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ABSTRACT 
 

A study was conducted to assess the change in climate that has happened in 
Malam Jabba, Swat Forest Division for the last 30 years i.e. 1985-2015 and its impact on 
the tree ring widths (growth) of Blue pine (Pinus wallichiana). Results of the study 
showed an increase of 1.20°C in annual temperature and 9.58 mm in annual precipitation 
for the studied period. Correlation and Response Function Analysis between tree rings 
and climatic parameters indicated an obvious transformation in both coefficients from 
June-September of the previous year to current growth years in case of precipitation and 
during the month of June in case of temperature. Significant positive correlation was 
found with June of the current growth season in case of mean monthly temperature. 
Moreover, June temperature along-with availability of rainfall has been found favoring the 
growth of this tree species. 
 
INTRODUCTION 
 

Climate change is considered one of the greatest environmental, social, 
and economic challenges in the world today. Maximum warming by the middle of 
the twenty-first century is predicted to increase by 1.5°C and global maximum 
temperatures are expected to be 1.5°C warmer in comparison to pre-industrial 
levels (Schewe et al., 2011). Although there is some uncertainty about the 
mechanisms and impacts of climate change, many predict summers to be 
warmer and drier while winters are likely to be warmer and wetter (Mote, 2003). 

 
The impact of climate change on forest tree growth has been broadly 

studied using tree rings (Girardin et al., 2008; Lapointe-Garant et al., 2010 and 
Chen et al., 2011). Tree ring analysis is also suitable for assessing and predicting 
the effects of climate change (Henry and Hou´erou 1996; Meko, 1997; Touchan 
and Hughes, 1999). 

 
Dendrochronology is a technique of analyzing annual growth rings and 

using tree rings for dating purposes. It is also often used to date historical 
variations in climate and explore ecosystem responses to climate variability 
(García-Suárez et al., 2009). In Pakistan Dendrochronology is a “young science” 
and has been expanding rapidly and so far substantial progress has been made 
since the pioneer work of Champion et al. (1965), Khan (1968) and Sheikh 
(1985). These workers used Pinus gerardiana, Pinus wallichiana and Juniperus 
excelsa from Zhob District and Azad Jammu Kashmir areas for age 
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determination based on simple ring count without applying standard 
dendrochronological techniques. Studies have shown that conifers could be used 
in climatic investigations in the Himalayan region (Ahmed, 1987; Bhattacharya 
and Yadav, 1999; Yadav and Park, 2000; Singh and Yadav, 2007; Singh et al., 
2009; Ahmed et al., 2009, Ahmed et al., 2011 a). 

 
In view of these considerations, the present study was conducted, and an 

attempt was made to report the dendroclimatological potential of Pinus 
wallichiana from Malam Jabba range of Pakistan. The aim of the study was to 
develop tree-ring chronologies for the species and to explore the relationships 
between tree-ring growth and climatic variables. These findings are expected to 
provide baseline data for the regional climate variability in the past. 
 
MATERIALS AND METHODS 
 

To conduct the research work, cores were extracted from the trees of 
Blue pine (Pinus wallichiana) grown in Malam Jabba Swat and prepared for 
measurement by first being glued onto the wooden core holders and then 
progressively sanded with sandpapers (60, 80, 120 grades) until a highly 
polished surface was produced. Then using microscope, the ring width growth 
patterns were matched within and between trees i.e. cross dated and exact 
calendar years assigned. The process follows the techniques described by 
Stocks and Smiley (1968). The width of rings in cores was measured using the 
latest and most advanced WinDendro System. The measurement series from 
each core was then cross-checked for possible dating errors using the software 
Cofecha (Holmes, 1983; Grissino-Mayer, 2001).  

 
The cross dated series were then compiled into site chronology using the 

program Arstan (Cook, 1985). The age related growth effects were removed by 
single detrending using the Friedman variable-span smoother in the program 
options. For similar reason, the “residual” chronologies from the ARSTAN output 
were selected for subsequent climate response modeling. To provide more 
insight into the relationship between the trees growth and climate, the Response 
function Analyses (RFA) were calculated by using computer based program  
Dendroclim 2002 (Biondi, 2002). The period of tree growth in the region is 
generally thought to commence around March and cease by the end of 
September, so the 12-month interval of October in the previous year to the end of 
current growing season (September) was selected. Further, the investigation of 
the contribution for 4-years of prior growth has also been included in the analysis. 
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RESULTS AND DISCUSSION 
 
Study Site and Climatic Data 
 

The site Malam Jabba is nearly 40 km from Saidu Sharif in Swat Valley of 
Khyber Pakhtunkhwa province in Pakistan and is considered in moist temperate 
region (Champion et al. 1965; Ali and Qaiser, 1993; Ahmed et.al. 2006; Siddiqui 
et al., 2013). The climatic conditions in the area vary from sub-tropical; boreal to 
moist temperate. The sub-tropical, semi-arid climate of Saidu Sharif is 
comparable to that in the lower Malam Jabba (Siddiqui et al., 2016). 
 

To study the impacts of climatic changes on the tree growth of Blue pine 
(Pinus wallichana) found in this area the climatic data of Malam Jabba was 
collected from Climate Research Unit (CRU), University of East Angila website: 
www.cru.uea.ac.uk. For this purpose the co-ordinates of the study site (34° 47’N 
and 72° 34’E) were given to CRUTEM4-2016-11 grid boxes. Klm and data was 
extracted at grid size of 0.5 X 0.5 degree (50 km x 50 km) (Harris et.al., 2014). 
The Climate diagram for mean temperature and precipitation was constructed for 
the time scale of 1985-2015 as shown below in figure 1. 

 

 
 

Fig.1 Monthly variation in mean precipitations (bars) and mean 
temperature (line with squares) in  Malam Jabba, Swat, 
calculated for the period of 1985-2015. 

  
 The Climate diagram represented that July is the hottest month with 
maximum rainfall in this area having mean temperature and precipitation of 
23.88°C and 167.27 mm respectively while February was recorded the coldest 
month with a moderate precipitation of 118.64 mm. During the study period 
maximum and minimum annual temperature was recorded in the year 2002 
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(17.44°C) and 1997 (14.31°C) respectively. In case of rainfall, the minimum and 
maximum precipitation was measured during the year 2000 (61.79 mm) and 
2015 (123.50 mm) correspondingly. An increase of 1.20°C in mean annual 
temperature and 9.58 mm in total annual precipitation was calculated for the 
study period according to statistical expression given in (Table 1), (Bajwa et al., 
2015). 
  
Table 1. Climate changes over Malam Jabba, SFD (1985-2015). 
 
Climatic Parameters Mean ± SE Δ Change Statistical Expression R

2
(%) 

Mean Annual 
Temperature (

0
C) 

15.70±0.15 1.2* Y = - 64.81 + 0.04026 X 0.18 

Total Annual 
Precipitation (mm) 

1060.34±35.09 9.58
ns

 Y = - 6608 + 3.834 X 0.03 

 
 *Significant at 95% (p<0.05), ns: Non-significant 

 
Tree Ring Chronology Development  
 

The following Table 1 and Figures 2 show the results of Blue pine tree 
ring chronologies developed through Computer Based Programs Cofecha and 
ARSTAN. The Chronologies covered 96 (1919-2015) years and were obtained 
upto an altitude of 2274- 2384 m a.s.l., 22-30 % slopes with South to East facing 
of the Malam Jabba Valley of Swat Forest Division. 
 
Table 1. Summary Statistics of Cofecha for Ring width of Blue pine (Pinus 

wallichiana) 
 

 
Site 

UNFILTERED FILTERED 

Chronology 
span 

1Corr with 
Master 

2Mean 
msmt 

3Max 
msmt 

4Std 
Dev 

5Auto 
Corr 

6Mean 
Sens 

7Max 
Value 

8Std 
Dev 

9Auto 
Corr 

SFD 1919-2015 0.185 3.25 97.52 4.031 0.630 0.360 2.97 0.497 -0.014 

 
Note: 1= correlation with master chronology, 2= Mean ring width, 3= Maximum 
ring width, 4 and 8= Standard deviation,5 and 9= Autocorrelation, 6= Mean 
sensitivity, 7= Maximum value, SFD= Swat Forest Division 
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Fig.2. Tree ring chronology development A) The time span of each tree 

ring series in dataset. B)  Residual chronology and c) Arstan 
Chronology of Blue pine after detrending and standardization. 

 
It is obvious from the table 1 that the high value of standard deviation 

(4.031) indicated the fast growth of the species under the prevailing condition of 
this area. Although this chronology has low value of correlation with master one 
but the mean sensitivity value of this species is sophisticated (0.36) and 
acceptable internationally for dendroclimatic studies. The values of 
autocorrelation dropped significantly from 0.630 to -0.014 after filtering which 
help for construction of climate-growth model. Auto correlation is a degree to 
which ring-width of one year is correlated with the growth of the previous year. 
This persistence may be climatic or non-climate related. The high values of auto-
correlation create problem during climate-growth modeling therefore, auto-
correlation properties of the chronology was removed by the auto-regressive 
model (ARSTAN) before the final chronology was constructed. 

 
 Autoregressive Standardization (ARSTAN) program was designed to 
remove the non-climatic factors from the tree-rings features. After 
standardization, tree rings width values are converted into tree ring indices and 
four chronologies were developed i.e. Raw, Residual, Standard and Arstan. 
Residual Chronology (without auto-correlation) has stronger climatic signal and 
statistically more robust than standard chronology (Fig.2), therefore this 
chronology was used for climate-growth modeling. 
 
Climate-Growth Relationship 

 
The climate–growth relationship at moist temperate sites is often more 

diffusing and challenging (Drew et al., 2013). However, armed with good 
knowledge of the species and study region, a proper site selection may lead to 
significant correlations between tree rings and a climate factor. According to 
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Wei et al., 2013, tree-ring series derived from extreme sites often have the 
advantage that one particular climate variable such as summer temperature can 
easily be identified as the principal limiting factor for growth. At higher elevation, 
rainfall not only reduces the sunshine period and photosynthesis, it also drops 
the temperature leading to reduced physiological activity, with the net result 
being reduced growth in trees. Therefore, it seems reasonable that at higher 
elevations even during the summer period above average rainfall may reduce 
growth and the increased temperature in these months is favorable for growth.  

 
The following Figures 3A & B represent the effects of climate change on 

tree growth of Blue pine (Pinus wallichiana) explored through Correlation and 
Response Function Analysis (RFA). This software does not measure the climate-
growth relationship, rather it describes the nature of the climatic factors that 
influence the tree growth and also show the direction and strength of this 
association.  

 

 
 
Fig.3. Correlation (histograms) and Response Function (lines) between 

Tree ring series and A) annual precipitation (mm) B) monthly 
mean temperature (°C). Correlations were calculated from June of 
previous year (Jun-Dec.) to September of the current growth year 
(Jan-Sep.) over the common period (1985–2015) (Bhattachyryya, 
1990). The horizontal dotted lines denote the 95 % confidence 
level for the correlation function. Response functions significant at 
the 0.05 level are marked with an asterisk. 

 
 The outcomes of correlation and response function analysis between tree 
growth (ring widths) and precipitation (Fig.3A) indicated a prominent change from 
June-September of previous year to current growth years. A transformation from 
positive to non-significant negative in both coefficients was observed during the 
month of July from previous to current year representing that maximum rainfall 
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during this studied period is imposing negative impact on the growth of trees. 
During the growth season (January-April) precipitation was found significantly 
negatively correlated and responded during the month of January. 
 
 Figure 3B represents the results of RFA between tree ring widths and 
temperature for the time period 1985-2015. A change in both the coefficients of 
correlation and response was observed from June-July of previous year to 
current growth year indicating that highest temperature of these months favoring 
its growth in contrary to the previous years. During tree ring formation period 
(January-April) no prominent effect of temperature was observed and in addition 
February temperature was found significantly negatively responding to the 
growth of this species. Zhang and Hebda,2004 and Peng et al., 2008 also 
demonstrated strong positive correlation with July temperature from high 
elevation and the results of present study also reflected that the high temperature 
of June along with the availability of rainfall favoring the growth of this tree 
species in the changing scenario of climate for the studied era.     
 
CONCLUSION 
 

Based on the results it can be concluded that during the period 1985-
2015 significant change in the temperature of Malam Jabba have been occurred. 
Increase in both temperature and rainfall positively influenced the growth of 
Pinus wallichiana.  Particularly the June temperature along-with the availability of 
rainfall favored the growth of the species. 
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