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Abstract. It is increasingly acknowledged in the adaptation to climate change literature that factors such as
climate science play a large role when adaptation strategies are either chosen or rejected at a local scale.
Regrettably, the discussion of climate science integration has tended to focus on mitigation decisions taken at
international and national levels. This has limited our own thinking and understanding of the hurdles and
promises that climate science integration presents at the local scale. This analysis distills existing literature on
the subject. Based on such a review, it identifies the optimal level at which adaptation decisions should be
taken and deciphers some of the most important factors that would cement the integration of climate science
with urban planning under climate change scenario. The analysis argues that the selection of proactive,
planned adaptation measures in response to climate change would certainly require a city based strategy that
taps on glocalized climate science transcending on all levels of planning including settlement, neighbourhood
and building scales. Achieving this, would require a much more elevated role of urban planning and the
removal of all obstacles to effective adaptation that currently characterize most climate change initiatives.
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1. Introduction
Decisions relating to global environmental change are plagued by a myriad of uncertainties (Dessai and
Hulme, 2007). Such uncertainties can be linked to complexities associated with three major drivers of global
environmental change. There is a general consensus among development practitioners and academics that
complexities brought about by climate change and the twin processes of globalization and urbanization have
in recent times led to a renewed interest in the way cities are planned, designed and lived in (de Groot et al.,
2002; UNEP, 2007). More specifically, the social, economic and environmental consequences thereof have
led to a reevaluation of the factors that contribute to sustainable urban environments (Li et al., 2003;
Lyytimaki and Sipila, 2009). At the helm of a climate change scenario has been the recognition of the role
that climate science can play in winnowing some of the intricate complexities that obtain at the local scale.
This alone has ignited a renewed interest in the way cities are planned and designed (figure 1).

Fig. 1: Drivers of global environmental change and their consequences.
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Uncertainties that characterize local conditions at the urban scale have however not given enough
practical insights as to how climate change science can best be integrated in urban planning at the city scale.
This alone presents difficulties for planners taking decisions on adaptation measures in urban ecosystems
(Dessai and Hulme, 2007). Such uncertainties form the hall mark of ‘information gap theory’ espoused by
Regan et al, (2005). Environmental uncertainties under such a school of thought can be conceptualized in
three major ways. First there are uncertainties relating to the past state of the environment. Second are
uncertainties associated with the current state of the environment. Third are uncertainties related to the future
state of the environment.
Current literature does not seem to accumulate and converge in a number of areas. First there is appears
to be no consensus as to which is the most appropriate entry point for adaptation decisions at the city scale.
In the absence of compelling evidence on the application of climatic science in urban ecosystems, identifying
what and how to adapt has remained far from clear than otherwise implied in literature (OECD, 2010). This
analysis contributes to the ensuing debate of how best climate science can be transplanted from a much more
global level to the local contexts of cities.

2. Climate change adaptation, urban planning and climate science
This analysis adopts the definition by the Intergovernmental Panel on Climate Change (IPCC, 2001) that
defines adaptation as an “adjustment in ecological, social or economic systems in response to actual or
expected climatic stimuli and their effects or impacts”. A review of current literature on urban planning
reveals that most policy makers recognize the role that climate science integration plays in planning
decisions. The discussion of climate science integration however has tended to focus on mitigation and
adaptation decisions taken at international and national levels. Statistical models that seek to predict future
climate are still confined to global and national figures. Within the context of urban areas climatic
simulations regrettably only focus the total amount of urban space to be affected (table1). A much more
locally focused adaptation dimension to climate science integration has largely remained unexplored by
academics and policy makers (OECD, 2010).
Evidently there is a more localized dimension to climate change impacts that require greater application
of climate science. There are two major reasons to this argument. First, scenario uncertainties are believed to
be highest at the local scale (Næss et al, 2005). The second argument holds that past climate induced natural
disasters (Blaikie et al., 1994; Morrow, 1999), as well as climate variability and long-term climate change
(Liverman and Merideth, 2002; O’Brien et al., 2004) show that vulnerability and its causes are locationspecific. It is also believed that the bulk of decisions regarding climate-induced hazards are local (Cutter,
2003). This last quality alone makes urban planning an optimal level of climate science integration and
adaptation. This is so because urban landscapes are largely viewed human ecosystems where adaptation
decisions are either taken or rejected (Dessai and Hulme, 2007).
Empirical evidence from elsewhere reveals that such a focus on city level planning is not misguided
given that cities are (undoubtedly) centers of economic growth and population (Young, 2010). It is (arguably)
this dominant feature that has seen cities becoming a focal point of both climate change related risks and
disasters and the solutions thereof. The OECD, (2009) for instance has advanced three main reasons why
climate change policy should be redirected to municipal level planning. First, it is believed that climate
Table 1: Sea level rise and its projected impact on populations and urban land area around the world.
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(Washington, DC: World Bank, February 2007).

change impacts are manifested locally, affecting city-wide systems (including, economic systems,
livelihoods, infrastructure, water and so on). The second argument holds that vulnerability and adaptive
capacities are determined by local conditions. The third and final argument holds that those adaptation
activities are often observed at the local level and it is therefore easy to tailor actions to the specifics of a
particular city (OECD, 2009).
Given the intricate nature of uncertainties that characterize the urban scale, it is therefore clear that the
future design of urban settlements and infrastructure in response to climate change will require approaches
that integrate science and urban planning (Norman, 2009). The application of climate knowledge to deal with
cumulative impacts and risks is however not spontaneous. There is overwhelming empirical evidence to
suggest that the bulk of planning efforts are constrained by the non application of climate knowledge (Dessai
and van der Sluijs, 2007). An Obvious challenge has been difficulties associated with climate change
projection at city scale given substantial amount of uncertainty that surrounds prediction of local area
impacts (Dessai and van der Sluijs, 2007). Difficulties that decision makers face in interpreting and using
climate scenarios and uncertainty information, as well as how to appraise the policy implications of
uncertainties are also well documented (Mathijssen et al, 2008; Waridekker et al, 2008). Such drawbacks
have had major implications for climate science application at various scales within urban areas. Mills, (2010)
observes that responsive urban designs characteristically incorporate climate based planning approaches at
various scales including (1) building, (2) neighbourhood and (3) settlement scales. Specific planning
interventions under climate change scenarios are depicted on figure 2.

Fig. 2: Climate based planning interventions at three levels (of planning).

Various approaches to overcoming uncertainty exist – including the risk approach, anticipating design,
resilience, adaptive management, and robust decision making among others (Dessai and Hulme, 2007;
Hallegate, 2009). Central to all such interventions is the role played by climate science. Evidence associated
with its application and is widespread and has a long history at least in the developed world. The first studies
on applied urban climatology and challenges thereof were conducted in Germany in the 1960s and 1970s.
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Similar projects have also been carried out in Switzerland (Thommes et al., 2001), in Portugal and Lisbon
among others (Alcoforado and Andrade, 2006). Such limited application of climate science in urban
planning has tended to stifle any meaningful climate change adaptation measures by city authorities.

2.1.

Understanding limitations to climate change adaptations at the urban scale

Identifying what and how to adapt has remained far from clear owing to a multitude of challenges related
to the application and / or non application of climate science in urban planning endeavours (OECD, 2010).
Current literature is pregnant with what are viewed as major constraints to climate change . This analysis will
however focus on limiting factors that are obtaining at the urban planning scale and will ignore the many
social, cultural and psychological factors that affect adaptation practices at an individual level. Most studies
concur that effective adaptive decisions in urban ecosystems are constrained by factors ranging from
scientific uncertainty, through to current state of technology, availability of financial resources, and short
time horizons (Lorenzoni et al., 2000a, b; Smit and Pilifosova, 2001; EEA, 2005; EU, 2007). Other scholars
have noted that the policy context also plays a crucial role. This is upon realization that some policy contexts
are supportive while others are inhibitive to effective adaptation (see Burton et al., 2002; Lim et al., 2005;
EU, 2007). This limitation alone has been singled out by the United Nations Development Programme
(UNDP) under its ‘Adaptation Policy Framework’ that underscored the need to integrate climate change into
all strands of policies that may transcend different sectors (Lim et al., 2005; Niang-Diop and Bosch, 2005, p.
190). To this end, removing policy conflicts and legislative barriers to adaptation has been considered as a
major research priority – at least in European Union countries (DEFRA, 2005).
The absence of a credible climate change response planning mechanism has also been identified as
another limiting factor. The framing of National Adaptation Programmes of Action (NAPAs) under the
United Nations Framework Convention on Climate Change (UNFCCC) has applauded the crucial role
played by explicit adaptation plans in climate change mitigation efforts (Ford, 2008). Similarly, other
scholars have underscored the presents of practical guidelines for implementation of sustainable urban
solutions (Ford, 2008). Other researchers have also noted that fostering strong partnerships between all
actors is critical in planning and decision-making, especially in building the resources and capacities of the
municipal government to address climate change (Bulkeley et al, 2009).

3. Concluding remarks
The analysis has revealed that climate science integration has been confined to climate change mitigation
efforts at a much more global scale that at local. Evidently, there is also a more local adaptation dimension
that has still not been adequately explored. Drawing on a review of existing literature on climate change
adaptation, the analysis has argued that a city based planning strategy provides an optimal entry point for
adaptation decisions that seek to harness the value of climate science in dealing with actual and potential
climate change related risks. Such integration can be effected at three levels of planning activity – including
the building, neighbourhood and settlement scales. The analysis has also revealed that the transition from
climate science to practice is not automatic. It needs to be created and nurtured through. This alone would
require that urban planners step up to the challenge by eliminating a host of problems that constrain the
application of climate science to adaptation decisions.

4. References
[1] P. Blaikie, T. Cannon, I. Davis, B. Wisner. At Risk:Natural Hazards, People’s Vulnerability, and Disasters.
Routledge, London and New York, 1994
[2] H. Bulkeley, H. Schroeder, K. Janda, J.Z. Zhao, A. Armstrong, Y.S, Chu, et al. Cities and climate change: The role
of institutions, governance and urban planning. Report prepared for the World Bank symposium on climate change.
World Bank. <http://www.urs2009.net/docs/papers/Bulkeley.pdf> (accessed on 09.11.09). 2009.
[3] I. Burton, S. Huq, B. Lim, B. Pilifosova, L. Schipper.From impacts assessment to adaptation priorities: the shaping
of adaptation policy. Climate Policy. 2002, 2, 145–159.
[4] S.L, Cutter. The vulnerability of science and the science of vulnerability. Annals of the Association of American
Geographers, 2003, 93, 1–12.
243

[5] DEFRA. Adaptation Policy Framework: A Consultation by the Department for E nvironment, Food and Rural
Affairs. PB11431. DEFRA, London. 2005
[6] R. De Groot, M.A.Wilson, R.M. Boumans. A typology for the classification, description and valuation of
ecosystem functions, goods and services. Ecol. Econ. 2002, 41 (3), 393–408.
[7] S. Dessai, and M. Hulme. Assessing the robustness of adaptation decisions to climate change uncertainties: A case
study on water resources management in the East of England. Global Environmental Change 17 (2007) 59-72.
[8] S. Dessai, and J.P. van der Sluijs. Uncertainty and Climate Change Adaptation — A Scoping Study, Copernicus
Institute for Sustainable Development and Innovation, Utrecht University, Utrecht, 2007.
[9] EEA. Vulnerability and adaptation to climate change in Europe.EEA Technical Report No.7/2005. European
Environment Agency, Switzerland. 2005.
[10] EU. Adapting to Climate Change-Green Paper from the Commission. 2007.COM. 354 final, 29-6-07. Commission
of the European Communities, Brussels. 2007.
[11] J. Ford. Emerging trends in climate change policy: The role of adaptation. International Public Policy Review, 2008,
3, 5–15.
[12] S. Hallegatte. Strategies to adapt to an uncertain climate change, Glob. Environ. Change. 2009, 19 (2) 240–247.

IPCC, Climate Change 2001: Impacts, Adaptation, and Vulnerability. Cambridge University Press,
Cambridge. 2001.
[13] L. Li, Y. Sato, H. Zhu. Simulating spatial urban expansion based on a physical process. Landscape and Urban
Planning, 2003, 64, 67–76.
[14] B. Lim, E. Spanger-Siegfried, I. Burton, E. Malone, S. Huq, S. (Eds.). Adaptation Policy Frameworks for Climate
Change: Developing Strategies, Policies and Measures. Cambridge University Press, UK. 2005.
[15] D.M. Liverman, R. Merideth. Climate and society in the US Southwest:the context for a regional assessment.
Climate Research. 2002, (21): 199-218.
[16] I. Lorenzoni, A, Jordan. M. Hulme. K. Turner, T. O’Riordan. 2000a. A co-evolutionary approach to climate change
impact assessment: Part I. Integrating socio-economic and climate change scenarios. Global Environmental Change,
2000a, 10: 57–68.
[17] I. Lorenzoni, A. Jordan, T. O’Riordan, K. Turner, M. Hulme. A co-evolutionary approach to Environmental
Change, 2000b, 10:145–155.
[18] J. Lyytimäki, and M. Sipilä. Hopping on one leg e the challenge of ecosystem disservices for urban green
management. Urban Forestry and Urban Greening 2009, 8, 309-315.
[19] J. Mathijssen, A. Petersen, A. Besseling, P. Rahman, A. Don., H. Dealing with Uncertainty in Policymaking, PBL
publication 550032011, Netherlands Bureau for Economic Policy Analysis (CPB), Netherlands Environmental
Assessment Agency (PBL), and RAND Europe, The Hague/Bilthoven/Leiden, 2008 (Eds.).
[20] B.H. Morrow. Identifying and mapping community vulnerability. Disasters, 1999, 24, 1-18.
[21] L. O. Næss, G. Bang, S. Eriksen, J. Vevatne. Institutional adaptation to climate change: Flood responses at the
municipal level in Norway. Global Environmental Change, 2005, 15: 125-138
[22] I. Niang-Diop, and H. Bosch. Formulating an adaptation strategy. In: Lim, B., Spanger-Siegfried, E., Burton, I.,
Malone, E., Huq, S. (Eds.), Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policies
and Measures. Cambridge University Press, Cambridge, 2005:183-204.
[23] B. Norman. Principles for an intergovernmental agreement for coastal planning and climate change in Australia.
Habitat International, 2009, (33): 293-29.
[24] K. O’Brien, L. Sygna, J.E. Haugen. Vulnerable or resilient? A multi-scale assessment of climate impacts and
vulnerability in Norway. Climatic Change, 2004, 64: 193–225.
[25] OECD. Policy guidance on integrating climate change adaptation into development co-operation. Pre-ublication
version, 2009.
[26] OECD. 2010. Cities and Climate Change, OECD publishing.
244

[27] H.M. Regan, Y. Ben-Haim, B. Langford, W.G. Wilson, P. Lundberg, S.J. Andelman, M.A. Burgman. Robust
decision-making under severe uncertainty for conservation management. Ecological Applications, 2005, 15:14711477.
[28] B. Smit, B. Pilifosova. Adaptation to climate change in the context of sustainable development and equity, 2001. In:
J.J. McCarthy, et al (eds.), Climate Change: Impacts, Adaptation and Vulnerability. Cambridge University Press,
Cambridge, 2001: 892-912.
[29] J.A. Wardekker, J.P. van der Sluijs, P.H.M. Janssen, P. Kloprogge, A.C. Petersen. Uncertainty communication in
environmental assessments: views from the Dutch science-policy interface, Environ. Sci. Policy, 2008, 11 (7): 627–
641.
[30] R.F. Young. Managing municipal green space for ecosystem services. Urban Forestry & Urban Greening, 2008, (9):
313–321
[31] UNEP. Environmental Indicators for North America. Division of Early Warning and Assessment. UNEP
Publications, 2007.

245

