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Introduction 
 

Rational: This White Paper is in response to the increasing need to incorporate the 
best available climate information in decision making for ecosystems management. This 
is due to the increasing climate change impacts on natural resource management, 
biodiversity and ecosystem services1

Definition - Ecosystems: Here we use the term “ecosystems” as the common focus of 
natural resource management, biodiversity conservation and the services provided by 
ecosystems. We broadly define ecosystems to include all terrestrial and marine systems, 
both natural and semi-natural (including lands used for pastoralism, agriculture and 
forestry

. The Paper is in recognition of the fundamental 
need to improve ecosystems health and services they provide for human well being. 
Increasingly there is need to consider the trade-offs and synergies in multiple objectives 
from ecosystem conservation and resource use. To adequately do so requires adequate 
climate information to understand how ecosystem management through interactions of 
natural resource management, biodiversity and ecosystem services, will respond to 
climate change and other multiple stressors.  

2

Definition – Decision makers: These are people who directly or indirectly make 
decisions that influence ecosystem management. We also include those that support or 
contribute to the decision process, including scientists, policy and legislation advisors, 
NGOs and others. Land and sea management operate under a range of legal tenures 
including international, private, leasehold, public and customary. Decision makers can 
therefore span international bodies, national and local governments, co-operations, 
communities, and individuals. Often, these different stakeholders are acting in a highly 
interactive way due to legal requirements and policy overlays that exercise an influence 
over how humans use ecosystems. 

).  By being immersed in and components of ecosystems, humans have a self-
preserving interest in understanding and managing ecosystems as fundamental life-
supporting systems. Ecosystems provide the habitat resources needed by species, 
which in turn regulate key processes.  Regional climate is both a driver and constraint of 
ecosystem structure and functions.  Climate change poses impacts on species and the 
functional roles they play in ecosystems. Changing climate therefore alters, directly or 
indirectly, ecosystem characteristics and the sustainability of life-support services. From 
this perspective, ecosystem-based management is both essential and urgently needed 
to respond to climate change.  

                                                        
1 Definition of Ecosystem Services: 

2 Here we do not consider the response of agriculture or forestry production per se, as this is covered 
elsewhere at WCC-3, but we emphasize links between changes in agricultural and forestry ecosystem 
management and impacts within them and external to them. We also acknowledge that agricultural 
and forestry management practices affect other natural resources, biodiversity and ecosystem 
services. 
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Definition – Climate Information: For the purpose of this paper we define climate 
information to include baseline observed data (range of time steps), trends, variability 
and higher-order statistics, extremes, inter-annual variability, and inter-decadal 
variability, for both the past and projected future climate. It also includes the associated 
information and assistance to interpret and use these data. 

 

White Paper structure 
The Paper is set out in the following order: firstly we provide details to establish the aims 
of the paper and background to the problem, the information being at a generic level. 
Secondly we provide details of a set of recommendations that support the WCC-3 
expected outcomes and then specific recommendations for achieving specific goals. 
Given that the scope of this paper is to cover all ecosystems, the information given must 
be interpreted as such, as it was not possible to provide details for every type of 
ecosystems. 

 

Aim: The aim of this White Paper is to form the basis for discussion at the WCC-3 and 
set the foundations for a framework to provide appropriate climate information to 
decision makers.  The Paper will serve as a precursor to the UNFCCC Conference of the 
Parties (COP 15) to be held in Copenhagen (7-18th December 2009)1 with the aim of 
providing support for the negotiation process. Further the paper will benefit the 
development of the Global Climate Information Framework and of the Global Climate 
Change Adaptation Network 2

Whilst the focus here is on climate information needs for decision making we take a 
holistic view on the general need for better information across many subjects to better 
inform the decision making process for ecosystem management. We aim to provide 
direction in response to key questions: 

. The purpose is to help build climate resilience of 
vulnerable human systems, ecosystems and economies through increased 
understanding of ecosystems and the mobilisation of knowledge and technologies to 
support adaptation policy setting, planning and practices. 

• What climate information do decision makers need? 

o Recognising that decisions are made using a wider range of information 
types (ecological, economic, policy etc.) not just on climate. 

o What support do decision makers need in using climate information? 

o Climate information is needed in respect of the context of ecosystem 
                                                        
1 See  http://en.cop15.dk/  and  http://unfccc.int/2860.php  

2 See http://www.unep.org.bh/Newsroom/pdf/CC%2017%20GAN%20Strategy%20Jan09.pdf for 
the draft strategy and 
http://www.unep.org.bh/Newsroom/pdf/CC%2017%20GAN%20Strategy%20Jan09.pdf   for an 
overview of objectives.  

http://www.unep.org.bh/Newsroom/pdf/CC%2017%20GAN%20Strategy%20Jan09.pdf�
http://www.unep.org.bh/Newsroom/pdf/CC%2017%20GAN%20Strategy%20Jan09.pdf�
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management issue and level of human involvement. 

• What is the current capacity of information providers to meet the needs, and 
for decision makers to respond to the information? 

• How to match the level of climate information detail available to issues of scale 
(temporal, spatial and urgency)? 

• How best to provide the climate information to decision makers and facilitate 
the use of it for appropriate ecosystem management? Considering: 

o Need for strategic planning (multiple urgency, time and spatial scales). 

o Other drivers of change (including economics, policy, demography) which 
are dynamic and therefore difficult to predict. 

o Methods of communication between information providers, decision 
makers and other stakeholders. 

• How can credibility be built between climate information providers, decision 
makers and society as a whole? 

These and other questions are addressed within this White Paper. Further to this, we 
argue there is need for an approach that integrates across information types (i.e. 
weather, climate, socio-economic, policy and ecology) to better inform those involved in 
decision making for ecosystem management. 

Fundamentally, the provision and consideration of climate information needs to underpin 
planning for the future, and must be integrated with those other factors considered in the 
decision making process. This approach is necessary to enable better informed decision 
making in planning to ensure the adequate provision of ecosystem services (water, food, 
air quality, shelter etc) and appropriate climate change adaptation and mitigation 
strategies for the well being of both people and biodiversity. 

Alongside the aims for achieving sustainable natural resource management, biodiversity 
conservation, and protection of ecosystem services, a further aim is to ensure that 
climate information needs are considered in supporting the Millennium Development 
Goals1 and disaster risk reduction2

Basis for ecosystem approach: 

.  

Climate and ecosystems are strongly interactive, particularly at the micro-scale, through 
water and energy cycling.  Climate changes at regional to global scale can be amplified 
or modified by these local processes, with significant consequences to biodiversity and 
ecosystem functioning. 

• Ecosystems form the fundamental unit of life support for humans and all other 
forms of life. Their functions are primarily driven by the climate. 

                                                        
1  See http://www.un.org/millenniumgoals/  

2  See http://www.unisdr.org/  

http://www.un.org/millenniumgoals/�
http://www.unisdr.org/�
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• Healthy ecosystems support human well being through the provision of 
ecosystem services. These include the supply of food, fresh water, clean air, 
fertile soil, biological diversity, and the ability to regulate the climate through 
energy transfer and the global biogeochemical cycles, including the carbon cycle, 
but also the nitrogen and phosphorous cycles. 

• The ability of ecosystems to function and provide these services is determined by 
many factors including their biological diversity, ecological and evolutionary 
processes, climatic inputs of energy and water, anthropogenic impacts related to 
economic activities, and their interactions. 

• Depending on the nature of change and the condition of the system due to 
human perturbation, climate variability and change can pose substantial risks to 
ecosystem health, the provision of ecosystem services and therefore human and 
biodiversity well being. 

• Greater value to support ecosystem-based management decision making can be 
gained through the integration of multiple information types with climate and 
ecosystem information forming the basis for establishing the boundaries for a 
sustainable human society. 

Decision makers and land stewards have a wide range of considerations - including 
economics, policy and law, ethics, self interest - in which climate information forms only 
part of the decision making process. Therefore we aim to raise the profile of both 
ecosystem management and the associated climate information needed within societal 
processes and systems (political, economic, and legal) so that climate information exists 
at the heart of the decision making process. 

Challenges 
The key challenge is to make it as easy as possible for decision makers to use climate 
information and to facilitate change in the way that natural resources and ecosystems 
are valued and managed. However, this is complicated as many decision makers are 
non-professionals who serve the vulnerable communities and groups whose subsistence 
livelihoods depend on traditional land use activities in remote areas with poor 
communication infrastructure. Furthermore, direct manipulation of ecosystem 
components over extensive areas is expensive and generally unfeasible even for 
wealthy countries. Generally, human use of ecosystem services is managed indirectly 
through policy incentives and innovations in management interventions, or indirectly 
through changes in demand for provisional ecosystem services such as food products. 
The latter is influenced by consumer choices, people’s attitudes, and community values. 
Therefore, it is important to recognize the complexity of societal factors that influence 
ecosystem-based management in different bioregions, economies and cultures around 
the world.  

There may be a conflict of interests in how ecosystems are managed, varying with 
different stakeholder goals and objectives. Climate information needs to inform all 
concerned as to the consequences of what the different management actions will be. 

A major challenge thus becomes how to engage with stakeholders as to what 
information (climate and other types) they need and how best to provide it. Currently, 
decision-maker at various levels make only minimal use of existing climatic information. 



 

 

 7 

Maintaining credibility between information providers and stakeholders, given the natural 
vagaries of climate and the range of uncertainty associated with projections of future 
climate change and variability will be an essential challenge to address.  

The specific challenge of climate change and variability requires than climatic information 
be seamlessly integrated into risk assessment frameworks and strategic planning for 
adaptation. 

Expected Outcomes 
 
“During the course of this century the resilience of many ecosystems 
(their ability to adapt naturally) is likely to be exceeded by an 
unprecedented combination of change in climate, associated 
disturbances (e.g., flooding, drought, wildfire, insects, ocean 
acidification) and in other global change drivers (especially land-use 
change, pollution and over-exploitation of resources), if greenhouse 
gas emissions and other changes continue at or above current rates 
(high confidence)”. [Fischlin et al., 2007] 

 

The major expected outcome of the Conference is an international framework facilitating 
efforts to reduce the risks and realize the benefits associated with current and future 
climate conditions by incorporating climate prediction and information services into 
decision-making. 

This outcome will be achieved for decision-making for ecosystem management under 
climate change and climate variability if a plan is established for meeting the following 
goals: 

 Improved data-gathering networks and information management systems 
for both climate and ecosystem sectors; WCC-3 Goal 1 

 Improved integration of regional and national infrastructure for the effective 
delivery of climate information and predictions to national governments, 
agencies and the private sector; WCC-3 Goal 2 

 Strengthened scientific and technical capabilities to provide more credible 
and user-oriented climate information and predictions by reinforcing 
international, national and regional scientific mechanisms; WCC-3 Goal 3 

 Enhanced ability of governments, societies and institutions to access and 
use climate prediction and information. WCC-3 Goal 4 

Specific responses to these four Goals are given in the Sections ‘Error! Reference 
source not found.’ and ‘Error! Reference source not found.’ 
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Background 

Direct and indirect sensitivities of ecosystems to climate change  
 

A logical starting point for evaluating sensitivities of ecosystems to climate change and 
climate variability is the body of materials on this topic that has been summarized in the 
most recent collection of reports by the Intergovernmental Panel on Climate Change 
Working Group II Report on Impacts, Adaptation, and Vulnerabilities (IPCC, 2007)1

 
. 

Chapter 4 of this Report, Ecosystems, their properties, goods and services (Fischlin et 
al., 2007), raises numerous issues relating ecosystem sensitivities to climate change.  
Among their findings, the following general statements were developed and offered, 
each with an attending estimated level of scientific confidence: 
 

 
“Several major carbon stocks in terrestrial ecosystems are vulnerable to 
current climate change and/or land-use impacts and are at a high degree 
of risk from projected unmitigated climate and land-use changes (high 
confidence).” 
 
“Approximately 20 to 30% of plant and animal species assessed so far 
(in an unbiased sample) are likely to be at increasingly high risk of 
extinction as global mean temperatures exceed a warming of 2 to 3°C 
above pre-industrial levels (medium confidence).” 
 
“Substantial changes in structure and functioning of terrestrial 
ecosystems are very likely to occur with a global warming of more than 2 
to 3°C above pre-industrial levels (high confidence).” 
 
“Ecosystems and species are very likely to show a wide range of 
vulnerabilities to climate change, depending on imminence of exposure 
to ecosystem-specific, critical thresholds (very high confidence). “ 

 
In addition, the Chapter 5 report on Food, Fibre and Forest Products (Easterling et al., 
2007) provides a summary of research on sensitivities of managed agro-ecosystems, 
including managed forest ecosystems, to climate change.  Among their findings, the 
following general statements were developed and offered, each with an attending 
estimated level of scientific confidence: 
 

“In mid- to high-latitude regions, moderate warming benefits crop and pasture 

                                                        
1 See http://www.ipcc.ch/ipccreports/ar4-wg2.htm for access to the full report.  

http://www.ipcc.ch/ipccreports/ar4-wg2.htm�
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yields, but even slight warming decreases yields in seasonally dry and low-
latitude regions (medium confidence). “ 

 
“Projected changes in the frequency and severity of extreme climate events 
have significant consequences for food and forestry production, and food 
insecurity, in addition to impacts of projected mean climate (high 
confidence).” 
 
“Simulations suggest rising relative benefits of adaptation with low to 
moderate warming (medium confidence), although adaptation stresses water 
and environmental resources as warming increases (low confidence).” 
 
“Smallholder and subsistence farmers, pastoralists and artisanal fisherfolk 
will suffer complex, localised impacts of climate change (high confidence).” 
 
“Globally, commercial forestry productivity rises modestly with climate 
change in the short and medium term, with large regional variability around 
the global trend (medium confidence).” 
 
“Local extinctions of particular fish species are expected at edges of ranges 
(high confidence).” 
 
“Experimental research on crop response to elevated CO2 confirms Third 
Assessment Report (TAR) findings (medium to high confidence). New Free-
Air Carbon Dioxide Enrichment (FACE) results suggest lower responses for 
forests (medium confidence).”  

 

From these findings we can conclude that global temperature increases above 2-3oC, 
with associated climate changes, likely will have high impact on a wide range of 
ecosystems. On the other hand, the atmospheric CO2 levels sufficient to produce these 
climate changes (some far larger than global averages) are insufficient to promote 
enhanced growth and productivity of plants.  Land-use change is frequently cited as a 
companion to climate change as an agent leading to changes in natural and managed 
ecosystems.  Hence these two factors leading to ecosystem change cannot be treated 
separately but call for combined evaluation.  Rapid species extinction and major changes 
in ecosystem structure and functioning are likely with global climate changes 
accompanying global temperature rise beyond 2oC (Richardson et al., 2009). 

Changes in climatic wetness at a regional scale are difficult to predict. For many regions, 
climate change models disagree with even the direction of change, let along the 
magnitude (Bates et al 2008). However, increases or decreases in regional water 
balances will result in significant ecosystem responses.   
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Ecosystem Services and mitigation 
 

The following definition for ecosystem services is taken from the IPCC Fourth 
Assessment Report Working Group 2, Chapter 4 1

Ecosystems provide many goods and services that are of vital importance for the 
functioning of the biosphere, and provide the basis for the delivery of tangible benefits to 
human society. Hassan et al. (2005) define these to include supporting, provisioning, 
regulating and cultural services. In this chapter we divide services into four categories. 

 (Fischlin et al 2007) (see also 
Costanza et al 1997): 

i. Supporting services, such as primary and secondary production, and biodiversity, a 
resource that is increasingly recognised to sustain many of the goods and services 
that humans enjoy from ecosystems. These provide a basis for three higher-level 
categories of services. 

ii. Provisioning services, such as products (cf. Gitay et al., 2001), i.e., food (including 
game, roots, seeds, nuts and other fruit, spices, fodder), fibre (including wood, textiles) 
and medicinal and cosmetic products (including aromatic plants, pigments). 
iii. Regulating services, which are of paramount importance for human society such as 

(a) carbon sequestration, (b) climate and water regulation, (c) protection from natural 
hazards such as floods, avalanches or rock-fall, (d) water and air purification, and (e) 
disease and pest regulation. 

iv. Cultural services, which satisfy human spiritual and aesthetic appreciation of 
ecosystems and their components. 

 

Of particular interest is how ecosystems perform vital roles in climate regulation through 
energy transfer (e.g. albedo) and exchange of water and exchange of other gaseous 
substances (in particular, transpiration and carbon dioxide). Hence it is vital that 
ecosystem-based management and the information on which decisions draw reflect the 
importance of these key life support systems. Ecosystems play a vital buffering role in 
the global carbon cycle and currently store around 2,500 Gt C. Net ecosystem exchange 
fluctuates with weather conditions and human land use impacts, and can therefore 
function as a source or sink of greenhouse gases (hereafter, GHG). It is therefore vital 
that climate information is collected and utilized to inform decision making aimed at 
optimizing the mitigation potential of ecosystems whilst also minimizing the risks of 
increasing GHG emissions. In this way mitigation becomes another service provided by 
ecosystems, but an additional burden on ecosystem management, in that mitigation 
needs to be incorporated alongside other multiple objectives for an ecosystem. Whilst 
GHG exchange is a natural and avoidable natural dynamic, the provision of appropriate 
climate information will inform decision makers as to when changes in the climate and 
land use destabilize ecosystem dynamic equilibria resulting in reduced quality of 
ecosystem services and increased GHG emissions. There is therefore a need to develop 
methods to evaluate the trade-offs between these multiple objectives, to meet the needs 
of all beneficiaries of ecosystem services. Fundamentally, there is an imperative to 
ensure that the key ecosystem services for life support are maintained, and that climate 
information is gathered and used to support this goal through appropriate management. 

                                                        
1  See http://www.ipcc-wg2.org/  

http://www.ipcc-wg2.org/�
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Potential ‘win-win’ opportunities arise, in that improving ecosystem health (and therefore 
human society wellbeing) can also increase mitigation potential.  

Valuation of natural resources, biodiversity and ecosystem 
services 
Conventionally, ecosystems and natural resources were valued only to the extent they 
provide useful inputs to economic activities such as agriculture, manufacturing, 
transportation and settlement. However, societies have always valued natural things in 
ways that are not traded in markets and for which an economic approach to resource 
management cannot be readily adopted (McKenney et al. 1999). From this conventional 
perspective, economic development and nature conservation were perhaps seen as 
mutually exclusive societal goals. However, this conventional thinking is being 
overturned with increasing recognition that the services provided by ecosystems and the 
natural capital stocks that produce them are critical to the functioning of the Earth's life-
support system, and contribute to human welfare, both directly and indirectly, and 
therefore represent part of the total economic value of the planet (Costanza et al. 1997; 
Sukhdev 2008). This change in thinking means that in addition to ecosystems being an 
input to the manufactured capital and human designed production systems, we must 
consider management for sustaining the natural processes that deliver the ecosystem 
services they produce. 

While many people hold that we should protect wildlife species and their habitats 
because of their intrinsic value (and this intrinsic value is recognized by the Convention 
on Biological Diversity; CBD 1992), the environmental services they provide humans is 
becoming increasing valued through their contribution to material welfare and livelihoods, 
security, resiliency, social relations, health, and freedom of choices and actions (MEA 
2005). However, biological diversity and ‘ecosystems’ are not unrelated phenomena. 
Therefore, the relationship between biodiversity and ecosystem-based management 
requires some explanation.  

According to the CBD, ‘Biological diversity’ means the variability among living organisms 
from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems 
and the ecological complexes of which they are part; this includes diversity within 
species, between species and of ecosystems. And, the CBD defines ‘Ecosystem’ as a 
‘dynamic complex of plant, animal and micro-organism communities and their non-living 
environment interacting as a functional unit’. Technically, it follows that according to the 
CBD, ecosystems are part of biological diversity. Note that ‘biodiversity’ is generally used 
as an abbreviation of biological diversity. 

Ecosystem based management is a strategy for the integrated management of land, 
water and living resources that promotes conservation and sustainable use in an 
equitable way. It is based on the application of appropriate scientific methodologies 
focused on levels of biological organization which encompass the essential processes, 
functions and interactions among organisms and their environment '.  

In this paper we use the term biodiversity conservation being cognizant of the fact that 
ecosystems are comprised of and are made functionally operable by communities of 
species and that in turn all species live within ecosystems. Given by definition their 
unique genotype, species respond individually to climate variability and climate change. 
Therefore, there is utility in considering species both separately and as part of 
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ecosystems. However, the intimate relationship between species and ecosystems can 
never be ignored as biodiversity at all levels – genetic, taxonomic, functional – has been 
shown to be strongly correlated with ecosystem productivity and resilience (Loreau et al, 
2002). 

As noted by the Millenium Ecosystem Assessment (MEA 2002), the ways in which 
ecosystems are affected by human activities has consequences for the supply of 
ecosystem services - including food, fresh water, fuelwood, and fiber - as humans are 
altering the capability of ecosystems to continue to provide many of these services. In 
parallel with unsustainable use and degradation of ecosystems, ecosystems and species 
now face the impacts of human-forced climate change and climatic variability. It is the 
interaction of these two impinging factors – human land use and climate change – that 
will now determine the fate of Earth’s species and ecosystems, and the life-support 
systems upon which humans depend. 

How does climate influence ecosystems and species? 
Ecosystem processes are driven by the space/time variability in energy, water and 
nutrients. Solar radiation provides the energy for photosynthesis - the biological process 
whereby plants (and some bacteria) convert radiant energy (sunlight) to chemical bond 
energy (glucose), which is the basis to the ecological food chain and the web of life. Most 
of the energy and water are used to obtain the CO2 used to produce the glucose and 
plant biomass. The rate of biochemical reactions scales with temperature in accordance 
with the Arrhenius equation.  Photosynthesis is measured as an instantaneous rate of 
CO2 uptake (assimilation) by leaves. Gross primary productivity (GPP) is a measure of 
the rate (integrated over a day, month or year) of CO2 assimilation by biota over an area 
of the Earth’s surface. Net Primary Productivity (NPP) is equal to GPP – Ra, where Ra is 
autotrophic respiration, i.e. the energy consumed and the carbon dioxide respired by 
organisms to keep themselves alive, growing, and reproducing. Environmental factors 
controlling GPP:NPP include: water (climatic wetness, surface flows, soil water storage 
capacity); carbon dioxide (Henry’s Law – the solubility of a gas is proportional to its 
partial pressure); availability of mineral nutrients (i.e. lithology of soil parent material, 
topographic position); light energy (seasonality); and oxygen (which can be inhibited by 
soil water logging) (Berry et al. 2005). The rate of decay of dead biomass is also 
temperature and moisture dependent (Law et al. 2003; Chambers et al. 2000). 

In land based ecosystems, the standing stock of living and dead biomass carbon (above 
and below ground) is a function of Net Ecosystem Exchange; the difference between 
NPP and rates of heterotrophic respiration. The life history characteristics of species 
affect the residency time of carbon in different pools of the ecosystem, e.g. the carbon 
stored in the woody stem of long lived, dense hardwood trees can have residency times 
of decades to centuries (Roxburgh et al. 2006).. As noted above, photosynthesis places 
a heavy demand on plant water use. Consequently, the age (correlated with rate of 
growth) and kind of plant species dominating a watershed will strongly influence the 
amount of water leaving the catchment as transpiration versus stream discharge 
(Australia Government 1996). Loss of biodiversity, along with the impacts of human land 
use, therefore can have a significant impact on the capacity of ecosystems to provide 
critical ecosystems services such as carbon sequestration and regulation of water quality 
and flow.  

Each species has a set of genetically determined environmental conditions within which 



 

 

 13 

it can live and successfully reproduce – called the physiological niche (Hutchinson 1957). 
The subset of this physiological niche is called the ecological niche, and is defined by the 
set of conditions which the species occupies in the wild, given competitors, predators 
and pathogens, and prevailing disturbance regimes. Nix (1982) argued that full niche 
specification for wild species is probably impossible to define, but a subset of the 
physiological niche – the environmental domain - can be more readily estimate in terms 
of the species response to the primary environmental regimes: thermal; radiation; 
moisture, and mineral nutrient. The dominant inputs to a species environmental domain 
are climatic at the meso-scale, but the distribution and availability of radiation, 
temperature and moisture are modified by local topography (sensu Linacre 1992). The 
vegetation cover then further modifies these environmental conditions at a site-scale; so-
called micro-habitat buffering which determines the effective ‘climate’ experienced by (in 
the case of a forest ecosystem) a sub-canopy species (Mackey and Lindenmayer 2001). 
Species must also be adapted to the dominant disturbance regimes, which depending on 
the ecosystem type can fire regimes, flooding regimes, or cyclonic storm regimes. The 
space/time patterns of disturbance regimes are also primarily a function of climatic 
conditions. 

Potential responses of intensively managed ecosystems 
(agriculture-cropping and forestry) 
Whilst the focus of this paper is on natural resource management, biodiversity and 
ecosystem services, it must be recognised that changes in intensely managed 
ecosystems such as agriculture and commercial forestry have direct consequences for 
natural resources, biodiversity and ecosystem services. Further to this, projected 
changes in food and water security for human consumption may drive additional natural 
resource demands and pressures on biodiversity, risking further deterioration in 
ecosystem services. For example, agriculture consumes about 75% of freshwater 
resources worldwide. Commercial logging causes emissions of GHG and drying of 
micro-climatic conditions. Therefore adaptations to climate change within intensively 
managed ecosystems will have a corresponding impact on ecosystem services1

What are the climate information needs of decision 
makers? 

. There 
is therefore need to consider the need for climate information for agriculture and 
commercial forestry in order to best evaluate how changes within these sectors will affect 
natural resource management, biodiversity and ecosystem services. 

Scales of decision making and levels of decision makers 
Decisions on ecosystem management are made at many spatial and temporal scales; 
international, national, sub-national, single ecosystem type, and by a range of decision 
makers; Governments, Institutions, businesses, communities and individuals. There is 
also a scale of urgency, depending on the threats and vulnerabilities of a particular 
ecosystem. This produces a wide diversity of information needs. We need to match the 
level of information required to the spatial and temporal scale and realm of the decision 

                                                        
1 See Session W10 – Climate and food Security at WCC-3 for further details.  
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maker, considering the capacity of the information providers. Increasingly climatic 
information is being accessed directly from the internet by stakeholders. Dialogue is 
therefore needed between information providers and decision makers to make providers 
aware of what information is needed. Conversely decision makers need to know what 
information is available and how to use it, and understand the constraints on providers 
(data and modelling limitations, uncertainties in future climate projections. 

The list of stakeholders requiring information for decision-making relating to climate 
change and variability is both vast and diverse. While some sectors have large and 
relatively homogeneous climate needs, stakeholders focusing on natural and semi-
natural ecosystems have needs that are as complex and diverse as the ecosystems they 
oversee.  

Climate information is needed across a wide range of sectors beyond natural resource 
management and biodiversity conservation. Opportunities exist to utilise climate 
information needed by other sectors (i.e. industry, insurance, military). Hence there is 
scope for synergies across sectors. A better understanding of the benefits from co-
operation in climate information sharing and application is required. 

Building credibility, salience and legitimacy between climate 
information providers and users. 
There are no single best solutions to the problems described above. Solutions need to 
be framed by basic understanding of how climate interacts with ecosystems and species 
– the ecophysiological, evolutionary, and ecological processes and responses that 
determine ecological system productivity and resilience; along with the productivity and 
resilience of the dependent social systems. Climate information systems in the field of 
natural resource management and biodiversity cannot be designed in ignorance of these 
fundamental climate-ecosystem dynamics. However, given the broad scope and diversity 
of decision makers involved it is also necessary to advocate a process of social co-
learning between information providers, decision makers and the wider society. Ideally, 
the best solutions can be tailored to specific ecosystem management issues, driven by 
stakeholder engagement (dialogue between information providers and decision makers). 
This requires the identification of whom the stakeholders are, framing the problem they 
are dealing with and developing a process through which solutions can be found, in 
order to develop appropriate climate information products. Furthermore, in the context of 
human-forced climate change and vulnerability, it is critical that risk assessment 
frameworks and strategic planning for adaptation be developed in ways that also utilise 
this kind of participatory approach (Fig 1) 
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Figure 1. A generalised risk assessment framework for climatic change and vulnerability. 
Such analyses when undertaken as part of an iterative adaptative management 
approach provide a framework for coordinating the integration of climatic information with 
socio-economic information across sectors and jurisdictions.  Modern risk assessment 
considers the climatic hazards, exposure, sensitivity and adaptive capacity of 
biophysical-socioeconomic systems, and identify adaptation responses that can 
minimize potential risks. 

A key constraint on the use of climate information concerning future projections is the 
establishment of credibility, salience and relevance. Credibility can be built through 
effective partnerships and an understanding of the issue of uncertainty. Salience means 
information must be seen by stakeholders as relevant to their decision making process. 
Salience can be seriously compromised when information (and the research providing it) 
refers to geographic, temporal or organisational scales that do not match those of 
decision makers. Similarly, for information to be influential, it must be seen by 
stakeholders as legitimate, supporting or empowering decision making processes rather 
than dictating outcomes (Matthews et al 2008). Without addressing these issues it is less 
likely that appropriate climate information needs will be met, reducing the potential for 
viable ecosystem management solutions to be found.  

There are however common considerations (or decision criteria) such as responses to 
risk, threats, vulnerabilities and opportunities, that can be used to structure a generic 
framework within which basic principles can be applied to information provision. By this 

Risk 
Assessment 
Framework 

Likelihood and 
consequence: 
new and existing 
data 

 

Risk Analysis: 
model building 

 

Problem 
formulation: 
objectives and 
conceptual model  

 

Risk 
characterization: 
model 
uncertainties 

  

 

  

 

Risk 
management: 
implementation 



 

 

 16 

we mean that a core approach for information provision can be developed, around which 
individual solutions to specific issues can evolve (see Section– specific climate 
information needs).  

A key component of these processes is to build capacity to use information products and 
tools in an informed and effective way, particular in the context of risk and assessment 
and adaptation planning. Hence a vital part of the climate information provision process 
is a parallel programme of training and skills development.  

Current uses of climatic information 
There is a wealth of climate information available that is employed in a wide range of 
uses, including storm prediction, flood risk and drought warning, storm driven sea level 
surges, pest outbreak risks etc. There are however substantial variations globally in 
climate information quality and the degree to which it is available and used for 
ecosystem management and policy development. There is a growing trend within many 
countries to incorporate climate information into decision criteria, but the capacity to do 
so using the best available science, information and dissemination methods is more 
limited in developing countries. 

From an ecological perspective, ecosystem processes operate at all temporal scales. In 
land dominated by natural and semi-natural ecosystems there is a gradient of human 
activity. In areas with little modern human land use activity, there has been less use of 
formalised climatic information, but a deep cultural history may mean a long tradition of 
climate understanding exists (i.e. changes in seasonality, timing of wet seasons etc).  

In intensely managed areas there is a stronger history of using climatic information. Daily 
weather forecasts are vital for short term management decisions, whilst seasonal 
forecasts are used for strategic planning. The capacity to use computer generated 
forecasts is highly variable, being far more prevalent in developed countries. Observed 
weather data is an essential input to simulation models (see Text Box 2 on the 
AussieGRASS rangelands management simulation model) including ecosystem 
behaviour and response. There is now a well established body of approaches for using 
climatic information to model hydrological flows inclusive of watershed characteristics 
and land use impacts.This kind of information is more commonly being accessed by 
decision makers, particularly to identify changes in catchment management to improve 
water quality and flow, and to better allocate water between the often competing 
demands of environmental flows, urban consumption and agriculture. Elsewhere other 
forms of forecasting is used, based on observations of natural phenomena, culture and 
tradition.  

Recently climate change projections have been used to form the basis for long term 
strategic planning (see Text Box 1), a trend that is likely to increase in the near future. 
Similarly the biodiversity extinction crisis (Wilson 1992) resulted in an explosion of 
research into the climatic domain of species. However, understanding how climate 
variability and change affects the distribution and abundance of species is complex and 
an area of active research. Nonetheless, biodiversity conservation both within protected 
areas and across the broader landscape will increasingly require climatic information in 
order to understand how species distributions may alter and identify possible 
management responses. 
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What is the current capacity to meet the needs? 
There is considerable variability in the quality and availability of observed climate 
(weather) data on which to form a baseline against which we can compare potential 
future changes. Similarly the ability of information providers to meet the needs of 
decision makers for the immediate future (short range forecasts), seasonal (long range 
forecasts) and future projections varies considerably around the world. Some developed 
countries are able to deliver state of the art weather forecasts and modelled future 
projections of the climate at a national scale (see Text Box 1), whilst many less 
developed countries lack the capacity for the provision of weather and climate 
information, often relying on external assistance based on global scale projections that 
lack sufficient spatial detail for appropriate decision making.  

Secondly, there is a range of capacity in the dissemination and communication of climate 
information to relevant people. This capacity follows the same pattern as above for 
forecasting and climate modelling. The provision of climate information needs to feed 
into existing steps to establish the capacity for adaptation, for example the ‘stocktaking’ 
exercises currently being undertaken by UNEP (i.e. UNEP 2009) and the development of 
National Adaptation Programmes of Action (NAPAs1

Major gaps in data observation 

). This disparate capacity to meet 
the needs of decision makers needs to be addressed.  

Improving climatic information systems for ecosystem-based management requires, 
among other things, addressing current limitations in the scales and kinds of data being 
recorded including: 

 Meteorological stations are often located near settlements and provide only a poor 
sample of areas dominated by natural and semi-natural lands. This means that climatic 
information must be spatially interpolated using statistical modelling to generate 
estimates at the locations of interest, with associated errors and uncertainties. 

 Meteorological stations are generally located in flat, bare ground. Information is limited 
about topographic and vegetation shading effects on meso-scale climate and thus 
about the effective climatic conditions experienced by most species. 

 Limited range of weather variables observed over varying time series lengths, method 
or archiving and process of making available. 

 Lack of records for potential evaporation and net surface radiation. These two variables 
are key drivers of plant productivity, as well as ecosystem simulation models. 

 The lack of weather data in remote, natural and semi-natural lands means there is 
inadequate data to calibrate satellite-based remotely sensed data; which is the main 
source of proxy weather data for extensive areas such as rangelands and forests. 

 Integrated catchment management models require integration of stream flow records 
with rainfall and evaporation timer-series from the same watershed. This kind of 
coordinated environmental monitoring is rarely achieved. 

                                                        
1  See http://unfccc.int/national_reports/napa/items/2719.php  

http://unfccc.int/national_reports/napa/items/2719.php�
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 These limitations apply for most developed as well as developing countries, and cannot 
be readily addressed by increasing the sampling density of standard weather recording 
instrumentation. In many developing countries, this is however a necessary first step.  

Even where human activity in ecosystem management is low, there is still a need for 
climate information to enable researchers to understand how the ecosystem will respond 
to climate change. Innovative approaches should be considered that complement 
existing climatic information systems, including: 

 Use of remotely sensed data, especially satellite-borne scanners, is one source of data 
that needs to be fast tracked from the research domain - where there are now decades 
of experience - to practical applications that can utilize spatially distributed estimates of 
land surface energy-water exchanges. New generation sensors provide such spatially 
distributed data at space/time scales appropriate for land management applications. 
However, these data needed to be integrated into models (Box 1) so that they can be 
assimilated with conventional climatic information and generate output useful to 
decision makers. 

 Another innovation worth exploring is the use of ‘iButtons’ – small, cheap telemetric 
devices that sense temperature and humidity. So long as they are calibrated to 
standard, nearby weather stations, iButtons can in principle be distributed in the 
hundreds throughout landscape, on different topographic positions, and under 
vegetation, to provide a dense sampling of microclimatic conditions relevant to 
analysing many ecosystem processes and species habitat requirements. 

The special needs of the rural poor in developing countries must be addressed and 
climatic data tailored to provide information appropriate to the kinds of natural resource 
management decisions prevalent in these situations where modern communications may 
be lacking and resources for management responses limited. 

Infrastructural and Institutional Gaps 
In many developing countries there is also a legacy of gaps in infrastructural and 
institutional capabilities. There has been a lack of institutional coordination to facilitate 
the systematic integration of relevant climate information with other pertinent information 
in a form that planning and operational agencies can use. Climate information is not 
systematically integrated into longer-term planning and investment decision making, with 
a tendency for Governments and other institutions to focus on short-term objectives 
rather than long term goals. Generally there is a lack of understanding by many policy 
makers of how climate variability and change might impact achievement of the 
Millennium Development Goals, and lack of understanding by policy makers of the utility 
of climate information for reducing the negative impacts of climate variability and climate 
change (GCOS/WMO 2006). 

Specific climate information needs 
Central to decision making will be perceptions of how much and when things change 
compared to the decision makers’ experience and available information on the past. 

Extreme event frequency and severity: 

Climate extremes can create transient or even permanent disruption to natural systems, 
and even perhaps more so to managed landscapes.  Some changes in extremes due to 
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climate change will likely become even more disruptive.  Increased frequency of such 
events and increased opportunities for pathogens and predators afforded by such events 
complicate attempts to project future impacts on ecosystems and biodiversity.  
Dynamical climate models tend to under-estimate the magnitude of extremes, 
particularly in small regions, so combinations of statistical and dynamical models are 
needed. Dialog between ecosystem scientists and climate scientists is needed to identify 
specific attributes of extremes (e.g., duration, frequency, magnitude, seasonality, 
combinations of variables) of high impact. 

Extreme events are of particular importance to ecosystems because numerous biological 
processes have non-linear dependence on climatic factors. Critical thresholds at both 
high and low temperature can lead to termination of plant functioning. Reproductive 
phases are particularly sensitive to extremes in both plant and animal components of 
ecosystems. Aquatic ecosystems, both managed and unmanaged, share much 
vulnerability with terrestrial ecosystems. All of these call for vastly expanded and 
systematically shared observations on plant, animal, and insect phenologies in relation to 
climate. 

Timing of events: 

Timing of extremes in relation to phenological stages is critically important.  Reproductive 
stages typically are highly sensitive to climate extremes and call for special 
consideration.  Changes in seasonality (e.g., earlier snowmelt, longer ice-free periods for 
lakes, drier autumns, wetter springs) that are being observed under climate change in 
some regions can disrupt aquatic and soil ecosystems as well as terrestrial systems. 

Use of probabilistic scenarios (and how to communicate and use them): 

A significant disconnection currently exists between output of climate models and input 
to ecosystem (and other) decision-support systems. Availability of climate change 
information from multi-model ensembles enables probabilistic representations to be 
made.  Such representations, which are likely to be unique for particular ecosystem, 
currently are lacking.  A recent example of a public release of probabilistic projections 
specifically to support decision making came from the United Kingdom Climate Impacts 
Programme 1  (see Text Box 1), with similar approaches being taken by Australia 2 , 
Canada3 and Finland4

Centralized reporting, archival, and dissemination of ecosystem impacts: 

. 

Many ecosystem vulnerabilities to climate change and climate extremes are just now 
being recognized due to the rapidity and magnitude of recent changes.  Past peer-
reviewed literature, therefore, is inadequate to determine the full range of such impacts.  
Rapid reporting, vetting, archiving, and disseminating newly discovered vulnerabilities 

                                                        
1 See http://ukcp09.defra.gov.uk/    

2 See http://www.climatechangeinaustralia.gov.au/  

3  See http://www.cccsn.ca/index-e.html  

4  See http://www.ymparisto.fi/default.asp?node=16118&lan=en  

http://ukcp09.defra.gov.uk/�
http://www.climatechangeinaustralia.gov.au/�
http://www.cccsn.ca/index-e.html�
http://www.ymparisto.fi/default.asp?node=16118&lan=en�
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are needed to promote best possible management under rapid climate change.  World 
data centres exist for climate information, but analogous facilities are needed for 
centralizing data on climate impacts on ecosystems. Again, integration of climate 
information systems with risk assessment and adaptation planning will be needed. 

Downscaling: 

Downscaling refers to the process of adjusting predicted information to be representative 
of spatial scales below which they are produced by climate models. This increases the 
probability that the information is relevant to decision makers working at regional scales, 
i.e. spatial scales smaller than that at which the climate model functions. A range of 
approaches exist to do this, from complex statistical to basic bias correction. The point is 
that the approach needs to match the capacity of the service providers and information 
users. Downscaling enables information to be used that stakeholders will know is more 
relevant to their realms of decision making. Also, researchers need future projection data 
that best represents site-specific conditions. 

Species and the ecosystem within which they exist do not respond in isolation to a single 
weather variable. Instead it is the collective effect of combined environmental conditions 
(including response by other species) that determines species response. Therefore 
information on a single variable (i.e. temperature), whilst useful for indicative purposes, 
has limited value in terms of informing us on how a species or its habitat will respond. 
Greater value is gained when information is available for a set of core, biologically-
relevant weather variables. However this information must be coherent in terms of its 
spatial and temporal synchronisation (individual weather variables must not contradict 
other types at the same place and time). Where single variables (i.e. temperature) are 
useful is in establishing the critical thresholds of tolerance of a species, information on 
extremes informs us of when those tolerance levels may be exceeded. The same applies 
to extreme rainfall events, including drought and storms.  

Avoiding and reducing emissions from natural ecosystems, particularly intact systems, is 
now recognized as a necessary mitigation activity if we are to stabilize concentrations of 
atmospheric greenhouse gases at a level that avoids dangerous climate change (Cramer 
et al. 2001). However, mitigation policies and measure demand accurate estimates of 
carbon dynamics aggregated at a national level inclusive of estimating: the current 
stocks of ecosystem carbon on a landscape-wide basis; the emissions from land use and 
land use change; and the changes in flux rates due to climatic variability. A simulation 
modelling approach is used which integrates empirical measurements from various 
sources (e.g. field samples of forest biomass, sequestration rates from eddy flux towers), 
remotely sensed data on land cover characteristics (e.g. greenness index values), and 
process simulation functions which are usually driven to some degree by climatic data 
(e.g. radiation, rainfall, wind). An example of such an integrated modelling approach to 
carbon accounting is Australian Government’s national accounting systems (Brac et al. 
2006). As process understanding improves there will be increased demand for climatic 
data at space/times scales need to run such accounting models. 
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Recommendations that support the WCC-3 outcome  

1.1.1 WCC-3 Goal 1:  Improve data-gathering networks and 
information management systems for both climate and 
ecosystem sectors. 

Given the geographic gaps in meteorological instrumentation, it will be necessary in 
many regions to prioritize ecosystems for targeting investments for improving climatic 
information. Therefore, effective use of climate information for ecosystem management 
by regional and national decision-makers begins with an inventory of major ecosystems 
that potentially will be most impacted (the Millennium Ecosystem Assessment1

In Brief: inventories of major ecosystems are needed and priority ecosystems 
identified; observed local and regional responses to past climatic stresses should 
be catalogued; critical gaps in ecosystem and socio-economic data should be 
noted; recent trends in climate variables, environmental and socio-economic 
indictors should be documented; and observing and reporting systems 
strengthened. 

 provides 
a basis for this). These may range from near-pristine systems having little influence of 
human encroachment to ecosystems that are highly managed such as monoculture 
agro-ecosystems and forest plantations. Observed local and regional responses to past 
climatic stresses provide valuable insights on an ecosystem’s sensitivity, adaptability, 
and vulnerability to changing climate conditions and serve as a basis for assessing 
possible responses these same systems may have to a future climate.  There is need to 
identify gaps in ecosystem and socio-economic data for documenting and understanding 
ecosystem degradation and restoration. Future efforts should seek to maximize the value 
of existing data from different sources through data integration mechanisms that seek to 
synchronize disparate data types. Strategies should be developed to document recent 
trends in climate variables, environmental indicators, and relevant socio-economic 
indicators.  There is need to ensure collection of data for monitoring the effects of climate 
variability and change, including extremes, with appropriate spatial and temporal 
resolution.  High intensity monitoring of selected ecosystems or watersheds may provide 
“early warning” signals of climate disruption, threats to species, and ecosystem 
thresholds (NCSE, 2008). Environmental observing and reporting systems must be 
strengthened at the local-to-regional level where many adaptation decisions will be 
made.  National mechanisms should be established to ensure that critical measurements 
of high quality will continue to be taken long into the future.  

  

                                                        
1 See http://www.millenniumassessment.org/en/Index.aspx  for details  

http://www.millenniumassessment.org/en/Index.aspx�
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1.1.2 WCC-3 Goal 2:  Improve integration of regional and national 
infrastructure for the effective delivery through appropriate 
communication of climate information and predictions to 
national governments, agencies and the private sector. 

 
Given that many ecosystem processes (e.g. water flows, migrating animals) transcend 
political and administrative borders, and that many nations and land stewards share the 
same or similar ecosystem types, there is need to promote agreements that ensure 
international sharing of relevant ecosystem data and climate data to promote regional 
approaches to problems spanning national boundaries. This is achieved by building 
effective partnerships between relevant climate service providers and the public and 
private sectors, and non-governmental organizations having interests in ecosystems. 
Strategies that have demonstrated success in other regions, nations, or sectors should 
be considered for wider adoption.  Partnerships between developed and developing 
countries can provide critical access to advanced technologies (e.g., satellite data) and 
infrastructure. National or regional climate services should function as an “integrated 
threat center,” as a one-stop source of science, data, information and modelling from all 
branches of government and provide oversight and management to coordinate among 
agencies (NCSE 2008). National climate change risk assessments and associated 
adaptation planning can provide a framework for coordinating the integration of climatic 
and socio-economic information both across sectors and national borders. 
 
In Brief: international data-sharing agreements be established; strategies having 
success elsewhere be adopted; technology sharing between developed and 
developing countries be practiced; national and regional climate services centres 
function as “integrated threat centres”; and risk assessment and adaptation 
planning provide the necessary coordinating framework. 

 

1.1.3 WCC-3 Goal 3: Strengthen scientific and technical 
capabilities to provide more credible and user-oriented climate 
information and predictions by reinforcing international, 
national and regional scientific mechanisms. 

Best-available science must be employed to project changes in climate, including trends 
in means, extremes, inter-annual variability, and inter-decadal variability.  Climate-
ecosystem interactions and feedbacks are of particular importance for advancing 
models.  Consideration should be given to changes and variability over the next 20 to 50 
years and changes to 2100, and other possible time scales of high relevance to 
particular ecosystems.  This also helps identify priority areas. International partnerships 
will facilitate access to best-available global climate information, regional climate 
downscaling (regional climate models and statistical downscaling), and ecosystem 
modelling tools. Climate scientists, in close collaboration with impacts modellers, should 
identify regional “hot-spot” analyses to help decision-makers and stakeholders to 
prioritize adaptation needs and opportunities.  Decision-makers must be actively 
providing input to the development of climate products to ensure that decision-support 
tools benefit from effective flow of climate information.  Consideration of the above 
factors will provide the basis for developing requirements for infrastructure, 
communication systems, education, and other forms of capacity-building. 
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In Brief: international partnerships be established to ensure use of best available 
science; relevant time horizons for projecting changes be established; adaptation 
needs and opportunities be prioritized; and decision-makers should be engaged in 
development of climate products. 

 

1.1.4 WCC-3 Goal 4: Enhance the ability of governments, societies 
and institutions to access and use climate prediction and 
information. 

 

Access to and effective use of climate change information requires considerable 
advance planning jointly by climate scientists, stakeholders, and representatives of 
societal groups highly impacted by ecosystem degradation.  There is need to identify 
socio-economic drivers for and impediments to effective decision-making and to 
integrate information for planning, preparedness, disaster risk reduction and coping with 
climate variability, including extremes.  Information and technology needs for facilitating 
adaptation to climate change at local and regional scales and over time scales of inter-
annual to inter-decadal should be a basis for prioritizing strategies. Effective decision-
making requires dissemination and communication of climate information in forms readily 
usable by stakeholders.  Mechanisms built into the information flow should allow for 
identification of gaps between information available and services needed, rapid adoption 
of new information, rapid response to emergent climate product needs, and adaptive 
management strategies that are flexible to meet changing situations. 

It also should be noted that climate information cannot be considered in isolation.  
Successful ecosystem management decisions in response to climate change call for a 
wider range of information across a broad spectrum of disciplines. These include 
socioeconomics, ecology, conservation management, hydrology and many others. 
Hence an interdisciplinary approach is required. Such data and the processes to 
evaluate the links between them become vital to identifying the cause, effects and roles 
of different drivers of change. Policy analyses and informed decisions can only be made 
if there is an understanding of the relationships between the climate, human society and 
the environment.  

Climate information in conjunction with other information types needs to form the basis 
for the establishment of the conservation and sustainable resource use of the world’s 
ecosystems. The utilisation of climate information to determine environmental constraints 
and ecological requirements will enable the human society to live within those 
constraints and to develop lifestyles that are sustainable.  

In Brief: advanced planning be carried out jointly by climate scientists, 
stakeholders, and appropriate impacted groups; identify and use effective 
dissemination and communication forms readily accepted by stakeholders; and 
engage a wide range of disciplines. 
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Developing local, national, and regional frameworks for 
identifying ecosystem vulnerabilities 
Here we suggest two main components for advancing the use of climate information for 
decision-making related to ecosystems: developing local, national and regional 
frameworks for identifying ecosystem vulnerabilities, and developing needs assessment 
for achieving specific goals.  We describe the two components in the following Sections. 

1.1. Identify dominant and critical ecosystems of the target region (Goal 1) 

A regional impact assessment begins with an inventory and development of a registry of 
major ecosystems of the region, which may range from near-pristine systems having little 
influence of human encroachment to ecosystems that are highly managed such as 
monoculture agro-ecosystems and forest plantations. It also is recognized that some 
regions may have ecosystems that should be identified as severely degraded and may 
require special attention in response to climate change. Ecosystems that are managed 
as monocultures for food, fuel, feed, or fiber by suppression of many natural species are 
influenced by populations of rodents, birds, and insects and are supported by complex 
soil ecosystems. Ecosystem services of benefit to humans include provisioning services, 
regulating services, supporting services, and cultural services (MEA, 2005). Whether 
near-pristine and multi-species or managed single-purpose monocultures, the 
ecosystem’s numerous physical and biogeochemical processes serve valuable functions 
that are subject to interruption, termination, or acceleration under climate change (as 
broadly defined above). Changes in these processes invariably will create changes in 
ecosystem functioning, including resilience to changes in climate and invasion of foreign 
species.  The ecosystem registry should identify climate-change triggered thresholds that 
may require particular attention. As new ecosystem threats emerge, there will be need to 
assess availability of current climate products to address such threats. 

Agro-ecosystems that include animal agriculture call for special consideration for impacts 
and synergism between animals and the plant/water/soils of the region. Adaptation 
should ensure animal access to water, feed, and protection from heat or cold, while 
protecting the sustainability of grazing materials, confinement areas, and soils under 
changing climate (including climate variability and extremes). Ecosystem sustainability 
rather than economic pressure must be used to determine stocking densities.  
Management of waste streams from domesticated animals require special attention for 
cycling nutrients in harmony with sustainable soil and water ecosystem services that are 
subject to change under climate change.   

Below-ground as well as above-ground ecosystems should be considered. Soil 
ecosystems, particularly in the root zone (e.g., fungi, microbial activity), are easily subject 
to degradation in conjunction with above-ground human activity. Its is important to better 
understand how climate change will impact on soil fungi and microbial activity and to 
identify the vulnerability of the soil biotic component. This is also vital in respect of the 
mitigation potential or emission risk of an ecosystem. Similarly, water ecosystems such 
as streams, rivers, and lakes, frequently have underground components that are 
impacted by land-use changes.   

Local societies must be engaged in identifying and valuing ecosystem services and 
balancing their supply and demand.  Standardized measures of ecosystem service value 
and demand are needed for development of models and tools for assessing impacts of 
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climate variability and change.  Recognition is needed of the spatial extent of areas 
expected to provide specific ecosystem services.  For instances, area needed for water 
purification (waste-water treatment), nutrient cycling, water retention, species diversity, 
etc., must be matched to the demand for such services. 

 
Of particular note in identifying vulnerable ecosystems are those ecosystems that 
provide services of high societal value, either locally or in the regional or global context 
(e.g., rainforests, snowmelt/stream flow regions feeding urban water supply systems). 

1.2. Assess threats and challenges to these ecosystems under recent past climate 
trends and recent past human influences (Goal 1) 

Observed local and regional responses to past climatic stresses provide valuable 
insights on an ecosystem’s sensitivity, adaptability, and vulnerability to changing climate 
conditions. This provides a basis for assessing possible responses these same systems 
may have to future climate change (CIG, 2009).  Periods for which past observations are 
available rarely span time periods needed for capturing a full range of variability of 
ecosystem impacts.  However scientific advances in the use of proxy information have 
expanded to include the periods for which past ecosystems can be observed to have 
responded to climate change.  Alongside this, indigenous knowledge and culture can 
also provide supporting evidence of ecosystem changes. These serve to provide 
evidence of where the critical thresholds (or tipping points) of an ecosystem may be and 
what processes of change may trigger an irreversible decline. Observed responses to 
change also indicate the tolerance of a system to climatic variability. Similarly it is 
important to understand the sensitivity of individual components of a system to climate 
variability in the past in order to identify their levels of tolerance. Tolerance levels of 
keystone species, for example, may not have been exceeded in the past, but an 
understanding of their resilience (based on their interdependence with other species) will 
help identify what they can tolerate in the future. 

The use of ecosystem modeling (or models that represent components of the system) 
can inform decision makers on how ecosystems have responded to a past climate and 
how they may respond under future climate scenarios. Such models gain utility when 
they are developed and used in close communication with stakeholders. Therefore 
climate information needs should include the provision of data suitable for ecosystem 
modeling gained from a wider range of sources including expert and indigenous 
knowledge. 

1.2.1. Identifying and selecting (ecological) indicators for assessing ecosystem 
degradation 

These need to be indicators that reflect the health and function of the ecosystem and are 
ones that are easily monitored. A monitoring framework (including data collection 
protocols) is required that is synchronized spatially and temporally with climate 
observations in order to detect climate related change. 

1.2.2. Identify gaps in ecosystem data for documenting and understanding ecosystem 
degradation  

In addition to insufficient length of observation records, it also is common to have 
inadequacies in the range of needed variables of climate and biology for assessing 
changes in individual ecosystem components and system performance. There is 
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therefore a need to fill gaps in our knowledge of ecosystems through targeted studies 
that are coupled with ecosystem monitoring efforts. It is also important to understand the 
significance of the knowledge gaps and how they influence the outcomes of decision 
making. 

Data should include inventory of remaining fragments of native habitats and their current 
status.  Priority should be placed on filling critical knowledge gaps in our understanding 
of climate change impact on predators and pathogens to native systems:  effects of 
invasive species, vector-borne diseases, rapid evolution of pathogens, host-species 
movement patterns, ecosystem fragmentation, seasonality of wildlife disease events, 
and ecosystem dynamics. 

 
1.2.3. Identify gaps in socio-economic data needs for documenting and understanding 

human contributions to ecosystem degradation and restoration 

Baseline data on the human dimensions of ecosystem resources are limited and often 
difficult for decision makers to access and employ. Gaps in socio-economic and cultural 
information are particularly critical at the local and regional levels. Regional priority 
needs must be addressed in order to increase the effectiveness of efforts to plan and 
manage sensitive areas. The success of area-based management depends upon 
incorporating an understanding of the human dimension in planning, implementing, 
enforcing, and monitoring sites. Identifying regional research needs and developing 
targeted research plans for filling critical data gaps will improve ecosystem management 
and build regional capacity. 

Continuous records should be maintained of social and economic data relating to 
intervention – both degrading and restoration - of natural ecosystem functioning.  Data 
collection and archive infrastructures should be maintained across changes in 
governmental structures and policies.  Naturally hazardous events (e.g., famine, flood, 
drought, earthquake, volcano, hurricane, typhoon, tsunami) that become extreme 
disastrous societal events should be considered as special cases calling for special 
collection and archive of data relating to interruption of ecosystem health and 
functioning.   Case studies of how healthy ecosystems respond to such natural hazards 
provide guidance on how degraded systems should be restored (e.g., effective coastal 
restoration after human alterations are destroyed by tsunami or typhoon [Braatz et al, 
2007]). On the one hand humans can cause ecosystem degradation (negative), but they 
can also maintain and restore systems ( positive). 

1.3. Document recent trends in climate variables (Goal 1) 

Recent climate trends and their departure from past trends provide evidence, or lack 
thereof, for a climate role in change in ecosystem status.  Analysis of past climate data 
must allow for consideration of all natural and anthropogenic contributions to climate 
change.   This calls for assessments of trends in means and higher-order statistics, 
extremes, inter-annual variability (e.g., impacts of El Niño), and inter-decadal variability 
(e.g., impact of Pacific Decadal Oscillation (PDO)) to expose possible forcing 
mechanisms.  Analysis employing rigorous statistical methods should explore all known 
forcing as a basis for such attribution studies. Information requirements include the 
return periods of extreme events and any change in the frequency of occurrence, 
changes in the timing of events (i.e. onset of wet or dry season) and other phenomena 
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that are important for localized human decision making (i.e. when to plant or sow crops) 
or natural systems (i.e. animal migrations). 

Future efforts should seek to maximize the value of existing data from different sources 
through data integration mechanisms that seek to synchronize disparate data types into 
structures that allow interrogation.  

1.4. Document recent trends in environmental indicators (Goal 1) 

Environmental indicators such as species composition, water quality, air quality, soil 
erosion rates, invasive species inventories, etc., are key factors to be monitored for 
assessing ecosystem health and ecosystem management needs under changing climate 
(e.g., decrease in dissolved oxygen in streams and lakes due to higher temperatures).  
Response of such indicators during past periods of high climate variability provide clues 
for future response to climate change. Evaluation of past trends informs decision makers 
of the possible responses under future climate scenarios. It thus becomes important to 
establish the links between trends in environmental indicators and climate events and 
trends, and separation from other drivers, such as human pressures. Through this 
process it becomes possible to identify the biophysical process influencing the 
environmental indicators and the human influences. 

A wide range of data sources should be used, including literature, indigenous knowledge 
and proxy indicators. Environmental change networks allow wider spatial monitoring of 
change. 

2.5. Document trends in relevant socio-economic indicators (Goal 1) 

Demographic indicators such as population shifts, per capita freshwater availability, land 
use, poverty index, household income, human health indicators, and education levels 
can correlate with ecosystem health indicators. Also, such variables are indicators of 
societal vulnerability to climate change and variability.   Documentation of trends in 
relevant socioeconomic indicators concurrent with ecosystem health indicators and 
climate factors are needed to identify optimal strategies for effective ecosystem 
management. Documenting and monitoring changes in societal behavior, expectations 
and aspirations, along with cultural norms and beliefs, also become important to relate 
past trends to future projections. Demands for resources previously beyond the financial 
reach of individuals (i.e. for meat) places additional burdens on ecosystems.  

1.6. Use best-available science to project changes in climate, including trends in 
means, extremes, inter-annual variability, and inter-decadal variability (Goal 3) 

As with analysis of past climate data, consideration must be given to all known natural 
and anthropogenic influences for projecting future climate. The current practice for 
making future predictions of the climate is to use probabilistic scenarios, derived from 
multiple climate model ensembles (see Text Box 1). This raises many issues of climate 
model quality and their evaluation, and how the prediction information is to be 
communicated. The level of detail communicated needs to be appropriate to the issues 
for which decisions are being made. Climatic summaries may be appropriate at one 
scale, but detailed interpretations and representation in alternative forms (i.e. agro-
meteorological indicators) may also be required. Decadal and longer scales of climate 
variability and change require assessment of slow change in (transformation of) 
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ecosystems (e.g., natural forest species composition) and management activities, 
therefore there is need for long-term ecosystem monitoring. 

There is a pressing need for appropriate model testing against observed data and 
evaluation of uncertainty in the future projections. Also, climate models function at spatial 
scales considerably larger than those at which managerial decisions are made within 
ecosystems. Downscaling allows data from global and regional models to be estimates 
for finer spatial scales. There is therefore a need to utilize existing methods, or develop 
new ones as appropriate, to downscale climate model estimates to scales more relevant 
for site-specific decision making. Alongside this, there is a need for estimates made by 
climate models to be archived appropriately and data made available to the research 
community to facilitate testing. 

Such a process enables confidence and credibility to be built with local stakeholders on 
the future projections, and hence increased utility in data use for decision making. 
However, some researchers argue that there is less need for accurate future projections, 
as adaptation planning needs to be flexible and resilient enough to tolerate a wider range 
of future climate possibilities, requiring robust decision making (i.e. Dessai et al 2008). 
There is therefore a balance required between the ability to make accurate future 
projections (at a range of spatial scales) and the ability to make appropriate planning 
decisions. These need to consider the uncertainty within not just the future climate 
projections, but also the future economic, social and political conditions. Decisions made 
on ecosystem management to adapt to climate change needs to consider all drivers of 
change, not just the climate.   

1.6.1. Consider changes for next 20 years 

Over this time period, changes in climate variability likely will dominate long and slow 
climate trends as factors impacting ecosystem health.  Isolated record-breaking events 
of extreme rainfall, drought, heat wave, storm surge, etc. may be the high-impact event 
for planning consideration on these time scales.  Over this time period it would be 
expected that isolated locations would experience impacts, affecting individual 
communities but only occasionally having impact at the national or even regional scale.  
Major societal response would be local. There will however be more than just changes to 
the climate in the next 20 years. Economies will re-adjust towards post peak oil 
developments for low carbon use, driven primarily by new policies and trading structures. 
As such it is imperative to consider these changes and their impacts alongside the 
biophysical changes. Major societal response would be local. However, it is likely that 
awareness of the climate change issue will grow to reach all sections of society, with 
corresponding (but as yet unknown) alterations to behavior. Short range seasonal and 
decadal based forecasts in conjunction with climate model projections, can help inform 
immediate future changes. 

1.6.2. Consider changes to 2050 

Changes to 2050 also will include changes in climate variability as in the short term.  
However, by mid-century, planning for such eventualities should be commonplace.  
While their occurrence will become part of the planning process, the magnitude of such 
extremes likely will also have a trend related to trends in global indicators.  Larger 
regions would likely be impacted over this time scale.  Regional responses are called for.  
Impact studies should allow for the possibility of apparent reversal of climate trends due 
to interaction of natural variability with anthropogenic factors (e.g., cool temperatures due 
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to PDO yielding to warming trend due to increased greenhouse gases).  These should 
be considered alongside economic changes arising from reduced oil production and 
societal re-adjustment to alternative energy sources. 

1.6.3. Consider changes to 2100 

Century long changes will provide a different mean base climate from which normal 
weather excursions occur.  Impacts may be widespread and call for national action to 
adaptation and coping.  Caution is to be exercised in interpretation of specific variables 
from future climate scenarios.  For instance, precipitation projections have higher 
uncertainty than temperature projections. 

1.7. Use best-available social science to project future trends in population, 
urbanization, poverty, education, human health, energy needs, water 
consumption, etc. that would impact land-use change and hence ecosystem 
stresses (Goal 3) 

Models and methods for projecting future trends in socioeconomic indicators should be 
developed that can be used compatibly and consistently with climate projections.   
Where possible, these models should be used interactively with climate models (e.g., 
land-use change and climate change as interactive drivers of future ecosystem change).   
Projections should account for opportunities to use renewable sources of energy, with 
due consideration to negative ecosystem impacts of such activities (e.g., ecosystem 
impact of hydropower facilities or raising bioenergy crops). The socio-economic 
dimensions are to be analyzed capturing the causal processes behind changing land 
management and land use practices. What is needed is an approach that links 
biophysical and socio-economic processes with land use and land management 
practices, which in turn would be linked to landscape or ecosystem dynamics. “Best 
available social science” should replace “best available practices”, the latter being 
inadequate or inappropriate to foster agriculture and rural development in the medium 
term as rapid urbanization, population growth, land conversion, environmental 
degradation, climate change, and other factors work against increases in production and 
living standards. 

1.8. Synchronisation of data resources across research disciplines 

There is a need to better spatially and temporally synchronize available data between 
different research disciplines. Data for the same ecosystem may be recorded under 
differing research projects and kept in isolation, limiting their utility for wider research 
purposes. Greater value for decision-making can be gained from data that are spatially 
and temporally synchronized. This requires closer collaboration between research 
organizations through awareness of data resources, mutual co-operation through agreed 
data sharing and integration technologies, such as databases and the internet. It is also 
vital that associated meta-data are included within a synchronization process. 

These points highlights the need for greater collaboration between research disciplines, 
to link social sciences with the physical and economic within a framework that facilitates 
understanding by policy makers and other decision making stakeholders. 

 



 

 

 30 

Developing needs assessment for achieving specific 
goals 
 

Identifying ecosystem vulnerabilities will invariably uncover unmet needs in both data 
availability and capacity to collect, analyzes, synthesize, and interpret results.  The 
exercise of analyzing the past exposes weaknesses in abilities to reduce the risks and 
realize the benefits associated with current and future climate conditions.  In addition 
there will be new challenges that will tax our ability to achieve the specific listed goals. 

2.1 Ensure collection of data for monitoring the effects of climate variability and 
change, including extremes, with appropriate spatial and temporal resolution 
(Goal 1) 

Protection and continuation of the data collection process is of high priority.  
Measurements of standard meteorological and environmental variables, with regard for 
WMO or other international standards, are needed to detect subtle but important trends 
that impact ecosystems.  Consideration also should be given, where appropriate, to 
harvest and archive indigenous knowledge of factors that indirectly give clues to past 
weather (e.g., crop harvest records, river transport records) that might provide valuable 
pieces of a very fragmented puzzle of past climate. Special attention should be given to 
remotely sensed data of use for monitoring ecosystem functioning and new technologies 
such as systems of distributed iButtons.  Ecosystem scientists should be proactive in 
demand for and use of continuously improving remotely sensed data. 

2.2 Establish national mechanisms to ensure that critical measurements of high 
quality will continue to be taken long into the future (Goal 1) 

Climate scientists from all nations should be bold in seeking national-level support for 
infrastructure to ensure sustainable and comprehensive climate monitoring facilities. 
Where available, support from each country’s national academy of science should be 
sought. An example is the report recently issued by the US National Academies report 
on mesoscale observing systems (Carbone et al., 2009).  Regional scientific alliances 
that involve sharing data and analyses can help assure policy makers of good return on 
investment for climate, ecosystem, and socioeconomic observations. 

2.3. Promote agreements that ensure international sharing of relevant environmental 
data and climate data to promote regional approaches to problems spanning 
national boundaries (Goal 2) 

Ecosystems do not respect political boundaries.  Regional collaborations among 
scientists of adjacent countries promote data sharing and more efficient and effective 
analysis methods for understanding ecosystem status and changes. Such collaborations 
also enable coordination on developing and implementing adaptive strategies relating to 
shared problems. Therefore opportunities exist for unifying conflicting parties with shared 
ecosystem threats from climate change. However, it would also be wise to ensure that 
climate and ecosystem information does not become a device tool in places of conflict. 
This can be achieved by having an alternative source of information from a neutral third 
party. 
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2.4 Engage with stakeholders and representatives of societal groups that potentially 
will be highly impacted by ecosystem degradation in discussion on coping with 
climate change (Goal 4) 

Effective engagement with the range of stakeholders impacted by climate change will be 
essential for ensuring that the science agenda meets the needs of decision-makers, 
including the delivery of climate science information. Recent past extreme events provide 
learning opportunities for identifying stakeholder groups, government agencies, and non-
governmental organizations that should be engaged in discussion on coping with impact 
of climate change on ecosystem degradation.  Dialog among these groups and with 
climate impact scientists promotes improvement in lines of communication, sharing ideas 
on data collection and more rapid and effective response to future extreme events. 

2.5 Identify socio-economic drivers for and impediments to effective decision-making 
(Goal 4) 

The degradation of ecosystem services could grow significantly worse in the future due 
to the growing intensity of many direct drivers of change, and the challenge of reversing 
the degradation of ecosystems while meeting increasing demands for their services will 
require significant changes in policies, institutions and practices. As every community is 
different, there is the need to identify a number of distinct social landscapes emerging, 
each with a markedly different set of economic, environmental and social opportunities 
and challenges. 

High quality data on climate, ecosystem status and socio-economic conditions do not 
guarantee effective decision-making for good management of ecosystem health.  
Religious, cultural, or economic factors may over-ride scientific and scholarly approaches 
for decision-making.  Assessment of past decision-making processes can provide 
guidance in avoiding sub-optimal future decisions. Also inquiries should concern 
environmental change in the social and biophysical sciences, and especially in the 
integration of the two. The collection of socio-economic data must count on the 
communities, that is, information on the attitudes of the communities towards 
environmental issues and on their problems and opportunities. Indigenous knowledge 
can provide vital information in develop and implementing adaptation strategies to 
climate variability and to enhance adaptive capacity for future climate change. 

2.6 Integrate information for planning, preparedness, disaster risk reduction and 
coping with climate variability including extremes (Goal 4) 

A risk conscious community may promote more integrated schemes where risk 
considerations are factored into development programs. The community should see the 
relevance of environmental management and good resource use for hazard control and 
reduction. Climate change and adaptation information dissemination to vulnerable 
communities helps for emergency preparedness measures and awareness-raising on 
enhanced climatic disasters. Plans for protection of ecosystems from degradation under 
climate change and variability should be informed by similar plans developed for 
protecting human societies in regions of natural hazards.  For instance flood or hurricane 
disaster risk reduction has experienced substantial development in developed nations.  
Information flow for advanced planning, advanced preparation, during-event deployment 
of people and material and post-event analysis has enabled risk reduction despite 
enhanced exposure (e.g., reduction in deaths due to tornadoes).  What can ecosystem 
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management under climate change learn from disaster risk management in hazard 
prone areas? 
 

2.7 Identify information and technology needs for facilitating adaptation to climate 
change (decadal and longer time scales) (Goal 4) 

Advances in technology drive human use of the environment. Technology needs to be 
considered very broadly to include traditional technologies, including ecosystem-based 
management approaches. Technology is an important part of a larger strategy to 
address climate change and needs to be included along with the other major 
components: climate science research, adaptation to climate change, and emissions 
mitigation. Decadal and longer scales of climate variability and change require 
assessment of slow change in (transformation of) ecosystems (e.g., natural forest 
species composition) and management activities (e.g., forest planting, thinning, cutting, 
burning; water management) that will facilitate provision of individual and multiple 
ecosystem services (soil carbon levels, nutrient cycling, water-holding capacity, water 
quality).  
 

2.8 Develop international partnerships to ensure access to best-available climate 
downscaling (regional climate models and statistical downscaling) and ecosystem 
modelling tools (Goal 3) 

Improving the spatial resolution of climate models is a high priority to be developed with 
international projects and climate modelling centres. It is essential that decisions made to 
deliver the policy agenda be based on the best possible climate science. 
 
Organizations responsible for developing climate information for local and regional 
decision-making should use existing IPCC 2007 AR4 materials as a launch point for 
determining local climate change impacts.  While these materials, including accessible 
archives of AR4 models, are inadequate for most specific applications, especially 
seasonal to decadal climate change, they do provide a basic overview of plausible 
climate changes determined by the largest available collection of climate models.   
 
International partnerships should be established to provide access to best-available 
climate downscaling tools and, equally important, the human capacity to use these tools 
in an informed and effective way.  Regional climate models and statistical downscaling 
tools required significant effort for validation on local climates before use in ecosystem 
modelling.  Ecosystem modelling tools, such as those applicable to rangeland 
management, conservation management, forest use, water resource management, 
cropping, and specific ecosystems such as aquatic ecosystems, and coastal areas, 
require validation by use of recently observed local climates.  International partnerships 
should be sought among nations/regions that have similar ecosystems for which they will 
be developing adaptive strategies. 
 
International partnerships are especially important where ecosystems of high societal 
value (e.g., rivers, forests) span national boundaries.  Long-range planning for 
developing adaptation strategies for internationally shared ecosystems should include 
coordinated and consistent measurements and coordinated training of scientists and 
local managers from countries sharing such ecosystems. 
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Coastal zones frequently are shared by multiple nations and require integrated 
management of development in high hazard areas, protection of natural resources, 
protection coastal zone water quality, provision of public access, and ensuring that the 
public and local governments have a role in coastal decision-making that is consistent 
across national boundaries that intersect the coast.   Multinational policies should be 
promoted that are proactive on hardening coastal areas to sea level rise, tsunamis, and 
land-falling tropical cyclones and hurricanes by use of managed  development and 
strategic use of coastal ecosystems (mangroves and other natural coastal vegetation). 
 

2.9 Dissemination and communication of climate information in forms readily usable 
for decision-making (Goal 4) 

Providing the best possible scientific information supports public discussion and decision 
making on climate issues. Effective strategies are to be formulated and disseminated for 
preventing, mitigating, and adapting to the effects of climate change and to undertake 
periodic science assessments. Inclusion of decision makers in synthesis and 
assessment reports is helpful to direct the programs to produce information readily 
usable by policymakers. 
 
Stakeholder engagement is a critical component for developing climate information 
products.  Methods of presenting data (maps, tables, statistics, narrative), mode 
(internet, face-to-face, TV, radio, newspaper, periodicals, newsletters), terminology used 
(shared definitions, vernacular expressions, employing stakeholder verbiage), and 
timeliness of delivery (matched to decision cycles, up-to-date, available at time of day 
and in mode most advantageous to user) are all critical to successful use of climate 
information for effective decision-making. There is need to foster a change in societal 
culture, where esteem is associated with knowledge. In this way appropriate ecosystem 
management based on quality climate information (and other types detailed in the White 
paper) helps build social capital amongst decision makers. 
 

2.10 Identification of the gaps between the information and services needed, and what 
is available, and of areas that are weak (Goal 4) 

It is often difficult to know what is available, and what will become available and in what 
timeframe. Needs prioritization may call for rapid response in filling knowledge gaps.  
One suggestion is to use the sequence of: issue, requirement, measurement, 
observational scale, responses and feedbacks. This requires a rapid response approach 
to fill knowledge/information gaps through a concerted effort. 
As climate-change knowledge expands, uncertainties are reduced, and new applications 
are developed there is need for identifying new potential user communities and 
deploying new tools.  Similarly, as new ecosystem threats emerge there will be need to 
assess availability of current climate products to address such threats.  This bi-
directional flow of information is best facilitated by establishment of active 
communication channels (websites, international forums, data exchanges, multi-national 
collaborations, etc.). 

2.11 Identify research and technology requirements that will improve resilience of 
ecosystems to changing extremes and trends of climate (Goal 3) 
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Increasing scientific knowledge is essential for the informed management, use and 
preservation of ecosystem resources through research, exploration, education, and 
technology development. Enhancing resilience is tied to a basic set of initiatives such as 
eliminating other system stresses and early detection of severe weather. 
 
Earth’s ecosystems have developed and persisted through the glacial cycles of the 
Pleistocene.  Time scales for these changes have been slow enough to allow soil, 
climate, plant, animal, and marine species to develop and in many cases co-evolve.  
Climate change of the next two centuries differs from past climate change in that the 
relatively regular glacial-interglacial cycles will be replaced with a continuously and 
rapidly warming climatic regime. Contemporary climate change time scales do not allow 
development of new species at a rate that non-adaptable species are lost.  However, 
many other natural adaptive responses will occur including migration, local genetic 
adaptations, and expressions of phenotypic plasticity Mackey et al. 2008), so long as 
other pressures can be managed and reduced. Inventories of species likely to be 
threatened by loss of locally favorable environments, coupled with projections of 
emergence of new regions, if any, where such species will thrive can suppress species 
loss and promote high gross global primary production.  Development of connectivity 
corridors (constructing natural pathways that facilitate biological permeability through the 
landscape) can allow plant and animal populations to more easily migrate with climate in 
regions where soils allow (Soulé et al. 2004). 

 

2.12 Develop requirements for infrastructure, education, and other forms of capacity-
building (Goal 3) 

Adaptation of households to climate change has to be pursued through awareness-
raising and capacity building on the use of renewable energy in the areas vulnerable to 
climate change and with ecosystems highly degraded. Capacity building should integrate 
climate change in planning, and designing of infrastructures, and climate change issues 
are to be included in curricula at educational institutions. 
 
Ecosystem-based management under climate change and climate variability requires a 
reliable and predictable long-term supply of financial and human resources to achieve 
uninterrupted progress.  Multi-national teams formed around specific ecosystems will 
help ensure knowledge preservation, educational opportunities and research/technology 
sharing that transcends variability in local financial and political support. Ongoing training 
and skills acquisition are essential to successful management strategies. 

 

2.13 Develop methodologies for analysis of costs and benefits, from user perspectives 
(Goal 3) 

Users of ecosystem services need to understand their sustainability if they expect long-
term access to such services.  Methodologies must be developed and employed that 
account for externalities and relevant time and space scales.  Costs of supplying 
ecosystem services in alternative ways should be a basis for developing cost/benefit 
analyses.  Economists and other social scientists are essential participants in assessing 
vulnerabilities and developing adaptation strategies. On a global scale there is need to 
develop ‘full environmental costing’ methods to ensure that the monetary price paid for a 
commodity adequately reflects the environmental cost of producing it. Therefore the flow 
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of revenue has to include support to ensure the sustainable supply of materials whilst 
maintaining ecosystem services. 

 

2.14 Build effective partnerships between sectors and relevant climate service 
providers.  Adopt strategies that work in other regions, nations, or sectors  (Goal 
2) 

The most effective use of climate information requires that end users are fully engaged 
from the onset in developing climate services. New needs for climate products and 
developing effective decision support mechanisms calls for long-term partnerships 
between user groups and relevant climate service providers. Social co-learning between 
service providers and end users helps to refine what information is most useful and how 
it can best be communicated. 

 

2.15 Build partnerships between developed and developing countries that are of 
mutual benefit  (Goal 2)   

Reinvention is a poor use of time and resources. Efforts that build on previous successes 
offer higher chances for further success.  Durable and long-lasting partnerships between 
developed and developing countries can be highly beneficial:  developing countries gain 
access to advanced technologies and developed countries benefit from opportunities to 
deploy, and thereby improve, existing methods on a wider range of climate systems. 
 

Conclusions 
 
The consequences of not using climate information and not valuing properly the 
services provided by ecosystems, is that there is a greater risk of further environmental 
degradation, reduction in ecosystem services and increased species extinction. 
Subsequently there would be increased human suffering and a higher probability of not 
achieving mitigation objectives. As such, the imperative is to ensure that climate and 
other information types are integrated into, inter alia, risk assessment frameworks and 
adaptation planning, to maximise the support given in decision making. What is needed 
is a substantial cultural shift to better recognize the importance of ecosystems as the 
fundamental units of life support, and the functional role of biodiversity in these systems. 
The scale of effort by which we study and manage these ecosystems has to reflect this 
increased recognition of their importance. There are however associated risks in that the 
future is not easily predicted, scenarios are only possibilities, and perverse outcomes are 
possible even given the best available information. Properly funded research and 
monitoring, and support for decision making, will help ensure that these risks are 
minimised. 

The provision of climate information is a vital component to ensure that ecosystems are 
managed appropriately within the boundaries of environmental limits. It is imperative that 
human social systems (particularly resource use economics and policies) adapt to 
develop within the constraints of environmental limits to establish a sustainable global 
society. For this to occur, planning and decision making needs to be better informed 
about how ecosystems function now and will change in the future due to an altered 
climate. Therefore the climate information, when coupled with other information types 
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such as ecology and socio-economics, should be centralized within policy formulation 
and practical ecosystem management decision making process. Ecosystem 
management should form the basis for ensuring a sustainable provision of ecosystem 
services.  For these reasons, human management of ecosystems under climate change 
and variability is both essential and urgent. 

 

 

 References and further reading: 

 

Australian Government (1996) Inland waters. Chapter 7 in State of Environment Report. 
Commonwealth of Australia. 

Bates, B.C., Z.W. Kundzewicz, S. Wu and J.P. Palutikof, Eds. (2008) Climate Change 
and Water Technical Paper VI IPCC Secretariat, Geneva, 210 pp 

Beale, C.M., Lennon, J.J. and Gimona, A.  (2009) Opening the climate envelope reveals 
no macroscale associations with climate in European birds. PNAS 105(39): 14908–
14912. 

Berry, S.L., Farquhar, G.D. and Roderick, M.L. 2005. Co-evolution of Climate, 
Vegetation, Soil and Air, In: Encyclopedia of Hydrological Sciences, pp. 177-192, 
Volume 1: Theory, organisation and scale (eds: Blöschl, G. and Sivapalan, M.). John 
Wiley and Sons Ltd, Chichester, United Kingdom. 

Braatz, S., S. Fortuna, J. Broadhead, and R. Leslie, (eds.), 2007:   Coastal Protection in 
the Aftermath of the Indian Ocean Tsunami:  What Role for Forests and Trees?  
Regional Technical Workshop. Khao Lak, Thailand 28-31 Aug 2006.  FAO, Bangkok.  
220 pp.  [http://www.fao.org/forestry/coastalprotection/en/] 

Brack, C. L., Richards, G. and Waterworth, R. (2006) Integrated and comprehensive 
estimation of greenhouse gas emissions from land systems. Sustainability Science 1: 
91–106. 

Carbone, R. E., J. Block, S. E. Boselly, G. R. Carmichael, F. H. Carr, V. Chandrasekar, 
E. Gruntfest, R. M. Hoff, W. F. Krajewski, M. A. Lemone, J Purdom, T. W. Schlatter, E. 
S. Takle, J. Titlow, 2009: Observing Weather and Climate from the Ground Up: A 
Nationwide Network of Networks.  National Academies Press.  Washington, DC.  268 pp. 
[http://www.nap.edu/catalog.php?record_id=12540] 

Chambers, Q.C., Higuchi, N., Schimel, J.P., Ferreira, L.V., Melack, J.M. (2000) 
Decomposition and carbon cycling of dead trees in tropical forests of the Central 
Amazon. Oceologia 122:380-388. 

Carter J, Hall W, Brook K, McKeon G, Day K and Paull C (2000) AussieGRASS: 
Australian Grassland and Rangelands Assessment by Spatial Simulation, in Applications 
of seasonal climate forecasting in agricultural and natural ecosystems: the Australian 

http://www.fao.org/forestry/coastalprotection/en/�


 

 

 37 

experience, Hammer G, Nicholls and Mitchell C (eds), Kluwer Academic Publishers, 
Atmospheric and Oceanographic Sciences Library. 

CBD (1992). Text of the Convention on Biological Diversity;  
http://www.cbd.int/convention/convention.shtml 

CIG, 2009:  Climate Impacts Group, University of Washington.  [Available online 
at http://cses.washington.edu/cig/] 

Costanza, R., d'Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., 
Naeem, S., O'Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P., and van den Belt, M. 
(1997) The value of the world's ecosystem services and natural capital Nature 387, 253 - 
260; doi:10.1038/387253a. 

Cramer, W., Bondeau, A., Woodward, F.I., Prentice, I.C., Betts, R.A. et al. (2001) Global 
Change Biol. 7: 357-353. 

 

Crimp S, Flood N, Carter J, Conroy J and McKeon G (2002) Evaluation of the potential 
impacts of climate change on native pasture production: implications for livestock 
carrying capacity. Report to the Australian Greenhouse Office, Canberra. 

Dessai, S., Hulme, M., Lempert, R. & Pielke, R. (2008) Climate prediction: a limit to 
adaptation? Living with climate change: are there limits to adaptation? (eds N. Adger, I. 
Lorenzoni & K. O’Brien). Cambridge University Press, Cambridge. 

Easterling, W.E., P.K. Aggarwal, P. Batima, K.M. Brander, L. Erda, S.M. Howden, A. 
Kirilenko, J. Morton, J.-F. Soussana, J. Schmidhuber and F.N. Tubiello, 2007: Food, fibre 
and forest products. Climate Change 2007: Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, 
P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, 
UK, 273-313.  [Available at http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-
chapter5.pdf] 
 
ENSEMBLES, 2009: http://www.ensembles-eu.org/ 

Fischlin, A., G.F. Midgley, J.T. Price, R. Leemans, B. Gopal, C. Turley, M.D.A. 
Rounsevell, O.P. Dube, J. Tarazona, A.A. Velichko, 2007: Ecosystems, their properties, 
goods, and services. Climate Change 2007: Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, 
P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, 
211-272.  http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter4.pdf 

GCOS / WMO (2006). Climate information for development needs: an action plan for 
Africa. Report and implementation strategy. November 2006 Global Climate Observing 
System (GCOS) 108 (WMO/TD No. 1358). 
 
Gitay, H., S. Brown, W. Easterling and B. Jallow, 2001: Ecosystems and their goods and 
services. Climate Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of 

http://cses.washington.edu/cig/�
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter4.pdf�


 

 

 38 

Working Group II to the Third Assessment Report of the Intergovernmental Panel on 
Climate Change, J.J.McCarthy, O.F. Canziani, N.A. Leary, D.J. Dokken and K.S. White, 
Eds., Cambridge University Press, Cambridge, 237-342. 
 
Gregory, P.J., Johnson, S.N., Newton, A.C. and Ingram, J.S. (2009). REVIEW PAPER: 
Integrating pests and pathogens into the climate change/food security debate. Journal of 
Experimental Botany Advance Access published April 20, 2009; doi:10.1093/jxb/erp080. 
 
IPCC, 2007:Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of 
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E.  
Hanson, Eds., Cambridge University Press, Cambridge, UK, 976pp. [Available online 
at http://www.ipcc.ch/ipccreports/ar4-wg2.htm]. 
 
 
Harrison, P.A., •Berry, P.M., Henriques, C. and Holman, I.P. (2008) Impacts of socio-
economic and climate change scenarios on wetlands: linking water resource and 
biodiversity meta-models. Climatic Change 90:113–139. 
Hutchinson, G. E. 1957. Concluding remarks. Cold Spring Harbor Symposium. 
Quantitative Biology 22: 415-427. 
 
Hassan, R., R. Scholes and N. Ash, Eds., 2005: Ecosystems and Human Wellbeing: 
Volume 1: Current State and Trends. Island Press, Washington, District of Columbia, 
917 pp. 
 
Krol, M., Jaeger, A., Bronstert, A. and  Guntner, A. (2006) Integrated modelling of 
climate, water, soil, agricultural and socio-economic processes: A general introduction of 
the methodology and some exemplary results from the semi-arid north-east of Brazil. 
Journal of Hydrology (2006) 328: 417– 431. 
 
Linacre, E. (1992) Climate, data and resources. Routledge 
 
LWA (2005) Land & Water Australia's Portfolio Return on Investment 2005 1st Edition. 
Case Study 2: Australian Grassland and Rangeland Assessment by Spatial Simulation 
(AussieGRASS). Land and Water Australia, Austalian Government; _ HYPERLINK 
"http://lwa.gov.au/files/products/land-and-water-australia-corporate/er051011/er051011-
appendix-1-c2.pdf" __http://lwa.gov.au/files/products/land-and-water-australia-
corporate/er051011/er051011-appendix-1-c2.pdf_  
 
Hughes, L., Cawsey, E.M. and Westoby, M. (1996) Climatic range sizes of Eucalyptus 
species in relation to future climate change. Global Ecology and Biogeography Letters 
5:23-29. 
 
Kearney, M., Shine, R. and Porter, W. (2009). The potential for behavioural 
thermoregulation to buffer ‘cold-blooded’ animals against climate warming. PNAS 16(10): 
3835-3840. 
 
Law, B.E., Sun, O.L., Campbell. J., van Tuyl, S., Thorntom, P.E. (2003) Changes in 
carbon storage and fluxes in a chronosequence of ponderosa pine. Global Change 
Biology 9:510-524. 

http://www.ipcc.ch/ipccreports/ar4-wg2.htm�


 

 

 39 

 
Leslie, R.G., Mackey, B.G. and Preece, K.M. (1988) A computer-based methodology for 
the survey of wilderness in Australia. Environmental Conservation 15(3):225-232.  
Lewis S.L. et al. (2008) Increasing carbon storage in intact African tropical forests. 
Nature 07771.3d 23/1/09 22:02:36 
 
Loreau, M., Naeem, S. and Inchausti, P. (editors) (2002) Biodiversity and ecosystem 
functioning: synthesis and perspectives. Oxford University Press. 
Luyssaert S. et al. (2008) Old-growth forests as global carbon sinks. Nature 455: 213 – 
215. 
 
Mackey, B.G. & Lindenmayer, David B. (2001) Towards a hierarchical framework for 
modelling the spatial distribution of animals. Journal of Biogeography 28:1147-1166.  
 
Mackey, G.B., Watson, J.E.M. and Hope, G. (2008) Climate change, biodiversity 
conservation, and the role of protected areas: an Australian perspective. Biodiversity 
9:11-18. 
 
MAE, 2005:  Millenium Ecosystem Assessment, 2005.  Ecosystems and Human Well-
being:  Synthesis.  Island Press, Washington, DC.  155 pp.  [Available 
at http://www.millenniumassessment.org/en/index.aspx]. 
 
Matthews, K.B., Rivington, M., Buchan, K., Miller, D. and Bellocchi, G. (2008). 
Characterising and communicating the agro-meteorological implications of climate 
change scenarios to land management stakeholders. Climate Research 37, 59-75. DOI: 
01.3354/cr00751. http://www.int-res.com/articles/cr2008/37/c037p059.pdf 
 
Mayr, E. (2001) What evolution is. Basic Books. 
 
McKenney, D.W., Mackey, B.G. & Macdonald, H. (1999) Biodiversity conservation and 
economic preferences. Chapter 9 in M. McAleer, S. Mahendrarajah & A. Jakeman 
(editors) Modelling change in economic and environmental systems. John Wiley and 
Sons, pp. 214-239. 
 
McKenney, D., Hopkin, A.A., Campbell, L.K., Mackey, B.G., & Footitt, R. (2003) 
Opportunities for improved risk assessments of exotic species in Canada using 
bioclimatic modelling. Environmental Monitoring and Assessment 88: 451-461.  
 
Millennium Ecosystem Assessment (200). Ecosystems and Human Well-being: 
Biodiversity Synthesis. World Resources Institute, Washington, DC. 
NARCCAP, 2009:  North American Regional Climate Change Assessment Program.  
[http://www.narccap.ucar.edu/] 
 
NCSE, 2008:  Breakout Recommendations.  Climate Change Science and Solutions.  8th 
National Conference on Science, Policy and the Environment.  [Available online at 
http://ncseonline.org/2008conference/] 

Nix, H. A. 1982. Environmental determinants of biogeography and evolution in Terra 
Australis. In Evolution of the Flora and Fauna of Arid Australia (Eds. W.R. Barker and 
P.J. Greenslade). Peacock Publications, Adelaide, pp 47-66. 
Nussey, D.H., E. Postma, P. Gienapp, and M.E. Visser. 2005. Selection on heritable 

http://www.millenniumassessment.org/en/index.aspx�
http://www.int-res.com/articles/cr2008/37/c037p059.pdf�


 

 

 40 

phenotypic plasticity in a wild bird population. Science 310: 304-306 
 
RCM 2009: Coordinated Regional Downscaling Experiment (CORDEX) for AR5. 
[http://www.baltex-research.eu/RCM2009/Programme.html] 
 
Richardson, K.,  W. Steffen, H. J. Schellnhuber, J. Alcamo, T. Barker, D. M. Kammen, R. 
Leemans, D. Liverman. M. Munasinghe, B. Osman-Elasha, N. Stern, and O. Wæve, 
2009:  Synthesis Report:  Climate Change- Global Risks, Challenges & Decisions.   
International Alliance of Research Universities.  39 pp.  [Available online 
at http://www.climatecongress.ku.dk] 
 
Roxburgh, S.H., Wood, S.W., Mackey, B.G., Woldendorp, G. & Gibbons, P. (2006) 
Assessing the carbon sequestration potential of managed forests: A case study from 
temperate Australia. Journal of Applied Ecology 43:1149-1159. 
 
Sanderson, E.W., Jaiteh, M., Levy, M.A., Redford, K.H., Wannebo, A.V. Woolmer, G. 
(2002). The Human Footprint and the Last of the Wild. _ INCLUDEPICTURE 
"http://www.bioone.org/templates/jsp/_style2/_AP/_bioone/images/access_full.gif" \* 
MERGEFORMATINET ___BiosSience 52(10):891–904 
 
Sukhdev, P  (2008) The economics of ecosystems and biodiversity: an interim report. 
ISBN-13 978-92-79-08960-2 European Communities, A Banson Production, Cambridge, 
UK. 
 
Soulé, M. E., Mackey, B. G., Recher, H. F., Williams, J. E, Woinarski, J. C. Z., Driscoll, 
Don, Dennison, W.C., & Jones, M. E. (2004) The Role of Connectivity in Australian 
Conservation. Pacific Conservation Biology 10(2-3): 266-279. 
 
UNEP (2009). A preliminary stocktaking: organisations and projects focused on climate 
change adaptation in Africa. Editors; M Mumba and B Harding. Climate Change 
Adaptation Unit, DEPI, UNEP, Nairobi, Kenya. 
 
Wilby, R.L., Whitehead, P.G., Wade, A.J., Butterfield, D., Davis, R.J. and Watts, G. 
(2006) Integrated modelling of climate change impacts on water resources and quality in 
a lowland catchment: River Kennet, UK. Journal of Hydrology  330: 204– 220. 
Wilson, E.O. (1992) The diversity of life. Harvard University Press. 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.climatecongress.ku.dk/�


 

 

 41 

Appendix 

1.1.1 Box 1. Use of probabilistic scenarios 

Fundamental to the UK Climate Projection 2009 (UKCP09) is that they provide 
probabilistic projections rather than the single "best estimate" scenarios provided by 
previously available climate information. The objective in providing this information 
is to provide users with a more transparent presentation of uncertainties that is 
indicative of the strength of evidence considered associated with the projected 
changes in climate.  Rather than the single "best estimate", ranges with associated 
probability levels are provided.  By so doing, it is believed that it will be possible for 
users of the information to undertake more detailed quantitative assessments of 
impacts, risks, and adaptation options. 

In addition to the probabilistic projections, UKCP09 has a number of other 
enhancements compared to earlier available climate information for the UK. These 
enhancements are based on the climate science responses to needs identified by 
users.  Among these are the following:  

• Spatial resolution of 25 km 

• Temporal resolutions of seven 30-year time periods covering the 21st 
century from 2010 to 2099 

• Climate projections available under three SRES emissions scenarios B1 
(labelled Low), A1B (labelled Medium) and A1FI (labelled High) 

• Provision of analytical tools to support the use of the probabilistic 
projections in impacts, risk and adaptation assessments, including a 
weather generator which users can use to generate plausible daily and 
hourly time series at a 5 km resolution 

• marine environment projections that include projections (not currently 
probabilistic) for marine variables at multiple levels 

• supportive user guidance including information on how UKCP09 can and 
should not be used 

UKCP09 is an online resource (http://ukclimateprojections.defra.gov.ul). The data 
sets, associated images, analytical tools, science reports and guidance are 
accessed through a online user interface that is also supported with a manual and 
online training. The use of UKCP09 will require a change in the way climate 
information is used.  A shift from identifying possible impacts based on a "best 
estimate" of projected changes with an associated "optimal" adaptation response, 
to an approach that reflects the uncertainties associated with projections of the 
future that includes a risk-based approach and robust adaptation options. 
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1.1.5 Box 2. Ecosystem-based management in rangelands  

 

Example of an Australian rangeland landscape. Source: 
http://www.anra.gov.au/topics/rangelands/pubs/tracking-changes/ris.html 

This example is drawn largely from the description provided in LWA (2005). 
‘AussieGRASS’ (Carter et al. 2000) was originally developed as a modelling framework 
that could contribute to drought assessments by cost effectively providing greater 
objectivity and accountability for deciding whether or not a region was in drought. It 
developed into a simulation model for predicting and monitoring grass production and 
land cover. By taking account of livestock numbers the model can also assess grazing 
pressure and therefore be used to assess degradation risk and identify opportunities for 
improved management. The model also provides the means to link biophysical modelling 
with climate forecasting. Applications include development of a national drought alert 
strategic information system, and research into whether seasonal climate forecasting can 
prevent degradation of grazing lands. 

Principal inputs to the AussieGRASS model are past daily rainfall and other historical 
climatic data, soil type, tree density, stocking rate, and seasonal climate forecasts. A 
central feature of the model is the GRASP pasture production model. The model 
estimates surface run-off and soil moisture components, the latter being a key driver of 
pasture growth. Adding value to seasonal climate forecasting is an important output from 
AussieGRASS, as predictions of rainfall alone are more powerful if the history leading up 
to the present time is recognised. A modified GRASP model has been used to predict 
the impact of climate change (increased temperature and carbon dioxide, and changed 
rainfall conditions) on native pasture production and livestock carrying capacity (Crimp et 
al. 2002). AussieGRASS has provided the impetus to organise national climate data in a 
way that allows ‘climate users’ in the whole community to make better use of climatic 
data (the SILO long-term climate database). The maps produced by the model showing 
pasture condition in the rangelands are also shown with information on Sea Surface 
Temperature (SST) and the Southern Oscillation Index (SOI) to give a fuller picture of 
current climatic events.  
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