
Climate Impacts 

Anthony C. Janetos 

Director, Joint Global Change Research Institute 

14 April 2011 



Climate Impacts 

Will discuss impacts of change and variability in the 
climate system on a variety of natural resources and other 
sectors 

Drawing primarily on the results from several national 
scientific assessments done over the past 10 years 

Will spend some time on projections of change, and a lot 
of time on current observations and conclusions 

At the end, will highlight some of the continuing 
challenges for research 

Major focus on the US 



Bottom Lines 

We are seeing climate-driven impacts now in a wide 
variety of sectors 

Ecosystems and natural resources 

Water resources 

Agriculture 

Risks are likely to increase over time 

Attribution is difficult because impacts are always multiple 
stress problems 



Global CO2 Concentration 
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US Temperature Change, 1901-2006 
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US Precipitation Change, 1901-2006 
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Projected Temperature and Precipitation 
Changes 
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U.S. Temperature and Precipitation Changes by 2030. 



2007 IPCC Conclusions 

The observed change in the climate system over roughly the 
past century is virtually certain to be due in part to human 
influences. 

The observed changes in climate are very likely to continue, 
and even accelerate during the current century. 

There are now many observed, well-documented impacts of 
changes in natural resources, animal and plant species, and 
ecosystems in many regions of the world. 

Impacts in the future are very likely to grow in both number and 
magnitude. 

Climate change and its impacts present challenges for 
adaptation in both the developing world, and as well among 
developed countries. 
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Source: http://nrmsc.usgs.gov/research/glacier_retreat.htm 

Grinnell Glacier, Glacier National Park 
Late summer of 1938 (left) and 1981 (right) 



Source: National Snow and Ice Data Center (www.nsidc.org) 

Muir Glacier, Alaska 
August 1941 (left) and August 2004 (right) 
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U.S. Government Release of Climate Change 
Science Assessment: 

 
The Effects of Climate Change on 
Agriculture, Land Resources, Water 
Resources, and Biodiversity in the 
United States 

CCSP Synthesis and  

Assessment Product 4.3 
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Overarching Conclusions (1) 

Climate changes – temperature increases, increasing CO2 
levels, and altered patterns of precipitation – are already 
affecting U.S. water resources, agriculture, land resources, 
and biodiversity.  
 

Climate change will continue to have significant effects on 
these resources over the next few decades and beyond. 
 

Many other stresses and disturbances are also affecting 
these resources. 
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Overarching Conclusions (2) 

Climate change impacts on ecosystems will affect the 
services that ecosystems provide, such as cleaning water 
and removing carbon from the atmosphere, but we do not yet 
possess sufficient understanding to project the timing, 
magnitude, and consequences of many of these effects 
 

Existing monitoring systems, while useful for many 
purposes, are not optimized for detecting the impacts of 
climate change on ecosystems. 

 

 







Projected Change in Precipitation Intensity 
(2080-2099) 

Observed Increases in  

Very Heavy Precipitation 

(1958 to 2007) 

Key Finding: Climate Change will stress 

water resources 



Key Finding: Climate Change will stress 

water resources 

Increasing drought Decreasing drought 

Observed Drought Trends 1958 to 2007 



Key Finding: Climate Change will stress 

water resources 

Change in Snowfall Contributions  

to Wintertime Precipitation 

Feng and Hu 

1949-2005 



Projected Changes in Annual Runoff 

Key Finding: Climate Change will stress 

water resources 



Findings: Water Resources 

Most of the United States experienced increases in precipitation 
and streamflow and decreases in drought during the second half of 
the 20th century. It is likely that these trends are due to a 
combination of decadal-scale variability and long-term change.  
 

Consistent with streamflow and precipitation observations, most of 
the continental United States experienced reductions in drought 
severity and duration over the 20th century. However, there is 
some indication of increased drought severity and duration in the 
western and southwestern United States.  
 

We are observing a trend of reduced mountain snowpack, and 
earlier spring snowmelt runoff peaks across much of the western 
United States. This trend is very likely attributable, at least in part, 
to long-term warming, although some part may have been played 
by decadal scale variability, including shift in the Pacific Decadal 
Oscillation in the late 1970s.  

24 



Findings: Water Resources 
 

Where earlier snowmelt peaks and reduced summer and fall low 
flows have already been detected, continuing shifts in this direction 
are very likely and may have substantial impacts on the 
performance of reservoir systems. 

Trends toward increased water use efficiency are likely to continue 
in the coming decades. Pressures for reallocation of water will be 
greatest in areas of highest population growth, such as the 
Southwest. Declining per capita (and, for some cases, total) water 
consumption will help mitigate the impacts of climate change on 
water resources. 
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Source: A.M. Prasad and Iverson, L.R:  www.fs.fed.us/ne/delaware/atlas/index.html 

Sugar Maple range projections by 5 GCMs 

with 2xCO2 



 
Findings: Forest Land Resources 
 Climate change has very likely increased the size and 

number of forest fires, insect outbreaks, and tree mortality in 
the interior west, the Southwest, and Alaska, and will 
continue to do so.  

 

Rising CO2 will very likely increase photosynthesis for 
forests, but the increased photosynthesis will likely only 
increase wood production in young forests on fertile soils.  

 

Nitrogen deposition and warmer temperatures have very 
likely increased forest growth where adequate water is 
available and will continue to do so in the near future. 

 

The combined effects of rising temperatures and CO2, 
nitrogen deposition, ozone, and forest disturbance on soil 
processes and soil carbon storage remains unclear.    
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Corn will fail to reproduce at temperatures above 95°F and 

soybean above 102°F. 

 

Corn and Soybean Temperature Response 

Key Finding: Crop and livestock production will be 

increasingly challenged 



Findings: Agriculture 

With increased CO2 and temperature, the life cycle of grain and 
oilseed crops will likely progress more rapidly.  
 

As temperature rises, these crops will increasingly begin to 
experience failure, especially if climate variability increases and 
precipitation lessens or becomes more variable. 
 

The marketable yield of many horticultural crops – e.g. tomatoes, 
onions, fruits – is very likely to be more sensitive to climate 
change than grain and oilseed crops. 
 

Climate change is likely to lead to a northern migration of weeds. 
Many weeds respond more positively to increasing CO2 than most 
cash crops, particularly C3 “invasive” weeds.  

Disease pressure on crops and domestic animals will likely 
increase with earlier springs and warmer winters, which will allow 
proliferation and higher survival rates of pathogens and parasites.  
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Observed U.S. Sea-Level Changes 

Key Finding: Coastal areas are at increasing risk 

from sea-level rise and storm surge 
 



• Sea-level rise 

• Storm surge 

• Erosion 

• Flooding 

Projected Sea-Level Rise 

Key Finding: Coastal areas are at increasing risk 

from sea-level rise and storm surge 
 



Florida with 3 feet of Sea-Level Rise 

Areas in red 

would be under 

water with a 3 

foot rise in sea 

level, projected 

for this century 

Key Finding: Coastal areas are at increasing risk 

from sea-level rise and storm surge 
 



Gulf Coast Area Roads at Risk from Sea-Level Rise 

Key Finding: Coastal areas are at increasing risk 

from sea-level rise and storm surge 
 



Key Finding: Risks to human health will increase 

Number of Days Over 100oF 



Key Finding: Climate change will interact with 

many social and environmental stresses 

Temperature and Ground-Level Ozone 



• High likelihood that water shortages 

will limit power plant electricity 

production 

• Energy is likely to be needed to 

move and manage water 

• Warmer water reduces efficiency of 

thermal power plant cooling 

technologies 

• Warmer water discharged from  

power plants can alter species 

composition in aquatic ecosystems ©Copyright 

©Copyright 

Key Finding: Climate change will interact with 

many social and environmental stresses 



 

Coral calcification may decline 30% under CO2 doubling 

Key Finding: Thresholds will be crossed leading to 
large changes in climate and ecosystems  
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Spruce Bark  

Beetle in AK 

Key Finding: Thresholds will be crossed leading to 
large changes in climate and ecosystems  



Key Finding: Widespread climate-related impacts 

are occurring now and are expected to increase 

Sea Ice and Permafrost 
Risks and costs in Alaska increase as 

thawing of permafrost damages roads, 

buildings, and forests, and declining sea ice 

increases coastal erosion and threatens the 

existence of some communities. 

 

Coldwater Fish 
Salmon, trout, and other coldwater 

fish will face additional stresses as 

water temperatures rise and 

summer streamflows decline. 

Ecosystems and the tourism and 

recreation they support will be 

adversely affected. 

Coral Reefs 
Rising water temperatures and ocean acidification 

threaten coral reefs and the rich ecosystems they 

support. These and other climate-related impacts on 

coastal and marine ecosystems will have major 

implications for tourism and fisheries. 

Interacting Stresses 
Population shifts and development choices are making 

more Americans vulnerable to climate change impacts. 

An aging populace, and continued population shifts to 

the Southeast, Southwest, and coastal cities amplify 

risks associated with extreme heat, sea-level rise, 

storm surge, and increasing water scarcity in some 

regions. 

Forests 
Forest growth is generally projected to increase in 

much of the East, but decrease in much of the West as 

water becomes even scarcer. Major shifts in species 

are expected, such as maple-beech-birch forests 

being replaced by oak-hickory in the Northeast. Insect 

infestations and wildfires are projected to increase as 

warming progresses.  
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Heavy Downpours 
More rain is already coming in 

very heavy events, and this trend 

is projected to increase across 

the nation. Such events are 

harmful to transportation 

infrastructure, agriculture, water 

quality, and human health. 

. 

Coastal Communities 
Sea-level rise and storm surge 

will increase threats to homes 

and infrastructure including 

water, sewer, transportation, 

and communication systems. 

Many barrier islands and coastal 

marshes that protect the 

coastline and support healthy 

ecosystems will be lost. 

. 

. 

Agriculture 
Increasing heat, pests, floods, 

weeds, and water stress will 

present increasing challenges 

for crop and livestock 

production.  

ecosystems will be lost. 

. 

. 

Water and Energy 
As warming increases 

competition for water, the 

energy sector will be 

strongly affected as 

power plants require 

large amounts of water 

for cooling.  

. 

Water Supply 
Reduced summer runoff, increased winter 

runoff, and increasing demands will 

compound current stresses on water 

supplies and flood management, especially 

in the West. 

. 

. 

Heat Waves 
Heat waves will 

become more 

frequent and intense, 

increasing threats to 

human health and 

quality of life, 

especially in cities. 

. 

Energy Supply 
Warming will decrease demand 

for heating energy in winter and 

increase demand for cooling 

energy in summer. The latter will 

result in significant increases in 

electricity use and peak demand 

in most regions. 

 

Key Finding: Widespread climate-related impacts 

are occurring now and are expected to increase 
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A Major Strategic Challenge 

Understanding the speed, magnitude, and potential for 
irreversibility of the impacts of climate change 

Of particular concern are those impacts that arise rapidly, result 
in extremely large changes in resources, or are irreversible in 
nature, and therefore are difficult to predict 

I.e. those impacts that appear to be the results of crossing 
thresholds or tipping points in ecosystems 
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Mountain Pine Beetle  
(M. Bradley, Canfor Pulp) 

•Native to Lodgepole pine 

forests of western N. America 

•Natural part of the 

disturbance ecology of 

Montane forests 

•Periodic outbreaks 

•Previous largest recorded 

outbreak 650,000 ha during 

1930’s 



Lodgepole Pine 

Jack Pine 

         Mountain pine beetle today 

Source: NRCan/CFS/PFC No climate (?) or biological barriers to MPB 

Could MPB spread through  

the boreal forest of N. America? 



Type 1: well understood cases where response is well documented 

Peruvian anchovy Kenny Broad, U. of Miami 

Mesquite invasion Brandon Bestelmeyer, USDA-ARS, NMSU 

Type 2: ongoing cases exhibiting accelerating change 

Sea-level rise Jeff deBlieu, The Nature Conservancy 

Drought- Columbia River Basin Ed Miles, U. of Washington 

Drought- Colorado River Basin Roger Pulwarty, NOAA 

Forest die-off- U.S. West David Breshears, U. of Arizona 

Forest die-off African Sahel Patrick Gonzalez, The Nature Conservancy 

Coral Reefs Phil Kramer, The Nature Conservancy 

Mountain Pine Beetle Mike Bradley, Canfor Pulp and Paper 

Type 3: Major systemic change 

Ocean Acidification Richard Feely, NOAA 

Terrestrial Carbon Sink Lisa Dilling, Center for Science and 

Technology Policy Research, U. of 

Colorado 



Emerging Issues and Context 

Ecological impacts are still emerging from the noise 

Entirely new issues are also arising 

Keep in mind that climate impacts must be viewed in a 
broader context of other environmental changes 
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CO2 + H2O      H2CO3       

HCO3
- + H+     CO3

2- + 2H+  

After Turley et al., 2005 

Rising atmospheric CO2 is changing the chemistry of the ocean 

pH 





Key Finding: Future Climate and its Impacts  
Depends on Choices Made Today 

• Human-induced climate changes are happening now and are 

projected to increase  

• Choices about emissions now and in the coming years will have far-

reaching consequences 

• The rate and magnitude of future climate change and the resulting 

impacts depend critically on the amount of global greenhouse gases 

and atmospheric particles (aerosols) 

• Adaptation strategies will be necessary to reduce some of the 

undesirable impacts 

• We are already committed to significant changes 

• Careful planning and regular feedback on climate change impacts 

will be important for effective mitigation and adaptation policies 

 



Adaptation and Coping 

Because changes occurring now, have both coping to 
current circumstances and questions about planning for 
future circumstances to consider 

Requires some knowledge of regional climate changes 
and environmental consequences 

Requires information on current practices for coping and 
understanding of factors that control vulnerability 

Requires ability to model effectiveness of adaptation 
strategies as part of integrated response portfolio 
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Continuing Research Challenges 

Multiple stresses – natural resources and other sectors 
depend on many different factors – human choice and 
demand for services as well as climate 

Thresholds and tipping points – we are better at 
identifying them after the fact rather than predicting when 
they will occur 

Adaptation to stresses – which systems and sectors are 
amenable to adaptation choices and at what cost? 



A Risk Management Problem in 
Addition to a Scientific Problem 

Acknowledge 
uncertainties 
in science, but 
manage the 
risks 

Focus on 
what’s really 
important 


