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Climate signals recorded by Picea wilsonii tree-ring density over 220 years in the eastern section of 

Qilian Mountain, China 

 Jing Zhang, Long Ma*, Tingxi Liu, Bolin Sun, Yingnan Wei, Ziyue Zhang  

Abstract: Global climate change has had a profound impact on the ecological environment and 

economic and social development. Therefore, research revealing the pattern of climate change over a 

long historical period is urgently needed. This paper analyses and studies the characteristics of climate 

change in the typical area of the eastern Qilian Mountains (Xinglongshan area) over more than two 

centuries using the chronological data of the maximum latewood density of Picea wilsonii in this area. 

Correlation analysis of the modern hydroclimatic data revealed that there was a significant positive 

correlation between the chronology and the mean annual temperature (r = 0.77, P < 0.001). Based on 

these data, we reconstructed the mean annual temperature of the study area for the period of 1801–2020. 

Characteristic analysis revealed that the reconstruction results of the mean annual minimum temperature 

are reliable. The study area has experienced 3 warm periods and 3 cold periods in the past 220 years, 

during which the cold period in the 19th century and the warm period in the 20th century were both 

consistent with recorded historical data. The cycle analysis results showed that the reconstructed mean 

annual temperature series exhibited cycle distribution characteristics of 11~16a, 36~45a, and 65~70a. In 

addition, large-scale spatial correlation analysis revealed that the reconstructed series could also reveal 

the climate change characteristics of the area around Xinglong Mountain. The mean annual temperature 

series for typical areas in the eastern section of the Qilian Mountains reconstructed in this paper reveal 

the climate change characteristics of this area during the historical period and provide references for 

global climate change studies. 

Keywords: Eastern section of the Qilian Mountains; maximum latewood density; temperature 

reconstruction; dendroclimatology  

 

 Since the Industrial Revolution, the world has experienced climate change characterized by global 

warming. An increase in the global average temperature is accompanied by the frequent occurrence of 

extreme climatic events, such as snowmelt and glacial retreat, which have presented enormous threats 

and challenges to human survival and development (Hennessy et al.2022; Nunes et al.2022). According 

to China’s climate change assessment report(Chao et al.2023), against the background of climate 

warming, the frequency and intensity of extreme climate events in China are significantly increasing, 



which has had a profound impact on China’s economic and social development, water resources, and 

ecological environment(He et al.2019). Climate change studies are a research hotspot in modern society 

(Yang et al.2021). Most meteorological stations in western China were established after the 1950s, which 

hindered the assessment of current climate change characteristics and patterns from a long-term 

perspective. However, tree rings can be used accurately reconstruct climates with strong continuity and 

high resolution, and they provide a geographic distribution. Therefore, the extensive range and good 

replication of meteorological data(Uttam et al.2023; Zachary et al.2022) are widely used in climate 

change studies over long historical periods(Chen et al.2023). 

 The Qilian Mountains are approximately 85 km long from east to west. These mountains  are in 

the arid and semiarid region at midlatitudes. They are part of the famous high mountains in Northwest 

China. This area is affected by the summer monsoon near the end of its cycle, and the area is very 

sensitive to climate change. Therefore, the Qilian Mountains are considered to be one of the key regions 

for the study of dendroclimatology (Wang et al.2018; Xia et al.2017). The Xinglong Mountains, located 

in the eastwards extension of the Qilian Mountains, are a typical area in the eastern monsoon region. 

These mountains are located at the westernmost edge of the eastern monsoon region. With the influence 

of the confluence of species, the ecological environment has become extremely sensitive and fragile, and 

since climate reconstruction results have been lacking throughout the country’s long history, it is 

necessary to perform dendrochronology research here. At present, tree-ring climatology studies in typical 

areas of the eastern Qilian Mountains have focused mainly on tree-ring width; for example, one study 

showed that there is a significant negative correlation between the chronology of tree-ring width and 

temperature in this area(Jiao et al.2021; Liu et al.2021; Zhang et al.2011). These findings indicate that a 

continuous increase in temperature can inhibit the growth and development of plants. In addition, to 

analyse the changes in wetting and drying in this area, the millennial scale  precipitation and drought 

indices reconstructed using the tree ring width chronology was analysed(Jiao et al.2021; Tian et al.2012; 

Zhang et al.2021). The results showed that tree growth was limited by drought stress, and the growth of 

the plants significantly decreased. There are relatively few studies using the maximum latewood density 

(MXD) of tree rings to reconstruct the hydrometeorological elements in this area, so it is necessary to 

use this tree ring indicator to develop relevant studies. 

As an important parameter of tree rings, the MXD has a strong ability to record the mean 

temperature of trees growing in arid and semiarid areas (Esper et al.2018; Gou et al.2023; Timothy et 



al.2004). In comparison to more extensive climate reconstructions based on the mean width chronology, 

the MXD record usually contains less biological memory(Hartl et al.2022) and can better reconstruct the 

temperature and provide more accurate temperature change trends(Franke et al.2013); the MXD 

chronology is useful for preserving climate change throughout history; therefore, the reconstructed data 

that use this indicator can be used to assess volcanic activity(Briffa et al.2019), sunspot 

movement(Luckman et al.2005), greenhouse gases(Buntgen et al.2011)Error! Reference source not found. , or even 

orbital drive(Zheng et al.2023) impacts on climate change. Therefore, in this study, the typical area of 

the eastern section of Qilian (Xinglong Mountain area) was used as the study area for carrying out tree-

ring climatology studies with the MXD of tree rings to fill the research gap on this tree-ring indicator 

and to accurately determine the trend and characteristics of temperature variation in the eastern section 

of the Qilian Mountains against a long-term historical background. 

In summary, the purposes of this study are described as follows: (1) to establish a tree-ring MXD 

chronology for the eastern extension of the Qilian Mountains to determine the response relationship 

between the MXD chronology and climatic factors, (2) to reconstruct the chronology of the past 220 

years in the study area, and (3) to analyse the change pattern of the reconstructed series of climatic 

elements in the past long historical period. 

 1. Materials and methods 

 1.1 Overview of the study area 

 The study area is located deep in the hinterland of East Asia in the Xinglong Mountain National 

Nature Reserve in Yuzhong County, Lanzhou city, Gansu Province. Xinglong Mountain is part of the 

eastern extension of the Qilian Mountain system, the mountain is about 37 kilometres long and 17 

kilometres wide, the terrain is high in the south and low in the north, with an elevation of between 2000 

and 3600 meters. Xinglong Mountain is rich in forest resources, of which the spruce forests are the key 

objects of protection, with a canopy density between 0.7 and 0.8. The study area is at the westernmost 

end of the eastern monsoon region, i.e., the end of the monsoon region. It also has a significant continental 

climate with four distinct seasons and heat and precipitation in the same season. The frequency of 

precipitation is uneven and mostly concentrated between July and September, and precipitation accounts 

for approximately 55% of the annual precipitation (based on the data from the Yuzhong Meteorological 

Station, the data are from the National Meteorological Information Center http://data.cma.cn/). 

http://data.cma.cn/


 

Figure 1 Overview of the study area 

 1.2 Tree-ring sample collection and chronology construction 

Picea wilsonii is a tree plant of the genus Picea in the family Pinaceae that is mainly distributed in 

Inner Mongolia, Shaanxi, and Gansu provinces. This species often grows in areas at an altitude of 

1400~2800 m; it is a photophilic plant, tolerates little shade, and thrives in a cool climate. It is suitable 

for growing in neutral, acidic or slightly calcic soils (Wang et al.2017). The sampling standards of the 

International Tree-Ring Data Bank (ITRDB) were strictly followed. Sixty sample cores from 30 trees 

were collected in September 2021 at an average altitude of 2280 m along Xinglong Mountain. The 

sampling cores were numbered, placed in a perforated ventilated PVC pipe and then brought indoors to 

dry naturally. After the sample core was completely dry, it was polished with sandpaper from coarse to 

fine grains until the surface of the sample core was smooth, and even cross-dating was performed by 

WinDENDRO software (accuracy: 0.001 mm). Then, the COFECHA program (Holmes et al.1983) was 

used to check the cross-dating quality, and the sample cores with poor quality and large differences from 

the main sequence were excluded. Finally, 56 sample cores from 30 trees were selected for tree-ring 

density analysis. The sample core was cut into thin slices with a thickness of 1.00±0.02 mm with a rotary 

slicer (Mcllwain). The thin slices were scanned by X-ray, and density analysis was performed on the X-

ray film using tree-ring density analysis software (WinDENDRO Density 2022) to determine the density 

of each X-ray film. Seven tree ring parameters were employed in this study (mean tree ring width, 



earlywood width, latewood width, average earlywood density, average latewood density, minimum 

earlywood density, and MXD). 

  The MXD indicator was detrended using the polynomial function method(Cook et al.1994) in the 

ARSTAN procedure(Cook et al.1986), and the detrended results were synthesized by the biweight mean  

method to obtain the MXD chronology. Subsample signal strength (SSS) is a parameter used to determine 

the start year of a chronology. Generally, the first year with SSS>0.800 is taken as the starting year of the 

chronology. We used statistical feature values, such as correlation coefficients, to assess the quality of 

the chronology. 

 

Figure 2 Chronological table and sample sizes of Picea wilsonii  MXD in the Xinglong Mountains 

area, China 

 1.3 Climatic data 

In this study, annual and monthly data on average temperature, average minimum temperature, 

average maximum temperature and average precipitation were collected from 1951 to 2016 at the 

Yuzhong meteorological station (35°52′N, 104°8′E, 1874 m above sea level). Data were obtained from 

the China National Meteorological Information Center (http://data.cma.cn/). 
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Figure 3 Monthly means with 3 types of temperatures and a distribution map of precipitation at the 

Yuzhong meteorological station from 1951 to 2020 

 1.4 Data analysis  

 (1) Using the Pearson correlation method(Keyimu et al.2020) ,  the correlation between the above 

meteorological data and the MXD chronology was analysed. 

 (2) Using a linear regression model(Liu et al.2019), a reconstruction equation was created as 

follows: 𝑦 = 𝑎𝑥𝑖 + 𝑏 

 where 𝑥𝑖 is the tree ring density chronology, y is the reconstructed climatic factor, and a and b are 

the coefficients in the equation. 

 (3) The split–sample calibration test was used(Wang et al.2021). The completeness and reliability 

of the model were tested. This test is a commonly used method in tree ring meteorology. The statistical 

parameters used included the correlation coefficient (r), R-squared (R2), sign test (ST), and reduction 

error analysis (RE), effectiveness coefficient test (CE), and product mean test (t). 

 (4) The Mann–Kendall nonparametric statistical method was used(Zhao et al.2021) for a 

temperature abrupt change test on the reconstructed temperature series. 

 (5) The variation coefficient CV was used to represent the severity of the temperature change(Wang 

et al.2022), and the calculation formula is given as follows: 

𝐶𝑉 = | 𝑆𝐷𝑀𝑁| 
 where SD is the standard deviation and MN is the mean value; a larger value of C V indicates more 
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severe temperature change. 

 (6) The mean and standard deviation (σ) of the reconstructed series are known. The years with 

temperatures higher than the mean+σ are defined as warmer years, and the years with temperatures lower 

than the mean−σ are defined as colder years. The year +1.5σ is defined as an extremely warm year, and 

the year with temperatures lower than the mean−1.5σ is defined as an extremely cold year. 

 𝜎 = √1𝑁 ∑ (𝑁𝑖=1 X𝑖 − 𝜇)2 

 where 𝜎 is the standard deviation, X i is the corresponding temperature in the i-th year, 𝜇 is the 

mean value, and N is the number of samples (numbers). 

 (7) Morlet wavelet analysis was performed using MATLAB software(Venugopal et al.1996) to 

explore the change period and specific distribution age of the reconstructed series. 

 2 Results and analysis 

 2.1 Analysis of the chronological characteristics of tree rings with MXD  

 Table 1 shows the statistical feature values of the standardized chronology obtained from the 

analysis of the ARSTAN program. The first-order autocorrelation coefficient (Rac) can reflect the effect 

of climatic elements on the radial growth of trees in the current year, and the first-order autocorrelation 

coefficient of the MXD chronology is at the medium level. The results indicated that the hydroclimatic 

elements in the Xinglong Mountains area in the previous year had a certain continuous influence on the 

growth of Picea wilsonii in that year(Khasanov et al.2021). A higher mean sensitivity (MS) indicates that 

the MXD chronology contains more climate change information; thus, the reliability of reconstructing 

past climate change is also greater. Additionally, there are synchronous changes in the sample series. A 

larger value indicates stronger synchronization of the sample series and a stronger restriction of 

hydroclimatic elements on tree growth. The MXD chronology is strong in this respect, indicating that 

the MXD year can reflect more hydroclimatic signals. Based on the calculation of subsample signal 

strength (SSS), the years used by the MXD chronology to reconstruct past hydroclimatic elements are 

1801~2020 AD. 

 Table 1 Statistical indicators and values of the MXD chronology in the Xinglong Mountain area 

Statistical 

parameter 
T/C MS SD Rac PCI SNR Rbt Y/Csss＞0.80 

MXD 30/56 0.498 0.325 0.311 54.7% 43.4 0.193 1801/2 

Note: T/C tree (T)/core tree (C), mean sensitivity of MS, standard deviation of SD, first-order 

autocorrelation coefficient of Rac, Y/C sss>0.80 (first-year and year when subsample signal intensity >0.80), 



SNR signal-to-noise ratio, Rbt inter-tree mean correlation coefficient, and PCI first eigenvector 

percentage. 

 2.2 Relationships between tree radial growth and climate 

The 1951–2020 tree-ring MXD chronology data and instrumental data were used in this study. 

Pearson correlation analysis was performed to investigate the response of the tree density indicator to 

climatic factors. The results revealed that there was a strong positive correlation between the MXD 

chronology and the three temperature types at the interannual scale (P<0.001), and the correlation with 

the mean temperature was (r =0.770, P<0.001) >mean maximum temperature>mean minimum 

temperature. Similarly, the magnitude of the response to the precipitation factor over the same period 

was weak. Failing into the 95% confidence level, precipitation had a relatively nonsignificant limiting 

effect on the latewood density of Picea wilsonii. In terms of seasons, the three types of temperature had 

certain effects on tree growth, and the correlation coefficients in summer and autumn both passed the 

0.05 significance level. The MXD chronology had a weak relationship with the three types of temperature 

responses from October to February, and the correlation coefficients did not reach the 95% confidence 

level. The three types of temperatures in the remaining months were significantly positively correlated 

with the chronology (P<0.05). The correlation on the scale did not pass the 0.05 significance level, again 

demonstrating that precipitation is not the main limiting factor for tree growth. In summary, temperature 

plays an important role in the growth process of Picea wilsonii, with a strong correlation occurring on an 

annual scale and revealing the most significant mean annual temperature. 

 

 Figure 4 Correlations between the tree ring index of Picea wilsonii and meteorological data from 1951 

to 2020 

 2.3 Reconstruction and characteristic analysis of the mean annual temperature 



 2.3.1 Reconstruction of the mean annual temperature 

 According to the results of the correlation analysis between tree radial growth and climate, the 

maximum LW density of Picea wilsonii was mainly affected by the mean annual temperature. The scatter 

plot of the tree ring MXD index and observed mean annual temperature from 1951 to 2020 showed a 

linear distribution. Therefore, the MXD index and Tave were selected as the independent and dependent 

variables, respectively, and the linear regression model was used to analyse the mean annual temperature 

of Xinglong Mountain over the past 220 years (1801~2020), and the reconstruction equation is given as 

follows: 𝑦𝑖 =  2.333𝑋𝑖 + 4.581 

 (r =0.770, N=70, R 2 =0.593, R 2 adj=0.593, F =75.278, p <0.0001) 

 where 𝑦𝑖  is the mean annual temperature (℃) of the No. 𝑖 year, and 𝑋𝑖 is the MXD index of the 

tree ring. 

 Figure 5 shows a comparison of the reconstructed and measured values of the mean annual 

temperature. The reconstructed series of mean annual temperature fit well with the measured series, and 

the temperature fluctuations were generally consistent (Fig. 5a). Fig. 5b further shows the close 

relationship between instrumentally measured temperature and reconstruction temperature during 1951–

2020, with a significant positive correlation between the two. The inspection results of the testing 

according to period are shown in Table 2. In this test, the series was evenly divided into two periods, i.e., 

1951~1985 and 1986~2020, which served as the test period and the calibration period, respectively. 

During the test period, the error was reduced in each period. Both the RE and the effective coefficient 

(CE) were positive, and the reduction error (RE) values were both greater than 0.5, indicating that the 

regression model has good predictive ability(Zeng et al.2022). The sign test of the first-order difference 

and the sign test of the original value both reached the significance level of 0.01, indicating that the 

reconstructed series and the measured series have good consistency in terms of the change trend; the 

correlation coefficient (r) and the mean product (t) both passed the significance test of 0.01, indicating 

that the two have good correlation. In summary, the reconstruction equation passed all the statistical 

parameter tests, and the fitting results of the reconstruction series and the measurement series were 

satisfactory; therefore, the reconstruction equation can be used for the reconstruction of the 1801–2020 

mean temperature of Xinglong Mountain. 



 

Figure 5 Comparison of the measured and reconstructed mean annual temperatures at the Yuzhong 

meteorological station 

 Table 2 Characteristic parameters of the reconstruction equations 

  

Calibration

（1951~1985） 

Verification

（1986~2020） 

Calibration

（1986~2020） 

Verification

（1951~1985） 

Calibration

（1951~2020） 

r 0.662 0.602 0.602 0.662 0.765 

R2 0.437 0.362 0.362 0.437 0.585 

CE 
 

0.286 
 

0.230 0.226 

RE 
 

0.563 
 

0.531 0.628 

ST 
 

32+/3- 
 

28+/7- 58+/12- 

ST1 
 

25+/9- 
 

28+/6- 58+/11- 

t 
 

4.504 
 

4.687 7.391 

F 40.428 
 

32.433 
 

75.278 

2.3.2 Analysis of the characteristics of the reconstructed mean annual temperature series 

Figure 5 shows the reconstructed series of the mean annual temperature in the Xinglong Mountains 

over the past 220 years and the analysis of its temporal variation characteristics. The mean of the 

reconstructed mean annual temperature series is 6.746°C, and the standard deviation (σ) is 0.607°C. The 

reconstruction was performed using the Mann‒Kendall nonparametric statistical method. A temperature 

abrupt change test was performed for the series. The results showed that the whole series had abrupt 

changes in 1811, 1823 and 2008; there were 3 warm periods and 3 cold periods in the whole series, which 
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accounted for 22.73% and 17.27% of the reconstruction years, respectively; and there were 10 extremely 

cold years and 14 extremely warm years, accounting for 4.55% and 6.36%, respectively, of the whole 

series. 

 Fig. 5b shows that after smoothing the mean annual temperature for more than two centuries in the 

study area, after being smoothed by a 20-year low-pass filter, the reconstruction was completed. The 

sequence was divided into five periods: abundant, dry, abundant, dry, and abundant. First, from 

1801~1817, the mean annual temperature rose rapidly from the normal temperature, and the first abrupt 

change in the full series occurred during this period, with very warm years occurring sporadically and a 

significant cycle of 65~70 a; 1817~1855 was the period of temperature decrease. During this period, the 

coefficient of variation in the mean annual temperature during this period was the largest in the whole 

series (C V =0.083). The second abrupt change occurred in the early stage of temperature decline. This 

period included a longer cold period, which accounted for 26.32% of the cold period years. The duration 

is 10a, while the extremely cold year is only one year. There was also a significant large-scale cycle of 

65~70a, accompanied by the 21~25a mesoscale cycle of the present study. In the second half of the 19th 

century, the mean annual temperature in the study area was low for the first 20 years, and it was in a cold 

period between 1857 and 1866; then, the reconstruction temperature rose again, and the multiple warm 

years concentrated around the early 20th century. Due to the greater degree of series fluctuation in this 

period (C V =0.068), the significant large-scale period 65~70a still existed, and the small-scale period 

11~16a significantly developed compared with the previous period. From the early 20th century to the 

present, the reconstructed temperature series did not appear. Therefore, the large-scale significant period 

disappeared completely, the mesoscale period with a=36~45 gradually became significant, and the 

reconstructed temperature for the first half of the 20th century began to decline again at a rate of 

0.019℃/a and for duration of 42 years. Many extremely cold years appeared in the 1960 s and 1980 s, 

and they exhibited the longest cold period (18a) in the whole series. Due to the influence of global 

warming, the reconstructed temperature after the 1980s experienced a third temperature increasing 

process (C V =0.073), and a longer warm period and many extremely warm years appeared in the early 

part of this century, especially during 2010~2020, when there were 10 consecutive warm periods and 2 

extremely warm years. 



 

Figure 6 Variation characteristics of the reconstruction series of the mean annual temperature in the 

Xinglong Mountains area 

 3. Discussion 

 3.1 Responses of tree ring density to climatic factors 

 The MXD of Picea wilsonii has different responses to different climatic factors. During July-

August, the radial growth of tree cells and the growth of branches and leaves in arid and semiarid areas 

were basically completed, and the latewood development of the trees began to undergo the photosynthetic 

accumulation stage. A higher temperature is conducive to the synthesis of photosynthetic substances in 
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trees, provides more nutrients for cell wall thickening, and tends to result in a greater density of late 

wood(Hartl et al.2022; Rathgeber et al.2016). When the temperature is relatively high from August to 

September, the available water or water use efficiency of trees decreases. Water scarcity causes the 

closure of leaf stomata, impairs the radial growth of cells, reduces the demand of trees for photosynthesis, 

and causes trees to store more photosynthetically. The photosynthetic accumulation of trees mainly acts 

by thickening the cell walls of latewood cells in tree rings(Chen et al.2019; Römer et al.2021). The study 

area is part of the typical temperate continental arid climate zone, with hot and dry summers. Therefore, 

the correlation between the MXD chronology and the temperature in June–August was much greater than 

that in other months. Although the precipitation is mainly concentrated between June and August, the 

evaporation during this period is greater due to the higher temperature. Therefore, precipitation has little 

effect on the MXD during this period (Julio et al.2023). After September, the gradual decrease in 

temperature and the decrease in sunshine duration cause trees to enter a dormant state. Low temperature 

will affect the rate of chemical reactions in trees and prevent them from carrying out biological activities, 

such as photosynthesis(Chen et al.2019; Esper et al.2020). Moreover, a reduction in light time limits the 

growth and energy acquisition of trees; after winter, the physiological activities of trees nearly stop, and 

the woody cells in the tree cambium stop dividing(Duan et al.2010) until the spring of the second year; 

therefore, the correlation between the chronology of the MXD and temperature from October to January 

of the second year was not significant. This phenomenon was consistent with what has been observed in 

northern Daxing’sanlings(Sun et al.2012), Southern Tianshan(Li et al.2023) and the Southeastern 

Qinghai‒Tibet Plateau(Li et al.2016). 

 3.2 Comparison of the reconstructions of the mean annual temperature and the results of other 

reconstructions 

 The reliability of the reconstruction results can be verified based on long-term temperature records 

from adjacent areas and areas at the same latitude. The reconstructed temperature series for the adjacent 

area is the mean temperature for July reconstructed based on the Picea crassifolia  width chronology in 

the eastern Qilian Mountains(Gao et al.2015). The reconstructed temperature series at the same latitude 

over the past 1000 years were reconstructed based on the Juniperus przewalskii width chronology in the 

central Qilian Mountains(Liu et al.2007); for the same latitude on the Qinghai‒Tibet Plateau, 

reconstructions of the winter minimum temperature and summer maximum temperature for the past 4.5 

centuries were constructed based on the common juniper width data(Gou et al.2008). 



 Five groups of reconstructed series were subjected to 20-year low-pass filter smoothing and cold 

and warm periods. Overall, the five groups of temperature reconstruction series were all in the 

temperature decreasing phase during the mid-19th century and the early-to-mid-20th century. With the 

influence of warming, the five reconstructions since the 1980s were all in the rapid temperature increase 

phase. However, in the early 19th century, the mean annual temperature in the Xinglong Mountains, the 

average temperature in July in the eastern part of the Qilian Mountains, and the highest temperature in 

the summer on the Qinghai‒Tibet Plateau all captured this phenomenon of temperature increase, while 

the mean annual temperature in the central Qilian Mountains and the minimum temperature in the 

Qinghai‒Tibet Plateau in winter slightly decreased during this period. Similarly, from the 1880s to the 

1920s, the results of this reconstruction and the mean annual temperature in the central Qilian Mountains 

showed an upwards trend, with these reconstruction series showing a large degree of variation 

accompanied by many very warm years. In the two temperature reconstructions of the Qinghai‒Tibet 

Plateau (Figure 7c, d), the warming trend was not shown during this period, while the eastern Qilian 

Mountains showed a decreasing trend in temperature. These differences may be caused by regional 

differences and the selection of tree species. These differences are due to differences in reconstruction 

scale. In summary, the reconstruction results at this time and the reconstruction results for the eastern 

Qilian Mountains in the adjacent area are roughly the same for both the change trend and the division of 

cold and warm periods. There are fewer periods with the same division of cold and warm periods as in 

areas farther away but at the same latitude, but both periods show a trend towards the second half of the 

20th century. The warmer leaf temperature characteristics indicate that the reconstruction of the mean 

annual temperature can reveal the characteristics of climate change in this region. 



 

Figure 7 Comparison of these reconstruction results and other reconstruction results 

 The reliability of the reconstruction results was further validated, and the reconstruction results 

were compared with those of the Gansu Meteorological Disaster Dictionary(Wen 2005). For comparison, 

according to historical records, severe cold and frost are important disastrous weather conditions in 

Gansu Province. In the very cold years and the colder years recorded in this reconstruction, we found 

that there were multiple years corresponding to them, such as 1833 and 1864. In April 1927, heavy 

snowfall and frost disasters occurred in Qingyang city, Gansu Province; additionally, the planted grains 

experienced frost disasters, and grain production decreased. In 1841, March 1863 and September 1863, 

many places in Gansu Province experienced frost disasters, a large number of crops were damaged, and 

people were no longer able to survive. In 1842 and May 1928, Tianshui and Lanzhou were both struck 

by frequent frosts, the autumn harvest was not completed, the farmers' harvests were poor, and there was 

not enough ground available for grain. In April 1951, the temperature in the central and northwestern 

regions of Gansu Province was 1~3 °C lower than that in previous years. Wind and snow cooling and 

frost occurred, and many places experienced severe frost damage. In addition, historical data have 

recorded warm and cold changes in Gansu Province over the past 5000 years. The climate of Gansu 

Province is considered to have experienced four warm periods and four cold periods, with a cold period 
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of 1797~1870 and a warm period of 1871~1923. The warm and cold periods recorded in the reconstructed 

series matched each other. The years with colder temperature reconstructions in the study area all 

included records of natural disasters, such as snowstorms, cold waves, and frost, which strongly 

supported the accuracy of the reconstruction results. 

 3.3 Space representative analysis of the reconstruction series of the mean annual temperature 

To test the spatial representativeness of the reconstructed temperature series of the Xinglong 

Mountains, the CRU TS4.04 grid observation dataset underwent spatial correlation analysis with the 

observed and reconstructed mean annual temperature series (1951~2020). The results show that the mean 

annual temperature is the reconstructed series, and the observation series have good spatial consistency. 

Spatial correlation analysis between the actual measurement series of the mean annual temperature and 

the corresponding CRU grid points revealed that there was a significant (p<0.0.5) correlation field across 

nearly the entire Qilian Mountains, Xinjiang, and Mongolia, especially near the study area. There was a 

significant correlation between the two levels (r =0.68, n=70, p<0.001). In addition, the spatial 

correlation between the reconstructed mean annual temperature and the corresponding grid point 

temperature during 1951–2020 revealed that a significant (p<0.05) correlation also covered a large area; 

however, compared with those in the measured series, the ranges of areas with large correlations were 

smaller. These results indicate that our reconstruction series can be used to accurately reconstruct the 

interannual temperature variation during the long historical period in the high-frequency domain of the 

eastern Qilian Mountains. 

 

Figure 8 Spatial correlation analysis of the instrumental data and reconstruction data of the 1951–2020 
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mean annual temperature in the Xinglong Mountain area and the CRU grid data 

 4 Conclusions 

 (1) In this study, the chronology of tree ring density data for the years 1765-2020 was established 

using Picea wilsonii , and the correlations between tree ring density and temperature and precipitation 

were investigated. The analysis results showed that the radial growth of Picea wilsonii was closely related 

to the mean annual temperature (r = 0.77, p<0.001), which has clear physiological significance for trees. 

(2) The mean annual temperature series for the Xinglong Mountains between 1801 and 2020 were 

reconstructed using the Picea wilsonii MXD chronology, and the reconstructed series exhibited good 

reliability (RE=0.728, CE=0.226). The reconstruction results reveal that over the past 200 years, the 

mean annual temperature in the Xinglong Mountains has experienced 3 warm periods (1813~1822, 

1896~1912, 1998~2020) and 3 cold periods (1833~1842, 1857~1866, 1967~1984), and there are also 

significant cycles of 11~16a, 36~45a, and 65~70a. 

 (3) The Picea wilsonii  tree ring density chronology established in this paper has enriched the 

global tree ring bank. The mean annual temperature series over a long period of time was reconstructed 

in the Yanshan area (Xinglong Mountain) east of the Qilian Mountains. The spatial representation of 

regional temperature change has been good, revealing the climate change characteristics of the Xinglong 

Mountains over the past 200 years, which is helpful for obtaining a better understanding of regional 

climate change and provides references for future research. 
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