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			Abstract | Climate change is a global phenomenon manifested in rising temperature, erratic changes in precipitation and other climate variables. To assess such impacts, climate-growth response function of the Blue pine (Pinus wallichiana) was studied in Galies Forest Division -Abbottabad, Khyber Pakhtunkhwa, Pakistan, for the time period 1962-2011. Time function response and impacts of changing climate were estimated on the basis of annual ring-width and intra-ring wood formations. The results showed mean ring-width of 2.54±0.11 mm/annum with mean sensitivity and coefficient of variation of 0.38 and 19.50%, respectively. Overall, a decreasing trend was observed in ring-width. The largest mean ring-width was 3.33±0.31 mm, while the smallest ring-width was 1.85±0.27 mm. The mean intra-ring early wood formation was 75.56±0.21%, while the intra-ring late wood formation was 24.44±1.95%. The highest growth in ring-width and intra-ring early wood formation was recorded during 1962-71, while that of intra-ring late wood formation was recorded during 2002-11. The impact of maximum temperature and minimum temperature on ring width was negative and highly significant (p<0.01) and of precipitation positive and non-significant (p>0.05). The study showed a negative growth response of annual growth ring-widths and intra-ring early wood formation and a positive growth response of intra-ring late wood formation of Pinus wallichiana to rising temperatures. These results suggested that the use of ring-widths combined with intra-ring wood formations enables better assessment of impacts of climate change on tree growth. It is recommended that climate change projections and scenarios may be made an integral part of Forest Management Plans for making realistic wood volume and yield estimates.
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			Introduction

			 

			Climate change is a global phenomenon and Pakistan is no exception to it. Pakistan has experienced gradual increase in temperature over land and sea, fluctuations and variations in precipitation, increased frequency of climatic extremes and changes in wind and storms patterns. Moreover, the exact magnitude and frequency of these changes are not uniform in time and space (Bukhari and Bajwa, 2011; Bukhari and Bajwa, 2012; Sheikh et al., 2012).

			 

			Temperature and precipitation, two of the climatic factors bound to change with increased greenhouse gases concentrations, are primary determinants of global vegetation patterns with significant impacts on forest ecology (including biodiversity), plant distribution, productivity and health (Spurr and Barnes, 1980; Smith and Tirpak, 1989; Bukhari and Bajwa, 2012). Increase in temperature will not necessarily have simple linear impacts on growth of tree species in different habitats (Carter, 1996). Thus, local, regional and global changes in temperature and precipitation can influence the occurrence, timing, frequency, duration, extent and intensity of climatic disturbances (Baker, 1995; Turner et al., 1998).

			 

			Pakistan is a forest deficit country with about 4.6 million ha forests and forest plantations. The per capita forest is 0.03 ha which compares unfavorably with average world per capita endowment of 0.6 ha. Among different forest types, conifers spread over about 1,946,000 ha, The temporal climate data, including Azad State of Jammu and Kashmir (AJK) and Northern Areas (Gilgit-Baltistan). These forests have multiple uses. One of the dominant species in coniferous biome in Pakistan is the Blue pine (Pinus wallichiana). These forests are playing vital role in national economy and ecology. Apart from production of timber and non-timber forest produces, the forests are providing livelihoods to summer grazers and forest dependent communities and serving as catchment areas of the Indus River System. The region is also important for eco-tourism due to their spectacular landforms and greenery (Bukhari, 2011; Wani et al., 2004).

			 

			The functioning and productivity of forest ecosystems are highly dependent on climatic factors. Therefore, any climate change over these forests will have significant effects on their productivity, environmental services and contribution to national economy. It is, therefore, imperative to assess the impacts of climate change on growth of high valued tree species which will help estimating the direction and quantum of these changes and devising a strategy for sustainable management of the forests.

			 

			There are several methods to assess climate change-growth response of tree species, including maintaining growth plots and recording data on visible growth parameters, such as, diameter, plant height, etc., over longer period of time. Contrarily, climate-growth response of tree species can be assessed more accurately and efficiently by measuring the ring-width and wood formation within the growth ring (Ahmed et al., 2010). Keeping above facts in view, the present study was conducted to assess (i) growth response function through ring-width and ring-wood characteristics and (ii) impacts of changing climate on growth of Pinus wallichiana in Galies Forest Division-Abbottabad, Khyber Pakhtunkhwa, Pakistan.

			 

			Materials and Methods

			 

			The study was conducted in Galies Forest Division Abbottabad (GFD), located between 33°50´ and 34°23´ N, 73°35´ and 73°31´ E, in northern Pakistan (Figure 1). The division was rich in biodiversity with forest cover of 37.6% (of total area of the Abbottabad district); viz., Moist Temperate 26.3% and Sub-Tropical Chir pine 9.2%. The Division was important for dendro-climatological studies by virtue of its location at the boundary between tropical and temperate continental climatic interaction (Fowler and Archer, 2006). 

			 

			Climate data of Climate Research Unit (CRU)-UK was used for this study. The climate data, including maximum temperature, minimum temperature and precipitation, for the time period of 1962-2011 was used for assessing impacts on growth of Pinus wallichiana. The climate dataset was confined to the period 1962-2011 due to technical and other constraints. For ring-width (RW) measurement, increment cores were extracted using Presler’s Increment Borer, following the methods as described by Ahmed (1984). Twenty trees of Pinus wallichiana were selected at random from different locations of the Division. The core samples were preserved in tubes and shifted for analysis to Annual Ring Measuring Laboratory (ARM Lab.), Pakistan Forest Institute, Peshawar.

			 

			The samples were air dried to avoid fungal infection. The air dried cores were glued into grooved iron mounts with transverse surface of the core upwards. The cores were surfaced using a razor blade and applying successively finer grades sand paper with orbital sander. The RW was measured using Digital Positio-meter with Microcomputer-based measuring system. For each tree 50 rings were measured. Besides RW, intra-ring early wood formation (IEWF) and intra-ring late wood formation (ILWF) were measured. Mean sensitivity (MS), response of trees to growth limiting factors, especially climatic factors, was computed as relative difference in width from one ring to the next by using the formula, as described by Fritts (1976) and Rolland (1993):
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			Figure 1: Landcover map of Galies Forest Division- Abbottabad.

			Where; 

			MSx = Mean sensitivity; Xt = Ring-width at year t; Xt+1= Ring-width at year t+1; n= Total number of rings.

			 

			The biological growth trend, decrease in RWs with increasing tree age - usually independent of other factors influencing tree growth, like climate, was removed by ‘standardization’ procedure (Fritts, 1976). Growth-climate response of Pinus wallichiana was assessed using standardized tree RW series and grid mean maximum temperature, minimum temperature and precipitation data by response function analysis.

			 

			The RW, IEWF and ILWF were analyzed using best fit regression analysis based on means of 20 trees. The significance of changes in the parameters was assessed applying analysis of variance test. Apart from regression analysis, decadal mean RW, intra-ring early and late wood was tested for significance using 1-Way analysis of variance. The significance among individual means was tested applying Tukey’s Honest Significance Difference (HSD) test at p=0.05. The impact of climate change on the RW was assessed using Response function taking climate parameters as independent variable. The correlation between climate change and RWs was assessed using Pearson Correlation.

			 

			Results and Discussion

			 

			The mean sensitivity (MS) of RW was calculated to describe variability of high frequency component of the RW due to climatic fluctuations, while coefficient of variation (CV) was calculated for low frequency component variability induced either by climate or by other long term influences. The mean RW of Pinus wallichiana was measured as 2.54 mm, while the MS was 0.38. The coefficient of variation was found as 19.50 percent (Table 1). These results of MS and CV indicated enough variability for obtaining accurate growth results with correlation and response function methods.

			 

			Table 1: Statistics of annual ring-width of Pinus wallichiana in GFD (1962-2011).

			 

			
				
					
					
				
				
					
							Statistics
							Estimate
					

					
							
							Mean ring-width (mm)

						
							
							 2.54

						
					

					
							
							Standard error (mm)

						
							
							 0.11

						
					

					
							
							Mean sensitivity (MS)

						
							
							 0.38

						
					

					
							
							Variance (σ2) (mm)

						
							
							 0.25

						
					

					
							
							Coefficient of variation (CV) (%)

						
							
							19.50

						
					

				
			

			

			The RW analysis indicated an overall decreasing trend in RW (Figure 2). The largest mean RW was 3.33±0.31 mm during 1962, while the smallest RW was 1.85±0.27 mm during 2002. The highest variability in RW across the cores of 20 trees was recorded in 1971. The time function growth response showed that RW, on average, remained higher and steady during 1960s which, conversely, decreased during 1978-86. The RW increased again during 1990s, followed by a considerable decrease during 2000-10. The RW was >3.0 mm during 13 years, and <2.0 mm during nine years.
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			Figure 2: Time function of ring-width of Blue pine in GFD (1962-2011).

			 

			The analysis of time function response of IEWF within a ring showed a large variation. The mean IEWF within a growth ring was 75.56±0.21% (Figure 3). The results further showed an overall declining trend in IEWF. The largest IEWF was 78.87±1.51% during 1973, while the smallest was 72.12±1.80% during 2009. The IEWF followed a pattern similar to that of the RW, however, the slope of fluctuation was of lower degree in IEWF. The highest variability in IEWF across 20 cores was recorded in 1971. The IEWF increased slightly during 1970s and decreased during 1980s. The IEWF was >78.0% during nine years, and <73.0% during ten years.

			 

			The time function response of ILWF within a ring showed a considerable variation. The results showed an overall increasing trend in ILWF (Figure 4). The mean ILWF was 24.44±1.95%. The largest ILWF was 28.97±0.20% during 2002, while the smallest ILWF was 20.53±1.42% during 1976. The highest variability in ILWF across the 20 cores was recorded in 1998. The ILWF showed a curve of an opposite trend to that of IEWF. The ILWF increased steadily, except the slight declines during 1990s and 2005-08. The ILWF was >25.0% during 20 years, and <21.0% during two years.
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			Figure 3: Time function of intra-ring early wood formation (%) of Blue pine in GFD (1962-2011).
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			Figure 4: Time function of intra-ring late wood formation (%) of Blue pine in GFD (1962-2011).

			 

			Mathematical expression of RW and intra-ring wood formations showed quadratic behavior of time function (Table 2). The RW, IEWF and ILWF showed highly significant (p<0.01) changes with time. The R2 ranged between 0.41 and 0.51. The highest R2 value was calculated for RW, while the lowest R2 value was calculated for the IEWF. 

			 

			Table 2: Mathematical expression of time function of ring-width and intra-ring wood formation of Blue pine in GFD (1962 to 2011).

			 

			
				
					
					
					
					
				
				
					
							Climate parameter
							Mathematical expression
							
							R2

						
							
							F2, 47 (p)

						
					

					
							
							Ring-width

						
							
							Y=2421-2.412×X+0.0006×X2

						
							
							0.51

						
							
							24.73 (0.000)

						
					

					
							
							Intra-ring early wood formation

						
							
							Y=9697-9.591×X+0.0024×X2

						
							
							0.41

						
							
							16.48 (0.000)

						
					

					
							
							Intra-ring late wood formation

						
							
							Y=-12831+12.85×X-0.003×X2

						
							
							0.42

						
							
							16.89 (0.000)

						
					

				
			

			

			An overall highly significant difference was observed in mean decadal RWs (F4, 15= 272.25; p<0.01), with decreasing trend. The mean decadal RWs differed significantly (Tukey’s HSD, CV 0.14; p<0.05) among themselves. The largest mean decadal RW was 3.40±0.04 mm during 1962-71, which was significantly (p<0.05) different from 1972-81. The difference in mean decadal RW between 1972-81 and 1982-91 was non-significant (p>0.05). The smallest mean decadal RW was 2.06±0.02 mm during 2002-11 (Table 3). An overall highly significant (F4, 15= 16.9; p<0.01) difference was recorded in mean decadal IEWF. The mean decadal IEWF varied significantly among the decades (Tukey’s HSD, CV 0.14; p<0.05). The largest mean decadal IEWF was 77.37±0.32% during 1962-71, which was significantly (p<0.05) larger, compared to mean IEWF during 1972-81. The smallest mean decadal IEWF was 73.63±0.53% during 2002-11. The difference in mean decadal IEWF among decades, 1982-91, 1992-2001, 2001-2011 was non-significant (p>0.05). The overall difference in mean decadal ILWF was highly significant (F4, 15= 57.15; p<0.01). The ILWF varied significantly among the decades (Tukey’s HSD, CV 1.02; p<0.05). The mean decadal ILWF increased with time. The largest mean decadal ILWF was 26.09±0.36 mm during 2002-2011, which was non-significantly (p>0.05) different from mean decadal ILWF during 1992-2001 (Table 3). The smallest mean decadal ILWF was 21.92±0.04 mm. The mean decadal ILWF during 1962-71 was significantly (p<0.05) lower compared to 1972-81.

			 

			Table 3: Decadal changes in mean decadal ring-width and mean decadal intra-ring wood formation of Blue pine in GFD (1962-2011).

			 

			
				
					
					
					
					
				
				
					
							Decade
							Tree-ring characteristics
					

					
							Ring-width ±SE (mm)
							Early wood ±SE (%)
							Late wood ±SE (%)
					

					
							
							1962-71

						
							
							3.40±0.04**a

						
							
							77.37±0.32**a

						
							
							21.92±0.04**d

						
					

					
							
							1972-81

						
							
							2.58± 0.03b

						
							
							77.04±0.36ab

						
							
							22.92±0.16c

						
					

					
							
							1982-91

						
							
							2.57± 0.04b

						
							
							75.32±0.45bc

						
							
							24.31±0.28b

						
					

					
							
							1992-01

						
							
							2.21± 0.03c

						
							
							73.65±0.48c

						
							
							25.65±0.20a

						
					

					
							
							2002-11

						
							
							2.06± 0.02d

						
							
							73.63±0.53c

						
							
							26.09±0.36a

						
					

					
							
							CV

						
							
							0.14

						
							
							4.37

						
							
							1.02

						
					

				
			

			

			** Highly significant (P<0.01); Mean values within a column sharing same alphabet (s) are non-significant (Tukey’s HSD, p>0.05).

			 

			Pearson correlation matrix revealed a highly significant (p<0.01) positive correlation (r = 0.80) between RW and IEWF. The correlation was highly significant (p<0.01) and negative (r = - 0.81) between RW and ILWF. The correlation was highly significant (p<0.01) and negative (r = - 0.95) between IEWF and ILWF (Table 4).

			 

			Table 4: Correlation matrix between ring-width and ring-wood characteristics of Blue pine in GFD (1962-2011).

			 

			
				
					
					
					
				
				
					
							Intra-ring Wood Formations 
							Ring-Width 
							Intra-ring Early Wood Formation
					

					
							
							Intra-ring Early Wood Formation 

						
							
							0.80** (0.000)

						
							
							 

						
					

					
							
							Intra-ring Late Wood Formation

						
							
							-0.89** (0.000)

						
							
							-0.91** (0.000)

						
					

				
			

			

			Values in ( ) are p-values; ** highly significant (p<0.01).

			 

			Impact of climate change on RW was estimated using response function of RW with temperature (maximum and minimum) and precipitation. The RW showed a highly significant (F1, 48= 25.10; p<0.01) negative impact of increasing maximum temperature (Figure 5). Most of the RW response was observed between 16.0 - 17.0˚C. The maximum temperature below 15.5˚C showed a positive impact on RW, while maximum temperature above 17.0˚C showed a negative impact on RW. The response analysis indicated that mean maximum temperature of 15.5˚C and below was optimum for growth with the largest mean RW of 2.94±0.14 mm.
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			Figure 5: Impact of maximum temperature on ring-width of Blue pine in GFD (1962-2011).

			 

			The mean minimum temperature showed a highly significant (F1, 48=18.77; p<0.01) and negative impact on RW. The RW decreased with increasing minimum temperature (Figure 6). Relatively better growth response (RW >3.25 mm) was observed between 5.5 - 6.5˚C. The minimum temperature below 6.5˚C profoundly reduced the RW. These findings indicated that 5.5 - 6.5˚C mean minimum temperature was optimum for growth of Blue pine.
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			Figure 6: Impact of minimum temperature on ring-width of Blue pine in GFD (1962-2011).

			 

			The impacts of mean precipitation on RW was non-significant (F1, 48= 0.65; p>0.05). The mean precipitation of 800-1,000 mm/annum was relatively favorable for growth (RW >3.00 mm) of Blue pine. However, at this level of precipitation, irregular RWs were observed, showing a substantial variation in growth response (Figure 7).
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			Figure 7: Impact of precipitation on ring-width of Blue pine in GFD (1962-2011).

			 

			The largest RW was 2.64±0.33 mm when precipitation was ranged between 600 - 700 mm/annum. The difference in the RW was marginal at precipitation of 601-700 mm/annum and 901-1000 mm/annum. The smallest RW was 2.41±0.13 mm when precipitation was > 1001 mm/annum (Table 5).

			 

			Mathematical expressions of impact of temperature and precipitation on RW showed linear functions (Table 6). The model for mean maximum temperature (R2=0.34) showed a better fit compared to mean minimum temperature (R2=0.28). The impact of mean maximum temperature and mean minimum temperature were highly significant (P>0.01) and mean precipitation was non-significant (P>0.05).

			 

			Table 5: Precipitation and ring-width of Blue pine in GFD (1962-2011).

			 

			
				
					
					
					
				
				
					
							Precipitation range (mm/annum)
							Ring-width (mm)
							SE
					

					
							
							601-700

						
							
							2.64

						
							
							0.33

						
					

					
							
							701-800

						
							
							2.50

						
							
							0.22

						
					

					
							
							801-900

						
							
							2.58

						
							
							0.14

						
					

					
							
							901-1000

						
							
							2.60

						
							
							0.12

						
					

					
							
							>1001

						
							
							2.41

						
							
							0.13

						
					

				
			

			

			 

			Table 6: Mathematical expression of impact of temperature and precipitation on ring-width of Blue pine in GFD (1962 to 2011).

			 

			
				
					
					
					
					
				
				
					
							Climate parameter
							Mathematical expression
							
							R2

						
							
							F1, 48 (p)

						
					

					
							
							Mean Max. Temperature

						
							
							Y=5.500-0.486×X

						
							
							0.34

						
							
							25.10 (0.000)

						
					

					
							
							Mean Min. Temperature

						
							
							Y=10.57-0.49×X

						
							
							0.28

						
							
							18.77 (0.000)

						
					

					
							
							Mean Precipitation

						
							
							Y=2.913-0.0004×X

						
							
							0.01

						
							
							0.65 (0.425)

						
					

				
			

			

			 

			The present findings show a mean RW of 2.54±0.11 mm/annum of Pinus wallichiana during time period of 1962-2011. The mean sensitivity (MS) and coefficient of variation (CV) are 0.38 and 19.50%, respectively. The present MS of RW and CV indicate both high frequency component of the RW due to climatic fluctuations and low frequency component variability induced either by climate or by other long term influences, respectively. This MS value is broadly in agreement with MS values of 0.23 to 0.42 reported earlier by Ahmed et al. (2010) for Picea smithiana, Cedrus deodara, Pinus gerardiana and Juniperus excelsa in the Upper Indus Basin of Himalayan region of Pakistan. However, slight difference between present MS value and those reported by Ahmed and colleagues may be attributed to different tree species as well as study sites. Previously, such variations in MS values of different tree species and study sites have been reported by Bogino and Bravo (2009). The MS and CV values of Pinus wallichiana indicate a workable variability in RW for estimating accurate assessment of climate-growth response through application of correlation and response function methods as suggested earlier by Rolland (1993) and Speer (2010).

			 

			The present variations in RW demonstrated by the presence of several narrow and wide marker rings indicates a growth response of the species to climatic conditions. Previously, such corresponding narrow and wide marker rings in conifer species, as indicators of climate change, have been inferred by Khan et al. (2013) for Cedrus deodara in Chitral-Hindukush Range of Pakistan, and by Papadopoulos et al. (2009) for Aleppo pine in Attica Basin. The variations in RW and intra-ring wood formations are attributed to several factors. Some of these factors are unique to location of the tree, its age and management, while other factors are related to wider environmental factors, including temperature, rainfall and sunshine (Ahmed, 1984; Yeh and Wensel, 2000; Suarez et al., 2009). The present findings further reveal a negative and highly significant (P<0.01) impact of maximum temperature and minimum temperature on RW of Pinus wallichiana. The negative impact of increasing minimum temperature is found relatively greater compared to maximum temperature. Previously, similar negative impacts of maximum temperature and minimum temperature have been reported on RW of Scots pine (Bouriaud et al., 2005).

			 

			Besides RW, intra-ring wood formations also provide a promising tool for studying relationship between tree biology and climate change (Fonti et al., 2010). Intra-ring wood formations help to assess impacts of climate change and climate variability on tree growth and wood structure (Martinez-Meier et al., 2008; Hoffmann et al., 2011). Among the quantifiable intra-ring wood formations such as IEWF and ILWF are highly dependent on climate and facilitate more conclusive climate-growth relationship compared to total RW only (Rigling et al., 2003; Campelo et al., 2007; Vieira et al., 2009; Battipaglia et al., 2010; Lebourgeois et al., 2010). The present results are also in corroboration with the earlier reports.

			 

			The present results show mean IEWF of 75.56±0.21%, and mean ILWF of 24.44±1.95%. The IEWF decreases, while the ILWF increases with time. The changes in IEWF closely follow RW pattern. This relationship between RW and IEWF is the likely consequence that early wood constitutes a major part of RW (75.56±0.36%). Present results indicate also positive correlation between RW and IEWF. These findings are in corroboration with the results reported by Olano (2012) for Juniperus thurifera. Present change in ratio between IEWF and ILWF may affect significantly the wood quality. It is likely that the resin canals will occur in early wood and the transition from early wood to late wood will be gradual in case of larger early wood formation and vice versa. Such phenomenon was observed in Scots pine (Novak et al., 2013). Conversely, larger late wood portion enhances likelihood of L-ring formation. L-ring formation is related to summer stop and later restart with another growing cycle in autumn, if the conditions are favorable (Luis et al., 2011). These favorable conditions provide longer growing season and consequently increase in late wood quantity. The present increase in temperature vis-à-vis increase in ILWF indicates longer growth period and L-ring formation which may improve quality of wood of Pinus wallichiana in GFD. The complex relationship between RW and intra-ring wood formations suggests further that use of RW and intra-ring wood formations in combination can better interpret the climate-growth function compared to RW use alone.

			 

			Conclusions

			 

			Based on the results, it is concluded that RW of Pinus wallichiana showed a negative time function response. The decreasing RW with rising temperature and erratic fluctuations in precipitation indicated a negative impact of climate change on the growth of Pinus wallichiana. The IEWF exhibited a negative time function response. Contrarily, the ILWF showed a positive time response function. The rising minimum temperature showed a greater negative climate-growth response compared to maximum temperature. These results suggested that the use of ring-widths combined with intra-ring wood formations enables better assessment of impacts of climate change on tree growth. 

			 

			Recommendations

			 

			Based on this study, it is recommended that:

			
					1.	Climate change estimates and scenarios may be made an integral part of Forest Management Plans, and future wood volume and yield estimates should be assessed in light of climate change scenarios. 

					2.	The climate change trends in temperature and precipitation regimes and its seasonal variations may be used as guiding principles in adaption strategies for scientific forest management and other economic and socio-economic activities in the area. 

					3.	Research studies may be conducted to promote new species and varieties with best adaption to emerging climatic conditions. 
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Climate-Growth Response Function of the Blue Pine (Pinus
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Abstract | Climate change is a global phenomenon manifested in rising temperature, erratic changes in
precipitation and other climate variables. To assess such impacts, climate-growth response function of the Blue
pine (Pinus wallichiana) was studied in Galies Forest Division -Abbottabad, Khyber Pakhtunkhwa, Pakistan,
for the time period 1962-2011. Time function response and impacts of changing climate were estimated on the
basis of annual ring-width and intra-ring wood formations. The results showed mean ring-width of 2.54+0.11
mm/annum with mean sensitivity and coefficient of variation of 0.38 and 19.50%, respectively. Overall, a
decreasing trend was observed in ring-width. The largest mean ring-width was 3.33+0.31 mm, while the
smallest ring-width was 1.85+0.27 mm. The mean intra-ring early wood formation was 75.56+0.21%, while
the intra-ring late wood formation was 24.44+1.95%. The highest growth in ring-width and intra-ring early
wood formation was recorded during 1962-71, while that of intra-ring late wood formation was recorded
during 2002-11. The impact of maximum temperature and minimum temperature on ring width was negative
and highly significant (p<0.01) and of precipitation positive and non-significant (p>0.05). The study showed
a negative growth response of annual growth ring-widths and intra-ring early wood formation and a positive
growth response of intra-ring late wood formation of Pinus wallichiana to rising temperatures. These results
suggested that the use of ring-widths combined with intra-ring wood formations enables better assessment of
impacts of climate change on tree growth. It is recommended that climate change projections and scenarios may
be made an integral part of Forest Management Plans for making realistic wood volume and yield estimates.
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Introduction uniform in time and space (Bukhari and Bajwa, 2011;

Bukhari and Bajwa, 2012; Sheikh et al., 2012).

limate change is a global phenomenon and Pa-

kistan is no exception to it. Pakistan has expe-
rienced gradual increase in temperature over land
and sea, fluctuations and variations in precipitation,
increased frequency of climatic extremes and chang-
es in wind and storms patterns. Moreover, the exact
magnitude and frequency of these changes are not

Temperature and precipitation, two of the climatic
tactors bound to change with increased greenhouse
gases concentrations, are primary determinants of
global vegetation patterns with significant impacts
on forest ecology (including biodiversity), plant
distribution, productivity and health (Spurr and
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