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Several  studies  have  assessed  air  pollution  risks  to guide  environmental  and  public  health  policies.  How-
ever,  most  studies  have  proposed  risk  management  actions  that  address  a  specific  situation.  To  our
knowledge,  no  studies  have investigated  the  spatial  distribution  of  risks  to  evaluate  alternatives  for
environmental  public  policies.  Therefore,  this  study  had  two  specific  aims.  The  first  was  to  map  human
exposures  to emissions  from  air  pollution  sources  in  the  Federal  District,  Brazil.  The  second  was  to  create
and  map  the  alternatives  for public  policies  related  to human  exposures.  For  this  study,  we  used  the  fol-
lowing  approaches:  techniques  in  Geographic  Information  System  (GIS);  multicriteria  model  –  Analytic
Hierarchy  Process  (AHP);  and, Fuzzy  logic.  Our  findings  suggest  that vehicle  traffic  control  and  public
transportation  development  are  the  most  effective  alternatives  with  weights  equal  to 0.318  and  0.332,
ir pollution sources
ublic policy
ecision-making

respectively.  The  estimated  weights  for  land  use management  and  new  green areas  are  equal  to 0.179  and
0.171,  respectively.  Vehicle  traffic,  population  density,  illegal  urban  settlements,  economic  activities  and
daily flux  of  people  (origin  and  destination)  were  the main  factors  determining  the  spatial  distribution
of  each  alternative.  This  proposed  analytical  framework  may  be  of interest  to policy  makers  seeking  to
minimize  costs  for designing  and  evaluating  effective  public  policies.

© 2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Air pollution is a serious public health problem worldwide. In
010, it was responsible for 3.3 million premature deaths globally
Lelieveld et al., 2015). Specifically exposure to Particulate Matter
PM2.5) contributes to approximately 2 million premature deaths
er year, ranking it as the 13th leading cause of worldwide mortal-

ty (Lozano et al., 2012).
Several studies have assessed air pollution related risks to guide

nvironmental and public health policies (Bind et al., 2015; Lee
t al., 2012; Lin et al., 2013; Pereira et al., 2014; Réquia Júnior et al.,

015a; Valdés et al., 2012). Risk-based decision-making can gener-
te more efficient and consistent public policies (Tran et al., 2002;
lachokostas et al., 2009; Yerramilli et al., 2011). However, studies

∗ Corresponding author.
E-mail addresses: weeberb@gmail.com (W.J. Requia), roig@unb.br

H.L. Roig), petros@hsph.harvard.edu (P. Koutrakis), mariasilvia.semadf@gmail.com
M.S. Rossi).

ttp://dx.doi.org/10.1016/j.landusepol.2016.09.017
264-8377/© 2016 Elsevier Ltd. All rights reserved.
have only suggested types of risk management actions necessary
to address a given exposure problem situation. To our knowledge,
there are no studies that have shown the spatial distribution of the
specific alternatives for public policy decision making related to
risk assessment.

According to Berry (1993) and Mitchell (1999), geographical
mapping of proposed element (e.g., alternatives for public policy)
is a potential tool to identify priority areas, to monitor conditions
on the ground, to calculate temporal changes and to compare pop-
ulations. The conceptual mapping of alternatives for public policy
makes it much easier to communicate to potentially affected people
and governmental agencies (Bateman et al., 2013).

Our study had two aims. The first was to map  human exposure
from air pollution sources in the Federal District. The second was
to create and map  alternatives for public policy decision making
related to human exposures.
This study arose from the exchange of ideas with the Environ-
mental Agency in the Federal District. The Environmental Agency is
developing the Ecological-economic zoning (EEZ) based on several

dx.doi.org/10.1016/j.landusepol.2016.09.017
http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.landusepol.2016.09.017&domain=pdf
mailto:weeberb@gmail.com
mailto:roig@unb.br
mailto:petros@hsph.harvard.edu
mailto:mariasilvia.semadf@gmail.com
dx.doi.org/10.1016/j.landusepol.2016.09.017


3 Use Po

p
r
m
p
e

2

2

w
t
0
L
o
p

a
l
r
t
2
e
2
t
d

1
l
T
p
r
c
s
c
J
p

2

r
s
a
a
t
t
y
m
a
t
w
s
t

T
e

p
p
s
e
v

76 W.J. Requia et al. / Land 

ieces of information, one of them are the findings from previous
esearches (Réquia Júnior et al., 2015a,b,c). However, the Environ-
ental Agency in the Federal District does not has a guide for public

olicy decision making related to spatial variation of the human
xposure.

. Materials and methods

.1. Study area

The study area was the state of Federal District (FD), Brazil,
hich has 2.8 million inhabitants in 5802 km2. The FD is located in

he center west of Brazil, between the parallels of 15◦ 30′ and 16◦

3′ South Latitude and the meridians of 47◦ 25′ and 48◦ 12′ West
ongitude. The area of FD is divided into 31 administrative regions
f which one of them is Brasilia, Brazil’s capital (IBGE, 2013). Fig. 1
resents the FD and its 31 administrative regions.

The FD faces several challenges. Two of them are urban growth
nd air pollution. Effective public policy addressing these chal-
enges would improve quality of life among the FD population and
educe economic cost to government. Several studies have shown
he relationship between urban growth and air quality (Cervero
013; Réquia Júnior et al., 2015b,c; Torres et al., 2007), and the
conomic value of deaths and diseases due to air pollution (Davis,
012; Shah et al., 2013). In short, the economic values corresponds
o the amount societies are willing to pay to avoid these deaths and
iseases with necessary interventions.

The FD is the fourth most populous state in Brazil. Over the last
5 years, the FD urban area became30% bigger. By 2030, FD popu-

ation is expected to surpass 3.7 million inhabitants (IBGE, 2013).
he FD has approximately 1.6 million vehicles, a rate of 0.6 vehicles
er inhabitant, ranking it as the 5th Brazilian state with the higher
ate (IBGE, 2013). Over the last 5 years, 15,000 people died due to
ardiorespiratory diseases in the FD (Datasus, 2015). Studies have
hown that in the FD air pollution is associated with an increase in
ardiorespiratory diseases (Réquia Júnior and Abreu, 2011; Réquia
únioret al., 2015b) and vehicle traffic is a significant source of air
ollution (Réquia Júnior et al., 2015a,c).

.2. Study design and data

This study was performed in nine stages. Stages 1 through 4
efer to the first aim (to map  human exposure from air pollution
ources) and stages 5 through 9 refer to the second aim (to cre-
te and map  alternatives for public policy decision-making related
ir pollutant emissions). These stages were as follows: i) define
he hierarchical network; ii) develop a spatial multicriteria model
o generate weights for risk maps; iii) perform sensitivity anal-
sis for the estimated weights; iv) apply GIS techniques for risk
aps consolidation; v) definition of the alternatives; vi) include the

lternatives in the hierarchical network, which was  established on
he stage 1; vii) use a spatial multicriteria model to generate the
eights only for the alternatives; viii) perform sensitivity analy-

is for the weights, considering the alternatives, and; ix) apply GIS
echniques for public policy maps consolidation (Fig. 2).

We used one input data to represent human exposures (Fig. 2).
his data results from previous study in the Federal District (Requia
t al., 2016).

The human exposure data refer to 9 risk maps of cardiores-
iratory disease prevalence in the FD. Each map  represents one

redictor variable, which was identified by Requia et al. (2016) as
ignificantly associated with an increase in cardiorespiratory dis-
ase. The variables were: highways, streets/avenues, wildfires, light
ehicles, motorcycles, heavy vehicles, commercial areas, industry
licy 59 (2016) 375–385

areas and exposed soil. Appendix B presents the description of all
9 variables and Appendix C presents the risk maps.

2.3. Hierarchical network (Stage 1)

The hierarchical network characterizes the conceptual model,
which is needed for most multi-criteria models. The goal of our
conceptual model was  to create a map  that depicts air pollutant
exposures in the FD. We  established the hierarchical network using
nine-predictor variables, which were associated with an increase
in cardiorespiratory morbidity (as shown in Appendix C).

We defined two  primary criteria: transport; land use and other
sources. Fig. 3 shows the complete hierarchical network.

2.4. Spatial multi-criteria model (Stage 2)

We  used a multi-criteria decision-making (MCDM) approach to
generate weights for risk maps. According to Gwo-Hshiung and
Huang (2011), a MCDM is represented by various methods such
as Elimination et Choix Traduisant la Réalité (ELECTRE), Preference
Ranking Organization Method for Enrichment Evaluations (PROM-
ETEE), Simple Additive Weighting, and Analytic Hierarchy Process
(AHP). Among these possibilities, we choose the AHP.

The AHP method was  developed by Saaty (1980) and has been
frequently used in environmental studies (Fontana et al., 2013;
Greening and Bernow, 2004; Tran et al., 2002). It is considered one
of the best approaches of MCDM,  because it is flexible because and
it enables us to make decisions by combining judgment and per-
sonal values in a pairwise comparison. In addition, it can be used
to decompose a complex decision-making problem into numerous
simple sub problems (hierarchy network). It is a process for identi-
fying, understanding, and assessing the interactions of a system as
a whole. In summary, the advantages of AHP are as follows: it is a
flexible model for a wide range of unstructured problems; it does
not rely on consensus but synthesizes a representative outcome
from different judgments, and; it provides a scale for measuring
intangibles and a method for establishing priorities (Saaty, 1980).

Therefore, after defining the hierarchy network in Stage 1, we
used AHP to assign the weights in a stratified fashion by obeying
each level of the hierarchy that was established. The agents of FD
Environmental Agency established the weights. One of the agents
was the Assistant Administrator of the Agency. This local agency is
one of the main stakeholders in the decision-making to reduce air
pollution risks.

According to Saaty (1980) the weight scale varies from 1 to 9,
with 1 = equal importance; 3 = weak importance; 5 = strong impor-
tance; 7 = very strong importance; 9 = maximal importance; and 2,
4, 6 and 8 representing intermediate importance. After assignment,
we modeled the importance values using matrix (A) shown in Eq.
(1).

A =

⎡
⎢⎢⎢⎢⎢⎢⎣

a11

...
ai1
...

an1

· · ·
. . .
· · ·
. . .

· · ·

a1j

...
aij
...

anj

· · ·
. . .
· · ·
. . .

· · ·

a1n

...
ain
...

ann

⎤
⎥⎥⎥⎥⎥⎥⎦

(1)

Where aij = �; aji = 1
˛ ; a is a joint comparison; and � is the assigned

importance value. We  calculated the matrix (A) by the auto valueVi,
as shown in Eq. (2).
Vi =

⎛
⎝

n∏
j=1

aij

⎞
⎠

1⁄n

(2)
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Fig. 1. Study area.

Fig. 2. Stages of the research.

archic

p
f

W

Fig. 3. Hier

Normalization of Eq. (2) generates the vector W,  which is the
riorities vector (it represents the relative importance attributed
or each criteria). We  calculated W using Eq. (3):

⎡
⎢

W1 = V1⁄
∑n

i=1Vi

V2
∑n

⎤
⎥

nx1 =
⎢⎢⎢⎣

W2 = ⁄ i=1Vi

W3 = V3⁄
∑n

i=1Vi

Wn = Vn⁄
∑n

i=1Vi

⎥⎥⎥⎦
(3)
al network.

The multiplication of the matrix (A) by the value for each
weighing W = (W1, W2, . . .,  Wn) generates the value Aw, which is
represented by Eq. (4).
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Table 1
Description of the alternatives for public policy.

Alternatives Description

LUM Public policy related to managing and controlling the use
and development of land, including built environment and
natural resources.

NGAIU Public policy related to creating of new green spaces intra
urban.

VTC Public policy related to managing and controlling the
number of vehicles, including congestion charge and toll.

PTD Public policy related to investment in public
transportation, including subways and buses
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 =

⎡
⎢⎢⎢⎢⎢⎣

W1/W1

.

.

.
Wi/W1

.

.

.

Wn/W1

· · ·
.
.
.

· · ·
.
.
.

. . .

W1/Wj

.

.

.
Wi/Wj

.

.

.
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.
.

· · ·
.
.
.

· · ·
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.

.
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.

.

.

Wn/Wn

⎤
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⎡
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W1

.

.

.
Wj

.

.

.

Wn

⎤
⎥⎥⎥⎥⎥⎦

= n

⎡
⎢⎢⎢⎢⎢⎣

W1

.

.

.
Wj

.

.

.

Wn

⎤
⎥⎥⎥⎥⎥⎦

= nW

(4)

The relation Aw = nW cannot be calculated directly. Instead,
aaty (1980) suggests the use of Eq. (5):

max = 1
n

(
W1

W1
+ W2

W2
+ . . . + Wn

Wn

)
(5)

Based on Eq. (5), we calculated the vector of priorities as shown
n Eq. (6).

w = �maxw (6)

The individual judgments from the agents of FD Environmental
gency were aggregated by calculating the geometric mean of all
ectors of priorities (Aw).

Saaty (1980) proposed a validation method for assigning
eights using Inconsistency Rate (IR) values, which is calculated

ased on properties of reciprocal matrices. According to the author,
R should not exceed 0.10. Values lower than 0.10 indicate rational
ogic in the judgment process.

Finally, to perform the process of judgment and attribute weight
alues, we used the Software Expert Choice version 3.01.

.5. Sensitivity analysis (Stages 3 and 8)

According to Saaty (1980), sensitivity analysis in AHP is a step to
est the responsiveness or sensitivity of the outcome of a decision
o changes in the priorities of the major criteria of the problem. It
s a test to check whether a small change in weights will affect the
esults. If so, it would have little effectiveness for the formation of
n effective policy.

In this study, we performed sensitivity analysis for the pri-
ary criteria (transport and land use/other sources) and we  used
umerical Incremental Analysis (NIA). This approach works by

ncrementally changing one parameter at a time, calculating a new
olution, and presenting how the global ranking of criteria changes.
q. (7) shows the function used to perform the sensitivity analysis.

i = P
′′
i

− P
′
i

w
′′
i

− w
′
i

(
wi − w

′
i

)
+ P

′
i (7)

here P
′′
i

and P
′
i

are the priority values for w
′′
i

and w
′
i
, respectively.

inally, only one weight wi was changed at a time.

.6. GIS techniques for human exposure risk maps consolidation
Stage 4)

We  used GIS techniques to consolidate human exposure maps,
ncluding reclassify, map  algebra and filter.

Initially, we applied the reclassify tool for all maps presented in
ppendix C. We  defined for all maps 10 classes using the quan-

ile method. Then we applied the map  algebra tool in order to
verlay the maps. This tool was performed obeying the groups of
riteria and the hierarchical level, which we generated the final
uman exposure map  considering the last level (transport and

and use/other source). We  used the weights generated by the AHP

ethod (Stage 2) as coefficients to perform the map  algebra. Eq. (8)
as used to create the final human exposure map.

MHE = wtHEMt + wlHEMl (8)
Land use management (LUM), New green areas intra urban (NGAIU), Vehicle traffic
control (VFC), and Public transport development (PTD).

Where FMHE is the final map  for human exposure; wt and wl are
the weights for the criteria transport and land use/other sources,
respectively; HEMt is the human exposure map only for the criteria
transport; and HEMl is the human exposure map  only for the crite-
rion land use/other sources. We used the same logical process (GIS
techniques for the groups of criteria and observing the hierarchical
level the maps) to process the maps for HEMt and HEMl.

Finally, we  applied the filter tool for the final human exposure
map  in order to eliminate spurious data or enhance the depiction
of the data.

We  performed all GIS techniques in the software ArcGIS version
10.2 and we defined the raster grid with 10 × 10 m.

2.7. Alternatives for public policy (Stage 5) and its inclusion in the
hierarchical network (Stage 6)

The agents of the FD Environmental Agency defined the alter-
natives. We  asked them to define alternatives for public policy
decision making for reducing source emissions, considering the
current and future FD challenges. Four alternatives were defined: i)
land use management; ii) new green areas intra urban; iii) vehicle
traffic control, and; iv) public transportation development. Table 1
shows the description of each alternative.

Fig. 4 presents the alternatives included in the hierarchical net-
work. Note that the alternatives are related to all criteria defined
previously in the Stage 1.

2.8. Spatial multi-criteria model – complement the weights for
the alternatives (Stage 7)

We  estimated weights for the alternatives using the same
approach described for Stage 2. However, here the agents assigned
the values considering the alternatives for each criteria. For exam-
ple, the agents performed the judgment in order to answer the
following question: considering only the presence of highways as
air pollution source, what are the weights for each one of the four
alternatives for public policy, in order to minimize the human expo-
sure to air pollutants in the FD?

Finally, in order to establish a global value of each alternative and
for each criterion, we used Eq. (9), which is the next math procedure
following from Eq. (8):

V (a) =
n∑

j=1

Wjvj (a) (9)

Where V(a) is the global value; Wj is the importance relative to the
criteria j; V is the level of preference of the alternative for criterion
j

j, which
n∑

j=1

Wj = 1vj (a) , and 0 <Wj< 1 (j = 1,.  . .,n).
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Note: yellow boxes – alternatives.
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Table 2
Weights attributed to each criteria and alternatives.

TARGET / CRITERIA / 
SUBCRITERI A

WEIGHTS
FOR CRITERI A

(FROM STAGE 2)
ALTERNA TIVES

WEIGHTS
FOR ALTERNA TIVES

(FROM STAGE 7)
TARGET: 
HUMAN  EXPOSURE TO AIR 
POLLUTAN TS IN THE FD -

Land use management 0.179
New gree n areas intra urban 0.171
Vehicle traff ic control 0.318
Publi c transport development 0.332

Transport 0.750

Land use management 0.121
New gree n areas intra urban 0.180
Vehicle traff ic control 0.332
Publi c transport development 0.367

Roads
0.750

Land use management 0.121
New green areas intra urban 0.181
Vehicle traff ic control 0.342
Publi c transport development 0.356

Highways 0.750

Land use management 0.120
New gree n areas intra urban 0.168
Vehicle traff ic control 0.328
Publi c transport development 0.383

Stree ts and  avenues 0.250

Land use management 0.125
New gree n areas intra urban 0.219
Vehicle traff ic control 0.383
Public transport development 0.273

Vehicles 0.250

Land use management 0.122
New gree n areas intra urban 0.180
Vehicle traff ic control 0.300
Publi c transport development 0.399

Light vehicles
.618

Land use management 0.094
New green areas intra urban 0.198
Vehicle traff ic control 0.257
Publi c transport development 0.451

Motorcycles 0.086

Land use management 0.084
New gree n areas intra urban 0.252
Vehicle traff ic control 0.194
Publi c transport development 0.469

Heavy vehicles
0.297

Land use management 0.191
New gree n areas intra urban 0.120
Vehicle traff ic control 0.418
Publi c transport development 0.271

Land use and other sources 0.250

Land use management 0.354
New gree n areas intra urban 0.144
Vehicle traff ic control 0.275
Publi c transport development 0.226

Commercial areas
0.405

Land use management 0.195
New gree n areas intra urban 0.138
Vehicle traff ic control 0.391
Publi c transport development 0.276

Industry areas 0.377

Land use management 0.480
New gree n areas intra urban 0.102
Vehicle traff ic control 0.219
Publi c transport development 0.199

Exp osed soil 0.080

Land use management 0.264
New gree n areas intra urban 0.492
Vehicle traff ic control 0.176
Publi c transport development 0.068
Land use management 0.526
Fig. 4. Hierarchical network with alternatives. 

.9. GIS techniques for public policy maps consolidation (Stage 9)

We  used here the same technique as in Stage 4, GIS methods and
ogical process, to perform the map  algebra. The difference is that
ere we considered only the alternatives for public policy (created

n Stage 5 and judged in Stage 7). Therefore, we created a final map
or each of the four alternatives, as shown by Eq. (10):

MPPy = wt,yHEMty + wl,yHEMly (10)

here FMPP is the final map  for public policy; y is the alternative;
t and wl are the weights for the alternative y modeled for the crite-

ia transport and land use/other sources, respectively; HEMt is the
ublic policy map  for the alternative y, considering only the crite-
ion transport, and; HEMl is the public policy map  for the alternative
, considering only the criterion land use/other sources.

To conclude the process to consolidate the public policy maps,
e used fuzzy logic (fuzzification algorithm) to transform the result

nto a 0 to 1 scale, where 0 is considered low priority to imple-
ent public policy y, and 1 is considered high priority. Specifically,
e applied fuzzy membership with large spread parameter, where

arge values of the input map  have high membership in the fuzzy
et. Eq. (11) shows the large fuzzification. Appendix D shows a
ypothetical example of fuzzy large membership function.

(x) = 1

1 +
(

x
f2

)−f1
(11)

here x is the input variable, f1 is the spread of the transition from
 membership value of 1 to 0 and f2 is the midpoint where the
embership value is 0.5.

. Results and discussion

.1. Weights of criteria and alternatives

The FD Environmental Agency prioritizes transport as the
ost important primary criteria (weight = 0.75). Considering only

he subcriteria, land use and other sources, commercial area is

ssigned with the higher importance (weight = 0.405). In addi-
ion, considering the subcriteria, vehicles and roads, light vehicles
weight = 0.618), and highways (weight = 0.750) were defined with
he highest weights, respectively (Table 2).
Wildfires 0.138
New gree n areas intra urban 0.079
Vehicle traff ic control 0.149
Publi c transport development 0.246

Regarding the public policy alternatives for minimizing human
exposure to air pollutants in the FD, vehicle traffic control and pub-
lic transportation development are the most important alternatives
with, weights equal to 0.318 and 0.332, respectively. The estimated
weights for land use management and new green areas intra urban

0.179 and 0.171, respectively (Table 2).

The alternative weights considered in our study represent the
main challenges in the FD, which faces significant air pollution
problems due to emissions from vehicle traffic and public trans-
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Fig. 5. Sensitivity analysis results.
Note: weights defined by FD Environmental Agency: (A) hypothetical variation: −5% for transport criteria and +5% for land use and other sources criteria; (B) hypothetical
v ia, (C)
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ariation: −10% for transport criteria and +10% for land use and other sources criter
ources criteria, (D) hypothetical variation: +5% for transport criteria and −5% for l
nd  −10% for land use and other sources criteria, and; (F) hypothetical variation: +1

ortation. As we  mentioned in Section 2.1 – study area, the FD has
pproximately 1.6 million vehicles, which corresponds to 0.6 vehi-
les per inhabitant. This ranks it as the 5th Brazilian state with the
igher rate (IBGE, 2013). Almost 5500 tons of particulate matter;
55,000 tons of nitrogen oxides; 120,000 tons of carbon monox-

de; and 180,000 of non-methane hydrocarbon are emitted per year
rom the main routes in the FD (Réquia Júnior et al., 2015a). As the
ublic transportation (buses and subway) in the FD, it is still very

nefficient, in terms of the cover (39 km of subway lines; and three
uses per line – one of the lower rates among the Brazilians cities),
uality and security. For example, 60% of passengers claim that do
ot feel safe using public transportation. Most of the trips in FD
re made by the modal of private transport (50.98%), while modal
f public transport represents 41.05% of the travel; and the other
odals (biking, walking etc.) represent 7.97%. Most of the people
ho use public transport in the FD have low income (GDF, 2008,
age 45).
Many studies have suggested that controlling traffic emissions
nd improving public transportation are very effective policies for
reas with similar challenges. For example, Zhang et al. (2013)
howed that controlling vehicular emissions in Guangzhou, China,
 hypothetical variation: −15% for transport criteria and +15% for land use and other
e and other sources criteria, (E) hypothetical variation: +10% for transport criteria

r transport criteria and −15% for land use and other sources criteria (G).

during 2005 and 2009, was  very effective in reducing human expo-
sures to air pollution. The authors reported that during this period
CO and PM10 emissions decreased by 12 and 20%, respectively. Silva
et al. (2012) showed that public transportation in São Paulo, Brazil,
especially subway, is critical to efforts reducing traffic and its envi-
ronmental and health impacts. The authors estimated the public
health costs of a one-year strike by subway employees would be
approximately 18 billion dollars.

3.2. Sensitivity analysis

Overall, our results were insensitive to any hypothetical vari-
ation in the weights of primary criteria. We  performed six
hypothetical variation scenarios. First, we  decreased the prefer-
ence for transport criteria by 5, 10 and 15%, and consequently,
we increased the preference for land use and other sources cri-

teria 5, 10 and 15% (totaling three simulations, altering 5% at time).
Furthermore, we increased by 5, 10 and 15% the preference for
transport criteria, and consequently, we  decreased by 5, 10 and
15% the preference for land use and other sources criteria (totaling
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ig. 6. Human exposure map.
ote:  roads subcriteria (A); vehicles subcriteria (B); transport criteria (C); land use a

hree simulations, altering 5% per time). The maximum change in
hese alternatives was 3% (Fig. 5).

According to Xu et al. (2014), our findings are robust and can be
sed to formulate sound policies, and regulators should feel confi-
ent that altering the preferences of the primary criteria would not
hange the effectiveness of the proposed policies.

.3. Mapping human exposure risk and alternatives for public
olicy

Fig. 6 presents the structure used to generate the final human

xposure map. First, we processed the maps that represent roads
ubcriteria (Fig. 6, map  A) and vehicles subcriteria (Fig. 6, map  B) to
enerate the transport criteria (Fig. 6, map  C). Then we processed
he transport and land use/other sources criteria maps (Fig. 6, map
her sources criteria (D); final human exposure map (E).

D) to create the final map  indicating human exposure to air pollu-
tants in the FD (Fig. 6, map  E).

The regions at intermediate to high risk have some similarities
such as high population density and vehicular traffic. Appendices
4 and 5 show the spatial distribution of traffic and population,
respectively.

Numerous studies in urban areas have found associations
between vehicular traffic and health (Brugge et al., 2013; Slezakova
et al., 2013; Williams et al., 2009). Specifically in the FD area, Réquia
Júnior et al. (2015a) have reported that the population density is an
important element to estimate health problems. For example, the
authors showed that in some FD regions with high population den-
sity, the risk increased more than 200%. Most of the regions which

Réquia Júnior et al. (2015a) have presented as a 200% increase in
risk (due to high population density) are the same areas with high
risk estimated in this present study.



382 W.J. Requia et al. / Land Use Policy 59 (2016) 375–385

Fig. 7. Public policy maps.
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ote:  Alternative – Land use management (A); Alternative – New green areas in
evelopment (D); Administrative regions of the FD (RAs).

Fig. 7 presents four public policy maps – one for each alternative
etermined by the FD Environmental Agency. Each map  shows the
riority level (low to high) to implement the alternative in analysis.

The areas identified as high priority in the map  for the land
se management alternative (Fig. 7, map  A) are almost identical to
hose with problems related to illegal urban settlements. According
o the Urban Development Agency (SEDUH, 2006), the FD has 317
reas with illegal urban settlements. SEDUH (2006) reports that 23%
f the population in the FD live in illegal settlements. This is a dis-
rderly urbanization process with no land use management, which
an cause environmental, social, and especially health impacts.
roblems related to illegal urban settlements have been reported
or other urban centers, including São Paulo – Brazil (Torres et al.,
007), Mexico City – Mexico (Aguilar, 2008) and Lucknow – India
Dutta, 2013).

Fig. 7 map  B, shows the new green areas intra urban alternative.
ost of the green areas intra urban are located in the administrative

egion of Brasília and surrounding areas (Fig. 1 shows the location
f Brasília). Our findings suggest low priority to develop new green
paces intra urban in the Brasília area. In contrast, we found high
riority levels in areas that overlap the high priority areas for the

and use management alternative (Fig. 7, map  A). This is expected,
onsidering that illegal urban settlements represent areas losing
reen space.

Many studies have demonstrated the benefits of green areas
o public health. In a previous study, we estimated that a 1 km2

ncrease in green areas intra urban is associated with a decrease
f two hospital admissions for cardiorespiratory diseases (Requia
t al., 2016). Nowak and Heisler (2010) showed that green spaces
n US neighborhoods reduce air pollution and save approximately
500 million per year in public health costs.

We  found similarity between the maps for the vehicle traffic
ontrol alternative (Fig. 7, map  C) and for the public transport devel-

pment alternative (Fig. 7, map  D). This suggests that increasing
ublic transportation use is an effective way to control the vehicle
raffic in the FD. Previous studies have proposed this alternative for
ontrolling vehicle traffic and consequently improving the quality
rban (B); Alternative – Vehicle traffic control (C); Alternative – Public transport

of life (Bhouri and Lotito, 2005; Djurhuus et al., 2014; Geng et al.,
2013; Hamre and Buehler, 2014). Specifically for the FD, effective
investment to improve the access to transportation modal is an
option in order to reduce vehicle traffic.

Our findings suggest that most of the high priority levels for
vehicle traffic control (Fig. 7, map  C) and public transport devel-
opment (Fig. 7, map  D) are located in areas with high daily flux of
people (origin and destination). The Brasília region (Fig. 1 shows
this region) is an important travel destination and is the region
with most employment opportunities in the FD. It is responsible
for 39.70% of all economic activity in the FD, and serves as head-
quarters for most of the Brazil’s government agencies. Part of the
public policy strategies to minimize vehicular emissions is related
to the improvement of job offer in other areas of the FD, which
would reduce the daily travel (GDF, 2008).

4. Conclusions

To our knowledge, this is a first attempt to map  alternatives for
public policy decision making related to human exposures from
air pollution sources. Our results are innovative because it open
several opportunities to public management for many government
sectors. The method is straightforward and transparent, and can be
used for other priorities and study areas.

National, state, and local agencies that are responsible for plan-
ning and managing environmental resources, urban system, and
public health can design efficient public policies in a cost effective
way.
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ppendix A.

Table A.1

able A.1
ummary of all 9 variables.

Variables Unit Variable definition

Highways m Major roads which were
mostly interstate

Streets and avenues m Roads in an urban context
Light vehicles Vehicles Passenger vehicles
Heavy vehicles Vehicles Bus and trucks
Motorcycles Numbers Vehicles with two in-line

wheels
Industry areas m2 Area of land designated for

industrial use
Commercial areas m2 Area of land designated for

commercial use
Exposed soil m2 Degraded areas (no

vegetation, no urban
structures)

Wildfire Coordinates Location points of wildfire

ource: Réquia et al. (2016).
ppendix B.

Fig. B.1

Fig. B.1. Risk maps of
ource: Réquia et al. (2016).
licy 59 (2016) 375–385 383

Appendix C.

Fig. C.2

Fig. C.2. Hypothetical example of the fuzzy lard membership function.
Note: in this hypothetical example, 70 was assigned as midpoint. In addition, the
chart presents an example of five spread parameter (1, 2, 3, 4 and 5). In our study,
we  defined 5 as spread parameter.

Source: Esri (https://desktop.arcgis.com/en/desktop/latest/tools/spatial-analyst-
toolbox/how-fuzzy-membership-works.htm).
Appendix D.

Fig. D.3

 all 9 variables.
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Fig. E.4

Fig. E.4. Spatial distribution of population in the FD.
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atmosfãrica e a saç de dede crianéas e idosos no distrito federal No período de
2007 a 2009: utilizaéúo do Mãtodo de correlaéúo com time delay. Revista
Brasileira de Geografia Médica e da Saúde – Hygeia 7 (13), 95–108.

Réquia Júnior, Weeberb João, Petros Koutrakis, Henrique Llacer Roig, 2015a. Spatial
distribution of vehicle emission inventories in the federal district, Brazil.
Atmos. Environ. 112, 32–39.

Réquia Júnior, Weeberb João, Henrique Llacer Roig, Petros Koutrakis, 2015b. A
novel land use approach for assessment of human health: the relationship
between urban structure types and cardiorespiratory disease risk. Environ. Int.
85, 334–342.

Réquia Júnior, Weeberb João, Henrique Llacer Roig, Petros Koutrakis, 2015c. A
spatial multi-criteria model for determining air pollution at sample locations. J.
Air Waste Manage. Assoc. 65 (2), 232–243.

Requia, Weeberb J., et al., 2016. Mapping distance-decay of cardiorespiratory
disease risk related to neighborhood environments. Environ. Res. 151,
203–215.

SEDUH, 2006. Diagnóstico Preliminar Dos Parcelamentos Urbanos Informais No
Distrito Federal.

Saaty, Thomas, 1980. The Analytic Hierarchy Process, 1st ed. McGraw-Hill, New
York.

Shah, Anoop S.V., et al., 2013. Global association of air pollution and heart failure: a
systematic review and meta-analysis. Lancet 382 (9897), 1039–1048, http://
dx.doi.org/10.1016/S0140-6736(13)60898-3.

Silva Cacilda, Bastos Pereira, et al., 2012. Evaluation of the air quality benefits of
the subway system in São Paulo, Brazil. J. Environ. Manage. 101, 191–196.

Slezakova, Klara, et al., 2013. Impact of vehicular traffic emissions on
particulate-bound PAHs: levels and associated health risks. Atmos. Res. 127,
141–147.

Torres Haroldo, Humberto Alves, Maria Aparecida De Oliveira, 2007. Sao paulo
peri-urban dynamics: some social causes and environmental consequences.
Environ. Urban. 19 (1), 207–223.
Tran, Liem T., et al., 2002. Fuzzy decision analysis for integrated environmental
vulnerability assessment of the mid-atlantic region. Environ. Manage. 29 (6),
845–859.

http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0015
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://www.iasi.cnr.it/ewgt/16conference/ID55.pdf
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0025
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://www.ehjournal.net/content/12/1/84
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0035
http://datasus.saude.gov.br
http://datasus.saude.gov.br
http://datasus.saude.gov.br
http://datasus.saude.gov.br
http://datasus.saude.gov.br
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0045
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4233933&tool=pmcentrez&rendertype=abstract
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0055
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0065
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
dx.doi.org/10.1016/j.jclepro.2013.06.034
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0075
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0080
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0085
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0090
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0090
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0090
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0090
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0090
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0105
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0110
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0115
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://www.nrpa.org/uploadedFiles/nrpa.org/Publications_and_Research/Research/Papers/Nowak-Heisler-Summary.pdf
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0135
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0140
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0145
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0160
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
dx.doi.org/10.1016/S0140-6736(13)60898-3
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0175
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0180
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0185


Use Po

V

V

W

X

assessment. In: Farhand Nejadkoorki (Ed.), Advance Air Pollution. , pp.
295–324, Croatia.

Zhang, Shaojun, et al., 2013. Historical evaluation of vehicle emission control in
guangzhou based on a multi-year emission inventory. Atmos. Environ. 76,
32–42.
W.J. Requia et al. / Land 

aldés, Ana, et al., 2012. Elemental concentrations of ambient particles and cause
specific mortality in santiago, Chile: a time series study. Environ. Health 11
(82).

lachokostas, Ch, et al., 2009. Decision support system for the evaluation of urban
air pollution control options: application for particulate pollution in
thessaloniki, Greece. Sci. Total Environ. 407 (23), 5937–5948.

illiams, Lori a., et al., 2009. Proximity to traffic, inflammation, and immune
function among women  in the Seattle, Washington, area. Environ. Health

Perspect. 117 (3), 373–378.

u, Wei, Khoshroo, Nader, Bjornlund, Henning, Yin, Yongyuan, 2014. Effects of
‘Grain for green’ reforestation program on rural sustainability in China: an AHP
approach to peasant consensus of public land use policies. Stoch. Environ. Res.
Risk  Assess. 28 (4), 867–880.
licy 59 (2016) 375–385 385

Yerramilli Anjaneyulu, Venkata Bhaskar Rao Dodla, Sudha Yerramilli, 2011. Air
pollution, modeling and GIS based decision support systems for air quality risk

http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0205
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0210
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30094-1/sbref0215

	Mapping alternatives for public policy decision making related to human exposures from air pollution sources in the Federa...
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Study design and data
	2.3 Hierarchical network (Stage 1)
	2.4 Spatial multi-criteria model (Stage 2)
	2.5 Sensitivity analysis (Stages 3 and 8)
	2.6 GIS techniques for human exposure risk maps consolidation (Stage 4)
	2.7 Alternatives for public policy (Stage 5) and its inclusion in the hierarchical network (Stage 6)
	2.8 Spatial multi-criteria model – complement the weights for the alternatives (Stage 7)
	2.9 GIS techniques for public policy maps consolidation (Stage 9)

	3 Results and discussion
	3.1 Weights of criteria and alternatives
	3.2 Sensitivity analysis
	3.3 Mapping human exposure risk and alternatives for public policy

	4 Conclusions
	Acknowledgement
	References
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	References


