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ABSTRACT 
 
Vegetation plays a key role in the global climate system via modification of the water and energy balance. Its 
coupling to climate is therefore important, particularly in the tropics where severe climate change impacts 
are expected. Consequently, understanding vegetation dynamics and response to present and projected 
climatic conditions for various land cover types is vital. The climate exerts the dominant control on the spatial 
distribution of the major vegetation types on a global scale. In turn, vegetation cover affects climate via 
alteration of the physical characteristics of the land surface like atmospheric gas composition, for example, 
CO2 and CH4 (biogeochemical effects). In general, the climate models agree that tropical deforestation 
exerts a net regional warming while an effect on extra tropical regions is more uncertain. When we see the 
Sahara region, several models are able to simulate “green Sahara” phenomenon during the mid-Holocene. 
Some models reveal multiple steady states in the region due to a strong interaction between vegetation and 
monsoon precipitation. Sensitivity simulations show that some expansion of vegetation cover into the 
Sahara is possible under CO2-induced climate changes. Rangelands play an important role in mitigating the 
negative effects of climate change by reducing wind speed, temperature and store the organic carbon 
(carbon sequestration). They also protect the soil against wind and water erosion and sand dunes. This 
implies that vegetation cover and climate are directly interrelated. Hence, this review was undertaken to 
assess the effects of vegetation cover or rangeland on climate change mitigation. 
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INTRODUCTION 
 
A visual comparison of climate and vegetation on a global 
scale immediately reveals a strong correlation between 
climatic and vegetation zones. In turn, vegetation cover 
affects climate via alteration of the physical 
characteristics of the land surface like albedo, roughness, 
water conductivity (bio-geophysical mechanisms) and 
atmospheric gas composition, for example, CO2 and CH4 
(biogeochemical effects) (Brokivn, 2002). Terrestrial 
vegetation depends on and affects land surface-
atmosphere interactions as the primary link for moisture 
(evapo-transpiration) and energy (latent) exchange 
through its physiological properties, rooting depth and 

stomatal resistance), and its influence on surface 
roughness, and albedo (Bao et al., 2014). For instance, 
recent studies have reported a strong land-atmosphere 
coupling in West Africa, where by vegetation dynamics 
play a significant role in regulating the West African 
monsoon and therefore rainfall distribution (Hales et al., 
2006). In South Africa, Williams and Kniveton (2012) 
reported increases and decreases in annual rainfall, 
based on idealized scenarios of expanding savanna and 
desert cover, respectively.  

Recent studies on the climatic impacts of tropical 
deforestation     have     consistently    shown    increased 
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warming and reduced evapo-transpiration and 
precipitation (Snyder, 2010). An improved 
characterization of spatial and temporal vegetation 
patterns is therefore important to not only assess 
landscape conditions but also to improve land surface 
model predictions and identify significant regional and 
global scale climate tele-connections. Multispectral band 
combinations of these datasets have aided the retrieval 
of long time series of land surface variables widely used 
to examine trends in vegetation dynamics at global, 
regional and national scales (Julien and Sobrino, 2009; 
Bao et al., 2014), impacts of vegetation on water and 
energy flux (Hu et al., 2009), as well as the correlation 
between vegetation and climate conditions (Bao et al., 
2014). In coniferous canopies as one-half the total needle 
surface area per unit vegetated ground area, 
characterizes the physiologically functioning surface area 
for energy, mass and momentum exchange between the 
vegetated land surface and the planetary boundary layer. 
Hence, it is widely used by the global change research 
community to assess and quantify vegetation dynamics 
and their effects (Bobée et al., 2012; Cook and Pau, 
2013). 
 
 
Causes of climate change 
 
First we have to understand the cause of climate change 
before we go any further, so factors that can shape 
climate are called climate forcing or “forcing mechanisms. 
Forcing mechanisms can be either “internal” or “external”. 
Internal forcing mechanisms are natural processes within 
the climate system itself (e.g. the thermohaline 
circulation). External forcing mechanisms can be either 
natural or anthropogenic (e.g., increased emissions of 
greenhouse gases). Whether the initial forcing 
mechanisms is internal or external the response of the 
climate system might be fast (e.g. a sudden cooling due 
to airborne volcanic ash reflecting sunlight), slow (e.g., 
thermal expansion of warming ocean water), or a 
combination (e.g. sudden loss of Albedo in the arctic as 
sea ice melts, followed by more gradual expansion of the 
water) (Spracklen et al., 2008). Therefore, the climate 
system can respond abruptly but the full response to 
forcing mechanisms might not be fully developed for 
centuries or even longer. 
 
 
Direct effect of climate change on plant growth 
and ecosystem productivity 
 
Plant growth and biomass production are important 
measures of plant responses to changing climate and 
elevated CO2. Also, plant growth and biomass production 
can be limited by one or more climatic limiting factors, 
including air and soil temperatures, soil water availability, 
and  solar  radiation.   Ecosystem   model  simulations  of  
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global terrestrial biomes suggest that temperature and 
water availability are the dominant climatic factors limiting 
net primary productivity globally, with solar radiation 
being the dominant limiting factor for only about 5 percent 
of the biomes (Churkina and Running, 1998). Given the 
diverse range of environments and biomes in the Pacific 
Northwest, all three climatic limiting factors are likely to 
operate in some regions and seasons, but winter 
temperatures and water limitations are considered the 
dominant controls on leaf area and net primary 
productivity in Pacific Northwest ecosystems (Grier and 
Running 1977; Gholz 1982). Soil nutrients (especially 
nitrogen) are another important factor limiting vegetation 
growth and productivity throughout much of the Pacific 
Northwest, which, though not directly climate-related, 
may modify vegetation structure and productivity (Gholz, 
1982). 

Overall, research suggests that warming air and soil 
temperatures will enhance plant growth and ecosystem 
production, given sufficient water availability (Boisvenue 
and Running, 2006, 2010). Warmer temperatures are 
expected to increase net carbon gain as respiration 
acclimates to warmer temperatures more than 
photosynthesis, allowing plants to adjust and maintain 
carbon-use efficiency (Maseyk et al., 2008). Temperature 
effects on phenology will tend to extend the growing 
season and, potentially, plant growth. Increased 
availability of soil N2 could also increase growth and 
productivity. All of these potential gains, however, depend 
on adequate availability of soil water, which is likely to 
decline with increasing temperatures. 
 
 
Vegetation response to rising CO2 and temperature 
changes 
 
Increase in CO2 affect the plant in many ways also some 
studies indicate climate driven increases in global net 
primary after eventual acclimatization to higher CO2. 
However, short term photosynthetic responses are 
decreased (initial increases in growth and yield stop). In 
fact, long term exposure to elevated CO2 leads to the 
accumulation of carbohydrates in the photosynthetic 
tissues of the plant and this in turn leads to a reduction in 
photosynthetic rates (Bisgrove and Hadley, 2002). Also 
plants that do respond to elevated CO2 produce tissue 
with lower nutrient concentrations (reduced leaf nitrogen 
(N2) content) (Fangmeier et al., 2002). Moreover, 
increased CO2 makes C3 plants grow larger initially, 
plants growing faster and larger need more nutrients 
such as nitrogen with cascade effects on soil quality 
(Elstein and Mills, 2006). Also when CO2 rise it reduce 
transportation inside the plant because Plants in 
increased CO2 environments frequently either open their 
stomata less widely or keep their stomata completely 
closed more often, therefore reducing transpiration 
occurs,  Even  if  all  vegetation’s  affect  by  rice  of  CO2,  



 
 
 
 
different species respond differently. Whilst many species 
of plants acclimatize to elevated CO2 relatively quickly; 
many others do not. Plants with growth strategies or 
photosynthetic pathways that allow them to take 
advantage of changing condition in any given habitat will 
gain a relative advantage over those that do not. Species 
with rapid growth rates may be responsive than slower 
grounding species. Within these responses, there will 
also be a genetic performances and varying genetic 
adaptability of species (Harte et al., 2004). 

The direct effect of warming in plants and ecosystems 
will be complex because temperature impacts virtually all 
chemical and biological processes. However, the effect of 
temperature changes is likely to be larger and more 
important than any other factor (Kehlenbeck and 
Schrader, 2007). Too much heat affects the plant 
production. The drought in Europe in 2003 combination 
unusually high temperatures with water stress and 
reduced primary productivity by 30% (Clais et al., 2003). 
If temperature increases too much, faster respiration may 
tip the balance towards plants becoming a CO2 source. 
Temperature rise may also affect habitat composition, 
since generally; C3 plants are more sensitive to heat 
stress than C4 and CAM plants (Ehleringer et al., 1997). 
Also unpredictable weather causes a lot of damage to the 
plants of many species, certainly in short term, it is not 
small differences in temperature that will affect them 
most, but rather the likelihood of sudden weather events, 
for example sudden frosts after periods of warmth 
(Kehlenbeck and Schrader, 2007). It is not just the 
magnitude of the change but the unpredictability of the 
change. Early onset of growth in response to mild 
weather combined with unexpected frosts is likely to 
cause significant damage to plants. 
 
 
Effect of climate on seed production 
 
Seed production can be influenced by climate and 
elevated atmospheric CO2 (Jablonski et al., 2002; Ladeau 
and Clark, 2006). Warmer air and soil temperatures can 
advance flowering phenology in plants (Dunne et al., 
2003; Parmesan, 2006; Beaubien and Hamann, 2011). 
Although earlier flowering can promote increased seed 
production and viability (Richardson et al., 2005; Walck et 
al., 2011), it can also expose plants to frost damage and 
reduced seed production, particularly at high elevations 
and latitudes (Inouye, 2008; Beaubien and Hamann, 
2011). Climate-induced shifts in reproductive phenology 
can also alter plant reproductive capacity by altering 
phenological synchrony between plants and insect 
pollinators or herbivores (Hegland et al., 2009; Liu et al., 
2011). Studies of seed mating in trees suggest that 
temperature and precipitation (water availability) may act 
at different stages of flowering and fruiting to influence 
seed production (Way et al., 2009; Selås et al., 2002). In 
general, however, the  climatic  and  other  environmental 
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factors influencing seed production and viability are still 
poorly understood for most species, making it difficult to 
project responses to future climatic changes.  
 
 
Effect of climate on productivity and nutrient 
cycling 
 
Experimental studies have shown that elevated CO2, 
warming temperatures, and increasing precipitation can 
all increase plant growth and net primary production 
across a wide range of terrestrial ecosystems (Hyvönen 
et al., 2007; Norby and Zak, 2011; Wu, 2011; Dieleman 
et al., 2012) although combined effects are not always 
additive (Wu, 2011; Dieleman et al., 2012). On average, 
elevated CO2 and warming temperatures increase 
biomass production alone and in combination, but 
elevated CO2 stimulated fine root biomass production 
more than aboveground biomass production (Dieleman et 
al., 2012; Norby and Zak, 2011; Wu, 2011). In a young 
aspen (Populustremuloides Michx) forest, elevated CO2 
increased net primary productivity by 26%. The 
mechanisms by which productivity is enhanced (and 
sustained) are still unclear, however, and appear to 
involve not only the direct effects of CO2, temperature, 
and water availability (and their interactions) on 
photosynthesis, respiration, and growth, but also indirect 
effects on nutrient cycling and nitrogen availability 
(Sykes, 2009; Felzer et al., 2011). 
 
 
Effects of climate change on plant productivity 
 
Plant productivity is likely to increase in a climate that 
becomes warmer and where there is enough soil 
moisture. Precipitation per se has in general little direct 
effect on plants as they normally take up most of their 
water and nutrients from the substrate or soil on which 
they are growing, though precipitation is clearly important 
for the level of atmospheric and soil moisture (Sykes, 
2009). The humidity of the air influences movements in 
the stomata or pores within leaves, a response that 
controls the flow of carbon dioxide in and water out of the 
plant. Plants need to maintain a balance between growth 
and survival. Plants require photosynthesis and the 
production of carbohydrates, which requires CO2, for 
growth; and stomata need to be open to allow carbon 
dioxide to diffuse into the leaves. However, open stomata 
also mean the loss of water through transpiration (Sykes, 
2009). In wet areas the balance between these two 
requirements is less of a problem than in drier areas, 
where survival and growth have to be balanced. 
Increasing atmospheric carbon dioxide has been 
suggested as having the potential to increase plant 
productivity and growth, both through the fertilization 
effect of more carbon dioxide available for photosynthesis 
and  the  role  it  may  play  in  plant  water use efficiency.  



 
 
 
 
There is much discussion about these aspects and 
various long-term free-air carbon dioxide enrichment 
(FACE) experiments are underway in different 
ecosystems to assess the effect of increased levels of 
carbon dioxide on ecosystems (Ainsworth and Long, 
2005). Results are mixed but tend to show that there is a 
fertilization effect at least in young forests. However, 
long-term effects and the effect of plant acclimation to 
carbon dioxide are not clear. 
 
 
Response of photosynthesis to change in 
temperature 
 
Photosynthesis can be strongly affected by temperature 
(Berry and Raison, 1982; Medlyn et al., 2002). 
Photosynthesis is a biochemical process and its overall 
temperature response can be understood in terms of the 
temperature dependencies of its component processes 
and their well-known interactions (Farquhar et al., 1980; 
Farquhar and von Caemmerer, 1982; Kirschbaum and 
Farquhar, 1984; Medlyn et al., 2002). At low to moderate 
temperatures, the activity of each of these component 
processes increases with increasing temperature in 
accordance with the Arrhenius relationship (Farquhar et 
al., 1980; Berry and Raison, 1982; Medlyn et al., 2002). 
At higher temperatures, photosynthesis decreases due to 
conformational changes in key enzymes. This decrease 
is reversible at moderately high temperatures but 
becomes increasingly irreversible with length and 
intensity of high temperature exposure.  

Photosynthetic responses to temperature are thus 
highly dependent on species and growth conditions. All 
plants appear to be capable of a degree of adaptation to 
growth conditions, and it is important to note that 
photosynthesis in some species can function adequately 
up to 50°C (Kirschbaum, 2004). This suggests that even 
with considerable global warming, some plants will be 
able to continue to photosynthesis adequately, provided 
they have sufficient water. Some species, however, are 
able to acclimate more fully than others. For example, A. 
sabulos a performed well when grown in low 
temperatures, but photosynthetic rates were much 
reduced in plants grown at high temperature. The 
opposite pattern was apparent in T. oblongifolia. So that 
temperature increases would be likely to favour T. 
oblongifolia at the expense of A. sabulosa (Kirschbaum, 
2004). 
 
 
Indirect impacts of climate change on plants  
 
All species are likely to be not only directly impacted by 
the changes in environmental condition discussed above 
also indirectly through their interactions with other 
species. While direct impacts may be easier to predict 
and conceptualize,  it  is  likely  that  indirect  impacts  are 
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being equally important in determining the response of 
plants to climate change (Walther et al., 2005). A species 
whose distribution changes as a direct result of climate 
change may “invade” the range of another species for 
example, introducing a new competitive relationship. The 
range of a symbiotic fungi associated with plant root may 
directly change as a result of altered climate, resulting in 
a change in the plant distribution (Enookon, 2014). A new 
grass may spread into a region, altering the fire regime 
and greatly changing the species composition. A 
pathogen or parasite may change interactions with a 
plant, such as a pathogenic fungus becoming more 
common in an area where rainfall increases. Increased 
temperature allows herbivores to expand further into 
Alpine regions, significantly impacting the composition of 
Alpine (Enookon, 2014). There are innumerable 
examples of how climate change could indirectly affect 
plant species, most of which will be extremely difficult to 
predict. 
 
 
Adaptation of plants to climate change 
 
Plants can/do adapt to changes in their environment, with 
a classic example coming from the rapid evolution of 
heavy metal tolerance in plants on mine site tailings 
(Antonivics et al., 1971) and more recent examples 
coming from herbicides resistance in a populations of 
weeds (Roy, 2004). However, plant adaptive responses 
to climate change are likely to be slower than plant 
responses to single pollutants, since adaptation to 
pollutants normally only involves one or two traits 
whereas adaptation to climate change is likely to involve 
many traits. The fossil record indicates that in the past, 
species have been able to adapt or move in response to 
climate change, but this has been dependent on a natural 
landscape. Further, from the perspective of the world’s 
plant species, current changes in climate are occurring in 
the context of many other stresses such as pollution, land 
use change and population increase (Enookon, 2014). A 
climate that is more sensitive than anticipated, with 
changes occurring sooner and more intensely than 
predicted (Christner et al., 2008). The extent of future 
climate change depends on what we do now. The smaller 
climatic shift the more species are likely to be able to 
persist, and the greater genetic diversity preserved. 
Biodiversity equals ability to adapt (Enookon, 2014). 
Healthy ecosystems are more likely to be able to adapt to 
future climate change, and continue to provide us with 
ecosystem services vital to our own existence. 
 
 
RANGELAND MANAGEMENT AND CLIMATE 
CHANGE MITIGATION 
 
A rational approach to responding to the uncertainty of 
climate  change  requires  attention to both mitigation and  



 
 
 
 
adaptation activities. Mitigation, in contrast to adaptation, 
involves the reduction of greenhouse gas emissions and 
enhancement of greenhouse gas sinks (IPCC, 2007; de 
Steiguer et al., 2008). The goal of mitigation is to stabilize 
atmospheric greenhouse gas concentrations at a level 
that would prevent human interference with the natural 
climate system. Several methods for reducing emissions 
have been suggested for various sectors of the global 
economy. These include increased energy efficiency, the 
use renewable energy sources such as solar and wind, 
the use of biofuels and hybrid energy vehicles, recycling, 
greater use of public transportation, improved land use 
planning, and management of methane emissions. Most 
credible analyses of the range of actions necessary to 
meet society’s energy needs while lowering greenhouse 
gas emissions include the use of both emission reduction 
and sequestration technologies and practices (de 
Steiguer et al., 2008).  

The sequestration technology that has garnered the 
most attention, based on capacity, is geologic 
sequestration, extracting carbon dioxide (CO2) from the 
atmosphere and storing it in geologic formations for long 
periods of time (>1,000 years). Although geologic 
sequestration offers great potential, many of the 
necessary technologies are unproven or not currently 
cost effective. Other sequestration technologies, such as 
ocean fertilization, have potential environmental 
downsides. Terrestrial sinks, on the other hand, are 
viable with current technology and are largely 
environmentally neutral or beneficial (Pacala and 
Socolow, 2004; de Steiguer et al., 2008). Natural 
terrestrial carbon sinks can be enhanced by practices 
and activities that increase carbon storage carbon and 
include improved cropland and rangeland management, 
reforestation, and reduced deforestation (Capoor and 
Ambrosi, 2007; de Steiguer et al., 2008). 

Both emission reduction and sink enhancement 
mitigation measures are being initiated at city, state, 
regional, and global levels through both voluntary actions 
(Capoor and Ambrosi, 2007; de Steiguer et al., 2008) in 
the private sector and as a result of national laws and 
policies such as those passed by the US Congress 
(Tietenberg, 2002; de Steiguer et al., 2008). Many public 
policies and business analysts’ confidently predict a 
hybrid approach that will integrate government-mandated 
and -supported emission reduction strategy and a private 
sector market to discover the most cost-effective means 
of meeting targets (de Steiguer et al., 2008). 
 
 
CONCLUSIONS 
 
Vegetation cover is important for the sustainability of 
urban ecosystems; however, this cover has been 
undergoing substantial changes in the world. There is a 
relationship between climate and vegetation cover, in the 
sense that  high  temperature  and  low  levels  of  rainfall  
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affect the abundant of the vegetation cover. In general, 
there was an increase in temperatures; there is strong 
correlation between vegetation cover and climate 
change. Nowadays global warming is the major concern 
the only option to control this problem is planting tree or 
preventing of deforestation for the improvement of 
vegetation cover, after this the world’s climate became 
stable and reduce natural disaster like wild fire. Also 
sound range management practices must be used to 
reduce the negative impacts of overgrazing on natural 
vegetation cover. 
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