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Introduction 

Climate change and desertification are two sides of the same coin and must 

be tackled together. "These two issues are very intimately related in the way 

you can describe them as two halfs of a coin," according to Yvo de Boer, 

executive secretary of the UN Framework Convention on Climate Change 

(UNFCCC).  

Desertification is caused by a combination of factors that change over time 

and vary by location. These include indirect factors such as population 

pressure, socioeconomic and policy factors, and international trade as well 

as direct factors such as land use patterns and practices and climate-related 

processes. 

Desertification is taking place due to indirect factors driving unsustainable 

use of scarce natural resources by local land users. This situation may be 

further exacerbated by global climate change. Desertification is considered 

to be the result of management approaches adopted by land users, who are 

unable to respond adequately to indirect factors like population pressure and 

globalization and who increase the pressure on the land in unsustainable 

ways. Desertification in Lebanon, is mainly caused by the exploitation and 

mismanagement of natural resources, overgrazing by herders, and 

deforestation, as well natural phenomena such as climatic variations, wind 

erosion and floods that degrade the fertile top soil, turning fertile land into 

useless desert. The role of global climate change goes side by side with 
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desertification in Lebanon especially in the forest ecosystems and the 

outbreak of insect and disease pests associated with these ecosystems.  

Effects of global warming on the distribution and abundance of insects 

The effects of global warming on living organisms have now been 

recognized from the level of individual species to communities, most 

notably in the form of temperature-related range shifts (Walther et al. 2002, 

Root et al. 2003). As the number of insects per unit area is inversely related 

to latitude and elevation (Speight et al. 1999), we may assume that the 

increase of temperature would allow the spreading of insect species 

northward and upward, especially for those species that have wide ranges, as 

many forest pests have. This assumption is supported by fossil data related 

to the forest insect response to climatic changes of the past. Higher damage 

and insect diversity was recorded during the global warming which occurred 

during the Paleocene - Eocene transition, relative to other periods (Wilf & 

Labandeira 1999). 

With mean global temperatures increasing over the past 100 years by about 

0.8C and projected to continue (Houghton et al. 2001, Luterbacher et al. 

2004), widespread climate-related changes in the biosphere can be expected. 

There are various ways by which the insects may react to climate change 

(Williams & Liebhold 1995, Ayres & Lombardero 2000, Harrington et al. 

2001, Bale et al. 2002), and it seems reasonable to assume that an increase of 

temperature within the vital limits of a species implies a faster development. 

The species ready to expand are those characterized by high growth 

potential, multivoltinism and absence of diapause, whereas those that could 

be restricted show slow development rate and long cycles. The reduction of 

the period of time spent as a larva or pupa may improve survival, as these 

are the stages more subjected to predation and other mortality factors 

(Bernays 1997). The increase in population density may in turn promote a 

further expansion of the range. Some species would be simply limited in 

their survival at the southern edge of their range and would shift the range 

northward. Switching to new hosts may occur among non-specialist 

herbivores, and can be the first consequence of the strong selection on 

colonizers (Harrington et al. 2001). 



Those insects developing without winter diapause, which are active during 

this season and are protected from the low temperature, are the best 

candidates for range expansion if the winter temperature maintain the 

current increasing trend (Sinclair et al. 2003). A good example concerning a 

forest pest is the case of the pine processionary moth Thaumetopoea 

wilkinsoni which has been observed during the last decade to be increasing 

in number and has expanded to higher altitudes (up to 1600 asl). 

However, most forest insects of temperate regions have a winter diapause, 

which in some cases can last several years. Temperature plays a major role 

in the induction and maintenance of this diapause. An increase of the 

temperature would modify the induction and maintenance of the diapause, 

involving changes, which could affect the development of the insect, making 

predictions about population dynamics quite unreliable. In Lebanon and as 

early as the 1990s an example on how high temperature during the larval 

development has caused lower diapause rate and higher damage is illustrated 

by the cedar webspinning sawfly Cephalcia tannourinensis. 

The change of temperature, which promotes the expansion of the insect’s 

range, may also involve a new association between a herbivore and its host, 

as it has been shown by the pine processionary moth attacking the mountain 

stone pine  (Pinus pinea) in the Shouf region. The large outbreaks observed 

in the expansion areas on the new hosts may be explained either by the high 

susceptibility of the hosts or by the inability of natural enemies to locate the 

moth larvae on an unusual hosts or environment (Benigni & Battisti 1999, 

Hodar et al. 2003). Thus the effect of global change on insect can be 

tremendous and lead to the dieback of trees within a forest and thus increase 

desertification.  

The winter processionery moth thaumetopoea wilkinsoni 

The winter pine processionary moth, Thaumetopoea wilkinsoni offers a 

possibility to test for the effects of global warming on an insect population 

over a wide area of the Mediterranean basin, where it is the most important 

pest of pine forests (Pinus spp.). Its geographic range lies within precise 

limits of elevation and latitude (Démolin 1969), primarily as a function of 



the average winter temperatures. The strict relationship between the insect 

range and the temperature was explored by Démolin (1969), who defined the 

potential range of the moth based on air temperature and solar radiation 

records. Because the larvae are oligophagous, potentially feeding on all 

Pinus spp., but also on Cedrus spp., host plant distribution does not restrict 

the present range of the insect; many usual or potential host species grow in 

areas where the insect is absent. Consequently, if the climatic conditions 

become favorable in higher latitudes or at higher elevations, the insect may 

expand its range to these areas, often coupled with host switching. This 

relative importance of temperature over biotic factors in defining the 

geographic distribution makes the moth a particularly suitable model to 

study the range shift in relation to global warming. An important forest pest 

in many areas, the moth has shown in the last decades a substantial 

expansion of the outbreak area both northward and upward (Huchon & 

Démolin 1971, Hellrigl 1995, Benigni & Battisti 1999, Goussard et al. 1999, 

Hodar et al. 2003), resulting in high attack rates in areas previously largely 

unaffected by the insect. The case deserves special interest for the 

implications it may have on the management of forests and plantations. 

The cedar webspinning sawfly Cephalcia tannourinensis 

The outbreaks of the spruce webspinning sawfly Cephalcia tannourinensis in 

the north of Lebanon particularly in Tannourine, Hadath EL jebbeh, Qnat, 

Kfour el Arabi and Niha cedar forest  are a good example of what may 

happen when favorable climatic conditions interfere with the mechanism of 

the induction of extended diapause, allowing an exponential growth of the 

population and consequent damage to trees. This species, as many others in 

this genus, is monophagous on Cedrus and endemic to Lebanon, where 

outbreaks have been recorded (Nemer et al., 2005). Cephalcia species 

generally show low fecundity and spreading of the cohort over many years 

by mean of an extended diapause, which is induced by low temperature at 

pupation time (Battisti 1994). However, in the period 1992-2000 there was a 

sudden outbreak in the Cedars of Tannourine, Hadath EL jebbeh, Qnat, 

Kfour el Arabi and Niha, during which the populations developed an annual 

life cycle and grew exponentially, causing repeated defoliations, which 

ultimately threatened 70% of the forest over hundreds hectares (Nemer and 



Nasr 2004). We hypothesized that favorable conditions promoted the 

survival and speeded up the development, making it possible to pupate when 

soil temperature was high enough to start pupation immediately, skipping in 

this way from the extended diapause. Later, an experiment showed that the 

soil threshold temperature for the induction of the extended diapause was 

about 12°C (Lahoud, 2007), well below the values recorded in the forest at 

the beginning of the outbreak.  

Effects of global climate change on Biodiversity 

Observed changes in climate have already adversely affected biodiversity at 

the species and ecosystem level, and further changes in biodiversity are 

inevitable with further changes in climate. 

 

Changes in the climate and in atmospheric CO2 levels have already had 

observed impacts on natural ecosystems and species. Some species and 

ecosystems are demonstrating some capacity for natural adaptation, but 

others are already showing negative impacts under current levels of climate 

change (an increase of 0.75
o
C in global mean surface temperature relative to 

pre-industrial levels), which is modest compared to future projected changes 

(2.0-7.5
o
C by 2100 without aggressive mitigation actions). 

 

Aquatic freshwater habitats and wetlands, mangroves, coral reefs, Arctic and 

alpine ecosystems, and cloud forests are particularly vulnerable to the 

impacts of climate change. Montane species and endemic species have been 

identified as being particularly vulnerable because of narrow geographic and 

climatic ranges, limited dispersal opportunities, and the degree of other 

pressures. 

 

Information in Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change (IPCC AR4) suggests that approximately 10% of species 

assessed so far will be at an increasingly high risk of extinction for every 

1°C rise in global mean temperature, within the range of future scenarios 

modelled in impacts assessments (typically <5°C global temperature rise).  

 



Continued climate change will have predominantly adverse and often 

irreversible impacts on many ecosystems and their services, with significant 

negative social, cultural and economic consequences. However, there is still 

uncertainty about the extent and speed at which climate change will impact 

biodiversity and ecosystem services, and the thresholds of climate change 

above which ecosystems are irreversibly changed and no longer function in 

their current form. 

 

Observed signs of natural adaptation and negative impacts include: 

 

Geographic distributions: The geographic ranges of species are shifting 

towards higher latitudes and elevations. While this can be interpreted as 

natural adaptation, caution is advised, as the ecological effects of related 

community compositional change, the net effect of such range shifts on 

range area (i.e. the balance between range contraction and expansion for any 

given species), and related species extinction risk, is difficult to project; and 

there are geographic and dispersal rate limits, physical barriers, and 

anthropogenic barriers to species range expansion. Range shifts have mostly 

been studied in temperate zones, due to the availability of long data records; 

changes at tropical and sub-tropical latitudes will be more difficult to detect 

and attribute due to a lack of time series data and variability of precipitation. 

Nevertheless, biodiversity losses have already been reported in some tropical 

areas. 

 

Timing of life cycles (phenology): changes to the timing of natural events 

have now been documented in many hundreds of studies and may signal 

natural adaptation by individual species. Changes include advances in spring 

events (e.g. leaf unfolding, flowering, and reproduction) and delays in 

autumn events. 

 

Interactions between species: evidence of the disruption of biotic 

interactions is emerging. For example, differential changes in timing are 

leading to mismatches between the peak of resource demands by 

reproducing animals and the peak of resource availability. This is causing 

population declines in many species, including increasing the herbivory rates 



by insects as a result of warmer temperatures, and may indicate limits to 

natural adaptation. 

 

Photosynthetic rates, carbon uptake and productivity in response to CO2 

“fertilization” and nitrogen deposition: models and some observations 

suggest that global gross primary production (GPP) has increased. Regional 

modelling efforts project ongoing increases in GPP for some regions, but 

possible declines in others. Furthermore, in some areas, CO2 fertilization is 

favouring fast growing species over slower growing ones and changing the 

composition of natural communities while not appreciably changing the 

GPP. 

 

Community composition and ecosystem changes: observed structural and 

functional changes in ecosystems are resulting in substantial changes in 

species abundance and composition. These have impacts on livelihoods and 

traditional knowledge including, for example, changing the timing of 

hunting and fishing and traditional sustainable use activities, as well as 

impacting upon traditional migration routes for people. 

 

If we project these information and the prediction in Lebanon we will 

observe the following:  

 By 2020: 300m upward shift of vegetation 

 By 2050: 486m upward shift of vegetation 

 By 2080: 700m upward shift of vegetation (Horsh Ehden 

& Arz El Shouf treeline would shift to around 2500m) 

 Distribution or replacement of certain vegetation 

associations 

 Protected zones, natural habitats and sand dunes are very 

vulnerable 

 Ammiq wetland: reduction in total area of marshes and 

shorten the duration of marshes for bird migration 



 Tyre sandy beach: High vulnerability to erosion and sea 

level rise leading to disappearance of its indigenous 

fauna and flora 

 The palm islands nature reserve: inundation of the three 

islets   

 Vulnerable species: endangered, endemic & at the edge 

of their geographical distribution    

Thus in summary Global climate change will have a negative impact on the 

biodiversity as a whole and will probably lead to increase desertification in 

Lebanon. 

The effect of global climate change on the productivity of selected plant 

species in Lebanon 

The expected climate influence scenario on the productivity of three plant 

species is be based on the following hypothesis: 

Since the temperature degrees will increase between 1,5 and 3 °C, the region 

of 300 to 400m above sea level will have a climate similar to the coastal 

plain area. This speculation is based on a climatic scenario known as the 

altitudinal zonation which indicates that the temperature degrees decrease of 

half °C with each 100m elevation above sea level. 

Impact on citrus plantation 

Based upon this hypothesis, the current area of citrus fruits plantations, will 

be replaced by the mounds area which is located on an elevation varying 

between 300 and 600m above sea level. It will also be possible to expand in 

establishing olive gardens until and elevation of 1100m above sea level, 

while in these days its maximum height is 800m and apples fields till an 

elevation of 1700m. 

However, the substitute areas that can be reserved for planting citrus fruits 

differ from the current areas and may cause establishment problems related 

to soil types and other. The thermal difference between the current and the 

expected agricultural areas will not be a limiting factor for the citrus fruits 

growth. But the decrease in rain average according to the GCM scenario of 



4.5%, 5.8% and 12.6% for the years 2020, 2050 and 2080 respectively, will 

have a direct impact on the water that feed the groundwater. The only source 

for these new gardens is from the wells. As for the increase of the dioxide of 

carbon, it has a positive impact on the chlorophyll assimilation and the 

growth of the citrus fruits tree, and that of course, from an agricultural point 

of view. 

Impact on olive plantation 

It is well known that the olive tree subsists with low rainfall not exceeding 

200 mm as is the case in North Africa countries (Tunis, Algeria,…). 

Moreover, it tolerates temperatures as high as 40 °C. On the other hand, 

snowfall on olive tree's twigs results in its breaking. 

The intensive tropical agriculture (citrus, banana, avocado) in the areas 

surrounding the coastal line of Lebanon and on elevations approximately 

equal will surely lead to a move in live plantations to more elevated areas. 

However, the current prices for olives and its byproducts, in addition to the 

competition of other Lebanese oils (sunflower, soya, corn), do not encourage 

the establishment of new olive plantations which demand a high 

establishment cost in terms of land reclamation and terracing when the 

annual production does not exceed 1.1-1.3 tons/ha for a non irrigated crop. 

Adding to this is the labor cost for olive fruits picking in the mountain areas 

where no machinery can be used as is the case of most Mediterranean 

countries.  

All these facts lead to adopt a basis of comparison according to the 

following hypothesis: 

As for the areas reserved for olive agriculture, its stretching due to the 

construction expansion on the coastal line may not be compensated with new 

plantation areas establishment due to the high land reclamation and 

rehabilitation cost. However, the high demand on olive and its byproducts in 

the industrial Mediterranean countries due to its nutritional and medicinal 

components may play a positive role in the rehabilitation of old-abandoned 

olive  plantation, as it is happening now in France, with a small expansion of 

the areas towards higher elevations.  



The climatic factors (temperature, humidity, CO2) present in the current 

olive plantation areas (0-800 m) will not be different  from the new predicted 

areas (i.e. between 300-1100 m according to the weather change scenario 

GCM for the years 2020, 2050 and 2080). Thus, the gradual move of olive 

agriculture towards more elevated areas will be the best solution to escape 

the negative impact of the expected higher annual temperature averages in 

the coastal area. For example, the maximum temperature averages recorded 

for the past 30 years (1978-2008) in Zgharta olive plantation coastal area at 

an elevation of 110 m was 18.6 during the month of February and this 

maximum temperature average in the same area are going to be 20.3, 21.3 

and 22.8 in the year 2020, 2050 and 2080, respectively. This thermal 

increase happens at the flowering time resulting in a drop in the number of 

flower formation. But the temperature is going to be 17 and 19 degrees at the 

Ghazir station located in the same area at an elevation of 425 m in the year 

2020 And 2080. 

On the other hand, the increase in the relative humidity will contribute to the 

development of fungal diseases on olive such as Cycloconium oleaginum 

Cast and Verticillium dahlia Kalla. Consequently, the expansion of olive 

agriculture towards higher altitudes where the relative humidity drops 

gradually will be a positive factor on the product quality. 

The expected low rainfall will negatively affect the non-irrigated olive 

plantation during the months of October and November that is at the end of 

the dry season, whenever the tree is in extreme need for supplemental 

irrigation to increase its fruit size.  

In all cases the use of appropriate agriculture technologies, especially the 

pruning designs corresponding to low rainfall will decrease the negative 

impact of the climatic change. The significant increase in the temperature 

and the decrease in the average relative humidity necessitate the allocation 

of the humid northern slopes and not the arid hot southern zones for olive 

plantation in order to keep a good level of olive production.  

The expected results of the climatic impact on the olive tree, is not totally 

negative or in other words, it will not negatively affect the total production 



and the quality of produce. The reason is that the olive tree successfully 

adapts to any level of annual rainfall whether low (<200 mm as in North 

Africa) or high (>1000 mm as in Sicily in Italy). 

In summary the global climate change has negative impact on the 

distribution of plant species in Lebanon and the shift in the distribution in a 

non adaptive soil or in construction areas will lead automatically to the 

increase of desertification.   

 

References 

1) Ayres MP, Lombardero MJ (2000). Assessing the consequences of 

global change for forest disturbance from herbivores and pathogens. Science 

of the Total Environment 262: 263-286. 

2) Bernays EA (1997). Feeding by lepidopteran larvae is dangerous. 

Ecological Entomology 22: 121-123. 

3) Benigni M, Battisti A (1999). Variazioni climatiche e processionaria 

del pino: adattamenti di un defoliatore a condizioni ambientali mutevoli. 

L’Italia forestale e montana 54: 76-86. 

4) Climate Change 2007: Impacts, Adaptation and Vulnerability. 

Contribution of Working Group II to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change M.L. Parry, O.F. Canziani, J.P. 

Palutikof, P.J. van der Linden and C.E. Hanson, Eds. Cambridge University 

Press, Cambridge, UK, 976 pp 

5) Démolin G (1969). Bioecologia de la procesionaria del pino 

Thaumetopoea pityocampa Schiff. Incidencia de los factores climaticos. 

Boletin Servicio Plagas Forestales 12: 9-24. 

6) Goussard F, Saintonge FX, Geri C, Auger-Rozenberg G, Pasquier-

Barre F, Rousselet J (1999). Accroissement des risques de dégâts de la 

processionnaire du pin, Thaumetopoea pityocampa Denis & Schiff. en 

région Centre, dû au réchauffement climatique (Lepidoptera, 

Thaumetopoeidae). Annales Societé Entomologique France 35: 341-343. 

 



7) Harrington R, Fleming RA, Woiwod IP (2001). Climate change 

impacts on insect management and conservation in temperate regions: can 

they be predicted? Agricultural and Forest Entomology 3: 233-240. 

8) Hellrigl K (1995). Der Kiefernprozessionspinner (Thaumetopoea 

pityocampa Denis & Schiff.) in Südtirol. Schriftenreihe für 

Wissenschaftliche Studien n. 1, Landesabteilung Forstwirtschaft der Aut. 

Prov. Bozen/Südtirol, 75 pp. 

9) Hodar JA, Castro J, Zamora R (2003). Pine processionary caterpillar 

Thaumetopoea pityocampa as a new threat for relict Mediterranean Scots 

pine forests under climatic warming. Biological Conservation 110: 123 -129. 

10) Huchon H, Démolin G (1971). La bioécologie de la processionaire du 

pin. Dispersion potentielle. Dispersion actuelle. Phytoma 225: 11-20. 

11) Kozlov,M.V. (2008) Losses of birch foliage due to insect herbivory 

along geographical gradients in Europe: a climate-driven pattern? Climatic 

Change, 87, 107-117. 

12) Lindroth RL, Kinney KK, Platz CL (1993). Responses of deciduous 

trees to elevated atmospheric CO2: productivity, phytochemistry and insect 

performance. Ecology 74: 763-777. 

13) Luterbacher J, Dietrich D, Xoplaki E, Grosjean M, Wanner H (2004). 

European seasonal and annual temperature variability, trends, and extremes 

since 1500. Science 303: 1499-1503. 

14) McCarty, J.P. 2001. Ecological consequences of recent climate 

change. Conserv. Biol. 15:320-331. 

15) Nemer, N., G. Demolin, N. Kawar, L. Kfoury and E. Zakhour. 2005.  

Monitoring of the new cedar web-spinning sawfly, Cephalcia tannourinensis 

n.sp. in cedar forests of Lebanon. In: Entomological Research in 

Mediterranean Forest Ecosystems, Eds. F. Lieutier & D. Ghaioule, INRA 

Publication, France pp. 247-255.  

16) Nemer, N. and J. Nasr. 2004. Saving the Cedars of Lebanon. 

Biocontrol News and Information 25(1): 9N-11N. 

17) Neilson, Ronald P., L. Pitelka, A. M. Solomon, R. Nathan, G. F. 

Midgley, J. M. V. Fragoso, H. Lischke and K. Thompson. Forecasting 

Regional to Global Plant Migration in Response to Climate Change. 

BioScience. September 2005, Vol. 55, No. 9, Pages 749–759 



18) Root TL, Price JT, Hall KR, Schneider SH, Rosenzweig C, Pounds JA 

(2003). Fingerprints of global warming on wild animals and plants. Nature 

421: 57-60. 

19) Rosenzweig, C., D. Karoly, M. Vicarelli, P. Neofotis, Q. Wu, G. 

Casassa, A. Menzel, T.L. Root, N. Estrella, B. Seguin, P. Tryjanowski, C. 

Liu, S. Rawlins, and A. Imeson, 2008: Attributing physical and biological 

impacts to anthropogenic climate change. Nature, 453, 353-357. 

20) Rull, V. and T. Vegas-Vilarrubia. 2006. Unexpected biodiversity loss 

under global climate warming in neotropical Guyana Highlands: a 

preliminary apprailsal. Glo. Change Biol. 12: 1-9. 

21) Parmesan, C. and G. Yohe. 2003. A globally coherent fingerprint of 

climate change impacts. Nature 421: 37-41. 

22) Sinclair BJ, Vernon P, Klok CJ, Chown SL (2003). Insects at low 

temperatures: an ecological perspective. Trends in Ecology and Evolution 

18: 257-262. 

23) Speight MR, Hunter MD, Watt AD (1999). Ecology of insects: concepts 

and applications. Blackwell Science, Oxford. 

24) Thomas, C. D., Cameron, A., Green, R. E., Bakkenes, M., Beaumont, 

L. J., Collingham, Y. C., Erasmus, B. F. N., de Siqueira, M. F., Grainger, A., 

Hannah, L., Hughes, L., Huntley, B., van Jaarsveld, A. S., Midgley, G. F., 

Miles, L., Ortega-Huerta, M. A., Peterson, A. T., Phillips, O. L. &  

Williams, S. E. (2004) Extinction risk from climate change. Nature 

(London), 427, 145-148. 

25) Wendy Foden, Guy F. Midgley, Greg Hughes, William J. Bond, 

Wilfried Thuiller, M. Timm Hoffman, Prince Kaleme, Les G. Underhill 

Anthony Rebelo Lee Hannah; A changing climate is eroding the 

geographical range of the Namib Desert tree Aloe through population 

declines and dispersal lags Diversity and Distributions, (Diversity Distrib.) 

(2007) 13, 645–653 

26) Wilf P, Labandeira CC (1999). Response of plant-insect associations 

to Paleocene-Eocene warming. Science 284: 2153-2156. 

 

27) Woodward,F.I., Lomas,M.R. & Quaife,T. (2008) Global responses of 

terrestrial productivity to contemporary climatic oscillations. Philosophical 

Transactions of the Royal Society B-Biological Sciences, 363, 2779-2785. 



 


