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Introduction  

The Swat Valley, which is well known for 
its biodiversity, is situated in the Khyber 
Pukhtunkhwa Province of Pakistan and can 
be traced on the globe at 34° 34 to 35° 55 
N and 72° 08 to 72° 50 E (Shinwari et al., 
2003). The valley has borders in the north 
with Chitral and Ghizer, Indus Kohistan and 
Shangla to the east, Bunir and FATA,                                         

Malakand Agency on the south, and district 
Dir on the west (GPO, 1998).  The floral 
diversity in the Swat District, especially, tree 
flora is threatened with severe extinction 
from global climate change. Most of the 
naturally occurring flora of the valley is of 
immense economic, medicinal, and 

A B S T R A C T  

The effect of the global climate change was assessed in the Swat Valley of 
Northern Pakistan, to understand the future of one of the important tree 
species i.e. Picea smithiana (Wall.) Boiss. Picea smithiana is of a significant 
ecological and ethnomedicinal importance to the area. The Maximum entropy 
(MaxEnt) modelling technique of species prediction and distribution was 
applied, using HADCM3 A2a global climate change scenario. It was 
concluded that by the 2080 there will be a significant change in the 
distribution and density of the species. The results obtained show a good 
model for both present and future models, gaining the AUC values of 0.972 
and 0.977respectively. The results indicate that mean temperature of coldest 
quarter (bio_11) and temperature of the warmest month (bio_5) climatic 
variables have the highest contribution to the AUC values in the present 
model, while the mean temperature of warmest quarter (bio_10) and bio_3 
have significant contribution to the future prediction model of the species and 
thus positively correlated with the distribution and density of the species. The 
predicted changes in the distribution and density of the species in the future 
prediction model can have immense ecological and socioeconomic impact.  

 

KEYWORDS  

Climate change, 
Picea smithiana, 
Predictive modelling, 
MaxEnt, Swat Valley, 
Pakistan 

Climate change and the fate of Picea smithiana in Swat District, Northern 
Pakistan  

Kishwar Ali1* and Inayat Ur Rahman 2 and Nasrullah Khan2  

1Department of Plant Sciences, School of Biological Sciences, University of Reading UK 
2Department of Botany University of Malakand Chakdara Dir Lower Khyber Pakhtunkhwa 
Pakistan 
*Corresponding author    

 
ISSN: 2347-3215 Special Issue-1 (October-2014) pp. 58-65 

www.ijcrar.com

 

http://www.ijcrar.com


 
Special Issue-1 (October-2014)

  

59

 
ecological value, giving the district a key 
role in the medicinal and aromatic plant 
(MAPs) markets of not only in the region 
but in the international arena (Ali et.al., 
2014; Shinwari et al., 2003).  

Plants, especially, MAPs have been known 
to be used for thousands of years in human 
history (Samuelsson, 2004), by different 
civilizations and for all different sorts of 
ailments. These plants have particular 
growing requirements to grow in and if not 
fulfilled, they would vanish. Man-made, 
Anthropogenic changes are the most 
prominent changes of all, observed recently 
on regional and global scale, effecting 
natural vegetation (Song et al., 2004). Some 
species are susceptible to minute changes in 
the climate as Beigh et al. (2005) and Ali et 
al (2014) have pointed out for Aconitum 
heterophyllum (Wall) and for Abies 
Pindrow, respectively, in the complex 
Himalayan region. The current study was 
carried out to model the impact of changing 
climate on the distribution of the forest trees 
of the Swat Valley, especially Picea 
smithiana (Wall.) Boiss, which together with 
a few other species provide a lifeline for the 
subflora, especially, MAPs of the area.   

Predictive modelling techniques of species 
are useful for the understanding of 
conservation issues as they can provide valid 
estimates on the possible extinction 
probabilities of biota due to climate change 
and thereby aid future conservation 
planners. In the present study, the current 
and future distribution of Picea smithiana 
will be modelled using these tools in order 
to obtain a better understanding of climate 
change affect on the vegetation dynamics of 
the area and help the planners to plan ahead 
of any permanent damage to the precious 
flora of this area.   

Picea smithiana was selected for the study 
as it is a native plant of the valley, grows at 

altitudinal range of around 2000-4000m. It 
typically grows in moisture rich and cold 
area reaching the height of 40-60m and a 
diameter of 2-2.5m. It is very well known 
for its ethnomedicinal, ecological and 
economic values and is one of the most 
expensive plants used in the timber and 
construction industry. The plant s tincture or 
decoction is used in coughs, phthisis, 
asthma, and catarrh of the bladder (Hussain 
et. al., 2006). Its fresh juice is given to 
infants in fever chest afflictions. The powder 
of leaves is given with the addition of 
Adhatoda vasica L. leaves powder and 
honey in haemoptysis (Nadkarni, 1927). The 
tree is also a common ornamental plant in 
the area (Baquar, 1995) while the wood is 
used for construction purpose e.g., doors, 
windows, houses, and furniture

 

and the 
tree branches are used as fuel wood.   

The presence data of Picea smithiana was 
drawn from randomly selected plots 
belonging to 23 different localities of the 
Swat District between 2007-2008 and 2010-
2011. To ensure robust and accurate data 
collection, the RedHen DX-GPS system was 
used. The hardware was a Garmin GPS and 
Nikon D300 camera connected together to 
capture and store all the background 
information with the picture as metadata.  
Over 2,000 photographs of different plant 
communities were captured and the 
metadata was extracted with the help of 
BR s EXIF extractor, a freeware available 
online [http://www.br-software.com/ 
extracter.html; visited 07/08/2011]. The 
software transforms metadata into CSV 
comma-delimited text file format that can 
then be used in the Maximum Entropy 
(MaxEnt) software (Phillips et al. 2004). 
The MaxEnt method of predictive modelling 
was followed step by step as given in 
Phillips (2006). The HADCM3 A2a climate-
change scenario (Collins et al., 2001) was 
used, which predicts a decrease in 

http://www.br-software.com/


 
Special Issue-1 (October-2014)

  

60

 
precipitation [- 20mm /year] with an 
increase in temperature of around 4 degree 
Celsius, up to the year 2080. The bioclimatic 
layers (see Table 1) in GIS compatible 
format were downloaded from the 
Worldclim website (WorldClim, 2011).  

The predictive modelling approach is a 
common practice in different areas of 
science, used to address ecological, bio-
geographical, and conservation issues of 
species (Peterson, 2007). There are a variety 
of species distribution models available 
(Guisan and Thuiller, 2005), some of which 
need species presence-absence data while 
others are known which only use the 
presence only data and do not require 
absence data or they assume pseudo-

absence (e.g., Soberón and Peterson, 2005; 
Phillips et al. 2006; Chefaoui and Lobo, 
2008; Hirzel and Le Lay, 2008; Jiménez-
Valverde et al. 2008; Soberón and 
Nakamura, 2009; Lobo et al. 2010). 
Predictive models are regarded as useful 
tools for the conservation of species by 

estimating the extinction probabilities of 
species due to the climate change (Thomas 
et al. 2004). These kind of integrative 
programs connect the geospatial data with 
species-based information and help to us to 
identify priorities for conservation actions 
(Scott et al. 1996).  

The MaxEnt modelling technique was 
applied to the study because it uses 
presence only data and is known to be a 

highly precise predictive method (Elith et al. 
2011). The AUC values obtained for the 
species for present distribution models 
indicate highly significant results (see Table 
2). The general agreement on the AUC value 
is that the model is good if the value is 
over 0.8, while the value of over 0.9 is 
considered highly accurate (Luoto et al. 
2005). For the current project, all of the 
software packages mentioned above were 
utilized along with some help from ArcGIS 
version10 (ArcMap) licensed by ESRI 2011 
in map development.   

Table.1 Bioclimatic variables and their description (Source: WorldClim, 2011)  

No Bioclimatic variable Description 
1 bio_1 Annual mean temperature 
2 bio_2 Mean diurnal range (mean of monthly (max temp-min temp) 
3 bio_3 Isothermality (100*mean diurnal range/annual temperature range) or 

(bio_2/bio_7*100) 
4 bio_4 Temperature seasonality (standard deviation *100) 
5 bio_5 Max temperature of warmest month 
6 bio_6 Min temperature of coldest month 
7 bio_7 Temperature annual range (bio_5 - bio_6) 
8 bio_8 Mean temperature of wettest quarter 
9 bio_9 Mean temperature of driest quarter 
10 bio_10 Mean temperature of warmest quarter 
11 bio_11 Mean temperature of coldest quarter 
12 bio_12 Annual precipitation 
13 bio_13 Precipitation of wettest month 
14 bio_14 Precipitation of driest month 
15 bio_15 Precipitation seasonality (coefficient of variation) 
16 bio_16 Precipitation of wettest quarter 
17 bio_17 Precipitation of driest quarter 
18 bio_18 Precipitation of warmest quarter 
19 bio_19 Precipitation of coldest quarter 
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Table.2 Training AUC values, important variables and percentage contribution of Picea 

smithiana for the present and future predictive models 

Present distribution model Future distribution model Plant Species 

Training 
AUC 

Important 
variables 

Contribution

 
(%) 

Training

 
AUC 

Important 
variables 

Contribution

 
(%) 

bio_11 69.2 bio_15 24.5 
bio_7 16.4 bio_12 17.8 

Picea smithiana 
(Wall.) Boiss. 

0.972 

bio_15 14 

0.977 

bio_11 16.9 

  

Fig.1 A. Present distribution of Picea smithiana; B. Future projected distribution of P. smithiana 

 

Fig.2 A. Jackknife of AUC for Picea smithiana, present prediction model. B.  Jackknife of AUC for 
Picea smithiana, future prediction model; results of a Jackknife AUC of variable importance for Picea 
smithiana in the A2a scenario using all point localities and 19 bioclimatic variables (Phillips 2006).  
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Figure.3 A.Sensitivity vs. 1- specificity for Picea smithiana; Future predicted distribution. B. Response 
of the most important variable (bio-11) in predicting the fu  

It was predicted in the MaxEnt present 
prediction model that the species currently 
have still some suitable locations available 
for expansion in density and distribution. 
These locations are mostly on the western 
borders of the district. The highest species 
density was therefore, recorded for the 
eastern border of the Valley in the areas of 
Sulatanr (Fig. 1 A).   

The Jackknife analysis for the present 
distribution probability (Fig. 2 A and B) of 
the area shows that the Area Under Curve 
(AUC) values were highly contributed by 
bio_11 and bio_5 climatic variables (Fig. 3 
A and B), which are the Mean temperature 
of coldest quarter and temperature of the 
warmest month, respectively, while the least 
contributing variables for AUC gain was 
bio_16; precipitation of wettest quarter. 
Accuracy was measured by the area under 
the receiver operating characteristic (ROC) 
curve. An area of 1 represents a perfect test; 
an area of 0.5 represents a worthless test.   

For future projection, the model showed a 
different trend: bio_6 was the main 
contributing variable along with bio_3 and 
bio_10, while bio_14 was found to be the 

least contributing variable (see Table 2 and 
Fig. 2 A and B). The bio_14 is the 
precipitation of the driest month, and is not a 
significant factor in the distribution of Picea 
smithiana of the future climatic conditions 
(see Fig. 2 A and B).  

The results indicate that the Picea 
smithiana s population density in the area 
will be negatively affected by the climate 
change effect. The Swat valley will have 
less Picea smithiana stands in 2080 and the 
southern parts of the Valley will not support 
the tree species anymore.    

Species colonization on the new habitat  

Species never live on their own (Hizrel and 
Le Lay, 2008) and always interact with their 
environment, both physical and biological. 
Some species are very prone to minute 
changes in the climate as Beigh et al. (2005) 
pointed out for Aconitum heterophyllum in 
the complex Himalayan region. The current 
study concludes similar results: the current 
species will not completely vanish, but their 
current habitat and population density will 
be significantly affected. As a result, the 
sub-flora dependant on these trees will either 
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have to move or walk with them or go 
extinct.   

A general trend of altitudinal movement of 
species is observed in the Hindu Kush-
Himalayan region as a consequence of 
global warming or climate change. Song et 
al. (2004) reported the effect of climate 
change on the northward movements of the 
some of the tree species, including Abies 
spp. and Picea spp. In the current study, the 
same climate change response was found for 
Picea smithiana; results are in total 
agreement with Song et al., (2004).   

As the northern parts provide high altitudes 
and are significantly colder than the 
southern parts of the study area, Picea 
smithiana shows similar trend of walking 
north in the future predictive model (Fig. 1 
B). Variation in the bioclimatic variables, 
like bio_16 which is the precipitation of the 
wettest quarter means that Picea smithiana 
is currently getting the optimum rainfall at a 
particular temporal variation. However, that 
trend will change with the changing climate, 
especially in the Hindu Kush Himalayas, see 
Ahmad et al. (2010).  

The results suggest that global climate 
change will have a very significant effect on 
the distribution of some of the important tree 
flora of the Swat Valley and will eventually 
cause scarcity of the non-timber forest 
products (NTFPs), especially MAPs, as 
most of the MAPs in the study area grow 
under shady or semi-shady niches of the 
forests (Adnan and Hölscher, 2011). It is 
therefore anticipated that the change in the 
climate will only force the tree species like 
Picea smithiana and Abies pindrow to either 
shift their habitat or simply vanish, but could 
possibly create serious socio-economical 
issues related to the health and economy of 
the local and regional communities.  

People are unaware of this significant 
anthropogenic hanging over their heads. 
Neither, the Federal Governments of 
Pakistan nor the Provincial Government of 
Khyber Pukhtun Khwa (KPK) has any 
strategy in place to deal with the 
consequences. There is a clear need for 
alternative crops to support the already 
exploding population of the Valley, with the 
less land for cultivation and less water 
resources. Selection of suitable future 
species will be critical as all species will not 
be able to survive the future climatic 
conditions. Serious changes to conservation 
policy will be needed at the governmental 
level, and strict measures will be needed to 
implement conservation policy.   

References  

Adnan M and Hölscher D. 2011. Medicinal 
plant abundance in degraded and 
reforested sites in Northwest Pakistan. 
Mountain Research and Development, 
30: 25-32. 

Ahmad SS, Sherazi A and Shah MTA. 2010. 
A preliminary study on climate change 
causing decline in forest cover area in 
District Chakwal, Pakistan. Pak. J. 
Bot., 42: 3967-3970. 

Ali, K., Ahmad, H., Khan, N. & Jury, S. 
2013. Understanding the Ethno-
cultural domain of the Swat Valley, 
Northern Pakistan. International 
Journal of Advanced Research. Vol. 
1(8), 223-239. 

Ali, K., Ahmad, H., Khan, N. & Jury, S. 
2014. Future of Abies pindrow in Swat 
district, northern Pakistan. Journal of 
Forestry Research, 25, 211-214. 

Armsworth PR, Kendall BE and Davis FW. 
2004. An introduction to biodiversity 
concepts for environmental 
economists. Resources and Energy 
Economics, 26: 115-136. 

Baquar SR. 1995. Trees of Pakistan. Their 
natural history characteristics and 



 
Special Issue-1 (October-2014)

  

64

 
utilization: Royal Book 
Company Karachi, 634 pp. 

Beigh SY, Nawchoo IA and Iqbal M. 
2005. Cultivation and conservation of 
Aconitum heterophyllum: A critically 
endangered medicinal herb of the 
Northwest Himalayas. J. Herbs. Spices 
Med. Plants., 1: 47-56. 

Chefaoui R and Lobo JM. 2008. Assessing 
the effect of pseudo-absences on 
predictive distribution model 
performance. Ecological Modelling, 
210: 478-486. 

Collins M, Tett S and Cooper C. 2001. The 
internal climate variability of 
HADCM3, a version of the Hadley 
centre coupled model without flux 
adjustments. Clim. Dyn., 17: 61 68. 

Elith J, Phillips S, Hastie T, Dudik M, Chee 
Y, and Yates C. 2011. A statistical 
explanation of MaxEnt for 
ecologists. Diversity and 
Distributions, 17: 43-57. 

Government of Pakistan. 1998. District 
census report Swat: Population Census 
Organization, Government of Pakistan, 
Islamabad. 

Guisan A and Thuiller W. 2005. Predicting 
species distribution: offering more 
than simple habitat models. Ecology 
Letters, 8: 993-1009. 

Hirzel AH and Le Lay G. 2008. Habitat 
suitability modelling and niche theory. 
J. App. Ecol., 45: 1372-1381. 

Hussain M, Shah GM and MA Khan. 2006. 
Traditional Medicinal and Economic 
uses of Gymnosperms 
of Kaghan Valley, Pakistan. 
Ethnobotanical Leaflets, 10: 72-81.  

Jiménez-Valverde A, Barve N, Lira-noriega 
A, Maher SP, Nakazawa Y, Pape M, 
Soberón J, Sukumaran J and Peterson 
AT. 2008. Dominant climate 
influences on North American bird 
distributions. Global Ecology and 
Biogeography, 20: 114-118. 

Lobo F, Espinoza RE and Quinteros AS. 
2010. A critical review and systematic 
discussion of recent classification 
proposals for liolaemid lizards. 
Zootaxa, 2549: 1 30. 

Luoto M, Poyry J, Heikkinen RK and 
Saarinen K. 2005. Uncertainty of 
Bioclimate envelope models based on 
the geographical distribution of 
species. Global Ecology and 
Biogeography, 14(6): 575-584. 

Nadkarni KM. 1927. The 
Indian Materia Medica: Popular Book 
Depo: Bombay, India, 2113, pp.  

Peterson AT. 2007. Uses and requirements 
of ecological niche models and related 
distributional models. Biodiversity 
Informatics, 3: 59-72. 

Phillips SJ, Anderson RP and Schapire RE. 
2006. Maximum entropy modeling of 
species geographic distributions. Ecol. 
Model., 190: 231-259. 

Phillips SJ, Dud k M, and Schapire RE. 
2004. A maximum entropy approach 
to species distribution modeling. In: 
Proceedings of the 21st International 
Conference on Machine Learning, 
ACM Press, New York, 655 662 pp. 

Phillips SJ. 2006. A brief tutorial on 
MaxEnt. AT and T Research. 
Available at: 
http://www.cs.princeton.edu/~schapire
/MaxEnt/tutorial/tutorial.doc. 
Accessed on: 02/01/2012. 

Pulliam HR. 2000. On the relationship 
between niche and distribution. 
Ecology Letters, 3: 349-361. 

Samuelsson G. 2004. Drugs of Natural 
Origin: a Textbook of Pharmacognosy: 
5th Swedish Pharmaceutical Press, 
Stockholm, 551 pp. 

Scott JM, Tear TH and Davis FW. 1996. 
Gap analysis:  Landscape approach to 
biodiversity planning: American 
Society for Photogrammetry and 
Remote sensing, Bethesda, MD, 320 

http://www.cs.princeton.edu/~schapire
/MaxEnt/tutorial/tutorial.doc


 
Special Issue-1 (October-2014)

  

65

 
pp. 

Shinwari ZK, Khan AS and Nakaike T. 
2003. Medicinal and other useful 
plants of District Swat. Pakistan: Al 
Aziz Communications, Peshawar, 
Pakistan, 187pp.   

Soberón J and Nakamura M. 2009. Niches 
and distributional areas: Concepts, 
methods and 
assumptions. Proceedings of the 
National Academy of Sciences, USA, 
106(2): 19644-19650. 

Soberón J and Peterson AT. 2005. 
Interpretation of models of 
fundamental ecological niches and 
species' distributional 
areas. Biodiversity Informatics, 2: 1
10. 

Song M, Zhou C and Ouyang H. 2004. 
Distributions of dominant tree Species 
on the Tibetan Plateau under current 
and future climate scenarios. Mountain 
Research and Development, 24: 166-
173. 

Thomas CD, Cameron A, Green RE, 
Bakkenes M, Beaumont LJ, 
Collingham YC, Erasmus BFN, 
Siqueira MF De, Grainger A, Hannah 
L, Hughes L, Huntley B, Van-
Jaarsveld AS, Midgley GF, Miles L, 
Ortega-Huerta MA, Peterson AT, 
Phillips OL and Williams SE. 2004. 
Extinction risk from climate change. 
Nature, 427: 145-148. 

Worldclim. 2011. Bioclimatic layers online 
(http://www.worldclim.org/current), 
accessed on: 03/03/2012.  

http://www.worldclim.org/current

