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the past 438 years (AD 1575–2012). The reconstruction 
passes all statistical calibration and validation tests and 
represents 49 % of the temperature variance recorded over 
the 1955–2012 instrumental period. It shows a substantial 
warming accounting to about 1.12 °C since the mid-twen-
tieth century, and 1.94 °C since the mid-nineteenth century, 
and agrees well with the Northern Hemisphere temperature 
reconstructions. These findings provide evidence that the 
Karakoram temperatures are in-phase, rather than out-of-
phase, compared to hemispheric scales since the AD 1575. 
The synchronous temperature trends imply that the anom-
alous glacier behavior reported from the Karakoram may 
need further explanations beyond basic regional thermal 
anomaly.

Keywords Paleoclimate · Climate variability · Tree rings · 
Dendrochronology · Karakoram Anomaly

1 Introduction

With 7820 glaciers covering an area of 17,946 km2, the 
Karakoram region in northern Pakistan comprises the most 
glaciated area outside the polar regions. Unlike the retreat-
ing status of most glaciers elsewhere, the Karakoram gla-
ciers are stable or re-advance over the past 20 years (Bolch 
et al. 2012), which has been coined as the “Karakoram 
Anomaly” (Hewitt 2005; Kumar et al. 2015). Anomalous 
decreasing summer temperatures, compared to globally 
warming trends, as well as increasing winter precipitation 
were assumed to be the main climatic drivers of the Kara-
koram Anomaly (Hewitt 2005; Kapnick et al. 2014). How-
ever, most assessments were based on the relatively short 
meteorological observations (typically <50 years), record-
ing conditions in the deep and semi-arid Karakoram valleys 
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rather than in the high, glaciated regions (Hewitt 2011, 
2014), limiting our understanding of mountainous climate 
variability on longer timescales.

Tree rings, as an annually resolved and quantitative cli-
mate proxy, have been used to investigate past temperature 
variability over the Tibetan Plateau, Himalaya, and neighbor-
ing regions (Cook et al. 2003; Deng et al. 2014; Liang et al. 
2010; Thapa et al. 2014; Lv and Zhang 2013; Wang et al. 
2014; Yadav et al. 2011; Zhang et al. 2015). In the Karako-
ram area, several studies revealed tree rings to be sensitive 
to changing temperatures (Ahmed et al. 2011; Esper 2000; 
Esper et al. 2002b, 2007; Zafar et al. 2015). Recent work by 
Zafar et al. (2015) presented a rigorously calibrated summer 
(June–August, JJA) temperature reconstruction extending 
over the past 500 years based on Picea smithiana and Pinus 
gerardiana tree-ring data. This reconstruction indicated that 
temperature variations in the Karakoram were out-of-phase 
compared to the hemispheric trends. In contrast, the North-
ern Hemisphere shows general warming trends during the 
twentieth century (Esper et al. 2002a; IPCC 2007; Wilson 
et al. 2016). However, the Zafar et al. (2015) reconstruction 
is based on a negative association between tree-ring data and 
summer temperatures, indicating that moisture stress is the 
key driver of tree growth at the study sites.

The objective of this study is to present a new high-
elevation temperature reconstruction for the Karakoram 

region based on a positive response of tree growth to tem-
perature, and to compare the retained temperature trends 
with previous attempts based on inverse growth/tempera-
ture correlations. We expect that the Karakoram tempera-
ture variability is synchronous with the trends at larger 
spatial scales and assess this by comparison with recon-
structions of Northern Hemisphere and Northern Hemi-
sphere extra-tropical temperature variability.

2  Materials and methods

2.1  Study area

Our study area is situated in the Bagrot valley in the Kara-
koram region of northern Pakistan (Fig. 1). It covers an area 
of 452 km2, characterized by extreme relief from 1500 to 
7788 m a.s.l. at the Rakaposhi summit (Mayer et al. 2010). 
Precipitation in this region changes gradually with altitude, 
semi-arid in lower elevations (<1500 m) and wet in higher 
elevations (>4000 m) (Mayer et al. 2010; Winiger et al. 
2005). The precipitation in the study region is estimated to 
increase to 1000+ mm at the upper treeline in 4000 m a.s.l. 
(Cramer 2000). In summer, the monsoon is contributing to 
the precipitation in this region, while westerlies dominate 
during the cold season (Hewitt 2005; Kapnick et al. 2014; 

Fig. 1  Location of the tree-ring sampling site and the CRU TS 3.32 grid point in the Karakoram, northern Pakistan
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Kumar et al. 2015). The steep precipitation gradient, from 
the semi-arid valley bottoms to the humid summits, results 
from an inner-mountainous circulation system generat-
ing clouds and downpour at the slopes and summits, and 
persisting clear sky conditions above the valley centers 
(Weiers 1998). According to the gridded monthly climate 
data sets (36° 25′N, 74° 75′E from 1955 to 2013) of CRU 
TS 3.23 (Mitchell and Jones 2005), the mean annual pre-
cipitation, typically measured by stations situated in the 
valley bottoms, is 301 mm. Annual mean temperature is 
1.2 °C, ranging from −11.4 °C in January to 12.5 °C in 
July (Fig. 2).

2.2  Tree‑ring sampling and chronology development

Pinus wallichiana is a naturally distributed evergreen spe-
cies in Pakistan, Bhutan, Afghanistan, China, Nepal and 
India (Orwa et al. 2015). It usually grows at an altitudinal 
range from 1800 to 3900 meters a.s.l (Singh and Yadav 
2007). P. wallichiana is a dominant species at the timber-
line in the Karakoram reaching ages up to about 700 years 
(e.g. Astore-Rama; Ahmed et al. 2011). We here selected 
healthy P. wallichiana trees between 3550 and 3710 m a.s.l. 
near the upper treeline in the Bagrot valley, with no evi-
dence of human disturbance or fire injuries (Fig. 1). A total 
of 60 increment cores were extracted from 33 living trees 
in May 2014 (Table 1). Tree-rings samples were air dried, 
mounted, and sanded using progressively finer sandpa-
per following established dendrochronological techniques 
(Fritts 1976; Stokes and Smiley 1968). The tree-rings were 
counted and tree-ring width (TRW) measured at 0.01 mm 
resolution using a LINTAB 5 measuring system. The sam-
ples were cross-dated by comparing the TRW visually 
using TSAP software and validated using the COFECHA 
computer program (Holmes 1983).

To preserve low-frequency climate signals in the final 
TRW chronology, we used ARSTAN program (Cook 1985) 
to calculate ratios between the raw measurement series and 
negative exponential functions (Cook and Kairiukstis 1990). 
For 18 cores we used 90-year cubic smoothing splines for 
standardization to avoid artificially increasing trends in the 
index series. We averaged the detrended series to produce 
a standard mean chronology (STD; Fig. 3). The statistical 
characteristics of this chronology over the period common 
to all trees (1800–2013) are shown in Table 1. To investigate 
whether there is a trend bias in the STD chronology calcu-
lated using ratios, we also produced a chronology (using the 
same negative exponential and spline fits) by calculating 
residuals subsequent to the application of a data-adaptive 
power transformation (Cook and Peters 1997).

The mean inter-series correlation is used to estimate coher-
ence inherent to the chronology, and the Expressed Popula-
tion Signal (EPS) is used to evaluate temporal changes of 
the reconstruction signal strength (Wigley et al. 1984). Both 
metrics were calculated over 50-year intervals lagged by 
25 years. We considered an EPS > 0.85 threshold to define 
the period over which the chronology likely reflects the signal 
expressed by a theoretically infinite population. According 
to the 50-year running EPS values, the period after AD 1575 
was considered for climate reconstruction (Fig. 3).

2.3  Climate signal assessment

In order to determine the climate signal inherent to the tree-
ring data, we correlated the STD chronology with climate 
variables over the period 1955–2013. Since most of the 
weather stations in this area are situated on the valley floors, 
we used gridded data centered at 36°25′N and 74°75′E 

Fig. 2  Climate diagram of the gridded monthly climate data sets of 
CRU TS 3.23, covering the period of 1955–2013

Table 1  Site information and statistics for the tree-ring chronology

Study site Bagrot (Karakoram)

Species of tree Pinus wallichiana

Latitude 36° 01

Longitude 74° 39

Elevation range (m) 3550–3710

Cores/trees 60/33

Time span 1194–2013

Percent of missing rings (%) 0.17

Mean sensitivity 0.13

Standard deviation 0.22

Mean correlation between all series 0.45

Mean correlation between trees 0.44

Mean correlation within a tree 0.65

First order autocorrelation AC (1) 0.68

Signal to noise ratio (SNR) 42.5

Expressed population signal (EPS) 0.97



F. Asad et al.

1 3

from the CRU TS 3.23 dataset (Fig. 2; Mitchell and Jones 
2005) to capture the regional climate signals. Meteorologi-
cal data from the nearby station in Gilgit are available since 
AD 1955, thus the CRU data are most consistent since 1955 
for this region. The climate variable considered here include 
monthly mean (Tmean), maximum (Tmax), and minimum 
temperatures (Tmin), as well as monthly and annual precipi-
tation sums. Considering that the climate in the year prior to 
tree-ring formation may have an effect on tree growth (Fritts 
1976), Pearson correlations were calculated with the climate 
data from prior-year September to current-year October.

2.4  Calibration and validation

To reconstruct past temperature variations, we transferred 
the STD chronology into estimates of seasonal tempera-
ture using multiple linear regression. The highest tempera-
ture correlations were selected to develop a reconstructions 
model with minimum residuals. Current year growth (at 
lag t) and 1 year lag (t + 1) were utilized as independent 
variables, acknowledging lagging effects of climate on tree 
growth (Fritts 1976). This method, however, may reduce 
high frequency variability in the final reconstruction, 

Fig. 3  a Standard chronology 
from 1194 to 2013, its long 
mean (dotted line), 11-year 
moving average (bold red line), 
and numbers of tree cores (blue 
line). b Expressed popula-
tion signal (EPS), and running 
inter-series correlation (Rbar). 
Critical EPS level of 0.85 is 
highlighted with dotted line

Table 2  Calibration-Validation 
results of the Bagrot (Gilgit) 
April-July temperature 
reconstruction

r: Pearson correlation coefficient; R2: variance explained; R2
adj: adjusted variance explained; DW = Dur-

bin–Watson statistic; ST: sign test with numbers of significant levels of 0.05 and 0.01; FST: the first-differ-
ence sign test; RE: reduction of error; CE: coefficient of efficiency

* Significant at p = 0.01

Calibration
1955–1983

Validation
1984–2012

Calibration
1984–2012

Validation
1955–1983

Calibration
1955–2012

r 0.60 0.74 0.78 0.58 0.70

R2 0.36 0.55 0.61 0.40 0.49

R2
adj 0.31 0.53 0.58 0.32 0.48

DW 2.30 1.56 1.34 2.31 1.90

F value 7.22* 33.14* 19.96* 13.85* 26.78*

ST 21 (21, 22) 25 (21, 22)

FST 19 (20, 22) 16 (20, 22)

RE 0.58 0.26

CE 0.49 0.05
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particularly where there is opposite direction of change in 
growth between lag t and lag t + 1. Independent calibra-
tion and validation statistics were conducted to evaluate 
the predictive skills of the regression model in the periods 
1955–1983 and 1984–2012, respectively. The following 
statistics were calculated considering the two, equally long 
sub-period (Table 2): explained variance (R2), adjusted var-
iance explained (R2

adj), Durbin-Watson test (DW), F value, 
reduction of error (RE), coefficient of efficiency (CE), Sign 
test (ST), and first-difference sign test (FST) (Cook and 
Kairiukstis 1990; Fritts 1976). Sign-test is a nonparamet-
ric procedure quantifying the number of sign agreements 
and disagreements between the proxy and observation 
data (Fritts, 1976). We used the original (STD and obser-
vational) data as well as first-difference data to calculate 
ST. We also calculated spatial correlations between our 
reconstruction and the CRU TS 3.23 April–July minimum 
temperature field from 1955 to 2012 utilizing the KNMI 
climate explorer (http://climexp.knmi.nl), to evaluate its 
spatial representativity.

3  Results and discussion

3.1  TRW chronology characteristics

The long-lived Pinus wallichiana trees allowed the devel-
opment of a chronology reaching back to the twelfth cen-
tury (Fig. 3a). The inter-series correlation is r = 0.40 back 
in 1425, and enhance before likely due to the dominance 

of within-tree correlations (Fig. 3b). The mean correlation 
(0.44) between trees during the period 1800–2013 (Table 1) 
reveals significant common variance among the TRW 
series from these high elevation pines sampled in >3500 m 
a.s.l. The moving EPS values indicate that the chronology 
is representative back to 1575.

The chronology fluctuates around the mean from 
AD 1400 to 1800, followed by a substantial decrease in 
the first-half of the nineteenth century, culminating in 
the 1840s, and a subsequent long-term increasing trend 
towards present. This increasing trend is also present in the 
raw TRW chronology as well as the STD chronology pro-
duced using residuals (and power transformation) (Supple-
mentary Fig. S1). It appears that potentially biasing effects 
of ratio calculation are of minor importance, as the other 
two STD chronologies show similar variance and trends. 
Consequently, we used the ratio STD chronology for fur-
ther analysis, as it does not require extra transformation of 
the raw data.

3.2  TRW climate signals

The high-elevation P. wallichiana tree-ring chronology cor-
relates positively with temperatures of each month from 
prior-year September to current-year October (Fig. 4). 
Significant (p < 0.05) and relatively high correlations are 
found from late spring to early summer of the current year 
(April–July) and from late autumn to early winter (Octo-
ber–November) of the previous year. Monthly minimum 
temperatures correlate better than mean and maximum 

Fig. 4  Pearson correlations 
between the standardized  
TRW chronology and monthly  
maximum (Tmax), mean (Tmean) 
and minimum (Tmin)  
temperatures (a), and  
precipitation (b) from the 
previous-year September to 
current-year October. The 
horizontal dotted line at ±0.254 
represents the significant level 
at p < 0.05

http://climexp.knmi.nl
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temperatures, particularly over the growing season from 
April to July. Weaker correlations are found between the 
STD chronology and precipitation, with only previous-year 
November precipitation showing a significantly (p < 0.05) 
negative relationship with tree growth. These results dem-
onstrate that low temperature rather than precipitation is 
the fundamental constraining climate factor for tree growth 
towards the upper treeline in the Karakoram.

These findings are in contrast to an earlier study by 
Zafar et al. (2015) showing high elevation Picea smithiana 
and Pinus gerardiana growth in the Karakoram to be nega-
tively related to summer temperature. Zafar et al. (2015) 
found significant negative correlations between seven TRW 
chronologies from the Gilgit and Hunza valleys with sum-
mer temperatures of both prior year and current year during 
the calibration period from 1955 to 2005. While our Pinus 
Wallichiana chronology reveals a significant positive corre-
lations with late-spring and early-summer (growing season; 
April–July) temperatures, the difference with Zafar et al. 
(2015) might arise from the particular sampling site eleva-
tions. Our site is located about 300–700 m above the eleva-
tional range of the Zafar et al. (2015) sites. Their samples 
originate from 2850 to 3296 m a.s.l., far below the natu-
ral timberline. This also means that our site is 1.8–4.2 °C 
cooler if considering a temperature lapse rate of 0.6 °C/100 
meters. Lower site temperatures typically reduce the 
evapotranspiration from trees and soil, while precipitation 
increase with elevation as a result of the inner-mountainous 
wind circulation system, thus moisture may not limit tree 
growth. On the other hand, limited warmth reduces tree 
growth through limiting tracheid division and enlargement 
(Rossi et al. 2008). In addition, low temperature in pre-
growth season may damage buds and reduced root activity 
affecting tree metabolism (Körner 1999). At lower eleva-
tions, higher temperature may cause moisture stress to tree 
growth through enhanced evapotranspiration (Fritts 1976). 
Therefore, the cold conditions near the upper timberline in 
the Karakoram provides a physiological background for the 
temperature reconstructions. Selecting trees from sites near 
the upper treeline ecotone is critical for retrieving a tem-
perature rather than a drought/precipitation signal.

3.3  Calibration, validation and temperature 
reconstruction

According to the tree-growth/climate signal assessment, we 
selected April-July minimum temperatures as the recon-
struction target. The reconstruction explains 49 % of the 
variance of the climate records during the full 1955–2012 
calibration period, and 48 % after adjusting for the loss 
of the degrees of freedom due to two predictors (Table 2). 
Positive RE and CE statistics, over the early (1955–1983) 
and late periods (1984–2012), reveal predictive skill of 

the reconstruction model (Cook and Kairiukstis 1990). 
The split calibration/validation approach also supports 
the stability and reliability of the reconstruction model 
over the full period. Both early and late period calibration 
equations are significant at p < 0.01, in spite of relatively 
lower R2 (36 %) of the early compared to the late period 
(61 %). Application of the sign test supported this conclu-
sion reaching p < 0.05 over the 1984–2012 and 1955–1983 
periods. However, neither first-difference sign test passed 
the significant level of 0.05 (Table 2). Accordingly, the 

Fig. 5  a Comparison of instrumental and reconstructed April–July 
minimum temperatures (AMJJT) from 1955 to 2012. b The recon-
structed temperature (Tmin) shown together with ±1σ (see “Methods” 
for detail), and 11-year low-pass filter

Table 3  Cold/warm periods during AD 1575–2012

No. Cold periods Warm periods

1 1578–1594 1595–1601

2 1602–1608 1609–1629

3 1630–1635 1636–1640

4 1641–1657 1658–1665

5 1666–1670 1671–1678

6 1679–1684 1685–1693

7 1694–1710 1711–1716

8 1717–1722 1723–1729

9 1730–1736 1737–1749

10 1750–1758 1759–1763

11 1764–1768 1769–1783

12 1784–1788 1789–1809

13 1810–1826 1894–1899

14 1830–1893 1929–1935

15 1900–1928 1939–2012
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good calibration results are supported by the coherent low 
frequency trends, rather than the year-to-year variations, 
similar to temperature calibration models detailed in Nepal 
(Cook et al. 2003) and the northeast Tibetan Plateau (Zhu 
et al. 2008). April–July temperatures were reconstructed 
back to AD 1575 using the transfer function of the full 
period: Temp = −2.63 + 2.01 TRt + 0.983 TRt+1. The 
reconstruction captures decadal scale fluctuations from the 
cool 1960s to the warm 1970s, as well as the cool 1980s to 
the warm 2000–2010s quite well (Fig. 5a).

The most prominent feature of the reconstruction is the 
warming trend from the early nineteenth century until pre-
sent (Fig. 5b). It exhibits a long cold period from 1830 to 
1893 and subsequent warming from 1939 to 2012. Appli-
cation of a 11-year low pass-filter emphasizes cold and 
warm periods over the past 400+ years (Table 3). Over the 
past 438 years, 59 extremely warm and 61 extremely cold 
years are identified based on a 1σ criterion (0.56 °C) devi-
ating from the long-term mean (0.32 °C). Thirty-two of the 
warmest years were identified in the twentieth and twenty-
first century. The difference between the overall warm-
est (2007, 2.82 °C) and coldest years (1837, −1.45 °C) is 
1.37 °C.

The comparison of the Bagrot reconstruction with grid-
ded April-July minimum temperatures from CRU TS 3.23 
shows significant (p < 0.01) correlations over the Kara-
koram, West Tian Shan, Tarimu Basin, Kunlun Mountain, 
Pamir and central-east Himalaya (Fig. 6). For the first-dif-
ferenced data, the correlations are weighted eastward into 
the Karakoram, Pamir, and western Kunlun Mountains. 

The correlations decrease dramatically along the Karako-
ram and Himalaya towards the lower Indus Basin into cen-
tral-southern Pakistan and the Indian sub-continent. These 
results suggest that the Bagrot reconstruction is representa-
tive for high central Asia, distinguished from temperature 
variations of the monsoonally dominated lowlands in the 
south.

3.4  Comparison with High Asian and Northern 
Hemispheric reconstructions

To assess regional versus large-scale trends, we compare 
the new Bagrot reconstruction with the mean summer (JJA) 
temperature reconstruction for High Asia and reconstruc-
tions representing the Northern Hemisphere extratrop-
ics (Fig. 7). There is a significant (p < 0.001) correlation 
(r = 0.45) between our local and the regional High Asian 
records (Cook et al. 2013; PAGES 2k 2013) at inter-annual 
scale. This correlation increases to r = 0.58 after 11-year 
low-pass filtering on the series (Supplementary Table 1). 
Both records showed relatively stable conditions from 1600 
to 1800, followed by marked cooling in the 1840s, and 
subsequent warming. Prominent cold decades in the 1578–
1594, 1642–1657, 1695–1710, 1784–1788, 1811–1826, 
1832–1847, and 1909–1918, and 1960–1969 are consistent 
between the High Asian reconstructions (shaded periods 
in Fig. 7). The substantial cold period from 1811 to 1826 
and 1832 to 1847 also corresponds with other tempera-
ture reconstructions from Western Himalaya (Yadav et al. 
2004), Tibetan Plateau (Liang et al. 2008; Lv and Zhang 

Fig. 6  Spatial correlation field of reconstructed April–July mean 
minimum temperatures (Tmin) with gridded Tmin from the CRU TS 
3.23 dataset 1955–2012. The left panel show the results for the origi-
nal data, the right panel for first-differenced data. Correlation analy-

sis was performed using the KNMI climate explorer (http://climexp.
knmi.nl/). Black square is the sampling site in the Bagrot valley. Cor-
relations are not shown if significant level p > 0.01

http://climexp.knmi.nl/
http://climexp.knmi.nl/
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2013; Zhu et al. 2011), and central Asia (Davi et al. 2015), 
despite differences in magnitude. The early nineteenth cen-
tury cold conditions are likely driven by solar variability 
(the Dalton Minimum; Wagner and Zorita 2005) and vol-
canic forcing (Tambora eruption; Esper et al. 2013b). These 
shared warm/cool variations re-validate the reliability of 
our reconstruction in Karakoram at decadal to multi-dec-
adal scales.

However, most of these reconstructed cold and warm 
intervals are out of phase with the Karakoram JJA tempera-
ture reconstruction by Zafar et al. (2015). The latter record 
appears flat, containing relatively minor low frequency 
variance over the past 400+ years. There is no correlation 
(r = 0.01) between the series of Zafar et al. (2015) and our 
reconstruction. Possible explanations include the earlier 

reconstruction to be sensitive to drought stress, which is 
the combination of high temperature and low precipitation 
(Cook et al. 2010), and cloud cover changes. The latter has 
been suggested by Esper et al. (2007) as a possible influ-
ence of growth of old junipers of this area.

Our temperature reconstruction from the Karakoram 
region is also in good agreement with large-scale recon-
structions integrating variability at the Northern Hemi-
spheric extratropical scale (D’Arrigo et al. 2006; Frank 
et al. 2007; Mann et al. 1999; Schneider et al. 2015; Shi 
et al. 2013; Wilson et al. 2016) (Fig. 8). All of these recon-
structions show a cool Little Ice Age and subsequent warm-
ing into twentieth century. There are consistent cold peri-
ods at decadal to multi-decadal scales including the cold 
episodes 1641–1657 and 1694–1710 (Maunder minimum), 

Fig. 7  Comparison of 
temperature reconstructions 
of the Bagrot–Karakoram 
region (April–July, Tmin; this 
study) (a), High Asia (JJA; 
Cook et al. 2013; PAGES 2k 
2013) (b) and Karakorum (JJA; 
Zafar et al. 2015) (c)

Fig. 8  Comparison between 
the Karakoram temperature 
reconstruction of this study and 
Northern Hemisphere recon-
structions (D’Arrigo et al. 2006; 
Frank et al. 2007; Mann et al. 
1999; Schneider et al. 2015; Shi 
et al. 2013; Wilson et al. 2016)
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and 1812–1826 (Dalton Minimum). Another cold event 
in the first half of nineteenth century from 1830 to 1847 
is also seen in Northern Hemisphere records. However, 
temperatures in the Karakoram were not cold in 1816 sub-
sequent to the Tambora eruption, despite cool deviations 
in Northern Hemisphere, the east Himalaya (Krusic et al. 
2015), and the southeast Tibetan Plateau (Duan and Zhang 
2014; Liang et al. 2009; Wang et al. 2010; Zhu et al. 2011). 
Similar differences in the severity of the 1816 year without 
a summer are, however, also reported from Europe (Esper 
et al. 2013a, b). Our reconstruction correlates significantly 
(p < 0.01) with the Northern Hemispheric records. The 
strongest correlation (r = 0.55; Supplementary Table 2) is 
found with the Wilson et al. (2016) tree-ring based tem-
perature reconstruction. The correlation increases to 0.68 
after 11-year low-pass filtering on both records, revealing 
increased similarity at decadal to inter-decadal timescales.

4  Conclusions

We developed an April–July temperature reconstruction 
extending back to AD 1575 based on Pinus Wallichiana 
TRW data from the upper timberline in the Karakoram, 
northern Pakistan. The reconstruction is characterized by 
decadal to multi-decadal variations during the Little Ice 
Age, and a subsequent warming trend since the mid-nine-
teenth century, in line with reconstructions from High Asia 
and the Northern Hemisphere. Our reconstruction demon-
strates that Karakoram temperatures are in-phase, rather 
than out-of phase with large-scale continental and hemi-
spheric trends. However, it should be mentioned that there 
is need to collect more samples and develop additional 
high-elevation records to support this argument. Since lit-
tle is known about longer-term glacier fluctuations in the 
region, additional dendroglaciological studies are needed 
to evaluate the Karakoram Anomaly and explain the long-
term relationships between Karakoram climate variation 
and glacier fluctuations.
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