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Climate Change over Southern Qinghai
Plateau in the Past 500 Years Recorded in
Sabina Tibetica Tree Rings
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Abstract Two tree ring-width chronologies of Sabina tibetica werc developed based on cores
sampled in Qumalai and Zhiduo, southern Qinghai Plateau. The response function analysis showed
that the chronologies were sensitive to temperature and precipitation from April to June in the plateau.
Moisture index (MI) was defined, reconstructed and extended back to AD 1550. The cross-validation
method was used to check the stability of the calibration equation, and the result indicated that the
equation was stable. Six severe dry periods were found in this region in the past 453-year
reconstruction, which were 1592 to 1610, 1649 to 1665, 1687 to 1697, 1740 to 1750, 1818 to 1829
and 1918 to 1933. Five severe wetting periods were 1669 to 1682, 1700 to 1709, 1800 to 1814, 1898
to 1909 and 1935 to 1950. Spectrum analysis indicated that there existed long-term cycles of 60. 4 and

53.4 a, solar cycle of 11 a and short-term cycles of 8, 6 and 4 a in the reconstructed series.

Keywords : southern Qinghai Plateau tree-ring chronology reconstruction moisture index

The southern Qinghai Plateau with an average height of 3500 m A. S. L. is located in the
northeastern part of the Tibetan Plateau. Being a part of the Tibetan Plateau it is with a huge
surface and complex topographic conditions. The climate changes over the plateau play an
important role in global change. On one hand, the climate, the eco-environment and the
landscape in the plateau are quite sensitive to the global change. On the other hand, the change
itself may have an influence on the climate around its vicinity or even far from the plateau
areas. It has been shown that the plateau was the start-up region of climate change of East Asia
in decadal scale!’?, Therefore, the study of climate change in the plateau in historical period is
of importance. Sparse meteorological stations and short periods of the observations, however,
limit the researches of climate change and its forcing over the Qinghai-Tibetan Plateau. With
the rapid progress of dendroclimatology, tree-ring record has become one of the most
important proxy of climate and has been used to study climate change all over the World> *.
There has been also great progress in China using tree-ring data to study the past climate
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change since the 1930s. Wu Xiangding et al. '’ reconstructed temperature and precipitation in
central Tibet using four tree-ring chronologies. The scientists from the Institute of Geography
of the Chinese Academy Sciences reconstructed a series dated back to AD 1650 of the anomalies
of the mean minimum temperature in winter over westerm Sichuan Plateau™. The
reconstructions and development of tree-ring chronologies in Qinghai Province began in late

6. 73 Afterwards, many

1970s and early 1980s with the research region in the Qilian Mountain
tree-ring chronologies have been developed such as the 1835-year-long chronology of Dulan®,
the chronology from the Qilian Mountain dated back to AD 1310{*?and several thousand-year-

(191 However, there is no tree-ring

long tree-ring chronologies in eastern Qadamu Basin
chronology from southern Qinghai Plateau due to its high cold mountain with scare forest
distribution. In this paper, based on tree-ring samples collected from Qumalai and Zhiduo, we
developed two 500-year ring-width chronologies in the southern Qinghai Plateau and
reconstructed a moisture index series for the study area. This will provide basic data for

studying the historical climatic change of Qinghai-Tibetan Plateau.

1 Samples and chronology development

Climate in the study area is cool and humid due to the high elevation. The forest there is
dominated by Sabina tibetica and sparsely distributed along the bank of the lower reaches of

[ Two tree-ring sites

the Tongtianhe River and the upper reaches of the Lancang River
sampled are located at Dongfeng township, Qumalai County and Lixin township, Zhiduo
County in Yushu State, southern Qinghai Plateau respectively. The distance between the two

sites is about 130 kilometers. Table 1 lists the locations, sample depth and time span of the

two sites.
Table 1 Sites information in the southern Qinghai Plateau
Sample depth
Site name Site code Latitude(N) Longitude(E) Elevation(m) Time span
(trees/cores)
Qumalai QML 33°48’ 96°08' 4060 29/57 1480—2002
Zhiduo ZHD 33°43' 96°17' 3950 27/54 1374—2002

Since the sites are situated in the cold region with high elevation in the southern Qinghai
Plateau, the stand condition is poor, the tree growth is slow, and the canopy coverage is
generally low. Trees there are affected little by human activities. We sampled long-aged healthy
trees and collected more than 100 cores from the two sites. The samples were processed using
the standard dendrochronological techniquest'*at the Laboratory of Tree Ring Research in the
Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of
Sciences. After the increment cores were air-dried, glued to wooden mounts, and sanded in the
laboratory, they were crossdated, and the ring widths were measured, The oldest tree was 523
years in Qumalai site and 629 years in Zhiduo site respectively.

The preliminary crossdating and measurement of tree-ring samples for each site were
checked by the COFECHA program®®} to avoid mistakes. The program calculates the
correlations between the single series and the master chronology. Cores that showed low
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correction coefficients with the master chronology were excluded from the site chronology.
Finally there were 52 and 45 cores selected to develop the chronology for Qumalai and Zhiduo
respectively.

To reduce low frequency variations due to aging and the competition of trees, 100-year
cubic smoothing spline models were used to fit the age trend of each series at each site. The
detrended series for a site were then averaged into site chronology. The site chronologies were
developed using ARSTAN program*). A set of three chronologies—a standard chronology
(STD), a residual chronology(RES), and an auto-regressive standard chronology (ARS) were
developed for climate reconstructions in order to obtain more information of climate change.
The statistical characteristics of the two standard chronologies(STD)and the common interval
analysis(1801—1960) are listed in Table 2. The result showed a relative to high agreement

between the two tree ring-width chronologies.
Table 2 Statistics of chronologies(STD)and common interval analysis(1801—1960)

Site MS SD AUl TC COA COT S/N AP VPC
Qumalai 0.2678 0. 2651 0.2734 19(29) 0.492 0. 487 18.013 0. 947 52.37
Zhiduo 0. 2182 0. 2430 0. 4002 22(35) 0.415 0. 409 15. 195 0.938 45. 06

MS, Mean sensitivity; SD, standard deviation; AU1, Ist-order autocorrelation; TC, trees(cores)used in common interval
analysis; COA, correlation among all cores; COT, correlation between trees; S/N:singal-to-noise ratio; AP, Agreement with
population; VPC, variance in 1st eigenvector(%).

Figure 1 displays the two STD chronologies with the 31-year running mean and the sample
depth for the period 1500 to 2002. It could be seen from Fig. 1 that wide and narrow rings of
the two chronologies synchronously occurred. This might be because they were located in the

same climate system. It seems that the limiting factor to growth is the same for the two sites.
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2 Responses of tree-ring indices to climatic factors

Tree growth is limited by climatic factors and the relationships between them can be
identified by response-function’®?, The climatic data from the meteorological stations in
Qumalai, Zhiduo, Zhaduo, Yushu and Maduo were obtained. Several climate variables were
used including monthly mean temperature, monthly mean maximum temperature, monthly
mean minimum temperature, monthly precipitation, monthly evaporation, monthly mean
relative humidity and monthly mean vapor pressure for 16 months from July of the previous
year to October of the current year in the period of 1957—2001. Correlation functions were
calculated between the two chronologies and seven climatic factors. The results showed that
climatic conditions in spring(April to June) in Qumalai, Zhiduo and Zhaduo regions were most
favorable to the growth of Sabina tibetica. In order to reduce the inhomogeneities induced by
relocation and devices changing of the meteorological stations, regional climatic variables were
calculated by averaging monthly mean climatic data of the Qumalai , Zhiduo and Zhaduo
meteorological stations. The results of correlation analysis between two standard chronologies
(STD) and seven regional climatic variables from previous November to current October are
presented in Table 3. Similar results were obtained between the two residual chronologies
(RES) and seven regional climate variables. It could be seen that the radial growth of Sabina
tibetica was significantly and negatively correlated with temperature ( monthly mean
temperature and monthly mean maximum temperature) and monthly evaporation in April, May
and June. A significant positive relationship was found between tree growth and monthly
precipitation and monthly mean relative humidity in the same period.

Table 3 Correlation between the two chronologies and mean monthly climatic factors

Month Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct.

mean temp —0.11 —0.08 0.04 0.01 —0.13 —0.39** —0.49** —0.28* 0.14 —0.06 0.10 0. 06

max. temp —0.02 —0.04 0.16 —0.05 —0.12 —0.43** —0.60** —0.43** 0.14 —0.05 —0.03 —0.09

min, temp —0.02 —0.05—0.04 0. 00 —0.18 —0.11 —0.16 —0.07 0.24 —0.13 0.26 0.04

Qumalai  precipitation 0.12 —0.20 0.05 0.17 0.08 0.26 0.52** 0.10 0.07 0.16 0.23 0.05
evaporation 0.11 —0.00 0.09 0.05 —0.13 —0.30* —0.55* —0.57**—0.21 —0.11 —0.17 0. 00

evop. Press —0.04 —0.00-—1.01 —0.06 —0.01 0.12 0.12 0.17 0.35* —0.05 0. 20 0.06

humidity —0.07 —0.10—0.14 —0.05 0.13 0.23 0.45* * 0.43** 0.20 0.03 0.32* 0.02

mean temp 0.11 0.02 0.30* 0.14 0.10 —0.15 —0.34* —0.36* 0.01 0.11 —0.04 0.05

max. temp 0.22 —0.10 0.29* 0.04 —o0.11 —0.10 —0.50** —0.48* *—0.03 0.21 —0.06 0.08

min. temp 0.15 0.12 0.29* 0.20 0.09 —0.12 —0.05 —0.08 0.05 —0.04 0.12 —0.04

Zhiduo precipitation  0.09 —0.05 0.07 0.23 —o0.11 0.05 0.35* 0.28* 0.01 —0.04 0.18 —0.09
evaporation 0.21 —0.07 0.10 0.05 —0.10 —0.00 —0.48** —0.58**—0.29* 0.03 —0.39* 0.04

evop. Press —0.05 —0.02 0.15 0.14 —0.03 —0.12 0. 09 0.13 0.21 0.04 0.13 —0.02

humidity —0.23 —0.08 —0.14 0.05 0.03 —0.08 0.34~ 0.45** 0.22 —0.07 0.26 —0.05

% and * * denote correlation significant at the 0. 05 and 0. 01 confidence level respectively.

We further investigated the relationship between the RES chronologies and the plateau
heat (temperature) and moisture (precipitation and relative humidity) conditions by response-
function. In this procedure, 33 elements, i.e. monthly mean temperature and monthly
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precipitation from July of the previous year to September of the current year and indices from
three previous years were selected. The climate data cover the period from 1957 to 2001. The
results of response-function showed that the multiple correlation coefficients was 0. 8284 for
Qumalai RES chronology and 65. 62% variance could be explained by climate elements. For
Zhiduo, the coefficient was 0. 6568 and climate variables capture 36. 80% variance. The
response of tree growth to temperature was negative in the growth season (from March to
July) and significant negative correlation (at 0. 05 confidence level) was found in May and
June. The response of tree growth to precipitation was positive in the same period and
significant positive correlation (at 0. 05 confidence level) was also found in May and June. This
suggested that the tree growth in this region was influenced by both temperature and humid
(precipitation) conditions.

The response surface for Qumalai chronology is given in Fig. 2 to display further the
relation of tree growth with temperature and moisture. In the figure z-axis is the normalized
monthly mean temperature of May-June and y-axis is the normalized monthly precipitation of
May-June, z-axis is the normalized residual chronology index for Qumalai site. From Fig. 2 it
could be seen that increase in precipitation promoted tree growth when the precipitation was
above normal. While increase in temperature could limit tree growth when the precipitation
was below normal. In the southern Qinghai Plateau area such as Qumalai, Zhiduo, Zhaduo,
Yushu and Maduo, the rainfall was mainly distributed in the months from July to September,
the period from May to June was a relatively dry season. Therefore, the precipitation was the
limiting factor to tree growth during this period. High temperature will cause severe
evapotranspiration, it will limit tree growth when water stress is intensified, so the

temperature is likely to have a negative relationship with tree ring width.

(=)
]

o W
| !

Tree-ring residual index

Fig. 2 Response surface of the Qumalai chronology to temperature and precipitation
The annual precipitation was about 449. 9 mm based on data from 1957 to 2001 and about
36.3% of the rainfall (163.4 mm) occur in May and June in the southern Qinghai Plateau. In
this region, the increase in temperature in May and June will enhance the evaporation and
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evapotranspiration, which aggravates water stress in tree, so the growth of tree is limited. It is

beneficial to tree growth when precipitation increases and temperature is low.

3 Climatic reconstruction

The moisture index (MI) was selected as the variable of reconstruction since the tree
growth was influenced by both the temperature and the precipitation. The MI was defined as
follows:MI=R/T, where R and T were the total precipitation of May to June and the mean
monthly temperature in the same period, respectively. From the definition we can see that MI
is a composite index that can indicate the variations of temperature and precipitation at the
same time. When precipitation increases and temperature decreases, the MI increases. When
the precipitation and temperature both increase or decrease, the MI changes little. Hence, the
MI can be used as an index to signify the cool-wet and warm-dry patterns of climate. Two
ring-width chronologies of Qumalai (QML) and Zhiduo (ZHD)were used in the reconstruction
of the MI. The reconstruction period was from 1550 to 2002 when there were enough samples.
The final regression equation is

MI=2.5532-+0.052 QML-+0.051 ZHD
This equation accounts for 30. 32% of the variance in the observed climatic data (F=29. 1345, p
<C0.001).

(1[16]

To test the stability of the reconstruction equation. cross-validation metho was

performed. The sign test of original series, the sign test of the first-order difference series and
the reduction of error were calculated. The results indicated that in the period from 1957 to
2001 there were 34 years in which the signs were the same, significant at 0. 01 confidence
level. The sign test for the first-order difference series was also significant at 0. 01 confidence
level. The reduction of error was 0. 1969. The Pearson correlation coefficient between the
reconstructed and the observed data was 0. 5506, significant at 0. 01 confidence level. Those
results suggested that the reconstructes series were reliable. Fig. 3 shows the reconstructed
MI (May—June) and the observed MI calculated by the observations of precipitation and

temperature in the southern Qinghai Plateau in the period of 1957—2001.
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Fig. 3 Reconstructed MI and observed MI (May—]June) in the
southern Qinghai Plateau in the period of 1957—2001



With the reconstruction equation, we calculated the normalized series of MI in the past

453 years (1550—2002). The mean of MI series was zero and the variance was | respectively

(Fig. 1.

Moisture Index
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Fig. 4 Interannual variations of reconstructed MI (May—June) in the

southern Qinghai Plateau (heavy solid line denotes 11-year smoothing)

To describe quantitatively the characteristics of MI, the series was smoothed by 11-year

running mean and then classified into grades using the method of ref. [9]. We defined the

relatively wet or dry period when the absolute values of MI was greater than 0. 2. Table 4

shows the reconstructed wet-dry period of the southern Qinghai Plateau.

From Table 4 it was clear that there were six longterm dry periods and five long-term wet

Table 4 The reconstructed wet-dry period of southern Qinghai Plateau

Climatie Period (the year of absolute value of normalized MI greater 30% is in the backet) Duration(a)
Characteristics

1574—1577(1576) ~4(1)
1592—1610(1596—1598) ~19(3)
1649—1665(1650—1661) ~17¢12)
1687—1697(1688—1697) ~11C10)

Dry period 1740—1750(1740—1749) ~11(10)
1818-—1829(1818—1829) ~12(12>
1881—1884(1882—1883) ~4(2)
1913—1915(¢1914) ~3(1)
1918—1933(1918—1932) ~16(15)
1955—1958(1955—1958) ~4(4)
1555—1557(1555-—1557) ~3(3)
1624—1630(1624—1630) ~7(7)
1669—1682(1670—1682) ~14(13)
1700—1709(1700—1708) ~10(9)

Wet period 1800—1814(1800—1812) ~15(13)
1870—1873(1872) ~4(1)
1898—1909(1900—1904;1907—1909) ~12(5;3)
1935—1950(1936—1947) ~16(12)
1966—1968(1967) ~3(D
1985—1988(1985—1987) ~4a(3)
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periods that lasted over 10 years respectively since 1550. The number of year when the
absolute value of MI was greater than or equal to 20% and 30% was counted. There were 44
and 10 years (wet) when MI was greater than or equal to 20% and 30% , respectively. While
55 and 20 years (dry) when MI was less than or equal to —20% and —30%. The results
suggested that the period of warm-dry cool-wet in the past 500 years in the southern Qinghai
Plateau. The climate in the Little Ice Age (LIA) (1550—1850) undergone 4 extended warm-
dry lasted longer than the cool-wet periods, suggesting that the climate was not always cold
even in the LIA. Our reconstruction of the recent warm-dry period in 1918—1932 and the cool-

17.18] | particularly in the 1940s it

wet period in 1935—1950 were validated by other climate datal
agreed with the value of spring maximum rain days in the Tianshan region, Xinjiang, China,
suggesting that the wet period in 1935—1950 that likely occurred in larger spatial scale. Power
spectrum analysis of the reconstructed MI showed that there existed the solar cycle of 11 a and
quasi-periodicities of 8 and 4 a significant at 0. 01 confidence level and 50. 3, 60. 4,15, 6 a
quasi-periodicities significant at 0. 05 confidence level.
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