
governance and sustainability. These trends 
have placed new demands on scientists to 
communicate their findings effectively in 
new settings and scales, and on local policy-
makers who are faced with combining global 
science with contextual knowledge and local 
governance practices. One policy arena where 
global science is increasingly interacting 
with local politics is climate change, where 
cities have emerged as key players in policy 
discussions once limited to national and 
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Abstract

This paper explores how city planners engaged with global climate scientists to devise 
contextually relevant strategies to address the urban heat island effect—a potentially 
dangerous heat event expected to increase along with global warming. Drawing original 
data from the New York City Regional Heat Island Initiative, a collaborative effort 
between scientists and urban planners, the paper highlights how global climate science 
is ‘localised’ as researchers and policy-makers struggle to make technically legitimate 
and politically accountable decisions. The paper argues that the localisation of global 
science often involves a process of co-production, where technical issues are not 
divorced from their social setting and a diverse set of stakeholders engage in analytical 
reviews and the crafting of policy solutions. The paper argues that the co-production 
framework can contribute to more scientifi cally legitimate and publicly accountable 
decision-making related to urban climate change.

Introduction

Urban environmental planners are increasingly 
faced with two seemingly divergent policy 
trends: the globalisation of environmental 
policy issues and the decentralisation of pol-
icy responsibilities to local, often municipal, 
governments. Local governments are com-
missioning expert scientifi c advice, formu-
lating policy goals, setting standards and 
developing new institutions for environmental 
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international institutions (Bulkeley and 
Betsill, 2005; Kousky and Schneider, 2003; 
Lindseth, 2004). This paper explores how 
global climate science—often model-making 
abstracted from local context and politics—
is being ‘localised’ and legitimised by muni-
cipal planners in collaboration with global 
scientists and how the credibility of science 
policy is crafted in the ‘localisation’ process 
through collaborative review processes that 
are every bit as signifi cant for policy legit-
imacy as the reliability and credibility of the 
scientifi c information under review. More 
specifi cally, this paper explores how scientists 
and planners interested in devising strategies 
to mitigate the adverse ecological and human 
dimensions of urban heat island (UHI) events 
in New York City (NYC) negotiated the local-
isation process and simultaneously grappled 
with issues of technical legitimacy and political 
accountability in municipal environmental 
decision-making.

Climate change is expected to increase the 
occurrence of urban heat island events—
where air temperatures in cities rise dispro-
portionately to surrounding areas and result 
in locally acute adverse human health, 
economic and environmental impacts. This 
paper examines the localisation discourse 
among planners and scientists involved in 
the New York City Regional Heat Island 
Initiative (NYCRHII), a collaborative effort 
that modelled anticipated climate-change-
induced temperature changes across NYC’s 
diverse built environment and evaluated a 
range of UHI mitigation strategies ranging 
from increased tree planting and surface 
lightening to the construction of living roofs 
(Rosenzweig et al., 2006). Using detailed 
qualitative data documenting over two 
years of interactions between scientists and 
policy-makers who were members of the 
NYCRHII Advisory Committee1—including 
meeting minutes, presentations, e-mail corres-
pondence, report drafts, reviewer comments, 
internal research notes and interviews with 

participants—we highlight the challenges 
scientists and urban planners faced when 
considering highly contextual information 
with global change models.2 The cases high-
light that negotiations among the participants 
reveals tensions and uncertainties within 
the ‘localisation’ process not resolvable by 
either science or politics alone. We argue that 
the frame of co-production—where technical 
issues are not divorced from their social sett-
ing and a plurality of participants engage in 
everything from problem-setting to decision-
making—can contribute to more scientifi cally 
legitimate and publicly accountable urban 
climate change policy-making (Betsill and 
Bulkeley 2006; Jasanoff 2004).

Localising Science and the 
Co-production of Knowledge

While environmental issues from climate 
change to desertifi cation to biodiversity are 
increasingly understood as global, planetary 
scientific assessments of these issues are 
encountering resistance from the reassertion 
of local knowledge claims and local iden-
tities (Jasanoff and Martello, 2004). For 
example, national governments and non-
governmental organisations participating 
in the Intergovernmental Panel on Climate 
Change (IPCC) assessments have made the 
local impacts of climate change, such as sea 
level rise on small island states and crop 
yields in the Great Plains of the US, a priority 
issue (Miller, 2004). This paper aims to build 
on recent work emphasising how municipal 
governments often integrate technical and 
policy issues at multiple scales when ad-
dressing global climate change (Bai, 2007; 
Bailey, 2007). Yet, as local, often place-based, 
knowledge is increasingly considered in 
global environmental assessments, a new set 
of analytical and political challenges have 
taken hold, such as how to design processes 
that incorporate a range of diverse actors, 
how to adjudicate confl icts over analytical 
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methodologies and different interpretations 
of evidence, and whether context-specifi c or 
universal intervention strategies ought to be 
pursued (Mitchell et al., 2006).

This paper argues that the notion of the 
‘co-production of knowledge’ offers a frame-
work both for understanding the confl icts 
involved in localising global science and for 
structuring analytical processes that can tap 
into the multiple kinds of expertise necessary 
for making prudent urban climate-change-
related policy decisions. Sheila Jasanoff 
(2004) suggests that co-production should 
be considered an emerging science policy 
framework that aims to question institu-
tionalised notions of expertise from the out-
set and hard demarcations between nature 
and society. The co-production idea suggests 
that science and technology are not ‘con-
taminated’ by input from social and political 
institutions and actors, but rather that science 
and technology should be understood as 
embedded in

social practices, identities, norms, conventions, 
discourses, instruments, and institutions — 
in short, in all the building blocks of what we 
term the social (Jasanoff, 2004, p. 3).

Co-production not only aims to bring the 
social back into science policy-making, but 
also to explore how this knowledge is applied, 
stabilised and institutionalised over time, and 
thus is a critique of the realist ideology that 
persistently separates the domains of nature, 
facts, objectivity and reason from those of 
culture, values, subjectivity and emotion in 
policy and politics more generally.

The frame of co-production aims to open 
up how authoritative technical knowledge is 
produced in society and gets stabilised and 
institutionalised over time, so that it becomes 
a ‘given’ or ‘taken-for-granted truth’. Co-
production also extends Habermas’ (1975) 
critical discussion of ‘decisionism’, or a model 
where policy processes are conceptualised as 
a series of completely unrelated decisions 

over issue meaning, authority and legitimacy, 
each one of which has no interaction with any 
other. Instead, co-production aims to prob-
lematise the origins and substance of the 
meanings of policy issues, who was included 
or left out of generating these meanings and 
builds on constructivist work in the social 
sciences highlighting that scientifi c legitim-
acy is simultaneously a social, political and 
material phenomenon, none of which can be 
disentangled from the others (Hacking, 1999). 
The notion of co-production also aims to 
extend analyses within the interpretive turn 
in the social sciences, particularly post-
structuralist frameworks, by highlighting 
the often-invisible role of knowledge, ex-
pertise, technical practices and material ob-
jects in shaping, sustaining, subverting or 
transforming relations of authority, particu-
larly those of the state (Scott, 1998).

Co-production as used here should not be 
viewed as a fully fl edged theory—claiming 
law-like consistency and predictive power—
but rather as an idiom, or a way of interpreting 
and accounting for complex phenomena to 
avoid the strategic deletions and omissions of 
most other approaches to understanding the 
role of the public and non-disciplinary actors 
in science policy (Jasanoff 2004, p. 3). For 
example, Hacking (1999) describes how the 
American legal and policy processes created 
new ‘social kinds’ of child abuse and ‘recov-
ery memory’ in response to specifi c cultural 
anxieties of the 1980s and, in the process, 
generated ‘objective’ evidence of these pheno-
mena. In another example of co-production, 
Evelyn Fox Keller (1985, p. 131) showed how 
concepts central to the practice of science, 
such as objectivity and disinterestedness, 
came to be gendered as masculine through 
centuries of rhetorical usage and that the con-
struction of the ‘laws of nature’ has polit-
ical origins. Thus, a central aim of the co-
productionist framework is to help clarify 
how power originates, where it gets lodged, 
who wields it, by what means and with what 
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effect within the complex network of science 
policy-making (Wynne, 2003).

Co-production also provides a framework 
for understanding assessment processes 
when the science under question is what 
Funtowicz and Ravetz (1993) have called 
‘post-normal’. When science is ‘normal’, or 
paradigmatic in the sense described by the 
philosopher of science Thomas Kuhn, in-
dependent review can help to ensure that re-
searchers are applying the standards of their 
fi eld rigorously, consistently and without bias 
or deception. In these circumstances, there is 
ordinarily little doubt who counts as a peer; 
peers are the recognised members of the sci-
entifi c specialty or sub-specialty within which 
normal science is conducted. Such peers share 
a common culture of scientifi c practice and a 
shared commitment to the goals and methods 
of inquiry in their fi eld.

However, as the following case studies high-
light, the science of climate change is inherently 
political, as facts are uncertain, values in dis-
pute, stakes high and decisions urgent—all 
characteristics of post-normal science. Under 
post normal science conditions, Funtowicz 
and Ravetz have called for an extension of the 
peer-review community, noting that

When problems lack neat solutions, when 
environmental and ethical aspects of the issues 
are prominent, when the phenomena them-
selves are ambiguous, and when all research 
techniques are open to methodological criti-
cism, then the debates on quality are not en-
hanced by the exclusion of all but the specialist 
researchers and offi cial experts. The extension 
of the peer community is then not merely an 
ethical or political act; it can possibly enrich the 
process of scientifi c investigation (Funtowicz and 
Ravetz, 1993, pp. 752–753; emphasis added).

The following cases explore how an extended 
peer review process struggled with issues 
of scientifi c credibility, local relevance and 
political legitimacy while attempting to 
co-produce an assessment of urban climate 
change and heat island mitigation strategies.

Urban Heat Islands and 
Climate Change

Temperature increases resulting from climate 
change are expected to disproportionately 
impact cities, exacerbating the phenomenon 
known as the urban heat island (UHI) ef-
fect. The UHI effect refers to elevated air 
temperatures in urbanised areas relative to 
surrounding rural areas. The UHI effect is 
suspected of warming urban areas 3.5–4.5°C 
more than surrounding rural areas and is 
expected to increase by approximately 1°C 
per decade (Voogt, 2002). The built environ-
ment, including buildings and roadways 
that absorb sunlight and re-radiate heat, 
combined with less vegetative cover to pro-
vide shade and hold cooling moisture, all 
contribute to cities being warmer and sus-
ceptible to dangerous heat events.

Global climate change may intensify urban 
heat islands with implications for local air 
quality, heat stress, morbidity, mortality and 
energy demand (Arnfi eld, 2003; Kalkstein 
and Green, 1997). Exposure to excessive 
heat kills more people each year in the US 
than deaths from all other weather-related 
events combined (MMWR, 2006). The 2003 
European heat wave is estimated to have 
resulted in 22 000–35 000 premature deaths 
that were concentrated among already so-
cially vulnerable populations, such as the 
poor and elderly (Schar and Jendritzky, 2004). 
Excessive heat events have emerged as a ser-
ious public health issue across Europe (Kovats 
and Ebi, 2006). In addition to mortality, 
hospital admissions due to serious illnesses, 
such as heat stroke, heat exhaustion, cardio-
vascular and respiratory problems, are a 
serious public health concern related to heat 
events (Semenza et al., 1999). Extreme heat 
events tend to impact disproportionately the 
urban poor, elderly and infi rm—all popu-
lations that tend to lack the economic means 
and social support systems necessary to 
avoid the adverse health impacts associated 
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it is one of the few regional climate models 
that allow for complex topography inputs 
and outputs at fi ne geographical resolutions, 
both important features for urban climate 
modelling (Rosenzweig et al., 2006, p. 35). The 
analysis used observed meteorological data 
and remotely sensed satellite data from three 
heat waves5 during August 2002—the hottest 
month on record in NYC—and these data were 
used to evaluate three mitigation scenarios 
selected by the research team and based on a 
review of the UHI literature: planting trees 
in open spaces or along streets; blanketing 
rooftops with vegetation (living roofs/green 
roofs); and, increasing the reflectivity of 
built surfaces (Rosenzweig et al., 2006, p. 23; 
Akbari et al., 1992). Tree planting was se-
lected for heat mitigation because tree can-
opies shade built surfaces and also cool 
the air through evapotranspiration (Taha, 
1997). Living or green roofs were selected 
because they can cool the roof surface of a 
building through evaporation from soil media 
and transpiration from plants, reducing air 
temperatures above the roof which then mix 
with adjacent air to cool the entire surround-
ing area (Davis et al., 1992). A living roof can 
also reduce building energy demand by de-
creasing the amount of solar energy that is 
conducted into a building and improve the 
quality of stormwater runoff. In cities like 
New York that have limited space for street-
level planting, the NYCRHII team suspected 
that living roofs could provide additional area 
for introducing cooling vegetation into the 
urban environment (personal communi-
cation, C. Rosenzweig, NYCRHII principal 
investigator, 2006). Surface lightening in-
cludes mixing lighter-coloured aggregate 
into asphalt, typically on streets and rooftops. 
While urban areas typically have large areas 
available for surface lightening, light-coloured 
surfaces are diffi cult to keep clean and may 
lose up to one-third of their refl ectivity in a 
few years due to staining, weathering and soot 
deposition (Bretz and Pon, 1994).

with extreme heat (Klinenberg, 2002). In the 
New York City region, Knowlton et al. (2004) 
estimate that climate-change-related heat 
events and air pollution will disproportion-
ately increase mortality among the poor.

Modelling Urban Climate Change 
in New York City

The New York City Regional Heat Island 
Initiative (NYCRHII) is a partnership between 
federal government scientists, academic 
researchers, state and local governments. The 
New York State Energy Research and De-
velopment Authority (NYSERDA), a public 
benefi t corporation that funds research into 
energy supply and effi ciency, as well as energy-
related environmental issues in New York 
State, sponsored an effort in 2004 that aimed 
to combine modelling of urban climate in 
NYC with an evaluation of cost-effective UHI 
mitigation strategies (Rosenzweig et al., 2006). 
A research team consisting of the Columbia 
University Center for Climate Systems 
Research, the federal National Aeronautics 
and Space Administration (NASA)/Goddard 
Institute for Space Studies, the Hunter 
College—City University of New York (CUNY) 
Geography Department and SAIC, a scien-
tifi c consulting fi rm based in Albany, New 
York, was formed along with an Advisory 
Committee consisting primarily of local, 
state and federal agencies.3 The research 
team was charged with modelling micro-
climate variation across the city and working 
with the Advisory Committee to generate 
heat island mitigation strategies that would 
provide the greatest cooling at the lowest 
economic cost city-wide and within six neigh-
bourhood study areas (See Figure 1; also 
Rosenzweig et al., 2006, pp. s-1–s-2).4

The Penn State/NCAR Mesoscale Model 
(MM5), a regional climate model, was used to 
evaluate a range of potential mitigation strat-
egies selected collaboratively by researchers 
and advisors. The MM5 was selected because 
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Figure 1. New York City Regional Heat Island Initiative, neighbourhood study areas (Scale: in km)

Modelling Micro-scale 
Temperature in New York City

Scientists with the NYCRHII combined 
temperature readings derived from weather 
stations across the metropolitan region and 
those remotely sensed with land use data 
known to alter temperature, including re-
fl ectivity of surfaces (albedo) and vegetation 
density. The climate modelling required the 
team to understand and predict the be-
haviour of the Earth’s climate system while 
incorporating local land use data. One of the 
fi rst challenges the NYCRHII research team 

encountered was how to downscale the 
MM5 regional climate model to the urban 
neighbourhood, specifi cally the census block, 
and generate a near-surface air temperature 
that adequately refl ected the contribution 
of local surface heating, not just regional 
meteorology. This required specifying vari-
ables at a modelling resolution of 1.3 km, 
rather than the 4 km or greater resolution at 
which MM5 is normally calculated, and in-
corporating high-resolution land use data 
(personal communication, L. Parshall, 
NYCRHII project director, 2006).
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The climate modellers saw this ‘localisa-
tion challenge’ not as a constraint, but “as an 
opportunity to innovate with new modeling 
techniques and data inputs” (personal com-
munication, C. Rosenzweig, 2006). The mod-
ellers used vegetation and albedo (surface 
refl ectivity) calculations in their model de-
rived from satellite imagery. Yet, controversy 
arose after initial model predictions sug-
gested that the UHI mitigation scenarios—
including tree planting, lightening surfaces 
and green or living roofs—would not signifi -
cantly reduce local temperatures during an 
urban heat wave. For example, the initial 
MM5 model calculations predicted potential 
temperature reductions of approximately 
0.1ºC for each individual mitigation stra-
tegy if implemented in half the available 
area for these interventions and twice that if 
implemented in 100 per cent of the available 
area (6 July 2005 draft report).

The initial temperature estimates predicted 
by the modelling team were presented to the 
Advisory Committee in August 2005 for their 
review. One committee member questioned 
why the NYCRHII results contrasted so ra-
dically with a 2002 report by the North East 
State Foresters’ Association that found near-
surface air temperature reductions of up to 
1ºC when trees were added to all available 
open space in NYC (Luley and Bond, 2002). 
The NYCRHII research team had not re-
viewed this study and agreed with the senti-
ment of the local policy-makers that the MM5 
model results might need to be re-evaluated 
(18 August 2005, e-mail). According to one 
municipal planner, the low results suggested 
that the project needed a better strategy for 
communicating

that this is a climate modeling effort on a 
regional basis complicated by enormously 
complex urban land use, building and street 
geometry, as well as dynamic drivers like wind, 
rivers, and ocean effects [and] as a modeling 
effort includes considerable uncertainties 
(22 August 2005, e-mail). 

More specifi cally, local city and environmental 
planners questioned whether the modelling 
team had properly represented New York 
City’s built environment.

Locating Global Science

A key debate between the modelling team 
and the Advisory Committee was how best 
to capture the near-surface temperature, or 
the temperature at 2 metres above the ground 
in the human breathing zone, rather than just 
the surface temperature. In the MM5 model, 
features such as buildings, grass and trees that 
vary in height are ‘fl attened’ onto the surface 
layer and a surface temperature is calculated. 
The near-surface temperature is estimated as 
the difference between the modelled surface 
temperature and temperatures estimated 
at higher elevations using infrared satellite 
imagery (Rosenzweig et al., 2006).

The city planners on the Advisory Committee 
suggested that readily available land use 
data might act as additional, perhaps more 
accurate, inputs than the satellite imagery 
and might help to ensure that temperature 
estimates captured the city’s complex built en-
vironment (August 2005, meeting minutes). 
The planners emphasised that an additional 
set of physical and demographic data might 
help the model more accurately to predict 
near-surface temperatures. These data in-
cluded roadway density, building age and 
size, population density, housing density and 
locations of electrical generators. According 
to one urban planner at the August 2005 
Advisory Committee meeting

There has to be a better way to capture micro-
scale temperature variation than satellite 
data. Our department maps over twenty land 
use categories by every tax parcel in the city. 
We might differentiate each of these by the 
intensity of energy used. This could be factored 
using population and worker density, so that 
the greater the density of people, the more 
energy used and heat generated. We also know 
the size and pollution outputs of boilers in 
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large buildings. Why not add all this to the 
micro-temperature model estimates?

The city planners and the climate modellers 
debated whether and how such micro-scale 
data could be used in a regional climate model, 
but agreed to work together to assign energy 
use constants (in units of KBtu/ft2) to each of 
New York City’s 24 land use categories, using 
values published by the US Department of 
Energy’s Energy Information Administration 
(US DOE, 1999). The modellers agreed to 
rescale the model for a second time and recal-
culate temperatures across a 10-metre-square 
grid, rather than the 1.6-km grid used in the 
fi rst model calculations. According to one 
member of the climate modelling team

As we reduced the scale of the temperature 
model, we felt like we were losing accuracy 
because the major meteorological conditions 
that infl uence temperature do not generally 
change from one city block to another. How-
ever, including very localized land use and 
population data made sense to planners who 
perform land use analyses and make related 
decisions at that scale everyday. I doubt the 
methodology we all agreed to would be ac-
cepted in the climate modeling community, 
but it seemed to make sense in New York City.

While the new collaborative effort between 
urban planners and scientists eventually pro-
duced a new set of land use inputs that altered 
the climate modellers’ original assumptions, 
some members of the research team were 
reluctant to work with “policy people” who, 
in the modeller’s view, “needed to be taught 
some science” (personal communication, 
L. Parshall, 2006). However, other members 
of the NYCRHII research team were more 
open to the non-scientist’s input, especially 
after the initial modelling results showed 
very little temperature variations. One of 
the directors of the research team, Cynthia 
Rosenzweig suggested that the researchers

could have given more attention to how 
local land use conditions might impact the 

2-meter air temperature and that our initial 
assumptions likely missed very localized, 
perhaps acute, effects of the built and social 
environments (personal communication, 
C. Rosenzweig, 2006).

By October 2005, only three months after 
the 6 July report fi rst suggested limited tem-
perature variations, the NYCRHII team issued 
a second draft report that stated

Because the 2-meter air temperatures cal-
culated with MM5 do not capture the full 
effect of New York City’s highly heterogeneous 
surfaces on the city’s heat island, a weighted 
average of MM5 calculated surface and 
2-meter air temperatures, along with heat con-
tributions estimated from land use features, 
was calculated to better represent New York 
City’s near-surface air temperature.

This localisation of global science occurred 
largely because planners did not view the ori-
ginal NYCRHII model outputs as consistent 
with their understanding of the likely impact 
of the local built environment on micro-scale 
temperatures. Using the new land use inputs 
to estimate the near-surface temperature, the 
UHI mitigation scenarios were recalculated 
for their temperature reduction potential 
(Table 1). The new results suggested that 
surface lightening had the greatest potential 
to reduce urban temperatures during a heat 
island event. This fi nding stimulated more 
controversy between the climate modellers 
and local planners.

Making Global Science 
Accountable to local practice

When the October 2005 results were re-
viewed, members of the Advisory Committee 
again questioned whether the scientists 
had used locally accurate information. 
During the Advisory Committee meeting in 
November 2005, a representative from the 
NYC Department of Design and Construction 
(DDC), a city agency that permits and oversees 
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most large construction projects, did not 
believe that roadway and sidewalk surfaces 
could be lightened to raise their albedo to 
0.5—the assumption the modelling team had 
used to generate their new temperature re-
duction estimates of the three heat island 
mitigation scenarios. An albedo of 0.5 sug-
gests that 50 per cent of incident solar radia-
tion is refl ected and surfaces with a higher 
albedo tend to be cooler than those with a 
lower albedo. According to the DDC, most 
surfaces in New York City had an albedo 
of approximately 0.15, meaning that only 
15 per cent of incident solar radiation is re-
fl ected, and the agency estimated that using 
commercially available light-coloured pav-
ing materials could raise city-wide albedo 
to approximately 0.2 (meeting minutes, 
November 2005).

The NYC Department of Transportation 
(DOT) also questioned whether the modelling 
team had an accurate sense of local roadway 
paving practices and costs. According to a 
representative of the DOT

Supplies of the proven and accepted choice 
(quartz) for light colored aggregate (LCA) are 
locally available from LI [Long Island] sources 
and there are also some NJ sources eager to 
supply new or scaled up demands as needed … 

as far as White binders, we found costs, dur-
ability, logistics and maintenance issues make 
the product unsatisfactory at this point. We 
have tried it in particular locations to identify 
turning lanes etc. Costs were in the hundreds 
of dollars per ton as opposed to the tens of 
dollars per ton for standard practice.Pre-
mature wear, potholes and logistics of spot 
maintenance—meaning that this material 
requires different equipment than our normal 
operations—will all increase the costs of light 
pavement (30 November 2005, e-mail message).

Advisory Committee members raised issues 
of construction practice and costs that mod-
ellers did not consider. While the initial 
controversies over temperature modelling 
focused on whether scientists had adequately 
captured the local built environment, this 
challenge focused on whether researchers 
had seriously considered whether and how 
agency practices and economic decisions 
might alter model assumptions (personal 
communication, L. Parshall, 2006). Since 
these internal agency decisions are often 
tacit and invisible to the outsider, climate 
modellers would not be expected to know 
these details and, without an institutionalised 
forum like the Advisory Committee, these 
practice details would never have surfaced. 

Table 1. Modelled temperature reductions from mitigation scenarios before (July 2005) and 
after (October 2005) local planner input

Urban heat island mitigation scenarios

Street trees (ºF) Green (living) roofs (ºF) Lightening surfaces (ºF)

Case study area July 2005 October 2005 July 2005 October 2005 July 2005 October 2005

New York City –0.2 –0.6 –0.2 –0.4 –0.5 –1.3
Mid-Manhattan West –0.4 –0.9 –0.3 –1.1 –0.5 –1.7
Lower Manhattan East –0.4 –1.0 –0.3 –0.9 –0.6  –1.6
Fordham, Bronx –0.2 –0.7 –0.2 –0.5 –0.5 –1.3
Maspeth, Queens –0.2 –0.6 –0.2 –0.5 –0.5 –1.1
Crown Heights, 

Brooklyn
–0.2 –0.9 –0.3 –0.7 –0.5 –1.4

Ocean Parkway, 
Brooklyn

–0.2 –0.8 –0.2 –0.7 –0.5 –1.5
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However, this type of information can have a 
signifi cant infl uence on whether a particular 
policy strategy will be viewed as legitimate 
and politically accountable for street-level 
bureaucrats (Lipsky, 1976)—or those local 
actors and institutions that are charged with 
implementing policy directives.

Advisory Committee members also raised 
concerns that the modelling effort ought to 
be consistent with emerging policy objectives 
of New York City’s Mayor, Michael Bloomberg, 
who was positioning the city to be a global 
leader in addressing climate change and sus-
tainability planning. The mayor’s advisors 
had begun formulating a set of possible 
strategies to address climate change through 
readily available technologies independent 
of administrative agencies (New York City 
Mayor’s Offi ce, 2006). One member of the 
Advisory Committee noted that the UHI 
mitigation project could be deemed irrele-
vant by the mayor if the NYCRHII team failed 
to take the executive policy developments 
into account

The City Council is considering a cool roofi ng 
bill, which, if passed, will need to be approved 
by the Mayor. There is also a Mayor’s Task 
Force on Sustainability that is looking at 
Heat Island reduction strategies such as more 
trees and lighter pavements. The decision-
makers in these processes are very interested 
in demonstrable cost-effectiveness of all sus-
tainable strategies, and they are likely to come 
across this report. So we need to be careful that 
we don’t present something that can be mis-
construed in the context of the City’s decision-
making process (10 November 2005 e-mail).

Concerns over the policy relevance of the re-
search effort combined with the specifi c albedo 
suggestions offered by the DDC and DOT to 
revise the model for a third time. In the third 
iteration, new parameters for albedo and sur-
face lightening were used. The revised results 
now suggested that surface lightening was less 
attractive than street tree planting as a UHI 
mitigation strategy.

Policy Commitments and the 
Distribution of Benefi ts

As the optimal UHI mitigation scenario 
shifted to tree planting, the NYC Department 
of Parks and Recreation (Parks Department) 
began to contribute more strongly during 
peer review meetings. The Parks Department 
expressed concern that the modellers had 
overestimated the available area for planting 
street trees and thus the cooling potential 
of the intervention. The Parks Department 
representative to the Advisory Committee 
wrote to the group

Folks, I am not yet comfortable with the ana-
lytical method used to calculate the max-
imum growing area for street trees … I would 
hate for the street tree numbers to not refl ect 
the actual maximum area they are physically 
able to occupy (which is far less than described 
above [in the report]); this would throw the 
whole model off, as well as the recommenda-
tions derived from it (28 November 2005, 
e-mail message).

The Parks Department was reacting to the pro-
cess the modelling team used to estimate the 
available area for street tree planting. The 
NYCRHII team constructed an estimate of 
the available tree planting area using a GIS to 
create a 30-metre buffer around street seg-
ments and then estimated the number of trees 
that could be planted within this buffer based 
on standard tree canopy sizes (Rosenzweig 
et al., 2006). The modellers relied on their own 
method and did not use the Parks Depart-
ment’s Street Tree Inventory database, which 
was generated annually using field visits 
and direct observation to identify existing 
trees and available areas for planting. The 
Parks Department suggested that the mod-
ellers, using their satellite imagery data 
and general assumptions about street tree 
canopy size, had greatly overestimated the 
available area for tree planting, possibly by 
as much as 100 per cent (November 2005, 
meeting minutes).
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After a series of meetings between the 
Parks Department and the spatial analysis 
team of the NYCRHII, agreement was 
reached to recalculate the available area for 
street trees using the Parks Department 
data as the primary input. The modellers 
agreed, after detailed presentations from the 
Parks Department about their street tree data 
and method for estimating available tree 
planting area, that the local data had val-
idity (12 December 2005 e-mail message). 
According to one member of the spatial 
analysis team

We had confidence in our methods since 
they had been validated for estimating street 
tree planting area in other cities, but Parks 
[Department] made a convincing case that 
local knowledge mattered more than a model 
validated somewhere else. I mean, it was 
hard to argue with someone that had actually 
walked the streets, took measurements and 
tracked this information over time. In the 
absence of this level of local specifi city, I think 
we would have been more adamant about the 
effi cacy of our model.

Having a readily available dataset in a quan-
titative format that the spatial analysts could 
interpret clearly helped the local planners to 
make their case that local knowledge should 
be preferred to modelled estimates in this 
example. Yet, the scientists also trusted the 
process of local data collection—namely, fi eld 
surveys and measurements—and this trust 
contributed to the credibility of the Parks 
Department data in the eyes of the scientists. 
Using the new data, the NYCRHII scientists 
recalculated the available area for street tree 
planting and the result was that the potential 
planting area was reduced by as much as 
75 per cent. Since a reduction in the number 
of trees would result in less cooling potential 
from street tree planting, the mitigation 
strategy became less attractive to the Ad-
visory Committee.

By the time the fi nal NYCRHII report was 
issued in the summer of 2006, the wording of 

the conclusions referencing the three different 
mitigation scenarios refl ected the scientifi c 
uncertainty and political indeterminacy 
that had been raised during the analytical 
process. The NYCRHII fi nal report noted 
that “curbside planting, living roofs, and light 
roofs and surfaces have comparable cooling 
effects” but that “light surfaces required an 
area many times greater than the area for 
street trees needed to achieve comparable 
cooling” making this intervention less cost-
effective than street tree planting (Rosenzweig 
et al., 2006, p. S-8). Despite the ambiguity of 
the analyses, a street tree planting pilot project 
was initiated in the Fordham/South Bronx 
sub-study area and the NYCRHII was charged 
with monitoring the temperature impacts 
from this pilot intervention.

The tree planting project, called the ‘Green-
ing the Bronx Initiative’, included participants 
from the NYCRHII modelling team and 
Advisory Committee as well as community-
based organisations from the Bronx concerned 
with environmental health and justice 
(personal communication, L. Parshall, 2006). 
In this new collaborative effort, researchers 
and community activists were to survey 
neighbourhoods for available tree planting 
areas, gather regular temperature data and 
track the health of newly planted trees. The 
partners were also charged with evaluating 
the impacts of the project on energy demand 
and local temperature and reporting back 
to NYSERDA with ‘lessons learned’ for a 
city-wide UHI mitigation strategy (personal 
communication, C. Rosenzweig, 2006).

City Planning and Climate Change: 
Co-producing Science Policy

As these cases suggest, both local planners 
and global scientists have important ex-
pertise to offer the process of localising global 
climate science for urban policy and neither 
the local nor the global ought to be an a 
priori privileged form of knowledge. In other 
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words, the localisation process demands that 
scientifi c ‘facts’ are things whose status needs 
to be explained rather than taken for granted. 
When climate modelling encounters the 
complex and contentious built and political 
environments of cities, disagreements over 
the legitimacy of technical analyses, the 
appropriate kinds of ‘expertise’ for making 
regulatory science and the extent and breadth 
of political accountability are all likely to be 
the norm, rather than the exception. The co-
production framework can offer city planners 
and climate scientists a way to move forward 
in such contentious policy situations.

The examples presented here highlight 
that the localisation of climate science for 
UHI mitigation is ‘post-normal’ regulatory 
science—or science that demands timely 
answers to pressing but uncertain policy ques-
tions. Research science, on the other hand, 
generally operates under no comparable time 
pressures; in principle, it can wait indefi n-
itely to produce results. Accordingly, the 
meanings of reliability and legitimacy are 
different for regulatory and research science. 
The reliability of regulatory science cannot 
and should not necessarily be measured ac-
cording to the same criteria as the reliability 
of research science.

The NYCRHII process also revealed de-
tails about the substance and methods of 
‘extended peer review’. Differently situated 
participants on the Advisory Committee 
not only highlighted data relevant to mod-
elling the urban context that ‘outside’ re-
searchers missed, they also suggested that 
co-producing legitimate regulatory science 
required attention to the social and political 
landscape for making recommendations. 
In contentious policy environments, early 
and on-going ‘extended peer review’—using 
multiple modes of interaction from face-
to-face deliberations to e-mail exchanges to 
comments on draft documents—rather than 
a single, end-of-pipe review process that is 
more typical of scientifi c review processes, 

can help to adjudicate confl icts. Adversarial 
science and policy disputes might be avoided, 
or at least minimised, if more agreement 
between scientists and urban planners can 
be negotiated before and during the research 
process, rather than waiting until conclusive 
reports are issued.

More fundamentally, the cases offered here 
suggest that trust is essential for legitimate 
and accountable regulatory science and that 
it is often generated through deliberation and 
collaborative problem-solving—it is not 
something based solely on the cognitive con-
tent under consideration or the institutional 
affi liation of scientists. As Wynne notes, in a 
discussion of scientifi c understandings

Trust and credibility are themselves analy-
tically derivative of social relations and 
identity-negotiation … they too should not be 
treated as if they have an objective existence 
which can be unambiguously measured and 
manipulated (Wynne, 1996, p. 42).

Thus, building trust between different stake-
holders is a central feature of credible regu-
latory science, particularly when the uncertain 
science of climate change modelling is applied 
to contentious, and often ill-defi ned, urban 
environmental governance processes.

While the NYCRHII did not devise a com-
prehensive city-wide UHI mitigation strategy, 
the Bronx pilot project extended the peer 
review community even further by including 
public stakeholders in the intervention and 
evaluation process. This pilot project refl ects 
the kind of contingent policy outcomes 
that may become the norm, rather than the 
exception, in post-normal science. Contingent 
interventions are common under adaptive 
ecosystem management regimes—such as 
those used for watershed and habitat conser-
vation planning—where public, collaborative 
processes engage a range of stakeholders to 
make timely decisions that are open to re-
vision as new learning occurs (Weber, 2003). 
Instead of one-size-fits-all rules, adaptive 



 CITIES AND CLIMATE CHANGE  425

management regimes are designed to adjust 
regularly interventions over time as new 
technologies emerge and continuous moni-
toring reveals how actual conditions are 
changing (Fung, 2004).

As these cases have shown, localising 
global climate science for urban policy-
making demands an extended peer review 
process that can co-produce policy-relevant 
information. More generally, co-production 
offers a framework for regulatory science, or 
science policy that: crosses disciplinary lines; 
enters into previously unknown investigative 
territories; requires the deployment of new 
methods, instruments, protocols and experi-
mental systems; and, involves politically 
sensitive processes and results.

These characteristics make the science 
of localisation ‘post-normal’ and the iden-
tification of independent, objective peers 
both difficult and controversial. This call 
for ‘democratising’ the science policy review 
process is not new, as the US National Research 
Council determined in a landmark 1996 
report that the quality of risk information dis-
seminated by federal regulators will be im-
proved if the risk analytical process develops 
through coupled procedures of analysis 
and deliberation and recommended wide 
stakeholder participation in the develop-
ment and critique of regulatory science (Stern 
and Fineberg, 1996). Thus, urban planners 
grappling with the new challenge of localis-
ing global science ought to draw from over a 
decade of lessons and policy experiments in 
the democratisation of science policy-making, 
including participatory processes such as ‘sci-
ence shops’ and ‘consensus conferences’ used 
in Europe and the US (Fischer et al., 2004; 
Wachelder, 2003).

As an emerging analytical and policy domain, 
urban climate change policy represents a 
series of challenges for both scientists and 
city planners. Uncertain science coupled with 
heterogeneous policy contexts demands a new 
conceptual approach and normative process 

that can account for the challenges of localising 
the global while retaining technical legitimacy 
and building political accountability. The co-
production frame offers one such analytical 
and normative approach. As urban policy-
makers are increasingly asked to generate 
policy responses to mitigate climate change, 
decision-makers must learn simultaneously 
to ascertain emerging facts about the natural 
world and to confront issues of social authority 
and credibility, so that ‘doing science’ merges 
with ‘doing politics.’

Notes

1. The advisory committee consisted of the fol-
lowing agencies and organisations: United 
States Department of Agriculture Forest Service; 
New York Energy Consumers Council, Inc.; 
New York City Mayor’s Offi ce of Environ-
mental Co-ordination; Sustainable Energy 
Partnerships; New York City Department of 
Design and Construction; United States Envir-
onmental Protection Agency—Region II; 
New York City Department of Parks and Re-
creation; Consolidated Edison Company of 
New York; Environmental Energy Alliance 
of New York; New York City Department of 
City Planning; New York State Department 
of Environmental Conservation.

2. Throughout the cases, we note where informa-
tion was gleaned but protect confi dentiality 
of participants by not attributing comments, 
e-mails or internal notes to any specifi c people 
since we used internal confi dential interviews, 
e-mails and notes to help reconstruct the cases 
examined here.

3. Advisory Committee members included: 
Matthew Hudson Arnn, United States Depart-
ment of Agriculture Forest Service; David F. 
Bomke, New York Energy Consumers Council, 
Inc.; John Dickinson, New York City Mayor’s 
Offi ce of Environmental Co-ordination; Adam 
W. Hinge, Sustainable Energy Partnerships; 
Laurie Kerr, New York City Department of 
Design and Construction; Edward J. Linky, 
United States Environmental Protection 
Agency—Region II; Jacqueline Lu, New York 
City Department of Parks and Recreation; 
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Joseph Madia, Consolidated Edison Company 
of New York; Sandra Meier, Environmental 
Energy Alliance of New York; Stephen A. 
Pertusiello, Consolidated Edison Company 
of New York; Nicole Rodriguez, New York 
City Department of City Planning; Gopal 
Sistla, New York State Department of Environ-
mental Conservation; Megan Sheremata, 
New York State Department of Environ-
mental Conservation; Fiona Watt, New York 
City Department of Parks and Recreation; 
Michael Weil, City of New York Department 
of City Planning; Eva Wong, United States 
Environmental Protection Agency.

4. The six neighbourhood study areas (Figure 1) 
were selected for their geographical and demo-
graphic variability and comprised: Mid-
Manhattan West; Lower Manhattan East; 
Fordham in the Bronx; Maspeth, Queens; 
Crown Heights, Brooklyn; and, Ocean Parkway, 
Brooklyn.

5. A heat wave period is defi ned as at least three 
consecutive days with maximum temperatures 
above 90ºF (32.2ºC).
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