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References 1 
 2 
 3 
Executive Summary 4 
 5 
The discernible influence of recent climate change on physical and biological systems on all continents and in 6 
most oceans is strengthened by observations made after the AR4 as well as through more extensive analyses 7 
of longer-term trends. The main drivers of observed impacts are regional temperature increases in the air 8 
and the ocean (very high confidence of influence), shifts in rainfall patterns (high confidence of influence) and 9 
ocean acidification (low confidence of influence) [18.3-18.6]. Attribution of impacts in most studies is related to 10 
all recent changes in climate beyond historical means and variability. The smaller number of robust attribution 11 
studies that link responses in physical and biological systems to anthropogenic climate change, using climate, 12 
process-based and statistical models has increased. Evidence for such attribution typically comes from aggregated 13 
assessments of many observations or studies, from the assessment of observations in combination with improved 14 
process understanding, or from a combination of both [18.2.1, Box 18-2].  15 
 16 
Impacts of recent climate change on human systems remain difficult to discern due to adaptation and 17 
environmental degradation or other non-climatic drivers, but evidence is emerging in a number of sectors 18 
(low to medium confidence) [18.4]. Impacts on human systems pose additional challenges due to longer causal 19 
chains, complexity of drivers and moving baselines; thus quantitative statements remain difficult. However, there is 20 
increasing evidence in some areas that climate change is emerging as a strong driver of impacts. 21 
 22 
For several “reasons for concern” (as expressed by IPCC TAR and AR4), additional evidence demonstrates 23 
that attributable observations have already been recorded (medium to high confidence) [18.6.1-3, 18.6.5].  24 
 25 
For natural systems, new or stronger evidence for discernible impacts of climate change demonstrates that: 26 

• Climate change continues to affect many aspects of systems related to snow, ice and frozen ground (high 27 
confidence) [18.3.1] 28 

• Hydrological systems change in many regions, due to changing rainfall or melting glaciers, affecting water 29 
resources and water quality [18.3.1] and coastal zones [18.3.3] (medium confidence) 30 

• Ocean warming, acidification and expanding hypoxia are impacting ocean systems, including marine biota, 31 
in particular tropical coral systems (very high confidence) [18.3.4, 18.5.9, Box 18-5] 32 

• An increasing range of species and communities in terrestrial ecosystems are impacted by recent climate 33 
change (very high confidence). Some species and communities are responding by changes in productivity 34 
and/or geographic range. For some recent species extinctions climate change has had a major influence 35 
(medium confidence) [18.3.2]. 36 

 37 
For managed ecosystems and human systems, responses to recent climate changes are difficult to identify due 38 
to multiple non-climate driving forces and the presence of adaptation, but effects have been detected with 39 
some confidence:  40 

• Productivity and carbon storage in forests has increased in some areas due to warming and higher 41 
atmospheric CO2 concentration (low confidence), although this is counteracted in some areas by increased 42 
disturbance [18.3.2] 43 

• On top of technological advances, agricultural crop yields have increased in some (mid to high latitude) 44 
regions, due to warming and higher CO2 (low confidence), and decreased in other (mainly low latitude) 45 
regions due to water shortages and higher temperatures (medium confidence) [18.3.5] 46 

• Sensitivity of crop yields to temperature extremes is known to be high, but observed trends in the 47 
agricultural markets cannot presently be attributed to climate change [18.3.5] 48 

• A statistical relation exists between economic growth and warming, particularly in low income countries 49 
with respect to agricultural and light manufacturing exports [18.4.2] 50 

• There has been an increase in economic losses due to weather extremes, but the contribution of trends in 51 
extreme weather events due to anthropogenic emissions has yet to be clearly identified [18.4.2.2, Box 18-3] 52 

• For the tourism sector, visitor numbers in low-lying winter sport areas have been affected by recent 53 
changes in weather patterns and investments in artificial snow machines have increased [18.4.2.4] 54 
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• For health, evidence that observed changes in vector-borne diseases are attributable to warming remains 1 
local and sparse. Evidence that heat-related deaths are increasing and cold-related deaths are decreasing in 2 
numbers in mid-latitude populations in response to the observed increase in very hot days is stronger 3 
[18.4.3] 4 

• Responses of indigenous groups, particularly in (but not limited to) regions of snow, ice and frozen ground, 5 
e.g., changes in the migration patterns, health, and range of animals and plants on which they depend for 6 
their livelihood and cultural identity [18.4.5, 18.5.7, Box 18-4].  7 

 8 
Impacts are still particularly well documented in Europe and North America, due to higher research and 9 
monitoring capacities but new information about impacts of climate change is available from most regions of 10 
the world, including: 11 

• Recent warming of the surface waters of the Great Lakes, Africa (high confidence), although there is low 12 
confidence in attribution of shifts in lake ecology to this warming [18.5.1] 13 

• Attribution of violent conflicts and/or migration in Africa to recent climate trends is a new area of research, 14 
yet to converge on a coherent conclusion [18.4.4, 18.5.1] 15 

• Evidence for phenological changes and range shifts of many plants and animals in Central and Northern 16 
Europe is growing [18.5.2] 17 

• Reductions in agricultural yield in parts of Europe are attributed to warming (low confidence) [18.5.2] 18 
• Shifting rainfall patterns in Central and Eastern Asia have significantly increased water availability in some 19 

regions (Himalaya and Central Asia) and decreased water availability in others (China) [18.5.3] 20 
• Permafrost in Siberia, Central Asia and Tibet is receding due to recent warming, causing changes in tundra 21 

ecosystems [18.5.3] 22 
• Numerous additional changes in phenology and plant productivity have been observed and attributed to 23 

warming in Japan, Russia, Malaysia and elsewhere in Asia [18.5.3] 24 
• Glaciers in New Zealand are retreating as a consequence of warming, while treelines in the same regions 25 

have not changed [18.5.4] 26 
• Major poleward shifts in marine communities in Australasian waters have occurred, consistent with 27 

warming trends [18.5.4] 28 
• Water resource availability in mountain regions of South America has been reduced by warming-induced 29 

glacier melt in the Andes (with consequences for hydropower potential), while streamflow has increased in 30 
other river basins due to changed rainfall patterns [18.5.6] 31 

• Warming has had negative impacts on agricultural productivity in some regions of South America (central 32 
Argentina), while rainfall changes may have increased productivity in others (Eastern Argentina, Paraguay, 33 
Southern Brazil and Uruguay) [18.5.6] 34 

• In polar regions, the continuing loss of permafrost has triggered large-scale hydrological and ecosystem 35 
changes [18.5.7] 36 

• In small islands, environmental degradation (coastal erosion) still masks possible impacts of climate 37 
change, despite the known high sensitivity, first indications of saltwater intrusion and negative ecological 38 
consequences are however available from the Florida Keys [18.5.8] 39 

• The tropical and subtropical open oceans continue to be characterized by the loss of coral reefs due 40 
warming (high confidence), while the influence of acidification is not discernible yet [18.5.9, Box 18-5]. 41 

 42 
 43 
18.1. Introduction 44 
 45 
This chapter assesses observed changes in physical, biological and human systems in relation to climate change. It 46 
assesses the degree to which detected changes in such systems can be attributed to changing climate conditions 47 
during recent decades. It further assesses, where possible, the relative importance of anthropogenic drivers of 48 
climate change for the detected impacts. Climate is only one of many possible drivers that can cause systems to 49 
change, and so the confounding influence of other drivers is also considered. 50 
 51 
 52 
  53 
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18.1.1. Scope and Goals of the Chapter 1 
 2 
Previous assessments, notably Rosenzweig et al., (2007) in the IPCC Fourth Assessment Report (AR4), and the 3 
increasing body of literature published since, indicate that numerous physical and biological systems are affected by 4 
recent climate change. Rigorous formal assessment of the literature going beyond just detection of change across a 5 
variety of regions and sectors, to scientifically robust attribution to climate change and its anthropogenic drivers is 6 
critical for several purposes (e.g. Brander et al., 2011; Hoegh-Guldberg et al., 2011). Formal detection studies 7 
provide robust evidence of where climate change impacts are being felt and where they are not, supporting near-8 
term planned adaptation if and where necessary. It provides evidence for policy makers and the public to make 9 
judgments on the importance of mitigation both locally and globally. Detection and attribution are vital parts of the 10 
evidence base requested of the IPCC by signatories to the United Nations Framework Convention on Climate 11 
change to judge policies aiming to stabilize “greenhouse gas concentrations in the atmosphere at a level that would 12 
prevent dangerous atmospheric interference with the climate system”. 13 
 14 
Complete attribution along the chain of human drivers of climate change through to impacts felt in human and 15 
biological systems is still rarely achieved in the scientific literature. This may be extremely hard to accomplish for 16 
some systems with diverse responses and many confounding drivers such as land use change, overfishing and 17 
inherent adaptive capacity (Parmesan et al., 2011). In contrast, the number of studies attributing changing systems to 18 
local climate change only, without direct linkage to anthropogenic drivers, is steadily increasing, requiring 19 
identification of the regional and systemic nature of the observed impacts. This chapter assesses the studies that exist 20 
for both full and partial attribution, and the methodologies that can be brought to bear on attribution and the 21 
uncertainties inherent in doing so. 22 
 23 
The assessments of IPCC WGI continue to add evidence of human influence on the climate system. The present 24 
chapter (alongside other WGII chapters) assesses the extent to which those atmospheric changes influence 25 
ecosystems, infrastructure, human health and activities in economic sectors. It is necessary to associate these 26 
influences to the degree to which they may constitute actual risks for human livelihoods or other values through 27 
either the likelihood of those influences or their consequences. This assessment includes the analysis of the relative 28 
importance of climatic change as compared to other environmental and social determinants of change. In cases 29 
where the associated risks are small, conclusions are likely to be without direct policy relevance, but still potentially 30 
suggestive and provocative for future research. In cases where risks are large and support growing concern about 31 
“key vulnerabilities”, even contingent conclusions should attract considerable attention.1 Care has been taken to 32 
make sure that every point raised in this assessment can be supported in the literature, but very low confidence in the 33 
attribution has not been used as a reason to omit any findings. 34 
 35 
[FOOTNOTE 1: The criteria for “key vulnerabilities” identified in the AR4 include: “magnitude, timing, 36 
persistence/reversibility, the potential for adaptation, distributional aspects, likelihood, and ‘importance’” (see 37 
footnote 19 of the AR4 Synthesis Report SPM).] 38 
 39 
Adaptation and mitigation are tools for responding to climate risks as identified in IPCC (2007). Both can be viewed 40 
as investments that either spread risk, like conventional social insurance, or reduce consequences of climate change. 41 
Short-term iterative adaptation to the manifestations of climate change can be expected to proceed without 42 
attribution to cause – it is sufficient to detect a change in the risk level and invest in whatever adjustment most 43 
efficiently reduces that risk. In this regard, higher perceived risks can be attributed to higher likelihoods of damaging 44 
events (from, e.g., observed changes in climate trends or climate variability) or higher sensitivity to those events 45 
(from, e.g., better understanding of current or future socio-economic context). For example, we now know that New 46 
Orleans is more vulnerable to hurricanes than anticipated before Hurricane Katrina made landfall – not necessarily 47 
because we believe hurricanes of that magnitude are more likely, but because physical protections and response 48 
measures were found to be of limited effectiveness. 49 
 50 
Long-term adaptation to climate change, on the other hand, requires attribution to drivers related to climate change 51 
because evaluation of relative efficacy of alternative adaptive options depends on projections of how the local 52 
climate might change. Mitigation adds attribution to human activities to the list of requirements, but that is not the 53 
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only challenge. The value of mitigation, in terms of diminishing risk by reducing the likelihood of unattractive 1 
futures, is derived from impacts that are projected around the world and into the future. 2 
 3 
 4 
18.1.2. Summary of Findings from the AR4 5 
 6 
Rosenzweig et al., (2007) reported that “Observational evidence from all continents and most oceans shows that 7 
many natural systems are being affected by regional climate changes, particularly temperature increases.” In 8 
particular, they highlighted several areas where this general conclusion could be supported by specific conclusions 9 
that were reported with high confidence: 10 

• Changes in snow, ice and frozen ground had be seen to increase ground instability in mountain and other 11 
permafrost regions; these changes had led to changes in some Arctic and Antarctic ecosystems and 12 
produced increases in the number and size of glacial lakes. 13 

• Some hydrological systems had been affected by increased runoff and earlier spring peak discharges; in 14 
particular many glacier- and snow-fed rivers and lakes had warmed, producing changes in their thermal 15 
structures and water quality. 16 

• Spring events had appeared earlier in the year so that some terrestrial ecosystems had moved poleward and 17 
upward; these shifts in plant and animal ranges were attributed to recent warming. 18 

• Shifts in ranges and changes in algal, plankton and fish abundance as well as changes in ice cover, salinity, 19 
oxygen levels and circulation had been associated with rising water temperatures in some marine and 20 
freshwater systems. 21 

 22 
These conclusions were derived from analyses of more than 29,000 observational data series from 75 studies that 23 
detected significant change in many physical and biological systems in response to observed changes in some 24 
manifestation of local climate. As indicated in IPCC (2007) and updated slightly in Rosenzweig et al., (2009), more 25 
than 89% of these system-changes were consistent, at least in terms of direction, with responses that would be 26 
expected given the observed climate change. Attribution of system-changes all the way back to anthropogenic 27 
climate change was less secure, but nonetheless supported in many cases. The assessment revealed a notable lack of 28 
geographic balance in data and literature on observed changes, with marked scarcity in low and middle income 29 
countries. 30 
 31 
Observed impacts to human systems were less obviously attributed to anthropogenic climate change. Rosenzweig et 32 
al. (2007) concluded with medium confidence only that, “other effects of regional climate change on natural and 33 
human environments are emerging, although many are difficult to discern due to adaptation and non-climatic 34 
drivers. They especially noted effects of temperature increases on 35 

• Some agricultural and forestry management practices in the higher latitudes of the Northern Hemisphere; 36 
these included earlier spring planting as well as changes in the disturbance regimes of fires and pests. 37 

• Some aspects of human health, including heat-related mortality in Europe, changes in some vectors of 38 
infectious diseases across the world, and phenological changes in allergenic pollen in the mid to high 39 
latitudes of the Northern Hemisphere. 40 

• Some human activities in the Arctic (like hunting and travel) and in lower-elevation alpine areas (like 41 
mountain sports). 42 

 43 
 44 
18.2. Methodological Concepts for Detection and Attribution of Impacts of Climate Change 45 
 46 
IPCC Working Group I has assessed the science of detecting climate change and its attribution to anthropogenic 47 
forcings (Chapter 10, Bindoff et al. in prep.). This chapter assesses the degree to which perceived changes in natural 48 
and human systems can be attributed to recent climate change and, wherever possible, its anthropogenic component. 49 
There are three substantial challenges to the detection of climate impacts and their attribution to global climate 50 
change. First, as all systems are also affected by environmental factors other than climate; to detect a climate impact, 51 
it is necessary to control for the effects of such confounding factors. Second, the ability of many systems to adapt to 52 
change complicates the detection and attribution of any impacts; that is, adaptation can mask an impact. Third, 53 
because systems are typically affected by local or regional climate, attribution of a detected climate impact to global 54 
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climate can be difficult, especially given scale issues. To overcome these difficulties and to best account for all 1 
available knowledge on observed impacts, a range of methods are employed here. They are summarized in this 2 
section. 3 
 4 
At the highest level, the domain of interest can be separated into three connected subsystems; we name them here as 5 
the climate system, the natural system, and the human system (Figure 18-1). Many external drivers may influence 6 
any system, including the changing climate and other confounding factors (Hegerl et al., 2010). Each climate, 7 
natural or human subsystem affects the other two directly or indirectly. For example, the human system may directly 8 
affect the natural system through deforestation, which in turn affects the climate system through changes in albedo; 9 
the result can be higher surface temperatures which feed back on natural and human systems.  10 
 11 
[INSERT FIGURE 18-1 HERE 12 
Figure 18-1: Schematic of the subject covered in this chapter. External drivers outside of the three systems 13 
considered are marked with black arrows. Direct drivers of the human system on the climate system are denoted 14 
with a red arrow; some of these drivers may also directly affect natural systems, for example through CO2 15 
fertilization, as denoted by the second arrow. Further influences of each of the systems on each other that do not 16 
involve direct anthropogenic climate drivers are represented by blue arrows.] 17 
 18 
If the driver of an observed change stems from the human system and impacts from the climate system, we call this 19 
an anthropogenic climate driver. In order to highlight potential reasons for concern (including the uncertainties in 20 
detection and attribution), impacts of climate variability and change are also covered, irrespective of whether the 21 
particular aspect of climate variability and changes has been identified as anthropogenic. 22 
 23 
 24 
18.2.1. Concepts and Approaches 25 
 26 
Concepts and approaches to detection and attribution have been evolving throughout the work of the IPCC. In 2010, 27 
an IPCC Expert Meeting on Detection and Attribution was held to reconcile methods and terminology across 28 
working groups. The report from this meeting (Hegerl et al., 2010) is an important conceptual basis for this chapter.  29 
 30 
 31 
18.2.1.1. Concepts of Detection and Attribution of Climate Change Impacts 32 
 33 
Detection addresses the question of whether some aspect of a system is changing beyond what might be considered 34 
normal behavior, in a defined statistical sense, without considering the cause for that change. Since most systems are 35 
in some way inherently evolving, or changing for reasons unrelated to climate but including changes in their 36 
vulnerability and exposure (e.g., Bouwer, 2011a), we here consider detection only where there is an expectation that 37 
the observed change could be due to change in climate.  38 
 39 
A key component of detection is the estimation of how the system might have behaved in the absence of climate 40 
change. This estimation may be derived from process understanding as encapsulated in a model, from other surveys, 41 
or, where available, from analysis of records stretching back hundreds of years. 42 
 43 
Attribution follows from detection by addressing the question of whether climate change has contributed 44 
significantly to the detected change. In practice, attribution studies ask whether the observed change is consistent 45 
with the estimated response of the system to the identified potential primary drivers, and whether the observed 46 
change is inconsistent with the estimated response when a particular driver is removed. For a quantitative analysis, 47 
attribution consists of the evaluation of all relative contributions of conceivable external drivers to that change, with 48 
an assignment of statistical confidence. 49 
 50 
Failure to include relevant factors in a statistical attribution study can lead to erroneous attribution conclusions. This 51 
may imply the interpretation of correlation as a measure of causality, and because these are in fact not equivalent 52 
(Holland, 1986) to confidence in statements from attribution studies. This concern not only reflects the specific 53 
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results of the analysis, but also can be reflected in statements about the overall confidence in our understanding of 1 
the cause-effect relationships and of the dynamics of the system considered (see Box 18-1). 2 
 3 
_____ START BOX 18-1 HERE _____ 4 
 5 
Box 18-1. Methodological Issues for Health Outcome Studies with Respect to Detection and Attribution 6 
 7 
The evaluation of causal effects of environmental determinants (including changing temperatures) on human health 8 
outcomes requires epidemiological analyses (the study of disease patterns in populations). Detection of a change 9 
over time in a health outcome provides little or no information relevant to climate change. Disease patterns change 10 
considerably over time due to changes in exposures (e.g. smoking patterns), control measures (vaccination, drug 11 
resistance), and population structures (population ageing). Even when these determinants are well understood, 12 
changes in data quality over time also have to be considered, for example, improvements in reporting and changes to 13 
diagnostic definitions. Reporting bias is something that needs to be addressed and carefully avoided; bias cannot be 14 
corrected for in the analysis. The term “attribution” is widely used in environmental epidemiology to describe a 15 
causal association between the health outcome and the exposure (in this case, the appropriately parameterised 16 
meteorological variable). Causation cannot be assumed, and in some cases may be population specific (that is, 17 
cannot be extrapolated to other populations) due to the complexity of disease systems. It is a necessary but not 18 
sufficient condition for causation that there is an established biological mechanism. A second order level of 19 
attribution to the change in the meteorological parameter over time also has to be carefully considered. Any analyses 20 
much consider measured and unmeasured confounders which are factors that are associated with both the exposure 21 
(changing temperatures) and the outcome. Population growth can be addressed to some extent, for example, Alonso 22 
et al. (2011) used a population indicator to account of changes in the denominator in a region where increases in 23 
malaria had been observed. In the most part, studies that claim attribution to climate change can only demonstrate 24 
evidence of attribution to local warming patterns (see Hegerl et al., 2010 for types of attribution to climate change, 25 
and discussion in Section 18.2.1.3 and Box 18-2). There is a distinct difference between the attribution of deaths to a 26 
heat wave and the attribution of a single heat wave event to anthropogenic forcing. The latter can only be evaluated 27 
by climatologists (WGI). The observed trend in hot days may be associated with increased burden of disease due to 28 
heat, but this would rely on the assumption that temperature-mortality relationship has not changed over time, 29 
although there is evidence of changes in both heat and cold related sensitivity at the decadal scale (e.g., Carson et al., 30 
2006). Any overall synthesis of the evidence also needs to take into account publication bias (Kovats et al., 2001). 31 
Given the limited amount of data available, systematic reviews are unlikely to be possible, and would need to be 32 
narrowly focused on a single disease system. 33 
 34 
_____ END BOX 18-1 HERE _____ 35 
 36 
Statistical attribution studies also adhere to other basic principles of statistical inference. One is that effects of 37 
formal or informal variable selection – in which a range of statistical models is screened to identify the best-fitting – 38 
must be taken into account to avoid spurious attribution (Chatfield, 1995). This concern includes the choice of time 39 
lags in the relationship between the response and climate variables. A second important principle is that, to avoid 40 
spurious attribution, a hypothesized relationship between a response and one or more measures of climate change 41 
cannot be tested using the same data that were used to formulate the hypothesized relationship (Solow, 2006). 42 
Neither of these principles implies that analyses that identify such relationships are without value. But it does mean 43 
that they must be considered with great care – and sometimes be discarded – even though they provide an 44 
assessment of the significance of anticipated relationships. 45 
 46 
Qualitative attribution studies typically involve the identification of multiple, intersecting “impact chains” that 47 
recognize confounding variables acting alongside climate change. These studies usually do not specifically attribute 48 
or isolate certain social or environmental changes to climate change alone. Instead, they aim to identify dynamic 49 
interactions among an assemblage of intersecting forces in human-environment systems. Moreover, they illustrate 50 
how the boundaries between human and natural systems are blurry, making it difficult to isolate the impact of 51 
climate change as opposed to the influence of climate alongside other social, political, cultural, economic, and 52 
environmental forces. Take, for example, a particular case in which mostly qualitative attribution in human-53 
environment systems are derived from studies that use traditional ecological knowledge (TEK). They are often 54 
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collected from indigenous people, as indicators of environmental change and its impact on human livelihoods (see 1 
Box 18-4), but care must be taken in interpreting memories of the way things were and how they have changed. 2 
 3 
Evidence for testing the hypothesis that some observed change can be attributed to climate change may come from 4 
different sources. While in some cases, such as observed warming and the melting of glaciers, the process causing 5 
the impact may be clear from basic understanding; some type of model may be necessary to obtain more specific 6 
information on the underlying processes occurring in the impacted system, but the process is well understood. The 7 
nature of these models may vary depending on the details of the system being studied. These models can be 8 
mechanistic, for example, representing a system through a chain of explicit functions based on understanding of the 9 
individual processes that together comprise the mechanics of the system. These mechanistic models are often 10 
formulated numerically, but they can also consist of non-numerical logical arguments. An advantage of such models 11 
is that they can provide useful information for uncertainty analysis.  12 
 13 
For many impact systems, however, variations are not governed by a small and well-understood set of rules. For 14 
instance, even the simplest ecosystems are highly complex, with variability depending on life histories and 15 
biochemistry, complicated by interactions between species (Parmesan et al., 2011). In these cases, empirical models 16 
may be useful, relating the response of a system to external drivers according to mathematical relationships 17 
estimated through observation, experimentation, or survey. In practice, though, many modeling setups will contain 18 
both mechanistic and empirical components. 19 
 20 
 21 
18.2.1.2. Detecting Adaptation to Climate Change 22 
 23 
Human and (unmanaged) natural systems are thought to have evolved towards optimal adaptation to a relatively 24 
stable local climate within a given (historical) period of time. Throughout history, many natural and human systems 25 
have adapted autonomously to fluctuations of climate, by spatial displacement or by changing some aspect of their 26 
functioning. Separating the effects of climate change from responses to other drivers implies taking adaptation into 27 
account explicitly wherever possible. For example, if a farmer were to notice a persistent (or even anticipated) shift 28 
in local climate to a drier hotter climate, then (s)he might adjust by installing irrigation equipment, switching crop 29 
varieties to more drought resistant varieties, or simply shifting planting dates. After these active adaptation measures 30 
have been taken, yields of crops may have changed little or not all; and so a survey of impacts calibrated on yield 31 
would detect nothing even though a lot had happened. It follows that using yields as basis for whether there are 32 
detectable impacts of climate change could lead to a conclusion that nothing had happened even though a lot had 33 
transpired. Indeed, we observe climate change impacts in natural systems by observing their reaction – so what is 34 
the difference?  35 
 36 
Several approaches discussed in this chapter recognize detection and attribution of active adaptation to climate 37 
change as a signal of an impact. To be sure, attributing these active adaption measures to anthropogenic climate 38 
drivers requires a careful implementation of quantitative or qualitative methods, as in many settings agents (e.g., 39 
farmers) react not only to climate drivers but also to changing socioeconomic conditions. 40 
 41 
 42 
18.2.1.3. Approaches to Attribution 43 
 44 
There are many levels at which drivers and responses can be defined for observed impacts of climate change (Table 45 
18-1). In practice, three different levels of external drivers tend to be used: 46 

• Attribution to climate variability, where impacts are related to variations in weather and climate 47 
irrespective of their nature. While studies examining this relationship do not formally consider the 48 
implication of climate change, they are useful for identification of reasons for concern. 49 

• Attribution to climate change, where impacts are related to identified trends in climate. Studies examining 50 
this relationship do not formally identify the role of anthropogenic emissions in the observed climate 51 
change or, by extension, in the observed impact, but they do indicate the degree to which the system is 52 
sensitive to long term climate change. 53 
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• Attribution to anthropogenic climate change, where impacts are related, via the climate, to anthropogenic 1 
emissions of greenhouse gases and other human activities that are affecting the climate. Because of the 2 
complexity of the causal chain, investigation of this relationship is extremely challenging (Parmesan et al., 3 
2011) and only a limited number of these studies have been performed to date. 4 

 5 
[INSERT TABLE 18-1 HERE 6 
Table 18-1: A sample of global and local climate drivers and some local non-climate drivers that might influence a 7 
natural or human system.] 8 
 9 
Model-based attribution studies use two main approaches (Hegerl et al., 2010) (Figure 18-2). Single-step methods 10 
consider all relevant systems in a single setup. The assessment tool can comprise a single model or a sequence of 11 
models, provided the output of each model is directly employed as an input for the next model in a logical sequence. 12 
The attribution analysis is performed through a comparison of the change in the final output of interest against the 13 
observed change in climate. 14 
 15 
[INSERT FIGURE 18-2 HERE 16 
Figure 18-2: A schematic diagram comparing approaches to attribution for an ecological system. The multi-step 17 
approach differs from the end-to-end approach in having a discontinuity between the attributed climate change and 18 
the observed weather driving the ecological model.] 19 
 20 
Multi-step attribution approaches comprise multiple attribution analyses, with an overall conclusion deduced from 21 
the collection of analyses. A multi-step approach could include an analysis of the attribution of changes in a measure 22 
of interest to changing climatic conditions and a separate analysis of how external climate drivers affected relevant 23 
climatic conditions. Typically, the separation of these analyses creates gaps or inconsistencies between the outputs 24 
from one step and the inputs to the next. These gaps must be assessed themselves with respect to their impact on the 25 
confidence in the overall attribution. 26 
 27 
_____ START BOX 18-2 HERE _____ 28 
 29 
Box 18-2. Detection and Attribution of Changes in Biological Systems 30 
 31 
Detecting significant trends in biological systems, and assigning confidence levels to them, is particularly difficult 32 
because observations are often patchy in quantity and quality, and natural yearly fluctuations are often large. The 33 
AR4 (Rosenzweig et al., 2007) and other studies (e.g., Parmesan and Galbraith, 2004; Parmesan, 2005) identify 34 
traits of species or systems which lead to a higher confidence in both detecting real change and in attributing that 35 
change to climate change or anthropogenic climate change. These traits include: good prior understanding of the 36 
mechanistic (cause and effect) links between climate and a biological process, good historical and current records of 37 
population and species' status, little lag time between changes in climate and species' response, and relatively weak 38 
influence of other non-climatic confounding (anthropogenic and natural) factors. 39 
 40 
High to very high confidence in attribution of an observed biological change to anthropogenic climate change has 41 
been gained through multiple approaches. 42 
 43 
1. Biological “fingerprints” of climate change can be detected in very long biological time series. Parmesan and 44 
Yohe (2003) defined one type of fingerprint as “sign-switching.” The argument for use of sign-switching patterns in 45 
biological attribution studies is that expected impacts of climate change differ across geographic space (e.g., across a 46 
species' range, poleward boundaries are expected to expand while equatorial boundaries are expected to contract) 47 
and across long time-spans (e.g., a species is expected to advance their timing of spring events during decadal 48 
warming periods and delay timing during decadal cooling periods). Alternate causal agents would therefore have to 49 
“switch sign“ of their impacts within a study if they were to form credible competing explanations. Parmesan and 50 
Yohe (2003) found patterns of sign-switching uniquely predicted by climate change in 84% of 334 species 51 
distributed across marine and terrestrial systems in the northern hemisphere. 52 
 53 
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2. Multiple “Lines of Evidence” of climate links to observed changes (Ahmad et al., 2001, Rosenzweig et al., 1 
2007, Parmesan et al., 2011, Parmesan et al., 2013). Confidence in attribution to either climate change or 2 
anthropogenic climate change is increased when multiple, independent sources evidence draw the same conclusions. 3 
Evidence in biological systems may come from a combination of correlational patterns with patterns that would be 4 
predicted from processes identified in experimental manipulations of environmental parameters such as temperature, 5 
rainfall or CO2 concentration. Examples of multiple lines of evidence (observational, correlational and experimental) 6 
being used to link observed biological changes to recent climate changes are: (1) the Sachem Skipper butterfly, 7 
Atalopedes campestris, range expansion in Pacific Northwest of USA (Crozier, 2004) and (2) Pine processionary 8 
moth, Thaumetopoea pityocampa, range shifts and abundance changes in France and Italy (Battisti et al., 2005). 9 
 10 
3. Replication across diverse species, systems and geographic regions. Most studies do not fit one or more of the 11 
above traits, being relatively local and short term. Biologists have therefore focused on gaining higher confidence in 12 
attribution of detected biological observed changes to anthropogenic climate change by increasing power through 13 
replication, reducing positive publication bias by focus on multi-species studies, and minimizing the role of non-14 
climatic confounding factors by inclusion of diverse species, systems and geographic regions into single databases 15 
and analyzing trends simultaneously via meta-analyses. This has resulted in high to very high confidence in 16 
attribution of biological changes to climate change from meta-analyses of multi-species studies at a global scale 17 
(Figure 18-3). Examples include coral bleaching, and global meta-analyses of diverse terrestrial and marine taxa 18 
(Parmesan and Yohe, 2003; Root et al., 2003; Root et al., 2005; Rosenzweig et al., 2008; Poloczanska et al., in 19 
prep.; see also Chapters 6 and 30 of this report). 20 
 21 
[INSERT FIGURE 18-3 HERE 22 
Figure 18-3: Confidence landscape in biological attribution studies. Green lines depict levels of confidence in 23 
attributing a given detected change in a wild species or biological system to detected trends in climate or changes in 24 
climatic patterns. Pale green = studies with <20 years of continuous data, dark green = studies with >50 years of 25 
continuous data. The blue line represents studies with ‘double attribution’, that is, attribution of a given detected 26 
change (or changes) to greenhouse gas driven climate change. (Modified from Parmesan et al., 2011); Numbered 27 
references in figure: 1Perrins et al., 1997; 2Southward et al., 1995; Southward et al., 2005; 3Kearney et al., 2010; 28 
4Parmesan, 1996; Parmesan, 2003; Karl et al., 1996; Dunn and Winkler, 1999; Johnson et al., 1999; Karoly et al., 29 
2003; Zwiers and Zhang, 2003; 5Foden et al., 2007; 6Parmesan and Yohe, 2003; Root et al., 2003; Root et al., 2005; 30 
Parmesan, 2007; Rosenzweig et al., 2008; 7Hoegh-Guldberg, 1999; Fedorov and Philander, 2000; Hansen et al., 31 
2006; Latif and Keenlyside, 2009; WGII Chapters 6 and 30; 8Oechel et al., 2000; Sturm et al., 2001; Sturm and 32 
Racine, 2006.] 33 
 34 
Given the above constraints and caveats, there are a few systems and/or metrics that may, through their particular 35 
attributes, provide higher confidence for attribution than others. For example, there are a few species for which we 36 
have a very good mechanistic (process-based) understanding of how climate variability affects key traits, and for 37 
which good, predictive biological models already exist. For example, phenological processes of many species are 38 
better understood than are the causes of species' range shifts, also crop plants are much better studied than are wild 39 
plants. Therefore, multi-step attribution studies (sensu Stone et al., 2009, Hegerl et al., 2010) on, for example, the 40 
timing of blooming or harvesting for fruit trees provides conclusions with higher confidence than would a study on 41 
the range shift of a native oak tree. Metrics that quantify aggregate properties of whole ecosystems may allow higher 42 
confidence in attribution, such as net primary productivity. 43 
 44 
_____ END BOX 18-2 HERE _____ 45 
 46 
 47 
18.2.2. Limitations to Detection and Attribution 48 
 49 
18.2.2.1. Types and Quality of Observations 50 
 51 
Many changing phenomena can be measured directly, e.g., the temperature of a lake or the air above that lake. More 52 
commonly, however, changes of interest are detected by more subtle indicators, for instance the number of deaths 53 
due to heat waves, or the percentage of species with northward or upward migration; in the first instance, adaptation 54 
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matters but humans are essentially irrelevant in the second Some aspects of human systems may be more adequately 1 
described in qualitative than in quantitative terms, other aspects and other context are not. The pertinence of the 2 
indicator for the objectives of the assessment must be established. 3 
 4 
Once an indicator is identified, a further limiting factor is the observable quantity supporting the indicator. 5 
Monitoring of ecosystems, for example, is often not of the standard to resolve anticipated impacts, especially in 6 
areas with complex ecosystems (see Box 18-2). Most monitoring systems have not been designed with the intention 7 
of measuring incremental long-term changes, and have not been optimized for the detection of climate-related 8 
changes (Midgley et al., 2007). Consequently, the record length may be too short, too heterogeneous or 9 
discontinuous to be useful, or measuring standards may have been improved through time resulting in measurement 10 
artifacts. This latter factor is most visible in the extensive and long-running networks designed to monitor human 11 
health, where the priority is an accurate timely assessment of current health status and risk rather than the 12 
determination of long-term trends (see Box 18-1). 13 
 14 
 15 
18.2.2.2. Spatial and Temporal Characteristics of Change 16 
 17 
Detection studies must be based on observations covering sufficient time periods, typically longer than the periods 18 
required for detection of trends in the underlying driving variables such as climate. Observational records are 19 
typically too short to assess the internal variability with sufficient confidence. A key issue here is identifying any lag 20 
times that are critical in characterizing the response of an impact system to a change in a driver. These may vary 21 
among different impact systems and within them, from seconds or minutes to centuries or millennia. In the 22 
cryosphere, for instance, mountain glaciers typically show response times to a climatic change on the order of years 23 
to decades, while the ice sheets of Greenland and Antarctica have significantly longer response times that may be on 24 
the order of century or even longer. Forests have decades to centuries to respond and adapt to new climatic 25 
conditions while for soils the corresponding range is more between centuries and millennia. 26 
 27 
Non-linear system response to change is a fundamental issue for detection studies. Some systems may respond by 28 
step-wise changes, other systems may have tipping points, showing little or no change until a certain threshold 29 
where they suddenly start to respond vigorously and often in a chaotic way. 30 
 31 
Change in environmental systems occurs on multiple spatial scales from local to global. Attribution of change to 32 
climate change (e.g., over the last several decades) faces different challenges at different scale levels. At the local 33 
scale, detection may be straightforward due to some series of observations, but attribution will be difficult because 34 
many local factors affect climate in ways that may mask the global trends. 35 
 36 
 37 
18.2.2.3. Publication Bias 38 
 39 
Conclusions about the effect of climate change on natural and human systems in this report are based on a synthesis 40 
of findings in the scientific literature. A potential problem with this approach is publication bias as noted in 41 
Parmesan and Yohe (2004). Publication bias refers to the preferential publication of papers reporting statistically 42 
significant findings. The effect of publication bias could be a false impression of the strength of the evidence in 43 
favor of an hypothesized effect. For example, Kovats et al. (2001) discussed the effect of publication bias in 44 
assessing the effect of climate change on vector-borne diseases. Although methods exist for detecting and correcting 45 
for publication bias in formal meta-analysis (Rothstein et al., 2005), this is not the case in less formal literature 46 
reviews. To reduce the effect of publication bias, the analysis for this report has included special efforts to critically 47 
assess findings of no-effect of climate change on potentially impacted systems. 48 
 49 
 50 
18.3. Detection and Attribution of Observed Climate Change Impacts in Natural and Managed Systems 51 
 52 
The IPCC AR4 provided extensive reporting on observed impacts of climate change (Rosenzweig et al., 2007, and 53 
other chapters of WG2) and the scientific literature on this topic is growing quickly. The following section provides 54 
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an overview of the state of knowledge across major sectors of natural and managed systems, broadly following the 1 
structure of the overall WG2 report. Findings about observed impacts are firstly assessed in the sectoral chapters 3, 2 
4, 5, 6 and 7, following a common framework based on section 18.2. The following text delivers a synthesis of 3 
material presented in the mentioned chapters. [Additional material has been included, in particular in section 4 
18.3.1] 5 
 6 
 7 
18.3.1. Freshwater Resources 8 
 9 
Freshwater resources are affected by climate change worldwide, with different characteristics of change in different 10 
regions. Observed changes in each of the components of the water system are assessed by the IPCC working group 11 
(WG) 1 in their AR5 chapter 10, and WG2 (AR5 chapters 2, 3 and regional chapters). Where possible, the observed 12 
changes are attributed to recent climate change (or other drivers). 13 
 14 
Figure 18-4 presents a synthesis of confidence in detection of changes in freshwater resources and related systems, 15 
and their attribution to climate change. Frozen components of freshwater systems tend to show higher confidence in 16 
detection and attribution, while components with a high level of non-climatic drivers, such as groundwater or river 17 
flow, have lower confidence. 18 
 19 
[INSERT FIGURE 18-4 HERE 20 
Figure 18-4: Levels of confidence in detection and attribution of observed climate change impacts for Freshwater 21 
Systems, including the Cryosphere] 22 
 23 
 24 
18.3.1.1. The Regional Water Balance 25 
 26 
The regional water balance results from sources (precipitation, ice and snow melt, river and groundwater outflow) 27 
and sinks (evapotranspiration, water use and river and groundwater inflow). Impacts include limited access to 28 
freshwater for use (droughts) or excess water (floods). Evapotranspiration, being a function of surface temperature, 29 
soil moisture and wind, is affected by the changing climate, but also by changing vegetation processes and land 30 
cover. 31 
 32 
The IPCC Special Report Managing the Risks of Extreme Events and Disasters to Advance Climate Change 33 
Adaptation (IPCC, 2012) concludes that more locations have experienced an increase than a decrease in heavy 34 
rainfall, yet with significant regional and seasonal variations. Of the 26 continental sub-regions considered. 73% of 35 
the sub-regions have seen a varying sign of the trend since 1950, with medium or low confidence. Increase in heavy 36 
rainfall is seen in 15% of the sub-regions, half with high confidence and half with medium confidence. IPCC (2012) 37 
concludes that there is medium confidence that anthropogenic influence has contributed to changes in extreme 38 
precipitation (see also Min et al., 2011). 39 
 40 
Heavy rainfall is an important driver of floods. There is limited to medium evidence available to assess climate-41 
driven observed changes in the magnitude and frequency of floods at a regional scale because the available 42 
instrumental records of floods at gauge stations are limited in space and time, and because of other drivers of 43 
changes, such as land-use and anthropogenically altered river channels (IPCC, 2012). Despite an increase in heavy 44 
precipitation events which likely has had consequences for pluvial floods, several studies on river flood changes in 45 
North America and Europe (e.g., Petrow and Merz, 2009; Villarini et al., 2009) find evidence for increases as well 46 
as decreases in floods. A first attribution study of floods suggests that an anthropogenic signal is detectable for an 47 
increased flood risk for the autumn 2000 floods in England and Wales (Pall et al., 2011), see also Box 18-3. 48 
 49 
In mountain areas, glacial lake outburst floods (GLOFs) are characterized by their low frequency and high 50 
magnitude with most devastating impacts on downstream areas. While there is no evidence for a change in 51 
frequency or magnitude of GLOFs anywhere (IPCC, 2012), significant changes in the number and area of glacial 52 
lakes have been observed, with a slight to substantial increase in several regions over the Hindu Kush Himalayan 53 
mountain arc in the past two decades (Gardelle et al., 2011), and a similarly strong increase in lake numbers in the 54 
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Andes of Peru in the second half of the 20th century (Carey, 2005). The growing number of these lakes is of concern 1 
since it makes GLOFs more likely to occur in the near future. 2 
 3 
The IPCC AR4 assessed that it is more likely than not that anthropogenic influence has contributed to the increase in 4 
the droughts observed in the second half of the 20th century (Hegerl et al., 2007). Subsequent studies have improved 5 
the understanding of the main factors leading to drought, including land-use changes (Deo et al., 2009), but 6 
significant uncertainties remain. Detection and attribution studies are complicated by different drought definitions, 7 
and difficulties and inconsistencies in measuring drought (IPCC, 2012). 8 
 9 
For dryness, as an indicator of drought, the IPCC (2012) indicates that in 77% of the global sub-regions a regionally 10 
varying trend was observed, 53.8% of which was assigned low confidence. Regarding regions with a clear signal of 11 
change, IPCC (2012) assesses that 11.5% of the sub-regions having seen an increase in dryness (medium 12 
confidence) and 11.5% showing a decrease in dryness (medium confidence). IPCC (2012) furthermore concluded 13 
that there is medium confidence that since the 1950s some regions of the world have experienced trends toward 14 
more intense and longer droughts, in particular in southern Europe and West Africa, but in some regions droughts 15 
have become less frequent, less intense, or shorter, for example, in central North America and northwestern 16 
Australia. 17 
 18 
Change in river flow is a direct indicator of a changing regional water balance. For example, the Uruguay River in 19 
South America experienced a positive trend in average stream-flow from 1960 to 2000, due to increased rainfall, 20 
with shorter-term peaks in runoff caused by changes in land cover (Saurral et al., 2008). In the Yellow River in 21 
China, long-term change in stream-flow was mostly attributed to anthropogenically enhanced soil erosion rather 22 
than due to climatic changes (Zhang, G. et al., 2007). Changes in rainfall seasonality in monsoon systems also affect 23 
river flows. In South America, for example, wet season rainfall has increased in duration from an average of 170 24 
days before 1972, to 195 days after (Carvalho et al., 2010), potentially affecting the Amazon Basin in the tropics and 25 
the La Plata Basin in the subtropics. The observed increase in river flow in La Plata Basin over the second half of 26 
the 20th century had been described by Robertson and Mechoso (1998). For the Amazon Basin, there are rivers with 27 
24% increase in discharge after the 1970s where half of the increase has been appointed to the change in rainfall 28 
amount and the other half to land-use and land-cover change (Costa et al., 2003). This feature of the South American 29 
monsoon is not seen in the other monsoon systems, especially those in the Northern Hemisphere where a decreasing 30 
trend in rainfall has been observed over the last 50 years (Li et al., 2010). In a global review of changes in river 31 
flow, it was found that only one-third of the top 200 rivers show statistically significant trends during 1948–2004, 32 
with the rivers having downward trends (45) outnumbering those with upward trends (19) (Dai et al., 2009). 33 
 34 
Overall, there is high confidence in the detection of changes in rainfall and river flows but a lower degree of 35 
confidence in the attribution of the impacts to climate change, land use and water use. This holds true also for the 36 
subsequent changes in groundwater recharge and level. 37 
 38 
Observed changes in groundwater level and storage have been primarily attributed to human activities, such as in 39 
northeastern India where groundwater depletion as detected by satellite data for the 21st century was attributed to 40 
groundwater withdrawal for irrigation and other anthropogenic use (Rodell et al., 2009). Attribution of groundwater 41 
change to climatic drivers is more rare. For Kashmir (India) Jeelani (2008) suggests that the observed decline in 42 
groundwater recharge between 1981 and 2005 can be attributed to decreasing precipitation and glacier decay, while 43 
a modeling study for southeast Spain indicates an effect of temperature related changes in evapotranspiration on 44 
groundwater (Aguilera and Murillo, 2009). 45 
 46 
Water quality in watersheds and lakes is expected to change with increasing temperature through an increase in 47 
eutrophication as discussed in Chapter 3 of this report. Eutrophication is mostly driven by other causes, such as 48 
untreated sewage inflows in urban and industrial areas and surface runoff carrying remains of fertilizers used in 49 
agriculture, and vegetation decay and manure inputs in flooding events – the component which might be due to 50 
climate is therefore difficult to identify (e.g., Kundzewicz and Krysanova, 2010). There is emerging, yet limited 51 
evidence for downstream impacts on water quality due to upstream climate impacts, such as high sulfide content in 52 
rivers of Peru’s Cordillera Blance due to sulfide-rich rocks that became exposed as glaciers retreated (Fortner et al. 53 
2011). 54 
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 1 
 2 
18.3.1.2. The Cryosphere 3 
 4 
There is extensive evidence of significant changes in various elements of the cryosphere, including mountain 5 
glaciers and ice caps, ice sheets and floating ice shelves, sea, lake and river ice, subsurface ice (permafrost) and 6 
snow. It is likely that there is an anthropogenic component in the changes observed in Arctic sea ice, Greenland 7 
surface melt, mountain glaciers, permafrost and snow cover (WGI Chapter 10, Bindoff et al. in prep.). 8 
 9 
Depending on regional climate, changes in glacier extent are not uniform over the globe, but they nevertheless 10 
provide a largely homogeneous signal of retreat. In general, the trend of glacier shrinkage and mass loss reported in 11 
AR4 (Lemke et al., 2007) continues, with a trend of recent increasing loss for Central Europe, Alaska, the Canadian 12 
Arctic and southern Andes (WGI chapter 4, Comiso et al., in prep.). There are only few regions with stagnant or 13 
advancing glaciers, for instance the Karakorum, where regional climate pattern and non-climatic glacier dynamics 14 
(surging) are considered important drivers (Bolch et al., 2012). There is high confidence that glacier changes over 15 
the past several decades exceed internal variability, but only few studies are available that attribute these glacier 16 
changes to anthropogenic forcing (WGI chapter 10, Bindoff et al., in prep.). The absolute contribution of glaciers 17 
and ice caps to sea level rise has increased since the early 20th century and has been close to 1 mm yr-1 for the past 18 
decades (WGI, chapter 4, Comiso et al., in prep.), around a third of total observed sea level rise. Changes in 19 
Greenland and Antarctica are difficult to attribute to (anthropogenic) climate change, especially for Antarctica, due 20 
to multiple factors of change, including regional climate, ocean currents and warming, ice flow dynamics and others 21 
(WGI, chapter 10, Bindoff et al., in prep.). 22 
 23 
The loss of ice sheets and glaciers causes accelerated uplift of underlying land in the North Atlantic Region (Jiang et 24 
al., 2010), as well as glacio-isostatic deformation around the Vatnajökull ice cap in Iceland (Pagli et al., 2007). 25 
There is medium confidence regarding the effects of ice loss on seismicity due to unloading of the lithosphere 26 
beneath ice sheets (Hampel et al., 2010) and Alaskan glaciers (Sauber and Ruppert 2008), and volcanic activity such 27 
as enhanced magma generation (Sigmundsson et al., 2010). The strong and rapid downwasting observed on alpine 28 
glaciers has prompted a number of impacts. At the front of many retreating glaciers in the Alps of Europe, 29 
Himalayas, Andes and other mountain regions lakes have formed or expanded, increasing the risk of outburst floods 30 
with potentially severe impacts on mountain communities. In the Swiss Alps and the Peruvian Andes, the formation 31 
of lakes has led to multiple outburst floods since 2008, impacting mountain communities (Carey et al., 2012b; 32 
Werder et al., 2010). As a direct response, risk reduction measures on the order of tens of millions USD were 33 
necessary, and new tourist infrastructure has been built to accommodate an increasing number of people attracted by 34 
glacier lakes (Huggel et al., 2011). The new lakes can represent a potential for hydropower generation (Terrier et al., 35 
2011). Slope instabilities are another consequence associated with glacier downwasting processes (Haeberli and 36 
Hohmann, 2008; Huggel et al., 2011). 37 
 38 
Observed changes from glacier retreat on downstream systems furthermore include changes in runoff. An increase 39 
in runoff from glacier areas has been documented for catchments in western and south-central China over the past 40 
several decades (Zhang, Y. et al., 2008; Zongxing et al., 2010). Similarly increasing runoff trends have been found 41 
for glacier-fed streams in British Columbia and Yukon, Canada (Stahl et al., 2008; Moore et al., 2009). In a 42 
catchment in the central Andes of Peru, 67% of the runoff during the dry season is contributed by glacier melt, and 43 
therefore the loss of glaciers has a significant impact on the agricultural and energy (hydropower) sectors (Condom 44 
et al., 2011). For another catchment in the same region shifts in runoff seasonality over the period 1953-1997 were 45 
attributed to changing glaciers (Bury et al., 2010). More recently, in seven out of nine glacier-fed catchments in the 46 
Cordillera Blanca water runoff during the dry season has begun to decrease (Baraer et al., 2012). This decrease in 47 
water availability is consistent with qualitative observations made by local people (Bury et al., 2010; Carey et al., 48 
2012a). 49 
 50 
Due to local conditions, runoff changes from glaciers over the past decades vary both within and between different 51 
mountain ranges around the world, often attributed to climate change (Casassa et al., 2009). In the Swiss Alps, 52 
positive trends in river runoff have occurred primarily in highly glaciated catchments (Collins, 2006; Pellicciotti et 53 
al., 2010), while for a 35 to 60% glacier cover a runoff decrease was detected for the warm and dry 1990s, and for 54 
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areas with less than 2% glacier cover runoff basically follows precipitation trends (Collins, 2006). For very large 1 
catchments (Po and Rhône catchments with <1% basin glacier cover), the contribution of glacier melt to total runoff 2 
in August was significantly lower for 2004-2008 than for the previous twenty years (Huss, 2011). 3 
 4 
Earlier reported trends of Arctic sea ice decline have continued, with a decrease in annual average extent of 4%, and 5 
in end of summer extent of 12% per decade since 1979, and a significant increase of the rate of sea ice decline in the 6 
first decade of the 21st century (WGI, chapter 4, Comiso et al., in prep.). High confidence also exists that the 7 
thickness of Arctic sea ice decreased since the 1980s. Antarctic sea ice has slightly increased over the past 30 years, 8 
yet with strong regional differences. It is likely that decline in Arctic sea ice can be attributed to anthropogenic 9 
climate forcing (WGI chapter 10, Bindoff et al., in prep.). Observations by Inuit people in the Canadian Arctic 10 
confirm with high confidence the instrumental observations on the various changes of sea ice (see Box 18-4). 11 
 12 
For lake and river ice, there is generally high confidence of later freeze-up earlier break-up over the past 100+ years, 13 
yet with regional differences (WGI chapter 4, Comiso et al., in prep.). Changes in lake and river ice can have effects 14 
on freshwater ecosystems, transport and traffic over frozen lakes and rivers, and ice induced floods during freeze-up 15 
and break-up events (Voigt et al., 2011a). Some evidence exists in Europe that ice-jam floods were reduced during 16 
the last century due to reduced freshwater freezing (Svensson et al., 2006). 17 
 18 
Combined in-situ and satellite observations indicate a decline in snow cover extent in most months of the period 19 
1922-2010, with the largest decline in spring (8%) (WGI chapter 4, Comiso et al., in prep.). Snow cover is primarily 20 
related to seasonal weather patterns, and accordingly, the spatial variability is high (Brown and Mote, 2009). Only 21 
few formal detection and attribution studies exist but they consistently indicate an anthropogenic influence on snow 22 
cover (WGI chapter 10, Bindoff et al., in prep.). For the western United States one study detected changes in snow 23 
pack and runoff timing between 1950 and 1999 and suggested that up to 60% of the changes could be attributed to 24 
anthropogenic climate forcing (Barnett et al., 2008). Impacts on winter tourism have been observed (see 18.4.2.4).  25 
 26 
Widespread changes and degradation of both high-latitude/low-land and high-elevation mountain permafrost have 27 
been observed over the past years and decades (WGI chapter 4, Comiso et al., in prep.). Generally, the permafrost 28 
boundary has been moving northwards and to higher elevations, and the active layer thickness has increased at many 29 
sites. Regional differences of changes, though, are strong and are not only related to temperature changes but also to 30 
other factors such as seasonal snow cover. Formal attribution studies are hardly available for any of the above 31 
mentioned permafrost parameters. However, several impacts have been attributed to permafrost changes. Significant 32 
and partly dramatic increases of flow speed of Alpine rock glaciers has been observed, resulting in rock fall and 33 
debris flows, and has been attributed to ground temperature increase (Kääb et al., 2007; Delaloye et al., 2010). In 34 
many Arctic permafrost regions expansion and deepening of thermokarst lakes has been observed over the past 35 
years; ice-bearing permafrost exposed to the Arctic ocean retreated with rates of 2 to 3 m yr-1 at some sites, generally 36 
resulting in a doubling of the erosion rate at Alaska’s northern coastline over the past 50 years (Karl et al., 2009). 37 
Furthermore, expansion of channel networks (Toniolo et al., 2009), increased river bank erosion (Costard et al., 38 
2007) and higher dynamics in lake and pond changes (shrinking and expanding) (Rowland et al., 2010) have been 39 
observed in the Arctic, as well as an increase in hillslope erosion and landsliding in Northern Alaska since the 40 
1980’s (Gooseff et al., 2009). Complex feedbacks and interactions across surface systems, and spatial and temporal 41 
scales complicate detection of drivers and effects. For example, drying of land surface due to permafrost degradation 42 
may cause an increase in wildfires, in turn resulting in a loss of ground surface insulation and change in surface 43 
albedo that accelerates permafrost thawing (Rowland et al., 2010). 44 
 45 
 46 
18.3.1.3. Erosion, Landslides and Avalanches 47 
 48 
There is high confidence that erosion and landsliding increases during phases of deglaciation in mountain areas, with 49 
significant evidence for post-Ice Age periods (Ballantyne, 2002; Korup et al., 2011) but yet limited evidence for 50 
contemporary deglaciation. There is medium confidence that sediment flux has increased in western Himalaya in 51 
relation with hydrologic extreme events (Wulf et al., unpubl.) that have been shown to have increased over the past 52 
60 years (Malik et al., 2011), with important impacts on hydropower schemes. For southern China, there is robust 53 
evidence of decline in sediment load in some rivers since the 1980s and 1990s (Zhang, S. et al., 2008). There is high 54 
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confidence in qualitative attribution of recent decline in sediment load to dam construction and low confidence in 1 
attributing the change to climate impacts for the Yangtze catchment in China (Xu et al., 2008). 2 
 3 
Changes in sediment yield, related or unrelated to climate impacts, can significantly influence frequency and 4 
magnitude of alpine shallow landslides and debris flows (Lugon and Stoffel, 2010), but no clear evidence exists so 5 
far for a change in frequency of shallow landslide and debris flows from recently deglaciated mountain areas in the 6 
European Alps (Jomelli et al., 2004; Stoffel and Huggel 2012). 7 
 8 
Recent studies provide high confidence that rock slope failures in mountain areas of the Swiss and French Alps of 9 
Europe with permafrost occurrence have increased since the 1990s (and medium confidence for New Zealand Alps), 10 
as compared to earlier decades, with a striking increase in the 21st century (Ravanel and Deline, 2010; Allen et al., 11 
2010; Fischer et al., 2012; Huggel et al., 2012), with similarly high confidence that glacier retreat and downwasting, 12 
permafrost degradation and high-temperature events have contributed to many high-mountain rock slope failures 13 
over the past 20 years (see Figure 18-5) 14 
 15 
[INSERT FIGURE 18-5 HERE 16 
Figure 18-5: Changes in frequency of alpine rock slope failures since 1900 detected at two spatial scales: a regional 17 
scale over the Swiss and adjacent Alps (upper panel) and a detailed local scale at Mont Blanc area, French Alps 18 
(middle panel). Documentation bias exists at the regional level, especially for small failures in the early 20th century. 19 
To improve confidence in detection the local level (virtually bias free) can be compared with the regional level, and 20 
only large-volume slides can be considered which should show minimum bias.] 21 
 22 
In North America, New Zealand and the European Alps warm extreme events may have had a substantial effect on 23 
triggering large slope failures in rock and ice (Huggel et al., 2010). Such extremes have increased since the 1950s 24 
(IPCC, 2012). In some specific cases in the Swiss Alps costs (on the order of tens of millions of USD) related to 25 
damage and mitigation of historically unprecedented debris flows can be qualitatively attributed to climate change 26 
(including a likely anthropogenic influence) through downstream impact chains, starting from rock fall activity 27 
related to permafrost degradation (Huggel et al., 2012). 28 
 29 
Detection of changes in the occurrence of landslides is complicated by incomplete inventories, both in time and 30 
space, and inconsistency in terminology. So far, there is no clear evidence that frequency or magnitude of shallow 31 
landslides has changed over the past decades (Huggel et al., 2012a,b), not even in regions with a relatively complete 32 
event record (e.g., Switzerland, Hilker et al., 2009). The increase of landslide impacts (in terms of casualties, or loss) 33 
in South, East and South-east Asia over the past years, where landslides are predominantly triggered by monsoon 34 
and tropical cyclone activity, is largely attributed to changes in exposure, i.e. population growth (Petley, 2010). 35 
 36 
With respect to snow avalanches no change in the natural activity has so far been detected neither in Switzerland 37 
over the past 50 years (Laternser and Schneebeli, 2002) nor in Europe (Voigt et al., 2011b). While in Switzerland 38 
the missing trend in avalanche activity contrasts with a significant increase in winter precipitation over that time, 39 
methodological difficulties in these analyses are acknowledged (Laternser and Schneebeli, 2002). The detection of 40 
changes in snow avalanche impacts, such as fatalities and property loss, is difficult over the past decades due to 41 
changes in snow sport activities and avalanche defense measures. 42 
 43 
 44 
18.3.2. Terrestrial Systems (and Inland Water Systems) 45 
 46 
As documented by previous IPCC reports (notably, Rosenzweig et al., 2007), numerous changes in terrestrial and 47 
inland water systems have been attributed to recent climate change. Confidence in such detection of change is 48 
frequently very high (when there is high agreement between many independent sources of evidence of change, and 49 
when there is robust evidence that changes in ecosystems or species are outside of their natural variation). 50 
Confidence in attribution to climate change is also often high, due to process understanding of responses to climate 51 
change, or strong correlations with climate trends and where confounding factors are understood to have limited 52 
importance. Here, statements of confidence for detection and attribution are given without references, as detailed 53 
traceability is provided in chapter 4. 54 
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 1 
 2 
18.3.2.1. Phenology 3 
 4 
Since the AR4 there has been a further significant increase in the spatial, temporal and taxonomic coverage of 5 
observations of phenology (the timing of key life history events, such as flowering in plants or nesting for birds) of 6 
plants and animals, showing that many, but not all species has shifted to some degree over the last decades to 7 
centuries. New satellite-based analyses confirm earlier trends, showing that the onset of the growing season in the 8 
northern hemisphere has advanced by 5.4 days from X to 2008 and its end has been delayed by 6.6 days (Jeong et 9 
al., 2011). New findings are reported, for example, for amphibians, birds, mammals, plants. Attribution to climate 10 
change is supported by new experimental evidence, parameters include temperature, growing season length, 11 
precipitation, snow cover duration and others. More refined analyses account for regional differences in warming 12 
trends, urban heat island effects, confounding effects of other global change drivers, non-linear responses of 13 
phenology to warming. Breeding is an important phenological trait in many species, having advanced significantly 14 
across many groups and regions, similar to migration. In some cases, changing phenology affects competitive or 15 
other relationships between species. (see Chapter 4.3.2.1). 16 
 17 
 18 
18.3.2.2. Biomass and Carbon Stocks 19 
 20 
Many terrestrial ecosystems are now net sinks for carbon over much of the Northern hemisphere and also in parts of 21 
the Southern hemisphere. This is shown, for example, by inference from atmospheric chemistry, but also by 22 
increased tree growth in many regions including Europe, the United States, tropical Africa and the Amazon. Total 23 
land net primary productivity is estimated to be approx. 5% above preindustrial level, contributing to a net carbon 24 
sink on land of 2.6 ± 0.7 Pg C yr-1 (see AR5 WG1 chapter 6; (Raupach et al., 2008; Le Quéré et al., 2009), despite 25 
ongoing deforestation. Trends are in part due to N deposition, afforestation and altered land management which 26 
makes attribution to climate change difficult. The degree to which rising atmospheric CO2 concentrations contribute 27 
to this trend remains poorly known (see Chapter 4.3.2.2, 4.3.2.3). 28 
 29 
 30 
18.3.2.3. Biodiversity 31 
 32 
Across the world, species extinctions are at or above the highest rates of species extinction in the fossil record. 33 
However, only a small fraction of observed species extinctions have been attributed to climate change — most have 34 
been ascribed to invasive species, overexploitation or habitat loss or modification. For those species where climate 35 
change has been invoked as a causal factor in extinction, there is little agreement among investigators concerning 36 
the importance of climate variation in driving extinction and even less agreement that extinctions were caused by 37 
global warming. Therefore, confidence in the attribution of extinctions to climate change is very low. Changes in 38 
climate have nevertheless been identified as one of the key drivers of extinctions of amphibians, many of them in 39 
Central America (Pounds et al., 2006) (see Chapter 4.3.2.5). 40 
 41 
For different species and species groups, detected range shifts vary, and so does the confidence of detection and the 42 
degree of attribution to climate change. The number of species studied has considerably increased since the AR4. 43 
Overall, terrestrial species have recently moved poleward about 17 km per decade (sites in Europe, North America 44 
and Chile) and 11 m per decade in altitude up mountains (sites in Europe, North America, Malaysia, and Marion 45 
Island), which corresponds to predicted range shifts due to warming (Chen et al., 2011c). Over the last decades, 46 
arthropods have moved large and statistically significant distances towards the poles (many 10's of km). Species 47 
with short life cycles and high dispersal capacity – such as butterflies or herbaceous plants – are generally tracking 48 
climate more closely than longer-lived species or those with more limited dispersal such as birds and trees (Lenoir et 49 
al., 2008; Devictor et al., 2012) (see Chapter 4.3.2.5). 50 
 51 
 52 
  53 
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18.3.2.4. Impacts on Major Systems 1 
 2 
Many of the world’s forests are currently changing, due to a combination of changes in physiology and management 3 
(incl. deforestation and afforestation). Climate change, and increasing atmospheric CO2, likely play a role, but the 4 
extent of this influence can presently not be determined. In part, the current net carbon sink in the world’s forests 5 
may be due to climate. There are indications that the stimulatory effects of global warming and rising CO2 6 
concentrations on tree growth may have peaked in many regions (Refs) and that warming and changes in 7 
precipitation are increasing tree mortality in a wide range of forest systems, acting via heat stress, drought stress, 8 
pest outbreaks and a wide range of other indirect impact mechanisms (Allen et al., 2010) (see 4.3.3.1). 9 
 10 
In many freshwater ecosystems, rising temperatures have been linked to shifts in invertebrate and fish community 11 
composition, especially in headwater streams where species are more sensitive to warming (see Chapter 4.3.3.3). 12 
 13 
In tundra ecosystems, the particularly strong warming has impacted composition and structure of manu ecosystems, 14 
notably by expansion of shrubs, changing mammal populations (foxes, polar bears, caribous etc.), and 15 
decomposition of previously frozen soil carbon stocks. Alpine ecosystems throughout the world are noted to change 16 
in plant community composition by displacement to higher elevations, including extinction of species previously 17 
growing at summit levels (see Chapter 4.3.3.4). 18 
 19 
 20 
18.3.3. Coastal Systems and Low Lying Areas 21 
 22 
Coastal habitats and ecosystems have changed due to impacts from climatic and non-climatic stressors. Coastal 23 
ecosystems, being subject to both land- and ocean-based anthropogenic stressors, experience the greatest cumulative 24 
impact of human activities (Halpern et al., 2008). Most coral reefs, seagrass beds, mangroves, rocky reefs and 25 
shelves have undergone substantial impact. Coral bleaching, detected with high confidence, is attributed to warming 26 
with very high confidence (see Box 18-5). Overexploitation and habitat destruction, however, have been responsible 27 
for most of the historical changes that occurred in coastal systems (Lotze et al., 2006). 28 
 29 
 30 
18.3.3.1. Rocky Shores 31 
 32 
Changes in abundance and distribution of rocky shore species have been observed since the late 1940s in the North 33 
East Atlantic (Hawkins et al., 2008) and experiments has shown the role of temperature (e.g., Peck et al., 2009). The 34 
challenge is to distinguish the response to changes from climatic stressors, hydrology or from natural temporal and 35 
spatial fluctuations. The AR4 (Nicholls et al., 2007) reported shifts of range limits of many intertidal species of up to 36 
50 km per decade, much faster than most recorded shifts of terrestrial species. However, the geographical 37 
distribution of some species did not change in the past decades. This lack of range shifts could be due to weak local 38 
warming (Rivadeneira and Fernández, 2005) or overriding effects of variables such as timing of low tide, 39 
hydrographic features, lack of suitable bottom types, larval dispersal, food supply, predation and competition 40 
(Poloczanska et al., 2011). Changes in current patterns and increased storminess can dislodge benthic invertebrates 41 
and affect the distribution of propagules and recruitment. For example, changes in hurricane activity may have 42 
subjected mussels to more frequent and more severe disturbances compared to those that occurred during 1971-1994 43 
(Carrington, 2002). 44 
 45 
Rocky shores are among the few ecosystems for which field evidence of effects of ocean acidification is available. 46 
The community structure of a rocky shore on Tatoosh Island (Washington State, USA) has during the period 2000-47 
2008 experienced decreasing pH, while shifting from a mussel to an algal-barnacle-dominated community, but 48 
attribution to a specific stressor or set of stressors is difficult (Wootton et al. 2008). The mechanisms behind the 49 
tolerance to low pH of these communities are well understood from several naturally CO2 enriched locations 50 
(Rodolfo-Metalpa et al., 2011; Thomsen et al., 2010), but evidence for attributable impacts is still lacking. 51 
 52 
 53 
  54 
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18.3.3.2. Beaches and Sand Dunes 1 
 2 
Throughout the world, beaches and dunes, as well as bluffs and cliffs, are eroding due to a variety of processes. 3 
Some of these processes may be climate related, e.g., rising mean sea levels (Ranasignhe and Stive, 2009), storms 4 
(Mitrovica et al., 2010), changes in wave propagation due to sea level changes (Tamura et al., 2010), changes in the 5 
direction of mean wave energy (Reguero et al., 2012), the loss of natural protective structures such as coral reefs 6 
(Grevelle and Mimura, 2008) or mangrove forests due to increased ocean temperatures or ocean acidification 7 
(Bongaerts et al., 2010), permafrost degradation and sea ice retreat (Manson and Solomon, 2007). Due to the 8 
scarcity and fragmentary nature of the information available and to the multiple natural and anthropic stressors 9 
contributing to coastal erosion, attributing shoreline changes to climate change is still difficult.  10 
 11 
 12 
18.3.3.3. Submerged Vegetation 13 
 14 
Evidence for negative effects of high temperature on seagrass biomass has been reported for seagrass meadows in 15 
the Atlantic Ocean (Reusch et al., 2005), Mediterranean Sea (Marbà & Duarte, 2010) and Australia (Rasheed and 16 
Unsworth, 2011). Cardoso et al. (2008) concluded that extreme weather events contributed to the overall 17 
degradation of seagrass meadows in a Portuguese estuary.  18 
 19 
Range shifts of macroalgae may be slow (Hinz et al., 2011) and poleward shifts have been documented for warm-20 
water species only (Lima et al., 2007). Hence, the expectation of poleward range shifts of macroalgae due to 21 
increasing temperature should be considered with caution as it does not seem to be a universal process (Lima et al., 22 
2007). 23 
 24 
 25 
18.3.4. Ocean Systems 26 
 27 
In the marine realm, climate change may involve the combination of temperature effects with those of other climate 28 
related drivers (progressive ocean acidification, expanding hypoxia zones, organism shifts resulting in changing 29 
food availability, changes in habitat structure, e.g., loss of sea ice, further human interference, e.g., eutrophication). 30 
Synergistic amplification of warming effects can be expected based on process understanding and experimental 31 
studies in macroorganisms (high confidence). Observed changes in general processes are shown in Table 18-2. 32 
 33 
[INSERT TABLE 18-2 HERE 34 
Table 18-2: Confidence levels for Detection (CLD) and Attribution to climate change (CLA) of changes in general 35 
processes in Ocean Systems, by category: Geological record (GR), Phenology (PH), Distribution (DI), Calcification 36 
(CA), Abundance (AB), Demography (DE), Shift in Community Composition (SCC); Ocean Biogeochemistry 37 
(BGC); Regime Shift (RS), Migration (MI).] 38 
 39 
 40 
18.3.4.1. Ocean Warming, Acidification and Expanding Hypoxia 41 
 42 
Since AR4 the reported trends of ocean acidification have been confirmed. Furthermore, the geological record has 43 
provided robust evidence that a number of past events share characteristics of ongoing and projected climate change. 44 
However, the present and predicted rate of anthropogenic CO2 input and hence resulting ocean acidification is 45 
unprecedented in the last 300 Ma. Effects of extant ocean acidification on marine organisms have, with medium 46 
levels of evidence and confidence, been observed in very few species, e.g., mirrored in decreases of shell weight in 47 
foraminifera in the field. Attribution is supported by robust experimental evidence showing that species from many 48 
phylogenetic groups develop species specific responses and diverse sensitivities. Midwater hypoxic zones (‘oxygen 49 
minimum zone’, OMZs) with very low oxygen levels expand due to enhanced stratification and microbial 50 
respiration, as detected and attributed with high confidence to climate induced warming trends. Similarly, marine 51 
sedimentary habitats have OMZs below shoaling sediment horizons due to limited penetration and movement of 52 
dissolved oxygen. With high confidence expanding hypoxia exerts strong local and regional effects, favoring 53 
hypoxia tolerant species, excluding the calcifiers and benefiting the microbes. Such shifts are associated with a 54 
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reduction in biodiversity and the loss of high activity life forms in those areas. Vertical expansion of OMZs has led 1 
to compression of oxygenated water layers as a habitat for pelagic fishes with a high oxygen demand. 2 
 3 
There is high confidence that many examples of change detected in ocean ecosystems are largely attributed to 4 
ongoing anthropogenic warming. Temperature effects reflect the specialization of, especially higher life forms on 5 
limited ambient temperature ranges. There is robust evidence and high confidence in both detection of temperature 6 
related effects on marine animal species and their attribution to temperature through applicability of the OCLTT 7 
concept (oxygen and capacity limited thermal tolerance) by integrating findings across levels of biological 8 
organisation, molecule to ecosystem as well as the effects of multiple stressors like ocean acidification or hypoxia. 9 
 10 
 11 
18.3.4.2. Microbial Processes and Biogeochemical Fluxes 12 
 13 
Oceans provide about 50% of the oxygen consumed by human activities. Net primary production (NPP) may shift 14 
between regions with medium confidence based on limited evidence, but confidence is low that this increase may be 15 
linked to climate change. There is also low confidence in our present knowledge of alterations in microbial effects 16 
(ME). A unifying microbial concept comprehensively explaining the effect of climate change on various species and 17 
organism level processes of marine microbes (e.g., bacteria, archaea and protists) is lacking, leading to low 18 
confidence in detecting related effects in the field. This limits the confidence to low in attributing detected effects to 19 
larger scale influences of climate change. As a result, evidence is limited and confidence low in that shifts in 20 
biogeochemical pathways such as oxygen production, carbon sequestration and export production, nitrogen fixation, 21 
climate-feedback by dimethylsulfide (DMS) production, nutrient recycling, or calcification are presently happening 22 
at detectable scales, paired with low confidence in attribution to climate change. 23 
 24 
 25 
18.3.4.3. Ecosystem Shifts and Consequences for Fisheries 26 
 27 
Present variability in oceanographic conditions link to large fluctuations detected with high confidence in the 28 
structure of marine ecosystems, with a key role for temperature effects and circulation regimes as drivers (see Table 29 
18-3 for some key examples). Macroorganism (fish, invertebrates and macrophytes) effects (medium confidence in 30 
detection, medium confidence in attribution) include (i) changes in abundance and overall biomass, for example of 31 
corals or intertidal species detected with high confidence when organsims are exposed to increasing extreme 32 
temperatures; (ii) loss of habitat, (iii) changes in community composition and species richness, associated with 33 
reduced body body size, (iv) changes in species biogeographical ranges, e.g., to higher latitudes or larger depths as 34 
detected in fishes and attributed with high confidence to climate change, or in macroalgal species and rocky shore 35 
community distribution which are shifted polewards in response to warming. Long term observations also show 36 
shifts in phenology (timing of seasonal activities) and migration patterns, and in competetive as well as trophic 37 
relationships (alterations to the predator-prey system dynamics). As a consequence, local changes in catch potential 38 
result, e.g., for cod in the Southern North Sea (high confidence) and is, with high confidence attributable to climate 39 
change and exacerbated by maintained fishing pressure. The biota in certain regions may be more vulnerable to 40 
change than in other regions. In particular, those organisms in changing polar waters are unable to migrate or may be 41 
unable to acclimate or adapt to rising temperatures on relevant time scales. 42 
 43 
[INSERT TABLE 18-3 HERE 44 
Table 18-3: Confidence levels for Detection (CLD) and Attribution (CLA) for species or site specific processes in 45 
Ocean Systems, by category Geological record (GR), Phenology (PH), Distribution (DI), Calcification (CA), 46 
Abundance (AB), Demography (DE), Shift in Community Composition (SCC); Ocean Biogeochemistry (BGC); 47 
Regime Shift (RS), Migration (MI).]  48 
 49 
In marine mammals and birds, confidence is high that effects are mostly mediated through climate dependent 50 
changes in habitat structure, availability and phenology of prey organisms, or foraging efficiency, especially in 51 
mammals (polar bear, walrusses) and birds (pinguins, albatrosses), such that differential sensitivities result between 52 
species. Due to variability between species, confidence in detection is medium but high in attribution to climate 53 
change. 54 
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 1 
Over the last three decades, several species of shallow water reef-building warm water corals have with very high 2 
confidence displayed increased bleaching and decreasing calcification, and thereby, with very high confidence 3 
responded negatively to the ongoing warming trend and the associated rise in extreme temperature events and 4 
amplitudes. The patterns seen may involve an increasing influence of ocean acidification, confirmed by medium 5 
evidence for similar phenomena during mass extinctions in earth history (see also Box 18-5). 6 
 7 
 8 
18.3.5. Food Production Systems and Food Security 9 
 10 
Food production systems have experienced a drastic transformation over the past half century. Innovations unrelated 11 
to climate or ambient CO2 concentrations have led to steep increases in output of many food systems, most strongly 12 
witnessed during the “Green Revolution”. Due to their relatively small historical impact, effects of changes in 13 
climate or ambient CO2 are often regarded as noise when trying to quantify the impact of agronomic or genetic 14 
changes (Bell and Fischer, 1994). 15 
 16 
The complexity of food systems makes formal detection and attribution of impacts extremely challenging. Studies 17 
that infer an impact of changing conditions on food production or food security, for instance by using a crop model, 18 
can be considered a part of formal attribution of impacts, assuming that the change in conditions can be attributed to 19 
anthropogenic activity. Identifying a unique fingerprint associated with greenhouse gas emissions is currently not 20 
possible. No studies simulate historical trends in food-related outcomes with and without changes in anthropogenic 21 
emissions of greenhouse gases, with the possible exception of Auffhammer et al., (2009) for the case of rainfed 22 
kharif rice yields in India. Evidence for climate change impacts on food productions systems other than crops and 23 
fisheries is very limited. 24 
 25 
 26 
18.3.5.1. Crops 27 
 28 
Attribution of crop changes to climate change implies assumptions about adaptation by famers. It is often assumed 29 
that farming practices or technologies did not change in response to weather over the study period. While this 30 
assumption may hold true in some cases (Schlenker and Roberts 2009) there is evidence of substantial technology 31 
adaptation to climate for a number of crops and locations (Zhang, T. et al., 2008; Liu et al., 2009). 32 
 33 
As stated in chapter 7 of this report, many studies of cropping systems have estimated impacts of observed changes 34 
in climate over the past few decades. Based on these studies, there is high confidence (high agreement, robust 35 
evidence) that climate trends have negatively affected wheat and maize production for many regions, as well as 36 
medium confidence (high agreement, medium evidence) for negative impacts on global aggregate production of 37 
these crops (see Figure 7-3). There is also high confidence (high agreement, robust evidence) that warming has 38 
benefitted crop production in some cold regions, such as Northeast China or England (Jaggard et al., 2007; Chen et 39 
al., 2011a). A number of crop modeling studies were concerned with production for individual sites or provinces, 40 
scales below which the changes in climate conditions are likely attributable to anthropogenic activity (WG1, Chap 41 
x). Similarly, most crop studies have focused on the past few decades, a time scale shorter than most attribution 42 
studies for climate. However, some focused on continental or global scales (Lobell and Field, 2007; You et al., 43 
2009; Lobell et al., 2011), at which trends in several climatic variables, including average summer temperatures, 44 
have been attributed to anthropogenic activity (e.g. Jones et al., 2008). In particular, global temperature trends over 45 
the past few decades are attributable to human activity ( see WG1 Chapter 10)., and crop models indicate that this 46 
warming has had significant negative impacts on crop yield trends. 47 
 48 
 49 
18.3.5.2. Fisheries 50 
 51 
For fisheries one of the best studied areas is the North East Atlantic, where the temperature has increased rapidly in 52 
recent decades, associated with a poleward shift in distribution of fish (Brander, 2007). In the North Sea, average 53 
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species richness has increased by approximately 33% between 1985 and 2006, broadly attributed to warming 1 
(Hiddink and ter Hofstede 2008).  2 
 3 
For inland fisheries O’Reilly et al. (2003, 2009) estimate that warming has reduced primary productivity of Lake 4 
Tanganyika in East Africa. This warming would have led to a decrease of approximately 30% in fish yields, an 5 
important source of animal protein for local communities. 6 
 7 
 8 
18.3.5.3. Impacts of Extreme Weather Events on Food Production 9 
 10 
Frost damage is an important constraint on crop growth in many crops, including for various high-value crops. 11 
Significant reductions in frost occurrence have been observed and attributed to greenhouse gas emissions in nearly 12 
every region of the world (Alexander et al., 2006; Zwiers et al., 2011; add Ref to IPCC, 2012). Positive trends in the 13 
occurrence of unusually hot nights are also attributable to human activity in most regions. These events are likely 14 
damaging to most crops, an effect that has been observed most commonly for rice (Peng et al., 2004; Wassmann et 15 
al., 2009; Welch et al., 2010). Extremely high daytime temperatures are also damaging and occasionally lethal to 16 
crops (Porter and Gawith, 1999; Schlenker and Roberts, 2009), and trends at the global scale in annual maximum 17 
daytime temperatures have been attributed to greenhouse gas emissions (Zwiers et al., 2011). At regional and local 18 
scales, however, trends in daytime maximum are harder to attribute to greenhouse gas emissions because of the 19 
prominent role of soil moisture and clouds in driving these trends (Christidis et al., 2005; Lobell et al., 2007; Zwiers 20 
et al., 2011). 21 
 22 
 23 
18.3.5.4. Effects of Changes in Atmospheric Composition 24 
 25 
In addition to effects of climate change, there are clear effects of changes in atmospheric composition on crops. 26 
There is very high confidence (high agreement, robust evidence) that the increase of atmospheric CO2 by over 100 27 
ppm since pre-industrial times has enhanced yield growth, especially for C3 crops, although these benefits played a 28 
minor role in driving overall yield trends (Amthor, 2001; Long et al., 2006; McGrath and Lobell, 2011). As 29 
described earlier, increases in carbon dioxide are expected to have negative impacts on carbon accretion in coral 30 
reefs with potentially serious negative consequences for associated ecosystems and dependent social and economic 31 
activities (Hoegh-Guldberg et al., 2007). 32 
 33 
Emissions of CO2 have also been associated with ozone (O3) precursors that have driven a rise in tropospheric O3 34 
that harms crop yields (Morgan et al., 2006; Mills et al., 2007). There is high confidence (high agreement, robust 35 
evidence) that elevated O3 has suppressed global production of major crops, with estimated losses of roughly 10% 36 
for wheat and soybean and 3-5% for maize and rice (Van Dingenen et al., 2009). Impacts are most severe over India 37 
and China, but are also evident for soybean in the United States in recent decades (Fishman et al., 2010). 38 
 39 
 40 
18.3.5.5. Food Security 41 
 42 
The evidence that climate change has affected food production has potential implications for food security. 43 
Quantifying this effect is very challenging, as one needs to make a significant number of assumptions about the 44 
larger food system and how it interacts with the remainder of the regional and global economy. There is thus limited 45 
direct evidence that unambiguously links climate change to impacts on food security. 46 
 47 
One important aspect of food security is global food prices, particularly for poor urban consumers as well as the 48 
millions of net consumers in rural areas. Prices for major cereals, oilseeds, and other crops have exhibited an 49 
increasing trend over the past decade in a reversal of declining real prices over the previous century. The past decade 50 
has also witnessed relatively large volatility in prices, although previous periods such as the 1970’s had similar 51 
levels of variability when adjusted for inflation (Naylor and Falcon, 2010; Wright, 2011). 52 
 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 24 11 June 2012 

In a study of global production responses to climate trends, (Lobell et al., 2011) estimated a price increase of 19% 1 
due to the impacts of temperature and precipitation trends on supply, or an increase of 6% once the beneficial yield 2 
effects of increased CO2 over the study period were considered. 3 
 4 
 5 
18.4. Detection and Attribution of Observed Climate Change Impacts in Human Systems 6 
 7 
Observed impacts on human systems have received considerably less attention in previous IPCC reports and the 8 
scientific literature than have impacts on natural systems. The following sections provide a synthesis of findings 9 
with regard to human settlements, infrastructure and industry, as well a human health, well-being and security that 10 
are documented in greater detail in chapters 8, 9, 10, 11, 12 and 13. Additional material has been included from 11 
regional chapters and the available literature, in particular for the discussion of impacts of extreme events, human 12 
security, and observed changes in indigenous communities. 13 
 14 
 15 
18.4.1. Cities and Urbanization 16 
 17 
There is robust evidence across a set of case studies that climate in many urban areas has shown increasing 18 
variability and change consistent with climate change projections. The most robust evidence emerges from 19 
observational data for mean annual temperature and precipitation rates, days of extreme temperature, number of 20 
extreme rainfall events, and rate of sea level rise. This shifts are associated with an increased probability of flooding, 21 
droughts, inland flooding, coastal flooding and storm surge and heat waves, and declines in the number of extreme 22 
cold days (see Hunt and Watkiss, 2011; Romero-Lankao and Dodman, 2011; Rosenzweig and Solecki, 2011 for 23 
recent reviews). The consequences of these climate-related risks and vulnerabilities in urban areas are linked to the 24 
character and extent of urbanization, which varies markedly between cities or regions throughout the world. 25 
 26 
Attribution of observed climate change impacts in cities is more difficult to assert. Opportunities to discern climate 27 
change signals in cities are complicated by the pattern and pace of urbanization which have consequences for local 28 
environmental conditions such as intensification of urban heat islands, land subsidence associated with groundwater 29 
withdrawal, and heightened flooding probability resulting from increase of impervious surfaces. These conditions 30 
interact with ongoing climate change and as a result make it difficult to provide evidence and attribution agreement 31 
of climate change signals in cities. Agreement and evidence of detection and attribution of climate change impacts 32 
can be most strongly defined in cities such as London or New York where the current rate of local environmental 33 
transformation is relatively low and where data on local climate conditions is particularly rich (i.e., lengthy record 34 
period, wide range of data collected). From a century of detailed climate records in New York City, one can observe 35 
a trend of increasing mean annual temperatures and more frequent, intense rainfall events in recent decades (NPCC 36 
Climate Risk Information 2009). 37 
 38 
 39 
18.4.2. Economic Impacts, Key Economic Sectors and Services 40 
 41 
18.4.2.1. Economic Growth 42 
 43 
A negative cross sectional correlation has been observed between per capita income and temperature both across 44 
countries (Nordhaus, 2006) and across regions within countries (Dell et al., 2009). Though such correlations are not 45 
taken to imply causation, they are nevertheless sometimes considered overly simplistic (“climate determinism”), 46 
because the underlying mechanisms are usually complex and often not quantifiable (e.g., Liverman, 2009). In low 47 
income countries, careful tracking of incomes and temperatures over an extended period, taking into account 48 
important confounders shows that higher temperatures result in substantially lower economic growth (Dell et al., 49 
forthcoming). This effect is not limited to the level of per capita income, but also to its rate of growth. Broadly, a 1 50 
degree Celsius increase in annual average temperature has been found to lower economic growth in the same year 51 
by 1.3%, which is both statistically and economically significant (Dell et al., forthcoming). The impacts on medium 52 
and long run growth are smaller and are detected only with low confidence. The same relationships do not hold for 53 
high income countries. Generally, higher temperatures affect economic growth through impacts on the agricultural 54 
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and industrial sectors (Dell et al., forthcoming). In addition, temperature shocks negatively affect the growth of 1 
developing countries’ exports, for which 1 degree Celsius of warming in a given year reduces the growth rate of its 2 
exports by 2.0-5.7%. The export sectors most affected are agricultural and light manufacturing exports. There is no 3 
detectable effect for higher income countries (Jones and Olken, 2010).  4 
 5 
 6 
18.4.2.2. Economic Losses due to Extreme Weather 7 
 8 
Extreme weather impacts encompass both direct as well as indirect damages. Direct damages include monetary 9 
losses inflicted as a direct consequence of the weather event, on all types of tangible assets, infrastructure, public 10 
facilities or natural resources.Indirect damages are losses outside the area or not directly related to the event, for 11 
instance disruption of the documented formal or undocumented informal economy, or longer-term health 12 
consequences. Both types of losses can include assets, facilities or resources that are traded in markets, but some are 13 
not and these therefore lack a monetary value, for instance, health, the loss of cultural heritage or ecosystem services 14 
(Handmer et al. 2012, their Chapter 4.5.1, 4.5.3). 15 
 16 
The IPCC Special Report Managing the Risks of Extreme Events and Disasters to Advance Climate Change 17 
Adaptation (IPCC, 2012) reports on the current understanding of changes in impacts from weather extremes and 18 
their causes, including climate change. It established with high confidence that losses from extreme weather at the 19 
global level have increased (Handmer et al. 2012; their Chapter 4.5.3.3.; 4.5.4.1.) about 8-fold between 1960s and 20 
1990s, with insured losses rising even faster. One study determined the slope of the linear trend in global insured 21 
weather-related losses, deflated to 2008 values, in the period 1980–2008 to be US$ 1.4bn per year (Barthel and 22 
Neumayer, 2011).  23 
 24 
The chapter in IPCC (2012) dealing with human and ecosystem impacts from weather extremes (Handmer et al., 25 
2012) assessed studies on long-term changes in records of economic losses from weather extremes in detail. These 26 
studies have statistically analysed records of economic losses in order to detect changes for a range of weather 27 
extremes, including tropical and extra-tropical storms, river floods, tornadoes, wild fires, hailstorms, and flash 28 
floods. The main approach applied in such studies is the ‘normalisation’ of the loss record, which takes account of 29 
changes in exposure due to the number of people and number and value of assets at risk (see below). This method 30 
has now been applied to many studies on various extreme weather types and using different normalisation 31 
approaches (Bouwer, 2011a), that provide the basis for the conclusions drawn in this section. There are no studies 32 
available that have attempted a formal attribution in order to link past detected changes in economic losses to 33 
anthropogenic climate change (Bouwer, 2011a; Handmer et al., 2012). Some variations that are detected over shorter 34 
time spans however have been associated to climate variability, including ENSO (e.g. Pielke and Landsea, 1999). 35 
 36 
Much of the analyses on extreme weather losses use data from insurance companies, also many other time series 37 
used for analyses are directly or indirectly based on their data. The insurance sector data covers well defined direct 38 
monetary losses inflicted on tangible assets, together with a smaller proportion of monetarily defined secondary 39 
consequences such as business interruption periods or liability consequences. In most markets, insurance claims and 40 
payouts are monitored thoroughly by the insurance and reinsurance sectors. Opposite to insured losses provided by 41 
global loss databases of the largest reinsurers, direct overall losses are in those databases preferentially estimated on 42 
the basis of insurance claims and other loss indicators, while only one third is directly taken from official 43 
governmental sources (Kron et al., 2012). Thus the data on losses incurred by the insurance sector is on average 44 
more accurate than direct overall loss estimations, even though accounting for only a proportion of overall direct 45 
loss (Changnon, 2009a). While in high-income countries about 40% of direct economic losses are covered by 46 
insurance, only about 13% in middle-income countries and approx. 4% in low-income countries are covered 47 
(Cummins and Mahul, 2009). 48 
 49 
The most prominent driver of the long-term increase in losses is the change in exposure to weather extremes, such as 50 
higher concentrations of people and destructible wealth in progressively urbanized environments. Increasing 51 
insurance penetration adds to this trend for insured losses. There is high confidence in this finding according to the 52 
IPCC, 2012 (Handmer et al. 2012, their Chapter 4.2.2, Box 4-2, and 4.5.3.3; Barthel and Neumayer, 2011; Bouwer 53 
et al., 2007; Bouwer, 2011a). 54 
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 1 
There is some uncertainty regarding the appropriate methods and data for the above mentioned process of 2 
normalisation. As data on exposed assets is often lacking, many studies have resorted to proxies that mimic changes 3 
in asset values over time, including estimates of population at (sub-)national level, household property value or 4 
income, and GDP. Importantly, the possible effects of forecasting, early warning and vulnerability reduction and 5 
improved building construction are often ignored in these studies (Nicholls, 2011; Handmer al., 2012, their Ch. 6 
4.5.3.3) with a few exceptions (Crompton and McAneney, 2008), although the overall size of their effects remains to 7 
be shown and quantified (Bouwer, 2011b). The majority of studies are focused on high income countries, leading to 8 
high confidence with respect to these populations. Still, the wide diversity in data sets and methods used for the 9 
normalisation leads to the same results (Handmer et al., 2012), which increases our confidence in the findings from 10 
the many studies presently available. 11 
 12 
The few studies on trends in normalized insured weather-related losses also focus on populations and regions in high 13 
income countries, in particular Australia, USA and Germany (Barthel and Neumayer, 2011; Crompton and 14 
McAneney, 2008; Chapterangnon, 2007; Changnon, 2008; Changnon, 2009a; Changnon, 2009b; see also Chapter 15 
10.7). Due to the short time period covered and other confounding factors, it is challenging to conclusively estimate 16 
the degree to which detected trends in normalized insured weather losses indicate that an external driver, such as 17 
climate, is responsible for the increase in losses. 18 
 19 
IPCC (2012) concluded that the main cause of increasing losses from weather extremes and disasters is due to 20 
increasing exposure of people and economic assets. No part of the trend towards increasing losses could be 21 
attributed to anthropogenic climate change (see IPCC 2012: SPM). This finding is most robustly established for 22 
windstorms: i.e. hurricanes in the USA (Pielke et al., 2008; Miller et al., 2008; Schmidt et al., 2009; Bouwer and 23 
Botzen, 2011) and Caribbean (Pielke et al., 2003), tornado losses in the USA (Brooks and Dowswell, 2001; Boruff 24 
et al., 2003; Simmons et al., 2012), and windstorms in Europe (Barredo, 2010). It is also in line with the absence of 25 
changes in tropical cyclone and storm activity that can be attributed to anthropogenic climate change (see also AR5 26 
WG1, Chapter 2). 27 
 28 
However, for smaller scale events such as hailstorms there are indications that insured losses may have increased 29 
over the past 20 years in some parts of Germany (Kunz et al., 2009). Other studies also indicate possible increases in 30 
building damages due to extreme drought in France (Corti et al., 2009). The recent upswing in hurricane hazard and 31 
associated losses since the mid-1990s appears at least partly to be connected to multidecadal climate variability 32 
(Handmer et al., 2012, their Chapter. 4.5.3.3.; Seneviratne et al., 2012, their Chapter. 3.4.4). 33 
 34 
_____ START BOX 18-3 HERE _____ 35 
 36 
Box 18-3. Impacts of Recent Extreme Events and Their Link to Climate Change 37 
 38 
With the climate changing, the frequency and intensity of extreme weather events is likely to change, potentially 39 
leading to altered impacts. The IPCC Special Report Managing the Risks of Extreme Events and Disasters to 40 
Advance Climate Change Adaptation (IPCC, 2012) has concluded, with medium confidence, that the length or 41 
number of heat waves has increased and that some regions of the world, in particular southern Europe and West 42 
Africa, have experienced more intense and longer droughts. Further, there have been statistically significant 43 
increases in the number of heavy precipitation events in several regions. For many regions or systems, confidence in 44 
observed long-term changes remains low, e.g., in tropical and extra-tropical storms. Understanding of how this 45 
balance is changing requires systematic monitoring such that individual events can be placed in the context of 46 
extremes occurring worldwide (Chase et al., 2006, Stott et al., 2012), but a change in climate may also lead to new 47 
types of extreme weather events outside the bounds of historically documented weather. Such record-breaking 48 
extremes could therefore be an important way through which climate change is perceived. Since societies never 49 
experienced these kinds of meteorological extremes before, vulnerability tends to be high, and impacts may be 50 
severe.  51 
 52 
Table 18-4 lists a number of unprecedented and well documented extreme weather events since 2000, for which 53 
attribution to recent climate change has been claimed in the scientific literature, along with a selection of impacts for 54 
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which attribution to the event has similarly been claimed. Conclusions formed by joining these assessments are 1 
derived following a multi-step attribution process [18.2.1.3]. The interpretation and relevance of the attribution 2 
assessments of these events (and their impacts) remains dependent on the applied method and is therefore still 3 
controversial (Otto et al. 2012, Stott et al. 2012, see also AR5 WG1Ch10). 4 
 5 
[INSERT TABLE 18-4 HERE 6 
Table 18-4: Selection of record-breaking meteorological events since 2000, assessment of the confidence in the 7 
degree to which anthropogenic emissions made a substantial contribution, selected impacts attributed to the 8 
meteorological event, and assessment of the confidence in the degree to which the meteorological event made a 9 
substantial contribution to the impact event. Based on (Coumou and Rahmstorf, 2012).] 10 
 11 
_____ END BOX 18-3 HERE _____ 12 
 13 
 14 
18.4.2.3. Energy Systems 15 
 16 
Higher temperatures have been shown to raise the demand for cooling and lower the demand for heating. Cooling 17 
demand is largest in the summer and it has been shown that peak loads during the summer months have increased 18 
and that this peak is highly correlated with summer maximum temperatures (Franco and Sanstad, 2008). The 19 
literature showing the opposing effects of warmer winters and summers on electricity and gas demand using 20 
statistical methods have confirmed this U-shaped relationship of energy and electricity demand in temperature for 21 
the United States and elsewhere (Greenstone and Deschenes, 2011, Isaac and Van Vuuren, 2009; Akpinar Ferrand 22 
and A Singh, 2010). 23 
 24 
Production losses from thermal power plants increase when temperatures exceed standard design criteria (e.g., 25 
Erdem and Sevilgen, 2006), as would be expected to occur more frequently under climate change. Power generation 26 
facilities may also experience performance losses and other impacts related to changes in access to and temperature 27 
of cooling water, as well as sea level rise and extreme weather events (AR5WG2Chapter10; Durmayaz and Sogut, 28 
2006; CCSP, 2007; Kopytko and Perkins, 2011). Further, solar photovoltaic cells become less efficient during hot 29 
days (Skoplaki and Palyvos, 2009). 30 
 31 
The impacts of higher temperatures and extreme weather events on energy delivery, transmission, and distribution 32 
vary across different empirical studies, facility characteristics, geographic regions, and other factors. Barges and 33 
ocean vessels that transport energy resources have been shown to be particularly vulnerable to hurricanes, storms, 34 
and flooding; pipeline performance can be affected by increasing ambient and soil temperatures, as well as extreme 35 
events (IPCC WG2 Ch10, Forthcoming; CCSP, 2007). Some studies have quantified the general relationship 36 
between temperature and electricity transmission and distribution infrastructure, finding that increased temperatures 37 
can accelerate the aging of transformer insulation, lead to efficiency losses, and create power system reliability 38 
issues (e.g., Swift et al., 2001; X Li et al., 2005; Askari et al., 2009). 39 
 40 
 41 
18.4.2.4. Tourism 42 
 43 
Tourism is a climate sensitive economic sector and ample research has been performed to understand its sensitivity 44 
to climate change and impacts of (future) climate change on tourism (cf. Scott et al., 2008, see also Chapter 10.6). 45 
 46 
There is, however, little literature examining observed climate change impacts in the tourism sector. A 47 
comparatively well studied area is wintersports in lower lying areas. For example, the increase in investment in 48 
artificial snow machines in the European Alps can be attributed with high confidence to a general decrease of snow 49 
depth, snow cover duration and snow fall days since the end of the 1980’s for low-elevation mountain stations 50 
(Durand et al., 2009; Valt and Cianfarra, 2010; Voigt et al., 2011a, which in turn has been attributed to anomalous 51 
warm winter temperatures over the past 20 years (Marty, 2008). Increased variability in precipitation, shrinking 52 
glaciers and milder winters have been shown to negatively affect visitor numbers in winter sports areas in Europe 53 
and North America (Becken and Hay, 2007). 54 
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 1 
 2 
18.4.3. Human Health 3 
 4 
IPCC AR4 (Confalonieri et al., 2008) concluded that there was weak to moderate evidence (with low to medium 5 
confidence) of climate change effects on three main categories of health exposures: vectors of human infectious 6 
diseases (changes in distribution), allergenic pollen (changes in phenology), and extreme heat exposures (trend in 7 
increased frequency of very hot days and heat wave events). There was a lack of evidence for observed effects in 8 
human health outcomes, and this remains the case. The complexity of human disease systems, and the importance of 9 
social and non-climate environmental factors means that robust studies would require long time series of data on 10 
disease rates as well as other potential or actual causative factors. Only two disease systems have been well studied 11 
where health data are high quality (to minimize reporting biases), and changes in incidence occurred during and/or 12 
after observed warming periods. In all cases, the changes are relatively local and formal “attribution” for infectious 13 
diseases is limited to local warming, rather than anthropogenic forcing.  14 
 15 
The detection of a change over time for any health outcome (infectious disease, non-communicable disease, injury) 16 
is complex and requires that changes in reporting over time need to be taken into account. Malaria incidence has 17 
been monitored in the Kericho region of Kenya for over 20 years. A local warming trend occurred during the end of 18 
the observation period (Omumbo et al., 2010). Other studies have confirmed that malaria incidence is sensitive to 19 
temperature and rainfall effects, but it is a complex ecological system (changes in vector, human and parasite 20 
behavior need to be accounted for). A straightforward regression analysis would be insufficient to establish the role 21 
of warming in the observed change in distribution. A mosquito-human model, however, has shown that predicted 22 
malaria cases exhibit a strongly non-linear response to observed warming (Alonso et al., 2011). A detailed review by 23 
Chaves and Koenraadt (2010) finds robust evidence that decadal temperature changes have played a role in 24 
changing malaria incidence. Temperature trends should nonetheless not be considered the main or sole cause of such 25 
changes in malaria in the east African highland region.  26 
 27 
There is limited evidence regarding the role of observed warming in changes in tick-borne disease in mid to high 28 
latitudes. The upsurge of tick borne encephalitis (TBE) in the 1980-90s in central and eastern Europe has been 29 
attributed to socio-economic factors (human behavior) rather than temperature (Sumilo et al., 2008, 2009). Changes 30 
in the observed incidence of TBE in central Sweden remain unexplained however (Randolph et al., 2010). Changes 31 
in the latitudinal and altitudinal distribution of ticks in Europe are consistent with observed warming trends (e.g., 32 
Gray et al., 2009), but there is no evidence so far of any associated changes in the distribution of human cases of 33 
tick-borne diseases. In North America, there is good evidence of northward expansion of the distribution of the tick 34 
vector (Ixodes scapularis) in the period 1996 to 2004 (Ogden et al., 2010).  35 
 36 
There is limited evidence of a change in distribution of rodent-borne infections in the US (plague and tularaemia) 37 
consistent with observed warming (Nakazawa et al., 2007). Specifically, a northward shift of the southern edge of 38 
the distributions of the disease (based on human case data for period 1965-2003) was observed. There was no 39 
change in the northern edge of the distribution. Temperature and rainfall have had effects on the incidence of rodent-40 
borne hantavirus infections in Europe. The reported increase in NE (Nephropathia epidemica) in Belgium since 41 
1993 is associated with temperature in the previous year causing an increase in rodents food sources (mast) 42 
(Clement et al., 2009). However, there is insufficient evidence to attribute the trend in cases to the observed 43 
warming trend.  44 
 45 
For pollen production, changes in phenology have been consistently observed in mid to high latitudes with, for 46 
example, earlier onset in Finland (e.g. Yli-Panula et al., 2009) and Spain (D'Amato et al., 2007, Garcia-Mozo et al., 47 
2010) (see also Chapter 4). In North America, the pollen season of ragweed (Ambrosia spp.) has been extended by 48 
13-27 days since 1995 at latitudes above 44°N (Ziska et al., 2011). Allergic sensitization of humans has changed 49 
over a 25 year period in Italy, but the attribution to observed warming remains unclear (Ariano et al., 2010).  50 
 51 
AR4 concluded that an increase in heat wave-related deaths could be attributed to climate change. However, this 52 
assessment is dependent on the attribution of single weather events (or a short term trend in weather events) to 53 
anthropogenic forcing (see WGI for further discussion on this point). The association between very hot days and 54 
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increases in mortality in temperate populations is very robust. It is therefore very likely that the observed increase in 1 
very hot days will have been associated with an increase in number of heat-related deaths in mid-latitude 2 
populations, and similarly a decline in cold-related deaths.  3 
 4 
 5 
18.4.4. Human Security 6 
 7 
18.4.4.1. Violent Conflicts and Social Disruptions 8 
 9 
There is some evidence that climate events, such as major droughts, have been associated with violent conflict, 10 
abrupt disruptions of normal political activities, or security disruptions. In a recent review of work that examines 11 
how climatic affect populations with fixed composition, 25 out of 26 quantitative analyses found substantial 12 
associations between climate and weather events and violent conflict, social instability or political disruption 13 
(Hsiang and Burke, 2012). The relationship of these climate events and their impacts with anthropogenic climate 14 
change remains undetermined however. 15 
 16 
Associations between some modern violent conflicts and anomalies in rainfall, temperature, drought or water 17 
availability have been characterized in Africa at national (Miguel et al., 2004; Burke et al., 2009; Bruckner and 18 
Ciccone, 2011; Couttenier and Soubeyran, 2011; Pasquale and Travaglianti, 2010; Hendrix and Salehyan, 2012) and 19 
subnational (Harari and Ferrara, 2011; Theisen, 2012) scales, but some of these studies appear contradictory. 20 
Ultimately, though, the exact local relation may depend on a variety of other determinants including the local 21 
institutions' ability to mediate and cooperate (Adano et al., 2012; Thiesen, 2012). 22 
 23 
In subnational datasets outside of Africa, associations between recent civil conflict and water availability have been 24 
described globally (Levy et al., 2005), between redistributive conflict and rainfall anomalies in Brazil (Hidalgo et 25 
al., 2010), between rainfall declines and inter-ethnic violence in India (Bohlken and Sergenti, 2010) and between 26 
high temperatures and personal violence in the United States (Jacob et al., 2007; Larrick et al., 2011). Irregular 27 
political transitions, indicating rapid destabilization of existing power structures, appear to be associated with 28 
anomalous climatic conditions in some individual countries (Burke and Leigh, 2010; Bruckner and Ciccone, 2011; 29 
Burke, 2011).  30 
 31 
Measureable associations between anomalous weather and security disruptions have been noted at both municipal 32 
(Jacob et al., 2007) and global scales associated with El Niño events in the tropical Pacific (Hsiang et al., 2011). 33 
Similarly, changes in the risk of security disruptions have occurred in tandem with anomalous climatic conditions 34 
persisting over a variety of temporal scales, from anomalies lasting a week (Jacob et al., 2007) to those lasting 35 
roughly a year (Miguel et al., 2004; Burke et al., 2009; Bruckner and Ciccone, 2011; Couttenier and Soubeyran, 36 
2011; Pasquale and Travaglianti, 2010; Hendrix and Salehyan, 2012; Hsiang et al., 2011) through to those lasting 37 
decades, centuries and millennia (Cullen et al., 2000; Kuper and Kröpelin, 2006; Chaney, 2011; Buckley et al., 38 
2010; Stahle et al., 1998; DeMenocal, 2001; Haug et al., 2003; Tol and Wagner, 2010; Zhang, D. et al., 2007; 39 
Yancheva et al., 2007; Zhang et al., 2006; Bai and Kung, 2010). 40 
 41 
The climatic conditions that are associated with security disruptions are almost always linked to lower agricultural 42 
yields in staple crops (Schlenker and Roberts, 2009; Lobell and Burke, 2010; Schlenker and Lobell, 2010). It is 43 
hypothesized that lost agricultural production may lead to security crises through food prices or other pathways 44 
(Lagi et al., 2011; Zhang, D. et al., 2011), but the importance of this pathway remains contested in the absence of 45 
clear evidence (Bezzi and Blattman, 2011; Carter and Bates, 2012). Large-scale political violence is less responsive 46 
to climatic changes in populations that are high-income (Hsiang et al., 2011), suggesting that certain resources or 47 
institutions may promote stability. In the absence of clearly defined causal pathways linking security risk with 48 
climate variations, it is not possible to assess the degree to which the risk of security crises are attributable to the 49 
climate variations. 50 
 51 
 52 
  53 
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18.4.4.2. Migration 1 
 2 
Large population movements, in response to climatic events, are sometimes considered a human security issue. 3 
Possible empirical detection of such relationships has been slow because data sets on population movements are not 4 
yet well developed. Moreover, the attribution of migration to climate change is difficult because economic, political, 5 
social, demographic, and other environmental drivers interact with climatic drivers to influence migration (Black et 6 
al., 2011). Few studies measure or empirically demonstrate how rainfall or temperature changes cause a 7 
strengthening or weakening of the various forces driving migration, especially income levels and income variability 8 
(Lilleør and Van den Broeck, 2011). 9 
 10 
Some large sample studies have been able to detect population movements in response to natural disasters (Smith et 11 
al., 2006; Boustan et al., 2012) and climate-induced agricultural losses (Feng et al., 2012) in the United States, 12 
where data quality is high. In both the United States and African contexts, crop losses have also been associated with 13 
rural to urban population movements within a country (Barrios et al., 2006; Feng et al., 2012). By statistical 14 
attribution, Marchiori et al. (2012) estimate that anomalous temperature and rainfall displaced roughly 128,000 15 
people per year in Sub-Saharan Africa during 1960–2000. 16 
 17 
Climate change-induced drought has prompted both short-distance (Tacoli, 2009) and long distance international 18 
migration, with the Mexican drought of the 1990s providing an example of the latter (Saldaña-Zorrilla and 19 
Sandberg, 2009; Feng et al., 2010). In Burkina Faso, temporary moves to other rural areas have increased as a result 20 
of a reduction in rainfall (Henry et al., 2004). Even though there is a statistically significant relationship between 21 
migration outcomes and rainfall variability, Kniveton et al. (2011) report from own fieldwork that only 27 of 3,517 22 
households identified rainfall as a driver of migration. 23 
 24 
 25 
18.4.5. Rural Areas, Livelihoods and Poverty 26 
 27 
Poor people are expected to experience disproportionate harm from climate change impacts (see Chapter 13). 28 
Impacts of climate change on livelihoods and poverty in rural areas may be mediated through water resources, 29 
agriculture, ecosystems, infrastructure and other systems. Identifying climate change as a driver of impacts on 30 
poverty and livelihoods in rural areas is inevitably problematic though (e.g., Nielsen and Reenberg, 2010). 31 
Confidence in attributing observed impacts to climate change therefore tends to be low, even though the 32 
deterioration of human livelihoods related to climatic factors may well exist in many regions. 33 
 34 
Recent assessments of poverty and climate impacts have focused on food availability and food prices (Ahmed et al., 35 
2009). Repeated drought events erode the assets of the poor and marginal (Tschakert et al., 2011), With a lack of 36 
concurrent development, climate change is challenging the coping capacity of Mongolian pastoralists (Janes, 2010). 37 
Poverty is a multidimensional and dynamic process which is exacerbated by climate change in many ways, both 38 
directly and indirectly (see Chapter 13-9).There is mounting evidence that men and women are impacted differently 39 
by climate change, due to their different roles within the household, their communities, and wider socio-political and 40 
institutional networks (e.g. Carr, 2008). 41 
 42 
For indigenous peoples, specific rights, including the right to life, adequate food, water, health, adequate housing, 43 
and the right to self-determination, are directly implicated by the impacts of climate change (Ford, 2009, see also 44 
Box 18-4). Violations of these rights are linked to geographic vulnerabilities, such as those of small island states, as 45 
well as poverty and existing vulnerabilities and inequalities (Limon, 2009).  46 
 47 
_____ START BOX 18-4 HERE _____ 48 
 49 
Box 18-4. Detection, Attribution, and Traditional Ecological Knowledge (TEK) 50 
 51 
Indigenous and local peoples often possess detailed knowledge of climate change that is derived from observations 52 
of environmental conditions over many generations. Consequently, there is increasing interest in merging this 53 
traditional ecological knowledge (TEK)—also referred to as indigenous ecological knowledge (IEK) or simply 54 
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indigenous knowledge (IK)—with western science in order to better understand and detect climate change impacts 1 
(Ford et al., 2011; Green and Raygorodetsky, 2010; Huntington et al., 2004; Parry et al., 2007; Salick and Ross, 2 
2009). TEK, however, does not simply augment western science, but rather stands on its own as a valued knowledge 3 
system that can be “co-produced” with science (Agrawal, 1995; Berkes, 2009; Byg and Salick, 2009; Cruikshank, 4 
2001; Ford et al., 2011; Herman-Mercer et al., 2011; Hulme, 2008; Maclean and Cullen, 2009; Wohling, 2009). 5 
 6 
Cases in which TEK and scientific studies both detect the same phenomenon offer a higher level of confidence 7 
about climate change impacts and environmental change (Alexander et al., 2011; Cullen-Unsworth et al., 2011; 8 
Green and Raygorodetsky, 2010; Huntington et al., 2004; Krupnik and Ray, 2007; Laidler, 2006; Salick and Ross, 9 
2009) and the value of indigenous knowledge. For example, in Peru's Cordillera Blanca mountains, local residents 10 
and instrument-based scientific analysis both report increasingly rapid glacial recession, less snow in the upper 11 
watershed, decreased water supplies in glacier-fed basins, and an increase of falling glacier “blocks” since the latter 12 
half of the 20th century (Baraer et al., 2012; Bury et al., 2010; Carey, 2010; Carey et al., 2012). For another, in Tibet, 13 
many, but certainly not all, local residents observed warming temperatures, less snow, and shrinking glaciers, which 14 
are consistent with scientific interpretations (Byg and Salick, 2009). And at Clyde River, Nunavut, Canada, Inuit and 15 
scientific observations detect that wind speed has increased in recent years and that wind direction changes more 16 
often over short periods (within a day) than it did during past decades (Gearheard et al., 2010). Finally, in the 17 
Canadian Arctic, Inuit sea ice experts and scientists have both observed the thinning of multiyear sea ice, the 18 
shortening of the sea ice season, and the declining extent of sea ice cover, with Inuit observers reporting less 19 
predictability in the sea ice and more hazardous travel and hunting at ice edges (Aporta et al., 2011; Ford et al., 20 
2009; Krupnik and Ray, 2007; Laidler, 2006; Nichols et al., 2004). 21 
 22 
TEK can also inspire scientists to study new issues in the detection of climate change impacts. In one case, 23 
experienced Inuit weather forecasters in Baker Lake, Nunavut, Canada, reported that it had become increasingly 24 
difficult for them to predict weather, suggesting an increase of weather variability and anomalies in recent years. To 25 
test Inuit observations, scientists analyzing hourly temperature data over a 50 year period confirmed that afternoon 26 
temperatures fluctuated much more during springtime during the last 20 years—precisely when Inuit forecasters 27 
noted unpredictability—than they had during the previous 30 years (Weatherhead et al., 2010). 28 
 29 
Despite frequent confluence between TEK and scientific observations, there are sometimes discrepancies between 30 
them. These discrepancies indicate uncertainty in the identification of climate change impacts. Attribution of 31 
impacts to anthropogenic climate change, for example, tends to have much less convergence between TEK and 32 
western science. While community members in Canada’s Northwest Territories report that less ice cracking during 33 
the last decade was a result of winter warming caused by climate change, scientists have, concluded that the 34 
relationship between ice cracking and air temperature is much more complex and requires more research on water 35 
temperature, ice thickness, snow cover, and ice properties in order to attribute reduced ice cracking to global climate 36 
change (Woo et al., 2007).  37 
 38 
Scale is another problem in the detection of climate change: TEK and scientific studies frequently focus on different 39 
and distinct scales that make comparison difficult. Local knowledge may fail to detect regional environmental 40 
changes while scientific regional or global scale analyses may miss local variation (Wohling, 2009). In some cases 41 
TEK and scientific studies measure or note distinct phenomenon that cannot be compared or have inaccuracies 42 
(Gearheard et al., 2010). Furthermore, TEK based observations and related interpretations necessarily need to be 43 
viewed within the context of the respective cultural, social, and political backgrounds (Agrawal, 1995). Therefore, a 44 
direct translation of TEK into a western science perspective is often not feasible. 45 
 46 
_____ END BOX 18-4 HERE _____ 47 
 48 
Shifts from transient to chronic poverty due to climate change are suggested for livelihoods and households that, 49 
unlike more affluent ones, lack appropriate response options to climatic changes and, consequently, are squeezed out 50 
of alternatives, ending up as chronically poor with few if no opportunities to reverse this trend (Hardoy and 51 
Pandiella, 2009). A number of observed shifts consistent with this suggestion have been noted (see Table 18-5), 52 
drawing attention to the elderly poor women and socially and economically oppressed class strata worldwide who, 53 
due to highly variable access to critical assets and insufficient rights, are unable to cope with altered seasonalities, 54 
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unpredictable seasons, and extreme events such as floods and droughts and, hence, are increasingly at risk of 1 
shifting into chronic poverty.  2 
 3 
[INSERT TABLE 18-5 HERE 4 
Table 18-5: Cases of regional livelihood impacts attributed to climate change or climate variability.] 5 
 6 
 7 
18.5. Detection and Attribution of Observed Climate Change Impacts across Regions 8 
 9 
The following section synthesizes new knowledge since the AR4 for the major regions of the globe, building 10 
directly on the corresponding chapters 22, 23, 24, 25, 26, 27, 28, 29 and 30 included in Part B of the AR5. 11 
 12 
 13 
18.5.1. Africa 14 
 15 
African systems present many strong challenges for the potential detection and attribution of responses to climate 16 
change. Given the weak spatial and temporal variations in temperature, there is smaller scope for migrational and 17 
phenological responses to anthropogenic climate change than in other parts of the world; for instance, natural 18 
vegetation coverage is largely controlled by precipitation (Greve et al., 2011). Furthermore, high quality monitoring 19 
is relatively sparse in time and space, and often can be badly designed for detecting changes across margins and 20 
borders where responses to climate change are often most expected (Midgley et al., 2007). The dearth of studies 21 
examining attribution questions means it is currently difficult to estimate the degree to which studies are selectively 22 
published based on results, and thus to determine whether each attribution study is only indicative of local reasons 23 
for concern or if it is more generally representative of a broader domain. 24 
 25 
Since the AR4 there has been a particular research focus on three geographic domains: the effects of dryness in the 26 
Sahel since 1970 on tree density and river discharges (le Polaine de Waroux and Lambin, 2011; Gonzalez et al., 27 
2012); the effects of surface warming and resulting increased stratification on the Great Lakes, particularly Lake 28 
Tanganyika, on the lake ecology (Verburg and Hecky, 2009); and the effect of warming on species ranges in 29 
southern Africa, where spatial temperature gradients are larger and there is more scope for range shifts as a 30 
measureable response (Foden et al., 2007; Raxworthy et al., 2008; Hockey and Midgley, 2009; Hockey et al., 2011). 31 
The Sahel drying appears to be driven largely by warming of the global ocean and thus a characteristic of larger 32 
scale climate change (Giannini et al., 2008); on the other hand, while the warming of the Great Lakes is 33 
unprecedented in at least a number of centuries (Tierney et al., 2010; Powers et al., 2011), the large number of recent 34 
stressors have made it difficult to determine a climatic contribution to the major trophic shifts of recent decades 35 
(Desky and Sarmento, 2008; Stager et al., 2009; Hecky et al., 2010). 36 
 37 
There has been continued interest in the link between disease incidence and long-term climate change. Most of this 38 
research has tended to be located at the margins of endemicity (Alonso et al., 2011), thus while being indicative of 39 
local reasons for concern these studies may not be representative of changes over the continent as a whole (Lafferty, 40 
2009). Gething et al., (2010) note that the overwhelming tendency over the continent over the last century has been 41 
toward lower malaria endemicity, mostly due to economic development and disease control (Prudhomme et al., 42 
2010). 43 
 44 
A new area of research since the AR4 has been on whether climate variability, and in particular extremes in rainfall, 45 
are a driver of conflict (Gleditsch, 2012, see also 18.4.4.1). There is evidence that extremes in rainfall, especially 46 
wet years associated with El Niño climatic events, are associated with various forms of political conflict in Africa 47 
generally (Hsiang et al., 2011; Hendrix and Salehyan, 2012), but results of studies in Kenya both support and refute 48 
this locally (Adano et al., 2012; Raleigh and Kniveton, 2012; Thiesen, 2012). Ultimately, the nature of the local 49 
relation may strongly depend on the local social institutions' ability to mediate and cooperate (Adano et al., 2012; 50 
Thiesen 2012). 51 
 52 
Notably, trends in climate and trends in risks of impacts associated with those climate trends may not be obviously 53 
related. For instance, Di Baldassarre et al., (2010) note that flood-related fatalities have been increasing across the 54 
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continent, but they find no noticeable changes in annual maximum discharges in catchments spanning Africa; 1 
instead, they conclude that the trend in flood risk arises from increased vulnerability accompanying unplanned 2 
settlement in flood-prone areas. On the other hand, while the tree species most affected by the recent Sahelian 3 
drought are fruit-bearing and were probably introduced by humans during the previous wet period (Maranz 2009), 4 
detection of an effect on the local communities is complicated as human populations in the region adopt livelihoods 5 
less dependent on climate (Nielsen and Reenberg, 2010). 6 
 7 
 8 
18.5.2. Europe 9 
 10 
Further and better quality evidence since 2007 supports the conclusion of AR4 (Alcamo et al., 2007) that climate 11 
change is affecting land, freshwater and marine ecosystems in Europe. Warming has caused advancement in the life 12 
cycles of many animal groups, including frogs spawning, birds nesting and the arrival of migrant birds and 13 
butterflies (see WGII chapter 4 and review by (Feehan et al., 2009). For common European birds, species with the 14 
lowest thermal maxima showed the sharpest declines between 1980 and 2005 (Jiguet et al., 2010). Between 1971 15 
and 2000, the average advance of spring and summer was 2.5 days per decade. The pollen season starts on average 16 
10 days earlier and is longer than 50 years ago (Feehan et al., 2009). Warming has shifted sea fish species ranges to 17 
higher latitudes [high confidence] and reduced body size in species [low confidence] (Daufresne and Boet, 2007; 18 
Daufresne et al., 2009). High temperatures have increased the frequency of harmful cyanobacterial blooms (Johnk et 19 
al., 2008).  20 
 21 
In European mountain regions, warming has shifted species’ ranges to higher altitudes. Evidence for such shifts is 22 
provided by observed changes in vascular plant species richness in a standardized monitoring network across 23 
Europe’s major mountain ranges (Pauli et al., 2012). Alpine vegetation in multiple sites across Europe shows 24 
evidence of thermophilization – a decline in more cold adapted species and increase in the more warm-adapted 25 
species (Gottfried et al., 2012). These shifts had opposite effects on the summit floras’ species richness in boreal-26 
temperate mountain regions (+3.9 species on average) and Mediterranean mountain regions (–1.4 species), probably 27 
because recent climatic trends have decreased the availability of water in the European south (Pauli et al., 2012). 28 
 29 
A decline in the growth trend of cereal yields in Europe has been observed in the last 20 years (Olesen et al., 2011) 30 
although national statistical yields do not reach the potential yields (Supit et al., 2010). In France, genetic progress in 31 
wheat yields was partly counteracted from 1990 on by heat stress during grain filling and drought during stem 32 
elongation, as well as by agronomical factors (Brisson et al., 2010). This is consistent: i) with statistical modelling 33 
showing that cereal yields have been negatively affected by warming in some European countries since 1980, e.g. in 34 
France by -5% for wheat and -4% for maize (Lobell et al., 2011) and ii) with agro-climatic modelling showing over 35 
1976-2005 a widespread decline of European potential crop yields, especially in Italy, central and eastern Europe, 36 
albeit increasing potential yields in the British Isles (Supit et al., 2010). Overall, the picture is complex and there is 37 
only low confidence that cereal yields have been negatively affected by observed warming in some European 38 
countries since 1980s [limited evidence].  39 
 40 
There is limited evidence regarding the impact of observed climate warming on forest productivity, indicating both 41 
increases (Rodolfi et al., 2007) and decreases (Bertini et al., 2011) in Southern Europe (Italy). Since the AR4 there 42 
has been more evidence that climate change has affected plant pests and diseases. Higher temperatures have resulted 43 
in increased frequency and length of late summer warming events, producing a second generation of bark beetle in 44 
southern Scandinavia and a third generation in lowland parts of central Europe (Jönsson et al., 2011). Warming has 45 
caused the spread of blue tongue disease in ruminants in Europe (Guis et al., 2012) (medium confidence). Ticks, 46 
which are the primary arthropod vectors of zoonotic diseases in Europe, have likely extended their northern 47 
distributions with warming (van Dijk et al., 2010).  48 
 49 
The frequency of river flood events, and annual flood and windstorm damages in Europe have increased over recent 50 
decades. This increase is mainly due to increased exposure (high confidence), and contribution of climate change is 51 
not confirmed (Seneviratne et al., 2012, see also 18.4.2.2). The observed increase in the frequency of hot days and 52 
hot nights (medium confidence, WGI Chapter 10) is likely to have increased heat-related health effects in Europe 53 
(medium confidence), and well as a decrease in cold related health effects (medium confidence) (Christidis et al., 54 
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2010). Many impacts on health and welfare, and across multiple economic sectors have been observed due to the 1 
major heatwave events of 2003 and 2010 in Europe. The attribution of such events to anthropogenic climate change 2 
is discussed in WGI (e.g. Bindoff et al., in prep., 10.6)  3 
 4 
 5 
18.5.3. Asia 6 
 7 
Key findings from AR4 for Asia include a surface mean temperature increase of >1°C to 3°C during the las t 8 
century, which has been more pronounced in North Asia, and highly variable precipitation trends with increasing 9 
intensity and frequency of extreme weather events. These factors have led to changes in the hydrological cycle and 10 
thus, changes in water resources. The combination of warming, sea level rise and precipitation changes has impacted 11 
oceanic, coastal and other natural ecosystems, as well as human and managed systems.Since the AR4, a number of 12 
new studies have addressed impacts of climate change on natural and managed systems in Asia. 13 
 14 
For freshwater resources, observed climate change-related impacts include increased surface water availability in 15 
areas of Central Asia, in particular, in the Himalayas and the central Asian Mountains (Cassasa et al., 2009; Shresta 16 
and Aryal, 2011; Zhang, J. et al., 2011). For Himalayan glaciers, there is evidence of rapid deglaciation (high 17 
confidence) leading to increased water availability in the short term, but attribution to climate change is still difficult 18 
due to the relatively short temperature and rainfall records in Nepal (Shresta and Aryal, 2011; Zhang, J. et al., 2011). 19 
Marked decline of water availability (low confidence) has been found in the arid and semi-arid areas of the region, 20 
such as in eastern Mongolia (Brutsaert and Sugita, 2008). Falling groundwater tables in the Yangtze and Yellow 21 
Rivers are observed (medium confidence in attribution to response to warming) as evidenced by falling lake water 22 
levels, drying swamps (Cheng and Wu, 2007) and reduced soil moisture in China (Wang et al., 2011). Increasingly, 23 
degrading water quality is detected, part of which must be attributed to confounding factors such as direct pollution 24 
(Prathumratana et al., 2008; Delpla et al., 2009; Huang et al., 2009; Zhang, G. et al., 2007). 25 
 26 
In much of the permafrost zones of Siberia, Central Asia and the Tibetan Plateau, warming has caused a detectable 27 
reduction in permafrost areas and increased thickness of the active layer (ALT), with high confidence both in 28 
detection and attribution (Romanovsky et al., 2008; Romanovsky et al., 2010; Cheng and Wu, 2007; Zhang, N. et 29 
al., 2011; Zhao et al., 2010). This includes the Kazakh part of the Tien Shan Mountains in which there has been an 30 
increase of 23% in ALT compared to the early 1970s (Zhao et al., 2010). In northern Asia, the boundary between the 31 
continuous and discontinuous permafrost zone is advancing towards the north, while in the Qinghai-Tibet Plateau 32 
(QTP) and Central Asian region, decreasing permafrost areas are accompanied by increasing thickness of the active 33 
layer, rising lower limit of permafrost and thinning seasonal frost depth are due to the warming and other non-34 
climate stressors such as human activities (Cheng et al., 2007). 35 
 36 
Phenological changes consistent with the regional warming are being seen in Asia, such as changes in life cycles or 37 
behavior of plants and animals, and in vegetation distribution (Soja et al., 2007; Doi and Katano, 2008; Sokolov and 38 
Gordienko, 2008; Primack et al., 2009; Fujisawa and Kobayashi, 2010; Yu et al., 2010). In temperate East Asia, 39 
satellite-based monitoring (NDVI) has been used to detect changes in plant growth, indicating (with high confidence 40 
both in detection and attribution) a lengthening of the growing season by 9.5 days / decade during the period 1982-41 
2000. This trend has not been confirmed, however, for the period 2000-2008 (Jeong et al., 2011; Piao et al., 2011). 42 
There is higher confidence in observed phenology changes in northern China and Japan than elsewhere in the region 43 
(e.g., for the flowering of apple and cherry trees in Japan (Fujisawa and Kobayashi, 2010; Primack et al., 2009). Part 44 
of this change is attributed to local effects (urban heat island). A change in distribution ranges in invertebrates is also 45 
being seen in central Japan (Tougou et al., 2008) with shifts of Lepidoptera in response to four decades of climate 46 
warming (high confidence) at Mt. Kinabalu, Malaysia (Chen et al., 2011b). In contrast to other parts of the globe, 47 
such as in Europe and Africa, where climate change has influenced the winter migration of birds, inter-annual 48 
fluctuations alone explain the dates of arrival for migratory birds in the Southern Urals, despite regional warming 49 
(Sokolov and Gordienko, 2008). 50 
 51 
Recent changes in the distribution of species and biomes attributed to climate change are consistent with AR4 52 
projections. There is strong evidence that climate trends have been driving the increase in species richness and 53 
diversity with decreasing latitudes in the permafrost wetlands in the Great Hing’an Mountains (Sun et al., 2011), the 54 
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increasing forest productivity at the northern sites in the Siberian taiga and declining along the south (Lloyd et al., 1 
2011) and even in central and semi-arid northeastern Asia where declines of productivity and regeneration is 2 
dominant within the Mongolian taiga forests due to increasing aridity (Dulamsaren et al., 2010a). There also are 3 
shifts to higher elevations and / or higher latitudes-the observed shift northwards and upslopes in the southern 4 
mountains across Russia (Soja et al., 2007), the invasion of trees into the tundra, steppe or alpine meadows at high 5 
altitudes of northern Asia (Soja et al., 2007; Kharuk et al., 2010), the expansion of forests in the North Ural 6 
Mountains (Moiseev et al., 2010) and the upward migration of the mountain treeline by as much as 70 m in southern 7 
Siberia (Kharuk et al., 2010; Kharuk et al., 2011). These studies attribute the changes to climate change-related 8 
factors, although some confounding factors such as competition between trees and grasses, infestation and wildfire 9 
disturbance are also considered important (Soja et al., 2007; Moiseev et al., 2010; Dulamsaren et al., 2010b; Eichler 10 
et al., 2011). 11 
 12 
On the other hand, there have been decelerating growth rates in 58-95% of species in the tropical forests (low 13 
confidence) in Malaysia during the last 20 years (Feely at al., 2007), contradicting previous studies which have 14 
reported accelerated growth rates purported to be caused by rising concentrations of carbon dioxide emissions and 15 
carbon fertilization. 16 
 17 
For coastal systems and low-lying areas in most of Asia’s non-Arctic coastal ecosystems, it is difficult to separate 18 
impacts of climate change from those of non-climate factors such as coastal subsidence, the impacts of groundwater 19 
withdrawal and other human activities (Syvitski et al., 2009). There is high confidence in the attribution of climate 20 
impacts on Asian coral reefs to climate change (Hoegh-Guldberg, 2011; see Box 18-5). In Japan, observed impacts 21 
such as the expansion towards the north of tropical and subtropical macroalgae and toxic phytoplankton (Nagai et 22 
al., 2011) are being attributed to the warming of the coastal waters. Similarly, the widespread decline in beds of 23 
large seaweeds in Japan is being seen as a result of increases in coastal surface waters, possibly confounded with 24 
longer herbivore activity (Nagai et al., 2011). Along the coastlines of Arctic Asia, erosion (an average rate of 0.27 m 25 
yr-1 in Chukchi Sea and 0.87 m yr-1 in the East Siberian Sea, and at larger rates in some parts since the second half of 26 
the 20th century) has been detected (Lantuit et al., 2011). Attribution of the coastal erosion to climate change 27 
includes both the contribution of permafrost and sea ice degradation (Are et al., 2008). 28 
 29 
For managed systems such as food production systems, there are very few studies in Asia and they do not support 30 
the quantification of possible responses to climate change. For instance, in China, a study made to quantify the 31 
response of rice crops to recent climate change in the region using 1981-2005 data in experimental stations has 32 
indicated positive response to higher temperatures and increased radiation in some places but negative response to 33 
higher temperatures and increased rainfall in others (Zhang et al., 2010). Elsewhere in the region (Jordan) increasing 34 
climate variability, in particular that of rainfall has affected the production of wheat and barley (Bakri et al., 2010). 35 
 36 
There is some evidence showing that warming has affected human health in Asia directly or indirectly (Kan et al., 37 
2011; Huang et al., 2008). Most health studies use limited records both in terms of climate and disease surveillance, 38 
thus confidence in detected impacts is rather low. 39 
 40 
 41 
18.5.4. Australasia 42 
 43 
There is very high confidence that the regional Australasian climate is changing, with long-term warming trends in 44 
surface air and sea-surface temperatures, more hot and fewer cold extremes, and changing rainfall patterns, 45 
including marked declines in south-west since the 1970s and south-east Australia since the mid-1990s (Hope et al., 46 
2010). Over the past 50 years, increases in regional average temperature can be attributed at least in part to 47 
increasing greenhouse gas concentrations (high confidence) and changes to rainfall in some parts of the region may 48 
also be partially so attributed (medium confidence). 49 
 50 
The years 2001 to 2010 witnessed record dry conditions in many parts of inland eastern Australia (Potter et al., 51 
2010) with the hydrological impacts exacerbated by record warm temperatures (Cai et al., 2009a) leading to record 52 
low river flows (Gallant and Gergis, 2011).  53 
 54 
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In Australia, late season snow depth, observed in four locations, has declined significantly (Hennessy et al., 2008b). 1 
In New Zealand, glacier ice volume has declined by almost 50% over the 20th century and by almost 25% since 1950 2 
(ref.) Many glaciers have also responded to atmospheric circulation changes (e.g., typically higher equilibrium 3 
altitudes during La Ninas than during El Ninos) with significant volume losses up to the 1970s, gains after the mid-4 
1980s and further losses since 2000 (Zemp et al., 2008).  5 
 6 
The number of tropical cyclones in the Australia region has not changed over 1981-2007 nor has the proportion of 7 
intense storms (Kuleshov et al., 2010) (medium confidence). However, there is a trend to less frequent landfall of 8 
cyclones since the late 19th century (Callaghan and Power, 2011) and to more cyclones to the west of the Australia 9 
relative to the east (Hassim and Walsh, 2008) since 1980. Moreover, a positive trend exists in significant wave 10 
height over the southern ocean (Hemer et al., 2010; Young et al., 2011), although a regional study in Tasmania 11 
giving conflicting results (Hemer, 2010a). 12 
 13 
In Australian terrestrial systems, there is medium to high confidence that some recently observed changes in species’ 14 
distributions, genetics, phenology and vegetation can be attributed to recent climatic and atmospheric trends. The 15 
role of non-climatic drivers, such as fire, grazing and land-use remains uncertain. Phenological changes have been 16 
observed in butterflies (Kearney et al., 2010) and passerine birds show reduced body size correlated to local 17 
warming (Gardner et al., 2009). The recent expansion of monsoon forests (Banfai and Bowman, 2007) has been 18 
linked, in part, to wetter regional climate conditions, higher atmospheric CO2 and changed fire regimes (Bowman, 19 
2010). Alpine treelines in New Zealand, however, have remained roughly stable for several hundred years (high 20 
confidence) despite 0.9°C average warming (McGlone et al., 2010; McGlone and Walker, 2011). For Australian 21 
forests, recent changes have not been successfully linked to climate change (Simioni et al., 2009). In agriculture, 22 
advancing wine-grape maturation (high confidence) is being partly attributed to anthropogenic warming and the 23 
recent drying trends in southern Australia and also, the reduced soil moisture independent of increasing temperature 24 
(Webb et al., 2012)  25 
 26 
The impacts of recent droughts in freshwater systems in the eastern states and the Murray Darling Basin have been 27 
severe, including salinity increases near the Murray mouth (Pittock and Finlayson, 2011). In New South Wales, 28 
Australia, a decline in families of macroinvertebrates that favor cooler and faster-flowing habitats (streams), and 29 
corresponding increase in families favoring warmer and more lentic conditions has been found (Chessman, 2009). 30 
Attribution to climate is difficult above the strong signal of over-allocation, pollution, sedimentation, and exotic 31 
invasions (Jenkins et al., 2011).  32 
 33 
In the warming oceans around Australia and New Zealand, climate zones have shifted more than 200 km south 34 
along the NE Australian coast and about 100 km along the northwest coast (Lough, 2008). Impacts on marine 35 
species around Australia occur over a range of trophic levels and include changes in phytoplankton productivity 36 
(Johnson et al., 2011; Thompson et al., 2009), macroalgae (Johnson et al., 2011), rock lobsters (Johnson et al., 2011; 37 
Pecl et al., 2009), coastal fish (Neuheimer et al., 2011), coral (De'ath et al., 2009), seabirds (Chambers et al., 2011; 38 
Cullen et al., 2009), subtidal seaweeds (Johnson et al., 2011; Wernberg et al., 2011), sea urchins (Ling et al., 2009) 39 
and intertidal invertebrates (Pitt et al., 2010). The 2011 marine heat wave in Western Australia caused bleaching at 40 
Ningaloo reef for the first time, as well as southern range extensions of many marine species, and declines in local 41 
abundance (Pearce et al., 2011), see also Box 18-5.  42 
 43 
No changes in distribution and abundance of marine species in New Zealand have been detected, likely because 44 
ENSO-related variability dominates in many time series (Lundquist et al., 2011; McGlone and Walker, 2011).  45 
 46 
Recent heatwaves in Australia have been associated with increases in human mortality and hospital admissions 47 
(Khalaj et al., 2010; Loughnan et al., 2010; Tong et al., 2010a; Tong et al., 2010b) (high confidence). Total mental 48 
health admissions increased by 7.3% in metropolitan South Australia during heatwaves (1993-2006) (Hansen et al., 49 
2008).  50 
 51 
 52 
  53 
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18.5.5. North America 1 
 2 
[Subchapter and Synthesis of detection and attribution in North America will be developed post FOD in close 3 
cooperation with Chapter 26] 4 
 5 
 6 
18.5.6. Central and South America 7 
 8 
For Central and South America, the IPCC AR4 noted that shifts in water availability, due to changes in atmospheric 9 
circulation as and the associated rainfall patterns has been affecting water resources and agricultural activities for 10 
some time (Magrin et al., 2007). Where rivers come from glaciers, further changes have occurred due to melting. 11 
Besides these phenomena, no impacts have been attributed to climate change, due to the substantial and overriding 12 
impacts of land use and land cover change (Lopez-Rodriguez and Blanco-Libreros, 2008; Sampaio et al., 2007).  13 
 14 
 15 
18.5.6.1. Freshwater Resources 16 
 17 
The retreat of tropical glaciers in Venezuela, Colombia, Ecuador, Peru and Bolivia has been confirmed by a number 18 
of new studies (e.g. Vuille et al., 2008a; Jomelli et al., 2009; Bradley et al., 2009: Poveda and Pineda, 2009). 19 
Likewise, glaciers and icefields in the extra tropical Andes (Central-South Chile and Argentina) face significant 20 
reductions (Chapter 27 ref, see also 18.3.1). In this region the effect of glacier retreat is compounded with changes in 21 
snowpack extent, thus magnifying changes in hydrograph seasonality by reducing flows in dry seasons and 22 
increasing ones in wet seasons.  23 
 24 
Rivers in the western Andes show changing discharge patterns attributed to the retreating glaciers and their effects 25 
on snowpack accumulation and melt, e.g., some of the most important river basins of Colombia where discharge has 26 
decreased during the last 30-40 years (Poveda and Pineda, 2009). Robust trends have also been found in sub-basins 27 
of the La Plata River basin (Pasquini and Depetris, 2007), which has shown a positive trend in streamflow in 28 
different sites (Conway and Mahé, 2009; Dai et al., 2009; Dai, 2011; Doyle and Barros, 2011; Krepper et al., 2008; 29 
Krepper and Zucarelli, 2010; Pasquini and Depetris, 2007; Saurral et al., 2008). Increasing runoff has been attributed 30 
to increasing precipitation, but also to trends in land use change that have reduced evapotranspiration (Doyle and 31 
Barros, 2011; Saurral et al., 2008). Precipitation increase has been more important in the southern sub-basins, 32 
whereas land use change has been more important in the northern ones (Doyle and Barros, 2011). 33 
 34 
No trend has been detected in the runoff of the major rivers in the Brazilian North East, nor elsewhere in South 35 
America. Dai et al. (2009) performed trend analysis in several rivers, such as the Orinoco, Magdalena and 36 
Tocantins, without finding significant trends. The only study done for rivers in Central America is that of Dai (2011) 37 
who showed a drying trend in this region. 38 
 39 
The reduction in glacier and snowmelt related runoff in the Andes poses important adaptation challenges for many 40 
cities, e.g. the metropolitan areas of Lima, La Paz/El Alto and Santiago de Chile (Bradley et al., 2006; Melo et al., 41 
2010). On the other hand excess of water is a challenge in cities in the region. In São Paulo days with rainfall above 42 
50 mm were nearly absent during the 1950s and now occur between 2 to 5 times per year (Marengo 2009b; Marengo 43 
et al., 2012b). Increases in floods have been observed also in the Buenos Aires province and Metropolitan region 44 
(Andrade and Scarpati, 2007; Barros et al., 2008). 45 
 46 
Hydropower is by far the most important source of renewable energy in the region, and changing water resources 47 
have been shown to impact hydropower facilities in the Andes (Vergara et al., 2007). 48 
 49 
 50 
18.5.6.2. Terrestrial and Inland Water Systems 51 
 52 
Central and South America house the largest biological diversity and several of the world’s megadiverse countries 53 
(Guevara and Laborde, 2008; Mittermeier et al., 1997). Biodiversity loss is an important throughout much of the 54 
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region (Bradshaw et al., 2009). Conversion of natural ecosystems is the main proximate cause of biodiversity and 1 
ecosystem loss in the region (Ayoo, 2008), and attribution of impacts to climate change is possible only under some 2 
exceptional circumstances. A well-studied case of extinctions attributed to climate change are amphibians, many of 3 
them in Central America (Pounds et al., 2006). 4 
 5 
 6 
18.5.6.3. Coastal Systems and Low-Lying Areas 7 
 8 
Sea-level rise (SLR) of 2mm yr-1 is being observed in Central and South America. The Western equatorial border, 9 
influenced by ENSO, shows a lower rise, rather variable and hence not distinguishable from past changes. The 10 
greatest flooding levels (hurricanes not considered) in the region are found in Rio de La Plata area, which combine a 11 
5 mm yr-1 change in storm surge with SLR changes in extreme flooding levels (ECLAC, 2011). 12 
 13 
High sea surface temperatures have occurred more frequently in the western Caribbean and have resulted in frequent 14 
bleaching events (1993, 1998, 2005, 2010) of the Mesoamerican coral reef, located along the coasts of Belize, 15 
Honduras and Guatemala (Eakin et al., 2010). Along the southwestern Atlantic coast, occasional observations since 16 
the 1980s and regular monitoring since 2001 indicate that coral diseases have intensified between 2005 and 2007. 17 
 18 
 19 
18.5.6.4. Agricultural Production 20 
 21 
In recent years, the global demand for food, forage, fiber and biofuels promoted a sharp increase in agricultural 22 
production in the countries of South and Central America, primarily associated with the expansion of planted areas, 23 
and to a lesser extent with increases in productivity. South East South America (Central Eastern Argentina, 24 
Paraguay, Southern Brazil and Uruguay) has experienced some of the most significant increases in precipitation 25 
during the 20th century (Giorgi, 2002). The rainfall increase has benefited crops (mainly the summer ones) and 26 
pasture productivity, partly contributing to a significant expansion of the agricultural area, particularly in 27 
climatically marginal regions of the Argentinean’s Pampas (Barros, 2010). Comparing the periods 1930-60 and 28 
1970-2000, maize and soybean yields increased, respectively, by 34% and 58 % in Argentina, 49% and 57% in 29 
Uruguay, and 12% and 9% in Southern Brazil (Magrin et al., 2007b) attributed mainly due to precipitation increases. 30 
 31 
Warming has also altered conditions for crop production (Lobell and Field, 2007). In central Argentina, warming 32 
has likely reduced potential wheat yields, which have been decreasing at accelerating rates since 1930 (Magrin et al., 33 
2009). Changes in growing season temperature and precipitation appear to have slowed the positive yield trends due 34 
to bioengineering in Brazilian wheat, maize and soy, as well as Paraguayan soy (Lobell et al., 2011). In contrast, rice 35 
in Brazil and soybean in Argentina have benefited from observed precipitation and temperature trends.  36 
 37 
 38 
18.5.6.5. Health 39 
 40 
Climate variability and change are affecting human health in Central and South America (Rodríguez-Morales et al-. 41 
2010, Rodríguez-Morales, 2011; Winchester and Szalachman, 2009). Heat waves and cold spells are affecting short 42 
term mortality in most cities (Bell et al., 2008; Hajat et al., 2010; Hardoy and Pandiella, 2009; McMichael et al., 43 
2006; Muggeo and Hajat, 2009).  44 
 45 
Re-emergence of diseases in non-previous endemic or previously eradicated/controlled areas has been observed in 46 
particular in the aftermath of extremes events such as storm surges and floods, e.g. Dengue fever outbreaks 47 
following floods in Brazil in the last decade (Teixeira et al., 2009).  48 
 49 
Higher temperatures in conjunction with air pollution exacerbate chronic respiratory and cardiovascular problems. 50 
Dehydration from heatwaves increases hospitalizations for chronic kidney diseases (Kjellstrom et al., 2010), mainly 51 
affecting construction workers, and CA sugarcane and cotton workers (Crowe et al., 2009; 2010; Kjellstrom and 52 
Crowe, 2011; Peraza et al., 2012).  53 
 54 
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 1 
18.5.7. Polar Regions 2 
 3 
[Text below is preliminary and will be revised and updated in close cooperation with Chapter 28. Revision will 4 
contain more in depth discussion of observed changes in Antarctica] 5 
 6 
The Arctic is undergoing the most rapid climate warming on Earth, accompanied by rapid permafrost degradation. 7 
The consequences are large changes in the hydrological regime, and impacts on ecosystems and society are dramatic 8 
and often non-linear. For several ecosystems, “tipping points” may have been reached already. In terrestrial systems, 9 
the final disappearance of permafrost at the margins of its distributional area and in areas with discontinuous 10 
permafrost has caused hydrological system changes, leading to drainage in ecosystems underlain by mineral soil and 11 
by swamp and secondary lake formation in areas with organic soils (peat) (Molau, 2010). 12 
 13 
In the Arctic tundra, several studies highlight the ongoing increase of shrub cover, triggering local feedbacks of 14 
warming the atmosphere. In large areas of the coastal tundra, degradation of permafrost has lead to swamp 15 
formation. The system of ice wedges and shallow pools is vanishing, with immediate causes on the populations of 16 
wading birds and plant communities. Also, run-off patterns of northern rivers have been altered (28.2.1.1). Other 17 
observed changes in the Arctic include tree-line advancement in altitude and latitude (Hedenås et al., 2011), a 18 
phenological mismatch between the arrival time of birds at their breeding sites, and coastal sea ice break-up (see 19 
28.3.2.1), collapse or dampening of rodent and lemming cyclicity (28.2.3), and reduction of snowbed extent (Björk 20 
and Molau 2007). 21 
 22 
A number of case studies with detected changes and there suggested attributions are provided on continental levels 23 
in Table 18-6, and on subcontinental scale in table 18-7. Attribution may be single step (temperature increase alone) 24 
or more complex, either brought about by multiple drivers (climate change, pollutants, and/or socio-economic 25 
changes) or by sequences of drivers, e.g., increased temperature inducing permafrost degradation, in turn affecting 26 
the ecosystems, ecosystem services, and the local and/or indigenous human communities in terms of human health, 27 
food security, and water quality. There are also examples of counteracting drivers, such as the case of altitudinal 28 
tree-line advance in northern Fennoscandia proceeding far slower than expected from climate warming alone 29 
(Hedenås et al., 2011). 30 
 31 
[INSERT TABLE 18-6 HERE 32 
Table 18-6: Detection and attribution of broad-scale impacts of climate change in Antarctica and the Arctic.] 33 
 34 
[INSERT TABLE 18-7 HERE 35 
Table 18-7: Detection and attribution of regional impacts of climate change in Antarctica and the Arctic on 36 
subcontinental scale.] 37 
 38 
 39 
18.5.8. Small Islands 40 
 41 
Many small islands are undergoing substantial changes in socio-economic conditions that are likely to mask 42 
evidence of climate change impacts. For example, coastal erosion is widespread and has adversely affected 43 
important tourist facilities, settlements, utilities and infrastructure. The attribution of such shoreline instability to 44 
factors like sea-level rise associated with climate change is rarely possible, despite the expectation that coastal 45 
erosion is consistent with models of sea-level rise resulting from climate change.  46 
 47 
Many small islands are affected by coral bleaching and the consequences of ocean acidification, this issue is further 48 
discussed in Box 18-5. 49 
 50 
 51 
  52 
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18.5.8.1. Shoreline Change  1 
 2 
Changing patterns of human settlement and direct impacts on shoreline processes present immediate erosion 3 
challenges in most populated islands and coastal zones (Yamano et al., 2007; Storey and Hunter, 2010; Novelo-4 
Casanova and Suarez, 2010; Ford, 2012), making impacts of climate change and sea-level rise impossible to 5 
attribute. A study of widespread erosion on Majuro Atoll (Marshall Islands) found that erosion was common 6 
however attribution of this shoreline instability to factors like sea level rise were masked by pervasive anthropogenic 7 
impacts to the natural coastal systems (Ford, 2012). Likewise, Cambers (2009) measured average beach erosion 8 
rates of 0.5 m yr-1 in eight Caribbean islands from 1985-2000, but was unable to quantify the extent of attribution to 9 
anthropogenic factors, natural climate variability and / or climate change and sea-level rise.  10 
 11 
 12 
18.5.8.2. Hydrology and Water Resources 13 
 14 
Freshwater supply in small island environments has always presented challenges and has been an issue raised in all 15 
previous IPCC reports. Saline intrusion into fresh groundwater reserves on atoll islands is frequently attributed to 16 
incremental sea-level rise yet there is a paucity of empirical evidence to support this premises (e.g., Rozell and 17 
Wong, 2009). Wave overtopping and wash-over have been shown to impact freshwater lenses dramatically. On 18 
Pukapuka Atoll, Cook Islands storm surge over-wash occurred in 2005 and caused the fresh water lens to become 19 
immediately brackish, requiring approx. 11 months to recover to conductivity levels appropriate for human use 20 
(Terry and Falkland, 2009). While recent sea-level rise will likely have influenced freshwater resources on small 21 
islands, there is currently no new evidence demonstrating this. 22 
 23 
 24 
18.5.8.3. Biodiversity and Forests 25 
 26 
Climate change impacts such as sea level rise and increasing temperatures have been linked with disturbance of 27 
terrestrial species, communities and ecosystems within islands, but in all cases unequivocal attribution remains 28 
difficult (Blackburn et al., 2004; Didham et al., 2005). Sea level rise in conjunction with more frequent and intense 29 
hurricanes, have been observed to threaten the long-term persistence of freshwater-dependent ecosystems within 30 
low-lying islands in the Florida Keys (Goodman et al., 2012; Ross et al., 2008). On Sugarloaf Key, Ross et al. 31 
(2009) found that pine forest area declined from 88ha to 30ha from 1935 to 1991 due to increasing salinization and 32 
rising ground water, with vegetation transitioning to more saline tolerant species such as mangroves. 33 
Among tropical bird species reduced reproductive success of the Mauritius kestrel appears to be linked to changing 34 
rainfall conditions in Mauritius over the last 50 years, due to a mismatch between the timing of breeding and peak 35 
food abundance (Senapathi et al., 2011). Otherwise, warming has influenced the distribution for disease vectors such 36 
as mosquitoes potentially threatening biota unaccustomed to such vectors (Freed et al., 2005). Changing climatic 37 
conditions have also enhanced conditions necessary for the spread of exotic and pest species in mid-latitude islands 38 
(Kudo et al., 2004) as well as in species poor sub-Arctic/Antarctic islands (Chapuis et al., 2004; Frenot et al., 2005), 39 
leading to changes in species assemblages and ecosystem function (Chown and Convey, 2007).  40 
 41 
 42 
18.5.8.4. Human Health 43 
 44 
Many small island state populations currently suffer from climate-related health issues, including morbidity and 45 
mortality from extreme weather events, certain vector-, food- and water-borne diseases (Ebi et al., 2006). 46 
Leptospirosis is an infectious disease that has been identified in the Caribbean as a “highly endemic zone for 47 
leptospirosis” with Guadeloupe, Barbados, and Jamaica representing the highest annual incidence (13 to 7.8 per 48 
100,000 population) in the world with only the Seychelles being higher (43.2 per 100,000 population) (Pappas et al., 49 
2008). Studies conducted in Guadeloupe demonstrated a link between El Niño occurrence and leptospirosis 50 
incidence with rates increasing to 13 per 100,00 population in El Nino years as opposed to 4.5 cases per 100,00 51 
inhabitants in La Niña and neutral years (Storck et al., 2008). In Trinidad the incidence of leptospirosis during the 52 
period 1996-2007 showed seasonal patterns in the occurrence of confirmed cases, with 75% of all cases occurring in 53 
the wet season (May to November) (Mohan et al., 2009). Recently changes in the epidemiology of Leptospirosis 54 
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have been detected especially in tropical islands with the main factors being climatic and anthropogenic (Pappas et 1 
al., 2008). While these studies demonstrate sensitivity of small islands to climate-caused health risks, no 2 
unequivocal attribution study has so far been made. 3 
 4 
_____ START BOX 18-5 HERE _____ 5 
 6 
Box 18-5. Detection and Attribution of Mass Coral Bleaching and Mortality to Climate Change 7 
 8 
Coral reef ecosystems are invaluable ecosystems that support hundreds of millions of people throughout tropics and 9 
subtropical regions (Chapter 5, Box 5-3). Coral reefs are also being impacted by a range of local human stressors 10 
including declining water quality, physical destruction and the overexploitation of ecologically important reef 11 
organisms (see Chapters 5, 29). Climate change through its impact on water temperature has increased the frequency 12 
and intensity of heat stress related mass coral bleaching and mortality. Some studies have reported the range shift of 13 
some coral species to higher latitudes (Precht and Aronson, 2004; Yamano et al., 2011) although these observations 14 
do not translate as the movement of coral reefs given the speed of climate change and the reduction of other critical 15 
requirements for coral reef growth at higher latitudes (e.g. light, carbonate ions). The accuracy of reported range 16 
changes also depend on the quality of historic studies of species ranges to which these observations are referenced. 17 
The loss of reef-building corals is occurring at the rate of 1-2% per year across many regions (Bruno and Selig, 18 
2007; Carpenter et al., 2008; Gardner et al., 2003). Both local and climate change related pressures put at risk food, 19 
resources, coastal protection and revenue from industries such as tourism and fisheries (Box 5-5). 20 
 21 
Mass coral bleaching events began to occur began in the early 1980s and have affected most coral reefs since then 22 
(Chapter 5). Generally, mass coral bleaching occurs when sea temperatures increase 1°C above the long-term 23 
summer maxima. Depending on the size of the anomaly and exposure time, communities of reef-building corals may 24 
recover, or may experience impacts all the way to the large-scale mortalities seen in 2005 in the Caribbean (Eakin et 25 
al., 2010) and worldwide in 1998 (Hoegh-Guldberg, 1999; Wilkinson and Hodgson, 1999). Central to the impacts 26 
arising from anthropogenic climate change is the sensitivity of reef-building corals and their endosymbiosis with 27 
single cell, plant-like dinoflagellates (Chapter 6.2.2.4.4). Sudden changes in the environment trigger the 28 
disintegration of this all-important relationship, leading to the loss of the brown symbionts from the coral’s tissues 29 
(Figure 5-5). This eliminates a vital energy source for corals leading to increased starvation, disease and death. In 30 
addition to heat stress, ocean acidification levels projected under anthropogenic emissions scenarios were shown to 31 
decrease calcification rates within experimental studies (Chapter 6.2.2.1.). 32 
 33 
This has important implications for the carbonate balance of coral reefs. Given their central role, the loss of reef-34 
building corals reduces the ability of reef systems to maintain their structure and role in providing habitat for 35 
thousands of plants and animals, many of which are important to human well-being (Chapter 5, Box 5-3). 36 
 37 
Our understanding of the mechanisms underlying the sensitivity of reef-building corals to elevated sea temperatures 38 
is advanced and involves a sensitivity of light capture and related photosynthetic events within the dinoflagellate 39 
symbionts. In addition to this, the coral host is also sensitive to heat stress (Chapter 6.2.2.4.4). This understanding 40 
has led to satellite technology which has medium to high accuracy in the projection of when and where mass coral 41 
bleaching events are likely to occur (Donner, 2011; van Hooidonk and Huber, 2009). The satellite techniques use the 42 
accumulation of heat stress above 1°C above the long-term summer maxima to project when coral bleaching is 43 
likely to occur, and to some extent the speed of recovery (Eakin et al., 2010). 44 
 45 
The experimental support, field evidence and robust process models that link mass coral bleaching and mortality to 46 
elevated sea temperature enable robust attribution of these impacts to climate change (very high confidence; Box 47 
30.8.2). Using projected temperatures under various RCP scenarios reveals that sea temperatures will increase to 48 
levels which will exceed the ability of coral reefs to recover in all but RCP2.6 (Box 30.8.2, Figure 30-18). Under 49 
this situation, coral-dominated reef systems will continue to decline, reducing important ecosystem goods and 50 
services that support hundreds of millions of people living in the tropical and subtropical coastal areas. 51 
 52 
_____ END BOX 18-5 HERE _____ 53 
 54 
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 1 
18.5.9. Oceans 2 
 3 
During recent decades, the world’s oceans have warmed (by 0.05°C/decade for deep oceans to >0.1 °C/decade in the 4 
upper 75 m), become more acid (decline in pH of 0.1 overall, with least decline in the tropics and most at high 5 
latitudes), and have had significant regional changes in salinity (increases and declines) (WGI Chapter 3). These 6 
changes have been attributed to rise in global GHG emissions (high to very high confidence, WGI Chapter 3). 7 
Changes in upwelling (both increases and declines), oxygen levels, and in ocean-atmospheric cycles (e.g., ENSO, 8 
NAO and PDO) have also been detected, but attribution of these trends to greenhouse gas forcing has been met with 9 
lower confidence.  10 
 11 
There has been a rapid and substantial increase in the number of studies documenting significant changes in marine 12 
species and processes since the AR4. Significant changes in wild species and ecosystems have been attributed to 13 
these trends in water temperature, stratification of temperature, salinity and acidity with varying levels of confidence 14 
(from medium to very high) depending on the nature of the data (e.g. length and completeness of time series and 15 
sampling intensity) for the species or system and the scale of the study (see also Box 18-2; and Box 18-5 for detailed 16 
discussion on Coral Reefs). 17 
 18 
A new global oceans database was established that compiled long-term observations of biological systems, with 19 
nearly half of the time series extending prior to 1960 and coverage of multiple ecosystems (coastal to open ocean), 20 
latitudes (Antarctic to Arctic) and trophic levels (phytoplankton to top predators) (Poloczanska et al. in prep). 21 
Among 1701 data series, 1286 time series showed a response to climate in either direction, 84% of these were 22 
consistent with local or regional temperature trends. This is similar to results for terrestrial species (Parmesan and 23 
Yohe, 2003; Rosenzweig et al., 2008) and to a regional study in the NE Atlantic (Tasker, 2008) and significantly 24 
different from null expectations (Poloczanska et al., in prep). 23% of the studies provided some level of process 25 
understanding of how climate affects a given species or system, providing improved traceable pathways from 26 
climate change to impact on species (Poloczanska et al. in prep). 27 
 28 
The consistency of marine species’ responses across geographic regions, taxonomic groups, and among types of 29 
responses, overwhelmingly in the direction expected from local or regional temperature trends is at a global scale, 30 
matching the global scale for ocean warming attribution studies, and providing very high confidence that 31 
anthropogenic climate change has driven recent changes in ocean species and ecosystems. The level of attribution 32 
and confidence is lower for smaller geographic regions, specific taxonomic groups, or specific types of responses. 33 
For example, there are differences among groups of species in the relative roles of other anthropogenic drivers. 34 
Some taxonomic groups are driven by non-climate drivers that can be as strong as or stronger than climate change 35 
on a regional scale, such as commercial fish that suffer high fishing pressures. For example, the northward 36 
distribution shift in plaice Pleuronectes platessa in the North Sea between 1913 and 2007 is predominantly driven 37 
by warming temperatures (medium confidence), while both climate change and fishing play a role in the expansion 38 
of sole Solea solea into the cool southern North Sea (Engelhard et al., 2011) In the area west of Scotland, fish 39 
species diversity decreased with warming as the number of boreal species declined and no concurrent trend was 40 
found in the richness of southern species (ter Hofstede et al., 2010). It is likely that fishing pressure has contributed 41 
to this apparent lack of response by southern commercial fish. 42 
 43 
In regions where sea surface temperature (SST) is the primary driver of biological change, and where trends in SST 44 
are particularly strong and/or consistent (e.g., the North Atlantic and the North Sea), it is nevertheless difficult to 45 
quantitatively separate climatic effects from other forcing factors, such as over-fishing, eutrophication, physical 46 
disturbance (e.g. trawling). Some studies found changes in abundance of fish species consistent with regional 47 
warming, but there were also differences in response between groups, likely due to their exploitation status (Tasker, 48 
2008; Overland et al, 2010; Hakkonen et al., 2011; Schwing et al., 2010; Belkin, 2009). Several studies found that 49 
exploited fish, whose overall numbers are lowered through fishing pressure, are more sensitive to environmental 50 
variability in general, including temperature trends and extremes (Hsieh et al., 2005, 2008; Stiger et al., 2006). 51 
 52 
In other regions, such as the California Current, high-quality databases support very high confidence in ability to 53 
detect significant change, but the nature of the climate change signal is more complex than elsewhere. El Niño and 54 
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PDO effects are very strong, and though recent studies indicate that this phenomenon is being altered by GHG 1 
forcing, there is still little agreement on the exact nature of that alteration (Bonfils and Santer, 2011). There is 2 
therefore low expectation to the possibility of linking biological change to observed increased upwelling and GHG 3 
forcing (see Chapters 6.y and 30.x of this report). 4 
 5 
In summary, new research has uncovered a large number of significant changes in marine species and ecosystems 6 
that can be related to local changes in SST, upwelling timing and intensity, and freshwater input. However, 7 
extending those analyses on a local or regional scale to relate the specific observed changes in marine species to 8 
GHG forcing remains an important question for on-going major research (Stock et al., 2010; PROOCE PIO). 9 
 10 
 11 
18.6. Synthesis  12 
 13 
[Disclaimer: The synthesis of IPCC WG2 AR5 findings on detection and attribution of observed climate change 14 
impacts across sectors and regions is a process involving all regional and sectoral chapters of WG2. Material 15 
presented in this section is given as a description of the stage of this process in May 2012. It will evolve and 16 
strengthen as we prepare for the SOD.] 17 
 18 
Results in the preceding sections build on the sectoral and regional assessments made by WG2 of IPCC AR5. For 19 
most assessments, care has been taken to develop confidence statements based on the quality of evidence and the 20 
level of agreement (Mastrandrea et al., 2010, see Figure 18-6). Since chapters have employed varying logics for 21 
their assessment, and since the underlying data and knowledge is highly heterogeneous, it is not yet possible to draw 22 
all of them together into one coherent framework. Instead, this framework will be developed during the remaining 23 
time of the assessment.  24 
 25 
[INSERT FIGURE 18-6 HERE 26 
Figure 18-6: Confidence as a function of evidence and agreement. Source: Mastrandrea, et al. (2010).] 27 
 28 
The goal for our synthesis is to organize findings on detection and attribution in order to advance the assessment of 29 
“Reasons for Concern” (RfC’s), developed in IPCC-TAR (Smith et al., 2001) and adopted for a second time in 30 
IPCC-AR4 (e.g.IPCC, 2007, p.19). These were established in response to the United Nations Framework 31 
Convention on Climate Change’s (UNFCCC) commitment to “stabilization of greenhouse gas concentrations in the 32 
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system”. The 33 
UNFCCC also highlighted 3 broad metrics with which decision-makers were to assess the pace of progress toward 34 
this goal: allowing “ecosystems to adapt naturally to climate change”, ensuring that “food production is not 35 
threatened”, and enabling “economic development to proceed in a sustainable manner”.  36 
 37 
These RfC’s continue to provide useful insight into impacts that might be considered as evidence of “dangerous 38 
anthropogenic interference”, and they will again be employed in the contribution of Working Group II to the AR5 39 
(see e.g. Chapter 19). They are noted here for the purpose of definition and provide a brief synopsis of historical 40 
context; in doing so, we take advantage of language that was approved as part of the Synthesis Report of the AR4: 41 

1. Risk to Unique and Threatened Systems: In the AR4, there was new and stronger evidence of observed 42 
impacts of climate change on unique and vulnerable systems (such as polar and high mountain 43 
communities and ecosystems), with increasing levels of adverse impacts as temperatures increase further. 44 
Authors then noted an increasing risk of species extinction and coral reef damage that was projected with 45 
higher confidence than in the TAR. 46 

2. Risk of Extreme Weather Events: The AR4 noted that responses to some recent extreme events reveal 47 
higher levels of vulnerability than the TAR. Even then, there was higher confidence in the projected 48 
increases in droughts, heat waves and floods, as well as their adverse impacts. 49 

3. Distribution of Impacts: The AR4 noted sharp differences across regions. The AR4 highlighted that those 50 
in the weakest economic position were often the most vulnerable to climate change. AR4 authors 51 
emphasized increasing evidence of greater vulnerability of specific groups such as the poor and elderly not 52 
only in developing but also in developed countries. 53 
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4. Aggregate Impacts: These are market-based calculations of aggregate economic effects across the globe. 1 
Compared to the TAR, initial net market-based benefits from climate change were projected in the AR4 to 2 
peak at lower magnitudes of warming. In addition, damages were projected to be higher for larger 3 
magnitudes of warming so that the net costs of impacts of increased warming were projected to increase 4 
over time. 5 

5. Risks of Large Scale Discontinuities: The AR4 reported that there is high confidence that global warming 6 
over many centuries would lead to a sea level rise contribution from thermal expansion alone that is 7 
projected to be much larger than observed over the 20th century, with loss of coastal area and associated 8 
impacts. There is better understanding than in the TAR that the risk of additional contributions to sea level 9 
rise from both the Greenland and possibly Antarctic ice sheets may be larger than projected by ice sheet 10 
models and could occur on century time scales. This is because ice dynamical processes seen in recent 11 
observations but not fully included in ice sheet models assessed in the AR4 could increase the rate of ice 12 
loss. The question here is whether or not we have observed any evidence of such discontinuities at an even 13 
smaller scale. 14 

 15 
Each RfC categorizes impacts of a similar type, providing a set of admittedly aggregate metrics that reflect the 16 
severity of one type of risk or another. Relationships between various impacts reflected in each RfC and increases in 17 
global mean temperature have been portrayed visually. The first iteration of this visual was included in the Summary 18 
for Policy Makers for the Working Group II contribution to the TAR and was highlighted in the Synthesis Report for 19 
that assessment. The left-hand panel on Figure 18-7 displays that representation. The AR4 did not include a 20 
comparable figure, but it did organize its synthesis along the same metrics. A comparable representationwas 21 
subsequently published by Smith, et al. (2009); it is depicted on the right-hand panel of Figure 18-7. 22 
 23 
[INSERT FIGURE 18-7 HERE 24 
Figure 18-7: Reasons for Concernt (RfC) from IPCC (2001) and updated per IPCC (2007) in Smith, et al. (2009).] 25 
 26 
Observed impacts of climate change relate to the bottom segment of the diagrams in Figure 18-7. The objective of 27 
the following synthesis is to interpret, to the degree possible, the available evidence on detected and attributed 28 
impacts with regard to the RfC terminology. Figure 18-8 displays a summary view of our current state of the AR5 29 
assessment. There is a wide diversity in confidence on both detection and attribution. The upper-right hand corner 30 
suggests high confidence in a number of gradual impacts that have been detected and attributed; while the lower left 31 
corner offers insight into the opposite composite. In between, a range of systems’ impacts indicate differences in 32 
confidence on both detection and attribution for a variety of observed impacts. 33 
 34 
[INSERT FIGURE 18-8 HERE 35 
Figure 18-8: Confidence in detection and attribution across various sectors and systems. Open symbols denote 36 
attribution with respect to anthropogenic emissions, while solid symbols denote attribution with respect to observed 37 
trends in relevant climate variables. Preliminary draft, will be revised and updated as this assessment proceeds. 38 
Chapter (Ch) numbers refer to Chapters within AR5 WG2 report, with Ch1 summarizing findings of WG1.] 39 
 40 
 41 
18.6.1. Risk to Unique and Threatened Systems 42 
 43 
Figure 18-9 displays current input about detected and attributed implications concerning “Risk to unique and 44 
threatened systems” as a result of trends in relevant climate variables. 45 
 46 
[INSERT FIGURE 18-9 HERE 47 
Figure 18-9: Confidence in detection and attribution of observed impacts on unique and threatened systems as a 48 
result of observed trends in relevant climate variables. Preliminary draft, will be revised and updated as this 49 
assessment proceeds.] 50 
 51 
Coral reefs are standing out here, with very high confidence in both detection and attribution of impacts. Over the 52 
last three decades, communities of warm water reef-building corals have displayed increased bleaching and 53 
mortality, and decreasing calcification, responding negatively to the ongoing warming trend and the associated rise 54 
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in extreme temperature events and amplitudes (very high confidence). The growth of long-lived reef-building corals 1 
has declined since 1990 in at least three ocean regions, most probably due to increasing temperatures although ocean 2 
acidification is likely to play an increasing influence on the ability of corals to precipitate calcium carbonate (high 3 
confidence, 30.5.6.2). In some areas such as the semi-enclosed Arabian/Persian Gulf, the increasing frequency of 4 
extremes has driven a dramatic decrease in coral abundance and community structure (high confidence, 30.5.6.1 5 
Paleontological evidence suggests that most marine mass extinction events, including the disappearance of reef-6 
building corals and carbonate reef systems, were associated with ocean acidification (Box 18-5). 7 
 8 
Arctic sea ice loss also ranks high in both confidence in detection and attribution, while confidence in associated 9 
implications on both ecosystems and human systems will be somewhat lower. Earlier reported trends in Arctic sea 10 
ice decline and thinning have been confirmed (high confidence), along with the shortening of the sea ice season. 11 
Inuit observers also reported less predictability in the sea ice, more hazardous travel and hunting at ice edges (Box 12 
18-4, 18.3.1.2, 18.5.7, Table 18-5).  13 
 14 
Coastal erosion and shoreline changes are being observed in many Small Island states. Even though this is consistent 15 
with expected impacts from Sea Level Rise, attribution to climate change is confounded by rapidly changing socio-16 
economic conditions resulting in other adverse human impacts (18.5.8). 17 
 18 
Decreasing populations of endemic high alpine plants are critical in the literature on terrestrial species extinction (or 19 
at least migration depending on the scale of the study). The links to climate change here are increasing temperatures 20 
that result in prolonged growing seasons, on the one hand, and increasing competition from subalpine species (e.g. 21 
in Pyrenees and the Alps, see 18.5.2), on the other. 22 
 23 
In the Arctic tundra, terrestrial systems are influenced by the disappearance of permafrost at the margins of their 24 
distributional areas. Areas with discontinuous permafrost have experienced hydrological system changes, leading to 25 
drainage in ecosystems underlain by mineral soil and by swamp and secondary lake formation in areas with organic 26 
soils (i.e., peat). As a consequence, several ecosystem “tipping points” may have already been reached (18.5.7 and 27 
18.3.2.5). Coastal communities in the Arctic are increasingly affected by coastal erosion attributed to a combination 28 
of degrading permafrost and increased wave activity due to earlier coastal see ice melt (high confidence; 18.5.7, 29 
28.4.1.3.1). 30 
 31 
There is high confidence in a largely homogeneous signal of glacier shrinkage all over the world, with equally high 32 
confidence that internal variability is exceeded. Robust evidence exists as regards observed impacts of glacier decay, 33 
e.g. in tourism, traffic, energy and security (risks) related aspects (18.3.1.2).  34 
 35 
 36 
18.6.2. Risk of Extreme Weather Events 37 
 38 
One of the most discussed manifestations of observed climate change relate directly to changes in the intensity and 39 
frequency of extreme weather events. . Every populated continent has seen extreme weather events and endured 40 
their consequences, but the magnitudes of those consequences are modulated by other policy and social decisions 41 
about where to develop and what to assume about associated risks. Figure 18-10 displays two sets of inferences with 42 
respect to confidence in detection and attribution. One reflects simply changes in the frequency and intensity of a 43 
variety of storms derived from a careful assessment for North America (see Kunkel et al., 2012). As shown in the 44 
figure, confidence in detecting a change over the past few decades and attributing those changes to climate drivers is 45 
higher in our understanding of alpine rock failures (see below), and extreme precipitation events in the US, but 46 
lower with respect to thunderstorms, ice storms in the US, and floods globally.  47 
 48 
[INSERT FIGURE 18-10 HERE 49 
Figure 18-10: Confidence in detection and attribution of extreme weather events and their impacts. [preliminary 50 
draft, will be revised and updated as this assessment proceeds]] 51 
 52 
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There are statistically significant trends in extreme precipitation events, with more increase than decrease but the 1 
observations are not uniform over the globe. Due to multiple drivers of change and limitations in the instrumental 2 
record there is low confidence in detection and attribution of changes in floods (18.3.1).  3 
 4 
Both insured and non-insured losses due to extreme weather events have risen over the past decades but when those 5 
losses are ‘normalized’ for changes in exposure and welfare, most studies do not find any trend (18.3.1, 18.4.2.2, 6 
Box 18-3). They are noted in the graph, however, because associated risk is potentially high (given high 7 
consequences) even though confidence in attribution is particularly low.  8 
 9 
An increase in alpine rock slope failures has been detected with high confidence in regions with a comparably good 10 
standard of documentation (European Alps). There is medium confidence that climatic changes and related impacts 11 
on glaciers and permafrost are influencing this signal. Both observations and process understanding suggest that it is 12 
difficult to detect changes in shallow landslides, mainly due to multiple drivers, including human drivers such as 13 
land-use changes (18.3.1.2, 18.4.1, 18.3.1.3).  14 
 15 
 16 
18.6.3. Distribution of Impacts 17 
 18 
Evidence of climate change impacts have been reported from all regions, systems and oceans. While strongest 19 
evidence is still from Europe and North America, considerable literature has developed elsewhere since the AR4, 20 
particularly in Asia, South- and Central America and Australasia. Figure 18-11 offers a limited current snapshot for 21 
several regions. Notice in particular, and in contrast to the AR4, that medium to high confidence in detection and 22 
medium confidence in attribution has been determined in Africa temperature change and some natural species 23 
impacts at a sub-continental level; attribution to climate change for impacts on human systems is still low for 24 
categories for which detection is recognizable.  25 
 26 
[INSERT FIGURE 18-11 HERE 27 
Figure 18-11: Confidence in detection and attribution across regions. Attribution of African temperatures is with 28 
respect to anthropogenic emissions, while other topics are with respect to trends in relevant climate variables. 29 
[preliminary and incomplete draft, will be revised and updated as this assessment proceeds]] 30 
 31 
[Below we include text summaries for most regions. Graphic representation is still under development, and limited 32 
by lack of clear confidence statements at this point in time. We hope and even expect that comparable figures about 33 
confidence will be forthcoming for the SOD for all regions based on improved framework]  34 
 35 
For example, evidence of cryosphere (including permafrost) and ecosystem responses in the Arctic to the most rapid 36 
warming on Earth has continued to grow since AR4. As noted above, high to very high confidence can be claimed in 37 
attribution of processes such as ongoing increase of shrub cover in arctic tundra, degradation of permafrost and 38 
swamp formation in the coastal tundra, altered run-off patterns of northern rivers, tree-line advancement in altitude 39 
and latitude, phenological mismatch between the arrival time of birds at their breeding sites, coastal sea ice break-40 
up, collapse or dampening of rodent and lemming cyclicity, and reduction of snowbed extent (18.5.7). 41 
 42 
[Input on Antarctica missing, but it will be developed in cooperation with Ch28 for SOD] 43 
 44 
There remains a lack of studies for Africa, and so detection and attribution of impacts is challenged by comparably 45 
weak spatial and temporal variations in temperature, and sparse high quality monitoring. Range shifts have been 46 
detected for some southern subtropical and mountain-based species in directions expected due to regional warming 47 
(medium confidence), and the surface layers of the Great Lakes are now at their warmest in at least the past several 48 
hundred years (high confidence). Over the continent, other factors remain dominant over climate change in driving 49 
the recent trends in incidence of vector-borne diseases (medium confidence). The Sahel drying after 1970 appears to 50 
have been driven largely by warming of the global ocean (medium confidence), but attribution of impacts is sparse 51 
(18.5.4). 52 
 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 47 11 June 2012 

For South and Central America, increases in air temperature and possibly other climatic variables, have resulted in 1 
retreat of tropical glaciers, and significant reductions in glaciers and icefields in the extra tropical Andes (high 2 
confidence). Compounded with changes in snowpack extent, the latter are magnifying changes in seasonality by 3 
reducing flows in dry seasons and increasing them during wet seasons (low to medium confidence). Reduction in 4 
melt-related run-off in the Andes imposes challenges for several Megacities’ water supply, for hydropower 5 
generation and irrigation.  6 
 7 
Conversion of natural ecosystems is the main proximate cause of biodiversity and ecosystem loss in the region. 8 
Impacts on Coral Reefs have been documented throughout the region, with extreme high sea surface temperatures in 9 
the western Caribbean near the coast of CA resulting in frequent bleaching events of the Mesoamerican coral reef. 10 
 11 
Increased precipitation has benefited crops and pasture productivity in South East South America, contributing to a 12 
significant expansion of the agricultural area in climatically marginal regions of the Argentinean Pampas. Increase 13 
in summer temperatures slowed positive yield trends for maize and wheat in Brazil, and soy in Brazil and Paraguay. 14 
In contrast, rice in Brazil and soybean in Argentina have benefited from observed precipitation and temperature 15 
trends.  16 
 17 
Heat waves and cold spells are affecting short-term mortality in most South American cities, and re-emergence of 18 
diseases in non-previous endemic or previously eradicated/controlled areas has been observed in particular in the 19 
aftermath of extremes events such as storm surges and floods. Higher temperatures in conjunction with air pollution 20 
exacerbate chronic respiratory and cardiovascular problems, and dehydration from heat waves has increased 21 
hospitalizations for chronic kidney diseases (18.5.6).  22 
 23 
For the world's oceans, there has been a rapid and substantial increase in the number of studies documenting 24 
significant changes in marine species and processes since the AR4. It is now possible to state that all major Ocean 25 
systems are impacted by climate change with medium to very high confidence (Ch 6 Figure 18, Ch 30 Figure 11D, 26 
18.3.4), with few exceptions within the Eastern boundary currents, and Equatorial upwelling systems, where process 27 
understanding is insufficient and the number of studies designed to detect climate change is low. 28 
 29 
Significant changes in maritime wild species and ecosystems have been attributed to (usually combined) trends in 30 
water temperature, stratification (due to temperature and salinity changes), salinity and acidity, with medium to very 31 
high varying levels of confidence. While on a global aggregate level, confidence is very high confidence that 32 
anthropogenic climate change has driven recent changes in ocean species and ecosystems, the level of attribution 33 
and confidence may differ for smaller geographic regions, specific taxonomic groups, or specific types of responses 34 
(18.3.4, 18.5.9). 35 
 36 
In Europe, further and better quality evidence supports the conclusions of AR4 that climate change is affecting land, 37 
freshwater, marine and mountain ecosystems. There is low confidence that cereal yields have been negatively 38 
affected by observed warming in some European countries since 1980, and limited evidence regarding the impacts 39 
on forest productivity. There is increasing evidence that climate change has affected plant pests and diseases, and 40 
contributed to spread of zoonotic disease vectors and blue tongue disease.  41 
 42 
There is medium confidence that observed climate change has affected both heat and cold related mortality. A 43 
contribution of climate change to the observed increase in flood and windstorm damages in Europe could not be 44 
confirmed (18.5.2) 45 
 46 
There is very high confidence that the regional Australasian climate is changing, with long-term warming trends in 47 
surface air and sea-surface temperatures, more hot and fewer cold extremes, and changing rainfall patterns. In 48 
Australian terrestrial systems, there is medium to high confidence that observed changes in species’ distributions, 49 
genetics, phenology and vegetation can be attributed to recent climatic and atmospheric trends, but with varying 50 
influence of non-climatic drivers, such as fire, grazing and land-use. Changes in species distribution, phenology and 51 
productivity have been observed in marine systems around Australia in a range of trophic levels, and many can be 52 
attributed to ocean warming with medium to high confidence. In New Zealand, no changes in distribution and 53 
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abundance of marine species have been documented as driven by climate change, in part because ENSO-related 1 
variability dominates in many time series (18.5.4)  2 
 3 
[Subchapter and Synthesis of detection and attribution in North America will be developed post FOD in close 4 
cooperation with Chapter 26] 5 
 6 
In Asia, rapid deglaciation of the Himalaya mountains continues (high confidence). Shifting rainfall patterns in 7 
Central and Eastern Asia have significantly increased water availability in some regions (Himalaya and Central 8 
Asia) and decreased water availability in others (China). Permafrost in Siberia, Central Asia and Tibet is receding 9 
due to recent warming, causing changes in tundra ecosystems. Numerous additional changes in phenology and plant 10 
productivity have been observed and attributed to warming in Japan, Russia, Malaysia and elsewhere in Asia 11 
(18.5.3). 12 
 13 
In Small Islands, environmental degradation (coastal erosion) still masks possible impacts of climate change, despite 14 
the known high sensitivity. However, first indications of saltwater intrusion and negative ecological consequences 15 
are available from the Florida Keys (18.5.8) 16 
 17 
 18 
18.6.4. Aggregate Impacts 19 
 20 
[There is very limited evidence in the literature reporting observed economic damages with clear attribution to 21 
climate change, and certainly not enough to sum to something aggregate. To inform the assessment, though, we take 22 
the spirit of the AR4 to suggest that aggregate impacts may be calibrated by many other metrics, as shown in the 23 
health example below] 24 
 25 
There continues to be weak to moderate evidence (with low to medium confidence) of climate change effects on 26 
various human health exposures, and a lack of evidence for observed effects in human health outcomes. The 27 
complexity of human disease systems precludes formal attribution to local warming trends in most cases. 28 
 29 
There is medium evidence that decadal temperature changes have played a role in changing malaria incidence in a 30 
single population in East Africa. Observed changes in the latitudinal and altitudinal distribution of ticks in mid to 31 
high latitudes are consistent with observed warming trends. However, there is no evidence of any associated changes 32 
in the distribution of human cases of tick-borne diseases.  33 
 34 
There is limited evidence for changes in rodent borne infections in the USA and Europe consistent with observed 35 
trends in temperature and precipitation. However, evidence is insufficient to attribute those trends to local warming 36 
or anthropogenic climate change.  37 
 38 
The association between very hot days and increases in mortality in temperate populations is robust. It is therefore 39 
very likely that the observed increase in very hot days will have been associated with an increase in number of heat-40 
related deaths in mid-latitude populations, and similarly a decline in cold-related deaths. However, attribution of 41 
increases in heatwave-related deaths to climate change depends on the attribution of single weather events (or a 42 
short term trend in weather events) to anthropogenic forcing, which is still under debate. 43 
 44 
 45 
18.6.5. Risks of Large-Scale Discontinuities 46 
 47 
Large scale discontinuities are a source of future risk, as they refer to tipping points in the earth system that may 48 
alter the state of the system itself. Model based early warning signals (sensu Lenton, 2011) may be derived from 49 
monitoring changes in the climate system, which is discussed in WG1. 50 
 51 
In some cases, such as the tundra ecosystem, or the Amazon forest dieback, observed impacts may already hint 52 
towards the onset of processes leading to such large scale shifts towards a different state of that system. Sufficient 53 
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process understanding therefore allows medium confidence in attribution, even where evidence for detection may 1 
still be scarce (Figure 18-12).  2 
 3 
[INSERT FIGURE 18-12 HERE 4 
Figure 18-12: Confidence in detection and attribution of the onset of large scale discontinuities. [preliminary draft, 5 
will be revised and updated as this assessment proceeds]] 6 
 7 
Confidence in detection and attribution is generally very low to medium, but paucity of observed and attributed 8 
evidence should not be taken as dismissing this reason for concern. It is to suggest, instead, that some modest 9 
evidence of potential discontinuous effects have begun to be detected and perhaps attributed.  10 
 11 
 12 
18.7. Gaps, Challenges, and Opportunities 13 
 14 
[Will be developed post FOD] 15 
 16 
 17 
Frequently Asked Questions 18 
[Expect additions post FOD as key messages evolve] 19 
 20 
FAQ 18.1: What do detection and attribution mean with respect to observed impacts of climate change? 21 
Two processes are involved in the revelation of observed impacts of anthropogenic climate change. Detection refers 22 
to the process of identifying a change in a system that was predicted to result from human-caused climate change. 23 
The main challenge in detection is to establish that an observed change is not just due to short term variation, but a 24 
true change. Attribution refers to determining whether a detected change is partly or fully the result of human-caused 25 
climate change. This requires ruling out the possibility that an observed change is fully due to other causes, 26 
including local or regional climate variations that are unrelated to human-caused climate change. 27 
 28 
FAQ 18.2: Why are the detection and attribution of climate-related impacts important? 29 
In deciding how to respond to human-caused climate change, policymakers and others need to understand what 30 
impacts have already been observed and what their likely consequences are for natural systems and human society. 31 
The detection and attribution of such impacts supports this understanding. 32 
 33 
FAQ 18.3: How is uncertainty in the detection and attribution of climate-related impacts assessed? 34 
The IPCC has developed guidelines for characterizing uncertainty about all of its findings. In some situations, 35 
uncertainty can be characterized formally using the methods of statistics. In these situations, which typically require 36 
a relatively large amount of high quality data, the IPCC recommends using a likelihood scale that specifies the 37 
probability that a finding is correct. For example, a finding is said to be “very likely” if the probability that it is 38 
correct is greater than 90%, or “very unlikely” if this probability is less than 10%. In other situations, it is not 39 
possible to apply the methods of statistics and uncertainty has to be characterized in qualitative terms. In these 40 
situations, this characterization involves a subjective assessment of evidence including the strength of the theoretical 41 
basis of the finding and the degree of agreement among experts about it. In such cases, the IPCC recommends using 42 
a confidence scale ranging from “very low” to “very high”. 43 
 44 
FAQ 18.4: Is it possible to attribute a single event, like a disease outbreak or the extinction of a species, to 45 
human-caused climate change? 46 
Although it is possible in principle to attribute a single event to human-caused climate change, the high variability 47 
and complexity of most natural and human systems makes it very difficult to do so in practice. Instead, scientists 48 
tend to look for patterns - such as a change in the frequency of such events over time or space - that are unlikely to 49 
represent natural variations. 50 
 51 
 52 
  53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 50 11 June 2012 

References 1 
 2 
Adano, W.R., T. Dietz, K. Witsenburg, and F. Zaal, 2012: Climate change, violent conflict and local institutions in 3 

Kenya's drylands. Journal of Peace Research, 49, 65-80. 4 
Agrawal, A., 1995: Dismantling the Divide between Indigenous and Scientific Knowledge, Development and 5 

Change, 26, 413-439. 6 
Aguilera, H. and J. Murillo, 2009: The effect of possible climate change on natural groundwater recharge based on 7 

a simple model: A study of four karstic aquifers in SE spain. Environmental Geology, 57(5), 963-974.  8 
Ahmad, Q.K., R.A. Warrick, C. Parmesan, S. Nishioka, G. Yohe, F. Toft, S. Schneider, and K. Parikh, 2001: Tools 9 

and Methods, Chapter 2. In: Intergovernmental Panel on Climate Change, Third Assessment Report, Climate 10 
Change 2001: Impacts, Adaptation, and Vulnerability [McCarthy, J. J., O.F. Canziani, N.A. Leary, D.J. 11 
Dokken, and K.S. White (eds.)]. Cambridge University Press, Cambridge, UK, pp 105-143. 12 

Akpinar-Ferrand, E. and A. Singh, 2010: Modeling increased demand of energy for air conditioners and 13 
consequent CO2 emissions to minimize health risks due to climate change in India. Environmental Science & 14 
Policy, 13(8), pp. 702-712. 15 

Al-Bakri, J.A. Suleiman, F. Abdulla and J.Ayad, 2010: Potential impact of climate change on rainfed agriculture of 16 
semi-arid in Jordan. Physics and Chemistry of the Earth, 35, 125-134. doi: 10.1016/j. pcc.2010.06.001 17 

Alcamo, J., J.M. Moreno, B. Nováky, M. Bindi, R. Corobov, R.J.N. Devoy, C. Giannakopoulos, E. Martin, J.E. 18 
Olesen, A. Shvidenko, 2007: Europe. Climate Change 2007: Impacts, Adaptation and Vulnerability. 19 
Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate 20 
Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge 21 
University Press, Cambridge, UK, 541-580. 22 

Alderman, H., 2010: Safety nets can help address the risks to nutrition from increasing climate variability. The 23 
Journal of Nutrition, 140(1), 148S-152S.  24 

Alexander, C., N. Bynum, E. Johnson, U. King, T. Mustonen, P. Neofotis, N. Oettle, C. Rosenzweig, C. 25 
Sakakibara, V. Shadrin, M. Vicarelli, J. Waterhouse, and B. Weeks, 2011: Linking Indigenous and Scientific 26 
Knowledge of Climate Change. Bioscience, 61, 477-484. 27 

Alexander, L. V., and P. D. Jones.  2001.  Updated precipitation time series for the UK and discussion of recent 28 
extremes.  Atmospheric Science Letters, 1, 1-9. 29 

Alexander, L.V., X. Zhang, T.C. Peterson, J. Caesar, B. Gleason, A. Klein Tank, M. Haylock, D. Collins, B. 30 
Trewin, and F. Rahimzadeh, 2006: Global observed changes in daily climate extremes of temperature and 31 
precipitation. Journal of Geophysical Research, 111, D05109. doi:10.1029/2005JD006290. 32 

Alheit, J., T. Pohlmann, M. Casini, W. Greve, R. Hinrichs, M. Mathis, K. O'Driscoll, R. Vorberg, and C. Wagner, 33 
2012: Climate variability drives anchovies and sardines into North Sea and Baltic Sea. Progress in 34 
Oceanography, 96(1), 128-139. 35 

Allen, C. D., Macalady, A. K., Chenchouni, H., Bachelet, D., McDowell, N., Vennetier, M., Kitzberger, T., Rigling, 36 
A., Breshears, D. D., Hogg, E. H., Gonzalez, P., Fensham, R., Zhang, Z., Castro, J., Demidova, N., Lim, J. H., 37 
Allard, G., Running, S. W., Semerci, A. and Cobb, N., 2010: A global overview of drought and heat-induced 38 
tree mortality reveals emerging climate change risks for forests. Forest Ecology and Management 259(4): 660-39 
684. 40 

Alonso, D., M.J. Bouma, and M. Pascual, 2011: Epidemic malaria and warmer temperatures in recent decades in an 41 
Aast African Highland. Proceedings of the Royal Society B, 278, 1661-1669. doi:10.1098/rspb.2010.2020. 42 

Alston, M., 2011: Gender and climate change in Australia. Journal of Sociology, 47(1), 53-70.  43 
Amthor, J.S., 2001: Effects of atmospheric co2 concentration on wheat yield: Review of results from experiments 44 

using various approaches to control co2 concentration. Field Crops Research, 73(1), 1-34. 45 
Andrade, M.I. and O.E. Scarpati, 2007: Recent changes in flood risk in the gran la plata, buenos aires province, 46 

argentina: Causes and management strategy. GeoJournal, 70(4), 245-250.  47 
Aporta, C., D.R.F. Taylor, and G.J. Laidler, 2011: Geographies of Inuit sea ice use: introduction, Canadian 48 

Geographer / Le Géographe canadien, 55, 1-5. 49 
Are, F., E. Reimnitz, M. Grigoriev, H-W. Hubberten, and V. Rachold, 2008: The influence of cryogenic processes 50 

on the erosional Arctic shoreface. Journal of Coastal Research, 24(1), 110-121. ISSN 0749-0208 51 
Ariano R., G.W. Canonica, G. Passalacqua, 2010: Possible role of climate changes in variations in pollen seasons 52 

and allergic sensitizations during 27 years. Ann Allergy Asthma Immunol 104:215–222 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 51 11 June 2012 

Arrigo, K.R. and G.L. van Dijken, 2011: Secular trends in Arctic Ocean net primary production. Journal of 1 
Geophysical Research, 116(C9), C09011. 2 

Askari, M.T., M.Z.A. Ab Kadir, W.F.W. Ahmad, and M. Izadi, 2009: Investigate the effect of variations of ambient 3 
temperature on HST of transformer. In: Proceedings. 2009 IEEE Student Conference on Research and 4 
Development (SCOReD), 16-November-2009. IEEE, ISBN: 978-1-4244-5186-9, pp 363-367. 5 

Association of British Insurers, 2001: Flooding: a partnership approach to protecting people.  6 
http://www.abi.org.uk/Publications/Flooding_A_Partnership_Approach_to_Protecting_People1.aspx 7 

Auffhammer, M., V. Ramanathan, and J.R. Vincent, 2006: Integrated model shows that atmospheric brown clouds 8 
and greenhouse gases have reduced rice harvests in india. Proceedings of the National Academy of Sciences, 9 
103(52), 19668-19672. 10 

Auffhammer, M., V. Ramanathan, and J.R. Vincent, 2012: Climate change, the monsoon, and rice yield in india. 11 
Climatic Change, 111(2), 411-424. 12 

Ayoo, C., 2008: Economic instruments and the conservation of biodiversity. Management of Environmental Quality, 13 
19(5), 550-564.  14 

Ayyappan, R., S. Sankar, et al., 2009: Work-related heat stress concerns in automotive industries: a case study from 15 
Chennai, India. Global Health Action, 2. 16 

Bai, Y. and J. Kung, 2010: Climate shocks and sino-nomadic conflict. The Review of Economics and Statistics, 17 
93(3), 970-998. 18 

Bakri, J., A. Suleiman, F. Abdulla, and J. Ayad, 2010: Potential impact of climate change on rainfed agriculture of 19 
semi-arid basin in Jordan. Physics and Chemistry of the Earth, 35, 125-134. doi: 10.1016/j. pcc.2010.06.001  20 

Balakrishnan, K., A. Ramalingam, et al., 2010: Case studies on heat stress related perceptions in different industrial 21 
sectors in southern India. Global Health Action, 3. 22 

Ballantyne, C.K., 2002: Paraglacial geomorphology. Quaternary Science Reviews, 21, 1935–2017. 23 
Banfai, D.S. and D. Bowman, 2007: Drivers of rain-forest boundary dynamics in Kakadu National Park, northern 24 

Australia: a field assessment. Journal of Tropical Ecology, 23, 73-86. 25 
Banks, S.C., S.D. Ling, C.R. Johnson, M.P. Piggott, J.E. Williamson, and L.B. Beheregaray, 2010: Genetic 26 

structure of a recent climate change-driven range extension. Molecular Ecology, 19(10), 2011-2024. 27 
Baraer, M., B.G. Mark, J. McKenzie, T. Condom, J. Bury, K.I. Huh, C. Portocarrero, J. Gómez, and S. Rathay, 28 

2012: Glacier Recession and Water Resources in Peru's Cordillera Blanca, Journal of Glaciology, 58, 134-150. 29 
Barnett, T.P., D.W. Pierce, H.G. Hidalgo, C. Bonfils, B.D. Santer, T. Das, G. Bala, A.W. Wood, T. Nozawa, A.A. 30 

Mirin, and others, 2008: Human-induced changes in the hydrology of the western United States. Science, 319, 31 
1080. doi: 10.1126/science.1152538 32 

Barriopedro, D., E. M. Fischer, J. Luterbacher, R. M. Trigo, and R. García-Herrera.  2011.  The hot summer of 33 
2012: redrawing the temperature record map of Europe.  Science, 332, 220-224. 34 

Barrios, S., L. Bertinelli, and E. Strobl, 2006: Climatic change and rural–urban migration: The case of sub-saharan 35 
africa. Journal of Urban Economics, 60(3), 357–371. 36 

Barros, V., A. Menéndez, C. Natenzon, R. Kokot, J. Codignotto, M. Re, P. Bronstein, I. Camilloni, S. Ludueña, and 37 
D. Rios, 2008: Storm surges, rising seas and flood risks in metropolitan buenos aires. In: Climate change and 38 
vulnerability. [Leary, N., C. Conde, J. Kulkarni, A. Nyong, and J. Pulhin(eds.)]. Earthscan, London, UK, pp. 39 
117-132.  40 

Barros, V.R., 2010: Agro y Ambiente: Una Agenda Compartida Para El Desarrollo Sustentable. El Cambio 41 
Climático En Argentina (Chapter 3), Foro de la Cadena Agroindustrial Argentina, Buenos Aires, Argentina.  42 

Barthel, F. and E. Neumayer, 2011: A trend analysis of normalized insured damage from natural disasters. Climatic 43 
Change, doi: 10.1007/s10584-011-0331-2 44 

Bazzi, S. and C. Blattman, 2011: Economic shocks and conflict: The (absence of?) evidence from commodity 45 
prices. Center for Global Development Working Paper No. 274. Available at SSRN: 46 
http://ssrn.com/abstract=1972962. 47 

Beaugrand, G., M. Edwards, and L. Legendre, 2010: Marine biodiversity, ecosystem functioning, and carbon 48 
cycles. Proceedings of the National Academy of Sciences, 107(22), 10120-10124. 49 

Beck, S. and J.E.Hay, 2007: Tourism and Climate Change. Risks and Opportunities. Channel View Publications, 50 
Cleveland, USA. 51 

Behrenfeld, M.J., R.T. O'Malley, D.A. Siegel, C.R. McClain, J.L. Sarmiento, G.C. Feldman, A.J. Milligan, P.G. 52 
Falkowski, R.M. Letelier, and E.S. Boss, 2006: Climate-driven trends in contemporary ocean productivity. 53 
Nature, 444(7120), 752-755. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 52 11 June 2012 

Belkin, I. M., 2009: Rapid warming of large marine ecosystems, Progress in Oceanography, 81(1-4), 207-213. 1 
Bell, M.A. and Fischer, R.A., 1994: Using yield prediction models to assess yield gains - a case study for wheat. 2 

Field Crops Research, 36(2), 161-166. 3 
Bell, M.L., M.S. O'Neill, N. Ranjit, V.H. Borja-Aburto, L.A. Cifuentes, and N.C. Gouveia, 2008: Vulnerability to 4 

heat-related mortality in latin america: A case-crossover study in são paulo, brazil, santiago, chile and mexico 5 
city, mexico. International Journal of Epidemiology, 37(4), 796-804.  6 

Berkes, F., 2009: Indigenous ways of knowing and the study of environmental change, Journal of the Royal Society 7 
of New Zealand, 39, 151-156. 8 

Beven, J.L., L.A. Avila, E.S. Blake, D.P. Brown, J.L. Franklin, R.D. Knabb, R.J. Pasch, J.R. Rhome, and S.R. 9 
Stewart, 2008: Atlantic Hurricane Season of 2005. Monthly Weather Review, 136, pp. 1109-1173. 10 

Björk, RG. And U.Molau, 2007: Ecology of alpine snow beds and the impact of Global Change. Arctic, Antarctic 11 
and Alpine Research, 39(1): 34-43 12 

Black, R., W.N. Adger, N.W. Arnell, S. Dercon, A. Geddes, and D. Thomas, 2011: The effect of environmental 13 
change on human migration. Global Environmental Change, 21(Suppl. 1), 3-11. ISSN 0959-3780 14 

Blackburn, T.M., P. Cassey, R.P. Duncan, K.L. Evans, and K.J. Gaston, 2004: Avian extinction and mammalian 15 
introductions on oceanic islands. Science, 305, 1955-1958. 16 

Bohlken, A.T. and E.J. Sergenti, 2010: Economic growth and ethnic violence: An empirical investigation of hindu–17 
muslim riots in india. Journal of Peace Research, 47(5), 589–600. 18 

Bolch, T., A. Kulkarni, A. Kääb, C. Huggel, F. Paul, J.G. Cogley, H. Frey, J.S. Kargel, K. Fujita, M. Scheel, S. 19 
Bajracharya, and M. Stoffel, 2012: The State and Fate of Himalayan Glaciers. Science, 336, 310–314. 20 

Bonfils, C., and B. D. Santer, 2011: Investigating the possibility of a human component in various pacific decadal 21 
oscillation indices, Climate Dynamics, 37(7), 1457-1468. 22 

Bongaerts, P., T. Ridgway, E. Sampayo and O. Hoegh-Guldberg (2010): Assessing  the “deep reef refugia” 23 
hypothesis: focus on Caribbean reefs. Coral Reefs, 29(2), 309-327.  24 

Boustan, L.P., M.E. Kahn, and P.W. Rhode, 2012: Moving to Higher Ground: Migration Response to Natural 25 
Disasters in the Early Twentieth Century. Working paper.   26 

Bouwer, L.M., 2011a: Have disaster losses increased due to anthropogenic climate change? Bulletin of the 27 
American Meteorological Society, 92(1), 39-46.  28 

Bouwer, L.M., 2011b: Reply to comments on “Have disaster losses increased due to anthropogenic climate 29 
change?” Bulletin of the American Meteorological Society, 92(6), 792-793. 30 

Bouwer, L.M., R.P. Crompton, E. Faust, P. Hoeppe, and R.A. Pielke Jr., 2007: Confronting disaster losses. Science, 31 
318, 753. 32 

Bowman, D., B.P. Murphy, and D.S. Banfai, 2010: Has global environmental change caused monsoon rainforests to 33 
expand in the Australian monsoon tropics? Landscape Ecology, 25(8), 1247-1260. 34 

Boyd, P.W., R. Strzepek, F.X. Fu and D.A. Hutchins, 2010: Environmental control of open-ocean phytoplankton 35 
groups: now and in the future. Limnology and Oceanography, 55(3), 1353-1376. 36 

Bradley, R.S., F.T. Keimig, H.F. Diaz, and D.R. Hardy, 2009: Recent changes in freezing level heights in the 37 
tropics with implications for the deglacierization of high mountain regions. Geophysical Research Letters, 38 
36(17).  39 

Bradley, R.S., M. Vuille, H.F. Diaz, and W. Vergara, 2006: Threats to water supplies in the tropical andes. Science, 40 
312(5781), 1755-1756.  41 

Bradshaw, C.J.A., N.S. Sodhi, and B.W. Brook, 2009: Tropical turmoil: A biodiversity tragedy in progress. 42 
Frontiers in Ecology and the Environment, 7(2), 79-87. 43 

Brisson, N., P. Gate, D. Gouache, G. Charmet, F. Oury, and F. Huard, 2010: Why are wheat yields stagnating in 44 
europe? A comprehensive data analysis for france. Field Crops Research, 119(1), 201-212. 45 

Bruckner, M. and A. Ciccone, 2011: Rain and the democratic window of opportunity. Econometrica, 79(3), 923–46 
947. 47 

Bruno, J.F., and E.R. Selig, 2007: Regional decline of coral cover in the Indo-Pacific: timing, extent, and 48 
subregional comparisons. PLoS ONE. , 2(8), pp. e711. 49 

Bruno, J.F., E.R. Selig, K.S. Casey, C.A. Page, B.L. Willis, C.D. Harvell, H. Sweatman, and A.M. Melendy, 2007: 50 
Thermal stress and coral cover as drivers of coral disease outbreaks. Public Library of Science Biology, 5(6), 51 
1220-1227. 52 

Brutsaert, W. and M. Sugita, 2011: Is Mongolia’s groundwater increasing or decreasing? The case of the Kherlen 53 
River basin. Hydrological Sciences, 53(6), 1221-1229. doi: 10.1623/hysj. 53. 6.1221 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 53 11 June 2012 

Buckley, B., K. Anchukaitis, D. Penny, R. Fletcher, E. Cook, M. Sano, L. Nam, A. Wichienkeeo, T. Minh, and T. 1 
Hong, 2010: Climate as a contributing factor in the demise of Angkor, Cambodia. Proceedings of the National 2 
Academy of Sciences, 107(15), 6748-6752. 3 

Buestel, D., M. Ropert, J. Prou, and Goulletquer, 2009: History, status and future of oyster culture in france. Journal 4 
of Shellfish Research, 28(4), 813-820.  5 

Burke, M.B., E. Miguel, S. Satyanath, J.A. Dykema, and D.B. Lobell, 2009: Warming increases the risk of civil war 6 
in Africa. Proceedings of the National Academy of Sciences, 106, 20670-20674. 7 

Burke, P. J., 2011: Economic growth and political survival. ANU Working Paper No. 2011/06, May 1, 2011. 8 
Available at SSRN: http://ssrn.com/abstract=1845464 or http://dx.doi.org/10.2139/ssrn.1845464 9 

Burke, P.J. and A. Leigh, 2010: Do output contractions trigger democratic change? American Economic Journal: 10 
Macroeconomics, 2(4), 124–157. 11 

Bury, J., B.G. Mark, J. McKenzie, A. French, M. Baraer, K. In Huh, M. Zapata Luyo, and R.J. Gómez López, 2010: 12 
Glacier Recession and Human Vulnerability in the Yanamarey Watershed of the Cordillera Blanca, Peru, 13 
Climatic Change, 105, 179-206. 14 

Byg, A. and J. Salick, 2009: Local perspectives on a global phenomenon-Climate change in Eastern Tibetan 15 
villages, Global Environmental Change, 19, 156-166. 16 

Cai, W., T. Cowan, P. Briggs, and M. Raupach, 2009: Rising temperature depletes soil moisture and exacerbates 17 
severe drought conditions across southeast Australia. Geophysical Research Letters 18 

Callaghan, J. and S.B. Power, 2011: Variability and decline in the number of severe tropical cyclones making 19 
landfall over eastern Australia since the late nineteenth century. Climate Dynamics, 37(3-4), 647-662. 20 

Callaghan, TV. Bergholm, F. Christensen, TR. Jonasson, C. Kokfelt, U. & Johansson, M. 2010.A new climate era 21 
in the sub-Arctic: Accelerating climate changes and multiple impacts. Geophysical Research Letters, 37(14): 22 
p.L14705 23 

Cambers, G., 2009: Caribbean beach changes and climate change adaptation. Aquatic Ecosystem Health and 24 
Management, 12(2), 168-176.  25 

Cardoso P. G., Raffaelli D. and Pardal M. A., 2008: The impact of extreme weather events on the seagrass Zostera 26 
noltii and related Hydrobia ulvae population. Marine Pollution Bulletin 56:483-492. 27 

Carey, M., 2005: Living and dying with glaciers: people's historical vulnerability to avalanches and outburst floods 28 
in Peru. Global and Planetary Change, 47(2-4), 122-134 29 

Carey, M., 2010: In the Shadow of Melting Glaciers: Climate Change and Andean Society, Oxford University 30 
Press, New York. 31 

Carey, M., A. French, and E. O'Brien, 2012a: Unintended Effects of Technology on Climate Change Adaptation: 32 
An Historical Analysis of Water Conflicts below Andean Glaciers, Journal of Historical Geography, 38, 181-33 
191. 34 

Carey, Mark, Christian Huggel, Jeffrey Bury, César Portocarrero, and Wilfried Haeberli. 2012b: An Integrated 35 
Socio-Environmental Framework for Glacier Hazard Management and Climate Change Adaptation: Lessons 36 
from Lake 513, Cordillera Blanca, Peru. Climatic Change, 112 (3-4):733-767. 37 

Carpenter, K.E., M. Abrar, G. Aeby, R.B. Aronson, S. Banks, A. Bruckner, A. Chiriboga, J. Cortes, J.C. Delbeek, 38 
L. DeVantier, G.J. Edgar, A.J. Edwards, D. Fenner, H.M. Guzman, B.W. Hoeksema, G. Hodgson, O. Johan, 39 
W.Y. Licuanan, S.R. Livingstone, E.R. Lovell, J.A. Moore, D.O. Obura, D. Ochavillo, B.A. Polidoro, W.F. 40 
Precht, M.C. Quibilan, C. Reboton, Z.T. Richards, A.D. Rogers, J. Sanciangco, A. Sheppard, C. Sheppard, J. 41 
Smith, S. Stuart, E. Turak, J.E.N. Veron, C. Wallace, E. Weil, and E. Wood, 2008: One-third of reef-building 42 
corals face elevated extinction risk from climate change and local impacts. Science, 321(5888), pp. 560-563. 43 

Carr, E.R., 2008: Between structure and agency: Livelihoods and adaptation in ghana's central region. Global 44 
Environmental Change, 18(4), 689-699.  45 

Carrington E., 2002. Seasonal variation in the attachment strength of blue mussels: causes and consequences. 46 
Limnology and Oceanography 47:1723-1733. 47 

Carson, C., S. Hajat, B. Armstrong and P. Wilkinson, 2006: Declining vulnerability to temperature-related mortality 48 
in London over the twentieth century. Am. J. Epidemiol., 164, 77-84. 49 

Carter, B. and R. Bates, 2012: Public Policy, Price Shocks, and Civil War in Developing Countries. Working paper. 50 
http://www.wcfia.harvard.edu/sites/default/files/bcarter_publicpolicycivilwar.pdf 51 

Carvalho, L.M.V., C. Jones, A.E. Silva, B. Liebmann, and P.L. Silva Dias, 2010: The South American Monsoon 52 
System and the 1970s climate transition. International Journal of Climatology, doi: 10.1002/joc.2147 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 54 11 June 2012 

Cassasa, G.P., B. Pouyaud, and F. Escobar, 2009: Detection of changes in glacial runoff in alpine basins: Examples 1 
from North America, the Alps, central Asia and the Andes. Hydrological Process. 23, 31-41(2009). doi: 2 
10.1002/hyp.7194 3 

Cattiaux, J., R. Vautard, and P. Yiou.  2009.  Origins of the extremely warm European fall of 2006.  Geophysical 4 
Research Letters, 36, L06713, 10.1029/2009GL037339. 5 

CCSP, 2007: Effects of Climate Change on Energy Production and Use in the United States. U.S. Climate Change 6 
Science Program and the subcommittee on Global Change Research, 160pp.  7 

Chambers, L.E., C.A. Devney, B.C. Congdon et al , 2011: Observed and predicted effects of climate on Australian 8 
seabirds. Emu, 111(3), 235-251. 9 

Chaney, E. ,2011: Revolt on the nile: Economic shocks, religion and political influence. Working paper. Available 10 
at: http://www.econ.brown.edu/econ/events/chaney.pdf 11 

Changnon, S.A., 2007: Catastrophic winter storms: An escalating problem. Climatic Change, 84, 131-139.  12 
Changnon, S.A., 2008: Assessment of flood losses in the united states. Journal of Contemporary Water Research 13 

and Education, 138, 38-44.  14 
Changnon, S.A., 2009a: Characteristics of severe Atlantic hurricanes in the United States: 1949-2006, Natural 15 

Hazards, 48, 329-337. 16 
Changnon, S.A., 2009b: Increasing major hail losses in the U.S.. Climatic Change, 96, 161-166. 17 
Chapuis, J.L., Y. Frenot, and M. Lebouvier, 2004: Recovery of native plant communities after eradication of rabbits 18 

from the subantarctic kerguelen islands, and influence of climate change. Biological Conservation, 117(2), 167-19 
179. 20 

Chase, T. N, K. Wolter, R. A. Sr. Pielke, and I. Rasool. 2006: Was the 2003 European summer heat wave unusual in 21 
a global context? Geophysical Research Letters, 33, L23709, 10.1029/2006GL027470. 22 

Chatfield, C., 1995: Model uncertainty, data-mining, and statistical inference. Journal of the Royal Statistical 23 
Society, A158, 419-466.  24 

Chaves, L.F., and C. J. M. Koenraadt, 2010: Climate Change and Highland Malaria: Fresh Air for a Hot Debate. 25 
The Quarterly Review of Biology, 85 (1), 27-55.  26 

Chen, C., C. Lei, A. Deng, C. Qian, W. Hoogmoed, and W. Zhang, 2011a. Will higher minimum temperatures 27 
increase corn production in northeast china? An analysis of historical data over 1965–2008. Agricultural and 28 
Forest Meteorology, 151(12), 1580-1588. 29 

Chen, I-C., J.K. Hill, H-J Shiu, J.D. Holloway, S. Buedick, V.K. Chey, H.S. Barlow, and C.D. Thomas, 2011b; 30 
Asymmetric boundary shifts of tropical montane Lidoptera over four decades of climate warming . Global 31 
Ecology and Biogeography, 20, 34-45. doi: 10.1111/j.1466-8238.2010.00594.x 32 

Chen, I.-C., Hill, J. K., Ohlemüller, R., Roy, D. B. and Thomas, C. D., 2011c: Rapid range shifts of species 33 
associated with high levels of climate warming. Science, 333(6045): 1024-1026. 34 

Cheng, G. and T. Wu, 2007: Responses of permafrost to climate change and their environmental significance, 35 
Qianghai-Tibet Plateau. Journal of geophysical research, 112(F2). doi: 10.1029/2006jF000631. 36 

Chessman, B.C., 2009: Climatic changes and 13-year trends in stream macroinvertebrate assemblages in New 37 
South Wales, Australia. Global Change Biology, 15(11), 2791-2802. 38 

Chown, S.L. and P. Convey, 2007: Spatial and temporal variability across life's hierarchies in the terrestrial 39 
antarctic. Philosophical Transactions of the Royal Society B: Biological Sciences, 362(1488), 2307-2331.  40 

Christidis, N., G.C. Donaldson, and P.A. Stott, 2010: Causes for the recent changes in cold- and heat-related 41 
mortality in england and wales. Climatic Change, 102(3-4), 539-553.  42 

Christidis, N., P.A. Stott, S. Brown, G.C. Hegerl, and J. Caesar, 2005: Detection of changes in temperature 43 
extremes during the second half of the 20th century. Geophysical Research Letters, 32, L20716. doi: 44 
10.1029/2005GL023885 45 

Clement J, J. Vercauteren, W.W. Verstraeten, G. Ducoffre, J.M. Barrios, A.M. Vandamme, P. Maes, M.V. Ranst, 46 
2009: Relating increasing hantavirus incidence to the changing climate: the mast connection. International 47 
Journal of Health Geographics 8:1. 48 

Collins, D.N., 2006: Climatic variation and runoff in mountain basins with differing proportions of glacier cover. 49 
Nordic hydrology, 37(4-5), 315–326 50 

Condom, T., M. Escobar, D. Purkey, J.C. Pouget, W. Suarez, C. Ramos, J. Apaestegui, M. Zapata, J. Gomez, and 51 
W. Vergara, 2011: Modelling the hydrologic role of glaciers within a Water Evaluation and Planning System 52 
(WEAP): a case study in the Rio Santa watershed (Peru). Hydrology and Earth System Sciences Discussions, 53 
8(1), 869-916. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 55 11 June 2012 

Confalonieri, U., B. Menne, R. Akhtar, K.L. Ebi, M. Hauengue, R.S. Kovats, B. Revich and A. Woodward, 2007: 1 
Human health. Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group 2 
II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L. Parry, O.F. 3 
Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, 4 
UK, 391-431.  5 

Conway, D. and G. Mahé, 2009: River flow modelling in two large river basins with non-stationary behaviour: The 6 
paraná and the niger. Hydrological Processes, 23(22), 3186-3192.  7 

Cooper, T.F., G. De 'Ath, K.E. Fabricius, and J.M. Lough, 2008: Declining coral calcification in massive Porites in 8 
two nearshore regions of the northern Great Barrier Reef. Global Change Biology, 14(3), 529-538. 9 

Corti, T., V. Muccione, P. Köllner-Heck, D. Bresch, S.I. Seneviratne, 2009: Simulating past droughts and 10 
associated building damages in France. Hydrology and Earth System Sciences, 13, 1739-1747. 11 

Costa, M. H., A. Botta, and J.A. Cardille, 2003: Effects of large-scale changes in land cover on the discharge of the 12 
Tocantins river, Southeastern Amazonia. Journal of Hydrology, 283, 206-217. 13 

Coumou, D., and S. Rahmstorf, 2012: A decade of weather extremes. Nature Climate Change, 5, 14 
10.1038/nclimate1452. 15 

Couttenier, M. and R. Soubeyran, 2011: Drought and civil war in sub-saharan africa. FEEM Working Paper No. 16 
150.2010. Available at SSRN: http://ssrn.com/abstract=1734704 or http://dx.doi.org/10.2139/ssrn.1734704 17 

Crain, C.M., K. Kroeker, and B.S. Halpern, 2008: Interactive and cumulative effects of multiple human stressors in 18 
marine systems. Ecology Letters, 11(12), 1304-1315. 19 

Crompton, R.P. and K.J. McAneney, 2008: Normalised Australian insured losses from meteorological hazards: 20 
1967-2006. Environmental Science and Policy, 11, 371-378. 21 

Crowe, J., B. van Wendel de Joode, and C. Wesseling, 2009: A pilot field evaluation on heat stress in sugarcane 22 
workers in costa rica: What to do next? Global Health Action, 2.  23 

Cruikshank, J., 2001: Glaciers and Climate Change: Perspectives from Oral Tradition. Arctic, 54, 377-393. 24 
Cullen, H., P. Demenocal, S. Hemming, G. Hemming, F. Brown, T. Guilderson, and F. Sirocko, 2000: Climate 25 

change and the collapse of the akkadian empire: Evidence from the deep sea. Geology, 28(4), 379-382. 26 
Cullen, J.M., L.E. Chambers, P.C. Coutin et al , 2009: Predicting onset and success of breeding in little penguins 27 

Eudyptula minor from ocean temperatures. Marine Ecology-Progress Series, 378, 269-278. 28 
Cullen-Unsworth, L.C., R. Hill, J.R.A. Butler, and M. Wallace, 2011: A Research Process for Integrating 29 

Indigenous and Scientific Knowledge in Cultural Landscapes: Principles and Determinants of Success in the 30 
Wet Tropics World Heritage Area, Australia. The Geographical Journal, doi: 10.1111/j.1475-31 
4959.2011.00451.x. 32 

Cummins, J.D. and O. Mahul, 2009: Catastrophe risk financing in developing countries: principles for public 33 
intervention. The World Bank, Washington D.C., 256pp.  34 

D’Amato, G., L. Cecchi, S. Bonini, C. Nunes, I. Annesi-Maesano, H. Behrendt, G. Liccardi, T. Popov, and P. Van 35 
Cauwenberge, 2007: Allergenic pollen and pollen allergy in Europe. Allergy, 62(9), pp. 976-990. 36 

Dai, A., 2011: Drought under global warming: A review. Wiley Interdisciplinary Reviews-Climate Change, 2(1), 45-37 
65.  38 

Dai, A., T. Qian, K.E. Trenberth, and J.D. Milliman, 2009: Changes in continental freshwater discharge from 1948 39 
to 2004. Journal of Climate, 22(10), 2773-2792. 40 

Dai, A., T. Qian, K.E. Trenberth, and J.D. Milliman, 2009: Changes in continental freshwater discharge from 1948 41 
to 2004. Journal of Climate, 22(10), 2773-2792.  42 

Dalton, S.J., S. Godwin, S.D.A. Smith, and L. Pereg, 2010: Australian subtropical white syndrome: a transmissible, 43 
temperature-dependent coral disease. Marine and Freshwater Research, 61(3), pp. 342-350. 44 

Daufresne, M. and P. Boet, 2007: Climate change impacts on structure and diversity of fish communities in rivers. 45 
Global Change Biology, 13(12), 2467-2478.  46 

Daufresne, M., K. Lengfellner, and U. Sommer, 2009: Global warming benefits the small in aquatic ecosystems. 47 
Proceedings of the National Academy of Sciences of the United States of America, 106(31), 12788-93.  48 

de Moel, H., G.M. Ganssen, F.J.C. Peeters, S.J.A. Jung, D. Kroon, G.J.A. Brummer, and R.E. Zeebe, 2009: Planktic 49 
foraminiferal shell thinning in the Arabian Sea due to anthropogenic ocean acidification? Biogeosciences, 6(9), 50 
1917-1925. 51 

De'ath, G., J.M. Lough, and K.E. Fabricius, 2009: Declining Coral Calcification on the Great Barrier Reef. Science, 52 
323(5910), 116-119. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 56 11 June 2012 

DEFRA, 2001: To what degree can the October/November 2000 flood events be attributed to climate change?  Final 1 
Report FD2034, Department for Environment, Food and Rural Affairs, London, 40pp. 2 

Degtyarev, G.G., 2011: Climate anomalies as a factor of bird mortality in Northern Yakutia. Russian Journal of 3 
Ecology. 42(2), 138-142. ISSN  1067-4136 4 

Delaloye, R., C. Lambiel and I. Gärtner-Roer, 2010: Overview of rock glacier kinematics research in the Swiss 5 
Alps. Seasonal rhythm, interannual variations and trends over several decades. Geographica Helvetica, 62, 6 
135–145. 7 

Dell, M., B.F. Jones, and B.A. Olken, 2009: Temperature and Income: Reconciling New Cross-Sectional and Panel 8 
Estimates. American Economic Review, 99(2), 198-204. 9 

Dell, Melissa, Benjamin F. Jones, and Benjamin A. Olken, Forthcoming. “Climate Change and Economic Growth: 10 
Evidence from the Last Half Century.” American Economic Journal: Macroeconomics. 11 
http://www.nber.org/papers/w14132. 12 

Delpla, I., A.-V. Jung, E. Baures, M. Clement, and O. Thomas, 2009: Impacts of climate change on surface water 13 
quality in relation to drinking water production. Environmental International, 35, 1225-1233. doi: 14 
10.1016/j.envint.2009.07.001 15 

DeMenocal, P., 2001: Cultural responses to climate change during the late holocene. Science, 292(5517), 667–673. 16 
Deschênes, O. and M. Greenstone, 2011: Climate Change, Mortality, and Adaptation: Evidence from Annual 17 

Fluctuations in Weather in the US. American Economic Journal: Applied Economics, 3(4), 152-185. 18 
Descy, J.-P. and H. Sarmento, 2008: Microorganisms of the East African Great Lakes and their response to 19 

environmental changes. Freshwater Reviews, 1, 59-73. 20 
Devictor, V., R. Julliard, D. Couvet, and F. Jiguet, 2008: Birds are tracking climate warming, but not fast enough. 21 

Proceedings of the Royal Society B: Biological Sciences, 275, 2743-2748.  22 
Devictor, V., van Swaay, C., Brereton, T., Brotons, L., Chamberlain, D., Heliola, J., Herrando, S., Julliard, R., 23 

Kuussaari, M., Lindström, A., Reif, J., Roy, D. B., Schweiger, O., Settele, J., Stefanescu, C., Van Strien, A., 24 
Van Turnhout, C., Vermouzek, Z., Wallis De Vries, M., Wynhoff, I. and Jiguet, F. (2012). Differences in the 25 
climatic debts of birds and butterflies at a continental scale. Nature Climate Change, 2(2): 121-124. 26 

Di Baldassarre, G., A. Montanari, H. Lins, D. Koutsoyiannis, L. Brandimarte, and G. Blöschl, 2010: Flood 27 
fatalities in Africa: from diagnosis to mitigation. Geophysical Research Letters, 37, L22402, 28 
10.1029/2010GL045467. 29 

Didham, R.K., J.M. Tylianakis, M.A. Hutchison, R.M. Ewers, and N.J. Gemmell, 2005: Are invasive species the 30 
drivers of ecological change? Trends in Ecology & Evolution, 20(9), 470-474. 31 

Doi, H. and I.Katano, 2008: Phenological timings of leaf budburst with climate change in Japan. Agricultural and 32 
Forest Meteorology, 148, 512-516 33 

Dole, R., M. Hoerling, J. Perlwitz, J. Eischeid, P. Pegion, T. Zhang, X.-W. Quan, T. Xu, and D. Murray. 2011. Was 34 
there a basis for anticipating the 2010 Russian heat wave? Geophysical Research Letters, 38, L06702, 35 
10.1029/2010GL046582. 36 

Donner, S.D., 2011: An evaluation of the effect of recent temperature variability on the prediction of coral 37 
bleaching events. Ecological Applications, 21(5), pp. 1718-1730. 38 

Douglas, I., K. Alam, M.A. Maghenda, Y. Mcdonnell, L. McLean, and J. Campbell, 2008: Unjust waters: Climate 39 
change, flooding and the urban poor in africa. Environment and Urbanization, 20(1), 187-205.  40 

Doyle, M.E. and V.R. Barros, 2011: Attribution of the river flow growth in the plata basin. International Journal of 41 
Climatology, 31(15), 2234-2248.  42 

Dulamsuren, C., M. Hauck, M.Khishigjargal, H.H. Lenschner and C. Lenschner, 2010a: Diverging climate trends 43 
in Mongolia taiga forests influence growth and regeneration of Larix sibirica. Oecologia, 163, 1091-1102. doi: 44 
10.1007/s00442-010-1689-y 45 

Dulamsuren, C., M. Hauck, and C. Lenschner, 2010b; Recent drought stress leads to growth reductions in Larix 46 
sibirica in the western Khentey, Mongolia. Global Change Biology, 16, 3024-3035, doi: 101111/j. 1365-47 
2486.2009.02147.x 48 

Dunn, P.O. and D.W. Winkler, 1999: Climate change has affected the breeding date of tree swallows throughout 49 
North America. Proceedings of the Royal Society of London Series B, 266, 2487–2490; 50 

Durand, Y., G. Giraud, M. Laternser, P. Etchevers, L. Mérindol, and B. Lesaffre, 2009: Reanalysis of 47 years of 51 
climate in the French Alps (1958-2005): Climatology and trends for snow cover. Journal of Applied 52 
Meteorology and Climatology, 48, 2487–2512. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 57 11 June 2012 

Durmayaz, A. and O.S. Sogut, 2006: Influence of cooling water temperature on the efficiency of a pressurized‐1 
water reactor nuclear‐power plant. International Journal of Energy Research, 30(10), 799-810. 2 

Eakin, C.M., J.A. Morgan, S.F. Heron, T.B. Smith, G. Liu, L. Alvarez-Filip, B. Baca, E. Bartels, C. Bastidas, C. 3 
Bouchon, M. Brandt, A.W. Bruckner, L. Bunkley-Williams, A. Cameron, B.D. Causey, M. Chiappone, T.R.L. 4 
Christensen, M.J.C. Crabbe, O. Day, E. de la Guardia, G. Diaz-Pulido, D. DiResta, D.L. Gil-Agudelo, D.S. 5 
Gilliam, R.N. Ginsburg, S. Gore, H.M. Guzman, J.C. Hendee, E.A. Hernandez-Delgado, E. Husain, C.F.G. 6 
Jeffrey, R.J. Jones, E. Jordan-Dahlgren, L.S. Kaufman, D.I. Kline, P.A. Kramer, J.C. Lang, D. Lirman, J. 7 
Mallela, C. Manfrino, J. Marechal, K. Marks, J. Mihaly, W.J. Miller, E.M. Mueller, E.M. Muller, C.A. Orozco 8 
Toro, H.A. Oxenford, D. Ponce-Taylor, N. Quinn, K.B. Ritchie, S. Rodriguez, A. Rodriguez Ramirez, S. 9 
Romano, J.F. Samhouri, J.A. Sanchez, G.P. Schmahl, B.V. Shank, W.J. Skirving, S.C.C. Steiner, E. Villamizar, 10 
S.M. Walsh, C. Walter, E. Weil, E.H. Williams, K.W. Roberson, and Y. Yusuf, 2010: Caribbean corals in crisis: 11 
Record thermal stress, bleaching, and mortality in 2005. Plos One, 5(11), e13969. 12 

Eakin, C.M., J.A. Morgan, S.F. Heron, T.B. Smith, G. Liu, L. Alvarez-Filip, B. Baca, E. Bartels, C. Bastidas, and 13 
C. Bouchon, 2010: Caribbean corals in crisis: record thermal stress, bleaching, and mortality in 2005. PLoS 14 
ONE, 5(11), pp. e13969. 15 

Ebi, K.L., N.D. Lewis, and C. Corvalan, 2006: Climate variability and change and their potential health effects in 16 
small island states: Information for adaptation planning in the health sector. Environmental Health Perspectives, 17 
114(12), 1957-1963. 18 

ECLAC, 2011: Efectos Del Cambio Climático En La Costa De América Latina y El Caribe : Dinámicas, 19 
Tendencias y Variabilidad Climática. LC/W.447, United Nations, Economic Commission for Latin America 20 
and the Caribbean (ECLAC), Santiago de Chile, Chile, 263 pp.  21 

Eichler, A., W. Tinner, S. Brutsch, S. Olivier, T. Papina, and M. Schwikowski, 2011: An ice-core based history of 22 
Siberian forest fires since AD 1250. Quaternary Science Review, 30, 1027-1034. doi: 10.1016/j. 23 
quascirev.2011.02.007et al, 2011 24 

Ekau, W., H. Auel, H.O. Pörtner, and D. Gilbert, 2010: Impacts of hypoxia on the structure and processes in pelagic 25 
communities (zooplankton, macro-invertebrates and fish). Biogeosciences, 7(5), 1669-1699. 26 

Eliason, E.J., T.D. Clark, M.J. Hague, L.M. Hanson, Z.S. Gallagher, K.M. Jeffries, M.K. Gale, D.A. Patterson, S.G. 27 
Hinch, and A.P. Farrell, 2011: Differences in thermal tolerance among sockeye salmon populations. Science, 28 
332(6025), 109-112. 29 

Emanuel, K.  2005.  Increasing destructiveness of tropical cyclones over the past 30 years.  Nature, 436, 686-688. 30 
Engelhard, G. H., J. K. Pinnegar, L. T. Kell, and A. D. Rijnsdorp, 2011: Nine decades of North Sea sole and plaice 31 

distribution, Ices Journal of Marine Science, 68(6), 1090-1104. 32 
Environment Agency, 2001.  Lessons learned: Autumn 2000 floods. http://publications.environment-33 

agency.gov.uk/dispay.php?name=GEHO0301BMXO-E-E, ISBN 1857055063, 68pp. 34 
Erdem, H.H. and S.H. Sevilgen, 2006: Case study: Effect of ambient temperature on the electricity production and 35 

fuel consumption of a simple cycle gas turbine in Turkey. Applied Thermal Engineering, 26(2–3), 320-326. 36 
Fedorov, A.V. and S.G. Philander, 2000: Is El Niño Changing? Science, 288, 1997-2002. 37 
Feehan, J., M. Harley, and J. Van Minnen, 2009: Climate change in europe. 1. impact on terrestrial ecosystems and 38 

biodiversity. A review. Agronomy for Sustainable Development, 29(3), 409-421.  39 
Feely, K., S.J. Wright, M.N. Nur Supardi, A.R. Kassim, and S.J. Davies, 2007: Decelerating growth in tropical 40 

forest trees. Ecology Letters, 10, 461-469. doi: 10.1111/j.1461-0248.2007.01055x 41 
Feng, S., M. Oppenheimer, and W. Schlenker, 2012: Climate change, crop yields, and internal migration in the 42 

United States. Working Paper 17734, National Bureau of Economic Research. 43 
Field, D.B., T.R. Baumgartner, C.D. Charles, V. Ferreira-Bartrina and M.D. Ohman. 2006: Planktonic foraminifera 44 

of the Californian current reflect 20th-century warming. Science, 311, 62-66. 45 
Fischer, L., R.S. Purves, C. Huggel, J. Noetzli, and W. Haeberli, 2012: On the influence of topographic, geological 46 

and cryospheric factors on rock avalanches and rockfalls in high-mountain areas. Natural Hazards Earth System 47 
Sciences, 12, 241–254. 48 

Fishman, J., J.K. Creilson, P.A. Parker, E.A. Ainsworth, G.G. Vining, J. Szarka, F.L. Booker, and X. Xu, 2010: An 49 
investigation of widespread ozone damage to the soybean crop in the upper midwest determined from ground-50 
based and satellite measurements. Atmospheric Environment, 44(18), 2248-2256. 51 

Foden, W., G.F. Midgley, G. Hughes, W.J. Bond, W. Thuiller, M.T. Hoffmann, P. Kaleme, L.G. Underhill, A. 52 
Rebelo, and L. Hannah, 2007: A changing climate is eroding the geographical range of the namib desert tree 53 
aloe through population declines and dispersal lags. Diversity and Distributions, 13, 645-653. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 58 11 June 2012 

Ford, J., T. Pearce, B. Smit, J. Wandel, M. Allurut, K. Shappa, H. Ittusujurat, and K. Qrunnut, 2007: Reducing 1 
vulnerability to climate change in the arctic: The case of nunavut, canada. Arctic, , 150-166.   2 

Ford, J. D., 2009. Vulnerability of Inuit food systems to food insecurity as a consequence of climate change: a case 3 
study from Igloolik, Nunavut. Regional Environmental Change, 9(2): 83-100. 4 

Ford, J.D., W.A. Gough, G.J. Laidler, J. MacDonald, C. Irngaut, and K. Qrunnut, 2009: Sea ice, climate change, 5 
and community vulnerability in northern Foxe Basin, Canada, Climate Research, 38, 137-154. 6 

Ford, J.D., W. Vanderbilt, and L. Berrang-Ford, 2011: Authorship in IPCC AR5 and its implications for content: 7 
climate change and Indigenous populations. Climatic Change, doi: 10.1007/s10584-10011-10350-z. 8 

Ford, M., 2012: Shoreline changes on an urban atoll in the central pacific ocean: Majuro atoll, marshall islands. 9 
Journal of Coastal Research, 28(1), 11-22. 10 

Fortner, S. K., B.G. Mark, J.M. McKenzie, J. Bury, A. Trierweiler, M. Baraer, P.J. Burns, and L. Munk, 2011: 11 
Elevated stream trace and minor element concentrations in the foreland of receding tropical glaciers. Applied 12 
Geochemistry, 26, 1792–1801. 13 

Franco, G. and A. Sanstad, 2008: Climate change and electricity demand in California. Climatic Change, 87, 139-14 
151. 15 

Freed, L.A., R.L. Cann, M.L. Goff, W.A. Kuntz, and G.R. Bodner, 2005: Increase in avian malaria at upper 16 
elevations in hawaii. The Condor, 107, 753-764. 17 

Frenot, Y., S.L. Chown, J. Whinam, P.M. Selkirk, P. Conve, M. Skotnicki, and D.M. Bergstrom, 2005: Biological 18 
invasions in the antarctic: Extent, impacts and implications. Biological Reviews, 80, 45-72. 19 

Fujisawa, M. and K.Kobayashi, 2010: Apple (Malus pumila var. domestica) phenology is advancing due to rising 20 
air temperature in northern Japan. Global Change Biology, 16, 2651-2660. doi: 10.1111/j. 1365-21 
2486.2009.02126.x 22 

Gallant, A., and J. Gergis, 2011: An experimental streamflow reconstruction for the River Murray, Australia, 1783-23 
1988. Water Resources Research, 47. 24 

García-Mozo H., C. Galán, P. Alcázar, C. Díazdela Guardia, D. Nieto-Lugilde, M. Recio, P. Hidalgo, F. Gónzalez-25 
Minero, L. Ruiz, E. Domínguez-Vilches, 2010:Trends in grass pollen season in southern Spain. Aerobiologia, 26 
26: 157-169. 27 

Gardelle, J. Y. Arnaud, E. Berthier, 2011: Contrasted evolution of glacial lakes along the Hindu Kush Himalaya 28 
mountain range between 1990 and 2009. Global and Planetary Change, 75, 47-55. 29 

Gardner, J.L., R. Heinsohn, and L. Joseph, 2009: Shifting latitudinal clines in avian body size correlate with global 30 
warming in Australian passerines. Proceedings of the Royal Society B: Biological Sciences, 276(1674), 3845-31 
3852. 32 

Gardner, T.A., I.M. Cote, J.A. Gill, A. Grant, and A.R. Watkinson, 2003: Long-term region-wide declines in 33 
Caribbean corals. Science, 301(5635), pp. 958-60. 34 

Gearheard, S., M. Pocernich, R. Stewart, J. Sanguya, and H.P. Huntington, 2010: Linking Inuit knowledge and 35 
meteorological station observations to understand changing wind patterns at Clyde River, Nunavut, Climatic 36 
Change, 100, 267-294. 37 

Gething, P.W., D.L. Smith, A.P. Patil, A.J. Tatem, R.W. Snow, and S.I. Hay, 2010: Climate change and the global 38 
malaria recession. Nature, 465, 342-345. 39 

Giannini, A., M. Biasutti, and M.M. Verstaete, 2008: A climate model-based review of drought in the Sahel: 40 
Desertification, the re-greening and climate change. Global and Planetary Change, 64, 119-128. 41 

Giorgi, F., 2002: Variability and trends of sub-continental scale surface climate in the twentieth century. part I: 42 
Observations. Climate Dynamics, 18(8), 675-691.  43 

Gonzalez, P., C.J. Tucker, and H. Sy, 2012: Tree density and species decline in the African Sahel attributable to 44 
climate. Journal of Arid Environments, 78, 55-64. 45 

Goodman, J., J. Maschinski, P. Hughes, J. McAuliffe, J. Roncal, D. Powell, and L.O. Sternberg, 2012: Differential 46 
response to soil salinity in endangered key tree cactus: Implications for survival in a changing climate. PLoS 47 
ONE, 7(3), e32528. 48 

Gooseff, M.N., A. Balser, W.B. Bowden, and J.B. Jones, 2009: Spatio-temporal evolution of a thermokarst in 49 
Interior Alaska. EOS Transactions of the American Geophysical Union, 90, 29–30. 50 

Gottfried, M., H. Pauli, A. Futschik, M. Akhalkatsi, P. Barancok, J.L. Benito Alonso, G. Coldea, J. Dick, B. 51 
Erschbamer, M.R. Fernández Calzado, G. Kazakis, J. Krajci, P. Larsson, M. Mallaun, O. Michelsen, D. 52 
Moiseev, P. Moiseev, U. Molau, A. Merzouki, L. Nagy, G. Nakhutsrishvili, B. Pedersen, G. Pelino, M. Puscas, 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 59 11 June 2012 

G. Rossi, A. Stanisci, J.-. Theurillat, M. Tomaselli, L. Villar, P. Vittoz, I. Vogiatzakis, and G. Grabherr, 2012: 1 
Continent-wide response of mountain vegetation to climate change. Nature Cliamte Change, 2, 111-115.  2 

Gray J.S., H. Dautel, A. Estrada-Peña, O. Kahl, E. Lindgren, 2009: Effects of climate change on ticks and tick-3 
borne diseases in Europe. Interdisciplinary effects on infectious diseases 4 

Green, D. and G. Raygorodetsky, 2010: Indigenous knowledge of a changing climate, Climatic Change, 100, 239-5 
242. 6 

Grémillet, D. and T. Boulinier, 2009: Spatial ecology and conservation of seabirds facing global climate change: a 7 
review. Marine Ecology Progress Series, 391, 121-137. 8 

Greve, M., A.M. Lykke, A. Blach-Overgaard, and J.-C. Svenning, 2011: Environmental and anthropogenic 9 
determinants of vegetation distribution across Africa. Global Ecology and Biogeography, 20, 661-674. 10 

Grevelle, G. and Mimura, N. (2008): Vulnerability assessment of sea-level rise in Viti Levu, Fiji Islands. 11 
Sustainability Science, 3: 171-180. 12 

Haeberli, W. and R. Hohmann, 2008: Climate, glaciers and permafrost in the swiss alps 2050: Scenarios, 13 
consequences and recommendations. In: pp. 607-612.  14 

Hajat, S., M. O'Connor, and T. Kosatsky, 2010: Health effects of hot weather: From awareness of risk factors to 15 
effective health protection. The Lancet, 375(9717), 856-863.  16 

Hakkonen et al. (2011), 18.5.9 17 
Halpern B. S., Walbridge S., Selkoe K. A., Kappel C. V., Micheli F., D’Agrosa C., Bruno J. F., Casey K. S., Ebert 18 

C., Fox H. E., Fujita R., Heinemann D., Lenihan H. S., Madin E. M. P., Perry M. T., Selig E. R., Spalding M., 19 
Steneck R. and Watson R., 2008a: A global map of human impact on marine ecosystems. Science 319:948-952. 20 

Hampel, A., Hetzel, R. and G. Maniatis, 2010: Response of faults to climate-driven changes in ice and water 21 
volumes on Earth’s surface. Philosophical Transactions of the Royal Society A: Mathematical, Physical and 22 
Engineering Sciences, 368, 2501–2517. 23 

Handmer, J., Y. Honda, Z.W. Kundzewicz, N. Arnell, G. Benito, J. Hatfield, I.F. Mohamed, P. Peduzzi, S. Wu, B. 24 
Sherstyukov, K. Takahashi, and Z. Yan, 2012: Changes in impacts of climate extremes: human systems and 25 
ecosystems. In: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation 26 
[Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. 27 
Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special Report of Working Groups I and II of the 28 
Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press, Cambridge, UK, and New 29 
York, NY, USA, pp. 231-290. 30 

Hansen, A., P. Bi, M. Nitschke et al , 2008: The effect of heat waves on mental health in a temperate Australian 31 
city. Environmental Health Perspectives, 116(10), 1369-1375. 32 

Hansen, J., M. Sato, R. Ruedy, K. Lo, D. W. Lea and M. Medina-Elizade, 2006: Global temperature change. 33 
Proceedings of the National Academy of Sciences, 103(39), 14288-14293. 34 

Harari, M. and Ferrara, E.L., 2011: Conflict, climate and cells: A disaggregated analysis.  35 
Hardoy, J. and G. Pandiella, 2009. Urban poverty and vulnerability to climate change in Latin America. 36 

Environment and Urbanization, 21(1), 203-224. 37 
Hardoy, J. and G. Pandiella, 2009: Urban poverty and vulnerability to climate change in latin america. Environment 38 

and Urbanization, 21(1), 203-224.  39 
Hassim, M. and K. Walsh, 2008: Tropical cyclone trends in the Australian region. Geochemistry Geophysics 40 

Geosystems. 41 
Haug, G., D. Günther, L. Peterson, D. Sigman, K. Hughen, and B. Aeschlimann, 2003: Climate and the collapse of 42 

maya civilization. Science, 299(5613), 1731-1735. 43 
Hawkins S. J., Moore P. J., Burrows M. T., Poloczanska E., Mieszkowska N., Herbert R. J. H., Jenkins S. R., 44 

Thompson R. C., Genner M. J. and Southward A. J., 2008. Complex interactions in a rapidly changing world: 45 
responses of rocky shore communities to recent climate change. Climate Research 37:123-133. 46 

Hecky, R.E., R. Mugidde, P.S. Ramlal, M.R. Talbot, and G.W. Kling, 2010: Multiple stressors cause rapid 47 
ecosystem change in Lake Victoria. Freshwater Biology, 55, 19-42. 48 

Hedenås, H., H. Olsson, C. Jonasson, J. Bergstedt, U. Dahlberg, and T. Callaghan, 2011: Changes in Tree Growth, 49 
Biomass and Vegetation Over a 13-Year Period in the Swedish Sub-Arctic. AMBIO: A Journal of the Human 50 
Environment, 40(6), pp. 672-682. 51 

Hegerl, G.C, F.W. Zwiers, P. Braconnot, N.P. Gillett, Y. Luo, J.A. Marengo Orsini, N. Nicholls, J.E. Penner, and 52 
P.A. Stott, 2007: Understanding and attributing climate change. In: Climate Change 2007: The Physical Science 53 
Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 60 11 June 2012 

Climate Change. [S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. 1 
Miller (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 663-745. 2 

Hegerl, G.C., O. Hoegh-Guldberg, G. Casassa, M.P. Hoerling, R.S. Kovats, C. Parmesan, D.W. Pierce, and P.A. 3 
Stott, 2010: Good practice guidance paper on detection and attribution related to anthropogenic climate change. 4 
In: Meeting report of the intergovernmental panel on climate change expert meeting on detection and 5 
attribution of anthropogenic climate change [Stocker, T.F., C.B. Field, D. Qin, V. Barros, G.-K. Plattner, M. 6 
Tignor et al.(eds.)]. IPCC Working Group I Technical Support Unit, University of Bern, Bern, Switzerland. 7 

Hemer, M.A., 2010: Historical trends in Southern Ocean storminess: Long-term variability of extreme wave heights 8 
at Cape Sorell, Tasmania, Geophysical Research Letters, 37, L18601, doi:10.1029/2010GL044595. 9 

Hemer, M.A., J.A. Church, and J.R. Hunter, 2010: Variability and trends in the directional wave climate of the 10 
Southern Hemisphere. International Journal of Climatology, 30(4), 475-491. 11 

Hendrix, C. S. and I. Salehyan, 2012: Climate change, rainfall, and social conflict in Africa. Journal of Peace 12 
Research, 49, 35-50. 13 

Hennessy, K.J., P.H. Whetton, K. Walsh, I.N. Smith, J.M. Bathols, M. Hutchinson, and J. Sharples, 2008: Climate 14 
change effects on snow conditions in mainland Australia and adaptation at ski resorts through snowmaking. 15 
Climate Research, 35(3), 255-270. 16 

Henry, S., B. Schoumaker, and C. Beauchemin, 2004: The impact of rainfall on the first out-migration: a multi-level 17 
event history analysis on Burkina Faso. Population and Environment, 25, pp. 423-460. 18 

Herman-Mercer, N., P.F. Schuster, and K.B. Maracle, 2011: Indigenous Observations of Climate Change in the 19 
Lower Yukon River Basin, Alaska, Human Organization, 70, 244-252. 20 

Hidalgo, F., S. Naidu, S. Nichter, and N. Richardson, 2010: Economic determinants of land invasions. The Review 21 
of Economics and Statistics, 92(3), 505–523. 22 

Hiddink, J.G. and R. ter Hofstede, 2008: Climate induced increases in species richness of marine fishes. Global 23 
Change Biology, 14(3), 453-460. 24 

Hilker, N., A. Badoux, C. Hegg, 2009: The Swiss flood and landslide damage database 1972-2007. Natural 25 
Hazards and Earth System Sciences, 9(3), 913–925. 26 

Hinz H., Capasso E., Lilley M., Frost M. and Jenkins S. R., 2011: Temporal differences across a bio-geographical 27 
boundary reveal slow response of sub-littoral benthos to climate change. Marine Ecology Progress Series 28 
423:69-82. 29 

Hockey, P.A.R. and G.F. Midgley, 2009: Avian range changes and climate change: a cautionary tale from the Cape 30 
Peninsula. Ostrich, 80, 29-34. 31 

Hockey, P.A.R., C. Sirami, A.R. Ridley, G.F. Midgely, and H.A. Babiker, 2011: Interrogating recent range changes 32 
in South African birds: Confounding signals from land use and climate change present a challenge for 33 
attribution. Diversity and Distributions, 17, 254-261. 34 

Hoegh-Guldberg, O., 1999: Climate change, coral bleaching and the future of the world's coral reefs. Marine and 35 
Freshwater Research, 50(8), pp. 839-866. 36 

Hoegh-Guldberg, O., 2011: Coral reef ecosystems and anthropogenic climate change. Regional Environmental 37 
Change, 11(Suppl. 1), S215-S227. doi: 10.1007/S101/3-010-0189-2 38 

Holland, P.W., 1986: Statistics and causal inference. Journal of the American Statistical Association, 81, 945-960. 39 
Hönisch, B., A. Ridgwell, D.N. Schmidt, E. Thomas, S.J. Gibbs, A. Sluijs, R. Zeebe, L. Kump, R.C. Martindale, 40 

S.E. Greene, W. Kiessling, J. Ries, J.C. Zachos, D.L. Royer, S. Barker, T.M. Marchitto, R. Moyer, C. Pelejero, 41 
P. Ziveri, G.L. Foster and B. Williams, 2012: The geological record of ocean acidification. Science, 335(6072), 42 
1058-1063. 43 

Hope, P., B. Timbal, and R. Fawcett, 2010: Associations between rainfall variability in the southwest and southeast 44 
of Australia and their evolution through time. International Journal of Climatology, 30(9), pp. 1360-1371. 45 

Horton, R., C. Rosenzweig, V. Gornitz, D. Bader, and M. O'Grady, 2009: Climate Risk Information. New York 46 
City Panel on Climate Change. City of New York, USA. 47 

Houthakker, H.S. and L.D. Taylor, 1970: Consumer demand in the United States: analysis and projections. 48 
Harvard University Press, Cambridge, UK, 336pp. 49 

Hsiang, S.M. and M. Burke, 2012: Climate, Conflict and Social Stability: What do the data say? Submitted to 50 
Climatic Change.  51 

Hsiang, S.M., K.C. Meng, and M.A. Cane, 2011: Civil conflicts are associated with the global climate. Nature, 476, 52 
438-441. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 61 11 June 2012 

Hsieh, C. H., C. Reiss, W. Watson, M. J. Allen, J. R. Hunter, R. N. Lea, R. H. Rosenblatt, P. E. Smith and G. 1 
Sugihara, 2005: A comparison of long-term trends and variability in populations of larvae of exploited and 2 
unexploited fishes in the southern Californian Region: A community approach. Progress In Oceanography. 3 
67(1–2), 160–185.   4 

Hsieh, C., C.S., Reiss, R.P. Hewitt and G. Sugihara, 2008: Spatial analysis shows that fishing enhances the climatic 5 
sensitivity of marine fishes. Canadian Journal of Fisheries and Aquatic Sciences, 65, 947-961. 6 

Huang, H., M. Sillanpaa, E.T. Gjeesing, and R.D. Vogt, 2009: Water quality in the Tibetan Plateau: Major ions and 7 
trace elements in the headwaters of four major Asian rivers. Science of the Total Environment, 407, 6242-8 
6254.doi: 10.1016/j.scitotenv.2009.09.001 et al, 2009 9 

Huggel, C., L. Blaškovičová, H. Breien, P. Dobesberger, R. Frauenfelder, B. Kalsnes, A. Solheim, M. 10 
Stankoviansky, K. Hagen, K. Kronholm, 2011: Landslide and rock slope failures. In: Impacts of climate change 11 
on snow, ice, and permafrost in Europe: Observed trends, future projections, and socio-economic relevance 12 
[Voigt,T., H.-M. Füssel, I. Gärtner-Roer, C. Huggel, C. Marty, and M. Zemp (eds.)]. European Environment 13 
Agency, Copenhagen, Denmark, pp. 95-101. 14 

Huggel, C., N. Salzmann, S. Allen, J. Caplan-Auerbach, L. Fischer, W. Haeberli, C. Larsen, D. Schneider, and R. 15 
Wessels, 2010: Recent and future warm extreme events and high-mountain slope stability. Philosophical 16 
Transactions of the Royal Society A, 368, 2435-2459. 17 

Huggel, C., S. Allen, P. Deline, L. Fischer, J. Noetzli, L. Ravanel, 2012a: Ice thawing, mountains falling - Are 18 
alpine rock slope failures increasing? Geology Today (in press). 19 

Huggel, C., J.J. Clague, and O. Korup, 2012b: Is climate change responsible for changing landslide activity in high 20 
mountains? Earth Surface Processes and Landforms, 37, 77–91. 21 

Hugo, G., 2011: Future Demographic Change and its Interactions with Migration and Climate Change. Global 22 
Environmental Change, 21S, pp. S21-S33. 23 

Hulme, M., 2008: Geographical work at the boundaries of climate change, T I Brit Geogr, 33, 5-11. 24 
Hunt, A. and P. Watkiss, 2010: Climate change impacts and adaptation in cities: A review of the literature. Climatic 25 

Change, 104(1), 13-49. 26 
Huntington, H., T. Callaghan, S. Fox, and I. Krupnik, 2004: Matching traditional and scientific observations to 27 

detect environmental change: A discussion on Arctic terrestrial ecosystems, Ambio, 13, 18-23. 28 
Huss, M., 2011: Present and future contribution of glacier storage change to runoff from macroscale drainage basins 29 

in Europe. Water Resources Research, 47, W07511, 14 pp. doi: 10.1029/2010WR010299 30 
IPCC, 2007: Summary for Policymakers. In Climate Change 2007: Synthesis Report. Contribution of Working 31 

Groups I, II and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Core 32 
Writing Team, Pachauri, R.K and Reisinger, A.(eds.)]. IPCC, Geneva, Switzerland, 104 pp. 33 

IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation [Field, 34 
C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, 35 
S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special Report of Working Groups I and II of the 36 
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK, and New York, 37 
NY, USA, 582 pp. 38 

Isaac, M. and D.P. van Vuuren, 2009: Modeling global residential sector energy demand for heating and air 39 
conditioning in the context of climate change. Energy Policy, 37(2), 507-521. 40 

Jacob, B., L. Lefgren, and E. Moretti, 2007: The dynamics of criminal behavior: Evidence from weather shocks. 41 
The Journal of Human Resources, 42, 489-527. 42 

Jaggard, K., A. Qi, and M. Semenov, 2007: The impact of climate change on sugarbeet yield in the UK: 1976–43 
2004. The Journal of Agricultural Science, 145(04), 367-375. 44 

Janes, C.R., 2010 Failed development and vulnerability to climate change in central Asia: Implications for food 45 
security and health. Asia Pac J Public Health, 22(3), suppl 236S-245S 46 

Jeelani, G., 2008: Aquifer response to regional climate variability in a part of kashmir himalaya in india. 47 
Hydrogeology Journal, 16(8), 1625-1633.  48 

Jenkins, K.M., R.T. Kingsford, G.P. Closs et al , 2011: Climate change and freshwater systems in Oceania: an 49 
assessment of vulnerability and adaptation opportunities. Pacific Conservation Biology, 17(3), 201-219. 50 

Jeong, S., C.H. Ho, H-J. Gim, and M. Brown, 2011: Phenology shifts at start vs. end of growing season in temperate 51 
vegetation over the Northern Hemisphere for the period 1982-2008. Global Change Biology, 17, 2385–2399. 52 
doi: 10.111/j.1365-2486.2011.02397.x  53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 62 11 June 2012 

Jiang, Y., T.H. Dixon, and S. Wdowinski, 2010: Accelerating uplift in the North Atlantic region as an indicator of 1 
ice loss. Nature Geoscience, 3, 404–407. 2 

Jiguet, F., R.D. Gregory, V. Devictor, R.E. Green, P. Vorisek, A. Van Strien, and D. Couvet, 2010: Population 3 
trends of european common birds are predicted by characteristics of their climatic niche. Global Change 4 
Biology, 16(2), 497-505.  5 

Johnk, K.D., J. Huisman, J. Sharples, B. Sommeijer, P.M. Visser, and J.M. Stroom, 2008: Summer heatwaves 6 
promote blooms of harmful cyanobacteria. Global Change Biology, 14(3), 495-512.  7 

Johnson, T., J. Dozier, and J. Michaelsen, 1999: Climate change and Sierra Nevada snowpack. IAHS Publication 8 
256, 63–70; Stott, P.A. 2003. Attribution of regional-scale temperature changes to anthropogenic and natural 9 
causes. Geophysical Research Letters 30:10.10292003GL017324; 10 

Johnson, C.R., S.C. Banks, N.S. Barrett et al , 2011: Climate change cascades: Shifts in oceanography, species' 11 
ranges and subtidal marine community dynamics in eastern Tasmania. Journal of Experimental Marine Biology 12 
and Ecology, 400(1-2), 17-32. 13 

Jomelli, V., V.P. Pech, C. Chochillon, and D. Brunstein 2004: Geomorphic variations of debris flows and recent 14 
climatic change in the French Alps. Climatic Change, 64(1), 77-102. 15 

Jomelli, V., V. Favier, A. Rabatel, D. Brunstein, G. Hoffmann, and B. Francou, 2009: Fluctuations of glaciers in the 16 
tropical andes over the last millennium and palaeoclimatic implications: A review. Palaeogeography, 17 
Palaeoclimatology, Palaeoecology, 281(3-4), 269-282.  18 

Jones, B.F. and B.A. Olken, 2010: Climate Shocks and Exports. American Economic Review, 100(2), 454-459. 19 
Jones, G. S., P. A. Stott, and N. Christidis, 2008:  Human contribution to rapidly increasing frequency of very warm 20 

Northern Hemisphere summers. Journal of Geophysical Research, 113, D02109, 10.1029/2007JD008914. 21 
Jönsson, A.M. and L. Bärring, 2011: Ensemble analysis of frost damage on vegetation caused by spring backlashes 22 

in a warmer europe. Natural Hazards and Earth System Sciences, 11, 401-418.  23 
Kääb, A., R. Frauenfelder, and I. Roer, 2007: On the response of rockglacier creep to surface temperature increase. 24 

Global and Planetary Change, 56(1-2), 172-187. 25 
Kan, H., R. Chen and S. Tong, 2011: Ambient air pollution, climate change and population health in China. 26 

Environment International, 42, 10-19. doi: 10.1016/j.envint. 2011.03.003 27 
Karl, T.R., R.W. Knight, D.R. Easterling, and R.G. Quayle, 1996: Indices of climate change for the United States. 28 

Bulletin of the American Meteorological Society, 77, 279–292. 29 
Karl, T.R., J.M. Melillo, and T.C. Peterson, 2009: Global climate change impacts in the united states. Cambridge 30 

University Press, Cambridge and New York. 31 
Karoly, D.J., K. Braganza, P.A. Stott, J.M. Arblaster, G.A. Meehl, A.J. Broccoli, and K.W. Dixon, 2003: Detection 32 

of a human influence on North American climate. Science, 302, 1200–1203. 33 
Kay, A. L., S. M. Crooks, P. Pall, and D. A. Stone.  2011.  Attribution of Autumn/Winter 2000 flood risk in 34 

England to anthropogenic climate change: a catchment-based study.  Journal of Hydrology, 406, 97-112. 35 
Kearney, M.R., N.J. Briscoe, D.J. Karoly, W.P. Porter, M. Norgate, and P. Sunnucks, 2010: Early emergence in a 36 

butterfly causally linked to anthropogenic warming. Biology Letters, 6(5), 674-677. 37 
Khalaj, B., G. Lloyd, V. Sheppeard et al , 2010: The health impacts of heat waves in five regions of New South 38 

Wales, Australia: a case-only analysis. International Archives of Occupational and Environmental Health, 39 
83(7), 833-842. 40 

Kharuk, V.I., K.J.Ranson, S.T. Im, and M.M. Naurzbaev, 2006: Forest-tundra larch forests and climatic trends. 41 
Russian Journal of Ecology, 37(5), 291-298. ISSN 1067-4136 42 

Kharuk, V.I., S.T. Im, M.L.Dvinskaya, and K.I. Ranson, 2010a: Climate-induced mountain tree-line evolution in 43 
southern Siberia. Scandinavian Journal of Forest Research, 25, 446-454. doi: 1010.80/02827581.509329 44 

Kharuk, V.I., K.J. Ranson, S.T. Im, and A.S. Vdovin, 2010b: Spatial distribution and temporal deviations of high-45 
elevation forests stands in Siberia. Global Ecology and Biogeography, 19, 822-830. doi: 10.1111/j. 1466-46 
8238.2010.00555.x 47 

Kjellstrom, T., A.J. Butler, R.M. Lucas, and R. Bonita, 2010: Public health impact of global heating due to climate 48 
change: Potential effects on chronic non-communicable diseases. International Journal of Public Health, 55(2), 49 
97-103.  50 

Kjellstrom, T. and J. Crowe, 2011: Climate change, workplace heat exposure, and occupational health and 51 
productivity in central america. International Journal of Occupational and Environmental Health, 17(3), 270-52 
281.  53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 63 11 June 2012 

Kniveton, D., C. Smith, and S. Wood, 2011: Agent-based model simulations of future changes in migration flows 1 
for Burkina Faso. Global Environmental Change, 21S, pp. S34-S40. 2 

Knutson, T. R., J. McBride, J. Chan, K. Emanuel, G. Holland, C. Landsea, I. Held, J. P. Kossin, A. K. Srivastava, 3 
and M. Sugi.  2010.  Tropical cyclones and climate change.  Nature Geoscience, 3, 157-163. 4 

Kopytko, N. and J. Perkins, 2011: Climate change, nuclear power, and the adaptation-mitigation dilemma. Energy 5 
Policy, 39(1), 318-333. 6 

Korup, O., T. Görüm, and Y. Hayakawa, 2011: Without power? Landslide inventories in the face of climate change. 7 
Earth Surface Processes and Landforms (in press). 8 

Kovats, R.S., D.H. Campbell-Lendrum, A.J. McMichael, A. Woodward, J.S. Cox, 2001: Early effects of climate 9 
change: Do they include changes in vector-borne diseases? Philosophical Transactions of the Royal Society of 10 
London B: Biological Sciences, 356, 1057-1068.  11 

Krepper, C.M. and G.V. Zucarelli, 2010: Climatology of water excesses and shortages in the la plata basin. 12 
Theoretical and Applied Climatology, 102(1-2), 13-27.  13 

Krepper, C.M., N.O. García, and P.D. Jones, 2008: Low-frequency response of the upper paraná basin. 14 
International Journal of Climatology, 28(3), 351-360.  15 

Kron, W., M. Steuer, P. Löw, and A. Wirtz, 2012: How to deal properly with a natural catastrophe database – 16 
analysis of flood losses. Natural Hazards and Earth System Sciences, 12, 535-550. 17 

Krupnik, I. and G.C. Ray, 2007: Pacific walruses, indigenous hunters, and climate change: Bridging scientific and 18 
indigenous knowledge, Deep Sea Research Part II: Topical Studies in Oceanography, 54, 2946-2957. 19 

Kudo, G., Y. Nishikawa, T. Kasagi, and S. Kosuge, 2004: Does seed production of spring ephemerals decrease 20 
when spring comes early? Ecological Research, 19(2), 255-259. 21 

Kuleshov, Y., R. Fawcett, L. Qi, B. Trewin, D. Jones, J. McBride, and H. Ramsay, 2010: Trends in tropical 22 
cyclones in the South Indian Ocean and the South Pacific Ocean. Journal of Geophysical Research, 115, 23 
D01101, doi: 10.1029/2009JD012372 24 

Kundzewicz, Z.W. and V. Krysanova, 2010: Climate change and stream water quality in the multi-factor context. 25 
Climatic Change, 103, 353–362, doi: 10.1007/s10584-010-9822-9 26 

Kunkel, K.E., T.R. Karl, H. Brooks, J. Kossin, J. Lawrimore, D. Arndt, L. Bosart, D. Changnon, S.L. Cutter, N. 27 
Doesken, K. Emanuel, P.Ya. Groisman, R.W. Katz, T. Knutson, J. O’Brien, C. J. Paciorek, T. Peterson, K. 28 
Redmond, D. Robinson, J. Trapp, R. Vose, S. Weaver, M. Wehner, K. Wolter, D. Wuebbles, 2012: Monitoring 29 
and understanding trends in extreme storm statistics: state of knowledge. Bull. Amer. Meteor. Soc., 30 
conditionally accepted. 31 

Kunreuther, H.C. and E. Michel-Kerjan, 2009: The development of new catastrophe risk markets. Annual Review 32 
of Resource Economics, 1(1), 119-139.  33 

Kunz, M., J. Sander, C. Kottmeier, 2009: Recent trends of thunderstorm and hailstorm frequency and their relation 34 
to atmospheric characteristics in southwest Germany. International Journal of Climatology, 29, 2283-2297. 35 

Kuper, R. and S. Kropelin, 2006: Climate-controlled holocene occupation in the sahara: motor of africa’s evolution. 36 
Science, 313(5788), 803-807. 37 

Lafferty, K. D., 2009: The ecology of climate change and infectious diseases. Ecology, 90, 888-900. 38 
Lagi, M., K. Bertrand, and Y. Bar-Yam, 2011: The food crises and political instability in north africa and the middle 39 

east. Working Paper, Cambridge University. 40 
Laidler, G., 2006: Inuit and Scientific Perspectives on the Relationship Between Sea Ice and Climate Change: The 41 

Ideal Complement? Climatic Change, 78, 407–444. 42 
Landsea, C., G. A. Vecchi, L. Bengtsson, and T. R. Knutson.  2009.  Impact of duration thresholds on Atlantic 43 

tropical cyclone counts.  Journal of Climate, 23, 2508-2519. 44 
Lantuit, H., P.P. Overduin, N. Coutoure, S. Wetterich, F. Are, D. Atkinson, J. Brown, G. Cherkashov, D. Drozdov, 45 

D.L. Forbes, A. Graves-Gaylord, M. Grigoriev, H-W. Hubberten, J.Jordan, T. Jorgensen, R.S. Odegard, S. 46 
Ogorodov, W.P. Pollard, V. Rachold, S. Sedenko, S. Solomon, F. Steenhuisen, I. Streletskaya, and A. Vasiliev, 47 
2011: The Arctic Coastal Dynamics Database: A new classification scheme and statistics on Arctic permafrost 48 
coastlines, Estuaries and Coasts. doi: 10.1007/s12237-010-9362-6  49 

Larrick, R.P., T.A. Timmerman, A.M. Carton, and J. Abrevaya, 2011: Temper, temperature, and temptation: Heat-50 
related retaliation in baseball. Psychological Science, 22, 423–428. 51 

Last, P.R., W.T. White, D.C. Gledhill, A.J. Hobday, R. Brown, G.J. Edgar, and G. Pecl, 2011: Long-term shifts in 52 
abundance and distribution of a temperate fish fauna: a response to climate change and fishing practices. Global 53 
Ecology and Biogeography, 20(1), 58-72. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 64 11 June 2012 

Laternser, M. and M. Schneebeli 2002: Temporal trend and spatial distribution of avalanche activity during the last 1 
50 years in Switzerland. Natural Hazards, 27(3), 201–230. 2 

Latif, M. and N.S. Keenlyside, 2009: El Niño/Southern Oscillation response to global warming. Proceedings of the 3 
National Academy of Sciences, 106(49), 20578-20583. 4 

le Polain de Waroux, Y. and E. F. Lambin, 2012: Monitoring degradation in arid and semi-arid forests and 5 
woodlands: the case of the argan woodlands (Morocco). Applied Geography, 32, 777-786. 6 

Le Quéré, C., Raupach, M. R., Canadell, J. G. and Marland, G. (2009). Trends in the sources and sinks of carbon 7 
dioxide. Nature Geoscience, 2: 831-836. 8 

Lemke, P., J. Ren, R.B. Alley, I. Allison, J. Carrasco, G., Flato, Y. Fujii, G. Kaser, P. Mote, R.H. Thomas, and T. 9 
Zhang, 2007: Observations: Changes in Snow, Ice and Frozen Ground. In: Climate Change 2007: The Physical 10 
Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental 11 
Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor 12 
and H.L. Miller (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 337–383. 13 

Lenoir, J., Gegout, J. C., Marquet, P. A., de Ruffray, P. and Brisse, H. (2008). A significant upward shift in plant 14 
species optimum elevation during the 20th century. Science, 320(5884): 1768-1771. 15 

Levin, L.A., W. Ekau, A.J. Gooday, F. Jorissen, J.J. Middelburg, S.W.A. Naqvi, C. Neira, N.N. Rabalais, and J. 16 
Zhang, 2009: Effects of natural and human-induced hypoxia on coastal benthos. Biogeosciences, 6(10), 2063-17 
2098. 18 

Levy, M., C. Thorkelson, C. Vörösmarty, E. Douglas, M., Humphreys, and N. Hampshire, 2005: Freshwater 19 
availability anomalies and outbreak of internal war: Results from a global spatial time series analysis. 20 
International workshop on Human Security and Climate Change, Holmen, Norway, pp. 21–23. Available at 21 
http://www.ciesin.columbia.edu/documents/waterconflict.pdf 22 

Li, H. M., T. J. Zhou, and C. Li, 2010: Decreasing trend in global land monsoon precipitation over the past 50 years 23 
simulated by a coupled climate model. Advances in Atmospheric Sciences, 27(2), 285–292, 24 
doi:10.1007/s00376-009-8173-9. 25 

Li, X., R.W.Mazur, D.R. Allen, and D.R. Swatek, 2005: Specifying transformer winter and summer peak-load 26 
limits. IEEE Transactions on Power Delivery, 20, 185-190. 27 

Lilleør, H. B. and K. van den Broeck, 2011: Economic drivers of migration and climate change in LDCs. Global 28 
Environmental Change, 21, 70–81. 29 

Lima F. P., Ribeiro P. A., Queiroz, Hawkins S. J. and Santos A. M., 2007. Do distributional shifts of northern and 30 
southern species of algae match the warming pattern? Global Change Biology 13:2592-2604. 31 

Limon, M. 2009. Human rights and climate change: Constructing a case for political action. Harvard 32 
Environmental Law Review, 33: 439-476. 33 

Ling, S.D., 2008: Range expansion of a habitat-modifying species leads to loss of taxonomic diversity: a new and 34 
impoverished reef state. Oecologia, 156(4), 883-894. 35 

Ling, S.D., C.R. Johnson, S. Frusher, and C.K. King, 2008: Reproductive potential of a marine ecosystem engineer 36 
at the edge of a newly expanded range. Global Change Biology, 14(4), 907-915. 37 

Ling, S.D., C.R. Johnson, K. Ridgway, A.J. Hobday, and M. Haddon, 2009: Climate-driven range extension of a sea 38 
urchin: inferring future trends by analysis of recent population dynamics. Global Change Biology, 15(3), 719-39 
731. 40 

Liu, Y., E. Wang, X. Yang, and G. Wang, 2010: Contributions of climatic and crop varietal changes to crop 41 
production in the North China Plain since 1980s. Global Change Biology, 16, 2287-2299. doi: 10.1111/j.1365-42 
2486.2009.020775 43 

Liverman, D. 2009: The geopolitics of climate change: avoiding determinism, fostering sustainable development, 44 
Climatic Change, 96, 7–11. 45 

Lloyd, A.H., A.G. Bunn, and L. Berner, 2011: A latitudinal gradient in tree growth response to climate warming in 46 
the Siberian taiga. Global Change Ecology, 17, 1935-1945. doi: 10.1111/j.1365-2486.2010.02360.x 47 

Lobell, D. and M. Burke, 2010: Climate Change and Food Security: Adapting Agriculture to a Warmer World. 48 
Springer, Dordrecht, The Netherlands, 199pp. 49 

Lobell, D.B. and C.B. Field, 2007: Global scale climate - crop yield relationships and the impacts of recent 50 
warming. Environmental Research Letters, 2(1), 014002. doi: 10.1088/1748-9326/2/1/014002 51 

Lobell, D.B., C. Bonfils, and P.B. Duffy, 2007: Climate change uncertainty for daily minimum and maximum 52 
temperatures: A model inter-comparison. Geophysical Research Letters, 34, L05715, 53 
doi:10.1029/2006GL028726. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 65 11 June 2012 

Lobell, D.B., W. Schlenker, and J. Costa-Roberts, 2011: Climate trends and global crop production since 1980. 1 
Science, 333(6042), 616-620.  2 

Long, S.P., E.A. Ainsworth, A.D.B. Leakey, J. Nosberger, and D.R. Ort, 2006: Food for thought: Lower-than-3 
expected crop yield stimulation with rising co2 concentrations. Science, 312(5782), 1918-1921. 4 

Lopez-Rodriguez, S.R. and J.F. Blanco-Libreros, 2008: Illicit crops tropical america: Deforestation, landslides, and 5 
the terrestrial carbon stocks. Ambio, 37(2), 141-143.  6 

Lotze H. K., Lenihan H. S., Bourque B. J., Bradbury R. H., Cooke R. G., Kay M. C., Kidwell S. M., Kirby M. X., 7 
Peterson C. H. and Jackson J. B. C., 2006. Depletion, degradation, and recovery potential of estuaries and 8 
coastal seas. Science 312:1806-1809. 9 

Lough, J.M. , 2008: Shifting climate zones for Australia's tropical marine ecosystems. Geophysical Research 10 
Letters, 35(14), 5. 11 

Loughnan, M.E., N. Nicholls, N.J. Tapper , 2010: The effects of summer temperature, age and socioeconomic 12 
circumstance on Acute Myocardial Infarction admissions in Melbourne, Australia. International Journal of 13 
Health Geographics, 9.  14 

Lugon, R. and M. Stoffel, 2010: Rock-glacier dynamics and magnitude–frequency relations of debris flows in a 15 
high-elevation watershed: Ritigraben, Swiss Alps. Global and Planetary Change, 73, 202-210. 16 

Lundquist, C.J., D. Ramsay, R. Bell et al , 2011: Predicted impacts of climate change on New Zealand's 17 
biodiversity. Pacific Conservation Biology, 17(3), 179-191. 18 

Luterbacher, J., D. Dietrich, E. Xoplaki, M. Grosjean, and H. Wanner, 2004: European seasonal and annual 19 
temperature variability, trends and extremes since 1500. Science, 303, 1499-1503. 20 

Luterbacher, J., M.A. Liniger, A. Menzel, N. Estrella, P.M. Della-Marta, C. Pfister, T. Rutishauser, and E. Xoplaki, 21 
2007: Exceptional European warmth of autumn 2006 and winter 2007: Historical context, the underlying 22 
dynamics, and its phenological impacts. Geophys. Res. Lett., 34(12), L12704. 23 

Maclean, K. and L. Cullen, 2009: Research methodologies for the co-production of knowledge for environmental 24 
management in Australia, Journal of the Royal Society of New Zealand, 39, 205-208. 25 

Magrin, G.O., M.I. Travasso, G.R. Rodríguez, S. Solman, and M. Núñez, 2009: Climate change and wheat 26 
production in argentina. International Journal of Global Warming, 1(1), 214-226.  27 

Magrin, G.O., M.I. Travasso, W.E. Baethgen, M.O. Grondona, A. Giménez, G. Cunha, J.P. Castaño, and G.R. 28 
Rodriguez, 2007: Meeting Report IPCC TGICA Expert Meeting Integrating Analysis of Regional Climate 29 
Change and Response Options. Past and Future Changes in Climate and their Impacts on Annual Crops Yield in 30 
South East South America. Available at: Http://www.Ipcc.ch/pdf/supportingmaterial/tgica_reg-Meet-Fiji-31 
2007.Pdf, Intergovernmental Panel on Climate Change (IPCC), Nadi,Fiji, 121-124 pp.  32 

Malik, N., B. Bookhagen, N. Marwan, and J. Kurths, 2011: Analysis of spatial and temporal extreme monsoonal 33 
rainfall over South Asia using complex networks. Climate Dynamics, doi: 10.1007/s00382-011-1156-4 34 

Manson, G.K. and S.M. Solomon (2007). Past anf future forcing of Beaufort Sea coastal change. Atmosphere-35 
Ocean, 45(2), 107-122.  36 

Maranz, S., 2009: Tree mortality in the African Sahel indicates an anthropogenic ecosystem displaced by climate 37 
change. Journal of Biogeography, 36, 1181-1193. 38 

Marbà, N. and C.M. Duarte. 2010. Mediterranean warming triggers seagrass (Posidonia oceanica) shoot mortality. 39 
Global Change Biology 16: 2366-2375. 40 

Marchiori, L., J.-F. Maystadt, and I. Schumacher, 2012: The impact of weather anomalies on migration in sub-41 
Saharan Africa, Journal of Environmental Economics and Management, 63(3), 355-374. 42 

Marcos-Lopez, M., P. Gale, B.C. Oidtmann, and E.J. Peeler, 2010: Assessing the impact of climate change on 43 
disease emergence in freshwater fish in the united kingdom. Transboundary and Emerging Diseases, 57(5), 44 
293-304.  45 

Marengo, J.A., 2009: Long-term trends and cycles in the hydrometeorology of the amazon basin since the late 46 
1920s. Hydrological Processes, 23(22), 3236-3244.  47 

Marengo, J.A., M. Valverde, and G. Obregon, 2012: The climate in future: Projections of changes in rainfall 48 
extremes for the metropolitan area of São Paulo (MASP). Climate Research, (submitted).  49 

Marty, C., 2008: Regime shift of snow days in Switzerland. Geophysical Research Letters, 35, L12501. 50 
Mastrandrea, M., Field, C., Stocker, T., Edenhofer, O., Ebi, K., Frame, D., Held, H., Kriegler, E., Mach, K., 51 

Plattner, G-K., Yohe, G., Zwiers, F., “Guidance Noes for Lead Authors of the IPCC Fifth Assessment Report on 52 
Consistent Treatment of Uncertainties”, IPCC, November, 2010. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 66 11 June 2012 

McGlone, M., S. Walker, R. Hay et al , 2010: Climate change, natural systems and their conservation in New 1 
Zealand. In: Climate change adaptation in New Zealand: Future  scenarios and some sectoral perspectives 2 
[RAC, N., Wratt D., Bornman J. et al (eds)]. New Zealand Climate Change Centre, Wellington, pp82-99. 3 

McGlone, M.S., and S. Walker , 2011: Potential effects of climate change on New Zealand’s terrestrial biodiversity 4 
and policy recommendations for mitigation, adaptation and research. Science for Conservation 312. 5 
Department of Conservation, Wellington pp77. 6 

McGrath, J. and D.B. Lobell, 2011: An independent method of deriving the carbon dioxide fertilization effect in 7 
dry conditions using historical yield data from wet and dry years. Global Change Biology (in press). 8 

McIntyre, T., I.J. Ansorge, H. Bornemann, J. Plötz, C.A. Tosh, and M.N. Bester, 2011: Elephant seal dive 9 
behaviour is influenced by ocean temperature: implications for climate change impacts on an ocean predator. 10 
Marine Ecology Progress Series, 441, 257-272. 11 

McMichael, A.J., R.E. Woodruff, and S. Hales, 2006: Climate change and human health: Present and future risks. 12 
Lancet, 367(9513), 859-869.  13 

Melo, O., X. Vargas, S. Vicuna, F. Meza, and J. McPhee, 2010: Climate Change Economic Impacts on Supply of 14 
Water for the M & I Sector in the Metropolitan Region of Chile, American Society of Civil Engineers (ASCE), 15 
Madison, Wisconsin, USA, 15-15 pp.  16 

Merico, A., T. Tyrrell, E.J. Lessard, T. Oguz, P.J. Stabeno, S.I. Zeeman, and T.E. Whitledge, 2004: Modelling 17 
phytoplankton succession on the Bering Sea shelf: role of climate influences and trophic interactions in 18 
generating Emiliania huxleyi blooms 1997-2000. Deep Sea Research Part I: Oceanographic Research Papers, 19 
51(12), 1803-1826. 20 

Midgley, G.F., S.L. Chown, and B.S. Kgope, 2007: Monitoring effects of anthropogenic climate change on 21 
ecosystems: a role for systematic ecological observation? South African Journal of Science, 103(7-8), 282-286. 22 

Miguel, E., S. Satyanath, and E. Sergenti, 2004: Economic shocks and civil conflict: An instrumental variables 23 
approach. Journal of Political Economy, 112(4), 725–753. 24 

Mills, G., A. Buse, B. Gimeno, V. Bermejo, M. Holland, L. Emberson, and H. Pleijel 2007: A synthesis of aot40-25 
based response functions and critical levels of ozone for agricultural and horticultural crops. Atmospheric 26 
Environment, 41(12), 2630-2643. 27 

Min, S-K., X. Zhang, F.W. Zwiers, and G.C. Heger, 2011: Human contribution to more-intense precipitation 28 
extremes. Nature, 470, 378-381 doi:10.1038/nature09763 29 

Mitrovica et al., 2010: Coastal 30 
Mittermeier, R.A., P. Robles Gil, and C.G. Mittermeier (eds.), 1997: Megadiversity: Earth’s biologically wealthiest 31 

nations. CEMEX, Monterrey, Mexico.  32 
Mohan, A.R.M., A. Cumberpatch, A. Adesiyun, and D.D. Chadee, 2009: Epidemiology of human leptospirosis in 33 

trinidad and tobago,1996-200: A retrospective study. Acta Tropica, 112, 260-265. 34 
Moiseev, P.A., A.A. Bartysh, and Z.Y. Nagimov, 2010: Climate changes and tree stand dynamics at the upper limit 35 

of their growth in the North Ural Mountains. Russian Journal of Ecology, 41(6), 486-497. doi: 36 
10.11341S1067413610060056 37 

Molau, U., 2010: Long-term impacts of observed and induced climate change on tussock tundra near its southern 38 
limit in northern Sweden. Plant Ecology and Diversity, 3(1): 29-34. 39 

Moore, RD., S.W. Fleming, B. Menounos, R. Wheate, A. Fountain, K. Stahl, K. Holm, and M. Jakob, 2009: Glacier 40 
change in western North America: influences on hydrology, geomorphic hazards and water quality. 41 
Hydrological Processes, 23(1), 42–61. 42 

Morgan, P.B., T.A. Mies, G.A. Bollero, R.L. Nelson, and S.P. Long, 2006: Season long elevation of ozone 43 
concentration to projected 2050 levels under fully open air conditions substantially decreases the growth and 44 
production of soybean. New Phytologist, 170(2), 333-343. 45 

Moy, A.D., W.R. Howard, S.G. Bray, and T.W. Trull 2009: Reduced calcification in modern Southern Ocean 46 
planktonic foraminifera. Nature Geoscience, 2(4), 276-280. 47 

Muggeo, V.M. and S. Hajat, 2009: Modelling the non-linear multiple-lag effects of ambient temperature on 48 
mortality in santiago and palermo: A constrained segmented distributed lag approach. Occupational and 49 
Environmental Medicine, 66(9), 584-591. 50 

Müller, P., 2011: Summer 2010 – Wildfires in Russia. In, Topics Geo: natural catastrophes 2010. Analyses, 51 
assessments, positions.  Munich Reinsurance Company (ed.), Munich, pp. 26-28. 52 

Müller, R., T. Laepple, I. Bartsch, and C. Wiencke, 2009: Impact of oceanic warming on the distribution of 53 
seaweeds in polar and cold-temperate waters. Botanica Marina, 52(6), 617-638. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 67 11 June 2012 

Nagai, S., G. Yoshida and K. Tarutani, 2011: Change in the species composition and distribution of algae in the 1 
coastal waters of Western Japan. In: Global Warming Impacts-Case Studies on the Economy, Human Health 2 
and on Urban and Natural Environments, pp. 209-236 3 

Nakazawa Y., R. Williams, A.T. Peterson, P. Mead, E. Staples, K.L. Gage, 2007: Climate change effects on plague 4 
and tularemia in the United States. Vector-borne and Zoonotic diseases 7:529-540. 5 

Naylor, R.L. and W.P. Falcon, 2010: Food security in an era of economic volatility. Population and Development 6 
Review, 36(4), 693-723. 7 

Neuheimer, A.B., R.E. Thresher, J.M. Lyle et al , 2011: Tolerance limit for fish growth exceeded by warming 8 
waters. Nature Climate Change, 1(2), 110-113. 9 

Neuheimer, A.B., R.E. Thresher, J.M. Lyle, and J.M. Semmens, 2011: Tolerance limit for fish growth exceeded by 10 
warming waters. Nature Climate Change, 1, 110-113. 11 

Nicholls, N., 2011: Comments on “Have disaster losses increased due to anthropogenic climate change?”. Bulletin 12 
of the American Meteorological Society, 92(6), 791 13 

Nichols, T., F. Berkes, D. Jolly, N.B. Snow, and T.C.o.S. Harbour, 2004: Climate change and sea ice: Local 14 
observations from the Canadian Western Arctic, Arctic, 57, 68-79. 15 

Nielsen, J. Ø. and A. Reenberg, 2010: Temporality and the problem with singling out climate as a current driver of 16 
change in a small West African village. Journal of Arid Environments, 74, 464-474. 17 

Nordhaus, W., 2006: Geography and Macroeconomics: New Data and New Findings. Proceedings of the National 18 
Academy of Sciences, 103(10), 3510-3517. 19 

Novelo-Casanova, D.A. and Suarez G., 2010: Natural and man-made hazards in the cayman islands. Natural 20 
Hazards, 55(2), 441-466. 21 

O'Reilly, C. M., S. R. Alin, P.-D. Plisnier, A.S.Cohen and B.A. McKee, 2003: Climate change decreases aquatic 22 
ecosystem productivity of Lake Tanganyika, Africa. Nature 424(6950): 766-768. 23 

O’Reilly et al., 2009 24 
Oechel, W.C., G.L. Vourlitis, S.J. Hastings, R.C. Zulueta, L. Hinzman, and D. Kane, 2000: Acclimation of 25 

ecosystem CO2 exchange in the Alaska Arctic in response to decadal warming. Nature, 406, 978–981.  26 
Ogden N.H., C. Bouchard, K. Kurtenbach, G. Margos, L.R. Lindsay, L. Trudel et al., 2010: Active and passive 27 

surveillance and phylogenetic analysis of Borrelia burgdorferi elucidate the process of Lyme disease risk 28 
emergence in Canada. Environ Health Perspect 118:909-914. 29 

Omumbo J.A., B. Lyon, S.M. Waweru, S.J. Connor, M.C. Thomson, 2011: Raised temperatures over the Kericho 30 
tea estates: revising the climate in the East African highlands malaria debate. Malaria Journal 10:12. 31 

Otto, F. E. L., N. Massey, G. J. van Oldenborgh, R. G. Jones, and M. R. Allen. 2012. Reconciling two approaches to 32 
attribution of the 2010 Russian heat wave. Geophysical Research Letters, 39, L04702, 10.1029/2011GL050422. 33 

Overland, J. E., J. Alheit, A. Bakun, J. W. Hurrell, D. L. Mackas, and A. J. Miller (2010), Climate controls on 34 
marine ecosystems and fish populations, Journal of Marine Systems, 79(3-4), 305-315. 35 

Pagli, C., Sigmundsson, F., Lund, B., Sturkell, E., Geirsson, H., Einarsson, P., Árnadóttir, T. & Hreinsdóttir, S. 36 
(2007) Glacio-isostatic deformation around the Vatnajökull ice cap, Iceland, induced by recent climate 37 
warming: GPS observations and finite element modeling. Journal of Geophysical Research, 112, B08405. 38 
doi:10.1029/2006JB004421. 39 

Pall, P., T. Aina, D. A. Stone, P. A. Stott, T. Nozawa, A. G. J. Hilberts, D. Lohmann, and M. R. Allen.  2011.  40 
Anthropogenic greenhouse gas contribution to flood risk in England and Wales in autumn 2000.  Nature, 470, 41 
382-385. 42 

Pall, P., T. Aina, D.A. Stone, P.A. Stott, T. Nozawa, A.G.J. Hilberts, D. Lohmann, and M.R. Allen, 2011: 43 
Anthropogenic greenhouse gas contribution to flood risk in England and Wales in autumn 2000. Nature, 470, 44 
382-385. 45 

Parmesan, C., 1996: Climate and species’ range. Nature, 382, 765–766. 46 
Parmesan, C., 2003: Butterflies as bio-indicators of climate change impacts. Chapter 24. In: Evolution and Ecology 47 

Taking Flight: Butterflies as Model Systems [Boggs, C.L., W.B.Watt, and P.R., Ehrlich (eds.)]. University of 48 
Chicago Press, Chicago, USA, pp. 541-560. 49 

Parmesan, C., 2005: Biotic Response: Range and Abundance Changes. Ch. 4. In: Climate Change and Biodiversity 50 
[Lovejoy, T. and L. Hannah (eds.)]. Yale University Press, New Haven, Connecticut, USA, pp. 41-55. 51 

Parmesan, C., 2007: Influence of species, latitudes and methodologies on estimates of phenological response to 52 
global warming. Global Change Biology, 13, 1860-1872. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 68 11 June 2012 

Parmesan, C. and G. Yohe, 2003: A globally coherent fingerprint of climate change impacts across natural systems. 1 
Nature, 421, 37-42. 2 

Parmesan, C. and H. Galbraith, 2004: Observed Ecological Impacts of Climate Change in North America, Pew 3 
Center on Global Climate Change, Washington DC, USA. 4 

Parmesan, C., N.Ryrholm, C. Stefanescu, J.K. Hill, C.D. Thomas, H. Descimon, B. Huntley, L.Kaila, J. Kullberg, 5 
T. Tammaru, W.J. Tennent, J.A. Thomas and M. Warren, 1999: Poleward shifts in geographical ranges of 6 
butterfly species associated with regional warming. Nature, 399, 579-83. 7 

Pappas, G., P. Papadimitriou, V. Siozopoulou, L. Christou, and N. Akritidis, 2008: The globalization of 8 
leptospirosis: Worldwide incidence trends. International Journal of Infectious Diseases, 12(4), 351-357. 9 

Parmesan, C., C. Duarte, E. Poloczanska, A.J. Richardson, and M.C. Singer, 2011: Overstretching attribution. 10 
Nature Climate Change, 1, 2-4. 11 

Parmesan, C. et al. (Invited). The role of climate change attribution in ecology and conservation research.  Special 12 
Issue in Ecology Letters "The Ecological Effects of Environmental Change" (slated for publication in 2013). 13 

Parry, M.L., O.F. Canziani, J.P. Palutikof, P.J. van der Linden,  and C.E. Hanson, 2007: Cross-chapter case study, 14 
Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth 15 
Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, 16 
Cambridge, UK, pp. 864-868. 17 

Pasquale, B. and Travaglianti, M., 2010: Guns, Growth and Geography: The subnational origins of insurgency. 18 
Working Paper. Available at: https://files.nyu.edu/bp730/public/guns_growth.pdf 19 

Pasquini, A.I. and P.J. Depetris, 2007: Discharge trends and flow dynamics of south american rivers draining the 20 
southern atlantic seaboard: An overview. Journal of Hydrology, 333(2-4), 385-399.  21 

Pauli, H., M. Gottfried, S. Dullinger, O. Abdaladze, M. Akhalkatsi, J.L. Benito Alonso, G. Coldea, J. Dick, B. 22 
Erschbamer, R. Fernández Calzado, D. Ghosn, J.I. Holten, R. Kanka, G. Kazakis, J. Kollár, P. Larsson, P. 23 
Moiseev, D. Moiseev, U. Molau, J. Molero Mesa, L. Nagy, G. Pelino, M. Puşcaş, G. Rossi, A. Stanisci, A.O. 24 
Syverhuset, J.-. Theurillat, M. Tomaselli, P. Unterluggauer, L. Villar, P. Vittoz, and G. Grabherr, 2012: Recent 25 
plant diversity changes on Europe’s mountain summits. Science, 336, 353-355.  26 

Pearce, A., R. Lenanton, G. Jackson et al , 2011: The "marine heat wave" off Western Australia during the summer 27 
of 2010/11. Fisheries Research Report No. 222. Department of Fisheries, Western Australia, Perth, WA pp40. 28 

Peck L. S., Clark M. S., Morley S. A., Massey A. and Rossetti H., 2009. Animal temperature limits and ecological 29 
relevance: effects of size, activity and rates of change. Functional Ecology 23:248-256. 30 

Pecl, G., S. Frusher, C. Gardner et al , 2009: The east coast Tasmanian rock lobster fishery – vulnerability to 31 
climate change impacts and adaptation response options. Department of Climate Change, Canberra. 32 

Pellicciotti, F., A. Bauder, and M. Parola, 2010: Effect of glaciers on streamflow trends in the Swiss Alps. Water 33 
Resources Research, 46(10), W10522, 16 pp. 34 

Peng, S., J. Huang, J. Sheehy, R. Laza, R. Visperas, X. Zhong, G. Centeno, G. Khush, and K. Cassman, 2004: Rice 35 
yields decline with higher night temperature from global warming. Proceedings of the National Academy of 36 
Sciences, 101(27), 9971-9975. 37 

Peraza, S., C. Wesseling, A. Aragon, R. Leiva, R.A. García-Trabanino, C. Torres, K. Jakobsson, C.G. Elinder, and 38 
C. Hogstedt, 2012: Decreased kidney function among agricultural workers in el salvador. American Journal of 39 
Kidney Diseases, 59(4), 531-540.  40 

Perrins, et al , other paper oxford great tits; Crick, H.Q.P., C. Dudley, D.E. Glue, and D.L. Thompson. 1997. UK 41 
birds are laying eggs earlier. Nature 388:526. 42 

Perry, A.L., P.J. Low, J.R. Ellis, and J.D. Reynolds, 2005: Climate change and distribution shifts in marine fishes. 43 
Science, 308(5730), 1912-1915. 44 

Petley, D.N., 2010: On the impact of climate change and population growth on the occurrence of fatal landslides in 45 
South, East and SE Asia. Quarterly Journal of Engineering Geology and Hydrogeology, 43(4), 487-496. 46 

Petrow, T., B. Merz, 2009: Trends in flood magnitude, frequency and seasonality in Germany in the period 1951-47 
2002. Journal of Hydrology, 371(1-4), 129–141. 48 

Piao, S., X. Wang, P. Caiais, T. Wang and J. Liu, 2011: Changes in satellite-derived vegetation growth trend in 49 
temperate and boreal Eurasia for 1982-2006. Global Change Biology, 17(10), 3228-3239. doi: 10.1111/j.1365-50 
2486.2011.02419.x 51 

Pielke Jr., R.A. and C.W. Landsea, 1999: La Niña, El Niño, and Atlantic hurricane damages in the United States. 52 
Bulletin of the American Meteorological Society, 80, 2027–2033. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 69 11 June 2012 

Pielke, R. A. Jr.,  J. Gratz, C. W. Landsea, D. Collins, M. A. Saunders, and R. Musulin.  2008.  Normalised 1 
hurricane damage in the United States: 1900-2005.  Natural Hazards Review, 9, 29-42. 2 

Pitt, N.R., E.S. Poloczanska, A.J. Hobday , 2010: Climate-driven range changes in Tasmanian intertidal fauna. 3 
Marine and Freshwater Research, 61(9), 963-970. 4 

Pitt, N.R., E.S. Poloczanska, and A.J. Hobday, 2010: Climate-driven range changes in Tasmanian intertidal fauna. 5 
Marine and Freshwater Research, 61(9), 963-970. 6 

Pittock, J., C.M. Finlayson , 2011: Australia's Murray-Darling Basin: freshwater ecosystem conservation options in 7 
an era of climate change. Marine and Freshwater Research, 62(3), 232-243. 8 

Poloczanska E. S., Smith S., Fauconnet L., Healy J., Tibbetts I. R., Burrows M. T. and Richardson A. J., 2011. 9 
Little change in the distribution of rocky shore faunal communities on the Australian east coast after 50 years of 10 
rapid warming. Journal of Experimental Marine Biology and Ecology 400:145-154. 11 

Poloczanska, E. S., Christopher J. Brown, William J. Sydeman, Wolfgang Kiessling, Pippa J. Moore, Keith 12 
Brander, John F. Bruno, Lauren Buckley, Michael T. Burrows, Carlos M. Duarte, Benjamin S. Halpern, Johnna 13 
Holding, Carrie V. Kappel, Mary I. O’Connor, John M. Pandolfi, Camille Parmesan, David S. Schoeman, Frank 14 
Schwing, Sarah Ann Thompson, Anthony J. Richardson (in prep), Climate change impacts on marine life from 15 
long-term observations. NCEAS working group on Marine Impacts of Climate Change, to be submitted 16 

Pörtner, H.O. and R. Knust, 2007: Climate change affects marine fishes through the oxygen limitation of thermal 17 
tolerance. Science, 315(5808), 95-97. 18 

Pörtner, H.O. and A.P. Farrell, 2008: Ecology: Physiology and climate change. Science, 322(5902), 690-692. 19 
Pörtner, H.O., C. Bock, R. Knust, G. Lannig, M. Lucassen, F.C. Mark, and F.J. Sartoris, 2008: Cod and climate in 20 

a latitudinal cline: physiological analyses of climate effects in marine fishes. Climate Research, 37(2-3), 253-21 
270. 22 

Potter, N., F. Chiew, and A. Frost, 2010: An assessment of the severity of recent reductions in rainfall and runoff in 23 
the Murray-Darling Basin. Journal of Hydrology, 381(1-2), pp. 52-64. 24 

Pouliotte, J., B. Smit, and L. Westerhoff, 2009: Adaptation and development: Livelihoods and climate change in 25 
Subarnabad, Bangladesh. Climate and Development, 1(1), 31-46.  26 

Pounds, J. A., Bustamante, M. R., Coloma, L. A., Consuegra, J. A., Fogden, M. P. L., Foster, P. N., La Marca, E., 27 
Masters, K. L., Merino-Viteri, A., Puschendorf, R., Ron, S. R., Sanchez-Azofeifa, G. A., Still, C. J. and Young, 28 
B. E., 2006: Widespread amphibian extinctions from epidemic disease driven by global warming. Nature, 29 
439(7073): 161-167. 30 

Poveda, G. and K. Pineda, 2009: Reassessment of Colombia’s tropical glaciers retreat rates: Are they bound to 31 
disappear during the 2010–2020 decade? Advances in Geosciences, 22, 107.  32 

Prathumratana, l., S. Sthiannopkao, and K. Woong Kim, 2008: The relationship of climate and hydrological 33 
parameters to surface quality in the lower Mekong River. Environment International, 34, 860-866. 34 

Precht, W.F., and R.B. Aronson, 2004: Climate flickers and range shifts of reef corals. Frontiers in Ecology and the 35 
Environment, 2(6), pp. 307-314. 36 

Primack, R.B., H. Higuchi, and A.J. Miller-Rushing, 2009; The impact of climate change on cherry trees and other 37 
species in Japan. Biological Conservation, 42, 1943-1949. doi:10.1016/j.biocon.2009.03.016 38 

PROOCE PIO  39 
Prudhomme O'Meara, W., J. N. Mangeni, R. Steketee, and B. Greenwood, 2010: Changes in the burden of malaria 40 

in sub-Saharan Africa. The Lancet Infectious Diseases, 10, 545-555. 41 
Purdie, H., A. Mackintosh, W. Lawson, B. Anderson, U. Morgenstern, T. Chinn, and P. Mayewski, 2011: 42 

Interannual variability in net accumulation on Tasman Glacier and its relationship with climate. Global and 43 
Planetary Change, 77(3-4), pp. 142-152. 44 

Rahmstorf, S. and D. Coumou, 2011: Increase of extreme events in a warming world. Proceedings of the National 45 
Academy of Sciences, 108 (44), 17059-17909.  46 

Raleigh, C. and D. Kniveton, 2012: Come rain or shine: an analysis of conflict and climate variability in East 47 
Africa. Journal of Peace Research, 49, 51-64. 48 

Ranasinghe, R. and M.J.F. Stive, 2009: Rising seas and retreating coastlines. Climatic Change, 97(3), 465-468. 49 
Randolph, S.E, 2010: To what extent has climate change contributed to the recent epidemiology of tick-borne 50 

diseases? Vet Parasitol,167(2-4):92-4. 51 
Rasheed M. A. and Unsworth R. K. F., 2011: Long-term climate-associated dynamics of a tropical seagrass 52 

meadow: implications for the future. Marine Ecology Progress Series 422:93-103. 53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 70 11 June 2012 

Raupach, M. R., Canadell, J. G. and Le Quéré, C. (2008). Anthropogenic and biophysical contributions to 1 
increasing atmospheric CO2 growth rate and airborne fraction. Biogeosciences, 5: 2867-2896. 2 

Raxworthy, C.J., R.G. Pearson, N. Rabibisoa, A.M. Rakotondrazafy, J.-B. Ramanamanjato, A.P. Raselimanana, S. 3 
Wu, R.A. Nussbaum, and D.A. Stone, 2008: Extinction vulnerability of tropical montane endemism from 4 
warming and upslope displacement: a preliminary appraisal for the highest massif in Madagascar. Global 5 
Change Biology, 14, 1703-1720. 6 

Resurreccion, B.P., 2011: The gender and climate debate: More of the same or new pathways of thinking and 7 
doing? Asia Security Initiative Policy Series No.10, RSIS Center for non-tradional security studies, Singapore.  8 

Reusch, T.B.H., A. Ehlers, A. Hämmerli, and B. Worm, 2005: Ecosystem recovery after climatic extremes 9 
enhanced by genotypic diversity. Proceedings of the National Academy of Sciences 102: 2826-2831. 10 

Rivadeneira M. M. and Fernández M., 2005: Shifts in southern endpoints of distribution in rocky intertidal species 11 
along the south-eastern Pacific coast. Journal of Biogeography 32:203-209. 12 

Robertson, A.W., and C.R. Mechoso, 1998, Interannual and decadal cycles in river flows of Southeastern South 13 
America. Journal of Climate, 11, 2570-2581 14 

Robine, J.-M., S. L. K. Cheung, S. Le Roy, H. Van Oyen, C. Griffiths, J.-P. Michel, and F. R. Herrmann.  2008.  15 
Death toll exceeded 70,000 in Europe during the summer of 2003.  Comptes Rendus Biologies, 331, 171-178. 16 

Rodell, M., I. Velicogna, and J.S. Famiglietti, 2009: Satellite-based estimates of groundwater depletion in india. 17 
Nature, 460(7258), 999-1002.  18 

Rodolfo-Metalpa R., Houlbrèque F., Tambutté É., Boisson F., Baggini C., Patti F. P., Jeffree R., Fine M., Foggo A., 19 
Gattuso J.-P. and Hall-Spencer J. M., 2011: Coral and mollusc resistance to ocean acidification adversely 20 
affected by warming. Nature Climate Change 1:308-312. 21 

Rodríguez-Morales, A.J., 2011: [Climate change, rainfall, society and disasters in latin america: Relations and 22 
needs]. Revista Peruana De Medicina Experimental y Salud Publica, 28(1), 165-6. 23 

Rodríguez-Morales, A.J., L. Echezuria, and A. Risquez, 2010: Impact of climate change on health and disease in 24 
latin america, climate change and variability. In: Climate change and variability. [Simard, S. (ed.)]. Sciyo. 25 

Romanovsky, V.E., A.L. Kholodov, C.S. Marchenko, M.G. Oberman, D.S.Drozdov, G.V. Malkova, N.G. 26 
Moskalenko, A.A. Vasiliev, D.O. Sergeev, and M.N. Zheleznyak, 2008; Thermal state and fate of permafrost in 27 
Russia: First Result of IPY. Ninth International Conference on Permafrost Plenary Paper. 28 

Romanovsky, V.E., D.S. Drozdov, N.G. Oberman, G.V. Markova, A.L. Kholodov, S.S. Marchenko, N.G. 29 
Ukraintseva, A.A. Abramov, D.A. Gilichinsky and A.A. Vasiliev, 2010; Thermal state of permafrost in Russia. 30 
Permafrost and Periglacial Processes, 21, 136-155 (2010) doi: 10.10021/ppp.683 31 

Romero-Lankao, P. and D. Dodman, 2011: Cities in transition: Transforming urban centers from hotbeds of GHG 32 
emissions and vulnerability to seedbeds of sustainability and resilience: Introduction and editorial overview. 33 
Current Opinion in Environmental Sustainability, 3(3), 113-120.  34 

Root, T. L. et al., 2005: Human-modified temperatures induce species changes: Joint attribution. Proceedings of the 35 
National Academy of Sciences, 102(21), 7465-7469. 36 

Root, T.L., J.T. Price, K.R. Hall, S.H. Schneider, C. Rosenzweig, and J.A. Pounds, 2003: Fingerprints of global 37 
warming on wild animals and plants. Nature, 421, 57-60. 38 

Rosenzweig, C., D. Karoly, M. Vicarelli, P. Neofotis, Q. Wu, G. Casassa, A. Menzel, T.L. Root, N. Estrella, B. 39 
Seguin, P. Tryjanowski, C. Liu, S. Rawlins, and A. Imeson, 2008: Attributing physical and biological impacts 40 
to anthropogenic climate change. Nature 453, 353-357.  41 

Rosenzweig, C., G. Casassa, D. Karoly, A. Imeson, C. Liu, A. Menzel, S. Rawlins, T. Root, B. Seguin, and P. 42 
Tryjanowski, 2007: Assessment of observed changes and responses in natural and managed systems. In: 43 
Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth 44 
Assessment Report of the Intergovernmental Panel on Climate Change [Parry, M.L., O.F. Canziani, J.P. 45 
Palutikof, P.J. van der Linden, and C.E. Hanson (eds.)]. Cambridge University Press, Cambridge, UK, pp. 79-46 
131. 47 

Rosenzweig, C., W.D. Solecki, S. Hammer, and S. Mehrotra, 2011: Climate change and cities: First assessment 48 
report of the urban climate change research network. Cambridge University Press, Cambridge, UK. Pp 49 

Ross , M.S., J.J. O'Brien, R.G. Ford, K. Zhang, and A. Morkill, 2009: Disturbance and the rising tide: The challenge 50 
of biodiversity management on low-island ecosystems. Frontiers in Ecology and the Environment, 7, 471-478. 51 

Rothstein, H.R., A.J. Sutton, M. Borenstein, M. (eds.), 2005: Publication bias in meta-analysis: Prevention, 52 
assessment, and adjustments. Wiley, New York, pp.  53 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 71 11 June 2012 

Rowland, J.C., C.E. Jones, G. Altmann, R. Bryan, B.T. Crosby, G.L. Geernaert, L.D. Hinzman, L.D. Kane, D.M. 1 
Lawrence, A. Mancino, P. Marsh, J.P. McNamara, V.E. Romanovsky, H. Toniolo, B.J. Travis, E. Trochim, and 2 
C.J. Wilson, 2010: Arctic landscapes in transition: Responses to thawing permafrost. Eos, 91, 229–236. 3 

Rozell, D.J. and Wong T.F., 2010: Effects of climate change on groundwater resources at shelter island, new york 4 
state, USA. Hydrogeology Journal, 18, 1657-1665. 5 

Saba, V.S., M.A.M. Friedrichs, M.E. Carr, D. Antoine, R.A. Armstrong, I. Asanuma, O. Aumont, N.R. Bates, M.J. 6 
Behrenfeld, V. Bennington, L. Bopp, J. Bruggeman, E.T. Buitenhuis, M.J. Church, A.M. Ciotti, S.C. Doney, M. 7 
Dowell, J. Dunne, S. Dutkiewicz, W. Gregg, N. Hoepffner, K.J.W. Hyde, J. Ishizaka, T. Kameda, D.M. Karl, I. 8 
Lima, M.W. Lomas, J. Marra, G.A. McKinley, F. Melin, J.K. Moore, A. Morel, J. O'Reilly, B. Salihoglu, M. 9 
Scardi, T.J. Smyth, S.L. Tang, J. Tjiputra, J. Uitz, M. Vichi, K. Waters, T.K. Westberry and A. Yool, 2010: 10 
Challenges of modeling depth-integrated marine primary productivity over multiple decades: a case study at 11 
BATS and HOT. Global Biogeochemical Cycles, 24, GB3020. 12 

Sagarin, R.D., J.P. Barry, S.E. Gilman and C.H. Baxter, 1999: Climate-related change in an intertidal community 13 
over short and long time scales. Ecological Monographs, 69(4), 465-490. 14 

Saldaña-Zorrilla, S., and K. Sandberg, 2009: Impact of climate-related disasters on human migration in Mexico: a 15 
spatial model. Climatic Change, 96(1-2), pp. 97-118. 16 

Salick, J. and N. Ross, 2009: Traditional peoples and climate change: Introduction, Global Environmental Change, 17 
19, 137-139. 18 

Sampaio, G., C. Nobre, M.H. Costa, P. Satyamurty, B.S. Soares-Filho, and M. Cardoso, 2007: Regional climate 19 
change over eastern amazonia caused by pasture and soybean cropland expansion. Geophysical Research 20 
Letters, 34(17), L17709.  21 

Santer, B.D., T.M.L. Wigley, T.P. Barnett, E. Anyamba, 1996: Detection of climate change and attribution of 22 
causes. In: Climate Change 1995: The Science of Climate Change. Contribution of Working Group I to the 23 
Second Assessment Report of the Intergovernmental Panel on Climate Change [Houghton, J.T., L.G. Meira 24 
Filho, Call, B.A. er, N. Harris, A. Kattenberg et al.(eds.)]. Cambridge University Press, Cambridge, UK, pp. 25 
407-443.  26 

Sato, Y., D.G. Bourne, and B.L. Willis, 2009: Dynamics of seasonal outbreaks of black band disease in an 27 
assemblage of Montipora species at Pelorus Island (Great Barrier Reef, Australia). Proceedings of the Royal 28 
Society B: Biological Sciences, 276(1668), 2795-2803. 29 

Sauber, J. M. and N.A. Ruppert, 2008: Rapid Ice Mass Loss: Does It Have an Influence on Earthquake Occurrence 30 
in Southern Alaska? Geophysical Monograph , 179, 369–384. 31 

Saurral, R.I., V.R. Barros, and D.P. Lettenmaier, 2008: Land use impact on the uruguay river discharge. 32 
Geophysical Research Letters, 35(12), L12401. doi:10.1029/2008GL033707 33 

Schär, C., and G. Jendritzky. 2004. Hot news from summer 2003. Nature, 432, 559-560. 34 
Schlenker, W. and D. Lobell, 2010: Robust negative impacts of climate change on african agriculture. 35 

Environmental Research Letters. 36 
Schlenker, W. and M.J. Roberts, 2009: Nonlinear temperature effects indicate severe damages to u.S. Crop yields 37 

under climate change. Proceedings of the National Academy of Sciences, 106(37), 15594-15598  38 
Schlyter, P., I. Stjernquist, L. Bärring, A.M. Jönsson, and C. Nilsson, 2006: Assessment of the impacts of climate 39 

change and weather extremes on boreal forests in northern europe, focusing on norway spruce. Climate 40 
Research, 31, 75-84.  41 

Schwierz, C., P. Köllner-Heck, E. Zenklusen Mutter, D.N. Bresch, P.-L. Vidale, M. Wild, and C. Schär, 2010: 42 
Modelling European winter wind storm losses in current and future climate. Climatic Change, 101, 485-514.  43 

Schwing, F. B., R. Mendelssohn, S. J. Bograd, J. E. Overland, M. Wang, and S.-i. Ito, 2010: Climate change, 44 
teleconnection patterns, and regional processes forcing marine populations in the Pacific, J. Marine Systems 45 
[need to check this ref] 79(3-4), 245-257. 46 

Scott, D., B. Amelung, S. Becken, J.P. Ceron, G. Dubois, S. Gössling, P. Peeters, and M.C. Simpson, 2008: Climate 47 
Change and Tourism: Responding to Global Challenges. Report for UNWTO, UNEP and WMO. UNWTO, 48 
Madrid, and UNEP, Paris, pp. 49 

Senapathi, D., M.A.C. Nicoll, C. Teplitsky, C.G. Jones, and K. Norris, 2011: Climate change and the risks 50 
associated with delayed breeding in a tropical wild bird population. Proceedings of the Royal Society B: 51 
Biological Sciences, 278(1722), 3184-3190.  52 

Seneviratne, S.I., N. Nicholls, D. Easterling, C.M. Goodess, S. Kanae, J. Kossin, Y. Luo, J. Marengo, K. McInnes, 53 
M. Rahimi, M. Reichstein, A. Sorteberg, C. Vera, and X. Zhang, 2012: Changes in climate extremes and their 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 72 11 June 2012 

impacts on the natural physical environment. In: Managing the Risks of Extreme Events and Disasters to 1 
Advance Climate Change Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, 2 
M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special 3 
Report of Working Groups I and II of the Intergovernmental Panel on Climate Change (IPCC). Cambridge 4 
University Press, Cambridge, UK, and New York, NY, USA, pp. 109-230. 5 

Shresta, A.B. and R. Aryal, 2011: Climate change in Nepal and its impact on Himalayan glaciers. Regional 6 
Environmental Change, II(Suppl 1), S65-S77. doi: 10.1007/s10113-010-0174-9 7 

Sigmundsson, F., V. Pinel, B. Lund, F. Albino, C. Pagli, H. Geirsson, and E. Sturkell, 2010: Climate effects on 8 
volcanism: influence on magmatic systems of loading and unloading from ice mass variations, with examples 9 
from Iceland. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering 10 
Sciences, 368, 2519–2534. 11 

Simioni, G., P. Ritson, M.U.F. Kirschbaum et al , 2009: The carbon budget of Pinus radiata plantations in south-12 
western Australia under four climate change scenarios. Tree Physiology, 29(9), 1081-1093. 13 

Skoplaki, E. and J.A. Palyvos, 2009: On the temperature dependence of photovoltaic module electrical 14 
performance: A review of efficiency/power correlations. Solar Energy, 83(5), 614-624. 15 

Smith, J., Schellnhuber, J., Mirza, M., Fankhauser, S., Leemans, R., Erda, L., Ogallo, L., Pittock, B., Richels, R., 16 
Rosenzweig, C., Safriel, U., Tol, R.S.J., Weyant, J., Yohe, G., 2001: Vulnerability to Climate Change and 17 
Reasons for Concern: A Synthesis. Chapter 19 in Climate Change 2001: Impacts, Adaptation and Vulnerability, 18 
Cambridge University Press, UK. 19 

Smith, J.B., Schneider, S. H., Oppenheimer, M., Yohe, G.,  Hare, W.,  Mastrandrea,, M.D., Patwardhan, A.,  20 
Burton, I.,  Corfee-Morlot, J., Magadza, C.H.D., Füssel, H-M, Pittock, A.B., Rahman, A., Suarez, A., and van 21 
Ypersele, J-P, “Dangerous Climate Change: An Update of the IPCC Reasons for Concern”, Proceedings of the 22 
National Academy of Science, 106: 4133-4137. 23 

Soja, A., N.M.Tchebakova, N.H.F. French, M.D. Flannigan, H.M. Shugart, B.J. Stocks, A.I.Sukhinin, E.I. 24 
Parfenova, F.S. Chapin III and P.W. Stockhouse Jr., 2007: Climate-induced boreal forest change predictions vs. 25 
current observations. Global Planetary Change, 56, 274-296 26 

Sokolov, L.V. and N.S. Gardienko, 2008: Has recent climate warming affected the dates of bird arrival to the Il’men 27 
Reserve in the Southern Urals? Russian Journal of Ecology, 39(1), 56-62. 28 

Solow, A.R., 2005: AN ENSO shift re-visited. Geophysical Research Letters, 33.  29 
Southward, A.J., O. Langmead, N.J. Hardman-Mountford, J. Aiken, G.T. Boalch et al. 2005: Long-term 30 

oceanographic and ecological research in the western English Channel. Advances in Marine Biology, 47, 1-105. 31 
Southward, A.J., S.J. Hawkins, and M.T. Burrows 1995: Seventy years' observations of changes in distribution and 32 

abundance of zooplankton and intertidal organisms in the western English Channel in relation to rising sea 33 
temperature. Journal of Thermal Biology, 20, 127-55. 34 

Stager, J.C., R.E. Hecky, D. Grzesik, B.F. Cumming, and H. Kling, 2009: Diatom evidence for the timing and 35 
causes of eutrophication in Lake Victoria, East Africa. Hydrobiologia, 636, 463-478. 36 

Stahl, K., R.D. Moore, J.M. Shea, D. Hutchinson, and A.J. Cannon, 2008: Coupled modelling of glacier and 37 
streamflow response to future climate scenarios. Water Resources Research, 44(2), W02422. 38 

Stahle, D., M. Cleaveland, D. Blanton, M. Therrell, and D. Gay, 1998: The lost colony and Jamestown droughts. 39 
Science, 280(5363), 564. 40 

Stige, L.C., G. Ottersen, K. Brander, K.-S. Chan, and N.C. Stenseth, 2006: Cod and climate: effect of the North 41 
Atlantic Oscillation on recruitment in the North Atlantic. Marine Ecology Progress Series, 325, 227-241. 42 

Stige, L.C., G. Ottersen, P. Dalpadado, K.-S. Chan, D. Hjermann, D.L. Lajus, N.A. Yaragina, and N.C. Stenseth, 43 
2010: Direct and indirect climate forcing in a multi-species marine system. Proceedings of the Royal Society B: 44 
Biological Sciences, 277(1699), 3411-3420. 45 

Stock, C.A., Alexander, M.A., Bond, N.A., Brander, K., Cheung, W.W.L., Curchitser, E.N., Delworth, T.L., Dunne, 46 
J.P., Griffies, S.M., Haltuch, M.A., Hare, J.A., Hollowed, A.B., Lehodey, P., Levin, S.A., Link, J.S., Rose, 47 
K.A., Rykaczewski, R.R., Sarmiento, J.L., Stouffer, R.J., Schwing, F.B., Vecchi, G.A., Werner, F.E., On the use 48 
of IPCC-class models to assess the impact of climate on living marine resources, Progress in Oceanography 49 
(2010), doi: 10.1016/j.pocean.2010.09.001 50 

Stoffel, M. and C. Huggel, 2012: Effects of climate change on mass movements in mountain environments. 51 
Progress in Physical Geography (in press). doi: 10.1177/0309133312441010 52 

Stolper, D.A., N.P. Revsbech, and D.E. Canfield, 2010: Aerobic growth at nanomolar oxygen concentrations. 53 
Proceedings of the National Academy of Sciences, 107(44), 18755-18760. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 73 11 June 2012 

Stone, D.A., M.R. Allen, P.A. Stott, P. Pall, S.-. Min, T. Nozawa, and S. Yukimoto, 2009: The detection and 1 
attribution of human influence on climate. Ann. Rev. Environ. Resources, 34, 1-16.  2 

Storey, D. and S. Hunter, 2010: Kiribati: An environmental 'perfect storm'. Australian Geographer, 41(2), 167-181. 3 
Stott, P. A., D. A. Stone, and M. R. Allen. 2004. Human contribution to the European heatwave of 2003. Nature, 4 

432, 610-614. 5 
Stott, P. A., M. Allen, N. Christidis, R. Dole, M. Hoerling, C. Huntingford, P. Pall, J. Perlwitz, and D. A. Stone.  6 

2012.  Attribution of weather and climate-related extreme events.  World Climate Research Programme's Open 7 
Science Conference Monographs, submitted. 8 

Stramma, L., E.D. Prince, S. Schmidtko, J. Luo, J.P. Hoolihan, M. Visbeck, D.W.R. Wallace, P. Brandt, and A. 9 
Kortzinger, 2012: Expansion of oxygen minimum zones may reduce available habitat for tropical pelagic fishes. 10 
Nature Climate Change, 2(1), 33-37. 11 

Stramma, L., G.C. Johnson, J. Sprintall, and V. Mohrholz, 2008: Expanding oxygen-minimum zones in the tropical 12 
oceans. Science, 320(5876), 655-658. 13 

Stramma, L., S. Schmidtko, L.A. Levin and G.C. Johnson, 2010: Ocean oxygen minima expansions and their 14 
biological impacts. Deep Sea Research Part I: Oceanographic Research Papers, 57(4), 587-595. 15 

Sturm, M and C. Racine, 2006: The evidence for shrub expansion in Northern Alaska and the Pan-Arctic . Global 16 
Change Biology, 12(4), 686-702. 17 

Sturm, M., C. Racine, and K. Tape, 2001: Increasing shrub abundance in the Arctic. Nature, 411, 546–547. 18 
Sumilo, D., A. Bormane, L. Asokliene, V. Vasilenko, I. Golovljova, T. Avsic-Zupanc, Z. Hubalek, S.E. Randolph, 19 

2008: Socio-economic factors in the differential upsurge of tick-borne encephalitis in Central and Eastern 20 
Europe. Rev Med Virol.18(2):81-95 21 

Sumilo, D., A. Bormane, V. Vasilenko, I. Golovljova, L. Asokliene, M. Zygutiene, S. Randolph, 2009: Upsurge of 22 
tick-borne encephalitis in the Baltic States at the time of political transition, independent of changes in public 23 
health practices. Clin Microbiol Infect. 15(1):75-80 24 

Sun, J., X.Z. Li, X.W. Wang, J.J. Lv,, Z.M. Li and Y.M. Yu, 2011: Latitudinal patterns in species diversity and its 25 
response to global warming in permafrost wetlands in the Great Hing’an Mountains, China. Russian Journal of 26 
Ecology, 42(2), 123-132.  27 

Supit, I., C.A. van Diepen, A.J.W. de Wit, P. Kabat, B. Baruth, and F. Ludwig, 2010: Recent changes in the climatic 28 
yield potential of various crops in europe. Agricultural Systems, 103, 683-694.  29 

Svensson, C., J. Hannaford, Z.W. Kundzewicz, and T.J. Marsh, 2006: Trends in river floods: why is there no clear 30 
signal in observations? IAHS Publications-Series of Proceedings and Reports, 305, 1–18. 31 

Swift, G.W., E.S.Z., M. Bajpai, J.F. Burger, C.H. Castro, S.R. Chano, F., P.d.S. Cobelo, E.C. Fennell, J.G. Gilbert, 32 
S.E. Grier, R.W. Haas, W.G., R.A.H. Hartmann, P. Kerrigan, S. Mazumdar, D.H. Miller, P.G., M.N. Mysore, 33 
R.V. Rebbapragada, M.V. Thaden, J.T. Uchiyama, S.M., and J.D.W. Usman, and M. Yalla, 2001: Adaptive 34 
transformer thermal overload protection. IEEE Transactions on Power Delivery, 16, 516-521. 35 

Syritski, J.P.M., A.J. Kettner, I. Overeem, E.W.H.Hutton, M.T. Hannon, G.R. Brakenridge, J. Day,  C. Vorosmarty 36 
, Y. Saito, L. Giosan and R.J. Nicholls, 2009: Sinking deltas due to human activities. Nature Geoscience, 2, doi: 37 
10.1038/NGEO629 38 

Tacoli, C., 2009: Crisis or adaptation? Migration and climate change in a context of high mobility. Environment and 39 
Urbanization, 21(2), pp. 513-525. 40 

Takasuka, A., Y. Oozeki, and H. Kubota, 2008: Multi-species regime shifts reflected in spawning temperature 41 
optima of small pelagic fish in the western North Pacific. Marine Ecology Progress Series, 360, 211-217. 42 

Takasuka, A., Y. Oozeki, and I. Aoki, 2007: Optimal growth temperature hypothesis: why do anchovy flourish and 43 
sardine collapse or vice versa under the same ocean regime? Canadian Journal of Fisheries and Aquatic 44 
Sciences, 64(5), 768-776. 45 

Tamura, T., K. Horaguchi, Y. Saito, L.N. Van, M. Tateishi, K.O.T., THi, F., Nanayama and K. Watanabe (2010): 46 
Monsoon-influenced variations in morphology and sediment of mesotidal beach on the Mekong River delta 47 
coasta. Geomorphology, 116(1-2), 11-23.  48 

Tasker, M. L. (Ed.), 2008: The effect of climate change on the distribution and abundance of marine species in the 49 
OSPAR Maritime Area. ICES Cooperative Research Report No. 293. 45 pp 50 

Teixeira, M.G., Costa, Maria da Conceição N., F. Barreto, and M.L. Barreto, 2009: Dengue: Twenty-five years 51 
since reemergence in brazil. Cadernos De Saúde Pública, 25, S7-S18. 52 

ter Hofstede, R., J. G. Hiddink, and A. D. Rijnsdorp, 2010: Regional warming changes fish species richness in the 53 
eastern North Atlantic Ocean, Marine Ecology-Progress Series, 414, 1-9. 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 74 11 June 2012 

Terrier, S., F. Jordan, A. Schleiss, W. Haeberli, C. Huggel, and M. Künzler, 2011: Optimized and adaptated 1 
hydropower management considering glacier shrinkage in the Swiss Alps. Dams in Switzerland. Swiss 2 
Committee on Dams. Proceedings ICOLD Conference, Luzern, Switzerland, pp. 291–298. 3 

Terry, J.P. and A.C. Falkland, 2010: Responses of atoll freshwater lenses to storm-surge overwash in the northern 4 
cook islands. Hydrogeology Journal, 18(3), 749-759. 5 

Theisen, O.M., 2012: Climate clashes? Weather variability, land pressure, and organised violence in Kenya, 1989-6 
2004. Journal of Peace Research, 49, 81-96. 7 

Thompson, P.A., M.E. Baird, T. Ingleton, and M.A. Doblin, 2009: Long-term changes in temperate Australian 8 
coastal waters: implications for phytoplankton. Marine Ecology Progress Series, 394, 1-19. 9 

Thomsen J., Gutowska M. A., Saphörster J., Heinemann A., Trübenbach K., Fietzke J., Hiebenthal C., Eisenhauer 10 
A., Körtzinger A., Wahl M. and Melzner F., 2010. Calcifying invertebrates succeed in a naturally CO2 enriched 11 
coastal habitat but are threatened by high levels of future acidification. Biogeosciences 7:3879-3891. 12 

Thresher, R.E., J.A. Koslow, A.K. Morison, and D.C. Smith, 2007: Depth-mediated reversal of the effects of 13 
climate change on long-term growth rates of exploited marine fish. Proceedings of the National Academy of 14 
Sciences, 104(18), 7461-7465. 15 

Tierney, J.E., M.T. Mayes, N. Meyer, C. Johnson, P.W. Swarzenski, A.S. Cohen, and J.M. Russell, 2010: Late-16 
twentieth-century warming in Lake Tanganyika unprecendented since AD 500. Nature Geoscience, 3, 422-425. 17 

Tol, R. and S. Wagner, 2010: Climate change and violent conflict in Europe over the last millennium. Climatic 18 
Change. 99(1-2), pp. 65-79 19 

Tong, S.L., C.Z. Ren, N. Becker (2010a) Excess deaths during the 2004 heatwave in Brisbane, Australia. 20 
International Journal of Biometeorology, 54(4), 393-400. 21 

Tong, S.L., X.Y. Wang, A.G. Barnett (2010b) Assessment of Heat-Related Health Impacts in Brisbane, Australia: 22 
Comparison of Different Heatwave Definitions. Plos One, 5(8),  23 

Toniolo, H., P. Kodial, L. Hinzman, and K. Yoshikawa, 2009: Spatio-temporal evolution of a thermokarst in 24 
Interior Alaska. Cold Regions Science and Technology, 56, 39–49. 25 

Tougou, D., D.L. Musolin, and K. Fujisaki, 2009: Some like it hot! Rapid change promotes changes n distribution 26 
ranges of Nezara vidula and Nezara antennata in Japan. Entomologia Experimentalis et Applicata, 130, 249-27 
258. doi: 10.1111/j. 1590-7458.2008.00818.x 28 

Trenberth, K. E., and D. J. Shea.  2006.  Atlantic hurricanes and natural variability in 2005.  Geophysical Research 29 
Letters, 33, 1-4. 30 

Tschakert, P., R. Tutu, and A. Alcaro, 2011: Embodied experiences of environmental and climatic changes in 31 
landscapes of everyday life in Ghana. Emotion, Space and Society (in press) 32 

Valt, M. and P. Cianfarra, 2010: Recent snow cover variability in the Italian Alps. Cold Regions Science and 33 
Technology, 64, 146–157. 34 

van Dijk, J., N.D. Sargison, F. Kenyon, and P.J. Skuce, 2010: Climate change and infectious disease: 35 
Helminthological challenges to farmed ruminants in temperate regions. Animal, 4(3), 377-392.  36 

Van Dingenen, R., F.J. Dentener, F. Raes, M.C. Krol, L. Emberson, and J. Cofala, 2009: The global impact of 37 
ozone on agricultural crop yields under current and future air quality legislation. Atmospheric Environment, 38 
43(3), 604-618. 39 

van Hooidonk, R., and M. Huber, 2009: Quantifying the quality of coral bleaching predictions. Coral Reefs, 28(3), 40 
pp. 579-587. 41 

van Oldenborgh, G. J.  2007.  How unusual was autumn 2006 in Europe? Climate of the Past, 3, 659-669. 42 
Vecchi, G. A., K. L. Swanson, and B. J. Soden.  2008.  Whither hurricane activity?  Science, 322, 687-689. 43 
Verberg, P., and R.E. Hecky, 2009: The physics of the warming of Lake Tanganyika by climate change. Limnology 44 

and Oceanography, 54, 2418-2430. 45 
Vergara, W., Deeb, A. M., Valencia, A. M., Bradley, R. S., Francou, B., Zarzar, A., Grünwaldt, A. & Haeussling, 46 

S. M., 2007: Economic impacts of rapid glacier retreat in the Andes. Eos 88: 261–264. 47 
Veron, J.E., O. Hoegh-Guldberg, T.M. Lenton, J.M. Lough, D.O. Obura, P. Pearce-Kelly, C.R. Sheppard, M. 48 

Spalding, M.G. Stafford-Smith and A.D. Rogers, 2009: The coral reef crisis: the critical importance of <350 49 
ppm CO2. Marine Pollution Bulletin, 58(10), 1428-1436. 50 

Villarini, G., F. Serinaldi, J.A. Smith, and W.F. Krajewski, 2009: On the stationarity of annual flood peaks in the 51 
continental United States during the 20th century. Water Resources Research, 45(8), W08417. 52 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 75 11 June 2012 

Voigt, T., H.-M. Füssel, I. Gärtner-Roer, C. Huggel, C. Marty, and M. Zemp (eds.), 2011a: Impacts of climate 1 
change on snow, ice, and permafrost in Europe: Observed trends, future projections, and socio-economic 2 
relevance. European Environment Agency, Copenhagen, Denmark, pp. 3 

Voigt, T., C. Marty, P. Dobesberger, R. Fromm, A. Solheim, M. Vojtek, J. Rhyner, and K. Kronholm, 2011b. 4 
Avalanches. In: Impacts of climate change on snow, ice, and permafrost in Europe: Observed trends, future 5 
projections, and socio-economic relevance [Voigt, T., H.-M. Füssel, I. Gärtner-Roer, C. Huggel, C. Marty, and 6 
M. Zemp (eds.)]. European Environment Agency, Copenhagen, Denmark, pp. 89-94. 7 

Vuille, M., B. Francou, P. Wagnon, I. Juen, G. Kaser, B.G. Mark, and R.S. Bradley, 2008a: Climate change and 8 
tropical andean glaciers: Past, present and future. Earth-Science Reviews, 89(3-4), 79-96. 9 

Walther, K., F.J. Sartoris, C. Bock, and H.O. Pörtner, 2009: Impact of anthropogenic ocean acidification on thermal 10 
tolerance of the spider crab Hyas araneus. Biogeosciences, 6(10), 2207-2215. 11 

Wang, A., D.P. Lettenmaier, and J. Sheffield, 2011: Soil moisture drought in China, 1950-2006. Journal of Climate, 12 
24, 3257-3271. doi: 10.1175/2011JCL13733.1 13 

Wassmann, R., S.V.K. Jagadish, S. Heuer, A. Ismail, E. Redona, R. Serraj, R.K. Singh, G. Howell, H. Pathak, and 14 
K. Sumfleth, 2009: Climate change affecting rice production: The physiological and agronomic basis for 15 
possible adaptation strategies. Advances in Agronomy. 16 

Weatherhead, E., S. Gearheard, and R.G. Barry, 2010: Changes in weather persistence: Insight from Inuit 17 
knowledge. Global Environmental Change, 20, 523-528. 18 

Webb, L.B., P.H. Whetton, J. Bhend, R. Darbyshire, P.R. Briggs, and E.W.R. Barlow, 2012: Earlier wine-grape 19 
ripening driven by climatic warming and drying and management practices. Nature Climate Change, 2(4), 259-20 
264. 21 

Webster, P. J., G. J. Holland, J. A. Curry, and H.-R. Chang.  2005.  Changes in tropical cyclone number, duration, 22 
and intensity in a warming environment.  Science, 309, 1844-1846. 23 

Welch, J.R., J.R. Vincent, M. Auffhammer, P.F. Moya, A. Dobermann, and D. Dawe, 2010: Rice yields in 24 
tropical/subtropical asia exhibit large but opposing sensitivities to minimum and maximum temperatures. 25 
Proceedings of the National Academy of Sciences, 107(33), 14562-14567. 26 

Werder, M.A., A. Bauder, M. Funk, and H.R. Keusen, 2010: Hazard assessment investigations in connection with 27 
the formation of a lake on the tongue of unterer grindelwaldgletscher, bernese alps, switzerland. Natural 28 
Hazards Earth System Sciences, 10, 227-237.  29 

Wernberg, T., B.D. Russell, M.S. Thomsen et al , 2011: Seaweed Communities in Retreat from Ocean Warming. 30 
Current Biology, 21(21), 1828-1832. 31 

Wilkinson, C., and G. Hodgson, 1999: Coral reefs and the 1997-1998 mass bleaching and mortality. Nature Resour, 32 
35(2), pp. 16-25. 33 

Willsman, A., T. Chinn, J. Hendrikx, and A. Lorrey, 2010: New Zealand Glacier Monitoring: End of Summer 34 
Snowline Survey 2010. NIWA Client Report no. CHC2010-113. pp. 132. 35 

Winchester, L. and R. Szalachman, 2009: 5th Urban Research Symposium "Cities and Climate Change: 36 
Responding to the Urgent Agenda". The Urban Poor's Vulnerability to the Impacts of Climate Change in Latin 37 
America and the Caribbean - A Policy Agenda, United Nations (UN), Economic Commission for Latin America 38 
and the Caribbean (ECLAC).  39 

Wohling, M., 2009: The Problem of Scale in Indigenous Knowledge: a Perspective from Northern Australia, 40 
Ecology and Society, 14(1), 14pp. 41 

Woo, M.K., P. Modeste, L. Martz, J. Blondin, B. Kochtubajda, D. Tutcho, J. Gyakum, A. Takazo, C. Spence, J. 42 
Tutcho, P. Di Cenzo, G. Kenny, J. Stone, I. Neyelle, G. Baptiste, M. Modeste, B. Kenny, and W. Modeste, 43 
2007: Science meets traditional knowledge: Water and climate in the Sahtu (Great Bear Lake) region, 44 
Northwest Territories, Canada, Arctic, 60, 37-46. 45 

Wootton J. T., Pfister C. A. and Forester J. D., 2008: Dynamic patterns and ecological impacts of declining ocean 46 
pH in a high-resolution multi-year dataset. Proceedings of the National Academy of Science U.S.A. 105:18848-47 
18853. 48 

Wright, B.D., 2011: The economics of grain price volatility. Applied Economic Perspectives and Policy, 33(1), 32-49 
58. 50 

Xu, K., J.D. Milliman, Z. Yang, and H. Xu, 2008: Climatic and anthropogenic impacts on water and sediment 51 
discharges from the Yangtze River (Changjiang), 1950–2005. Large Rivers, 609–626. 52 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 76 11 June 2012 

Yamano, H., H. Kayanne, T. Yamaguchi, Y. Kuwhara, H. Yokoki, H. Shimazaki, and M. Chicamori, 2007: Atoll 1 
island vulnerability to flooding and inundation revealed by historical reconstruction: Fongafale island, funafuti 2 
atoll, tuvalu. Global and Planetary Change, 57(3-4), 407-416.  3 

Yamano, H., K. Sugihara, and K. Nomura, 2011: Rapid poleward range expansion of tropical reef corals in 4 
response to rising sea surface temperatures. Geophysical Research Letters, 38(4), pp. L04601. 5 

Yiou, P., R. Vautard, P. Naveau, and C. Cassou.  2007.  Inconsistency between atmospheric dynamics and 6 
temperatures during the exceptional 2006/2007 fall/winter and recent warming in Europe. Geophysical 7 
Research Letters, 34, L21808, 10.1029/2007GL031981. 8 

Yli-Panula, E., D.b. Fekedulegn, B.J. Green, H. Ranta, 2009: Analysis of airborne betula pollen in Finland; a 31-9 
year perspective. Int J Environ Res Public Health. 6(6):1706-23.  10 

You, L., M. Rosegrant, S. Wood, and D. Sun, 2009: Impact of growing season temperature on wheat productivity in 11 
china. Agricultural and Forest Meteorology, 149(6-7), 1009-1014. 12 

Young, I., S. Zieger, and A. Babanin, 2011: Global Trends in Wind Speed and Wave Height. Science, 332(6028), 13 
451-455. 14 

Yu, H., H. Luedeling, and J. Xu, 2010: Winter and spring warming result in delayed spring phenology in the Tibetan 15 
Plateau. Proceedings of the National Academy of Sciences, 107(51), 22151-22156. doi: 16 
10.1073/pnas.1012490107 et al, 2010 17 

Zemp, M., I. Roer, A. Kääb, M. Hoelzle, F. Paul, and W. Haeberli, 2008: Global glacier changes: facts and figures. 18 
WGMS, Zurich, Switzerland, 88pp. 19 

Zhang, D., C. Jim, G. Lin, Y. He, and J. Wang, 2006: Climatic change, wars and dynastic cycles in china over the 20 
last millennium. Climatic Change 76: 459–477 DOI: 10.1007/s10584-005-9024-z 21 

Zhang, D., P. Brecke, H. Lee, and Y. He, 2007: Global climate change, war, and population decline in recent human 22 
history. Proceedings of the National Academy of Sciences, 104(49), 19214-19219. 23 

Zhang, D., H. Lee, C. Wang, B. Li, Q. Pei, J. Zhang, and Y. An, 2011: The causality analysis of climate change and 24 
large-scale human crisis. Proceedings of the National Academy of Sciences, 108(42), 17296–17301. 25 

Zhang, G.-H., S.-H. Fu, W.-H. Fang, H. Imura, X.-C. Zhang, 2007: Potential effects of climate change on runoff in 26 
the yellow river basin of China. Transactions of the American Society of Agricultural and Biologival Engineers 27 
(ABASE), 50(3), 911-918. 28 

Zhang, J.G., Y.L.Wang, Y.S. Ji, and D.Z. Yan, 2011: Melting and shrinkage of cryosphere in Tibet and its impact 29 
on the ecological environment. Journal of Arid Land, 3(4), 292-299. doi: 10.3724/SPJ.1227.2011.00292 30 

Zhang, N., T. Yasunari, and T. Ohta, 2011: Dynamics of the Larch taiga-permafrost coupled system in Siberia 31 
under climate change. Environmental Research Letters, 6, 024003. doi: 10.1088/1748-9326/6/2/024003 32 

Zhang, S., X.X. Lu, D.L. Higgitt, C.-T.A. Chen, J. Han, and H. Sun, 2008: Recent changes of water discharge and 33 
sediment load in the Zhujiang (Pearl River) Basin, China. Global and Planetary Change, 60, 365–380. 34 

Zhang, T., J. Zhu, X. Yang, and X. Zhang, 2008: Correlation changes between rice yields in north and northwest 35 
china and enso from 1960 to 2004. Agricultural and Forest Meteorology, 148(6-7), 1021-1033. 36 

Zhang, Y., S. Liu, J. Xu, D. Shangguan, 2008: Glacier change and glacier runoff variation in the Tuotuo River 37 
basin, the source region of Yangtze River in western China. Environmental Geology, 56(1), 59-68. 38 

Zhang et al., 2010 39 
Zhao, L., Q. Wu, S.S. Marchenko, and N. Sharkhuu, 2010: Thermal state of permafrost and active layer in central 40 

Asia during the International Polar Year. Permafrost and Periglacial Processes, 21, 198-207. doi: 41 
10.1002/ppp.688  42 

Ziska, L., K. Knowlton, C. Rogers, D. Dalan, N. Tierney, M.A. Elder, W. Filley, J. Shropshire, L.B. Ford, C. 43 
Hedberg, P. Fleetwood, K.T. Hovanky, T. Kavanaugh, G. Fulford, R.F. Vrtis, J.A. Patz, J. Portnoy, F. Coates, 44 
L. Bielory, D. Frenz, 2011: Recent warming by latitude associated with increased length of ragweed pollen 45 
season in central North America. Proc Natl Acad Sci U S A., 2011, 108(10):4248-51. 46 

Zongxing, L., H. Yuanqing, P. Tao, J. Wenxiong, H. Xianzhong, P. Hongxi, Z. Ningning, L. Qiao, W. Shijing, and 47 
Z. Guofeng, 2010: Changes of climate, glaciers and runoff in China’s monsoonal temperate glacier region 48 
during the last several decades. Quaternary International, 218(1-2), 13–28. 49 

Zwiers, F.W. and X. Zhang, 2003: Towards regional-scale climate change detection. Journal of Climate, 16, 793–50 
797. 51 

Zwiers, F.W., X. Zhang, and Y. Feng, 2011: Changes in the extremes of the climate simulated by ccc gcm2 under 52 
co2 doubling. Journal of Climate (in press). 53 

 54 



FIRST-ORDER DRAFT IPCC WGII AR5 Chapter 18 

Do Not Cite, Quote, or Distribute 77 11 June 2012 

Table 18-1: Sample of global and local climate drivers and some local non-climate drivers that might influence a 
natural or human system. 
 
Drivers of global climate change which affect 
local climate 
Greeenhouse gas emissions 
Aerosol emissions 
Solar luminosity changes 
Explosive volcanic eruptions 

Local climate changes which are drivers 
of impacts 
Air temperature changes 
Ocean temperature changes 
Precipitation changes 
Humidity changes 
 Impacts on a natural or human 

system 

Drivers of local climate change 
Land use/cover change 
Aerosol emissions 

 

Local non-climate drivers of impacts 
Land use/cover change, deforestation, 
urban encroachment 
Ecosystem management 
Air pollution 
Policies that enhance or reduce resilience 
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Table 18-2: Confidence levels for Detection (CLD) and Attribution to climate change (CLA) of changes in general 
processes in Ocean Systems, by category: Geological record (GR), Phenology (PH), Distribution (DI), Calcification 
(CA), Abundance (AB), Demography (DE), Shift in Community Composition (SCC); Ocean Biogeochemistry 
(BGC); Regime Shift (RS), Migration (MI). 
 
Process Cat CLD CLA Additional remarks Ref 
Information in Geological 
records consistent with present 
and expected CC 

GR high Medium Rate of current change much faster than in earth 
history 

[1] 

Reduction in foraminiferan 
shell weight due to ocean 
acidification effects 

CA medium medium Attribution supported by experimental evidence 
as well as physiological knowledge showing 
species specific responses and diverse 
sensitivities across taxa 

[2] 

Expansion of Ocean hypoxic 
zones  

BGC high high OMZs caused by enhanced stratification and 
bacterial respiration 

[3] 

Regional and local impacts of 
expanding Hypoxia  

SCC 
 

high high Reduction of biodiversity, compression of 
oxygenated habitat for intolerant species, Range 
expansion for tolerant taxa 

[4] 

Temperature effects on marine 
biota  

PH, AB, 
DI, MI, 
RS 

very 
high 

very 
high 

Attribution supported by experimental and 
statistical evidence as well as physiological 
knowledge of unifying principles (OCLTT) and 
species specific responses 

[5] 

Increasing Net Primary 
Production in high latitudes 

BGC medium high Due to sea ice decline [6] 

Small increase in Net Primary 
Production globally 

BGC medium low Discrepancy between satellite observations and 
open ocean time-series sites 

[7] 

Macroorganisms most clearly 
affected by climate change 

AB, PH, 
DI, SCC 

high high Involves changes in trophic and competitive 
interactions 

[8] 

Clear effects on marine air 
breathers in individual 
examples 

AB high high Effects mostly through changes in habitat 
structure and food availability 

[9]  

Reef-building warm water 
corals affected by warming and 
ocean acidification 

AB  very 
high 

very 
high 

Effects mostly attributed to warming and rising 
extreme temperatures 

[10] 

Synergistic effects of climate 
drivers 

all low high Synergisms supported by experimental studies [11] 

Changes in microbial processes BGC low low Limited evidence and understanding of 
microbial processes, drivers and interactions 

[12] 

Biogeochemical Responses to 
CC  

BGC Low  high Limited evidence for large scale shifts in 
biogeochemical pathways such as oxygen 
production, carbon sequestration and export 
production, nitrogen fixation, climate-feedback 
by DMS production, nutrient recycling, or 
calcification 

[13] 

[1] Hönisch et al., 2012; Ch. 6.1.2; [2] Moy et al., 2009, de Moel et al., 2009, Ch. 6.2.2, 6.3.4; [3] Stramma et al., 2008, Stolper et al., 2010, Ch. 
6.2.2 [4] Levin et al., 2009; Ekau et al., 2010, Stramma et al., 2010, 2012, Ch. 6.3.3; [5] Perry et al., 2005; Beaugrand et al., 2010, Alheit et al., 
2012, Merico et al., 2004; Pörtner and Farrell 2008; Ch. 6.2.2, 6.3.2; [6] Arrigo and van Dijken, 2011,, Ch. 6.3.1;[7] Behrenfeld et al., 2006, Saba 
et al., 2010, Ch. 6.3.1; [8] Müller et al., 2009, Sagarin et al., 2009, Veron et al., 2009, Stige et al., 2010, Ch. 6.3.2; [9] Grémillet D, Boulinier, 
2009; McIntyre et al., 2011, Ch. 6.2.2.4¸[10] Veron et al., 2009; Ch. 6.2.2.4; [11] Crain et al., 2008, Walther et al., 2009; Boyd et al., 2010. Ch. 
6.3.6.1; [12] Ch. 6.3; [13] Ch. 6.3. 
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Table 18-3: Confidence levels for Detection (CLD) and Attribution (CLA) for species or site specific processes in 
Ocean Systems, by category Geological record (GR), Phenology (PH), Distribution (DI), Calcification (CA), 
Abundance (AB), Demography (DE), Shift in Community Composition (SCC); Ocean Biogeochemistry (BGC); 
Regime Shift (RS), Migration (MI). 
 
Process Cat CLD CLA Add. Remarks Ref 
Shift in distribution of atlantic cod, 
Regime shift and regional changes in 
Plankton Phenology in North Sea  

DI; 
PH 

high 
 
medium 

medium 
 
medium 

AC and PP both associated with 
temperature effects and influencing each 
other 

[1] 

Falling abundance of eelpout in 
Wadden Sea 

AB medium high Effect elicited and exacerbated by rising 
temperature amplitudes during extreme 
events 

[2] 

Collapse of spawning migration of 
Pacific Salmon in Fraser River, BC, 
USA 

MI high high Effect elicited and exacerbated by rising 
temperature amplitudes during extreme 
events  

[3] 

Growth and distribution patterns of 
banded morwong, NZ 

DI, 
DE 

high medium Example exemplifies specialization and 
performance scope of species depending on 
climate regime 

[4] 

Shift from sardines to anchovies in 
Japanese Sea 

AB, 
RS 

medium medium Effect correlated with temperature shift [5] 

Increments in fish species richness in 
temperate zones 

SCC high medium Effect associated with warming trends [6] 

Change in catch potential for Atlanic 
cod in Southern NorthSea 

*  high high *FCP is a function of many categories [7] 

[1] Perry et al., 2005, Pörtner et al., 2008, Beaugrand et al., 2010, Ch. 6.3.2; [2] Pörtner and Knust, 2007, Ch. 6.3.2; [3] Eliason et al., 2011; Ch. 
6.3.2; [4] Neuheimer et al., 2011; Ch. 6.3.2; [5] Takasuka et al., 2007, 2008; Ch. 6.3.2; [6] Hiddink and ter Hofstede, 2008; Beaugrand et al., 
2010; Ch. 6.3.2; [7] Perry et al., 2005; Ch. 6.3.2. 
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Table 18-4: Selection of record-breaking meteorological events since 2000, assessment of the confidence in the 
degree to which anthropogenic emissions made a substantial contribution, selected impacts attributed to the 
meteorological event, and assessment of the confidence in the degree to which the meteorological event made a 
substantial contribution to the impact event. Based on (Coumou and Rahmstorf, 2012). 
 
Year Region Meteorological Record-breaking Event 

 
Associated impact event 

  Description Assessment of 
substantial 

contribution of 
anthropogenic 

emissions 

Description Assessment of 
substantial 

contribution of 
meteorological event 

2000 England 
and Wales 

record-breaking daily 
precipitation in several 
regions led to wettest 
autumn on record since 
1766 
[Alexander and Jones 
2001] 

medium confidence 
[Pall et al. 2011, Kay et 
al. 2011, DEFRA 2001] 

£1.3 billion of 
insured losses 
[Association of 
British Insurers 
2001] 

virtually certain 
[Environment Agency 
2001, Pall et al. 2011, 
Kay et al. 2011, 
Association of British 
Insurers 2001] 

2003 Europe hottest summer in at least 
500 years [Luterbacher et 
al. 2004, Schar et al. 2004] 

very likely 
[Stott et al. 2004, Schär 
et al. 2004, Christidis et 
al. 2010] 

death toll exceeding 
70,000 
[Robine et al. 2008] 

very likely 
[Robine et al. 2008] 
 

2005 North 
Atlantic 

record number of tropical 
storms, hurricanes and 
category 5 hurricanes since 
1970 
[Trenberth and Shea 2006]  

very low confidence 
[Emanuel  2005, 
Webster et al. 2005, 
Knutson et al. 2010, 
Pielke et al. 2008, 
Vecchi et al. 2008, 
Landsea et al. 2009] 

1,700 deaths and 
over US$100B in 
damage 
[Beven et al., 2008] 
 
 

unequivocal 
[Beven et al., 2008] 
 
 

2006-
2007 

Europe hottest record fall and 
winter in at least 500 years 
[Luterbacker et al. 2007, 
van Oldenborgh 2007] 

high confidence 
[Cattiaux et al. 2009, 
Yiou et al. 2007] 

partial second 
flowering or 
extended flowering 
in 2006, early 
flowering in 2007 
[Luterbacher et al. 
2007] 

high confidence 
[Luterbacher et al. 
2007] 

2010 Western 
Russia 

hottest summer since 1500  
[Barriopedro et al. 2011] 

medium confidence 
[Otto et al. 2012, 
Rahmstorf and Coumou 
2011, Dole et al. 2011] 

Burned area > 
12,500km 
[Müller, 2011] 
 

low confidence 
[Müller, 2011] 
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Table 18-5: Cases of regional livelihood impacts attributed to climate change or climate variability. 
 
Population Observed climate change Impact on livelihood Reference 
Small-scale farmers, Ghana Drought Landscape transformation, 

poverty 
Tschakert et al., 2001 

Middle-class farmers, Australia Drought Landscape transformation, 
income loss from agriculture, 
social conflict, poverty 

Alston, 2011 

High Arctic Native people Warming Changing ice and snow 
conditions, dwindling access 
to hunting grounds 

Ford et al., 2007; Ford 2009, 
see also box 18.2.1 

Urban populations in Maputo, 
Accra, Nairobi, Lagos, 
Kampala 

Flood frequency and severity 
increase 

Direct impacts on people Douglas et al., 2008 

Industry workers in India Warming Ability to carry out physical 
work 

Ayyappan et al., 2009; 
Balakrishnan et al.; 2010 

Farmers in Subarnabad, 
Bangladesh 

Sea-level rise Salt water intrusion, shift 
from agriculture to shrimp 
farming, loss of agricultural 
livelihoods 

Pouliotte et al. 2009 

Ghana farmer’s wives Change in seasonal climate Pressure from husbands 
limiting involvement in 
agriculture, poverty 

Carr, 2008 

Cambodian rice farmers Warming, rainfall 
irregularities 

Shift in income generation 
patterns between men and 
women 

Resurreccion, 2011 

Poor children worldwide Climate variability Food price shocks, reduced 
caloric intake, physical 
stunting, reduced lifetime 
earnings 

Alderman, 2010 
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Table 18-6: Detection and attribution of broad-scale impacts of climate change in Antarctica and the Arctic. 
 

A
nt

ar
ct

ic
 

System Detection in 
TAR/4AR 

Detected change attribution, confounding factors 

Lakes yes increased nutrient concentrations and 
phytoplankton production (28.2.1.1) 

warming, longer ice-free period, 
albedo decrease, permafrost thawing 

Southern Ocean  changes in community structure 
(28.2.2) 

Over-exploitation by top predators 

Shelf ice  Southern displacement of penguin 
colonies (28.2.2) 

Reduced ice cover, warmer sea 
currents 

Southern Ocean  Albatross and petrel decrease 
(28.2.2) 

Impacts from long-line fishery; plastic 
debris 

Southern Ocean  reduced krill abundance (28.2.2) reduced sea ice extent 
Fur seals  increased numbers on subantarctic 

islands and Antarctic Peninsula 
(28.2.3.5.4) 

release of hunting pressure; decreased 
competition with whales 

A
rc

tic
 

Coastal shores AR4 15.4.6.1  erosion (28.4.1.3.1.) wave erosion and permafrost melting 
Tundra shrub cover AR4 15.2.1 continuing shrub increase (18.3.2, 

28.2.3) 
warming and prolongation of growing 
season  

Tundra vegetation 
activity 

 increased NDVI (28.2.3) increased plant cover, particularly 
deciduous shrubs 

Arctic Europe  altitudinal treeline advancement 
(28.2.3) 

warming and prolongation of growing 
season; counteracted by grazing 
pressure and moth outbreaks 

Tundra plant 
communities 

 community change (18.3.2; 28.2.3) warming  

Arctic snowbeds TAR reduction (28.2.3), (Björk & Molau 
2007) 

warming and prolonged growing 
season; change from snowfall to rain  

Arctic basin  increased krill abundance (28.2.1.1) intrusion of water from the North 
Atlantic and Pacific Oceans 

seabird communities  phenological mismatch in arrival 
relative to sea ice break-up, resulting 
in lower reproductive success 
(28.3.2.1) 

warming and earlier sea ice break-up 
along coasts 

plant communities on 
formerly frozen 
mineral soils 

 increase of boreal species (18.3.2), 
(Molau, 2010) 

warming, permafrost degradation 

plant communities on 
formerly frozen peat 

 swamp formation  

river flow  earlier spring flood (28.2.1.1) warming, earlier snowmelt 
river flow  increased winter flow (28.2.1.1) permafrost thawing and/or increased 

precipitation 
lake ice  earlier break-up, later freeze-up 

(28.2.1.1) (Callaghan et al., 2010) 
warming 

thermokarst lakes  increase/decrease (28.2.1.1)  
ocean  increased primary production 

(28.2.2) 
extended ice free period 

polar bears  reduced reproductive success, 
decreased survival rates (28.2.3.3) 

reduced multiyear sea ice cover; 
pollutants 
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Table 18-7: Detection and attribution of regional impacts of climate change in Antarctica and the Arctic. 
 

Region System/Impact Detection Attribution, Confounding factors 
Alaska human health increase in allergic reactions from 

insect stings and bites (28.2.4.2) 
summer warming 

Arctic 
Fennoscandia  
and Greenland 

voles and lemmings collapse or dampening of population 
cycles (28.2.3), (Björk and Molau, 
2007; Molau, 2010) 

warming, increased winter rain and ice 
layer formation in snow pack 

Canadian Arctic water quality Deteriorating freshwater quality, 
increased water-borne diseases 
(28.2.4.2) 

spring flood increases, permafrost 
degradation 

Canadian High 
Arctic 

shallow lakes earlier summer drainage (28.2.1.1) extended ice-free period accompanied by 
higher temperatures and evaporation 

Canadian Low 
Arctic 

limnic 
biogeochemistry: 
permafrost thaw 

increased phytoplankton and 
macrophyte productivity in slump-
affected lakes (28.2.1.1) 

permafrost degradation inducing nutrient 
release and changes in water column 
light level 

Eurasian Arctic reindeer husbandry decrease in some areas, increase in a 
few (28.1.2.1) 

winter snowpack increase, ice crust 
formation, earlier spring flood, social 
and political factors, oil and gas 
exploration 

Antarctic 
Peninsula 

plant distribution increase (28.2.3.5.1) warming and increased water availability 

European Arctic birds snow-bunting decrease (50%) ; 
(Molau, 2010) 

snowbed reduction 

North American 
Arctic 

food security decreasing utility of traditional ice 
cellar storage of fish and game 
(28.2.4.2) 

warming, permafrost degradation 
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Figure 18-1: Schematic of the subject covered in this chapter. External drivers outside of the three systems 
considered are marked with black arrows. Direct drivers of the human system on the climate system are denoted 
with a red arrow; some of these drivers may also directly affect natural systems, for example through CO2 
fertilization, as denoted by the second arrow. Further influences of each of the systems on each other that do not 
involve direct anthropogenic climate drivers are represented by blue arrows. 
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Figure 18-2: A schematic diagram comparing approaches to attribution for an ecological system. The multi-step 
approach differs from the end-to-end approach in having a discontinuity between the attributed climate change and 
the observed weather driving the ecological model (Stone et al., 2009). 
 

 
Figure 18-3: Confidence landscape in biological attribution studies. Green lines depict levels of confidence in 
attributing a given detected change in a wild species or biological system to detected trends in climate or changes in 
climatic patterns. Pale green = studies with <20 years of continuous data, dark green = studies with >50 years of 
continuous data. The blue line represents studies with ‘double attribution’, that is, attribution of a given detected 
change (or changes) to greenhouse gas driven climate change. (Modified from Parmesan et al., 2011); Numbered 
references in figure: 1Perrins et al., 1997; 2Southward et al., 1995; Southward et al., 2005; 3Kearney et al., 2010; 
4Parmesan, 1996; Parmesan, 2003; Karl et al., 1996; Dunn and Winkler, 1999; Johnson et al., 1999; Karoly et al., 
2003; Zwiers and Zhang, 2003; 5Foden et al., 2007; 6Parmesan and Yohe, 2003; Root et al., 2003; Root et al., 2005; 
Parmesan, 2007; Rosenzweig et al., 2008; 7Hoegh-Guldberg, 1999; Fedorov and Philander, 2000; Hansen et al., 
2006; Latif and Keenlyside, 2009; WGII Chapters 6 and 30; 8Oechel et al., 2000; Sturm et al., 2001; Sturm and 
Racine, 2006. 
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Figure 18-4: Levels of confidence in detection and attribution of observed climate change impacts for Freshwater 
Systems, including the Cryosphere. 
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Figure 18-5: Changes in frequency of alpine rock slope failures since 1900 detected at two spatial scales: a regional 
scale over the Swiss and adjacent Alps (upper panel) and a detailed local scale at Mont Blanc area, French Alps 
(middle panel). Documentation bias exist at the regional level, especially for small failures in the early 20th century. 
To improve confidence in detection the local level (virtually bias free) can be compared with the regional level, and 
only large-volume slides can be considered which should show minimum bias. 
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Figure 18-6: Confidence as a function of evidence and agreement – Source: Mastrandrea, et al. (2010). 
 
 
 
 
 
 

 
 
Figure 18-7: Reasons for Concernt (RfC) from IPCC (2001) and updated per IPCC (2007) in Smith, et al. (2009). 
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Figure 18-8: Confidence in detection and attribution across various sectors and systems. Open symbols denote 
attribution with respect to anthropogenic emissions, while solid symbols denote attribution with respect to observed 
trends in relevant climate variables. Preliminary draft, will be revised and updated as this assessment proceeds. 
Chapter (Ch) numbers refer to Chapters within AR5 WG2 report, with Ch1 summarizing findings of WG1. 
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Figure 18-9: Confidence in detection and attribution of observed impacts on unique and threatened systems as a 
result of observed trends in relevant climate variables. Preliminary draft, will be revised and updated as this 
assessment proceeds. 
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Figure 18-10: Confidence in detection and attribution of extreme weather events and their impacts. Preliminary 
draft, will be revised and updated as this assessment proceeds. 
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Figure 18-11: Confidence in detection and attribution across regions. Attribution of African temperatures is with 
respect to anthropogenic emissions, while other topics are with respect to trends in relevant climate variables. 
Preliminary and incomplete draft, will be revised and updated as this assessment proceeds. 
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Figure 18-12: Confidence in detection and attribution of the onset of large scale discontinuities. Preliminary draft, 
will be revised and updated as this assessment proceeds. 
 
 


