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Abstract   

Tree-ring width (TRW) chronologies have been extensively used for historical climate reconstruction. 
Tree rings are one of the most authentic proxies bases on their high-time resolution and accurate dating. 
Understanding, the climate-growth relationship is important to predict the response of trees to climate 
variation. Here, we developed an annually resolved and dated TRW chronology spanning 380 years using 
Pinus wallichiana tree cores from Haramosh Karakoram region, Northern Pakistan. The TRW chronologies 
were correlated with weather station data (1955-2013 AD) collected from the nearby instrumental station 
to investigate the climate-growth limitation. It shows a positive correlation with temperatures from previous 
year September to October of the current year. Significant correlations are found from October of the prior 
year to February of the current year. No correlations were found between the TRW chronology and drought. 
These results indicate that the growth of P. wallichiana trees is limited to temperature rather than drought. 
The present study suggests that the tree rings of P. wallichiana from Karakoram region could be utilized to 
develop long-term chronologies for climate reconstruction. 
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INTRODUCTION

Tree rings are a vital tool for the reconstruction of historical climate change 
in regions, where short and/or no instrumental records are available. Improvement 
in paleoclimatic techniques and dendrochronological approaches have provided a 
opportunities to develop the ecosystem and long-term climate reconstructions, and 
thereby increase our knowledge about the climate changes for the past one-millennium 
(Wilson et al., 2016). Few studies have examined the long-term climatic records of the 
northern areas of Pakistan, whereas these areas consist thick natural forests without 
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any human intervention which provide a high potential for dendroclimatic studies 
(Ahmed et al., 2011; Asad et al., 2017). The climate variable that possesses the high 
correlation with the tree-ring chronology was preferred for the reconstruction (Zhu et 
al., 2011; Asad et al., 2016). Therefore, before to explore past climate change scenarios 
in Karakoram region, it is necessary to enhance our knowledge about the climate-tree 
growth limitations.

Several studies have explored past climate reconstructions using the high resolved 
climate proxy of tree-ring data. For example, the climate reconstructions for the 
Himalayas (Krusic et al., 2015; Yadava et al., 2016), Tibetan Plateau (Liang et al., 2008; 
Zhu et al., 2011; Yang et al., 2014; Chen et al., 2015; Zhang et al., 2016), Mongolia, 
and other neighboring regions (Azizi et al., 2013; Davi et al., 2015). Up to date, only 
one precipitation and two temperature reconstructions have been documented for 
Karakoram region, northern Pakistan (Treydte et al., 2006; Zafar et al., 2015; Asad 
et al., 2016). However, based on high altitude dendroclimatological investigations, the 
above studies have revealed little explanation to address the impact of climate on the tree 
growth in Karakoram region.

In this study, the climate-growth response between climate and standard ring width 
chronology of Pinus wallichiana was investigated by employing dendrochronological 
methods. It is hypothesized that tree growth of Karakoram region at upper treeline is 
limited to temperatures rather than drought. 

MATERIAL AND METHODS
Study site description

The study site is located in Haramosh Mountains (35°53, 74°51) Karakoram 
region, Northern Pakistan (Fig. 1). The climate of the study area shows great variations, 
the high elevation receives higher precipitation than the valley bottoms (Kick, 1980). 
During the summer season monsoon and in winter season mid-latitude westerly are 
the dominant circulations (Owen et al., 2002; Fowler, Archer, 2006). The instrumental 
records of Gilgit station from 1955-2013, revealed that the sum annual precipitation is 
138.34 mm of which 5.16% falls in the summer season (June to September), while 15.91 
% precipitation is recorded in for both late-winter and spring seasons (January-May). 
The mean monthly temperatures ranging from 3.69°C (January) to 27.34°C, while the 
mean annual temperature is 15.98oC (Fig. 2). The rainfall in Karakoram region increased 
from low to high altitude. For example, the sum annual precipitation at Gilgit station is 
138.34 mm (as above), while Astore station (74° 54’ E, 35° 22’ N, 2167 m a.s.l, from 
1955-2013) it is 488 mm per year (Asad et al., 2017).   

Samples collection and TRW chronology development
Samples were collected from old-looking living and healthy P. wallichiana trees. 

To enhance the possible temperatures signals in the radial growth of trees, we extracted 
52 tree-ring increment cores from 40 trees at 1.37 m above the ground level with no 
anthropogenic and/or natural (e.g. fire) interference. The increment cores were extracted 
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between 3120 and 3460 m a.s.l. To reduce mechanical damage during transport, we were 
stored the tree ring cores in labeled straws during the field. The tree ring cores were fixed 
on a wooden box, then air dried and smoothed with gradually finer grades of sandpaper 
until ring border were clearly visible under the stereoscope microscope (Stokes, Smiley, 
1968; Fritts, 1976). We measured tree-ring widths using a LINTAB 6 measuring system 
with a 0.01 mm resolution (Frank Rinn S.A., Heidelberg, Germany) and cross-dated the 

Fig. 1. Tree-ring sampling area and location of climate station

Fig. 2. Meteorological records of Gilgit station based on sum precipitation, mean maximum, mean 
minimum, and mean temperatures from 1955 to 2013.



8

tree rings using the program TSAPWin. The validity of cross-dating was checked using 
COFECHA computer program (Holmes, 1983).

To eliminate the low-frequency growth trend due to tree ages, the raw ring-width 
series were detrended using Negative Exponential Curves (NEC; 35 cores), and/or if NEC 
appears poorly fit than a 90-year cubic smoothing spline function (17 cores) was used by 
the ARSTAN computer program (Cook, Kairiukstis, 1990). The detrended ring-width 
index series was biweightly averaged into a chronology (STD) to enhance the common 
variability among different trees (Cook, 1985). The statistics of the STD chronology 
during the shared period of 1900-2014 was utilized to investigate the chronology signal 
strength (Table 1), such as the Expressed Populational Signal (EPS), and correlations 
between trees (Rbar) (Fritts, 1976). To check the changing chronology signal with time, 
we also performed moving interval analysis of the EPS and Rbar with 50-year intervals 
lagged by 25 years (Cook, Kairiukstis, 1990). 

Climate-tree growth assessment
To examine the climate response to the tree growth, the correlations analysis 

was performed between the TRW indices and climate data from the period of 1955-
2013. The temperatures data are monthly mean maximum, mean and mean minimum 
temperatures while the drought variables comprised monthly Palmer Drought Severity 
Index (PDSI) and precipitation. The precipitation and temperatures records were 
obtained from the nearby Gilgit instrumental station. The PDSI data were retrieved 
from the self-calibrating CRU scPDSI 3.24 dataset (36° 25′N, 74° 75′E) for 1955 to 
2013. The weather data from previous year September to October of the current growth 
year were utilized for the climate growth assessment, as the climate of prior year may 
have an influence on the tree growth of current year (Fritts, 1976).

Table 1. Tree-ring sampling site information and statistical characteristics of STD chronology

Sampling site Haramosh valley 

Tree species Pinus wallichiana

Sampling location 35°53, 74°51

Elevation range (m) 3120-3450

Cores/trees 52/40

Time Span 1635–2014

Mean Sensitivity (MS) 0.18

Series Inter-Correlation 0.52

Mean correlation between all series 0.35

Mean correlation within-trees 0.32

Mean correlation between-rees 0.39

Signal to Noise Ratio (SNR) 14.40

Expressed-Population-Signal (EPS) 0.94
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RESULTS AND DISCUSSION

This work demonstrates the climate-growth impact using long TRW chronology 
of P. wallichiana trees from Haramosh mountains started from AD 1635 (Fig. 3a). The 
reliable chronology was shortened, when the EPS values were greater or equal to the 
standard threshold (EPS ≥ 0.85) after AD 1740. During the common period 1900-2014, 
the TRW chronology demonstrated about 0.935% of the hypothesized populational-
signal. The EPS are higher before AD 1715 and fall below after AD 1840. The earlier 
(before AD 1715) higher EPS may due to higher Rbar and lower EPS due to smaller 
values of Rbar (Fig. 3b). However, overall STD chronology over the common period 
revealed the reliability of the crossdating and their common climate signal between all 
the trees. Hence, for further analysis, we utilized the TRW chronology from 1740 with 
EPS ≥ 0.85, to have at least 11 cores.

As shown by the correlations results, temperature seems to be the major controlling 
climatic factor for the tree growth (Fig. 4). The influence of temperature is strong and 
significant in the prior year October to February of the current year. Monthly mean 
and mean maximum temperatures correlate higher than mean minimum temperature. 

Fig. 3. Tree-ring width (TRW) chronology from AD 1635 to 2014, the horizontal dashed line represent 
long-mean, red line show11 years moving average and number tree cores designate by blue curve (a), 

running inter-series correlation (Rbar) over time and Expressed population signal (EPS) and,  
the horizontal dashed line marks EPS ≥ 0.85 (b).
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After the different combinations of seasonal variables, mean temperature from previous 
year October to February of the current year had the highest relationship (R = 0.49, P 
< 0.05) with the TRW chronology (Fig. 4a). Whereas, no significant correlations were 
observed between STD chronology and PDSI. However, only prior year September 
precipitation showing a significant positive correlation with tree growth (Fig. 4b). These 
findings showed that temperature is the key limiting climatic variable for tree-growth in 
Haramosh Karakoram region. Our results are in accordance with the previous findings, 
where winter temperature significantly influenced the tree growth observed in northern 
Pakistan (Ahmed et al., 2012; Ahmed et al., 2013; Asad et al., 2017) and in China 
(Yuan, Li, 1999; Ge et al., 2003; Shi et al., 2010; Chen et al., 2012). The significant 
and positive relationship of TRW indices with October-February temperature during 
1955–2013, could be deduced in terms of known physiological processes (Shi et al., 
2016). As frozen soil suppress water absorption and results in winter dryness, injurious 
buds, needles, and reducing trees’ potential for future tree growth (Pallardy, 2010). 
In contrast, warm winter conditions the root injuries and tree mortality are reduced, 
whereas less physiological injuries boost the photosynthetic rate, synthesization, and 
storage of carbohydrates that could be utilized in the subsequent growing seasons  
(Chapin et al., 2005; Gou et al., 2007). 

Fig. 4. The correlations between the tree-ring width (TRW) indices with climate variables:  
monthly mean maximum, mean minimum, and mean temperature (a), and monthly sum precipitation (b) 

from prior year September to the current year October. POct-February represents prior year  
October to February of the current year. 
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CONCLUSIONS

We constructed a long tree-ring chronology (AD 1635-2014) from Haramosh 
mountains Karakoram region of Northern Pakistan. The correlation between the TRW 
chronology and climate variables showed that the mean temperatures of autumn and winter 
seasons (POct-Feb) have a significant and positive effect on the tree growth. Weak correlations 
were found between TRW chronology and Drought. These findings suggest that temperature 
is the most important and controlling climate factor for the growth of Pinus wallichiana in 
the study area. This study based on one tree ring sampling site, more tree rings investigations 
from different sites and regional curve standardization (RCS) methods (Melvin and Briffa, 
2008) are suggested to reconstruct the climate variability in millennial scale.
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