
Insights Into Agriculture Sciences   https://www.kdpublications.in 

ISBN: 978-81-972400-8-9 

73 

 

6. Impact of Climate Change on Forest 

Priyanka Dubey 

Department of Plant Physiology,  

Jawaher Lal Nehru Krishi Vishwa Vidyalaya JNKVV,  

Jabalpur Madhya Pradesh 

Nidhi Pathak 

Department of Genetics and Plant Breeding,  

Jawaher Lal Nehru Krishi Vishwa Vidyalaya JNKVV,  

Jabalpur Madhya Pradesh. 

Abstract: 

The impact of climate change on forest ecosystem is the greatest challenges and creates 

effects on forest ecosystem in India and all over the world. Forest ecosystems are sensitive 

to Climate Change; therefore, climate change has significantly affected the growth rate and 
structure of forests and species distributions.  The Influences of climate change are 

extremely affecting forest ecosystem by varying the growth, mortality and reproduction of 

trees. Due to continue increasing temperatures changes the life cycle time, phenology, 
earlier bud burst, leafing and flowering in trees. In this chapter focuses the effect of climate 

change on forest ecosystems affects both directly and indirectly. Increasing temperature 

directly affects the rate of photosynthesis and respiration processes, and indirectly affects 

increases the risk of infestation. The carbon cycle, forest structure, species composition, 
and alter forest ecosystem function can affect by Climate change disturbance regimes such 

as fire, species invasions, insect and disease etc. Due to increasing temperature the nutrient 

availability of soil has been affected by the stimulation of organic matter decomposition 

and mineralization of soil nutrients. 
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6.1 Introduction: 

Climate change reveals forest ecosystems are probable to undergo substantial change in 

structure and composition in the future (IPCC 2014). Due to industrial carbon emissions 

will have multiple direct or indirect effects on forests through increases in carbon dioxide 
in the atmosphere. While additional carbon may increase forest growth in the future, 

changes in temperature and precipitation patterns as a result of rising CO2 levels could alter 

forest disturbance patterns and forest location.  

Forests in some provinces may benefit from climate change, while other provinces will 

experience increases in drought-induced mortality and potentially greater forest fire activity.  
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The climate of world is changing, thus changes in the climate are probable to strongly affect 
forest ecosystems by changing the growth, mortality and reproduction of trees. Ecosystem 

services supporting, regulating, provisioning and cultural services are currently affected by 

climate change.  

These ecosystem services are the benefits of people derive from the natural processes that 
sustain ecosystems. At present global climate change displays a general increase in 

temperatures and levels of atmospheric carbon dioxide as well as changes in precipitation.  

The host physiology and defenses, relationships between pests, their environment and other 

species such as natural enemies, competitors and mutualists are affected when climate 

changed. Climate variation produces detectable effects on tree and sapling growth in natural 

forests. 

The productivity and integrity of forest ecosystems is linked to the supply of nutrients and 

climate change can influence nutrient dynamics by altering the rate of litter decomposition. 

The potential of ecosystems to take up carbon is constrained by the availability of nitrogen 
and it is a basic element that is fundamental to the growth of plants. Nitrogen limits forest 

growth under most conditions. Too much nitrogen, however, can have detrimental effects 

on soil, trees, or indirectly through its impacts on forest composition, growing season length, 

and the water cycle. The main aim of this chapter is to provide the current and scientific 

information on impactof climate change on forests and forest ecosystems. 

Do We Know the Name Climate Change? 

The word “Climate change is to defined as the long-term changes in temperatures and weather 

patterns”. Such changes can be natural, due to changes in the activity of sun or large volcanic 

eruptions. But since the 1800s, Human activities are the main driver of climate change, primarily 
due to the burning of fossil fuels like coal, oil and gas.Burning fossil fuels produces greenhouse 

gas emissions that act like a blanket wrapped around the Earth, trapping the heat of sun and raising 

temperatures.  

The main greenhouse gases that are causing climate change include carbon dioxide and methane. 

These come from using gasoline for driving a car or coal for heating a building, for example. 
Clearing land and cutting down forests can also release carbon dioxide. Agriculture, oil and gas 

operations are major sources of methane emissions. The main parts causing greenhouse gases 

like energy, industry, transport, buildings, agriculture and land use are among. 

GENEVA, Aug 9 – Scientists are observing changes in the Earth’s climate in every region and 
across the whole climate system, according to the latest Intergovernmental Panel on Climate 

Change (IPCC) Report.  

Many of the changes observed in the climate are unprecedented in thousands, if not hundreds of 

thousands of years, and some of the changes already set in motion such as continued sea level 

rise are irreversible over hundreds to thousands of years. However, strong and sustained 
reductions in emissions of carbon dioxide (CO2) and other greenhouse gases would limit climate 

change. But it is not just about temperature. 

https://www.unep.org/interactive/six-sector-solution-climate-change/
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6.2 Reasons of Climate Change: 

There are different main Causes increasingly influencing the climate and the earth's 

temperature as follows: 

➢ Heat-trapping Greenhouse Gases and the Earth's Climate.  

➢ Greenhouse Gases.  

➢ Reflectivity or Absorption of the Sun's Energy.  
➢ Changes in the Earth's Orbit and Rotation.  

➢ Variations in Solar Activity.  

➢ Changes in the Earth's Reflectivity.  
➢ Volcanic Activity. 

➢ Burning fossil fuels, 

➢ cutting down forests 

➢ farming livestock  

We Reduce the Climate Change.  

A. We Can Use the Following Actions for A Healthy Planet: 

• Save energy at home. Much of our electricity and heat are powered by coal, oil and gas.  

• Change your home's source of energy.  

• Walk, bike or take public transport.  

• Switch to an electric vehicle.  

• Consider your travel. 

• Reduce, reuse, repair and recycle.  

• Eat more vegetables.  

• Throw away less food. 

Climate change is bringing multiple different changes in different regions which will all 
increase with further warming. These include changes to wetness and dryness, to winds, 

snow and ice, coastal areas and oceans. For example: 

▪ Climate change is intensifying the water cycle. This brings more intense rainfall and 

associated flooding, as well as more intense drought in many regions. 
▪ Climate change is affecting rainfall patterns. In high latitudes, precipitation is likely to 

increase, while it is projected to decrease over large parts of the subtropics. Changes to 

monsoon precipitation are expected, which will vary by region. 

▪ Coastal areas will see continued sea level rise throughout the 21st century, contributing 
to more frequent and severe coastal flooding in low-lying areas and coastal erosion. 

Extreme sea level events that previously occurred once in 100 years could happen every 

year by the end of this century. 
▪ Further warming will amplify permafrost thawing, and the loss of seasonal snow cover, 

melting of glaciers and ice sheets, and loss of summer Arctic Sea ice. 

▪ Changes to the ocean, including warming, more frequent marine heatwaves, ocean 

acidification, and reduced oxygen levels have been clearly linked to human influence. 
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These changes affect both ocean ecosystems and the people that rely on them, and they 
will continue throughout at least the rest of this century. 

▪ For cities, some aspects of climate change may be amplified, including heat (since urban 

areas are usually warmer than their surroundings), flooding from heavy precipitation 

events and sea level rise in coastal cities. 

6.3 Human’s Activities Are Responsible for Change in Climatic Conditions: 

Climate scientists have showed that humans are responsible for virtually all global heating over 

the last 200 years. Human activities like the ones mentioned above are causing greenhouse gases 

that are warming the world faster than at any time in at least the last two thousand years. The 
average temperature of the Earth’s surface is now about 1.1°C warmer than it was in the late 

1800s (before the industrial revolution) and warmer than at any time in the last 100,000 years. 

The last decade (2011-2020) was the warmest on record, and each of the last four decades has 

been warmer than any previous decade since 1850.Many people think climate change mainly 
means warmer temperatures. But temperature rise is only the beginning of the story. Because the 

Earth is a system, where everything is connected, changes in one area can influence changes in 

all others. 

The consequences of climate change now include, among others, intense droughts, water 
scarcity, severe fires, rising sea levels, flooding, melting polar ice, catastrophic storms and 

declining biodiversity. 

6.3.1 People Are Experiencing Climate Change in Diverse Ways: 

Climate change can affect our health, ability to grow food, housing, safety and work. Some of us 

are already more vulnerable to climate impacts, such as people living in small island nations and 
other developing countries. Conditions like sea-level rise and saltwater intrusion have advanced 

to the point where whole communities have had to relocate, and protracted droughts are putting 

people at risk of famine. In the future, the number of people displaced by weather-related events 
is expected to rise. In a series of UN reports, thousands of scientists and government reviewers 

agreed that limiting global temperature rise to no more than 1.5°C would help us avoid the worst 

climate impacts and maintain a livable climate. Yet policies currently in place point to a 3°C 

temperature rise by the end of the century. The emissions that cause climate change come from 

every part of the world and affect everyone, but others. The seven biggest emitters alone (China, 

the United States of America, India, the European Union, Indonesia, the Russian Federation, and 
Brazil) accounted for about half of all global greenhouse gas emissions in 2020.Everyone must 

take climate action, but people and countries creating more of the problem have a greater 

responsibility to act first. 

6.3.2 Many Solutions to Over Climate Change: 

Many climate change solutions can deliver economic benefits while improving our lives 
and protecting the environment. We also have global frameworks and agreements to guide 

progress, such as the sustainable development goals, UN Framework Convention the  on 

Climate Change and the Paris Agreement. Three broad categories of action are cutting 

emissions, adapting to climate impacts and financing required adjustments. 

https://www.ipcc.ch/report/ar6/wg1/downloads/outreach/IPCC_AR6_WGI_SummaryForAll.pdf
https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://public.wmo.int/en/media/press-release/2020-was-one-of-three-warmest-years-record
https://www.ipcc.ch/report/ar6/wg2/resources/press/press-release
https://www.un.org/en/climatechange/science/climate-issues/health
https://www.ipcc.ch/assessment-report/ar6/
https://www.unep.org/resources/emissions-gap-report-2023
https://www.unep.org/resources/emissions-gap-report-2023
https://www.un.org/en/climatechange/17-goals-to-transform-our-world
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-nations-framework-convention-on-climate-change
https://www.un.org/en/climatechange/paris-agreement
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Switching energy systems from fossil fuels to renewables like solar or wind will reduce the 
emissions driving climate change. But we have to act now. While a growing number of countries 

is committing to net zero emissions by 2050, emissions must be cut in half by 2030 to keep 

warming below 1.5°C. Achieving this means huge declines in the use of coal, oil and gas: over 
two-thirds of today’s proven reserves of fossil fuels need to be kept in the ground by 2050 in 

order to prevent catastrophic levels of climate change. 

6.4 Climate Change Can Cause Forest Disturbances: 

Climate change can modify a disturbance regime that affects forest ecosystem structure and 

function. The change in forest structure and function are disrupted when disturbances 
exceed their natural range of variation. Natural disturbances, such as fires, insect outbreaks 

and wind throws are an integral part of ecosystem dynamics in forests around the globe. 

Warming climates pose significant threats to forest ecosystems. It may increase mortality 
in older forests stressed by low soil moisture. A gradual increase in temperature will alter 

the regeneration and growth of some species. Regeneration of tree species is affected by 

low soil moisture and competition with other species during the seedling stage as the 

temperature increase. Climatic variability and change results degradation of the forest 
resources to emission of carbon dioxide in the atmosphere and affecting the forest resources 

and its ability to deliver its ecosystem services. 

6.4.1 Fire:  

Increases in temperatures create conditions that dramatically elevate the risk and severity of 

forest fires. Fire effect on forest ecosystem includes disturbance of wild life habitat, 
acceleration of nutrient cycling, and mortality of individual trees. The frequency, size, 

intensity, seasonality, and type of fires depend on the amount and frequency of precipitation 

in addition to forest structure and composition. Fire is a major control of forest carbon 
balance and reduces the strength of forests carbon sinks. The forest wildfires loss most soil 

nutrients and it has effect on the available macronutrient concentrations. Climate change is 

increasing the likelihood of fire ignition and propagation such as, extreme temperatures and 
plant biomass accumulation, but these are possibly interacting with socio-economic factors. 

Forest fires directly a loss of habitat, kill plants and animals in forest ecosystem. The 

potential for prescribed fire to mitigate nitrogen saturation resulting from atmospheric 

deposition and disturbances that can cause comparable nutrient loss in such a short amount 

of time. 

6.4.2 Invasive Species:  

Climate change will have the effect of increasing the extent, frequency, and severity of 

invasive species, as well as facilitating a shift toward invasion in species that have not 

historically been invasive. It creates a favorable condition for invasive species to invade the 
forest ecosystem. The removal of temperature or moisture constraints to dispersal and 

survival lead to changes in the distributions of species and successfully invade new areas. 

Species range shifts will also lead to becoming rare and creates ecological space for non-
native invasive species to increase in abundance and move in. Invasive species show a 

greater response to increased carbon dioxide than non-invaders.  

https://www.un.org/en/climatechange/raising-ambition/renewable-energy
https://www.un.org/en/climatechange/net-zero-coalition
https://www.ipcc.ch/report/ar6/wg3/resources/press/press-release/
https://iea.blob.core.windows.net/assets/ebe15dfb-30c8-42cf-8733-672b3500aed7/WEO2012_free.pdf
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Invasive species have strong dispersal abilities and broad environmental tolerances, which 
will allow them to cope with rapid changes. Invasive plants are recent introductions of non-

indigenous or exotic species that are successfully spread into new localized natural habitats 

to cause economic or environmental harm. Change in weather events increases the 
disturbance regime, and invasive species generally, thrive in disturbed landscapes with high 

light availability and fragmented native communities.  

6.5 Change Effect on Forest Health: 

Forest ecosystem pests and pathogens are likely to increase, either through the direct effect 

of climate change on their abundance or distribution, or the indirect effect of increased water 
stress or wind damage which will increase the susceptibility of trees to attack. Climate 

change alter the disturbance dynamics of native forest insect pests and pathogens, as well 

as facilitating the establishment and spread of non-indigenous species. Pathogens can take 

advantage of changing climate; it could have major effects on tree health and survivorship. 
Forest pathogens may be viral, bacterial or fungal, viral or bacterial infection and 

transmission rates seem to vary with temperature and moisture in the forest ecosystem. 

Pathogens like fungal can survive and remain infective over a wide range of temperatures. 
However, the conditions that favor epidemic growth for most fungal pathogens are 

constrained to within a band of a few degrees Celsius.  

6.5.1 Incident of Pests and Disease: 

 Climate change increased the extent of greater insect overwinter survival, shortened 

reproduction cycles and development. Insects and pathogens have been noted to respond to 
warming in all the expected ways, from changes in phenology and distribution to 

influencing community dynamics and composition. Incidence of pests and diseases may 

increase with climate variability and climate change. With long dry spells and more intense 
rainfall, the resulting decline in water quality will lead to greater risk of waterborne diseases. 

Invasive forest plants, insects and pathogens can directly cause tree mortality. Increased 

disturbance in forests was occurred from insects, especially from bark beetles. Trees 

damaged by insects and pathogens can have substantial socioeconomic effects because of 
their high physiological sensitivity to climate, short generation times, high mobility, and 

explosive reproductive potential. Many pests and pathogens will reproduce more quickly, 

expand their ranges and invade new regions under warmer, wetter, or carbon dioxide 
enriched conditions. Insect pests are sensitive to a warming climate under greater moisture 

or temperatures stress their survival and reproductive rate. Climate change cause tree pest 

and pathogen outbreak that can have negative economic and environmental impacts. A 
highly virulent pest can lead to significant changes in forest structure and species 

composition especially decimate populations of susceptible tree species. 

6.5.2 Effects of Climate Change on Forest Processes: 

Trees require light, heat carbon dioxide and water nutrient to grow through the process of 

photosynthesis. Increasing temperature, atmospheric carbon dioxide concentrations are 
altering photosynthesis rates and growth. Naturally plants have their own mechanism to 

tolerate a certain level of increased temperature.  
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Soil decomposition rate of organic matter will increase as temperature increase and then 
nutrient mineralization and availability for plants uptake become increased. Thus, the 

interaction and different combination effect of rise carbon dioxide concentration and 

temperature is determined by soil properties, water, mineral and nutrient availability.  

The availability of forest resources will determine whether a tree will grow well or not, 
altering the balance between growth and mortality and therefore determining forest 

productivity. Increase temperature, precipitation, and carbon dioxide alter carbon balance 

over longer time and affect nutrient cycling directly or indirectly through its impacts on 

forest composition, growing season length, and the water cycle.  

6.6 Changes in Nutrient Availability:  

Increasing temperature is likely to affect nutrient availability in the soil through the 

stimulation of organic matter decomposition and mineralization of soil nutrients. There are 

important links between trees and soil nutrient availability.  

The cycling of nutrients between the soil and plants is one of the main factors of forest 

ecosystem functioning. Climate change affect availability of nutrients for plant uptake and 
limit the productivity, survival of forest ecosystems. Nutrient availability affects forest 

ecosystem and net primary productivity. On the forest floor organic matter that broken down 

by microbes such as down fallen leaves release nitrogen to the soil.  

Increasing the nitrogen demand is essential for plant the growth, development and builds 
protein however, increasing carbon dioxide levels in the atmosphere more microbes are 

becoming nitrogen limited and releasing less nutrients to the trees. The productivity of forest 

ecosystem appears to be controlled by quantity and availability of nutrient. Warming 
temperature has direct physiological effects on rate photosynthesis, macronutrient 

concentration in soils and leaves of tree, shrubs and herbs. Increase in temperature can lead 

to reductions in nutrient availability. 

6.6.1 Climate Change, Forests and Mitigation: 

Forests are a large source of both emissions of carbon due to deforestation and harvesting 
(e.g., DeFries et al. 2002, Houghton 2003, Houghton et al. 2012) and sequestration of carbon 

through forest regrowth (e.g., Kauppi et al. 2006, Pan et al. 2011). As noted in Figure 6.1, 

the net effect of both these processes has resulted in forests being a net sink over the last 

100–120 years. But this work has not focused on explaining how the sink could have arisen 
(Ciais et al.2012). Mendel Sohn and Sohngen (2019) develop an economic analysis of 

historical carbon from forest land management and change, and their results suggest that 

forest management, in addition to carbon fertilization, played an important role in the 

emergence of the large carbon sink in forests over the last century. 

A. Impacts on Forests: 

Forests may be affected by climate change at both local and regional scales. The impacts 

can vary even within a single forest. There are three key impacts described in this chapter. 
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B. Natural Disturbances: 

Climate change will influence a number of natural turbulences like insect outbreaks, 

invasive species, wildfires, and storms that threaten forest health. Some disturbances, like a 

wildfire, take place quickly. Changes in animal or plant populations will happen over 

decades to centuries. Some of their effects may be temporary, allowing a forest to recover. 
climate impacts on some forests may advantage from certain. For example, warmer 

temperatures can lead to more tree and plant growth in regions where cold weather limits 

the growing season. However, in other forests, warmer temperatures may allow invasive 
species to thrive. Warmer weather can also encourage insect survival and growth. Over the 

past decade, climate change has led to an increase in bark beetle damage to mountain pines 

in parts of the West. Disturbances can also interact with one another to increase risks to 
forests. For example, drought can weaken trees and make a forest more vulnerable to 

wildfire or insect outbreaks. Similarly, wildfires can make a forest more vulnerable to pests. 

Climate impacts can also interact with other stressors, like land development, that decrease 

a forest’s ability to adapt.  

C. Reduced Carbon Storage: 

Climate change is expected to affect forest’s ability including carbon storage, clean air, 

water supply, recreation, and wildlife habitat. One of the most important ecosystem services 

forests provide is absorbing carbon dioxide from the atmosphere and storing it in roots, soil, 

aboveground tree growth, and the forest floor. Climate change can affect carbon storage in 
numerous ways. For example, it may bring more frequent and intense rainfall to some 

regions. Heavy precipitation and flooding can erode forest soils and cause stored carbon to 

be released back into the atmosphere. Damage to forests from more wildfires, insects, and 

disease outbreaks can also release stored carbon. 

D. Impacts on Water Resources: 

Another key ecosystem service that forests provide is water for drinking, irrigation, 

recreation, and other uses. Forest watersheds also moderate extreme weather impacts, such 

as flooding from heavy rainfall, on downstream communities and ecosystems. Droughts, 
wildfires, rising temperatures, and reduced snowfall and snowpack due to climate change 

can all limit a watershed’s ability to provide these services. For example, more frequent or 

severe droughts could reduce streamflow in some forests. Less streamflow means less water 
may be available for people to use. Reduced streamflow can also affect some plants and 

animals, such as fish that migrate to certain streams to reproduce. 

6.7 How to Overcome the Climate Change’s Impacts on Forests: 

Actively managing forest ecosystem to improve forest structure, function, diversify tree 

species, and increase resilience to climate change. Community awareness programs on 
effective forest conservation, reforestation and afforestation can be used an effective tool to 

cope with the increasing effect of climate change on forest ecosystem. Increasing alternative 

livelihood and using forest resource in sustainable way. Information and tools need to be 

available to make decisions in solving climate change effect on forest ecosystem.  

https://www.climatehubs.usda.gov/disturbances-and-stressors
https://www.fs.usda.gov/ccrc/topics/bark-beetles-and-climate-change-united-states
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In order to tackle climate change challenges on forest ecosystem, it is important to provide 
capacities and support to the forest sector. There is also a need for alternative practices to 

reduce subsequent vulnerability of forests ecosystem, such as planting genetically tolerant 

trees identified through breeding programs. Most of the Literatures discussed only the effect 
of climate change on forest and related ecosystem rather than discussing the solution for so, 

it’s important to put the solution and action to solve the problem rather than writing only 

the effects and constraints. 

We can reduce the impacts of climate change on forests areas in many ways including the 

following. 

➢ Adopt climate-smart forestry practices. Forest owners and managers can use 
strategic forest management options, such as removing wildfire fuel, thinning trees, or 

managing controlled burns, to address the specific climate change vulnerabilities facing 

that area. Urban forest managers can also take steps to maximize their ecological 
benefits. 

➢ Reduce wildfire risk. Be aware of where and when weather conditions may increase 

the risk of wildfire, and take steps to reduce the likelihood of causing a wildfire. For 
example, keep campfires small and put them out completely before leaving an area. 

➢ Protect forest watersheds. Explore EPA’s Healthy Watersheds Program to learn about 

watersheds in your area and how to protect them. 

➢ Prevent spread of invasive species. Help prevent invasive species from entering forest 
land. Clean clothing and shoes before entering and leaving a forest and stay on marked 

trails.  

➢ Control pests. Forest owners and managers can use integrated pest management 

practices to help control pest outbreaks while reducing pesticide use. 

6.8 Conclusion:  

Climate change is one of the world’s greatest challenges. At present global climate change 

shows a general increase in temperatures and levels of atmospheric carbon dioxide as well 

as changes in precipitation. It creates effects on forest ecosystem. Climate change affect 
ecosystem service comprises both goods, process and it poses major new challenges to 

forest ecosystem. Forest ecosystems are sensitive to climate; thus, climate change has 

significant effects on species distributions, the growth rate and structure of forests.  

 In this chapter the changes in climate are likely to strongly affect forest ecosystems by 

altering the growth, mortality and reproduction of trees. Forest ecosystems are sensitive and 
subjected to climate change produce detectable effects on tree and sapling growth in natural 

forests. Climate change particularly facilitates drought, fire and insect disturbance; thus, 

changes increase carbon dioxide concentration, reduce the strength of carbon sinks and may 
turn carbon sink into source. Forest fires directly a loss of habitat, kill plants and animals in 

forest ecosystem. Climate change can create a favorable condition for invasive species to 

invade the plant ecosystem. Invasive plants are recent introductions of nonnative, exotic, or 
non-indigenous species that are successfully established or naturalized and spread into new 

localized natural habitats to cause economic or environmental harm. Effect on forest health 

and forest properties with larger changes in temperature and precipitation will affect forest 

ecosystem more strongly.  

https://www.fs.usda.gov/ccrc/approach/increase-resilience-existing-vegetation-reducing-hazardous-fuels-and-forest-density-and
https://www.epa.gov/system/files/documents/2021-11/bmp-urban-forestry.pdf
https://www.drought.gov/topics/fire
https://www.blm.gov/programs/public-safety-and-fire/fire-and-aviation/get-involved/fire-prevention
https://www.epa.gov/hwp/initiatives-create-and-protect-healthy-watersheds
https://www.usda.gov/media/blog/2015/05/05/new-way-stop-invasive-pests-clean-recreation
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Forest ecosystem pests and pathogens are likely to increase either through the direct effect 
of climate change on their abundance or distribution or the indirect effect of increased water 

stress or wind damage which will increase the susceptibility of trees to attack.  

Different literature suggests that global forest ecosystem disturbance such as invasive 

species; insects and pathogens in particular are likely to increase in a warming world. 
Increasing temperature is likely to affect nutrient availability in the soil through the 

stimulation of organic matter decomposition and mineralization of soil nutrients.  

6.9 References: 

1. DeFries RS, Houghton RA, Hansen MC, Field CB, Skole D, Townshend J. 2002. 

Carbon emissions from tropical deforestation and regrowth based on satellite 
observations for the 1980s and 1990s. PNAS 99:14256– 61. 

2. Deshingkar, P., Adapting to climate change in a forest-based land use system – A case 

study of Himachal Pradesh, India. Atmospheric Environmental Issues in Developing 

Countries, 1997. 
3. Doorenbos, J. and Pruitt W. O., Guidelines for predicting crop water requirements, 

1984. Food and Agriculture Organisation of the United Nations, Rome 

4. Ciais, P., et al., 2012: Large inert carbon pool in the terrestrial biosphere during the Last 
Glacial Maximum. Nature Geosci., 5, 74–79. 

5. FSI., State of Forest Report 2001, Forest Survey of India, Ministry of Environment and 

Forests, Dehra Dun. 
6. Gitay, H., Suarez, A., Watson, R. T. and Dokken, D. J., 2002, Climate Change and 

Biodiversity, 2002, Intergovernmental Panel on Climate Change. 

7. Haxeltine, A., and I. C. Prentice, BIOME3: An equilibrium terrestrial biosphere model 

based on ecophysiological constraints, resource availability, and competition among 
plant functional types, Global Biogeochem. Cycles, 10(4), 693 709, 1996. 

8. Houghton RA. 2003. Revised estimates of the annual net flux of carbon to the 

atmosphere from changes in land use and land management 1850–2000. Tellus B 
55:378–90 

9. Houghton RA, House JI, Pongratz J, Van Der Werf GR, DeFries RS, et al. 2012. Carbon 

emissions from land use and land-cover change. Biogeosciences 9:5125–42  

10. IPCC (Intergov. Panel Clim. Change). 2014. Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of 

Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on 

Climate Change, ed. CB Field, VR Barros, DJ Dokken, KJ Mach, MD Mastrandrea, et 
al. Cambridge, UK/New York: Cambridge Univ. Press 

11. Holdridge, L. R., Determination of world plant formations from simple climatic data. 

Science, 1947, 105, 367-368. 
12. Hulme, M. and Viner, D., A Climate change scenario for assessing the impact of climate 

change on tropical rain forests, 1995. A report by the Climatic Research Unit. World 

Wildlife Fund-US, Washington DC. 

13. Hulme, M., Jiang, T. and Wigley, T. M. L., SCENGEN: a climate change scenario 
generator, Software Use Manual, Version 1.0, 1995, Climatic Research Unit, Norwich. 

14. IPCC. Climate Change 2001: Synthesis Report, 2001a, Intergovernmental Panel on 

Climate Change, Geneva, Switzerland. 



Impact of Climate Change on Forest 

83 

 

15. IPCC., Climate Change 1995: Impacts, Adaptations and Mitigation of Climate Change, 
Scientific-Technical Analyses, 1996, Intergovernmental Panel on Climate Change, 

Cambridge University Press, Cambridge, UK. 

16. IPCC., Climate Change 2001: The Scientific Basis, Summary for Policy Makers and 
Technical Summary of the Working Group I Report, 2001b, Intergovernmental Panel 

on Climate Change, Geneva, Switzerland. 

17. Kaplan, J. O., Bigelow, N. H., Prentice, I. C., Harrison, S. P., Bartlein, P. J., Christensen, 
T. R., Cramer, W., Matveyeva, N. V., McGuire, A. D., Murray, D. F., Razzhivin, V. Y., 

Smith, B., Walker, D.A., Anderson, P. M., Andreev, A. A., Brubaker, L. B., Edwards, 

M. E. and Lozhkin, A. V., Climate change and Arctic ecosystems: 2. Modeling, 

paleodatamodel comparisons, and future projections. Journal of Geophysical Research 
Atmospheres, 2003, 108, No. 8171. 

18. Kauppi PE, Ausubel JH, Fang J, Mather AS, Sedjo RA, Waggoner PE. 2006. Returning 

forests analyzed with the forest identity. PNAS 103:17574–79 

19. Kirschbaum, M. U. F., Cannell, M. G. R., Cruz, R. V. O., Galinski, W. and Cramer, 

W.P., Climate change impacts on forests. In: Climate change 1995, Impacts, Adaptation 

and Mitigation of climate change: Scientific-Technical Analyses, 1996, Cambridge 
University Press. 

20. Lal, M., Cubasch, U., Voss, R. and Waszkewitz, J., Effect of transient increase in 

greenhouse gases and sulphate aerosols on monsoon climate. Current Science, 1995, 

Vol. 69, No. 9, 752-763. 
21. Leemans, R. and Eickhout, B., Another reason for concern: regional and global impacts 

on ecosystems for different levels of climate change. Global Environmental Change, 

2004, 14: 219-228. 
22. Mendelsohn R, Sohngen B. 2019. The net carbon emissions from historic land use and 

land use change. J. For. Econ. 34:263–83. 

23. MoEF., Initial National Communication to the United Nations Framework Convention 

on Climate Change, 2004, Ministry of Environment and Forests, Government of India. 
24. Nakicenovic, N. et al., Emissions Scenarios: A Special Report of Working Group III of 

the Intergovernmental Panel on Climate Change, 2000, Cambridge University Press, 

Cambridge, USA. 
25. New M., Lister D., Hulme M. and Makin I., A high-resolution data set of surface climate 

over global land areas, Climate Research, 2000, 21: 1-25 

26. Pan Y, Birdsey RA, Fang J, Houghton R, Kauppi PE, et al. 2011. A large and persistent 
carbon sink in the world’s forests. Science 333:988–93 

27. Ravindranath N H and Sathaye J. A., Climate Change and Developing Countries 

(Advances in Global Change Research), 2002, Kluwer Academic Publishers. 

28. Ravindranath, N. H. and Sudha, P., Joint Forest management in India: spread, 
performance and impacts, 2004, Universities Press, Hyderabad. 

29. Ravindranath, N. H. and Sukumar, R., Climatic Change and Tropical Forests in India, 

Climatic Change, 1998, Vol. 39, pp. 563-581. 
30. Ravindranath, N. H., Joshi, N. V., Sukumar, R., Murthy, I. K. and Suresh, H. S., 

Vulnerability and Adaptation to Climate Change in the Forest Sector. In: Climate 

Change and India: Vulnerability Assessment and Adaptation, 2003, Eds: P. R. Shukla, 

Subodh K. Sharma, N H Ravindranath, Amit Garg and Sumana Bhattacharya, 
Universities Press, Hyderabad. 

31. Ravindranath, N. H., Sukumar, R. and Deshingkar, P., Climate Change and forests: 

Impacts and Adaptation. Regional Assessment for the Western Ghats, India. 



Insights Into Agriculture Sciences 

84 

 

Atmospheric Environmental Issues in Developing Countries, 1997, Stockholm 
Environment Institute, Stockholm. 

32. Rupakumar, K., Krishna Kumar, K., Prasanna, V., Kamala, K., Deshpande, N. R., 

Patwardhan, S. K. and Pant G. B., Future Climate Scenarios, In: Climate Change and 
India: Vulnerability Assessment and Adaptation, 2003, Eds: P. R. Shukla, Subodh K. 

Sharma, N H Ravindranath, Amit Garg and Sumana Bhattacharya, Universities Press, 

Hyderabad. 

33. Solomon, A. M., Transient responses of forests to CO2-induced climate change: 
simulating modeling experiments in eastern North America. Oecologia, 1986, 68, 567-

579. 

34. Thornthwaite, C. W., An approach toward a rational classification of climate. 
Geographical Review, 1948, 38, 55-94. 

35. Walter, H., Vegetation systems of the earth and ecological systems of the geo-

biosphere. Springer-Verlag, 1985, Berlin. 
36. White, A., Cannel, M. G. R., and Friend, A. D., 1999, Climate change impacts on 

ecosystems and the terrestrial carbon sink: A new assessment, Global Environmental 

Change, 1999, 9: S3-S19. 

37. Whittaker, R. H., Communities and Ecosystems, 1975, Macmillan, New York.  


