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IPCC	  2013.	  Climate	  Change	  2013:	  The	  Physical	  Science	  Basis.	  Cambridge	  University	  Press,	  Cambridge.	  

Une	  augmenta-on	  de	  0,78	  à	  0,85	  °C	  
de	  la	  température	  globale	  de	  

l’atmosphère	  et	  de	  l’océan	  entre	  
1850	  et	  2012.	  	  
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961!1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961!1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}

Te
m

pe
ra

tu
re

 a
no

m
al

y 
(°

C
) r

el
at

iv
e 

to
 1

96
1–

19
90

(a)

(b) Observed change in surface temperature 1901–2012

    

!0.6

!0.4

!0.2

0.0

0.2

0.4

0.6
Annual average

    

!0.6

!0.4

!0.2

0.0

0.2

0.4

0.6

1850 1900 1950 2000

Decadal average

(°C) 

Observed globally averaged combined land and ocean 
surface temperature anomaly 1850–2012

!0.6 !0.4 !0.2 0 0.2 0.4 0.6 0.8 1.0 1.25 1.5 1.75 2.5

Year

Le climat change ! 



Institute of Ecology and Environmental Sciences - Paris 

Institut d’Ecologie et des Sciences de l’Environnement de Paris 

  

SPM

Summary for Policymakers

22

Figure SPM.8 | Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of (a) annual mean surface temperature 
change, (b) average percent change in annual mean precipitation, (c) Northern Hemisphere September sea ice extent, and (d) change in ocean surface pH. 
Changes in panels (a), (b) and (d) are shown relative to 1986–2005. The number of CMIP5 models used to calculate the multi-model mean is indicated in 
the upper right corner of each panel. For panels (a) and (b), hatching indicates regions where the multi-model mean is small compared to natural internal 
variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi-model mean is 
large compared to natural internal variability (i.e., greater than two standard deviations of natural internal variability in 20-year means) and where at least 
90% of models agree on the sign of change (see Box 12.1). In panel (c), the lines are the modelled means for 1986!2005; the filled areas are for the end 
of the century. The CMIP5 multi-model mean is given in white colour, the projected mean sea ice extent of a subset of models (number of models given in 
brackets) that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For 
further technical details see the Technical Summary Supplementary Material. {Figures 6.28, 12.11, 12.22, and 12.29; Figures TS.15, TS.16, TS.17, and TS.20}
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Chapter 2 Observations:  Atmosphere and Surface

2

Figure 2.32 |  Trends in annual frequency of extreme temperatures over the period 1951–2010, for (a) cold nights (TN10p), (b) cold days (TX10p), (c) warm nights (TN90p) and (d) 
warm days (TX90p) (Box 2.4, Table 1). Trends were calculated only for grid boxes that had at least 40 years of data during this period and where data ended no earlier than 2003. 
Grey areas indicate incomplete or missing data. Black plus signs (+) indicate grid boxes where trends are significant (i.e., a trend of zero lies outside the 90% confidence interval). 
The data source for trend maps is HadEX2 (Donat et al., 2013c) updated to include the latest version of the European Climate Assessment data set (Klok and Tank, 2009). Beside 
each map are the near-global time series of annual anomalies of these indices with respect to 1961–1990 for three global indices data sets: HadEX2 (red); HadGHCND (Caesar et 
al., 2006; blue) and updated to 2010 and GHCNDEX (Donat et al., 2013a; green). Global averages are only calculated using grid boxes where all three data sets have at least 90% 
of data over the time period. Trends are significant (i.e., a trend of zero lies outside the 90% confidence interval) for all the global indices shown.
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961!1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961!1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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all models with a RI of 1, while the interaction of feeding guild
and time was found in 36% of the models (RI = 0.43), and the
interaction of body mass and time was also retained in 56% of
the models but with a RI of 0.46. Finally, the interaction
between habitat and time was retained in 9% of the candidate
model set (RI = 0.01). These results suggest that abundance
quartile is a better predictor of population trajectory than
major feeding guild, habitat type or body mass.

Model averaged parameter estimates
The model averaged parameter estimates also highlight how
changes in abundance with time are strongly affected by
abundance quartile (Table S5; Quartile and time interaction),
with the steepest declines being in Q4 (b = !1.56, SE = 0.24)
followed by Q3 (b = !0.761, SE = 0.222) and Q2 (b =
!0.505, SE = 0.191) (Q1 as the base level), while species
within Q1 showed an increase in abundance with time
(b = 0.718, SE = 0.139, Q2 as base level). All quartile interac-
tions with time were significant (at a = 0.001), and reflect the
patterns in the actual data (Fig. 2) with declines within Q2,
Q3 & Q4 and increases in Q1 when variable quartiles were
used. When considered by feeding guild, while we found con-
siderable decreases in granivores we found no statistically sig-
nificant changes in abundance with time (Table S5; Fig. S3).
In terms of habitat type, we found no significant changes in
abundance with time (Table S5; Fig. S4). To ensure that our
results were not biased in anyway by the use of interpolated
data for the 28 species with some missing data, we ran the
models with these data omitted and found no change to our
general conclusions (Table S6).

Sensitivity analysis
The models proved to be very robust to both the species com-
position used within the analysis and random changes in the
abundance estimates used in the models. Removing up to 50
species reduced the R2

GLMM(m) from 0.299 (SD = 0.0006) to
0.282 (SD = 0.075) (Fig. S5, Table S7). Altering all of the
abundance estimates between 1 and up to a maximum of 30%
(the change in abundance was chosen randomly between
1 and the maximum at each of 100 iterations) reduced
R2

GLMM(m) from 0.249 (SD = 0.101) to 0.210 (SD = 0.006)
(Fig. S6, Table S8).

Changes by quartile
When quartile was assigned on a yearly basis (variable quar-
tiles) 69 species stayed in the same quartile, 67 species occupied
2 quartiles and 8 species occupied three quartiles, over the
30 year study period. Of those that did move between quar-

Table 2 Changes in estimated avian biomass (Tonnes) within Europe
between 1980 and 2009 (a) Total changes and changes by quartile when
species composition of each quartile is allowed to vary with time. (b)
Changes by quartile when species composition of each quartile is fixed in
year 1

Quartile
Year 1
(Tonnes)

Year 30
(Tonnes)

Change
(Tonnes)

Proportion of
change

(a)
Total 93084 86037 !7047
Q1 3476 4274 798 0.092
Q2 9225 7637 !1588 0.184
Q3 18223 13141 !5082 0.588
Q4 62159 60986 !1174 0.136
(b)
Q1 3476 5298 1823 0.102
Q2 9225 11066 1841 0.103
Q3 18223 19988 1765 0.099
Q4 62159 49685 !12475 0.697
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Fig. 1 Total changes in abundance and biomass of birds considered by
the PECBMS. Each point represents the totalled abundance estimates of
144 species from 1980 to 2009. Lines represent the fitted values from a
general additive model (red – degrees of freedom = 10, blue – degrees of
freedom = 3). Linear regression reveals a significant decrease in both
abundance (b = !9.89 9 106, t = !6.127, P < 0.0001) and biomass
(b = !133.51, t = !2.074, P = 0.0474) over the 30 year study period. Box
and whisker plots represent the variation generated by randomly altering
each abundance estimate " 1 & 20% for 100 iterations.

© 2014 John Wiley & Sons Ltd/CNRS

4 R. Inger et al. Letter

Inger	  et	  al.	  2014.	  Ecology	  Le_ers	  	  

La sixième crise d’extinction  

Déclin	  des	  oiseaux	  
d’Europe.	  

144	  espèces	  suivies	  
de	  1980	  à	  2009	  
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ical and historical characteristics of the flora, and!or specific
environmental conditions (Fig. 4). An excess of species loss (red
color) is shown for mountain regions (mid-altitude Alps, mid-
altitude Pyrenees, central Spain, French Cevennes, Balkans,
Carpathians). Severe climatic conditions have occurred in moun-
tains over evolutionary times, promoting highly specialized
species with strong adaptation to the limited opportunities for
growth and survival (33). The narrow habitat tolerances of the
mountain flora, in conjunction with marginal habitats for many
species, are likely to promote higher rates of species loss for a

similar climate anomaly than in any other part of Europe (34).
By contrast, the southern Mediterranean and part of the Pan-
nonian regions have a negative residual for species loss (gray
color). Both regions are characterized by hot and dry summers
and are occupied by species that tolerate strong heat and
drought. Under the scenarios used here, these species are likely
to continue to be well adapted to future conditions.

We finally present mean percentages of species loss and
turnover by environmental zones (M. Metzger, unpublished
data) with the A1-HadCM3 scenario of maximum change to best
illustrate the spatial patterns (Fig. 5). The major spatial patterns
are similar over all scenarios. The northern Mediterranean
(52%), Lusitanian (60%) and Mediterranean mountain (62%)
regions are the most sensitive regions; the Boreal (29%), north-
ern Alpine (25%), and Atlantic (31%) regions are consistently
less sensitive. Species turnover shows a somewhat different
pattern. The Boreal region could, in principle, gain many species
from further south, leading to a high species turnover (66%). The
Pannonian region could also theoretically gain eastern Mediter-
ranean species and has a calculated turnover of 66%. Thus, these
regions stand to lose a substantial part of their plant species
diversity, and (in time) to show a major change in floristic
composition. Projected species turnover peaks at the transition
between the Mediterranean and continental regions (Fig. 5) with
extirpation of Euro-Siberian species and expansion for Medi-
terranean or Atlantic species. Southern Fennoscandia is also an
area of high potential turnover with the loss of boreal species and
gain of Euro-Siberian species.

These results cannot be taken as precise forecasts given the
uncertainties in climate change scenarios, the coarse spatial
resolution of the analysis (35), and uncertainties in the mod-
eling techniques used (8, 29). The relatively coarse grid scale
of our study may hide potential refuges for species and
environmental heterogeneity that could enhance species sur-
vival, especially in mountain areas where our estimation of
risks of extinctions could be overestimated. On the other hand,
landscape fragmentation could increase the vulnerability of
these refuges to fire or other disturbances, which in combina-
tion with the lack of propagule f low, could compromise the
survival of remnant populations. There are also major uncer-
tainties due to lags associated with biotic processes. The
recognized time scales for assigning species IUCN Red List
categories are not suited to evaluating the consequences of
slow-acting but persistent threats. We have substituted a time
scale of 80 years (instead of 20) for critically endangered,
endangered and vulnerable, respectively, over which to assess

Fig. 3. Relationships between the percentage of species loss and anomalies of moisture availability and growing-degree days. The colors correspond to different
climate change scenarios.

Fig. 4. Regional projections of the residuals from the multiple regression of
species loss against growing-degree days and moisture availability. Red colors
indicate an excess of species loss; gray colors indicate a deficit.

8248 " www.pnas.org!cgi!doi!10.1073!pnas.0409902102 Thuiller et al.

Extinctions (locales) et intensité du changement climatique 

Thuillier	  W.	  et	  al.	  2005.	  PNAS	  102:	  8245-‐8250	  
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exploitation, pollution, and invasive species (high confidence). Extinction risk is increased under all RCP scenarios, with risk increasing
with both magnitude and rate of climate change. Many species will be unable to track suitable climates under mid- and high-range rates of
climate change (i.e., RCP4.5, 6.0, and 8.5) during the 21st century (medium confidence). Lower rates of change (i.e., RCP2.6) will pose fewer
problems. See Figure SPM.5. Some species will adapt to new climates. Those that cannot adapt sufficiently fast will decrease in abundance or
go extinct in part or all of their ranges. Management actions, such as maintenance of genetic diversity, assisted species migration and dispersal,
manipulation of disturbance regimes (e.g., fires, floods), and reduction of other stressors, can reduce, but not eliminate, risks of impacts to
terrestrial and freshwater ecosystems due to climate change, as well as increase the inherent capacity of ecosystems and their species to adapt
to a changing climate (high confidence).49

Within this century, magnitudes and rates of climate change associated with medium- to high-emission scenarios (RCP4.5, 6.0,
and 8.5) pose high risk of abrupt and irreversible regional-scale change in the composition, structure, and function of terrestrial
and freshwater ecosystems, including wetlands (medium confidence). Examples that could lead to substantial impact on climate are the
boreal-tundra Arctic system (medium confidence) and the Amazon forest (low confidence). Carbon stored in the terrestrial biosphere (e.g., in
peatlands, permafrost, and forests) is susceptible to loss to the atmosphere as a result of climate change, deforestation, and ecosystem
degradation (high confidence). Increased tree mortality and associated forest dieback is projected to occur in many regions over the 21st
century, due to increased temperatures and drought (medium confidence). Forest dieback poses risks for carbon storage, biodiversity, wood
production, water quality, amenity, and economic activity.50
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Figure SPM.5 | Maximum speeds at which species can move across landscapes (based on observations and models; vertical axis on left), compared with speeds at which 
temperatures are projected to move across landscapes (climate velocities for temperature; vertical axis on right). Human interventions, such as transport or habitat fragmentation, 
can greatly increase or decrease speeds of movement. White boxes with black bars indicate ranges and medians of maximum movement speeds for trees, plants, mammals, 
plant-feeding insects (median not estimated), and freshwater mollusks. For RCP2.6, 4.5, 6.0, and 8.5 for 2050–2090, horizontal lines show climate velocity for the 
global-land-area average and for large flat regions. Species with maximum speeds below each line are expected to be unable to track warming in the absence of human 
intervention. [Figure 4-5]

Summary for Policymakers

48 3.2, 3.4-6, 22.3, 23.9, 25.5, 26.3, Table 3-2, Table 23-3, Boxes 25-2, CC-RF, and CC-WE; WGI AR5 12.4
49 4.3-4, 25.6, 26.4, Box CC-RF
50 4.2-3, Figure 4-8, Boxes 4-2, 4-3, and 4-4

IPCC	  2014.	  Climate	  change	  2014	  Impacts,	  Adapta-on,	  
and	  Vulnerability.	  Summary	  for	  Policymakers.	  

Cambridge	  University	  Press,	  Cambridge.	  	  	  
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L’extension des villes touchera 
des aires protégées 

40

biodiversity impact is the urban population density in a habitat type (i.e., urban 
population divided by the total area in a habitat type). Note that this proxy measure 
is much lower than the population density at which urban settlements occur, but it 
gives a rough sense of how many urban people are crowded into this habitat type. 
By this proxy measure, the Mediterranean, mangrove, and temperate broadleaf for-
est habitat types all have high urban population density per habitat area and hence 
likely have had signifi cant impacts on biodiversity. By 2000, the number of urban 
dwellers increased signifi cantly in almost all habitat types. However, the rank order-
ing of both urban population and urban population density per habitat area stayed 
similar to patterns in 1950.

   The majority of the global urban population is currently located in the temperate 
zone (Fig.  3.6 ). At the turn of the twenty-fi rst century, urban populations were 
largely located temperate zone between 25 and 55° North latitude. The percent of 
the urban population trails off approaching the equator with another small peak in 
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biodiversity impact is the urban population density in a habitat type (i.e., urban 
population divided by the total area in a habitat type). Note that this proxy measure 
is much lower than the population density at which urban settlements occur, but it 
gives a rough sense of how many urban people are crowded into this habitat type. 
By this proxy measure, the Mediterranean, mangrove, and temperate broadleaf for-
est habitat types all have high urban population density per habitat area and hence 
likely have had signifi cant impacts on biodiversity. By 2000, the number of urban 
dwellers increased signifi cantly in almost all habitat types. However, the rank order-
ing of both urban population and urban population density per habitat area stayed 
similar to patterns in 1950.

   The majority of the global urban population is currently located in the temperate 
zone (Fig.  3.6 ). At the turn of the twenty-fi rst century, urban populations were 
largely located temperate zone between 25 and 55° North latitude. The percent of 
the urban population trails off approaching the equator with another small peak in 
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En	  Europe	  de	  l’Ouest,	  
pourcentage	  de	  villes	  
située	  à	  10,	  25	  et	  50	  km	  
d’une	  aire	  protégée:	  
10	  km:	  35	  %	  
25	  km:	  60	  %	  
50	  km:	  75	  %	  

(a)	  Surface	  urbaine	  et	  (b)	  pourcentage	  des	  villes	  qui	  sont	  situées	  ,	  de	  haut	  en	  bas,	  à	  10,	  25,	  
et	  50	  km	  d’une	  aire	  protégée	  (Pas)	  vers	  l’an	  2000	  

L’extension des villes touchera 
des aires protégées 
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for conservation (10). However, even relatively small decreases
in habitat can cause extinction rates to rise disproportionately in
already diminished and severely fragmented habitats, such as the
Mediterranean and the Atlantic Forest hotspots. All five bio-
diversity hotspots with the largest percentages of their land areas
forecasted to become urban predominantly occupy coastal
regions or are islands (Table 2). In addition, although projected
urban expansion in the Caribbean Islands and the Philippines is
relatively small in total area, they are home to 1.9% and 2.3% of
the world’s endemic plants and 1.9% and 2.9% of endemic
invertebrates, respectively (10). Large numbers of AZE species
will face increasing pressure from urban expansion in the next
two decades. Although urbanization rates will be highest in
China and India, it is in Central and South America where the
largest number of AZE species will be affected (Table 3). Our
results suggest the need for conservation policies that consider
urban growth at both regional and global scales. The threat to
biodiversity hotspots comes from direct land-cover change and

subsequent loss of habitat, and from increased colonization by
introduced species as urban areas expand. Establishing bio-
diversity corridors in these regions with higher probability of
urban expansion will require coordinated efforts among multiple
cities and municipalities. Such corridors may take on additional
significance considering the migration of species in response to
shifts in their ranges with climate change (37).
Most efforts that study terrestrial carbon dynamics have avoided

areas heavily influenced by urbanization (24). However, the pro-
cess of urban expansion also results in carbon emissions because of
the land clearing, reductions in local primary productivity (8) and,
depending on the climate and density of the new development, has
the potential to either increase or decrease per capita greenhouse
gas emissions. The aboveground carbon and habitat losses high-
light that urban expansion is an important driver of land-cover
change and forest degradation. The biomass carbon losses repor-
ted here represent short-term emissions associated clearing for
urban development and land-cover change. As with most land-
cover change, vegetation can regrow over time, but the annualized
emissions associated with deforestation and forest degradation do
not capture those long-term changes.
The analysis in this article only examines the direct spatial

“imprint” of urban expansion on biodiversity hotspots, AZE
species, and carbon biomass, and not the indirect land-change
processes that both drive and respond to urbanization. Urban
expansion can also affect land uses in distal places, which in turn
can alter carbon stocks, especially in the tropics (20, 38). This
“indirect” urbanization affect is difficult to fully quantify. In
some cases, it will amplify and in other cases attenuate carbon
losses. We know that cities have always relied on their hinter-
lands and other distal places for resources from food and fuel to
waste assimilation. For example, a typical household in Sydney
or Melbourne is responsible for greenhouse gas emissions, water
withdrawals, and land use distributed across all of Australia (39).
The magnitude of the virtual carbon, water, and land embodied
in urban areas means that the bulk of environmental impacts
from future urban expansion is also likely to occur outside of the
areas forecasted to become urban.
Although a full assessment of the indirect environmental

impacts of urban expansion is beyond the scope of this analysis,
two urbanization factors are known to have significant indirect
environmental effects. First, the spatial pattern of urban de-
velopment, such as compactness, employment and residential
densities, and mix of land uses affects energy use and carbon
dioxide emissions (40). Second, urban consumption patterns are
often different from rural counterparts. For example, the com-
position of urban diets is considerably higher in meat and dairy
intake than rural counterparts (41). In turn, a diet higher in meat
also increases the demand for fodder. Thus, the indirect effects
of urbanization, including increased affluence and changes in
consumption patterns, are highly uncertain and potentially very
large. Both direct and indirect components need to be considered
to fully account for the environmental impacts of urban expansion.

Table 3. Critically endangered and endangered species in AZE
sites to be affected by urban expansion across classes and
regions

Class or region
IUCN red

list category

Total no.
of species
across all
AZE sites

No. of species in AZE sites
to be urban by 2030*

In part Mostly Completely

Class
Amphibia EN+CR 507 139 (27) 26 (5) 15 (3)

EN 208 54 (26) 8 (4) 5 (2)
CR 299 85 (28) 18 (6) 10 (3)

Aves EN+CR 199 25 (13) 5 (3) 2 (1)
EN 94 11 (12) 3 (3) 0 (0)
CR 105 14 (13) 2 (2) 2 (2)

Coniferopsida EN+CR 26 3 (12) 0 (0) 0 (0)
EN 13 3 (23) 0 (0) 0 (0)
CR 13 0 (0) 0 (0) 0 (0)

Mammalia EN+CR 165 41 (25) 9 (5) 3 (2)
EN 68 22 (32) 4 (6) 1 (1)
CR 97 19 (20) 5 (5) 2 (2)

Reptilia EN+CR 17 6 (35) 1 (6) 0 (0)
EN 4 1 (25) 1 (25) 0 (0)
CR 13 5 (38) 0 (0) 0 (0)

Total EN+CR 914 214 (23) 41 (4) 20 (2)
EN 387 91 (24) 16 (4) 6 (2)
CR 527 123 (23) 25 (5) 14 (3)

Region
Africa EN+CR 140 42 (30) 7 (5) 1 (1)

EN 83 29 (35) 5 (6) 1 (1)
CR 57 13 (23) 2 (4) 0 (0)

Asia EN+CR 140 34 (24) 6 (4) 2 (1)
EN 67 18 (27) 3 (4) 1 (1)
CR 73 16 (22) 3 (4) 1 (1)

Americas EN+CR 545 134 (25) 25 (5) 15 (3)
EN 201 42 (21) 7 (3) 3 (1)
CR 344 92 (27) 18 (5) 12 (3)

Europe EN+CR 9 3 (33) 3 (33) 2 (22)
EN 4 1 (25) 1 (25) 1 (25)
CR 5 2 (40) 2 (40) 1 (20)

Pacific EN+CR 80 1 (1) 0 (0) 0 (0)
EN 32 1 (3) 0 (0) 0 (0)
CR 48 0 (0) 0 (0) 0 (0)

Total EN+CR 914 214 (23) 41 (4) 20 (2)
EN 387 63 (16) 16 (4) 6 (2)
CR 527 123 (23) 25 (5) 14 (3)

CR, critically endangered; EN, endangered.
*Percentages of corresponding total number of species in all AZE sites are in
parentheses.

Fig. 2. Average (MgC/ha) and total carbon (PgC) loss by region within the
pan-tropics based on the probability of conversion in 2030.
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L’extension des villes est source 
de CO2 en provenance du sol 

La	  perte	  de	  carbone	  due	  
au	  déboisement	  engendré	  
par	  l’extension	  des	  zones	  
urbaines	  (extension	  
probables	  à	  plus	  de	  75%)	  
en	  zone	  tropicale	  est	  
es-mée	  à	  1,38	  PgC	  entre	  
2000	  et	  2030	  (0,05	  PgC	  
yr-‐1),	  soit	  environ	  5%	  des	  
émissions	  liées	  à	  la	  
déforesta-on	  et	  	  au	  
changement	  d'affecta-on	  
des	  terres	  (6-‐17%	  des	  
émissions	  mondiales,	  
essen-ellement	  dans	  la	  
zone	  tropicale)	   Seto	  K.C.	  et	  al.	  2012.	  PNAS	  10.1073/pnas.1211658109	  	  	  
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 Aujourd’hui 
•  3.55 milliards d’humains vivent en milieu urbain 
•  51 % de la population mondiale (75 % des Européens) 
•  ± 700 000 km2 

•  0.5 % de la surface du globe 

La ville, un nouveau biome 



Institute of Ecology and Environmental Sciences - Paris 

Institut d’Ecologie et des Sciences de l’Environnement de Paris 

 Aujourd’hui 
•  3.55 milliards d’humains vivent en milieu urbain 
•  51 % de la population mondiale (75 % des Européens) 
•  ± 700 000 km2 

•  0.5 % de la surface du globe 

La ville, un nouveau biome 

France:	  78	  %	  de	  la	  
popula-on,	  sur	  22	  %	  

du	  territoire	  !	  
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 Aujourd’hui 
•  3.55 milliards d’humains vivent en milieu urbain 
•  51 % de la population mondiale (75 % des Européens) 
•  ± 700 000 km2 

•  0.5 % de la surface du globe 

 2030 
•  4.90 milliards d’urbains 
•  59 % de la population mondiale 
•  ± 1 900 000 km2 

•  1.3 % de la surface du globe 

La ville, un nouveau biome 
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•  Atténuer le changement climatique par le 
rééquilibrage des grands cycles biogéochimiques. 

•  S’engager dans la transition énergétique. 
•  Construire une société décarbonée. 

Les enjeux globaux de l’action locale 
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L’arbre stocke du carbone dans le sol 

! 99 

!
Figure 4. (A) Soil organic C content, (B) Soil δ13C, (C) Soil total N content and (D) Soil 
δ15N  at 10-20 cm and 30-40 cm in the different sample classes. Bars show means and error 
bars correspond to standard error. Different letters mean that a significant difference (p < 
0.05) was indicated by a linear mixed-effect model and Tukey post-hoc tests (see Table 3 and 
text). For each bar, n = 5. 
 

Average soil total N content at 10-20 cm was 0.18 % at the arboretum, 

and 0.12 %, 0.17 % and 0.23 % for younger, intermediate and older street 

systems, respectively. At 10-20 cm, soils from older street systems thus 

contained about twice more total N than soils from young street systems, and 

about 1.3 times more than soils from the arboretum (Figure 4C). At 30-40 cm, 

soils from older street systems contained significantly more total N than soils 

from the arboretum and intermediate street systems. Average total N content at 

30-40 cm was 0.1 % for the arboretum, and 0.13 %, 0.11 % and 0.2 % in 

younger, intermediate and older street systems respectively. Soils from older 

street systems contained about twice more N than the other soils. 

Soil δ15N was significantly higher at both depths in intermediate and older 

street systems than in younger street systems and the arboretum, which did not 
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•  Atténuer le changement climatique par le 
rééquilibrage des grands cycles biogéochimiques. 

•  S’engager dans la transition énergétique. 
•  Construire une société décarbonée. 

•  Freiner la consommation d’eau et de sol. 
•  Re-localiser (dans l’espace et dans le temps) une partie de la 
production alimentaire. 
•  Rétablir un cycle hydrologique en milieu urbain. 

Les enjeux globaux de l’action locale 
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Un cycle dominé par la ruissellement 

h_p://www.saint-‐e-enne.fr/votre-‐mairie/risques-‐majeurs/
inonda-on/risques-‐dinonda-on-‐%C3%A0-‐saint-‐%C3%A9-enne	  
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•  Atténuer le changement climatique par le 
rééquilibrage des grands cycles biogéochimiques. 

•  S’engager dans la transition énergétique. 
•  Construire une société décarbonée. 

•  Freiner la consommation d’eau et de sol. 
•  Re-localiser (dans l’espace et dans le temps) une partie de la 
production alimentaire. 
•  Rétablir un cycle hydrologique en milieu urbain. 

•  Réduire l’ampleur de la crise de la biodiversité 
•  La ville en tant qu’habitat. 
•  La ville perméable à la biodiversité. 

Les enjeux globaux de l’action locale 
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  La ville en tant qu’habitat 

•  Toits végétalisés de Basel (Suisse): 

• 175 espèces végétales (3 Orchis liste rouge) 
•  25 espèces d’oiseaux (2 en liste rouge). 

•  172 espèces de Coléoptères (10 % en liste 
rouge). 

•  Araignées: 40 % d’espèces rares. 
•  Toits végétalisés de Londres: 

•  59 espèces d’araignées (9 % de la faune 
britannique !). 
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•  Atténuer les pics de chaleur et réduire l’intensité de 
l’îlot de chaleur urbain. 

Les enjeux locaux de l’action locale 
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  L’ilôt de chaleur urbain 

4°C	  
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  Température et verdissement 

Température	  
de	  l’air	  à	  2	  m	  
du	  sol	  le	  10	  
août	  2003	  à	  
6h00	  	  

APUR	  2012.	  Les	  îlots	  
de	  chaleur	  urbains	  à	  

Paris	  
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Plus de canicules en ville 

	  h_p://www.urban-‐climate.be	  

Nombre	  de	  vagues	  de	  
chaleur	  dans	  la	  région	  

d’Anvers	  vers	  2081-‐2100	  
sous	  le	  scénario	  
clima-que	  RCP8.5	  
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•  Atténuer les pics de chaleur et réduire l’intensité de 
l’îlot de chaleur urbain. 
•  Diminuer le ruissellement en cas de fortes pluies et 
les risques d’inondation. 

Les enjeux locaux de l’action locale 
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Mentens	  J.	  et	  al.	  2006.	  
Landscape	  and	  urban	  
planning	  77:	  217-‐226	  

Toits verts: réduction du ruissellement 

220 J. Mentens et al. / Landscape and Urban Planning 77 (2006) 217–226

runoff divided by the rainfall during 5 min gives the
percentage of runoff.

Analysis of variance (ANOVA) was used to identify
the significant factors in the data set (Neter et al., 1996).
Linear regression was performed separately for every
time scale. Due to the large amount of independent
variables and the amount of missing data, the ANOVA
could not always be applied with all variables and in
such a case several approaches were taken like using
only the assumed, most important variables or taking
subsets of the data set. In order to make sure that the
used statistical methods were valid, the assumptions
of the linear model were checked: normality of the er-
ror terms was checked using the Kolmogorov–Smirnov
and the Shapiro–Wilk tests, while the equality of vari-
ance was checked visually on a plot of predicted values
versus residuals. Where the requirement of normality
was not met, second-degree factors were calculated and
added in the ANOVA. This was always sufficient to nor-
malize the data, so transformations were not necessary.
These second-degree factors were first standardized to
avoid problems with multicollinearity. All statistical
analyses were done using the statistical software pack-
age SPSS 11.0.

To illustrate the effect of green roofs on the runoff
reduction in an urban environment, an example is pre-
sented for Brussels (Brussels Capital Region, Bel-
gium) for which detailed land cover data are available
(Gryseels, 1998). The macroclimate is largely compa-
rable to the German climate. The mean annual rain-
fall of 821 mm for Brussels fits well in the range for
which the rainfall–runoff relationship was established
(Table 3). The city region is a relatively green urban
area with a lot of gardens, parks and forests, which
cover about 50% of the total area. Buildings occupy
only 26% of the total area. However, the built-up area
strongly differs between the city centre, where greenery
is sparse and buildings occupy about 60% of the area,
and the outer limits of the region (southeast) where the
Zoniën forest is located (Fig. 5). Annual runoff of the
various land cover types varies widely from 0% for
water surfaces, forests and public parks, 10% for agri-
culture and other green zones, 15% for privately owned
green, 25% for recreational zones and 90% for roads,
parking areas and buildings (cf. Kuttler, 1998; Dunnett
and Kingsbury, 2004). Using the percentages of runoff
for the several land cover types, the area of the differ-
ent land cover classes and the mean annual rainfall the

total annual runoff was estimated at 61.4 ! 109 l. To es-
timate the potential reduction of the runoff by greening
the roofs, the following assumptions were made:

- 10% of the buildings may have an extensive green
roof. This percentage is quite realistic if one consid-
ers that this is less than the current percentage green
roofs out of all new roofs in Germany (Köhler, 2003).

- A substrate layer of only 100 mm is assumed. This
type of extensive green roof can be installed on al-
most all roof slopes.

3. Results

3.1. Annual runoff

An overview of the annual runoff from roofs
(Table 2) presented in the existing literature clearly
demonstrates that the runoff is mainly determined
by the roof type and may be as high as 91% for a
traditional non-greened roof and as low as 15% for
an intensive green roof (see also Fig. 2). The annual
precipitation, type of roof, number of layers and depth

Fig. 2. Annual runoff for various roof types as a percentage of the
total annual rainfall; respectively, for intensive green roofs (“int”,
n = 11), extensive green roofs (“ext”, n = 121), gravel-covered roofs
(“gravel”, n = 8) and non-greened roofs (“trad”, n = 5). The box plots
show the total range of the data (after removal of outliers), the 25
and 75% percentiles and the median.

Tradi-onnel	  
Gravillons	  

Extensif	  
Intensif	  
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A 1999 report to the NYC Department of 
Environmental Protection (DEP) stated that 
vegetated roofs could have signi! cant feasibility 
as an alternative to storage-tank technologies 
in some wastewater drainage basins (Copp et 
al., 1999).  Modeling studies in Vancouver, BC; 
Seattle, WA; and Portland, OR have investigated 
this potential (Graham and Kim, 2003; Liptan et 
al., 2004; Taylor and Ganges, 2004.  " is study 
evaluates potential green roof hydrological 
functions through data analysis and modeling 
to determine whether green roofs could have 
an impact on the frequency and severity of 
combined sewer over# ow events in New York 
City.

 
Green Roof Functions
Green roof infrastructure could bene! t New 
York City by absorbing and later evaporating 
stormwater as well as retarding its # ow.  " e 
overall e$ ect would be a reduction in the 
amount and rate of discharge of stormwater into 
the combined sewer system, thus potentially 
reducing the frequency and volume of CSO 
events.  Even small reductions in # ow may have 
bene! ts that are much larger than expected to 
the extent that they reduce peak rates and # ow 
volumes responsible for much of the # ooding 

and CSO events.  
Studies have shown 

green roofs to be e$ ective 
at capturing rainfall. For 
example, the city of Portland 
found that a green roof 
with a 4 – 5 inch (10 – 13 
cm) growing medium and 
72% plant cover of mixed 
succulents could absorb 69% 
of the annual rainfall that fell 
on it (Hutchinson et al., 2003).  
During summer storms, the 
roof retained 100% of the 
rainfall, and peak runo$  
rates were signi! cantly lower 
for the green roof than for a 
control roof. For a theoretical 

discussion of water relations on a green roof, 
see Appendix I. 

" e ability of green roof infrastructure to 
function as a stormwater catchment system 
depends on a number of factors including type 
of green roof (intensive or extensive), soil type, 
plant type, severity of a particular storm, and 
antecedent weather.  " e design of a green roof 
system needs to optimize both hydrological 
and structural functionality.  For example, the 
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Figure 2. Hydrograph comparing hypothetical runo$  from a standard 
roof to runo$  from a green roof.
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thermique et modification du bilan d’énergie. 
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Table 5
Annual pollution removal rates for Santiago’s three subregions from July 2000 to June 2001. Ranges (g m!2) report high and low deposition velocities from the literature; no
range estimated for CO (Nowak et al., 2002).

Subregion (g m!2)

Low Medium High

Trees Shrubs Trees Shrubs Trees Shrubs

PM10 5.8 (2.3–9.1) 7.4 (2.9–11.5) 5.7 (2.2–8.8) 7.5 (2.9–11.7) 8.5 (3.3–13.3)
O3 2.4 (0.8–5.0) 1.7 (0.7–5.0) 2.8 (0.9–5.9) 2 (0.9–5.9) 3.3 (0.8–5.7) 3.3 (0.9–5.7)
CO 0.4 0.4 0.4 0.4 0.4 0.4
NO2 0.7 (0.5–1.5) 0.6 (0.5–1.5) NA NA 1.7 (0.9–2.7) 1.7 (1.0–2.8)
SO2 0.6 (0.4–1.6) 0.4 (0.4–1.6) 0.6 (0.4–1.7) 0.5 (0.4–1.7) 0.6 (0.4–1.4) 0.7 (0.4–1.4)

Total 12.0 (4.8–20.5) 8.8 (3.9–17.1) 11.9 (4.8–20.5) 9.2 (3.5–16.4) 13.4 (5.0–21.5) 14.6 (5.5–23.2)

NA, not measured.

During 1997–1998 tree cover removed 15.3 g m!2 and shrubs
removed 13.6 g m!2 of pollutants across the region. PM10 pollution
removal rate was the greatest in all subregions for both analysis
periods.

3.4. Tree and shrub pollutant removal rates by subregion

PM10 removal per square meter of tree cover was greatest for
all pollutants in all subregions in the low socioeconomic subregion
(Table 5). The low overall vegetative cover in this subregion might
be contributing to higher PM10 suspension rates, hence greater
PM10 concentrations. These two factors, low vegetative cover (leaf
area and tree density) and high rates of pollution removal might
indicate a potential for increased trees and shrubs to reduce PM10
emissions and concentrations in this area. The lower pollutant
removal ability of O3, NO2 and SO2 might be a result of lower LAI and
lower ambient pollution concentrations that could possibly affect
tree transpiration rates and dry deposition of gases. Differences in
meteorological conditions among subregions were not quantified
since only 1 weather station was used.

The medium income subregion had the lowest total pollution
removal amounts and PM10 removal rates per area of tree and
shrub cover (Table 5). The relatively low pollution removal in this
subregion is most likely due to the lowest overall tree and shrub
cover and the decreased ambient concentrations for some pollu-
tants. PM10 removal rate per square meter of shrub cover in the
high income subregion was the greatest for any type of vegetation
cover (Table 5). Total ozone pollution removal and tree and shrub
removal rates per square meter were also the greatest for any strata,
as was total NO2 removal. The relatively high O3 removal rate may
be attributed to this subregion’s high LAI and tree cover. An impor-

tant additional factor is that this subregion had the highest percent
tree and shrub evergreen leaf area that provides for year round
removal of pollutants.

3.5. Percent monthly air quality improvement

Monthly air quality improvement in the modeling region was
quantified from July 2000 through June 2001 and July 1997 through
June 1998. Average monthly percent air quality improvement due
to trees and shrubs is estimated at 1.5 percent for 2000 to 2001
(Fig. 2). Percent monthly improvement during this same analysis
period for the month of May was 1.9% and approximately 0.9% from
June to August. Average monthly air quality improvement was 1.4%
from July 1997 to June 1998. Despite 1997 being an El Niño South-
ern Oscillation year, percent annual air quality improvement during
1997–1998 was similar to 2000–2001.

Seasonal air quality improvement differed among the subre-
gions. During the 2000–2001 modeling period, the high income
subregion had the highest seasonal air quality improvement by
trees and shrubs at 2.0%. Annual air quality improvement trends
between the medium and low income subregion for the analysis
period were different (Table 6). Peak hourly improvements of 10.3%,
7.9%, and 10.4% for PM10 were estimated for the high, medium and
low income subregions, respectively, in areas of 100% tree cover.
Inter-annual variations in air quality improvement by urban forests
will occur because of meteorological and pollutant concentration
conditions. These two conditions might explain the slight seasonal
fluctuations observed in the air quality improvement trend. Finally,
results are likely due to the relatively low mixing heights present in
Santiago when using the percent air quality improvement method
used by the UFORE model (Table 6).

Fig. 2. Percent mean monthly air quality improvement from trees and shrubs in Santiago, Chile during July 1997 to June 1998 and July 2000 to June 2001. Horizontal axes
denote the 12 months of the southern latitude year, 7 represents the month of July, 8 the month of August and so forth. Note that 1997 was an El Niño year and might explain
air quality improvement fluctuations during this analysis period.

Escobedo	  &	  Novak	  2009.	  Landscape	  and	  Urban	  Planning	  90:	  102-‐110	  	  
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The health benefits of urban green spaces: a review
of the evidence
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ABSTRACT

Background Urban development projects can be costly and have health impacts. An evidence-based approach to urban planning is therefore

essential. However, the evidence for physical and non-physical health benefits of urban green space is unclear.

Methods A literature search of academic and grey literature was conducted for studies and reviews of the health effects of green space.

Articles found were appraised for their relevance, critically reviewed and graded accordingly. Their findings were then thematically categorized.

Results There is weak evidence for the links between physical, mental health and well-being, and urban green space. Environmental factors

such as the quality and accessibility of green space affects its use for physical activity. User determinants, such as age, gender, ethnicity and

the perception of safety, are also important. However, many studies were limited by poor study design, failure to exclude confounding, bias

or reverse causality and weak statistical associations.

Conclusion Most studies reported findings that generally supported the view that green space have a beneficial health effect. Establishing

a causal relationship is difficult, as the relationship is complex. Simplistic urban interventions may therefore fail to address the underlying

determinants of urban health that are not remediable by landscape redesign.

Keywords environment, geography, public health

Introduction

Globally, a dramatic demographic shift towards urbanization
is occurring.1 Between 2000 and 2050, the proportion of
people living in urban areas is projected to rise from 46.6 to
69.6%.2 Urbanization poses problems through effects such
as environmental pollution, accidents, heat island effects and
climate change.3,4 This has flagged up the need for multi-
sectoral action to promote health in urban populations and
led to the rise of the ‘Healthy Cities’ movement.5,6

Physical and psychological benefits have been linked to
green spaces through their purported effects on physical
activity.7 Numerous health benefits of physical activity have
been documented, such as the effects on cardio- and
cerebro-vascular disease, diabetes, colorectal cancer, osteo-
porosis, depression and fall-related injuries.8–15 It also
improves mental functioning, mental health and well-
being16–22 and may have long-lasting psychological
benefits.23 Benefits on longevity have also been reported.24

Whilst urbanization clearly has health impacts, there is
uncertainty as to whether the purported health benefits of
green spaces, such as parks and playing fields, are an urban
myth or fact. Urban developments are costly projects. It is
therefore important that urban design and planning
decisions are informed by robust evidence. This review
sought to broadly examine the evidence for the population
health benefits of green spaces, and to provide a narrative
summary for health policy-makers and urban planners.

Methods

Literature searches of electronic journal databases were con-
ducted for studies and reviews of the health effects of green
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Fig. 2. Average scores in subjective well-being plotted as a function of location and
biodiversity of green areas. A high biodiversity level is  more strongly linked to  well-
being in urban green areas as compared to peri-urban green areas.

receiving higher scores. The 2-way interaction was  also signifi-
cant [F(1,569) = 4.95; p  =  .004; partial eta squared = .015]. Concerning
the perceived restorativeness score, significant effects were
detected for both “Location” [F(1,568) = 32.46; p = .000; partial eta
squared =  .054], with peri-urban green areas receiving higher
scores, and “Biodiversity” [F(1,568) =  32.58; p = .000; partial eta
squared = .055], with high biodiversity green areas receiving higher
scores. The 2-way interaction was also significant [F(1,569) =  9.31;
p = .002; partial eta squared =  .016]. Taken together, the effects dis-
cerned show that the level of biodiversity and the peri-urban
(vs. urban) location of a  green area are positively linked to  self-
reported benefits and perceived restorativeness. To disentangle the
significant 2-way interactions detected, we  examined the scores
of the dependent variables within the single cells of the research
design (as plotted in  Figs. 2 and 3)  and conducted simple post hoc
comparisons. Results show that a  high level of biodiversity was
more strongly linked to benefits and well-being and to perceived
restorativeness in the case of urban green areas, compared to peri-
urban green areas: although significant in both cases, the effect
sizes (Cohen’s d, calculated from http://www.uccs.edu/!lbecker/)
decreased from .64 to .19 for benefits and well-being, and from .74
to .22 for perceived restorativeness.

3.2. Effects of activities in the green area experience on positive
outcomes

To evaluate the effects of the different activities carried out dur-
ing the “green” experience, we identified three different groups
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Fig. 3. Average scores in perceived restorativeness plotted as a  function of location
and  biodiversity of green areas. A high biodiversity level is more strongly linked
to  perceived restorativeness in urban green areas as compared to  peri-urban green
areas.

of respondents according to  the main activity they reported while
being in the setting. These activities were: (a) reading, talking,
socializing (n = 163); (b) walking/exercising (n = 306); and (c) con-
templating the setting (n = 84). Because of missing values (i.e., some
of the respondents did not  answered to this section of the ques-
tionnaire), the total sample size in  this analysis is  lower (N =  553).
The activities range across an increasing level of personal involve-
ment with the setting (or place dependency) from more socially to
more environment-oriented activities. We  assumed that restora-
tion effects should be stronger for activities depending more on
the restorative characteristics of the setting itself, such as contem-
plating, walking or exercising, as compared to activities that are
relatively independent from the restorative characteristics of the
setting, such as reading, talking, or  meeting other people. Consis-
tently with our prediction, the results showed a significant effect
of the main activity on the two  criteria: self-reported benefits and
well-being (F(2,552) = 19.66, p =  .000) and perceived restorativeness
(F(2,551) =  18.6, p =  .000).

Duncan post hoc comparisons were conducted to  check whether
the significant differences highlighted by the omnibus F-test are
consistent with the general trend we  predicted (i.e., well-being
and perceived restorativeness are higher when shifting from activ-
ities that imply a lower level of involvement with the green
setting, towards activities implying a  higher level of involvement
with the green setting). Indeed, the mean scores of well-being
for “reading, talking, and socializing” (M =  2.00; SD =  .83; n = 163)
were significantly lower for alpha <  .05 compared to “contemplat-
ing the setting” (M = 2.40; SD = .88, n =  84) and “walking, exercising”
(M = 2.48; SD =  .75, n =  306). These two  scores did not differ from
each other. Likewise, the mean scores of perceived restorativeness
for “reading, talking, and socializing” (M =  2.00; SD = .60; n = 163)
were significantly lower for alpha <  .05 compared to “contemplat-
ing the setting” (M = 2.29; SD =  .60, n =  84) and “walking, exercising”
(M = 2.35; SD =  .59, n =  306), which did not differ from each other.

To assess the relations between length of  visits to green areas,
biodiversity level, perceived restorativeness, and self-reported
benefits and well-being bivariate correlations were explored (see
Table 2). The results show that self-reported benefits and well-
being were significantly correlated with length of visit to  green
areas (r = .15; p = .000; n =  566), biodiversity level (r = .22; p = .000;
n =  569), and perceived restorativeness (r = .68; p  =  .000; n = 568).
Furthermore, our two  main predictors (i.e., length of visit and level
of biodiversity) were independent of each other (r  =  .08; p = .06;
n =  566). Although very small, this marginally significant r value
might suggest to test interactions between this predictors, but this
is beyond the scope of the present paper. Both predictors corre-
lated to perceived restorativeness (r = .19 and .25; n = 565 and 568,
respectively; p =  .000). This pattern suggests a  possible mediation
process, where both length of visit and level of biodiversity influ-
ence benefits and well-being through perceived restorativeness.

To test these mediation models, we used the INDIRECT proce-
dure for SPSS, following the approach proposed by Preacher and
Hayes (2008). A first model estimated the total, direct and indi-
rect effects of length of visit to  the green areas on self-reported
benefits and well-being through perceived restorativeness (Fig. 4).
The indirect effect of length of visit on benefits and well-being was
quantified as the product of the ordinary least squares (OLS) regres-
sion coefficient estimating perceived restorativeness from length
of visit (i.e., path “a”) and the OLS regression coefficient estimating
self-reported benefits and well-being from perceived restorative-
ness, accounting for length of visit (i.e., path “b”). The INDIRECT
procedure tested the significance of this product with 5000 boot-
strap samples. The bias-corrected bootstrap-confidence interval
(CI) for this parameter estimate that does not include zero indi-
cated a significant mediation effect (Preacher & Hayes, 2008). As
expected, results show that length of visit to green areas positively
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receiving higher scores. The 2-way interaction was  also signifi-
cant [F(1,569) = 4.95; p  =  .004; partial eta squared = .015]. Concerning
the perceived restorativeness score, significant effects were
detected for both “Location” [F(1,568) = 32.46; p = .000; partial eta
squared =  .054], with peri-urban green areas receiving higher
scores, and “Biodiversity” [F(1,568) =  32.58; p = .000; partial eta
squared = .055], with high biodiversity green areas receiving higher
scores. The 2-way interaction was also significant [F(1,569) =  9.31;
p = .002; partial eta squared =  .016]. Taken together, the effects dis-
cerned show that the level of biodiversity and the peri-urban
(vs. urban) location of a  green area are positively linked to  self-
reported benefits and perceived restorativeness. To disentangle the
significant 2-way interactions detected, we  examined the scores
of the dependent variables within the single cells of the research
design (as plotted in  Figs. 2 and 3)  and conducted simple post hoc
comparisons. Results show that a  high level of biodiversity was
more strongly linked to benefits and well-being and to perceived
restorativeness in the case of urban green areas, compared to peri-
urban green areas: although significant in both cases, the effect
sizes (Cohen’s d, calculated from http://www.uccs.edu/!lbecker/)
decreased from .64 to .19 for benefits and well-being, and from .74
to .22 for perceived restorativeness.

3.2. Effects of activities in the green area experience on positive
outcomes

To evaluate the effects of the different activities carried out dur-
ing the “green” experience, we identified three different groups
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Fig. 3. Average scores in perceived restorativeness plotted as a  function of location
and  biodiversity of green areas. A high biodiversity level is more strongly linked
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of respondents according to  the main activity they reported while
being in the setting. These activities were: (a) reading, talking,
socializing (n = 163); (b) walking/exercising (n = 306); and (c) con-
templating the setting (n = 84). Because of missing values (i.e., some
of the respondents did not  answered to this section of the ques-
tionnaire), the total sample size in  this analysis is  lower (N =  553).
The activities range across an increasing level of personal involve-
ment with the setting (or place dependency) from more socially to
more environment-oriented activities. We  assumed that restora-
tion effects should be stronger for activities depending more on
the restorative characteristics of the setting itself, such as contem-
plating, walking or exercising, as compared to activities that are
relatively independent from the restorative characteristics of the
setting, such as reading, talking, or  meeting other people. Consis-
tently with our prediction, the results showed a significant effect
of the main activity on the two  criteria: self-reported benefits and
well-being (F(2,552) = 19.66, p =  .000) and perceived restorativeness
(F(2,551) =  18.6, p = .000).

Duncan post hoc comparisons were conducted to  check whether
the significant differences highlighted by  the omnibus F-test are
consistent with the general trend we  predicted (i.e., well-being
and perceived restorativeness are higher when shifting from activ-
ities that imply a lower level of involvement with the green
setting, towards activities implying a  higher level of  involvement
with the green setting). Indeed, the mean scores of well-being
for “reading, talking, and socializing” (M =  2.00; SD =  .83; n =  163)
were significantly lower for alpha <  .05 compared to “contemplat-
ing the setting” (M = 2.40; SD =  .88, n = 84) and “walking, exercising”
(M = 2.48; SD = .75, n =  306). These two  scores did not differ from
each other. Likewise, the mean scores of perceived restorativeness
for “reading, talking, and socializing” (M =  2.00; SD = .60; n =  163)
were significantly lower for alpha <  .05 compared to “contemplat-
ing the setting” (M = 2.29; SD =  .60, n = 84) and “walking, exercising”
(M = 2.35; SD =  .59, n =  306), which did not differ from each other.

To assess the relations between length of  visits to green areas,
biodiversity level, perceived restorativeness, and self-reported
benefits and well-being bivariate correlations were explored (see
Table 2). The results show that self-reported benefits and well-
being were significantly correlated with length of visit to  green
areas (r =  .15; p = .000; n = 566), biodiversity level (r = .22; p = .000;
n = 569), and perceived restorativeness (r = .68; p  =  .000; n = 568).
Furthermore, our two  main predictors (i.e., length of visit and level
of biodiversity) were independent of each other (r  =  .08; p = .06;
n = 566). Although very small, this marginally significant r value
might suggest to test interactions between this predictors, but this
is beyond the scope of the present paper. Both predictors corre-
lated to perceived restorativeness (r = .19 and .25; n = 565 and 568,
respectively; p =  .000). This pattern suggests a  possible mediation
process, where both length of visit and level of biodiversity influ-
ence benefits and well-being through perceived restorativeness.

To test these mediation models, we used the INDIRECT proce-
dure for SPSS, following the approach proposed by Preacher and
Hayes (2008). A first model estimated the total, direct and indi-
rect effects of length of visit to  the green areas on self-reported
benefits and well-being through perceived restorativeness (Fig. 4).
The indirect effect of length of visit on benefits and well-being was
quantified as the product of the ordinary least squares (OLS) regres-
sion coefficient estimating perceived restorativeness from length
of visit (i.e., path “a”) and the OLS regression coefficient estimating
self-reported benefits and well-being from perceived restorative-
ness, accounting for length of visit (i.e., path “b”). The INDIRECT
procedure tested the significance of this product with 5000 boot-
strap samples. The bias-corrected bootstrap-confidence interval
(CI) for this parameter estimate that does not include zero indi-
cated a significant mediation effect (Preacher & Hayes, 2008). As
expected, results show that length of visit to green areas positively
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  Une nature de qualité, une 
nature « vraie ». 
•  Une diversité élevée, une diversité 
locale. 
•  Des écosystèmes urbains 
durables, auto-entretenus, 
adaptatifs, évolutifs. 
•  Des écosystèmes urbains 
multifonctionnels. 
•  Des cycles biogéochimiques 
rétablis. 
•  Une connexion écologique, 
sociale, économique, de la ville au 
territoire 
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