Climate change and CO2 effects on vegetation
"Telling us that increasing levels of CO2 are good for plants is like telling a person on fire to take more vitamins because they are good for him." Scott Mandia
A summary of the wonderful responses by members of the Climate Literacy network and by The Climate Project, August 17 2012

Effects of CO2 on plants

Effects of Rising Atmospheric Concentrations of Carbon Dioxide on Plants
[bookmark: _GoBack]http://www.nature.com/scitable/knowledge/library/effects-of-rising-atmospheric-concentrations-of-carbon-13254108
…One of the most consistent effects of elevated atmospheric CO2 on plants is an increase in the rate of photosynthetic carbon fixation by leaves. Across a range of FACE experiments, with a variety of plant species, growth of plants at elevated CO2 concentrations of 475–600 ppm increases leaf photosynthetic rates by an average of 40% (Ainsworth & Rogers 2007). Carbon dioxide concentrations are also important in regulating the openness of stomata, pores through which plants exchange gasses, with the external environment. Open stomata allow CO2 to diffuse into leaves for photosynthesis, but also provide a pathway for water to diffuse out of leaves. Plants therefore regulate the degree of stomatal opening (related to a measure known as stomatal conductance) as a compromise between the goals of maintaining high rates of photosynthesis and low rates of water loss. As CO2 concentrations increase, plants can maintain high photosynthetic rates with relatively low stomatal conductance. Across a variety of FACE experiments, growth under elevated CO2 decreases stomatal conductance of water by an average of 22% (Ainsworth & Rogers 2007). This would be expected to decrease overall plant water use, although the magnitude of the overall effect of CO2 will depend on how it affects other determinants of plant water use, such as plant size, morphology, and leaf temperature. Overall, FACE experiments show decreases in whole plant water use of 5–20% under elevated CO2. This in turn can have consequences for the hydrological cycle of entire ecosystems, with soil moisture levels and runoff both increasing under elevated CO2 (Leakey et al. 2009)….


Rising carbon dioxide levels weaken plant defences against hungry insects
http://blogs.discovermagazine.com/notrocketscience/2008/03/25/rising-carbon-dioxide-levels-weaken-plant-defences-against-hungry-insects/
Jorge Zavala and colleagues at the University of Illinois found that increasing levels of CO2 reduce the ability of soybeans to use jasmonate signals. That shrinks their stockpiles of defensive CystPIs and makes them more vulnerable to hungry pests including two voracious species of beetle – the western corn rootworm (Diabrotica virgifera) and the Japanese beetle (Popillia japonica). Given that soybeans are an increasingly important food crop, it’s in our interest to stop insects from eating them so that we can instead.


Carbon Dioxide Enrichment Inhibits Nitrate Assimilation in Wheat and Arabidopsis. 
Arnold J. Bloom,* Martin Burger,† Jose Salvador Rubio Asensio, Asaph B. Cousins‡, , Science 328 (14 May 2010): 899 - 903.
http://www.sciencemag.org/content/328/5980/899.short
The concentration of carbon dioxide in Earth’s atmosphere may double by the end of the 21st century. The response of higher plants to a carbon dioxide doubling often includes a decline in their nitrogen status, but the reasons for this decline have been uncertain. We used five independent methods with wheat and Arabidopsis to show that atmospheric carbon dioxide enrichment inhibited the assimilation of nitrate into organic nitrogen compounds. This inhibition may be largely responsible for carbon dioxide acclimation, the decrease in photosynthesis and growth of plants conducting C3 carbon fixation after long exposures (days to years) to carbon dioxide enrichment. These results suggest that the relative availability of soil ammonium and nitrate to most plants will become increasingly important in determining their productivity as well as their quality as food.

Comments
by Paul Vincelli
Maiken, indeed, CO2 enrichment can enhance plant growth, assuming all else is equal, but it isn't.  Extreme weather (drought, high temps, etc.) more profoundly affect crop growth than increasing CO2 concentration.  We have gone from 270 ppm CO2 preindustrial to 390 ppm today, and there is no evidence that the extra CO2 was at all protective against this year's weather extremes.  (Note: I am not claiming this year's extremes were caused by GHG, merely that they are representative of the kinds of weather that are expected to occur--and may already be occurring--with increasing frequency.)
Slight beneficial effects of CO2 enrichment may occur for some time period (and may already be occurring in some regions) in C3 plants like soybean.  Benefits of CO2 enrichment in C4 plants are modest to non-existent, because they already capture CO2 efficiently.  In either case, the overall outlook is of progressively increasing negative impacts (example papers listed below-- others are available).  Keep in mind that adaptation will help--breeders are working to improve crop tolerance to stresses, for example, but there is a limit to what breeding can accomplish.  Furthermore, we in the USA will not experience famine as a result of global warming, at least for a long time.  However, the most vulnerable agricultures are those in many developing countries, including some where I work.

by Steve Oberbauer:
The results of CO2 additions in the field are mixed.  Some conditions show increases, usually where nutrients are not limiting, such as agricultural fields and salt marsh.  The free air CO2 enrichment of loblolly pine showed increased productivity.  I think the Cape canaveral scrub oak did as well.   CO2 Fumigated alaskan tundra showed a very short term increase in photosynthesis that was quickly (within weeks)  down-regulated back to the normal rate of controls.  The desert CO2 experiment generally showed little response in terms of taking up more CO2 (a water limited system but also possibly nutrient limited). CO2 additions to tropical trees (added at the branch level) generally did not show a response in terms of uptake.   

I will try to dig up some pertinent references, but the general view right now is that if the system is nutrient limited CO2 increase will not help. Of course we are adding nitrogen with N deposition in most all ecosystems.   If the system is water limited, CO2 fumigation should help some.  The idea that increased CO2 will ameliorate the effect of higher temperature is out there, but it will only help for a limited temperature range. It has been shown that rice is highly susceptible to increased temperatures and its productivity is expected to decline despite higher CO2.  

by Geoff Haines-Stiles
One of the most respected researchers on crops and climate change is David Battisti at the University of Washington. His presentation, pdf url below, has some key stats showing that for "food plants" (aka crops) productivity initially may rise, but then tanks as water and nutrients also change in location and abundance.
www.vsp.ucar.edu/cgc/20thCelebration/Battisti.pdf
If others can supply links to papers where Battisti has narrative text, you can likely find clear explanations that CO2 may give plants an initial boom, which is then followed by a serious bust. 

Effects of heat and drought

Drought Drives Decade-Long Decline in Plant Growth. 08.19.10
http://www.nasa.gov/topics/earth/features/plant-decline.html
Earth has done an ecological about-face: Global plant productivity that once flourished under warming temperatures and a lengthened growing season is now on the decline, struck by the stress of drought

Wolfram Schlenker and Michael J. Roberts, 2009, Nonlinear temperature effects indicate severe damages to U.S. crop yields under climate change. PNAS doi 10.1073 pnas.0906865106.
http://www.pnas.org/content/early/2009/08/25/0906865106.abstract
The United States produces 41% of the world's corn and 38% of the world's soybeans. These crops comprise two of the four largest sources of caloric energy produced and are thus critical for world food supply. We pair a panel of county-level yields for these two crops, plus cotton (a warmer-weather crop), with a new fine-scale weather dataset that incorporates the whole distribution of temperatures within each day and across all days in the growing season. We find that yields increase with temperature up to 29° C for corn, 30° C for soybeans, and 32° C for cotton but that temperatures above these thresholds are very harmful. The slope of the decline above the optimum is significantly steeper than the incline below it. The same nonlinear and asymmetric relationship is found when we isolate either time-series or cross-sectional variations in temperatures and yields. This suggests limited historical adaptation of seed varieties or management practices to warmer temperatures because the cross-section includes farmers' adaptations to warmer climates and the time-series does not. Holding current growing regions fixed, area-weighted average yields are predicted to decrease by 30–46% before the end of the century under the slowest (B1) warming scenario and decrease by 63–82% under the most rapid warming scenario (A1FI) under the Hadley III model.

Long et al, 2010. More than taking the heat: crops and global change. Current Opinion in Plant Biology 13:241-248.
http://naldc.nal.usda.gov/download/43307/PDF
Grain production per unit of land will need to more than double over this century to address rising population and demand. This at a time when the procedures that have delivered increased yields over the past 50 years may have reached their ceiling for some of the world's most important crops. Rising global temperature and more frequent droughts will act to drive down yields. The projected rise in atmospheric [CO(2)] by mid-century could in theory increase crop photosynthesis by over 30%, but this is not realized in grain yields in current C(3) cultivars in the field. Emerging understanding of gene networks controlling responses to these environmental changes indicates biotechnological opportunities for adaptation. Considerably more basic research, particularly under realistic field conditions, is critical before these opportunities can be adequately understood and validated. Given the time needed between discovery in a model plant species and translation to traits or stacked changes in a commercial grain crop cultivar, there is an urgent need to vigorously pursue and develop these opportunities now.

Brisson et al, 2010. Why are wheat yields stagnating in Europe? A comprehensive data analysis for France. Field Crops Research doi:10.1016/j.fcr.2010.07.012.
http://www.sciencedirect.com/science/article/pii/S0378429010001929
The last two decades are witnessing a decline in the growth trend of cereal yields in many European countries. The present study analyses yield trends in France using various sources of data: national and regional statistics, scattered trials, results of agroclimatic models using climatic data. Effects in genetic changes through breeding, agronomy and climate are investigated as possible causes. Our results show that genetic progress has not declined but it was partly counteracted, from 1990 on, by climate change which in general is unfavorable to cereal yields in temperate climates because of heat stress during grain filling and drought during stem elongation. We cannot however, from the decade beginning in 2000, rule out agronomic causes, related to policy and economy, in particular the decline of legumes in the cereal rotations, replaced by oilseed rape and to a lesser extent the decrease in nitrogen fertilization.

Semenov and Shewry. 2011. Modelling predicts that heat stress, not drought, will increase vulnerability of wheat in Europe. Nature DOI: 10.1038/srep00066
http://www.nature.com/srep/2011/110818/srep00066/full/srep00066.html
New crop cultivars will be required for a changing climate characterised by increased summer drought and heat stress in Europe. However, the uncertainty in climate predictions poses a challenge to crop scientists and breeders who have limited time and resources and must select the most appropriate traits for improvement. Modelling is a powerful tool to quantify future threats to crops and hence identify targets for improvement. We have used a wheat simulation model combined with local-scale climate scenarios to predict impacts of heat stress and drought on winter wheat in Europe. Despite the lower summer precipitation projected for 2050s across Europe, relative yield losses from drought is predicted to be smaller in the future, because wheat will mature earlier avoiding severe drought. By contrast, the risk of heat stress around flowering will increase, potentially resulting in substantial yield losses for heat sensitive cultivars commonly grown in northern Europe.

Lobel and Field, 2007. Global scale climate-crop yield relationships and the impacts of recent warming. Envir. Res. Letters doi:10.1088/1748-9326/2/1/014002
http://iopscience.iop.org/1748-9326/2/1/014002/
Changes in the global production of major crops are important drivers of food prices, food security and land use decisions. Average global yields for these commodities are determined by the performance of crops in millions of fields distributed across a range of management, soil and climate regimes. Despite the complexity of global food supply, here we show that simple measures of growing season temperatures and precipitation—spatial averages based on the locations of each crop—explain ~30% or more of year-to-year variations in global average yields for the world's six most widely grown crops. For wheat, maize and barley, there is a clearly negative response of global yields to increased temperatures. Based on these sensitivities and observed climate trends, we estimate that warming since 1981 has resulted in annual combined losses of these three crops representing roughly 40 Mt or $5 billion per year, as of 2002. While these impacts are small relative to the technological yield gains over the same period, the results demonstrate already occurring negative impacts of climate trends on crop yields at the global scale.

Climate change and food
Half of world's population could face climate-induced food crisis by 2100. http://esciencenews.com/articles/2009/01/08/half.worlds.population.could.face.climate.induced.food.crisis.2100
…By combining direct observations with data from 23 global climate models that contributed to Nobel prize-winning research in 2007, Battisti and Naylor determined there is greater than a 90 percent probability that by 2100 the lowest growing-season temperatures in the tropics and subtropics will be higher than any temperatures recorded there to date. They used the data as a filter to view historic instances of severe food insecurity, and concluded such instances are likely to become more commonplace. Those include severe episodes in France in 2003 and the Ukraine in 1972. In the case of the Ukraine, a near-record heat wave reduced wheat yields and contributed to disruptions in the global cereal market that lasted two years…
A Warming Planet Struggles to Feed Itself http://www.nytimes.com/2011/06/05/science/earth/05harvest.html
To summarize the article, the argument that increased CO2 levels will act as "fertilizer" ignores the other impacts of climate change: warmer temperatures and decreased moisture. Each plant species/variety has a temperature threshold beyond which yields decrease. Current observations and recent research indicate that the small increase in yield (smaller than previously thought) resulting from higher CO2 levels is not enough to offset the decrease in yields resulting from higher temperatures and reduced water - - the other impacts of climate change. 

Effect of climate on plants in general

Expansion of forests in Arctic stimulates soil decomposition      
http://www.sciencedaily.com/releases/2012/06/120617142542.htm 

Climate Change helps then quickly stunts plan growth   
 http://www.sciencedaily.com/releases/2012/04/120409103253.htm?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+sciencedaily%2Fearth_climate%2Fglobal_warming+%28ScienceDaily%3A+Earth+%26+Climate+News+--+Global+Warming%29 

Arctic Tundra May Contribute to Warmer World
http://www.nsf.gov/news/news_summ.jsp?cntn_id=114865

IPCC 4’th assessment report on Food, fibre and forest products 
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/spmsspm-c-3-food-fibre.html

Dirt Poor: Have Fruits and Vegetables Become Less Nutritious?
http://www.scientificamerican.com/article.cfm?id=soil-depletion-and-nutrition-loss

Continent-wide response of mountain vegetation to climate change
http://www.nature.com/nclimate/journal/v2/n2/full/nclimate1329.html?WT.ec_id=NCLIMATE-201202
Climate impact studies have indicated ecological fingerprints of recent global warming across a wide range of habitats1, 2. Although these studies have shown responses from various local case studies, a coherent large-scale account on temperature-driven changes of biotic communities has been lacking3, 4. Here we use 867 vegetation samples above the treeline from 60 summit sites in all major European mountain systems to show that ongoing climate change gradually transforms mountain plant communities. We provide evidence that the more cold-adapted species decline and the more warm-adapted species increase, a process described here as thermophilization. At the scale of individual mountains this general trend may not be apparent, but at the larger, continental scale we observed a significantly higher abundance of thermophilic species in 2008, compared with 2001. Thermophilization of mountain plant communities mirrors the degree of recent warming and is more pronounced in areas where the temperature increase has been higher. In view of the projected climate change5, 6 the observed transformation suggests a progressive decline of cold mountain habitats and their biota.

Expansion of Forests in the European Arctic Could Result in the Release of Carbon Dioxide http://www.sciencedaily.com/releases/2012/06/120617142542.htm
Carbon stored in Arctic tundra could be released into the atmosphere by new trees growing in the warmer region, exacerbating climate change, scientists have revealed.

Climate Change Helps, Then Quickly Stunts Plant Growth, Decade-Long Study Shows
http://www.sciencedaily.com/releases/2012/04/120409103253.htm?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+sciencedaily%2Fearth_climate%2Fglobal_warming+%28ScienceDaily%3A+Earth+%26+Climate+News+--+Global+Warming%29
Global warming may initially make the grass greener, but not for long, according to new research conducted at Northern Arizona University. The study, published this week in Nature Climate Change, shows that plants may thrive in the early stages of a warming environment but begin to deteriorate quickly.
