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Certainty and Uncertainty in Climate Change and Forest Response 

Part 1: The Climate System  
June 30, 2015 

By Jennifer Hushaw  

While the basic mechanics of climate change are well understood, uncertainties 

associated with future greenhouse gas emission rates and various climate system feedbacks 

make it difficult to know the exact rate and extent of warming. Understanding both the degree 

and the sources of uncertainty is key to effective decision making and, in this bulletin, we will 

identify aspects of the science that are well established and active areas of research. Part 1 of this 

bulletin covers certainty and uncertainty associated with the climate system. Next month, Part 2 

will cover certainty and uncertainty associated with forest response to climate change.  

Even as we identify areas of uncertainty, we recognize that there are situations in which a 

hazard is not absolutely certain but still poses a risk – the primary reason why we might be 

interested in flood or fire insurance, for example. Ultimately, all decision-makers, including 

forest managers, want to understand what is known and unknown, minimize uncertainty 

wherever possible, and choose the best strategy (based on individual risk tolerance) for dealing 

with it.   

What We Know 

The earth’s climate system is immensely complex and, not surprisingly, there is some 

uncertainty in our understanding of global climate change. However, the uncertainty is 

primarily in the details – refining the projections of how climate will change in the near-term 

and on a regional or local scale. The core underlying phenomena have been well-understood for 

over a century, beginning with Joseph Fourier’s discovery of the greenhouse effect in 1824, John 

Tyndall’s discovery that CO2 is a greenhouse gas in 1859, and Svante Arrhenius’s initial 

estimates of how much the earth would warm from human emissions of CO2 in 1896 (history 

buffs can find a more complete timeline here or here). So, before we delve into the major areas 

of uncertainty, we’ll recap what we do know: 

- Greenhouse gases (e.g. water vapor, carbon dioxide, methane, surface-level ozone, 

nitrous oxides and fluorinated gases) are warming the planet 

- Other pollutants (i.e. aerosols, such as sulphur dioxide) are cooling the planet 

- When all climate forcings are totaled (anthropogenic and natural) the total net effect 

is warming the planet 

- The planet will continue to warm while this imbalance in the energy budget persists 

http://www.aip.org/history/climate/timeline.htm
http://www.bbc.com/news/science-environment-15874560
http://www.newscientist.com/article/mg21228351.700-climate-known-other-pollutants-are-cooling-the-planet.html
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- Significant regional differences in the rate of warming will continue, with areas near 

the poles generally warming more rapidly than lower latitudes 

- Drought will be more impactful as temperatures increase 

- Precipitation patterns are changing, with some regions getting wetter and some drier 

- The probability of extreme heat and precipitation is increasing as the planet warms 

- Sea levels will continue to rise for several centuries and beyond 

 

 

 
 
 
Uncertainty about Future Climate   
 

 At the most fundamental level, climate change is about the earth’s energy budget – when 

there is more energy coming in than going out things must get warmer, and vice versa. While 

there are many ways to change the temperature in a particular region of the globe, there are only 

three ways to change the average temperature of an entire planet: 

1. Change the amount of energy coming in (i.e. solar activity) 

2. Change the amount of energy reflected back out to 

space (i.e. albedo/reflectivity) 

3. Change the amount of energy trapped by the 

atmosphere (i.e. strength of the greenhouse effect) 

Accounting for the influence of the sun is fairly 

straightforward because solar activity follows predictable 

cycles. Also, changes in solar output are modest compared 

to these other factors (e.g. the difference between the 

minimum and maximum of a solar cycle is only 7% as 

much energy as the amount of additional energy from all 

human greenhouse gas emissions since pre-industrial 

times). The major areas of uncertainty about future climate 

change are related to the last two items – these variables 

are affected by feedbacks in the climate system and the 

last is related to the amount of future emissions.   

 

 

 

Forcing – external; “pushes” the 

climate system toward a warmer or 

cooler state 

Feedback – internal; can amplify or 

dampen a forcing; “fast” feedbacks are 

those that occur on timescales of 

years to decades, while “slow” 

feedbacks take longer 

Climate Sensitivity – how responsive 

or “sensitive” the climate system is to 

a doubling of CO2 concentrations, i.e. if 

the climate is very sensitive a small 

forcing will result in big changes 

 

“In general, we can have greater confidence in projections for larger regions than for specific 

locations, in temperature projections than those for precipitation, and for gradual changes in average 
conditions than we can have for extreme weather events such as storms.”  Climate-ADAPT 

http://climate-adapt.eea.europa.eu/uncertainty-guidance/topic1
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Emissions 

 There is uncertainty in our estimates of future global greenhouse gas emissions (hence 

why researchers typically utilize different emissions ‘scenarios’) because it will depend on how 

much the world population grows, the nature of future economic development, and the 

technology we use to meet our energy demands. As of now, global emissions are tracking the 

highest emissions scenario developed by the Intergovernmental Panel on Climate Change.  

 Long-lived greenhouse gases, like CO2, are of particular concern because they will stay in 

the atmosphere for centuries and continue to affect the climate long after we reduce or eliminate 

human emissions. This long residence time allows concentrations to build and the science has 

shown that “climate change results from the cumulative buildup of GHGs [greenhouse gases] in 

the atmosphere over time, not emissions in any particular year” (Baumert et al 2005), 

highlighting the significant long-term influence of rising greenhouse gas levels.  

Feedbacks 

There are a number of positive and negative feedbacks in the climate system, which 

amplify or reduce the effect of a given climate forcing. Climate models include these processes, 

but each model may have slight differences in the relative magnitude of individual feedbacks. 

This is why there is some uncertainty about the exact amount of warming we will experience 

from a particular concentration of greenhouse gases.  

This question of climate sensitivity has been a central area of research for decades and, 

as cited in a previous bulletin, the best current estimates suggest that doubling atmospheric CO2 

concentrations (to about 550 ppm) will ultimately result in 2.7 to 8.1⁰F of global average 

warming. We will likely reach those concentrations by the middle of this century, if we continue 

on the current global emissions trajectory. Forty years of research from independent lines of 

evidence, including computer models and the study of past climate change, have given us 

confidence that the answer lies within this range. Although, this range is really a bell curve of 

possibility (not all values are equally likely) and research has not been able to narrow that range.   

Feedbacks also play out on different timescales – from some that occur over the course 

of several years (e.g. changes in snow/ice cover) to others that take place over millennia (e.g. 

changes in the carbon cycle or the mass of ice-sheets on land), and beyond.  There is a lot of 

inertia in the earth’s climate system and this is also why past emissions have already committed 

us to a certain amount of warming.  

Some examples of “fast” feedbacks include:  

- Snow/ice albedo (+) 

o Warmer temperatures melt bright snow/ice cover, revealing darker land and 

ocean water surfaces that absorb more solar radiation, which increases local 

warming that leads to more snow/ice melt, and so on.  

http://climatesmartnetwork.org/2015/03/global-temperature-part-2-future-projections/#feedbacks
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- Water vapor (+) 

o A warmer atmosphere can hold more water vapor, which traps more heat, 

which allows the atmosphere to become even more saturated, which warms 

things further, and so on. Likewise, cooling causes water vapor to condense 

and rain out, which reduces temperature, leading to further precipitation, and 

so on.  

o Water vapor is a very potent greenhouse gas, but it does not contribute 

significantly to the long-term greenhouse effect because its typical residence 

time in the atmosphere is only about ten days, unlike CO2 which stays in the 

atmosphere for centuries.   

- Clouds (+/-) 

o Feedbacks from clouds are complex and they are one of the biggest areas of 

uncertainty because we don’t know exactly how cloud cover will change under 

warmer conditions. Whether clouds have a warming or cooling effect depends 

on cloud formation, persistence, and altitude, for example:  

 Increase cumuliform = decrease % cloud cover = increase temp (+) 

 Increase stratiform = increase % cloud cover = decrease temp (-) 

 

An example of a “slow” feedback would be: 

- Forests (+/-) 

o We spend a lot of time considering how the climate affects forests, but it is not 

a one-way relationship – forests also interact with the atmosphere and 

contribute to climate feedbacks. Forests affect the amount of energy absorbed 

and reflected from the surface (dark forest canopy has lower albedo), the 

hydrologic cycle (through evapotranspiration), and the carbon cycle (through 

photosynthesis and carbon sequestration). Through these processes, forests 

can act as both a negative and positive feedback, and the magnitude of these 

effects varies depending on forest type (see table below) (Bonan 2008). 

 

Forest Type 
Carbon 

Storage (-) 

Evaporative 

Cooling (-) 

Albedo 

Decrease (+) 

Tropical Strong Strong Moderate 

Temperate Strong Moderate Moderate 

Boreal Moderate Weak Strong 

 

Tipping Points 

Another important area of uncertainty is related to so-called ‘tipping points’ in the 

climate system – these are points “beyond which an abrupt or irreversible transition to a 

different climatic state occurs” (Walsh et al 2014). Tipping points, such as the runaway loss of 
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arctic sea ice, the collapse of some ocean circulation patterns, or large-scale release of carbon 

from melting permafrost, involve (practically) irreversible impacts that occur when a process 

crosses a threshold, kicking off feedbacks that will continue to push the climate in one direction, 

even if we reduce emissions.  

There is evidence that these types of tipping points have been reached repeatedly in the 

past. The challenge is that they are much more difficult to predict than gradual climate changes 

and they are hard to detect until you’ve already passed them. Despite this uncertainty, the 

potential for this kind of abrupt change is a big concern because it will be high impact and have 

major consequences for both human societies and natural systems. 

Downscaling 

 Additional uncertainty comes not from imperfect understanding or modelling of the 

large-scale climate system, but from the challenge of “downscaling” the results of global climate 

models. As mentioned in a previous bulletin, the resolution used to simulate global-scale 

processes does not match the scale of forest management and the use of either statistical or 

dynamical downscaling methods introduces a new layer of uncertainty in regional climate 

projections – an important caveat to keep in mind when viewing climate projections for your 

particular region. 

 

Conclusion   

 At the simplest level, climate change is about an imbalance in the earth’s energy budget 

– a stronger greenhouse effect is trapping more energy in the climate system and the planet is 

getting warmer to radiate an equal amount of energy back out. We know that the average global 

temperature will continue to increase because of this imbalance, but there is still some 

uncertainty in the details of exactly how these changes will play out, especially at a regional 

level. There are also a host of additional side-effects, such as changing precipitation, ecological 

shifts, changing extremes, and so on. In next month’s bulletin, we will focus on the uncertainty 

related to forest impacts and discuss the range of strategies for coping with uncertainty in the 

realm of forest management.  

 

 

 

 

 

 

http://climatesmartnetwork.org/2015/03/global-temperature-part-2-future-projections/#downscaling
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