort to reconstruct the past

climate in the Qilian Mountains.

The Qilian Mountains are a transitional climatic region

of Tibet where arid zones, eastern humid regions, and

colder regions intersect (Liu et al. 2005), making it an

opportune location to examine the effects of climate

change on trees. Tree-ring research has been conducted in

this area since the 1970s and a number of dendrochronol-

ogy studies have been published (e.g., Wu et al. 1990; Shao

et al. 2005; Gou et al. 2005; Liu et al. 2006; Liang et al.

2008; Zhang et al. 2009). Several climate reconstructions

have been recently conducted in the Qilian Mountains

(Yang et al. (2010, 2011); Qin et al. (2010, 2011)). Similar

work has been studied in the northeastern Tibetan Plateau

(Gou et al. 2007). These studies have emphasized historical

alterations in air temperature and rainfall as well as the

frequency of climatic extremes. In addition, Shao et al.

(2010) and Zhang et al. (2003) developed 3,585-year and

2,326-year chronologies, respectively, using live trees and

archaeological wood in Qilian Mountains. While this past

research has increased our understanding of climate change

in the Qilian Mountains, only a few have considered the

responses of different tree species to climate variability

over time (Zhang et al. 2008; Fang et al. 2011) and the

difference between sub-chronologies and the mean chro-

nologies (Zhang and Wilmking 2010; Zhang et al. 2011).

Thus, the present study adds to the existing body of

knowledge by giving further insights into the tree growth–

climate response of P. tabuliformis and S. przewalskii in

the Qilian Mountains. In particular, this study builds upon

existing knowledge by comparing the individual tree

chronology (as opposed to sub-chronologies) to the mean

chronology to investigate whether interspecific differences

exist. Our aim was to: (1) investigate the tree growth

climate relationships by comparing individual tree chro-

nologies to the mean chronologies; and (2) determine

whether the year-to-year climate–growth responses are

stationary over time. A better understanding of the tree

growth–climate relationship in northwest China is impor-

tant for regional tree-ring reconstructions, modeling carbon

storage, and forest management.

Materials and methods

The tree-ring cores were collected from high-altitude forest

areas of the eastern Qilian Mountains (Fig. 1). The height

of upper tree line in this area is about 3,000–3,200 m.

The TanGouZi (TGZ) study site is a mono specific

P. tabuliformis forest. At low altitudes, there is an ideal

environment for tree growth with thick humic soil hori-

zons; however, as soil depth decreases with altitude, the

environment for tree growth is much less favorable.

S. przewalskii tree cores were sampled from the Xian-

MiNang (XMN) site, featuring barren soil with bare rocks

and shrubs under the forest cover. The distance between the

sample sites and the meteorological stations ranges from 50

to 108 km. Detailed sampling information and locations

of sampling sites and their surrounding meteorological

stations are shown in Table 1 and Fig. 1. Samples were

collected from trees at elevations of less than 100 m to

maintain consistent climatic signals when sampling.

Following the standard procedures of the International

Tree Ring Data Bank (ITRDB), two cores were taken on

the cross-slopes sides of the trunk using increment borers at

approximately 1.3 m above ground level. A total of 127

cores were acquired from 64 living trees at the P. tabuli-

formis site. A sum of 83 cores was harvested from 42 living

trees at the S. przewalskii site (Table 1). Tree cores were

processed in the laboratory using the standard procedure

described by Stokes and Smiley (1968). As such, cores

were air-dried, glued in prepared wooden mounts, and

sanded with fine sand papers to produce a polished surface

to permit the identification of all cells and cross-dating

using COFECHA (Holmes 1983). Most of the tree-ring

cores and the mean tree-ring series of the sample sites were
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from 120 to 170 years of age. We found that all the trees’

radial growth showed increases and then decreases in width

over time. Both the entire chronologies and individual

series were detrended using ARSTAN (Cook and

Kairlukstis 1990). We chose a 60-year cubic spline func-

tion equal to 1/3-1/2 of the series length to detrend the

tree’s biological growth due to the radial growth pattern

and length of our series. All of the trees cores within one

site produced mean standard chronologies (STD) using a

bi-weight mean calculation (Cook and Holmes 1986). One

or two cores of one tree that was detrended were using the

standard arithmetic mean function to produce a standard-

ized curve for the single tree chronologies (i.e., individual

tree chronology).

Meteorological observations began in the early 1950s in

the Qilian Mountains. In order to investigate climate–tree

growth relationships in the study region, the chronologies

were correlated with monthly mean air temperature and

precipitation records from nearby meteorological stations

(XiNing, MenYuan and WuShaoLing). General informa-

tion about the three meteorological stations (XiNing,

MenYuan and WuShaoLing) is given in Table 1. July is the

warmest and wettest month. The distribution of tempera-

ture and precipitation throughout the year is quite similar at

all three stations, which represent the same climate zone

(Li 2011). The average values of the temperature and

precipitation of the three stations were used as the regional

mean climate data during the common period 1958–2008.

Correlation analysis was carried out between two mean

tree-ring chronologies (P. tabuliformis and S. przewalskii)

and observed monthly precipitation and mean air temper-

ature records of the study area. The same correlation

analysis was conducted between the individual tree chro-

nologies and the observed climate data. Regional average

values of observed meteorological data were calculated by

arithmetic average, and were used as regional data in the

correlation analysis.

A moving correlation analysis employs a fixed number

of years progressively moved across time to compute the

correlation coefficients (Biondi 1997). Considering the fact

that those 30 years represent the climatic norm and that an

n of 30 is held as a sufficient sample size for statistical

analyses, we chose 30 years as the moving interval for our

analyses. The results of the moving correlation provide a

useful perspective on the evolution of tree responses to

climate over time.

Results

Mean chronology response to climate change

Two different tree growth patterns are clearly visible

between the two test tree species (Fig. 2). Table 2 shows

the mean standard chronology (STD) at the P. tabuliformis

and S. przewalskii sites. Statistical analyses of the two tree

species ring width STD chronologies indicated that the

P. tabuliformis had larger standard deviation (SD), mean

sensitivity (MS), PC1 (%), and the signal noise ratio (SNR)

values than S. przewalskii, indicating that P. tabuliformis is

more sensitive to climate than S. przewalskii. The mean

width and mean age of S. przewalskii were higher than

P. tabuliformis (Table 2).

The correlation coefficient analysis between both spe-

cies’ mean chronologies and observed mean monthly air

temperature and monthly total precipitation is shown in

Figs. 3 and 4. Figure 3 indicates that the tree-ring width

mean chronology of P. tabuliformis at the TGZ site

responded significantly and negatively to current June air

temperature, but significantly and positively to current June

Fig. 1 Map showing locations of the tree-ring sampling regions and

three meteorological stations (XiNing, MenYuan, and WuShaoLing)

Table 1 General information

on the sample sites and

meteorological stations

(XiNing, MenYuan, and

WuShaoLing)

Site Latitude Longitude Elevation (m) Time interval Cores/trees

P. tabuliformis 36�4905700N 102�3805400E 2,168–2,268 1773–2010 126/64

S. przewalskii 37�0401300N 102�2303900E 2,645–2,740 1621–2010 83/42

XiNing 36�430N 101�450E 2,295 1957–2008

MenYuan 37�230N 101�370E 2,850 1957–2008

WuShaoLing 37�120N 102�520E 3,045 1957–2008
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precipitation. S. przewalskii tree-ring width mean chro-

nology at the XMN site showed a strong and negative

relationship with mean air temperature in the current May

and a significant positive correlation with previous June

and December air temperatures and current May precipi-

tation (Fig. 4). The mean growth response of P. tabuli-

formis and S. przewalskii in May or June was significantly

affected by stress induced from drought.

Individual tree chronologies response to climate change

The individual tree chronologies climate–growth responses

are summarized in Figs. 5 and 6 for the P. tabuliformis and

S. przewalskii sites, respectively. The importance of both

mean air temperature and precipitation is illustrated in the

tree growth dynamics of individual trees (Figs. 5, 6).

Individual tree growth–climate correlations showed that

single tree responses were different from the mean chro-

nology response for some climatic variables but similar for

others. Mean chronology has a significant relationship with

the current June mean air temperature that is significantly

correlated with the highest percentage of individual trees at

the P. tabuliformis site (Fig. 3). The current June mean air

temperature is negatively correlated with the mean chro-

nology (r = -0.303, Fig. 3). Similarly, the largest per-

centages of individual trees (46.9 %) were negatively and

significantly correlated with the current June air tempera-

ture at the P. tabuliformis site (Table 3). More than 37.5 %

of individual trees were also significantly correlated with

the current June precipitation at the P. tabuliformis site

(Table 3) which is consistent with the mean chronology

(Fig. 3).

The highest percentage of individual tree growth–cli-

mate correlations, however, was not consistent with the

mean chronology response to climate factors. For example,

more than 17 (26.7 %), 13 (20.3 %) and 14 (21.9 %)

individual trees significantly responded to the previous

September precipitation, December precipitation, and cur-

rent January air temperature at the P. tabuliformis site,

respectively (Table 3). The mean chronology was not

correlated significantly with the previous September pre-

cipitation, December precipitation, or current January air

temperature at the P. tabuliformis site (Fig. 3; Table 3).

Previous June and December mean air temperatures,

current May mean air temperature, and current May pre-

cipitation showed a large percentage of significantly cor-

related individuals with radial growth at the S. przewalskii

site (Table 3). The mean chronology-climate correlations

are relatively high for the previous June, December and

current May air temperatures (Fig. 4). More than 22 % of

individual trees’ radial growth is correlated significantly

with current September mean air temperature and current

June precipitation, but the mean chronology was not cor-

related significantly with any of these climatic variables at

the S. przewalskii site (Table 3; Fig. 4).

Fig. 2 Standard chronologies

of P. tabuliformis (TGZ (a)) and

S. przewalskii (XMN (b)) and

their corresponding sample

depths

Table 2 Descriptive statistics for the standard chronologies (STD) of

the two study sites

Sites MS SD AC PC1

(%)

SNR Mean age

(years)

P. tabuliformis 0.490 0.456 0.265 70.4 157.5 117 (±28)

S. przewalskii 0.327 0.348 0.364 55.3 73.3 160 (±44)

MS mean sensitivity, SD standard deviation, AC auto correlation,

PC1 % variance in first principal component, SNR signal noise ratio

362 Trees (2013) 27:359–370

123



Time dependence of tree width mean chronology

responses to climate

Moving correlation function analysis was carried out on the

two mean chronologies and the mean air temperature and

precipitation to provide key insights into the evolution of

tree response to climate over time (Figs. 7, 8). The cli-

mate–growth moving relationships for prior December,

current February, March, April and September air tem-

perature and for prior October, November and December

and current January, March precipitation were not signifi-

cant at the 95 % confidence level (Fig. 7). This is to say

that non-significant climate variables in the mean chro-

nology, such as previous December air temperature, cur-

rent February and March air temperature and previous

October precipitation, have a stationary response over time

at the P. tabuliformis site (p [ 0.05; Fig. 7).

In contrast, all of the climate-sensitive variables, and

some non-sensitive variables in the mean chronology, such

as June air temperature and June precipitation, previous

Fig. 3 Correlation coefficients

between the P. tabuliformis
chronology and the monthly

mean air temperatures (black
bars) and precipitation (light
gray bars). Horizontal dashed
lines indicate the 95 %

confidence level

Fig. 4 Correlation coefficients

between the S. przewalskii
chronology and the monthly

mean air temperatures (black
bars) and precipitation (light
gray bars). Horizontal dashed
lines indicate 95 % confidence

level and horizontal dash-dotted
lines indicate the 99 %

confidence level
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October, November and current May, July and August air

temperatures, produced significant transient responses,

which varied markedly within the 50-year period at the

P. tabuliformis site (Fig. 7). As shown in Fig. 7, the

moving correlation coefficients between the P. tabuliformis

tree growth and prior October air mean temperature

increased, then decreased and increased over the time. The

current May, June and August mean air temperatures

exhibited an increased and then decreased correlation trend

with tree radial growth over the time. Precipitation has

changed slightly and fluctuated during past decades and

there are no significant changes (p [ 0.05; Fig. 7).

Most of the non-sensitive climate variables, such as June

and August mean air temperature and January and Febru-

ary precipitation, have a stable response over time at the

S. przewalskii site (Fig. 8). The mean chronology responds

to previous December mean air temperature, current May

air mean temperature and May precipitation significantly

(Fig. 4), whereas these relationships were unstable over

time at the S. przewalskii site (Fig. 8a). It is also clear that

Fig. 5 Correlations between

individual trees at the

P. tabuliformis site with a mean

monthly air temperature; and

b total monthly precipitation.

Each colored line represents a

series of correlation coefficients

of one tree with mean air

temperature and precipitation

from previous May to the

current October; horizontal
dashed lines indicate 95 %

confidence level and horizontal
dash-dotted lines indicate the

99 % confidence level
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Fig. 6 Correlations between

individual trees at the

S. przewalskii site with a mean

monthly temperature; and

b total monthly precipitation.

Each colored line represents a

series of correlation coefficients

of one tree with mean air

temperature and precipitation

from previous May to the

current October; horizontal
dashed lines indicate 95 %

confidence level and horizontal
dash-dotted lines indicate the

99 % confidence level

Table 3 Percentage of trees with significant positive (?) and negative (-) correlations with climatic variables at the P. tabuliformis and

S. przewalskii sites (p = 0.05 significance level)

Current January air

temperature

Current June air

temperature

Current June

precipitation

Previous September

precipitation

Previous December

precipitation

P. tabuliformis 21.9 % (-) (14 trees) 46.9 % (-) (30 trees) 37.5 % (?) (24 trees) 26.7 % (?) (17 trees) 20.3 % (?) (13 trees)

Previous June

air temperature

Previous December

air temperature

Current May/September

air temperature

Current May

precipitation

Current June

precipitation

S. przewalskii 26.8 % (?) (11 trees) 61 % (?) (25 trees) 26.8 % (-) (11 trees)/

22 % (?) (9 trees)

36.6 % (?) (15 trees) 22 % (?) (9 trees)
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there is an increasing trend in the variability of the June

precipitation at the S. przewalskii site (Fig. 8b). Previous

December air temperature was a key variable, producing

highly significant correlation values to radial growth for

the whole time span, despite some variability at the

S. przewalskii site (Fig. 8a).

Discussion

Mean and individual chronologies of P. tabuliformis and

S. przewalskii were found to vary in response to climate in

the eastern Qilian Mountains. This is in agreement with the

results that individual trees often respond to climate

Fig. 7 Moving correlation

function coefficients calculated

between climatic variables

(a temperature; b precipitation)

(from previous October to

current September) and the

mean chronology at the

P. tabuliformis site. Period:

1958–2008; moving window:

30 years. Each point

corresponds to the end of a

30-year interval. The dashed
horizontal lines are the

significance levels (p \ 0.05)
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differently than that predicted from mean growth–climate

correlations (Ettl and Peterson 1995). Correlation analysis

of the mean chronology showed that P. tabuliformis tree

growth was negatively correlated with June air temperature

and positively correlated with June precipitation (Fig. 3),

suggesting that drought stress in June could affect the tree

growth. S. przewalskii mean tree radial growth was posi-

tively correlated with the previous June and December air

temperatures and current May precipitation but negatively

correlated with the current May air temperature (Fig. 4),

suggesting that a dry May could affect S. przewalskii tree

growth. Thus, tree growth is most limited by drought stress

of the growing season in the eastern Qilian Mountains. This

finding is consistent with previous research (Fang et al.

2009). Temperature-induced drought stress during the

growing season was found to limit tree growth. High

temperature in June of the previous growing season

may have a positive effect on the photosynthesis of

Fig. 8 Moving correlation

function coefficients calculated

between climatic variables

(a temperature; b precipitation)

(from previous October to

current September) and the

mean chronology at the

S. przewalskii site. Period:

1958–2008; moving window:

30 years. Each point

corresponds to the end of a

30-year interval. The dashed
horizontal lines are the

significance levels (p \ 0.05)

Trees (2013) 27:359–370 367
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S. przewalskii leading to increased carbohydrate reserves.

These increases in photosynthesis, in combination with

higher December air temperatures that prevent cold dam-

age, can lengthen the growing season and benefit tree radial

growth (Gou et al. 2008).

Statistical relationships pointed to a negative effect of

current June air temperature and a positive effect of current

June precipitation on tree growth at the P. tabuliformis

sample site. However, tree growth responded to current

May temperature negatively and May precipitation posi-

tively at the S. przewalskii site. This begs the question as to

why there is a lag of 1 month in P. tabuliformis tree

growth–climate response compared to S. przewalskii. We

postulate that there are three reasons: (1) inter specific

differences between tree species and their response to

environmental influences (Carrer 2011); (2) the different

altitudes that the trees inhabit; and (3) physiological dif-

ferences between the two species. We have conducted

ecophysiology experiments to find the physiological and

ecological processes of the different tree species of the tree

growth in the eastern Qilian Mountains. In reference to this

last point, some initial research during 1 year has shown

distinct seasonality in photosynthesis rates from S. prze-

walskii photosynthesis with May being significantly higher

than other months in this research area. Moreover,

S. przewalskii photosynthesis has a significant negative

correlation with monthly mean air temperature (r = -0.392,

p \ 0.001).

Correlation analysis of individual trees indicates that

there is a relationship between the increased percentage of

individuals significantly correlated with certain climatic

variables and magnitude of the mean chronology correla-

tion with those particular climatic variables (Table 3). For

example, the tree growth response of 17 trees to previous

September precipitation was significant at the P. tabuli-

formis site; however, there was no significant response in

the mean chronology (Fig. 3). Hence, knowledge acquired

for researching the dynamics of the climate–growth

response at individual tree level, rather than just a single

value from the mean chronology, permits a better under-

standing of tree species and the effect of climate factors on

tree growth.

Individual trees correlation analysis suggests that indi-

vidual tree growth–climate relationships depend on indi-

vidual tree species, tree genetics (Jelinski 1993; Ettl and

Peterson 1995), and environmental factors, such as soil

depth and competition from other plants. This work sug-

gests that tree-ring researchers do not choose the tree

samples randomly to capture the enhancement of climate

signals when building a chronology, but should select the

tree cores which responded to climate factors consistently.

This is to say that a better understanding of the relationship

between individual trees and climate factors would be

useful when building a chronology. Such an individual tree

analysis would involve: (1) determination of individual tree

growth–climate relationships; and (2) a site-specific clas-

sification of trees that are clustered into different groups

and sub-chronologies based on the correlation coefficients

with the climate factors. If tree growth of individual tree-

ring cores within a site shows different tree growth patterns

(e.g., significantly or non-significantly respond to climate),

the traditional methodology of building the chronology at

the site level from a population of tree-ring series could

lead to a reduction or loss of the climate signal. Past

research has shown that a chronology based on similarly

reacting single trees from a particular site increased the

ability to detect climate sensitivity (Zhang et al. 2008).

Thus, the stratification and temporal variability of tree

growth and its response to climate change at the individual

tree level are important when reconstructing the past cli-

mate change.

Moving correlation functions assess the dynamic nature

of the relationships between the tree growth and climate

variability in detail. There seems like a general stable

response to climate factors for most of the variables

affecting tree radial growth less significantly, but a major

time-dependent change for the variables affecting tree

radial growth more significantly, which introduce a sig-

nificant and paradoxical bias in time-independent growth–

climate-related quasi-linear models. Thus, in climate

reconstruction, e.g., an under- or overestimation of the

reconstructed climate factors could occur depending on the

selected time period, which is in contrast to the uniformi-

tarian principle.

Figure 7 showed that the influences of the June tem-

perature and precipitation on P. tabuliformis radial tree

growth are decreasing; Fig. 8 showed that the influences of

May temperature and precipitation on S. przewalskii tree

growth are increasing. The drought stress is more prob-

lematic for S. przewalskii than P. tabuliformis, partly

because of the poor water-holding capacity at the higher

altitude S. przewalskii site. The unstable relationships over

time between the trees’ mean growth and climate factors

might have been caused by different combination of cli-

mate factors (e.g., temperature and precipitation) (Zhang

et al. 2008), but this view has yet to be substantiated. The

varying relationships between tree growth and climate over

time highlight the fact that there appears to be some

inconsistency between our results and the principle of

uniformitarianism, which could affect reconstruction of

past climates and corresponding forecasts of forest suc-

cession, biomass, and carbon storage on the basis of tree

rings (Briffa et al. 1998; Barber et al. 2000).

Our results showed that tree growth–climate relation-

ships are variable over the time at P. tabuliformis and

S. przewalskii sites in the eastern Qilian Mountains. Most
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dendrochronological studies have focused on the mean tree

growth response to climate using the same period’s

observational climate date for climatic reconstructions

(Fritts 1976; Cook et al. 1992; Esper et al. 2002). Inter-

pretation of growth–climate relationships based on indi-

vidual tree-ring chronologies over time is limited. Thus, in

order to satisfactorily reconstruct past climates at a par-

ticular site, we must understand: (1) the variation in growth

among individuals and on average for representative tree

species; and (2) the relationships between the trees growth

and climate variables varying over the time.

Conclusion

This work has examined the temporal variability of

P. tabuliformis and S. przewalskii growth and their asso-

ciations with climate for individual tree-ring chronologies

and mean chronologies within sites in Qilian Mountains,

northwest China. The findings of this study: (1) suggest

that it is necessary for dendrochronologists to investigate

the individual tree growth at the tree level instead of site

level and its response to climate before building a mean

chronology at a particular site; (2) affirm that moving

correlation analysis has documented the dynamic nature of

mean chronology response to climate over time, implying a

probable deviation from the uniformitarian principle

applied to climate–growth relationships; and (3) individual

tree responses to climate could represent a starting point for

realizing that it is necessary to examine the homogeneity of

the individual tree-ring series over time in one sample site

prior to establishing a chronology. Even though the results

of the present study are geographically limited and repre-

sent only two tree species, we contend that individual tree

analysis appears to be worthwhile tool to accurately rep-

resent existing climate variables for dendroclimatology

research. Our results also indicate that the time-dependent

instability of climate growth relationships should be taken

into account to reconstruct quality and reliability of climate

signals.
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