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Executive Summary
Non-Climate Driving Forces

A large number of non-climatic drivers influence observed responses of sectors and
systems to climate variations, making analysis of the role of climate in observed changes
complex (high confidence). Non-climatic drivers can influence systems and sectors directly
and/or indirectly through their effects on climate variables such as albedo, soil moisture
regimes, and heat island effects. Socio-economic processes, including land-use change (e.g.,
forestry to agriculture; agriculture to urban area) and land-cover modification (e.g. ecosystem
degradation) are of major importance. Furthermore, many systems and sectors are affected by
various aspects of pollution (e.g., in the atmosphere, soil and water).

Observed Changes in Systems and Sectors

Cryosphere: Changes in systems and sectors related to accelerated melting in the
cryosphere have been documented in glacial floods, ice and rock avalanches in mountain
regions, runoff in snow and glacial basins, Arctic mammals, Antarctic Peninsula fauna,
permafrost-based infrastructure in the Arctic, relocation of ski centres to higher elevation
areas and impacts in indigenous livelihoods in the Arctic (high confidence). Some of these
21  changes show an accelerated trend in recent decades, consistent with the enhanced warming
22 and observed changes in the cryosphere itself (medium confidence). The changes in systems
23  and sectors parallel the abundant evidence that allows the assessment that the cryosphere is

24 undergoing accelerated melting in response to global warming, including sea ice, freshwater
25 ice, ice shelves, Greenland ice sheet, glaciers, snow cover, and permafrost (very high

26  confidence).

28  Hydrology and Water Resources: Recent evidence also shows that areas most affected by
29 increasing droughts are located in arid and semiarid regions due to the presence of

30 already warm and dry climate (high confidence). In the last 20 years, there are documented
31 increase in flash floods and landslides due to intensive and heavy rain in mountain areas during
32  the warm season (high confidence). On a global scale, the observed increasing trend in runoff
33 in higher northern latitudes and drought in some subtropical regions is coincident with recent
34 global rainfall trends (modest confidence). There are observed rises in some lake levels and

35  decreases in others, and loss or disappearance of some epishelf or permafrost-controlled lakes
36  due to warming (modest confidence).

38  Coastal Processes and Zones: Widespread coastal erosion and wetland losses are

39 occurring under current rates of sea level rise, but, at present, these are mostly the

40  consequences of anthropogenic modification of the shoreline (medium confidence).

41  Apparent global increases in extreme high water levels since 1975 are related to mean sea level
42  rise and to large-scale inter-decadal climate variability. In many low-lying coastal areas,

43  development in conjunction with sea-level rise over the last century has exacerbated the

44  damage to fixed structures from modern storms that would have been relatively minor a

45  century ago.

46

47  Marine and Freshwater Biological Systems: Many of observed responses in marine and
48  freshwater systems have been associated with rising water temperatures (high

49  confidence). Climate change, in tandem with other human impacts, has already caused

50 substantial damage to coral reefs (high confidence). The documented poleward movement of
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plankton by 10 degrees in the North Atlantic is larger than any documented terrestrial study.
Observations indicate that lakes and rivers around the world are warming, with effects on
thermal structure, lake chemistry, abundance and productivity, community composition,
phenology, distribution and migration (High confidence).

Terrestrial Biological Systems: The overwhelming majority of studies examining global
warming impacts on terrestrial species reveal a consistent pattern of change (high
confidence). Responses of terrestrial ecosystems to warming across the northern hemisphere
are well documented by phenological changes, especially the earlier onset of spring phases.
Climate change over the past decades has resulted in population decrease and disappearance of
certain species (medium confidence) and movement of wild plant and animals poleward and
upward in elevation (medium confidence). Some evidence of adaptation is found in migratory
species (medium confidence). In most cases, non-climate related factors limit migration and
adaptation capabilities. In the majority of studies, the observed trends correspond to predicted
changes in terms of magnitude and direction (high confidence), but not all processes, often due
lack of data, have yet been studied.

Agriculture and Forestry: In North America and Europe, there is a lengthening of the
frost-free growing season and an advance in spring-summer crop phenology, which may
be attributed to recent warming (High confidence). Viniculture appears to be highly
sensitive, with a documented improvement of quality related to warming. Reduction in
precipitation on decadal scales in the Sahel are responsible for lower crop yields (high
confidence). Effects of regional climate changes to-date are of limited economic consequence
and appear to lie within the ability of the sectors to adapt, but both the agriculture and forestry
show vulnerability to recent extremes in heat and drought events.

Human Health: Evidence of human health outcomes related to climate trends include
cholera incidence related to the EI Nino-Southern Oscillation, increased incidence and
range of some vector-borne diseases, some water-borne diseases, and some dust and
pollen-borne diseases (medium confidence). Evidence linking climate changes with famine-
related nutrition is inconclusive. The evidence regarding observed changes in the health sector
related to climate trends supports the conclusion that global climate change remains an issue
for human health. An increased vulnerability is apparent in poorer countries.

Disasters and Hazards. While global catastrophe losses reveal rapidly rising costs of
catastrophes since the 1970s, the dominant signal remains that of the significant increases
in the values of exposure at risk; these datasets are problematic for demonstrating global
trends in long-term catastrophe occurrence. However for specific regions and perils,
including extreme floods on some of the largest rivers, there is evidence for an increase in
catastrophe occurrence. For tropical cyclones in both the Atlantic and Northwest Pacific
Oceans over the past 30 years a strong correlation has been found between a doubling in
‘destructiveness’ (a combination of intensity and duration) and increases in sea surface
temperatures.

Aggregated Results, Absence of Evidence, and Attribution

Documented evidence of observed changes in systems and sectors in response to observed
regional climate changes has increased since the TAR (high confidence). The TAR cited 16
studies documenting cryosphere and hydrology changes and 44 studies documenting changes in
biological systems (60 studies in total). The AR4 cites ~50 studies of cryosphere changes, ~60
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studies of hydrology and water resources, ~30 studies of coastal processes and zones, ~80
studies of marine and freshwater biological systems, ~150 studies of terrestrial biological
systems, ~30 studies in agricultural and forestry systems, and ~10 studies of disasters and
hazards (~400 studies in total). (Numbers of studies to be updated in the SOD).

For regions where there are both significant warming and observed changes, there is a
much greater probability of finding coincident significant temperature change and
observed responses in the expected direction than finding significant temperature change
and no response or response in an unexpected direction (High confidence). In regions with
no change in temperature, there is a greater probability of finding no observed response than of
finding an observed response in either direction. Inductive analysis of presence/absence of
regional temperature changes and presence/absence of observed responses shows that there are
many locations that are experiencing significant warming for which there are no observations
of changes in systems or sectors.

Observed responses in systems and sectors have been jointly attributed to anthropogenic
climate change through a two-step process involving attribution of the responses to
regional temperature changes and attribution of the regional temperature changes to
increases in greenhouse gases and aerosols in the atmosphere (High confidence). Because
of the wide variety of observed responses to regional climate trends in expected directions, and
because the regional climate trends have been attributed to anthropogenic causes,
anthropogenic climate change is having an impact on multiple systems and sectors.

Vulnerability and Adaptation

Observed changes within certain systems and sectors — cryosphere, marine biological
systems, and terrestrial biological systems — are exhibiting greater sensitivity to observed
temperature changes than others. For many systems, there is a larger response for a larger
observed temperature change. However, lag responses and adaptation need to be considered in
evaluating observations related to temperature increases. Developing countries appear to be
more vulnerable to observed changes in regard to water resources and health, because of their
geographical and climatic conditions, high dependence on natural resources, lack of water
infrastructure, and often constrained financial and technological capacity to adapt to changing
climate. Assessment of observed changes reveals that adaptation occurs in both biological and
human systems.

1.1 Introduction

The IPCC Working Group Il Third Assessment Report found evidence that recent regional
climate changes, particularly temperature increases, have already affected many physical and
biological systems (TAR Summary for Policymakers) (IPCC 2001). This chapter focuses on
studies since the TAR that analyze responses in physical, biological, and human systems
related to observed climate change. The studies are evaluated in regard to current functional
understanding of process-level responses to climate change, to factors that may confound such
relationships, such as land-use change, urbanization, and pollution, and to simulated
projections of impacts. They are also examined to evaluate what they may reveal about
adaptation and vulnerability to climate change. The chapter also considers the issue of ‘joint
attribution,’ i.e., the determination of whether the observed changes may be related to
anthropogenic climate change forcing. Absence of evidence, i.e., cases where there is evidence
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of climate change without evidence of accompanying system or sector change, is also
evaluated, since this is important for assessing whether responses to recent warming are
systematic across regions, systems, and sectors.

1.1.1. Summary of observed changes in TAR

The WGI TAR described an increasing body of observations that gave a collective picture of a
warming world and other changes in the climate system (IPCC 2001). Besides evidence in
physical and biological systems related to warming, the IPCC WGII TAR also found
preliminary indications that some human systems have been affected by recent increases in
floods and droughts in some regions, such as damages related to increased precipitation
extremes in North America and to persistent low rainfall in the Sahelian region of Africa.
Associations between regional climate trends and impacts related to energy, industry, and
human settlements in the TAR were sparse (IPCC 2001).

Changes in physical and biological systems related to regional climate changes documented in
the TAR include:

Changes in physical systems:

e Sea ice: Arctic sea-ice extent had declined by about 10-15% since the 1950s. No
significant trends in Antarctic sea-ice extent were apparent.

e Glaciers and Permafrost: Glaciers were receding on all continents, and Northern
Hemisphere permafrost was thawing.

e Snow cover: Extent of snow cover in the Northern Hemisphere had decreased ~10%
since the late 1960s and 1970s.

e Snowmelt and runoff: Snowmelt and runoff had occurred increasingly earlier in
California since the late 1940s.

e Lake and river ice: Annual duration of lake- and river-ice cover in Northern
Hemisphere mid- and high latitudes had been reduced by about 2 weeks and become
more variable.

e Extreme precipitation: Increased frequency of extreme rainfall in the middle and high
latitudes of the Northern Hemisphere.

Changes in biological systems:

e Range: Plant and animal ranges had shifted poleward and higher in elevation.

e Abundance: Within the ranges of some plants and animals, population sizes had
changed, increasing in some areas and declining in others.

e Phenology: Timing of many lifecycle events, such as blooming, migration, and insect
emergence, had shifted earlier in the spring and often later in the fall.

o Differential change: Species changed at different speeds and in different directions,
causing a decoupling of predator-prey relationships.

1.1.2 Scope and goals of chapter

The aim of this chapter is to assess studies of observed changes in systems and sectors related
to recent climate change, particularly temperature rise, in order to advance understanding of the
effects of climate change. The chapter evaluates the accumulating body of evidence with regard
to the following questions:
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1 1. Can changes in systems and sectors related to changing regional climates be detected?
2 2. Are observed changes consistent with functional understanding and modelled
3 predictions of climate impacts?
4 3. Do observed changes provide information about the potential vulnerability and
5 adaptation of systems to climate change?
6 4. Are observed changes prevalent across diverse systems, multiple sectors, and
7 geographic regions?
8 5. s there a coherent signal in patterns of observed changes?
9 6. Can the observed changes be attributed to anthropogenic climate change forcing?
10

11  We review methods of detection of observed changes, investigating the roles of climate and
12 non-climate drivers of change, issues of scale, and techniques of meta-analysis. We then

13 examine evidence of recent observed changes in sectors and systems relevant to Working

14 Group IlI: cryosphere, hydrology and water resources, coastal processes and zones, freshwater
15 and marine biological systems, terrestrial biological systems, agriculture and forestry, human
16  health, and disasters and hazards. Evidence regarding other socio-economic effects, including
17  energy use and tourism, is also assessed.

19 Indigenous knowledge of observed changes is considered where available and applicable.

20  Sources of indigenous knowledge include the Arctic Climate Impact Assessment, the Database
21  of Climate Change Information Sources for Northern Canada, the Alaska Traditional

22  Knowledge and Native Foods Database, and the Snowchange project, a multi-year research and
23  education project of the Circumpolar North (www.snowchange.org).

25  After assessing the state of knowledge in the individual systems and sectors, we consider the
26  regional aspects and dimensions of the issue and studies that have analysed the changes

27  through larger-scale aggregation and meta-analyses. Such studies relate observed changes in
28  systems and sectors to regional climate trends, and analyze possible relationships of observed
29  regional climate trends and observed changes to anthropogenic climate change at the global
30 scale in the process of joint attribution.

33 1.2 Methods of detection and attribution of observed changes

35 Identification of significant changes in observed climate and attributing these changes to

36  specific causes has been discussed in each of the earlier assessments by the IPCC (IPCC 2001).
37  The detection and attribution of climate change is essentially a signal-to-noise problem, for

38  which methods have been developed to enhance possible forced climate change signals and to

39  reduce the noise associated with the natural variability of the climate system. Following usage
40 inthe TAR (Mitchell, Karoly et al. 2001), detection is the process of demonstrating that an

41  observed change is significantly different (in a statistical sense) than can be explained by

42  natural internal variability. However, the detection of a change does not necessarily imply that
43  its causes are understood.

45  The identification of observed changes in natural and managed systems and assessment of these
46  as possible responses to changes in climate are even more complex. There are several main

47  methods of change detection, including the use of satellite data, and on-site measurements.

48  Each of these, though, has inherent advantages and limitations. Satellite measurements, for

49  instance, have a short period of record. On-site measurements, on the other hand, are subject to
50 methodological inconsistencies. For accurate detection, a combination of detection methods
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and explicit consideration of other causal factors is needed.

1.2.1 Climate and non-climate drivers of change

Both climate and non-climate factors affect sectors and systems. While climate is an important
factor in some systems, a large number of non-climatic drivers influence observed responses of
sectors and systems to climate variations, making analysis of the role of climate in observed

9  changes complex. Non-climatic drivers can influence systems and sectors directly and/or
10 indirectly through their effects on climate variables such as albedo and soil moisture regimes.
11  Socio-economic processes, including land-use change (e.g., forestry to agriculture; agriculture
12  to urban area) and land-cover modification (e.g. ecosystem degradation or restoration) are of
13 major importance. Furthermore, many systems and sectors are affected by various aspects of
14 pollution (e.g., in the atmosphere, soil, and water).

16 1211 Climate drivers of change

18  Climate is a very important factor in determining the distributions of natural and managed

19  systems. The dramatic changes in the distribution of ecosystems during the ice ages illustrate
20  the way that climate determines the distribution of natural ecosystems. Similarly, the

21  geographical distribution of ecosystems in the current climate can vary greatly over short

22  distances where there are large spatial variations of climate, such as reductions of temperature
23 with elevation in mountainous regions or reductions of rainfall away from coastal regions in the
24 subtropics. Hence, changes in climate are expected to be one of the important drivers of

25  changes in natural and managed systems.

27  Many aspects of climate are important in determining these distribution of natural systems,

28  including temperature and rainfall, and their variability on all time scales from days to the

29  seasonal cycle to interannual variations. While changes in all of these aspects of climate may
30  be important in driving changes in natural systems, we focus on the climate parameters for

31  which it is easiest to identify changes as a possible response to anthropogenic forcing (with the
32 largest signal-to-noise). Mean temperature (including daily maximum and minimum

33 temperature) and the seasonal cycle in temperature over relatively large spatial areas show the
34 clearest signals of change in the observed climate. Precipitation has much larger variability
35  than temperature on most space and time scales, and it is therefore much more difficult to

36 identify as a clear driver of changes in systems. Box 1.1 describes the recent heat wave in

37  Europe in 2003, a recent example of extreme temperature variability.

39  There are a number of other possible climatic drivers of changes in natural and managed

40  systems. Some of these include increases in carbon dioxide concentration in the atmosphere,
41  which aid vegetation growth but also lead to increased acidity it the oceans, and changes in
42  solar radiation due to changes in cloudiness or aerosol amounts, which affect photosynthesis.

45 | Box 1.1: Heat wave in Europe, summer 2003
46
47 | The heat wave that affected much of Europe during summer 2003 produced record-breaking

48 | temperatures particularly during June and August (Beniston and Diaz 2004; Schar, Vidale et al.
49 | 2004). It was probably the hottest summer in Europe since at least 1500 (Luterbacher, Dietrich

50 | etal. 2004). An exacerbating factor for the temperature extremes was the lack of precipitation
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in many parts of western and central Europe, leading to much-reduced soil moisture and
surface evaporation and evapotranspiration (Beniston and Diaz 2004). It is likely that
anthropogenic climate change more than doubled the risk of the occurrence of a similar
magnitude heat wave (Stott, Stone et al. 2004). Some impacts of this heat wave are described
in boxes in later chapters. Further details of the climate anomalies are given in Box 3.5.5,
Chapter 3 Observations: Surface and atmospheric climate change, WGl FOD ARA4.

1.2.1.2 Non-climate drivers of change

Non-climate drivers, such as land use, land degradation, urbanization, and pollution, affect
systems and sectors directly and indirectly through their effects on climate (Table 1.1). These
drivers can operate independently or also in association with one another (LUCC 2005, IGBP
(2000) and HDP (2005). Complex feedbacks and interactions occur on all scales from local to
global (Walker et al; Janssen et al 2004).

Table 1.1: Direct and indirect effects of non-climate drivers.

Non-climate Examples Direct effects on Effects on climate

driver systems/sectors

Geological Volcanic Lava flow and ash, Cooling from

processes activity, shocks, coastal zone stratospheric aerosols,
earthquakes damage, enhanced basal | change in albedo

melting of glaciers,
rockfall and ice

avalanches
Land-use Conversion of Declines in wildlife Change in albedo,
change forest to habitat, biodiversity loss, | lower evaporation,
agriculture increased erosion, altered water and heat
nitrification balances
Urbanization Ecosystem Change in albedo
fragmentation, urban heat island,
deterioration of air increase in downwind

quality, increased runoff | precipitation,
and water pollution

Afforestation Restoration of Change in albedo,
ecosystems altered water and
energy balances,
carbon sequestration

Land-cover Ecosystem Reduction in ecosystem | Changes in micro-
modification degradation services, reduction in climate
(desertification) | biomass
Change from Change in insects, weeds, | Changes in micro-
monoculture to and diseases; change in climate, increased
agroforestry, soil | water use and erosion. evaporative cooling,
protection and lower temperature

conservation
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measures
Invasive species | Eucalyptus, Reduction of Change in water
tamarisk biodiversity, salination balance
Pollution Toxic waste, Reduction in breeding Sulphate aerosol
oil spills, success, species cooling, change in
exhaust, mortality, reduction in albedo
pesticides and biodiversity
herbicides
CO, Increasing Direct physiological Enhanced global
atmospheric effects on photosynthesis | greenhouse effect
concentration and water-use in C3 and
C4 plant species,
affecting competition;
acidification of sea water

Socio-economic processes that drive land-use change include population growth, economic
development, trade, and migration; these processes operate at both global and regional scales.
Earth observations from satellite and published statistical data demonstrate that land-use
change, including that associated with the current rapid economic development in Asia and
South America, is proceeding at an unprecedented rate (Rindfuss, Walsh et al.). Land-use
changes influence albedo, energy budget and evaporation, which can be quantified in terms of
radiative forcing. Some studies have linked land-use change with changes in the planetary
energy and water balances as well as to changes in air quality and pollution that affect the

10  greenhouse process itself (Kalnay and Cai 2004; Vose et al 2004; Pielke, 2002 dynamics).

11  Pielke et al (2002a and 2002 b) report that the impact on climate is greatest in Southeast Asia
12 and in parts of Central and South America. Land-use and land-cover change can also strongly
13 magnify the effects of extreme climatic events, both on direct health outcomes (e.g., heat

14 mortality, injuries/fatalities from storms, and ecologically mediated infectious diseases (Patz,
15  Campbell-Lendrum et al. 2005). Intensification of land use, as well as the extent of land-use
16  change, is also affecting the functioning of soil ecosystems and hence on emissions of

17  greenhouse gases such as carbon dioxide and methane (NASA 2004).

O©CoONOO OIS, WN -

19 A frequently raised question is the role of urbanization in modifying climate. Cheng and Castro
20  (2003) describe how urban areas exert enhanced drag on atmospheric boundary layer flows and
21  significantly alter the energy balance of the atmospheric boundary layer. Kalnay and Cai

22 (2004) estimated that urbanisation accounts for about one-half of the observed increase in

23  diurnal temperature range. However, Parker (2004) provides an analysis demonstrating similar
24 temperature trends in urban and non-urban areas between 1950 and 2000. This would suggest
25  that there may be other factors, possibly feedback processes, that result in urban and non-urban
26  areas having similar temperatures trends.

29 1.2.2 Data

31  Long temporal records and broad spatial scales are required for rigorous analysis of observed
32 changes related to climate trends. However, variable quantities of data are available for

33  different systems and sectors. Depending on the system examined, needed data may be scarce
34 (e.g., density of African birds) or prevalent (e.g., plant phenology data across Europe).

35  Additionally, many data sources have not been fully tapped, such as fishery by-catch records,
36  botanical gardens, agricultural research stations, photographic archives (including aerial
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1  photography), and indigenous knowledge. Recently, however, the search for evidence of
2  climate-change impacts has intensified. Data sources and types for observed changes vary in
3 temporal and spatial scales according to sector (Fig. 1.1). Small-scale data at individual sites
4 may be continuous or intermittently monitored, and tend to have longer time-series.
5
6 CR Mountain glaciens and ice
7 Spatial caps, ice shelves and ice sheets
8 coverage HY1 Runo, precipaation, drought
9 HY2 ‘Wetland, groundwater, flood,
10 landslide
11 globe ; CR HY1
12

Coastal geomomphology

13 hemisphere -
MF

15 continent - OH i Coral reefs, manne fishenes,
o frashwater ecosystems

16

17 WU"W 1 __ E1 phenology, range shifts

18 EZ morphology, communities

19 reglnna' o ] EZ now

2 Inin

21 multi site o Crop=

22

gi simh site - —_— Different indicators

25 . . .

26 04 1 " 100 1000 DH Floads, fropical cyclones

27

28 Tem pnral extent WEEI"S]

29 Fig. 1.1: Temporal and spatial scales of observed changes in systems and sectors: CR,

30  Cryosphere; HY, Hydrology and Water Resources; CO, Coastal Processes and Zones; FM,

31  Marine and Freshwater Biological Systems; TE, Terrestrial Biological Systems; AF,

32 Agriculture and Forestry; HH, Human Health; DH, Disasters and Hazards. NDVI, Normalized
33  Difference Vegetation Index.

34

35

36 1221 Remote sensing

37

38  Remote sensing, mainly by satellite (but also by conventional air photography) is a significant
39  tool for observing changes in various systems and sectors at regional and global scales.

40  Beginning with Landsat in 1973, time series of remote sensing data are now long enough to
41  detect significant changes in terrestrial vegetation. Remote sending is also used to characterize
42  changes in glacier, snow, sea ice and freshwater ice extent, including passive microwave data,
43  radar observations from Radarsat or ERS and more recently airborne and satellite-based laser
44  altimetry (IceSat). Land-use changes are also observable from low-resolution sensors such as
45 VEGETATION on board SPOT 4 and 5, MODIS on board AQUA, and MERIS on board

46  ENVISAT. However, time-series from these systems are only several years at present. Over
47  time, they will allow quantification of geographical shifts in vegetation and temporal changes
48 in phenology, productivity, forest fires, etc.

49

50 A common application is the estimation of net primary productivity (through vegetation indices
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derived from reflectances in different wavelengths) (Fig. 1.2) and the derivation of absorbed
Photosynthetic Active Radiation (PAR) (Nemani, Keeling et al. 2003). These often rely on data
from the NOAA-AVHRR satellites in operation from about 1980. A limitation in remotely
sensed data lies in the lack of continuity and consistency in spatial and spectral resolution from
successive sensors. This makes quantitative inter-comparison and calibration among sensors
difficult. However, significant progress in calibration has enabled a reliable assessment of
changes in Northern Hemisphere forest productivity (Zhou, Tucker et al. 2001) (see Section
1.3.6).

%ly

Jis
0
AN

Fig. 1.2: Spatial distribution of linear trends in estimated net primary productivity (NPP) from
1982 to 1999. NPP was calculated with mean fraction of photosynthetically active radiation
(FPAR) and Leaf Area Index (LAI) derived from Global Inventory Monitoring and Modelling
Studies (GIMMS) and Pathfinder Advanced Very high Resolution Radiometer Land (PAL)
satellite data sets (Nemani, Keeling et al. 2003).

1.2.2.2 Analysis of evidence of no change

There are two different approaches currently used in studying changes in abiotic processes
(e.g., melting glaciers) or species due to climatic change that are able to examine evidence of
no change: 1) Using systematic network data covering larger areas/regions without any
restrictions (e.g., sites explicitly experiencing climate change) e.g., (Menzel and Dose 2005); 2)
Investigating a suite of processes or species at numerous locations experiencing climatic
change e.g., (Parmesan and Yohe 2003). Information gathered by these methods fit into four
different categories related to climate change and system response: processes or species
changing and temperature changing or not, and processes or species not changing and
temperatures changing or not (Fig. 1.3).

The two methods are able to address different questions: 1) “Of all network species observed
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in different regions, which of those species and which sites are changing and which are not, and
to what degree do those records match with temperature time-series concerning occurrence of
changes and strength of trend?” and 2) “Of all species located in a region, which of those are
changing and which are not? Are the species changes associated with temperature changes?”

Climate

1 (change) 0 (no change)

Same direction as

o> | expected”
-~ gﬂ
& =
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= 2
= —
'S
 far Mo analysis™™™
ACN y
E &
Z S
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*Most likely to be published.
**Likely to be published.
***Unlikely to be published.
***Unlikely to be analyzed or published.

Fig. 1.3: Categories of system responses to observed changes and non-changes in climate and
relation to publication biases.

Both approaches have strengths and weaknesses. Network studies (Method 1) are the only
method that systematically analyses regions, sites, and species without changes. When using
network data, publication bias is of little concern, because all species are recorded regularly,
regardless of change or not. Network study areas, at the moment, are mostly restricted to North
America and Europe, often on a national basis. Method 2 can examine many species in any
location, but publication bias may be large because species showing no change have a higher
likelihood of being overlooked. The resulting ratio of how many species are changing over the
total number of species rests on the assumption that all species in the area have been examined,
which at times may not be the case. Both Methods 1 and 2 are amenable to analysis of
resilience and thresholds since no species data are eliminated.

1.2.3 Methods

Where long series of data exist, detection of trends in a system or sector attribute through time
has most commonly been made with regression, correlation, and time-series methods. The
detection of an abrupt change in a data series or of a relationship with climatic variables is also
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a common goal of analysis; regression and correlational methods are frequently used in the
latter. When data exist from two (or more) discontinuous time periods, two-sample tests have
frequently been employed.

1.23.1 Statistical techniques

Continuous and discontinuous data series, collected or summarised on an annual basis, are
typically examined for evidence of trend using statistical analysis, with calculation of a
significance level, i.e., the confidence of a real trend being present rather than a pattern

10  occurring by chance from random data. Studies that report data over long periods (Abu-Asab,
11  Peterson et al.) that cover wide geographic areas (Menzel and Fabian 1999) or that span a

12 number of different variables such of multi-taxa (Bradley, Leopold et al. 1999) are likely to
13  produce the most reliable results. Autocorrelation in data series can be overcome by using

14 time-series analyses that specifically take into account the dependencies between successive
15 data values. Abrupt change in a data series can be identified by change-point analysis,

16  including Bayesian techniques (Dose and Menzel 2004).
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18  Even when some data exist as series, researchers have sometimes chosen to compare results

19  from an early group of years with a more recent group of years, when a step change in the

20  recorded variables may have been apparent in line with a step change in temperature (Fitter and
21  Fitter 2002; Butler 2003). When data do not form a series of observations but derive from two
22 time points, typically recent and older in time, two sample comparisons as noted above may

23  still be possible. An alternative approach is to count the number of changes in a certain

24 direction. If no change has occurred then equal numbers of positive and negative changes

25  would be expected.

27  For evidence of climatic response, three commonly used methods involve (i) correlation with
28  an ever-increasing number of climatic variables, (ii) examining trends through time and (iii) a
29  comparison between two points in time. Some authors suggest that an approach that combines
30  empirical and process-based evidence for detecting a climate influence on living organisms
31  (Sparks and Tryjanowski 2005). While many phenological models are based on regressing an
32  observed phenological event against temperature measured over a fixed period, such models
33 are unable to represent within-population variation in phenology. Gienapp (Gienapp, Hemerik
34  etal.) have proposed a ‘proportional hazards model’ to describe phenology and illustrate it

35  with an example from breeding time in birds.

37 1232 Meta-analyses

39  Meta-analysis is a statistical method of combining quantitative findings from multiple studies
40 investigating similar factors. The methods used in the various studies, however, need not be

41  similar. Meta-analyses have examined phenological changes and changes in ranges of both

42  plant and animal species (Root, Price et al. 2003), (Parmesan and Yohe). The criteria for

43  inclusion of studies in a meta-analysis are determined a priori to avoid ‘cherry picking.’

44  Criteria might include, e.qg., all studies that span a time period long enough to allow a trend to
45  Dbe noted (e.g., >/= 20 years). All studies or data that meet the criteria must be included in the
46 meta-analysis to prevent investigator bias. A criterion regarding the number of species included
47  in the individual studies depends on the questions being addressed by the meta-analyses.

48  Network data (Menzel 2005)or studies from any location with groups of species (Parmesan and
49  Yohe 2003)may be used to investigate evidence of no change, resilience and thresholds.

50  Another method includes studies of one or many species (Root, Price et al.; Root,
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MacMynowski et al. 2005), but only species that show a change are included. Meta-analysis
including re-analysis of data for all species allows the assessment of reporting bias as well as
the assessment of all changes, including the frequency of no change (Menzel, Sparks et al.
2005). However, such studies are rare.

1.2.3.3 Attribution

As noted in the TAR (Mitchell, Karoly et al. 2001), attribution of climate change to
anthropogenic causes (i.e., the isolation of cause and effect) involves statistical analysis and the
10  assessment of multiple lines of evidence to demonstrate, within a pre-specified margin of error,
11  that the observed changes are

12 e unlikely to be due entirely to internal variability;

13 e consistent with the estimated responses to the given combination of anthropogenic and
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14 natural forcing; and

15 e not consistent with alternative, physically-plausible explanations of recent climate change
16 that exclude important elements of the given combination of forcings.

17

18  Attribution of observed changes and responses in systems to anthropogenic forcing is more

19  difficult, as it is a two-stage process. First, the observed change in a sy