
The Climatological Environmental Justice
Index—Brazil, Canada, and Germany
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ABSTRACT

The perception of climate change impacts is strongly influenced by the underlying social realities. In order
to develop a model for climate change adaptation policies, the CC-VISAGES project (Climate Change
Inferred through Social Analysis, Geography, and Environmental Systems) developed a Climatological
Environmental Justice Index (CEJI) based on a developed Human Stress Index (HSI) and the Temperature
Humidity Index (THI). Through a geographical information system (GIS) representation of HSI, THI, and
CEJI, a vulnerability ranking of all communities in Germany, Canada, and Brazil could be revealed. The
variables have been selected and measured in a country comparable manner allowing to proportion
communities between the different countries. The data have been gathered from the nomenclature of
territorial units for statistics (NUTS) level 3 (community level). This article will show how HSI has been
developed and combined with the THI in order to develop the CEJI. A list of the vulnerable areas in each
country according to HIS, THI, and ECJI will be presented as the findings and discussed.

INTRODUCTION

Climate change is discussed as one of the most
pressing challenges of our time. Since 2013, the

Global Risk Report considers environmental issues as
humans’ most likely and most impacting danger in the
next 10 years. In its current tenth edition, the failure of
climate change adaptation is shown as the seventh of ten
most likely events for this period of time as well as the
event with the fifth (of ten) heaviest impact. In this list,
the report lists water crisis, interstate conflicts, unem-
ployment, and fiscal crises (among others) as discon-
nected from the issue of climate change adaptation.
The CC-VISAGES1 project (Climate Change Inferred
through Social Analysis, Geography, and Environmental
Systems) considers the possibility of a definitional link
between these events. Based on Spector and Kitsuse,2 the

project assumes climate change ‘‘as a discursive inter-
active process driven by policy actors.’’3 Following
Vlassopoulos’ conclusions, different rationales of vic-
timization frame the recognition of authority in one or
more policy sectors. She identifies the climate change
discourse (in Foucault’s meaning) as an environmental
degradation problem, a development issue, a migration
issue, and/or a security issue caused by conflict scenar-
ios.4

The article assumes that the stakeholders on all gov-
ernance levels are not speaking about the same thing
when discussing climate change. A solution of the cli-
mate change issue cannot be achieved as long as the
determining parameters are ignored. Social and clima-
tological variables of vulnerability have been combined
to create a Human Stress Index (HSI) and then connected
to the Temperature Humidity Index (THI) to develop the
Climatological Environmental Justice Index (CEJI) using
Germany, Canada, and Brazil as examples.

Dr. Kaufmann is the founder of the Environmental Justice
Institute in Berlin, Germany. Ms. Seidel is a research fellow at
the Environmental Justice Institute in Berlin, Germany. Dr.
Stößel is a research fellow at the Environmental Justice Institute
in Berlin, Germany.

1See also <www.cc-visages.com>.
2M. Spector amd J. I. Kitsuse. Constructing Social Problems.

Cummings series in contemporary sociology. (Cummings, 1977).

3C. A. Vlassopoulos, ‘‘Competing Definition of Climate Cha-
nge and the Post-Kyoto Negotiations,’’ International Journal of
Climate Change Strategies and Management 4 (2012): 104.
<http://doi.org/10.1108/17568691211200245>.

4Ibid., 107.
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STUDY AREAS

Germany is located in Mid-Europe and is a unit of 16
federal states. It is characterized by a temperate climate,
prevailing westerlies, and situated in the transitional
zone between the maritime climate in Western Europe
and the continental climate in Eastern Europe. The di-
versity of the landscape from north to south contains the
lowlands of Northern German, the central mountain
zone, the alpine forelands, and the German Alps. Ger-
many’s national territory contains 357,376 km2; more
than 50% of the territory—84,607 km2—is used for
agriculture.5

Canada is located in North America and is a union of
10 provinces and three territories. The climate varies
from polar climate in the north to temperate climate in
the south (50� N latitude), whereas most of the country
features a boreal climate, characterized by long cold
winters and dry hot summers. The diversity of the land-
scape reaches from tundra and mountain regions, to ex-
tensive coniferous forest area southwards and agricultural
areas in the south. Canada has one of the lowest degrees
of population density. According to the Canadian cen-
sus,6 a constantly growing7 share of currently 81.1% of
the population is concentrated in urban areas.8

Brazil is located in South America and is a union of 27
federal units. The climate varies from the tropical north,
crossing the equator, to temperate zones in the south (23�
S latitude). The diversity of the landscape reaches from
extensive rain forest in the north, to areas in the central
west, savanna regions in the east, and mountains in the
south that are mainly used for agricultural production. It
is the most populous nation in South America. 55.9% of
the Brazilian population is concentrated in 294 popula-
tion settings. These are concentrated mainly in 26 cities
with more than 750,000 inhabitants, mainly located at the
coast.9

MATERIAL (DATA) AND METHODS

The following examination will outline the creation of
the Human Stress Index and its combination with the
Temperature Humidity Index to create the Climatological
Environmental Justice Index.

The Human Stress Index

The selection of variables for the HSI is based on the
intersectionality debate. Intersectionality is mostly used
in gender debates where Hancock,10 for instance, ex-
amined intersectionality as a research paradigm. Inter-
sectionality describes the research on the intersections
between different forms of discrimination and is also
referred to as ‘‘matrix of domination’’11 or ‘‘complex
inequality.’’12 Contrary to earlier debates on triple op-
pression,13 intersectionality sees these as a nonadditive
way of understanding social inequality focusing on
‘‘how race, gender, and class, as categories of differ-
ence, do not parallel but instead intersect and confirm
each other.’’14 The intersectional approach15 is also re-
ferred to as an ‘‘integrative’’16 or ‘‘race-classgender’’
approach,17 as Choo18 adds.

As for the HSI, education, distribution of income,
ethnic composition, population density, and age dis-
tribution have a great influence on living conditions,
life style, and available resources. National databases
provided different scales for the chosen variables in
their most recent surveys.

The chosen variables in the following table (Table 1)
represent an overview about the dimensions of social
structures, demographic conditions, and economy.

5Statistisches Bundesamt. Land- und Forstwirtschaft, Fi-
scherei, Fachserie 3(5.1) (2014): 6–7. <https://www.destatis.de/
DE/Publikationen/Thematisch/LandForstwirtschaft/Flaechennut
zung/BodenflaechennutzungPDF_2030510.pdf;jsessionid=F0BF
F43C96E4E3D63B47DE9298891F3A.cae3?__blob=publication
File>.

6Statistics Canada. Population and Dwelling Count Highlight
Tables. (2011). <http://www12.statcan.ca/census-recensement/
2011/dp-pd/hlt-fst/pd-pl/Table-Tableau.cfm?LANG=Eng&T=703
&PR=13&S=80&O=A&RPP=99>. (Last accessed on December
16, 2015).

7Statistics Canada. Population, Urban and Rural, by Province
and Territory (Canada). <http://www.statcan.gc.ca/tables-table
aux/sum-som/l01/cst01/demo62a-eng.htm>. (Last accessed on
December 16, 2015).

8Statistics Canada. Population and Dwelling Count Highlight
Tables. (2011). <http://www12.statcan.ca/census-recensement/
2011/dp-pd/hlt-fst/pd-pl/Table-Tableau.cfm?LANG=Eng&T=703
&PR=13&S=80&O=A&RPP=99>. (Last accessed on December
16, 2015).

9Instituto Brasileiro de Geografia e Estatı́stica. Arranjos Po-
pulacionais e Concetracoes Urbanas do Brasil. (2015), 2.
<http://www.ibge.gov.br/apps/arranjos_populacionais/2015/pdf/
publicacao.pdf>.

10A.-M. Hancock, ‘‘When Multiplication Doesn’t Equal
Quick Addition: Examining Intersectionality as a Research
Paradigm,’’ Perspectives on Politics 5 (2007): 63–79.

11P. Hill Collins. (1990). Black Feminist Thought: Knowl-
edge, Consciousness, and the Politics of Empowerment. (Rou-
tledge, 1990).

12L. McCall. Complex Inequality Gender, Class, and Race in the
New Economy. Series: Perspectives on gender (Routledge, 2001).

13K. Viehmann, ‘‘Klassenwiderspruch, Rassismus und Sex-
ismus,’’ in Drei zu Eins, eds. I. Stroble and K. Viehmann (Kiel,
1993).

14Y. L. Espiritu. Asian American Women and Men. (Altamira
Press, 2000), 1.

15K. W. Crenshaw, ‘‘Mapping the Margins: Intersectionality,
Identity Politics, and Violence Against Women of Color,’’
Stanford Law Review 43 (1991): 1241–1299.

16E. N. Glenn, ‘‘The Social Construction and Institutionalization
of Gender and Race: An Integrative Framework,’’ in Revisioning
Gender, eds. A. Myra M. Ferree, Judith Lorber, and B. B. Hess
(Sage Publications, 1999), 3–43.

17C.-M. Pascale. Making Sense of Race, Class and Gender:
Commonsense, Power and Privilege in the United States.
(Routledge, 2007).

18H. Y. Choo and M. M. Ferree, ‘‘Practicing Intersectionality
in Sociological Research: A Critical Analysis of Inclusions,
Interactions, and Institutions in the Study of Inequalities,’’ So-
ciological Theory 28 (2010): 129.
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In Germany and Canada, data from the 2011 census
was available.19 For Brazil, data collected by the census
in 2010 was used.20

The data on social conditions was collected on the
spatial resolution of NUTS 3 regions for Germany and
comparable spatial resolutions for Canada and Brazil. As
the hierarchical systematic of NUTS is only applied in
member states of the European Union, the data acquired
for Canada and Brazil does not rely on this standard. For
Germany, this means the data was collected on the level
of counties and urban municipalities resulting in 402
surveyed units. As for Canada, the data was collected
based on the census subdivisions resulting in 293 units
that could be surveyed. The Brazilian census on the other
hand used administrative units comparable to counties
and municipalities in addition to much smaller entities
like urban districts, quarters, and even single house
complexes, resulting in 316,574 units for the survey.

Due to the redrawn county boundary of the federal
state of Mecklenburg-Western Pomerania from 2010 to
2011, parts of the state did not provide data about school
leavers.

For the calculation of HSI, datasets of censuses from
the three study areas were used. The following variables
have been evaluated based on the selection requirement
of being available in all three countries: population
density (PD), proportion of women (WO), children and
teenagers (YO), elderly people (EL), migration back-
ground/non-white people (NWP), education in terms of
literacy in the overall population (ED), and the level of
income (IN). The variables YO and EL were grouped
together by adding the percentages of both, resulting in a
single variable representing age dependent vulnerability
(AGE). All social variables were then classified by cal-
culating the 5%, 25%, 50%, 75%, and 95% quantiles for
each of the seven variables, and all regions surveyed
were grouped according to their value exceeding or
falling below the thresholds into six classes. The classes
were defined from 1 to 6 with 1 indicating very positive
social circumstances and 6 marking very negative social
circumstances regarding the variable of interest.

HSI¼ (PDþWOþAGEþNWPþEDþ IN) = 6

The Temperature Humidity Index

Climatological factors, such as temperature, humidity,
ozone, fine dust pollution, and ultraviolet (UV) radiation
have a great influence on human health and biological
stress conditions.

High-resolution grids of mean monthly surface climate
provided by the Climatic Research Unit (CRU) of the
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19Germany: Statistical Offices of the Federation and the
Federal States. Census 2011 (2014). Canada: Statistics Canada.
National Household Survey Profile (2013) and 2011 National
Household Survey.

20Ministry of Planning, Budget and Management, the Brazi-
lian Institute of Geography and Statistics (IBGE), Centre for
Documentation and Dissemination of Information, Census 2010.
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University of East Anglia21 were used as input for the
calculations of the climatic stress index. The CL2.0 da-
taset includes monthly global climatologies of eight
variables calculated from observational data averaged for
the years 1961 to 1990 and interpolated on a 10-minute
grid, covering all areas except Antarctica.

For the estimation of the impact of climatological
factors imposing stress on the human body, numerous
indices with strongly differing methodological back-
grounds exist in the literature.22 De Freitas and Grigor-
ieva classified 162 human thermal biometeorological
indices into eight groups.23 The rationale behind the
decision on which index to use, was the applicability to a
high-resolution global climate dataset without the need
for mixing it with data of different sources. The index
should be up-to-date and consider temperature as overall
applicable variable of climate change impact to human
health. After comparing the indices, the THI by Schoen24

was chosen. Since dew point temperature was not
available in global high-resolution observational datasets,
the calculation of the THI had to be adjusted by using the
equations of Sonntag25 to approximate dew point tem-
perature from relative humidity measurements.

The results from THI calculations were then grouped
into classes 1 to 6 according to the classification scheme
of the social variables utilizing the 5%, 25%, 50%, 75%,
and 95% quantiles. The higher the class, the bigger is the
combined temperature humidity stress on the population
of the region of interest.

The Climatological Environmental Justice Index

To identify regions and population groups in each of
the three countries that are especially handicapped by

socio-environmental stress factors and to quantify these
factors, the CEJI was created. It comprises two sub-
indices, the Temperature Humidity Index as a climatic
stress index and the Human Stress Index, each contrib-
uting to the CEJI with 50%.

CEJI¼ (HSIþTHI) = 2

RESULTS

Starting with the quantiles and thresholds, the Spear-
man correlation coefficient and significance parameters,
the geographical information system (GIS) modeling of
the community-based application of HSI, THI, and CEJI
will be shown and analyzed.

The quantiles for each country (Tables 2–4) tell about
the distribution of the social variables in the HSI within
each country. The index column describes the border
percentage, at which the rank from 1 to 6 switches. The
data in the matrix show at which point (percentage in the
cases of PD, WO, YO, EL, NWP, ED, and AGE BTW;
average salary looking at IN).

As for the correlation coefficient (Spearman), the
analysis provides the rank correlation coefficient as a
contingency table and—additionally—the significance of
the probability to falsely reject the null hypothesis26

(H0). Accordingly, the higher the prosecutor’s fallacy
(significance) the more we can assume a correlation be-
tween the two variables, BTW the higher is the chance to
falsely refuse the H0.

For Germany, the significance is high regarding PD vs.
ED (0.962) and WO vs. ED (0.614), it is relatively high
for PD vs. YO (0.229), and it is low in the cases of IN vs.
AGE (0.011), NWP vs. AGE (0.008), and AGE vs. YO
(0.007). For all others, the probability is equal to zero (0)
(Table 5).

As for Canada, the significance is highest for WO vs.
IN (0.962) followed by AGE vs. NWP (0.936), and ED
vs. YO (0.739), medium significance was found for YO
vs. AGE (0.564), PD vs. EL (0.362), and NWP vs. WO
(0.233). Low significance could be revealed for PD

Table 2. Quantiles and Thresholds in Germany’s Human Stress Index (HSI)

Index Quant. PD WO YO EL NWP ED IN AGE

1–2 5 71.2475 50.16 12.768 17.6 1.093 2.64 23,026 34.078
2–3 25 114.773 50.65 14.91 19.425 3.23 4.105 25,246 36.225
3–4 50 200.34 51 16.345 20.9 5.61 5.18 27,937 37.35
4–5 75 697.665 51.478 17.5 22.4 8.918 6.97 29,982 38.308
5–6 95 2,030.96 52.318 18.538 25.5 14.37 11.388 34,293 39.758

PD, population density; WO, proportion of women; YO, young age; EL, elder age; NWP, non-white people, migrants, foreigners;
ED, vulnerability due to (low) education, high school dropouts; IN, income vulnerability of by average income; AGE, age
vulnerability of both young and elder people.

21M. New, D. Lister, M. Hulme, and I. Makin, ‘‘A High-
Resolution Data Set of Surface Climate over Global Land
Areas,’’ Climate Research 21 (2002): 1–25.

22C. de Freitas and E. Grigorieva, ‘‘A Comprehensive Cata-
logue and Classification of Human Thermal Climate Indices,’’
International Journal of Biometeorology 59 (2005): 109–120.

23Ibid., 110–111.
24C. Schoen, ‘‘A New Empirical Model of the Temperature–

Humidity Index,’’ Journal of Applied Meteorology 44 (2005):
1413–1420.

25D. Sonntag, ‘‘Important New Values of the Physical Con-
stants of 1986, Vapour Pressure Formulations Based on the
IST-90 and Psychrometer Formulae,’’ Z. Meteorol. 70 (1990):
340–344.

26H0 states that the correlation coefficient is r = 0 meaning
that there is no correlation between the variables. The named
probability to falsely rejecting the H0 is not the p-value!
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vs. IN (0.031), WO vs. AGE (0.157), and ED vs. NWP
(0.051). For all others, the probability is equal to zero (0)
(Table 6).

In the case of Brazil, only one significant correlation
was found (even though low): PD vs. ED = 0.042. The
probability for the others is equal to zero (0) (Table 7).

The analysis of the correlations shows connection be-
tween income and other variables. Low income goes to-
gether with a high percentage of high school dropouts in
Brazil (.88), but is negatively correlated in Canada (-.69)
and Germany (-.39). The correlation with non-white
people/immigrants/foreigners is negative in Brazil (-.69),
but positive in Canada (.40) and Germany (.77). Bringing
these two correlations together, the non-white people
variable doesn’t correlate with education in Brazil (-.79),
but does in Canada (.40) and Germany (.77). Education
correlates with young people negatively in Brazil (-.82)
and Germany (-.42), but not so in Canada (.02).

Of less surprise is the positive correlation between
youth and income, which is significant in all three
countries (.66 Brazil, .40 Canada, .36 Germany). Young
people naturally have relatively low income. The same
applied for the correlation between young people and
NWP (.79 Brazil, .46 Canada, .34 Germany).

As for the share of female population, we found a high
correlation with population density (.48 Brazil, .53
Canada, .62 Germany) but a surprisingly low correlation
(though not negative) with income (.09 Brazil, .00
Canada, .19 Germany).

Looking at age (both young and old, AGE), we see a
high correlation with YO in Brazil (.89), but moderate in
Canada (.03) and Germany (.13). This shows that the
vulnerability due to age is influenced more by the amount
of YO than of EL. The correlation between age and NWP
is also only high in Brazil, .75 compared to .00 (Canada)
and -.13 (Germany).

Table 4. Quantiles and Thresholds in Brazil’s Human Stress Index (HSI)

Index Quant PD WO YO EL NWP ED IN AGE

1–2 5 0.29 40.17 19.02 2.07 12.0815 8.58 263.29 29.1715
2–3 25 1.52 44.41 25.52 5.03 44.96 13.65 335.3525 34.56
3–4 50 3.71 46.45 30.435 7.4 68.6 20.39 477.48 38.39
4–5 75 7.56 48.19 35.97 10 82.18 26.91 720.38 42.86
5–6 95 15.41 50.72 47.06 14.4 95.6085 32.07 1,059.925 51.3985

PD, population density; WO, proportion of women; YO, young age; EL, elder age; NWP, non-white people, migrants, foreigners;
ED, vulnerability due to (low) education, high school dropouts; IN, income vulnerability of by average income; AGE, age
vulnerability of both young and elder people.

Table 3. Quantiles and Thresholds in Canada’s Human Stress Index (HSI)

Index Quant PD WO YO EL NWP ED IN AGE

1–2 5 0.116 48.482 15.942 7.436 1.856 13.234 27,952.6 32.698
2–3 25 2.09 49.33 18.2 13.88 4.95 17.53 31,157 35.77
3–4 50 8.14 50.18 20.3 17.27 11.31 21.73 35,409 37.34
4–5 75 33.67 50.98 22.69 19.54 21.66 25.96 39,356 39.21
5–6 95 448.57 51.658 28.38 22.874 60.482 35.716 47,214.8 43.176

PD, population density; WO, proportion of women; YO, young age; EL, elder age; NWP, non-white people, migrants, foreigners;
ED, vulnerability due to (low) education, high school dropouts; IN, income vulnerability of by average income; AGE, age
vulnerability of both young and elder people.

Table 5. Correlation Coefficient of the German Human Stress Index (HSI) Data

PD WO YO EL NWP ED IN AGE

PD 1 0.62 -0.06 -0.16 0.74 0 0.52 -0.17
WO 0.62 1 -0.3 0.31 0.36 0.03 0.19 0.22
YO -0.06 -0.3 1 (-0,64) 0.34 -0.42 0.36 0.13
EL -0.16 0.31 (-0,64) 1 -0.44 0.38 -0.42 0.61
NWP 0.74 0.36 0.34 -0.44 1 -0.29 0.77 -0.13
ED 0 0.03 -0.42 0.38 -0.29 1 -0.39 0.06
IN. 0.52 0.19 0.36 -0.42 0.77 -0.39 1 -0.13
AGE -0.17 0.22 0.13 0.61 -0.13 0.06 -0.13 1

PD, population density; WO, proportion of women; YO, young age; EL, elder age; NWP, non-white people, migrants, foreigners;
ED, vulnerability due to (low) education, high school dropouts; IN, income vulnerability of by average income; AGE, age
vulnerability of both young and elder people.
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Obviously, the negative correlation between EL and
YO in all three cases is self-explanatory since there
cannot be a correlation between mutually exclusive
variables. In addition, the correlation between YO and
EL versus AGE is rather redundant since AGE is created
by YO and EL. Similarly, the relation of age to education
(-.85 Brazil, .42 Canada, .06 Germany) as well as be-
tween people of both young and old age (-.81 Brazil, -.40
Canada, -.13 Germany) is not of much meaning as such.

Germany

HSI. The areas showing the worst HSI values in
Germany were all cities and spread all over the country
(Figure 1). Western, northern, and northeastern Germany
especially included many regions holding a high HSI.
Lübeck, Delmenhorst, and Schwerin in the north,
Pforzheim and Kaufbeuren in the South, and Chemnitz
and Halle (Saale) in the east of Germany are represented
in the list with the highest HSI (Table 8).

All regions exhibited a HSI above 4.5 and belonged to
the 25% with the highest population density and the
worst education. But reasons for the bad HSI results
differed between the regions. Chemnitz, Delmenhorst,
Lübeck, Pforzheim, and Schwerin all belonged to the
worst 5% of all regions in one category, Halle (Saale) in
two categories, and Kaufbeuren in none. Halle (Saale),
Lübeck, and Schwerin were characterized by a high
percentage female population, which resulted in a bad
grade entering the HSI formula. Pforzheim showed a
high relative number of immigrants in the population,

Delmenhorst a low average income, and Chemnitz a high
proportion of people of an exposed age group. Halle
(Saale), again, and Schwerin belonged to the 5% with the
lowest education level overall.

THI. The 5% of the German areas presenting the
highest THI values and hence the highest climatic stress
were all situated in the western parts of the country
(Figure 2).

As can be seen from Table 9, especially cities located
at the upper and middle Rhine valley and in the big urban
agglomerations around Cologne and Düsseldorf had the
highest THI. More areas with high THI values were
found in the eastern parts of the country between Berlin
and Cottbus.

CEJI. The regions exhibiting the worst CEJI values
were all situated in western Germany (Figure 3). But
northern and northeastern Germany, especially the city of
Berlin, showed high CEJI, too.

All areas in the list with the highest CEJI (Table 10)
had a value over 5 in addition to a THI of 6 and HSI
between 4 and 4.5. Baden-Baden, Duisburg and Düssel-
dorf had two HSI subcategories with a rating of 6,
Mülheim an der Ruhr and Oberhausen one subcategory
with the worst rating, and Frankenthal, Mettmann, and
Solingen none. Duisburg, Düsseldorf, and Oberhausen
belonged to the 5% with the highest population density in
Germany and thus received a rating of 6. In addition,
Duisburg and Düsseldorf were part of the 5% with the

Table 6. Correlation Coefficient of the Canadian Human Stress Index (HSI) Data

PD WO YO EL NWP ED IN AGE

PD 1.00 0.53 -0.23 0.05 -0.37 -0.53 0.13 -0.28
WO 0.53 1.00 -0.43 0.30 -0.07 -0.34 0.00 -0.08
YO -0.23 -0.43 1.00 (-0,76) 0.46 0.02 0.40 0.03
EL 0.05 0.30 (-0,76) 1.00 -0.43 0.21 -0.55 0.52
NWP -0.37 -0.07 0.46 -0.43 1.00 -0.11 0.40 0.00
ED -0.53 -0.34 0.02 0.21 -0.11 1.00 -0.69 0.42
IN. 0.13 0.00 0.40 -0.55 0.40 -0.69 1.00 -0.40
AGE -0.28 -0.08 0.03 0.52 0.00 0.42 -0.40 1.00

PD, population density; WO, proportion of women; YO, young age; EL, elder age; NWP, non-white people, migrants, foreigners;
ED, vulnerability due to (low) education, high school dropouts; IN, income vulnerability of by average income; AGE, age
vulnerability of both young and elder people.

Table 7. Correlation Coefficient of the Brazilian Human Stress Index (HSI) Data

PD WO YO EL NWP ED IN AGE

PD 1.00 0.48 0.06 -0.24 0.07 0.03 0.19 -0.09
WO 0.48 1.00 -0.14 0.16 -0.15 0.05 0.09 -0.11
YO 0.06 -0.14 1.00 (-0,70) 0.79 -0.82 -0.66 0.89
EL -0.24 0.16 (-0,70) 1.00 -0.47 0.37 0.11 -0.33
NWP 0.07 -0.15 0.79 -0.47 1.00 -0.79 -0.69 0.75

PD, population density; WO, proportion of women; YO, young age; EL, elder age; NWP, non-white people, migrants, foreigners;
ED, vulnerability due to (low) education, high school dropouts; IN, income vulnerability of by average income; AGE, age
vulnerability of both young and elder people.
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FIG. 1. GIS model of
the Human Stress In-
dex (HSI) in Germany.

Table 8. Most Vulnerable Communities in Germany According to the Human Stress Index (HSI)

RS_1 Kreis hsi_index hsi_rank

09762 Kaufbeuren 4.833333333 1
01003 Lübeck, Hansestadt, Kreisfreie Stadt 4.666666667 2
03401 Delmenhorst, Kreisfreie Stadt 4.666666667 2
15002 Halle (Saale), Kreisfreie Stadt 4.666666667 2
13004 Kreisfreie Stadt Schwerin, Landeshauptstadt 4.666666667 2
08231 Pforzheim, Kreisfreie Stadt 4.666666667 2
14511 Chemnitz, Stadt 4.666666667 2

.
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FIG. 2. GIS model of
the Temperature Hu-
midity Index (THI) in
Germany.

Table 9. Most Vulnerable Communities in Germany According

to the Temperature Humidity Index (THI)

RS_1 Kreis THI thi_index thi_rank

08212 Karlsruhe, Kreisfreie Stadt 9.677321677 6 1
07334 Germersheim, Landkreis 9.646755346 6 2
08222 Mannheim, Universitätsstadt, Kreisfreie Stadt 9.574819993 6 3
07318 Speyer, Kreisfreie Stadt 9.544742964 6 4
07314 Ludwigshafen am Rhein, Kreisfreie Stadt 9.477069649 6 5
05316 Leverkusen, Kreisfreie Stadt 9.443803351 6 6
07311 Frankenthal (Pfalz), Kreisfreie Stadt 9.424434848 6 7
07338 Rhein-Pfalz-Kreis 9.421791468 6 8
05122 Solingen, Kreisfreie Stadt 9.365708652 6 9
08211 Baden-Baden, Kreisfreie Stadt 9.340003724 6 10

.
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FIG. 3. GIS model of
the Climatological En-
vironmental Justice In-
dex (CEJI) in Germany.

Table 10. Most Vulnerable Communities in Germany According

to the Climatological Environmental Justice Index (CEJI)

RS_1 Kreis ceji_index ceji_rank

05112 Duisburg, Kreisfreie Stadt 5.25 1
05122 Solingen, Kreisfreie Stadt 5.25 1
07311 Frankenthal (Pfalz), Kreisfreie Stadt 5.25 1
05119 Oberhausen, Kreisfreie Stadt 5.166666667 4
05111 Düsseldorf, Kreisfreie Stadt 5.083333333 5
05117 Mülheim an der Ruhr, Kreisfreie Stadt 5.083333333 5
05158 Mettmann, Kreis 5.083333333 5
08211 Baden-Baden, Kreisfreie Stadt 5.083333333 5

.
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highest proportion of immigrants in the country. Baden-
Baden and Mülheim an der Ruhr belonged to the 5% with
the highest female quota in Germany, and Baden-Baden
additionally belonged to the 5% with the highest pro-
portion of people in an age-conditioned risk group.

Canada

HSI. The HSI in Canada was highest in the central
and eastern parts of the country as can be seen in Fig-
ure 4.

According to Table 11, divisions from the provinces
Manitoba, Saskatchewan, and Nova Scotia belonged to
the worst areas.

Division 18 (Saskatchewan) and Manitoba Divisions
19, 22, and 23 belonged to the 5% of the areas holding
the highest proportion of immigrants, lowest proportion
of educated residents, lowest income, and highest pro-
portion of people under age-conditioned risk. Divisions

16 and 17 from Manitoba belonged to the 5% with the
highest proportion of people under age-conditioned risk,
too. Both divisions of Nova Scotia were under special
risk according to the HSI, because of their high propor-
tion of females and their low income and proportion of
educated residents.

THI. The THI for Canada shows a strong north-south
gradient exhibiting higher values in the southeastern and
southwestern parts of the country and lower values in the
north (Figure 5).

Parts of the provinces Ontario and British Colombia
are especially subject to a relatively high climatic vul-
nerability and lead the THI ranking with the worst grade
(Table 12).

CEJI. The CEJI has its highest values in the south-
eastern and southwestern parts of the country in addition to

FIG. 4. GIS model of
the Human Stress Index
(HSI) in Canada.

Table 11. Most Vulnerable Communities in Canada According to the Human Stress Index (HSI)

CDUID Prov_Name CDNAME hsi_index hsi_rank

4718 Saskatchewan Division No. 18 4.833333333 1
1202 Nova Scotia Yarmouth 4.666666667 2
1203 Nova Scotia Digby 4.5 3
4616 Manitoba Division No. 16 4.5 3
4617 Manitoba Division No. 17 4.5 3
4619 Manitoba Division No. 19 4.5 3
4622 Manitoba Division No. 22 4.5 3
4623 Manitoba Division No. 23 4.5 3

.
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some regions in central Canada (Figure 6). Regions with
the highest CEJI are exclusively situated in Ontario and
British Colombia and show a CEJI around 5 (Table 13).

All top regions are characterized by a THI of 6 and
HSI values around 4. The worst social variables for the
districts Chatham-Kent, Brant, and Niagara in Ontario
are population density and the proportion of female in-
habitants. Nanaimo (British Colombia) and Prince Ed-
ward (Ontario) earn their bad HSI rating through bad
grades in population density, proportion of females, and
proportion of age-groups at risk, especially a high
amount of old people. Elgin (Ontario) and Alberni-
Clayoquot (British Colombia) each only have one social
category, where they belong to the worst 25%, popula-
tion density and proportion of immigrants, respectively.

Brazil

HSI. The HSI is highest in the north and northeast of
the country and lower in the central parts like Mato

Grosso (Figure 7). The regions exhibiting the highest
HSI, with values around 5, are all situated in the north-
east including Palestina (Alagoas), Itaparica (Bahia), and
Coelho Neto and Trizidela do Vale (both Maranhão, see
Table 14).

Palestina, Coelho Neto, and Trizidela do Vale have
similar social structures with high values for population
density, female proportion, immigrant quota, and pro-
portion of age-groups under risk, as well as low income
and good education. The social structure of Itaparica
differs from these through higher income, a lower per-
centage of inhabitants in an age-group under risk, and
fewer inhabitants with a good education.

THI. The THI for Brazil shows a distinct north-
south gradient with higher climatic stress in the north-
ern parts of the country around the equator and lower
values in the southern districts of Santa Catarina
and Rio Grande do Sul (Figure 8). The highest THI is

FIG. 5. GIS model of
the Temperature Hu-
midity Index (THI) in
Canada.

Table 12. Most Vulnerable Communities in Canada According

to the Temperature Humidity Index (THI)

CDUID Prov_Name CDNAME thi thi_index thi_rank

3536 Ontario Chatham-Kent 7.826606392 6 1
5923 British Columbia Alberni-Clayoquot 7.135425058 6 2
3534 Ontario Elgin 7.008241371 6 3
5921 British Columbia Nanaimo 6.785450772 6 4
3513 Ontario Prince Edward 6.626400626 6 5
3526 Ontario Niagara 7.388733699 6 6
3529 Ontario Brant 6.695358828 6 7

.
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identified for broad parts of Ceará, Maranhão, Pará, and
Amazonas (Table 15).

CEJI. The CEJI follows a latitudinal gradient with
higher values in northern Brazil near the equator and
lower values in the south (Figure 9). Higher values
stretch over the states Ceará, Piauı́, Maranhão, Pará, and
Amazonas; lower values are observed for parts of Rio
Grande do Sul, Santa Catarina, Paraná, and Minas Gerais.
The regions having the highest CEJI are situated in
Maranhão with Coelho Neto, Trizidela do Vale, Monção,
Penalva, and Santa Inês, and in Amazonas with Parintins
(Table 16).

They all have a CEJI between 5.3 and 5.5, THI of 6,
and HSI between 4.5 and 5. Most of the social subscores
rate all the regions in the lower 25%, except for popu-
lation density and female quota in Monção, Penalva, and
Parintins; income in Parintins and Santa Inês; and edu-
cation in all areas.

DISCUSSION

Even though the creation of the indices as such reveals
both many opportunities and findings, they also carry
multiple shortfalls.

As for the HIS, the survey systematics varied between
the three censuses for some variables. The climatological
variables of the THI reflect the ‘‘best comparable’’ da-
taset for all three countries and leaves out many. The
chosen variables are considered the most comparable
data available.

The HSI variables use YO for people aged below 18
in the German and Canadian censuses, but defined as
people aged below 16 in the Brazilian census. The var-
iable NWP was defined as foreigners in the German
census and as foreigners and indigenous people in the
Canadian census. In Brazil, the census measures the self-
determination of people defining themselves as non-
white (brown, Afrobrazilian, Asian, indigenous, among

FIG. 6. GIS model of
the Climatological En-
vironmental Justice In-
dex (CEJI) in Canada.

Table 13. Most Vulnerable Communities in Canada According

to the Climatological Environmental Justice Index (CEJI)

CDUID Prov_Name CDNAME ceji_index ceji_rank

3536 Ontario Chatham-Kent 5.083333333 1
3529 Ontario Brant 5 2
3534 Ontario Elgin 5 2
5921 British Columbia Nanaimo 5 2
3513 Ontario Prince Edward 4.916666667 5
3526 Ontario Niagara 4.916666667 5
5923 British Columbia Alberni-Clayoquot 4.916666667 5

.
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others). The variable ED on the other hand was defined
as people leaving school without certificate in the Ger-
man and Canadian censuses. In the Brazilian census
the data count was for people not properly educated by
the age of more than 10 years in private households. The
variable IN was collected as the income in the German
and Canadian censuses and as income classes by several
times of the minimum salary (salário mı́nimo) in the
Brazilian census.

FIG. 7. GIS model of
the Human Stress Index
(HSI) in Brazil.

Table 14. Most Vulnerable Communities in Brazil

According to the Human Stress Index (HSI)

ID_2 NAME_1 NAME_2 hsi_index hsi_rank

87 Alagoas Palestina 5 1
1184 Maranhão Coelho Neto 4.833333333 2
1329 Maranhão Trizidela

do Vale
4.833333333 2

395 Bahia Itaparica 4.833333333 2

.

FIG. 8. GIS model of
the Temperature Hu-
midity Index (THI) in
Brazil.
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Because of its climatological position in Mid-Europe,
Germany is mainly influenced by the prevailing wes-
terlies and the strong influence of the general weather
situation from the west during all seasons. The clima-
tological position of Canada on the other hand is
strongly influenced by the polar jet stream, which in
turn is affected by the massive mountains going from
north to south. During summer, the maritime air is sent
northwards. In winter, the polar air goes southwards.
Brazil’s decreasing trend occurs due to its position in
the tropics and subtropics. Going from north to south,
Brazil crosses the climate of the tropical rainforest
combined with the tropical climate of the monsoon,
tropical savanna climate, and humid subtropical cli-
mate, among others. Based on the different climato-
logical conditions of the three countries, the THI was
chosen as the most optimal choice, even though it ac-
counts alone for the combined effects of environmental

temperature and relative humidity. THI does not ac-
count for solar radiation or air movement and does not
enable measurement of the accumulation of heat load
over time. But, if the chosen limits are considered as
acceptable, the index is a useful approach to assess the
risk of heat stress. As for the vulnerable areas, the
problem here remains that Canada’s vulnerable areas in
the Northwest Territories are vanished by their lack of
high temperature and humidity accompanied by the
non-recognition of the glaciers’ melting through the
THI.

The statistical units for the GIS model also vary
broadly. The availability provided units as small as
100 m2 (a building in the city district of São Jorge in
Brazil) to 1,041,196.17 km2 (Baffin, Nunavut in Canada).
Adjusting the Brazilian data by integrating smaller units
in the next bigger ones made Martim Vaz Island the
smallest unit in Brazil with 0.46 km2. Considering the

Table 15. Most Vulnerable Communities in Brazil According to the Temperature Humidity Index (THI)

ID_2 NAME_1 NAME_2 thi thi_index thi_rank

184 Amazonas Parintins 31.48260913 6 1
167 Amazonas Iranduba 31.30541994 6 2
2426 Pará Breu Branco 31.24007709 6 3
2537 Pará Tucuruı́ 31.21690822 6 4
157 Amazonas Careiro da Várzea 31.21433968 6 5
2505 Pará Salvaterra 31.20239084 6 6
2415 Pará Baião 31.19462712 6 7
2529 Pará Soure 31.18464339 6 8
148 Amazonas Barreirinha 31.17781102 6 9
175 Amazonas Manacapuru 31.11899493 6 10

.

FIG. 9. GIS model of
the Climatological En-
vironmental Justice In-
dex (CEJI) in Brazil.
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sizes as such, there is also an issue of data availability in
Germany as considered in recognized literature.27 Thus
for instance, Germany’s capital of Berlin is considered as
one statistical unit even though it contains 12 counties
and 96 urban districts. As for Berlin, a project of the
Berlin senate department has created an atlas for envi-
ronmental justice accompanied by researchers from
Humboldt University of Berlin,28 but this hasn’t been
available for further use yet.

Consequentially, the CEJI carries all the stated short-
falls of the combined HSI and THI in terms of the
comparability between countries, differing social data,
spatial resolution of administrative levels, social vari-
ables, and climate data, plus the lack of involving other
variables related to climatic vulnerability (precipitation,
droughts, etc.). Overall, the definition of climate change
in the context of environmental justice as used here can
also be questioned. The CEJI therefore must not be seen
as the end of a way to go, but as the beginning of a
journey with many crossroads.

CONCLUSION

The development of an internationally comparable
CEJI based on the creation of a similarly comparable HSI
gives the unique opportunity to place environmental
justice research on a truly global scale. With help of the
CEJI and the HSI, following researchers will be able to
look up the behavior patterns of a given incident or case
in different countries. Following and ongoing29 field re-
search as part of or outside of the CC-VISAGES project
will help to give evidence or falsification for the hy-

pothesis that there is a global environmental injustice
pattern of climate change impacts.

Besides the vertical deepening of the findings by field
researches, the project aims now to horizontally broaden
the field by adding survey data of further countries to the
existing three cases.
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Table 16. Most Vulnerable Communities in Brazil According

to the Climatological Environmental Justice Index (CEJI)

ID_2 NAME_1 NAME_2 ceji_index ceji_rank

1184 Maranhão Coelho Neto 5.416666667 1
1329 Maranhão Trizidela do Vale 5.416666667 1
184 Amazonas Parintins 5.333333333 3
1245 Maranhão Monção 5.333333333 3
1264 Maranhão Penalva 5.333333333 3
1287 Maranhão Santa Inês 5.333333333 3

.

27See, among others, G. Bolte, C. Bunge, C. Hornberg, H.
Köckler, and A. Mielck, Umweltgerechtigkeit. Chancengle-
ichheit bei Umwelt und Gesundheit: Konzepte, Datenlage und
Handlungsperspektiven. (1st ed., Verlag Hans Huber, 2012); and
L. Raddatz and J. Mennis, J., ‘‘Environmental Justice in Ham-
burg, Germany,’’ Professional Geographer 65 (2013): 495–511.
<http://doi.org/10.1080/00330124.2012.700500>.

28Cf. Senatsverwaltung für Stadtentwicklung und Umwelt.
Umweltatlas Berlin. (2005). <http://www.stadtentwicklung.berlin
.de/umwelt/umweltatlas/>. (Last accessed on December 24,
2015).

29For instance, currently in Nanaimo, British Columbia, Canada
(see <http://www.environmentaljustice.de/cc-visages.nanaimo
.php>).

THE CLIMATOLOGICAL ENVIRONMENTAL JUSTICE INDEX 47




