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ABSTRACT

We present a tree-ring based reconstruction of water-year (October–September) streamflow for

the Manasi River in the northern Tien Shan mountains in northwestern China. We developed eight

Tien Shan spruce (Picea schrenkiana Fisch. et Mey.) chronologies for this purpose, which showed

a common climatic signal. The hydroclimatic forcing driving tree growth variability affected

streamflow with a three- to four-year lag. The model used to estimate streamflow is based on the

average of three chronologies and reflects the autoregressive structure of the streamflow time series.

The model explains 51% of variance in the instrumental data and allowed us to reconstruct streamflow

for the period 1629–2000. This preliminary reconstruction could serve as a basis for providing a longer

context for evaluating the recent (1995–2000) increasing trends in Manasi River streamflow and

enables the detection of sustained periods of drought and flood, which are particularly challenging for

managing water systems. Several of the reconstructed extended dry (wet) periods of the Manasi River

correspond to reconstructed periods of drought (flood) in Central Asia in general and in other Tien

Shan mountain locations in particular, suggesting that the analysis of Tien Shan spruce could

contribute significantly to the development of regionally explicit streamflow reconstructions.
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INTRODUCTION

The Tien Shan in northwestern China has

experienced dramatic climatic and hydrologic

changes since the beginning of the 20th Century

in general and in the last few decades in particular.

Human-induced global CO2 enrichment has led to

unambiguous warming over central Asia (Hansen

1988; Esper et al. 2002; Hu et al. 2003; Tian et al.

2006). The northern Tien Shan mountain range in

particular has been characterized by increasing

temperatures over the second half of the 20th

Century (Aizen et al. 1997; Esper et al. 2003; Su et

al. 2005; Ye et al. 2005; Esper et al. 2007). Glacier

retreat and glacier melt in the Tien Shan moun-

tains were enhanced by temperature increases (Xie

et al. 2004; Su et al. 2005; Ye et al. 2005).

Rising temperatures since the 1980s were

accompanied by an increasing trend in precipita-

tion (Aizen et al. 1997, 2001; Su et al. 2005; Ye et

al. 2005; Shi et al. 2007), leading to an increase in

flood frequency and flooded area (Jiang et al.

2005; Mao et al. 2005). Although social factors

(e.g. land use change) have been proposed as

drivers of flood disaster increases (Jiang et al.

2002), recent floodings have generally been attrib-

uted to natural factors and global warming. Like

many developing countries, China is strongly

affected by natural hazards and extreme climatic

events, floods in particular. Flood disasters

threaten agricultural development, property, and

human lives, and the associated economic losses

hinder regional economic development (Jiang et

al. 2005).

Annual streamflow of rivers in the Tien Shan

area has generally increased since the 1980s,

because of increased precipitation and enhanced

glacier melt (Mao et al. 2004; Chen et al. 2005; Ye

et al. 2005; Shi et al. 2007). The response of

streamflow to climate variability, however, is

regionally variable (He et al. 2003; Shi et al.

2007). Gong et al. (2003) found an increase in

streamflow in rivers with runoff-producing areas

at high elevations (e.g. northern Tien Shan

mountain range), but a decreasing streamflow in

rivers at lower elevations. Enhanced annual

streamflow has been detected in glacier-fed rivers,

where the proportion of glacier melt water has

increased over recent decades (Ye et al. 1999; Xie

et al. 2004). Despite the explicit interannual trend

in glacier-fed river streamflow, the persistence of

seasonal streamflow distribution is unreliable (Xie

et al. 2004). Streamflow of many rivers in the

Xinjiang autonomous province has increased in

Spring since the 1980s, coinciding with intensive

snowmelt, but decreased in Summer (Ye et al.

1999). The poor reliability of surface water

resources is an impediment for their utilization

and sustainable management. Climate modeling

efforts (Gao et al. 2001) predict a further increase

in precipitation and annual streamflow under

potentially steeper CO2 enrichment conditions in

the near future.

The observed increasing trends in tempera-

ture, precipitation, and streamflow since the 1980s

indicate that a climate shift from warm-dry to

warm-wet has occurred in northwestern China

(Shi et al. 2007). The temporal (decadal or

centennial scale) and spatial extent of this climate

shift, however, is subject to important uncertain-

ties. An extensive hydrometeorological network

has been established in the Tien Shan area, but

reliable instrumental data are only available from

the 1950s onwards (Aizen et al. 1997). Quantita-

tive information about long-term hydroclimatic

variability therefore needs to be recovered from

proxy records to view recent climatic change in

a longer-term perspective. Tree-ring data are

particularly valuable in this context, because of

their strong climatological sensitivity, their exten-

sive spatial distribution, and the possibility for

precise, absolute dating (Fritts 1976).

Tree-ring analysis has been successfully ap-

plied to reconstruct drought variability in central

Asia (Pederson et al. 2001; Wang et al. 2005; Davi

et al. 2006; Li et al. 2006; Treydte et al. 2006).

Tree-ring based streamflow reconstructions have

been developed for many areas (e.g. Schulman
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1945; Cook and Jacoby 1983; Cleaveland and

Stahle 1989; Cleaveland 2000; Case and McDon-

ald 2003; Gedalof et al. 2004; Woodhouse and

Lukas 2006), but few streamflow reconstructions

are available for central Asia (Pederson et al.

2001) and the Tien Shan range (Li and Yuan 1996;

Li et al. 1994, 1997; Yuan et al. 1996, 2001).

The Manasi River has the largest streamflow

among rivers on the northern slope of the Tien

Shan mountain range in northwestern China and

is the major water resource for the Manasi oasis in

Xinjiang. This study aims at reconstructing de-

cadal- to centennial-scale streamflow variability

for the Manasi River. For this purpose, we

collected Tien Shan spruce tree-ring samples at

eight sites in the mountains surrounding the

Manasi River basin.

MATERIAL AND METHODS

Study Area

The Manasi River headwaters are located on

the Yilianhabierga Mountain on the north slope of

the Tien Shan mountain range. After collecting 10

tributaries such as the Qingshui River, the Manasi

River flows out of the valley and crosses the

pediment at the Kensiwate hydrological station

(Fig. 1). The catchment of the Manasi Basin up to

the Kensiwate hydrological station is 5211 km2.

Elevations in the watershed range from 940 to

5289 m. Thirty-eight percent of the basin is

situated at elevations above 3600 m, which are

perennially snow-covered. The runoff-source area

below the snow line, at elevations of 1500 to

3600 m, is well vegetated and has ample pre-

cipitation. Tien Shan spruce forests form an

important zonal vegetation type in Northwest

China (Wang et al. 2004) and are distributed

between 1800–2600 m in the Manasi River Basin.

Tree-Ring Data

Core samples of the endemic Tien Shan

spruce were collected at eight sites near the upper

tree line in the Manasi River Basin (Fig. 1;

Table 1). The growing season for Tien Shan

spruce in our study area lasts approximately from

April until September. The sites were character-

ized by steep slopes, shallow soil substrates, and

little anthropogenic disturbance. Between 39 and

62 samples were collected per site (Table 2).

All cores were air-dried, mounted, and

sanded with increasingly fine grade sandpaper to

highlight tree-ring borders (Stokes and Smiley

1996). Ring widths were measured to the nearest

0.001 mm using a VELMEX measuring system,

and standard dendrochronological techniques

applied for crossdating and chronology develop-

ment (Fritts 1976; Cook and Kairiukstis 1990).

The quality of measurements and visual cross-

dating was examined using COFECHA software

(Holmes 1983) and crossdated series were stan-

dardized using ARSTAN software (Holmes 1992).

Standardization was applied to remove age and

other non-climatic trends and involved fitting

a spline that was two thirds the length of the

common period of the tree-ring series. The

Expressed Population Signal (EPS; Wigley et al.

1984) was used to assess the loss of common

variance over time with decreasing sample size for

all chronologies. The chronologies were truncated

when EPS dropped below 0.85.

We used the eight standardized tree-ring

chronologies to model water-year streamflow.

Standardized chronologies are more appropriate

for open-canopy sites (such as our study sites)

than prewhitened chronologies (Cook 1985).

Hydrometeorological Data

We employed water-year (October–Septem-

ber) streamflow data from the Manasi River,

gauged at the Kensiwate hydrological station, for

tree-ring calibration. These data were provided by

the Hydrological and Water Resources Bureau of

Xinjiang. As no time series of monthly streamflow

data were available, we used annual data for the

period 1956–2000. The location and type of gage

at the Kensiwate hydrological station have not

changed and streamflow data are expected to be

homogenous over this period of time. Average

water-year streamflow (1956–2000) is 464 m3s21,

the majority of which consists of glacier meltwater

(34.9%) and underground base flow (43.7%;

Xinjiang Water Conservency Agency and Acade-

my 1999) and occurs in Summer (June–August;
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Figure 1. Location of tree-ring sampling sites (triangles) and hydrological stations (stars) in the Manasi River Basin.
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Fig. 2). Data for the year 1975 were missing and

have been interpolated based on data from the

hydrological station Hongshanzui, situated down-

stream from the Kensiwate hydrological station

(Fig. 1). The two time-series were strongly corre-

lated (r 5 0.937, p , 0.001) for the period 1956–

1993 (excluding the year 1975). The Manasi River

water-year streamflow is strongly autocorrelated

at time-lags of one (r 5 0.631, p , 0.001) to three

(r 5 0.355, p , 0.05) years.

Streamflow Reconstruction

We applied a transfer function approach to

model annual streamflow (Fritts 1976; Cook and

Kairiukstis 1990). This approach consists of three

phases: calibration, verification, and reconstruction.

Multiple stepwise regression was applied in

the calibration phase to develop a linear model.

This model allows estimation of annual stream-

flow from a set of potential tree-ring predictors.

Our set of potential tree-ring predictors included

the eight spline detrended standard chronologies.

Several combinations of these data were consid-

ered for model development, including lagged tree-

ring responses (i.e. tree-ring data of years pre-

ceding the year in which streamflow was mea-

sured) of one to four years. Precipitation in the

Tien Shan mountains can affect river streamflow

over the following three to five years, mainly

because of local soil interception rates (Li et al.

2000).

The full set of common years between the

tree-ring data set and the instrumental streamflow

Table 1. Site characteristics for eight tree-ring sampling sites in the Manasi River Basin on the north slope of the Tien Shan

mountain range.

Site Abbrev. Long (E) Lat (N) Elev. (m) Aspect Slope

Hong Valley HGX 85.69 43.84 2425 N 30.3

Kalasayi KAL 85.71 43.8 2496 NW 31.1

Yaba Valley YBA 85.8 43.8 2477 E–S 29.2

Lucao Valley LCG 85.9 43.82 2473 NW 23.3

Heping Valley HPG 85.92 43.8 2512 NW–NE 37.9

Meiyao Valley MYG 86.03 43.81 2542 N–NE 42.5

Elagayisayi ELG 86.04 43.79 2631 NE–NW 30.8

Alasan ALS 86.14 43.8 2614 NNE–N 28.3

Table 2. Statistical characteristics for eight tree-ring chronologies of the Manasi River Basin on the north slope of the Tien Shan

mountain range.

Tree-ring

chronology

No. of

Samples

Chronology

Length

MGR
a

(mm) MSV
b

SD
c

RBAR
d

PC1
e

(%) AR
f

EPS
g

HGX 51 1624–2002 0.47 0.15 0.21 0.29 32 0.55 0.9

KAL 55 1521–2002 0.5 0.14 0.18 0.29 32 0.46 0.91

YBA 43 1629–2002 0.79 0.18 0.23 0.52 53 0.54 0.95

LCG 62 1523–2002 0.55 0.14 0.19 0.38 41 0.58 0.95

HPG 42 1598–2000 0.61 0.13 0.14 0.33 36 0.33 0.91

MYG 39 1684–2000 0.69 0.13 0.17 0.31 35 0.49 0.85

ELG 49 1663–2003 0.59 0.16 0.19 0.36 39 0.44 0.93

ALS 45 1560–2003 0.42 0.14 0.2 0.32 35 0.61 0.9

a MGR: mean annual growth rate.
b MSV: mean sensitivity value.
c SD: standard deviation.
d RBAR: mean correlation coefficient between all tree-ring series used in a chronology.
e PC1: percentage of variance explained by the first Principal Component of the individual series.
f AR: variance related to autoregression.
g EPS: expressed population signal.
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data (1956–2000) was used as the calibration

period. The calibration model was evaluated based

on the variance in the instrumental record

explained by the model (R2
cal). The model was

verified using the leave-one-out cross validation

method (Michaelsen 1987; Woodhouse and Lukas

2006). This method calibrates a model based on all

predictor values but one, which is then estimated.

It is an iterative process, in which all predictor

values are left out of the calibration period and

estimated. Verification tests included the reduction

of error (RE) and sign test (Fritts 1976; Cook et al.

1994).

In a final step, the developed model was

applied to the full length of the tree-ring data to

generate a preliminary streamflow reconstruction.

RESULTS

Tree-Ring Chronology Development

We developed eight ring-width chronologies

for the Manasi River Basin (Fig. 3). The chronol-

ogies show comparable mean annual growth rates

(0.42–0.79 mm; Table 2), mean sensitivity values

(0.13–0.18), and standard deviations (0.14–0.23).

The mean correlation coefficients between all tree-

ring series used in the chronologies (RBAR) and

the percentages of variance explained by the first

Principal Component of the individual series

(PC1) were more variable between sites. Values

were relatively high for all sites, however, and,

together with the high EPS values, suggest that

distinct environmental signals are contained in the

tree-ring data (Fritts and Schatz 1975). The

presence of a common climatic signal in the eight

chronologies is confirmed by the strong positive

correlations between the chronologies (r 5 0.5 to

r 5 0.81, p , 0.001) over the common period

(1684–2000). The high values of the first-order

autocorrelation (AR; 0.33–0.61) are an indication

of the low-frequency variance contained in the

series, and could be explained by climate or by the

lagged response of tree physiology (e.g. multi-

annual needle retention).

Streamflow Model

All tree-ring chronologies were positively

correlated with water-year streamflow (Table 3).

The climatic conditions associated with high

streamflow thus appear to also be associated with

wide tree rings. Correlations were generally

strongest for the chronologies preceding the

streamflow time series by three to four years. This

time lag can be explained by slow soil interception

rates in mountain areas (Li et al. 2000).

We averaged the three chronologies that

correlated best with streamflow (YBA, HPG,

and ALS) into a single regional chronology

(YHA) to model water-year streamflow. The

strong correlations between the three chronologies

(r 5 0.56 to r 5 0.72; 1956–2000) support the

rationale of mathematically averaging these time-

series. The average time series shows strong

positive correlations with water-year streamflow

at all time lags (Table 3). Adding a fourth

chronology to the average did not improve

correlations.

We developed a multivariate transfer func-

tion to estimate water-year streamflow for the

calibration period (1956–2000) based on the

regional chronology at different time-lags. The

following transfer function explained 51% of the

interannual variation in streamflow (Fig. 4):

Wt ~ 29:8 z 5:32YHA5
t{3 z 2:93YHA5

t ð1Þ

where W(t) is the water-year streamflow at

Kensiwate hydrological station in year t, and

YHAt and YHAt-3 are the regional tree-ring

chronology indices in the concurrent year and

preceding the streamflow year by three years,

Figure 2. Average (1961–2000) monthly streamflow hydro-

graph for the Manasi River at the Kensiwate hydrological

station.
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Figure 3. Eight standardized ring-width chronologies for the Manasi River basin. Centered 11-year moving averages (bold lines) are

superimposed on the ring-width series.
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respectively. Raising the tree-ring predictors in the

model to the 5th power was necessary to fit the

different characteristics of tree-ring and stream-

flow data.

The statistical verification results for the

transfer function model are shown in Table 4.

The average variance explained by the leave-one-

out validation models (R2
a, ver) is high and the same

as the variance explained by the calibration model

(R2
a, cal). The high RE value and the significant (p

, 0.05) result of the sign test indicate that the

transfer function model that we developed is

a stable and reliable estimation of water year

streamflow.

Streamflow Reconstruction

On the basis of the multivariate transfer

model, we developed a preliminary water-year

streamflow reconstruction of the Manasi River for

the period 1629–2000 (Fig. 5). The statistical

parameters of the gaged streamflow data are

Figure 4. Measured versus modeled water year streamflow for the Manasi River over the calibration period (1956–2000).

Table 3. Pearson correlation coefficients between eight tree-ring chronologies and the average of three chronologies (YHA), and

water-year streamflow for the Manasi River (1956–2000). Correlations were calculated for the concurrent year (t) and for the tree-

ring data preceding the streamflow data up to 4 years (t-1 to t-4). Significant correlations are indicated (p , 0.05* and p , 0.01**).

t t-1 t-2 t-3 t-4

HGX 0.3* 0.3* 0.29 0.41** 0.32*

KAL 0.06 0.1 0.24 0.39** 0.35*

YBA 0.38* 0.24 0.34* 0.44** 0.47**

LCG 0.26 0.24 0.25 0.32* 0.22

HPG 0.48** 0.41** 0.4** 0.41** 0.2

MYG 0.27 0.24 0.36* 0.45** 0.34*

ELG 0.21 0.06 0.13 0.37* 0.47**

ALS 0.28 0.18 0.3* 0.52** 0.55**

YHA 0.43** 0.32* 0.41* 0.51** 0.52**
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reasonably well reproduced by the reconstructed

streamflow data (Table 5). The average and

median reconstructed water year streamflow are

slightly higher than the average and median gaged

water year streamflow. This discrepancy can be

explained by the fifth power of the tree-ring

chronologies in the model (equation 1). Raising

the chronologies to this power enlarges the

positive deviations from the mean and diminishes

the negative deviations. Minimum values accord-

ingly are higher for the reconstructed streamflow

than for the gaged streamflow (Table 5). The

lower variance found for reconstructed streamflow

compared to gaged streamflow reflects specific

limitations of tree-ring reconstructions, which

generally are conservative estimations of the

observed values (Woodhouse 2003).

We used the reconstruction to evaluate

streamflow over the period 1629–2000. For this

purpose, we calculated the 10 most extreme, non-

overlapping wet and dry 5-year intervals (Peder-

son et al. 2001; Table 6). The driest period was

1917–1921 and the wettest 1941–1945. The longest

extended dry period lasted 14 years (1911–1924),

equally long as the two longest extended wet

periods (1782–1795 and 1936–1949).

DISCUSSION

We reconstructed water-year streamflow for

the Manasi River in the northern Tien Shan

Mountains in northwestern China for the period

1629–2000 (Fig. 5). We developed eight Tien Shan

spruce tree-ring chronologies for the Manasi River

Basin for this purpose (Fig. 3).

Previous studies have shown that Tien Shan

spruce is a valuable species for tree-ring analysis

(Wang et al. 2004, 2005; Li et al. 2006). Pre-

cipitation is the principal limiting factor for Tien

Shan spruce growth in the Tien Shan Mountains,

even at high-elevation tree-line sites (Wang et al.

Figure 5. Reconstructed water-year streamflow (m3/s) plotted with 11-year running average (bold line). The horizontal line indicates

the 1629–2000 reconstructed mean (39.4 m3/s).

Table 4. Transfer function model calibration and verification

statistics.

R2
a, cal

0.51

R2
a, ver

0.51

RE 0.44

Sign Test 30/45
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2005). Tien Shan spruce forests are widely

distributed across northwestern China, allowing

the potential development of a dense network of

tree-ring chronologies from this area.

The eight tree-ring chronologies showed

strongly similar interannual variability, indicating

the dominating influence of a common hydro-

climatic signal. This hydroclimatic forcing driving

interannual variations in tree growth affects

streamflow variations in the concurrent year, as

well as on a three- to four-year time-lag (Table 3).

Considering the high proportion of Manasi River

water-year streamflow that consists of under-

ground base flow, interception of precipitation

by the soil is probably the cause for this multi-year

lag. Soil interception of precipitation is the main

cause for lagged hydroclimatic effects on river

streamflow in mountain areas (Stockton 1975). In

addition to this, hydroclimatic factors have

a multi-year effect on tree growth, particularly in

(semi-)arid regions such as our study area (Fritts

1974). The lagged effect of precipitation on both

streamflow and tree growth was reflected by

including lagged predictors in and thus attributing

an autoregressive structure to the model.

The non-linear model we developed to

estimate water year streamflow was based on the

average of three of the eight developed tree-ring

chronologies. The calibration and verification

statistics for the period 1956–2000 suggest that

the model is a stable and reliable estimation of

water-year streamflow. The variance explained by

the model was increased dramatically by raising

the tree-ring chronologies to the 5th power.

Although the regional tree-ring chronology shows

an increase since 1995, this increase in tree growth

is not as explicit as the increase in streamflow for

this time period. Non-linear relationships between

tree growth and streamflow can be explained by

the fact that tree growth can not increase at the

same rate as precipitation (and resulting stream-

flow) when precipitation levels are very high,

because of growth restraints such as nutrient

supplies (Fritts 1976). Raising the tree-ring chro-

nology indices to the 5th power allows for a more

accurate modeling of this explicit increase in

streamflow over the last five years of the

calibration period (Fig. 4).

The variance in gaged streamflow explained

by the tree-ring model is further limited by the

lack of monthly streamflow data. Monthly data

would allow us to select the months/season in

which the hydroclimatic conditions driving tree

growth have the strongest influence on stream-

flow. Streamflow in the Tien Shan region is

mainly driven by precipitation and has compo-

nents of both rainfall and snowmelt. Hydro-

graphs of high mountain rivers in the northern

Tien Shan with glaciation areas between 30 and

40%, typically show two floods. The melting of

seasonal snow cover on the glacial tongue and

on non-glacial surfaces causes a spring flood,

followed by a second flood in Summer, consist-

ing mainly of glacier meltwater (Aizen et al.

1996). The second flood is usually larger than

the first. Direct runoff from rain can only be

observed on hydrographs when storm precipita-

tion with an intensity larger than 20 mm day21

occurs (Aizen et al. 1996). The contribution of

precipitation variability (driving tree growth

Table 5. Statistical parameters of gaged and reconstructed

water-year streamflow of the Manasi River on the north slope

of the Tien Shan Mountains.

Statistical

Parameter

Gaged

1956–2000

Reconstructed

1956–2000

Reconstructed

1629–2000

Mean 38.3 38.3 39.4

Median 36.6 37.5 38.5

Standard deviation 6.6 4.9 5.3

Maximum 63 57.5 63.8

Minimum 29.9 31.8 31.2

Range 33.1 25.7 32.6

Table 6. Ten most extreme, non-overlapping wet and dry 5-year

intervals for the Manasi River streamflow reconstruction.

Rank Dry Wet

1 1917–1921 1941–1945

2 1977–1981 1784–1788

3 1913–1917 1876–1880

4 1713–1717 1684–1688

5 1702–1706 1996–2000

6 1866–1870 1905–1909

7 1810–1814 1649–1653

8 1857–1861 1837–1841

9 1771–1775 1937–1941

10 1775–1779 1688–1692

90 YUAN, SHAO, WEI, YU, GONG, and TROUET



variability) to streamflow potentially has

a strongly seasonal character, despite the ab-

sence of a spring flood in the Manasi River

hydrograph (Fig. 2).

The reconstruction based on the proposed

model is preliminary based on various factors.

The model is multivariate in nature, which

increases the chances of overfitting. Furthermore,

the non-linearity of the model, necessary to fit

proxy and target characteristics, and the explicit

time-lag between tree growth and streamflow

require further investigation. The efficacy of the

model could further be enhanced by calibrating it

with monthly or seasonal streamflow data.

A multi-century reconstruction of the Manasi

River streamflow could provide a longer context

for evaluating the recent increasing trends.

Streamflow levels since 1995 have been greatly

exceeding previous levels on record since 1955, but

our preliminary reconstruction suggests that 1996–

2000 is only the 5th wettest period since 1629

(Table 6). A longer-term reconstruction also

allows for the detection of sustained periods of

drought or flood, which are particularly challeng-

ing for managing water systems. Sustained wet

and dry periods of the Manasi River lasted up to

14 years according to our reconstruction. The

most extensive wet periods in our study corre-

spond to periods of maximum spring precipitation

days in the middle Tien Shan Mountains (1940s;

Yuan et al. 2003) and with a period of extended

increased streamflow of the Selenge River in west-

central Mongolia (1780s; Davi et al. 2006). The

longest extended dry period (1911–1924) corre-

sponds to drought records for Mongolia, derived

from tree-ring data (Pederson et al. 2001; Davi et

al. 2006) and from historical documents (Mijid-

dorj and Namhay 1993 (in Pederson et al. 2001)).

Various other drought periods in our reconstruc-

tion (Table 6) also appear in tree-ring reconstruc-

tions for the Urumqi River drainage in the Tien

Shan Mountains (1710s; Yuan et al. 2003) and in

Mongolia (1771–1775 and 1977–1981; Pederson et

al. 2001). The two extended drought periods in the

1800s (approx. 1800–1830 and 1850–1875; Fig. 5)

in particular were widespread and were found in

various records for Central Asia (Pederson et al.

2001; Yuan et al. 2001; Davi et al. 2006).

The tree-ring based streamflow reconstruc-

tion we present in this paper illustrates the

potential and the usefulness of tree-ring data as

proxy hydroclimatic data in the Tien Shan

Mountains in northwestern China. Given the

sensitivity of Tien Shan spruce tree growth in this

region to the hydroclimatic factors influencing

streamflow, there is a potential to develop re-

gionally explicit streamflow reconstructions. These

allow for long-term, reliable contexts for water

management and the development of water

policies and infrastructure.
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