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All Cases Rates Per 100,000

Lung NHL
Region Age & sex- Age & sex
Crude adjusted* Crude adjusted*
district 43.1 29.2 34.92 19.2

Tel-Aviv 49.8 38.3 19.53 13.6

108 362 359 234
28.5 166

*adjusted for Israel population in 2012
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The method description is based on: Portnov B. A. and M. Zusman, Spatial Data
Analysis Using Kernel Density Tools, Encyclopedia of Business Analytics and
Optimization, 1% Edition, Ed. J. Wang, IGI Global Publishers, Hershey, Pennsylvania,
2014.

Introduction

Density analysis uses empirically recorded observations of some phenomenon or event
(such as home locations of business customers, crime spots or locations of past forest
fires) and transforms these observations into continuous surfaces of "event density."
Such surfaces show where the events of interest are concentrated geographically, thus
helping to analyze their underlying patterns (Silverman, 1986; ESRI, 2012).

The main advantage of density analysis, compared to other popular methods of
spatial smoothing (such as, spline, inverse distance weighted (IDW) method or Ariging)
is that it can be used for a study of a spatial phenomenon that has no recorded
attributes, except for geographic location (Portnov, Dubnov, & Barchana, 2009).

In this appendix, we discuss the basic features of the density analysis method,
focusing, in particular, on the Double Kernel Density (DKD) approach.

Density analysis in empirical studies

In many business and research applications, there is a need to investigate the spatial
distribution of some events of interests, in order to identify their geographic "hotspots"
and to develop policy remedies, if required (see Table 1).

Thus, for example, in their study of the association between air pollution and lung
cancer in the City of Haifa, Israel, Portnov et al. (2009), used the density method for
a multivariate analysis of environmental and socio-demographic factors affecting lung
cancer risk. In the studies two analytical methods — calculation of age-standardized
rates (ASRs) for small census areas and density analysis — were compared. While AS
comparison across small census areas detected no significant association between air
pollution and lung cancer risk, density analysis helped to identify a significant
association between lung cancer incidence and SO- pollution. The authors of the study
demonstrated that density tools can be especially useful for the analysis of data that
have only X,Y coordinates, such as, e.g., residential locations of lung cancer patients.

In another recent study by Gonzalez-Olabarria, Brotons, Gritten, Tudela, & Teres
(2012), density analysis was used for the identification of regions in Spain with a
recurrent history of forest fires. With the help of KD tools, the researchers compared
the causes of ignitions and occurrence of hotspots. The analysis demonstrated that
ignitions in the region of Catalonia were not random, thus helping to concentrate future
firefighting efforts on specific "hotspots" of an elevated ignition risk.

TABLE 1: Examples of density analysis use in different scientific fields and
applications



Scientific field Research application

Criminology Forecasting locations of future criminal and terrorist events
(Porter, & Reich, 2012)

Mapping the addresses of recorded crime events for the
identification of crime spots (Wolff, & Asche, 2009)

Environmental sciences Estimating the conditional probabilities of the rainfall (Sharma,
2000)
Identification of regions with recurrent forest fires (Gonzalez-
Olabarria et al., 2012)

Forecasting wind power potential (Taylor, & Jeon, 2012)

Epidemiology and public  Identifying the association between disease density and

health studies environmental risk factors (Kloog, Haim, & Portnov, 2009;
Portnov et al., 2009; Zusman, Dubnov, Barchana, & Portnov,
2012)

Analysis of the distribution of alcohol outlets in residential
neighborhoods (Carlos, Shi, Sargent, Tanski, & Berke, 2010)

Marketing Analysis of the service area of a restaurant (Donthu, 1991)

Modeling the patterns of customer density aimed at locating
prospective new customers (Sliwinski, 2002)

Transportation Density analysis of recorded traffic accidents for understanding
their spatial patterns (Anderson, 2009; Xie, & Yan, 2008)

Space—time analysis of traffic trajectories of passenger ships
and tankers (Demsar, & Virrantaus, 2010).

Density analysis has been also widely used in criminology. Thus, Porter, & Reich (2012)
used KD estimations to forecast the locations of future criminal and terrorist events.
The researchers based their analysis on a temporally weighted KD model, used to
predict how much influence past events may have on predicting future event locations.
The analysis showed that forecasting quality tends to vary by the type of crime and
relatively little by time-series length.

Types of density estimates

There are two basic approaches to calculating density surfaces — /inear averaging and
kernel density (KD). In both methods, the areal density of geographically referenced
features (or events) is calculated for a neighborhood of a raster cell (pixel), which
"net" covers the entire area of interest. By way of this estimation, density is calculated
as the number of features or events located in each cell's predefined proximity range,
per unit of area (that is, per m? or km? or any other areal measure). To this end, a
circle is drawn around each raster cell, using some predefined search radius (see the
subsection on the "KD calculation”, for more detail). The number of features (or
events), which fall inside the circle, are then summed up, and the total number of
events is divided by the circle's area (Gatrell, Bailey, Diggle, & Rowlingson, 1996;
Silverman, 1986). KD estimates are calculated similarly, but according to this method,
points, lying near the center of a given raster cell, are weighted more heavily than



those lying near its edge (McCoy & Johnston, 2001).

Figure 1 helps to illustrate differences between maps produced by two different
density methods - linear averaging (Fig.1A) and KD method (Fig.1B). In both cases,
the same geographic distribution of input points (events) is used, with these points
being marked by tiny black dots on the maps. In particular, as Figure 1 shows, the
calculated density surface, estimated using the linear averaging (Fig. 1A), appears to
be coarser and more dispersed then the surface obtained using KD estimates (Fig. 1B).

FIGURE 1: Density estimation using linear averaging (left) and kernel density (KD) smoothing (right)

High : 67.5

High : 87.9
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KD calculation

The KD calculation procedure is relatively simple; it is based on a non-linear kernel
function, 4, estimated as follows:

Tes) = Sk (52)
(1)

Where s is point for which KD is calculated; s;,..., Ss, are the vector locations of the n
observed point events around point s; k() represents the kernel weighting function ,
and t > 0, is the bandwidth parameter, with the value of Tt chosen so as to provide
the required degree of smoothing in the estimate (Gatrell et al., 1996; Silverman,
1986).

Figure 2 shows graphically how a KD function is calculated around each point son
the raster grid. Distances to each observed event, s; that lies within the area of
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influence (controlled byt), are measured and contribute to the intensity estimate at s,
according to how close they are to s (Gatrell et al., 1996).

study area A

FIGURE 2: KD estimation of a point pattern (after Gatrell et al., 1996).

Because the number of event points considered to be neighbors of location s
depends on the search radius (bandwidth ort), the resulting KD estimate depends
heavily on its choice. In particular, the size of the bandwidth chosen for KD estimation
determines the degree of smoothing produced. If the search radius is larger, there is
more smoothing, while smaller values of the radius produce increasingly 'spiky’
estimate (Gatrell et al., 1996). To illustrate this point, let us examine several KD plots
based on the same event distribution, but smoothed using different bandwidths: from
200 m to 1200 m, with a 200-m increment (see Fig. 3).
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FIGURE 3: Kernel density calculation using different bandwidth settings for the same input data

A —200-m bandwidth; B — 400-m bandwidth; C — 600-m bandwidth; D — 800-m bandwidth; E — 1000-m
bandwidth; F — 1200-m bandwidth

Note: input data are marked by tiny black dots on the diagram.

As Fig. 3 shows, while input points (marked by black dots on the diagrams) remain
unchanged, the resulting KD surfaces becomes visually smoother in line with increasing
values of the bandwidth, exhibiting less and less localized peaks with each bandwidth
increment. Smaller bandwidths thus result in multi-peak, discrete surfaces, which
might contain spurious features that are artifacts of the sampling process. In contrast,
choosing excessive smoothing, by setting larger bandwidths, may lead to another
undesirable outcome: important features of the underlying structure are smoothed
away, with a possibility to detect potential density peaks decreasing (Jones, Marron,
& Sheather, 1996).

How should the optimal bandwidth be choser?

There is no consensus among researchers or any straightforward answer to this
question. Instead, there are different approaches to choosing the bandwidth for KD
calculation, apart from visual examination. However, there are some empirical rules.
First, the approach of choosing the bandwidth may be based upon nearest neighbor
distances. According to this approach, the bandwidth is calculated based on a
predefined number of observations closest to the point of interest, called the "nearest
neighbors"” (Silverman, 1986). For instance, if the average distance, across the entire
set of observations for 3 or 4 nearest neighbors, is, for instance, 200 m, the researcher
may set the search bandwidth incremental to it, that is, equal to 200m, 400m, etc.



Some researchers look for a particular size of the kernel bandwidth, which would
produce better estimates in a multivariate analysis of event densities, calculated using
KD functions with different bandwidths (Portnov et al., 2009; Kloog et al., 2009).
According to this approach, the researcher tests a number of radii, for instance, 200,
300, 400, etc. and then applies each radius separately to the study data. The results
are then examined in a multivariate analysis, and the "best performing" radius is
chosen, based on regression fits provided by multivariate models (Portnov et al.,
2009).

As an alternative, the bandwidth can be set proportional to the physical dimensions
of the study area, by setting the bandwidth to, say, 1/30" or 1/50" of its largest
dimension, longitudinal or latitudinal, as it is currently implemented in ArcGIS10.x™
software (ESRI, 2012). It should be noted, however, that such an approach is quite
arbitrary and somewhat mechanistic and may thus lead to spurious results in the
analysis.

In any case, choosing a specific size of bandwidth will always be accompanied by
some level of bias ("misreporting of the shape™) and a lack of precision (“excessive
variance”) in the bandwidth distributions. Trying to reduce such as bias by getting the
optimal shape may entail more variance, while trying to get more precision in the
expected values can result in bigger bias (DiNardo & Tobias, 2001; Jones et al., 1996).
The decision about what is more important should thus be taken considering the type
of the data, and objectives of the researcher.

Kernel density vs. other techniques of spatial smoothing

There are several interpolation tools which perform tasks similar to KD smoothing. As
previously mentioned, these interpolation techniques include spline, Inverse Distance
Weighted (IDW) method, radial basis functions, triangulation, and &riging (ESRI,
2012). IDW and spline are interpolation methods which use measured values around
a point, to predict a parameter's "unknown" value at the subject point. These methods
use different averaging schemes, with or without weighting for proximities between
neighboring data points (ESRI, 2012; PB, 2009).

Kriging is another interpolation technique which also uses the measured values, to
derive a predicted value for an unmeasured location, based on statistical
autocorrelation between the observed values at measured points. As compared to IDW
and spline techniques, Ariging calculates predicted values based not only on the
evaluated values observed in neighboring locations, but also takes into account the
statistical correlation between these points (estimated by taking into account distances
between the points). As a result, &riging helps to provide, in some cases, more accurate
predictions, especially for neighboring observations with similar values of a parameter
(cf. inter alia, ESRI, 2012; PB, 2009, Putti, 2003).

It should be noted, however, that for producing event surfaces, all these methods
(that is, spline, IDW, kriging and other similar methods of spatial interpolation) require
a parameter's values, observed in different neighboring locations, that is, the
magnitude of the parameter in each point of the geographic distribution (often called,
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the "population field"). However, such values may not always be available for the
researcher. For instance, sometimes the researcher deals with data which are
represented only by their geographic coordinates and have no other information
available. For instance, in the case of disease patients, the only information available
may be residential locations of disease patients.

A major advantage of the KD technique, compared to other techniques of spatial
smoothing, is that it does not require the presence of a parameter’s value in a given
location. Thereby the KD technique makes it possible to generate a continuous surface
of event’ density by using information on the location of neighboring events, even if
individual observations are represented only by their geographic location, that is, by
their x, y coordinates, and have no other attributes whatsoever (Carlos et al., 2010;
Kloog et al., 2009; Portnov et al.,2009).

Double kernel density (DKD) estimates

The Double Kernel Density (DKD), also known as Relative Kernel Density (RKD) or
Normalized Kernel Density (NKD), is produced by normalization of KD surfaces, that
is, by dividing a parameter's values observed in data points (or raster cells) by values
of another parameter observed at the same locations. Such normalization is performed
when there is a need to control the spatial distribution of events of interest, drawn
from a general population, by the spatial distribution of that population across the
study area. For instance, in health studies sometimes there is a need to calculate the
relative risk of a disease by normalizing the number of disease patients in each location
by the total number of people living there (Portnov et al., 2009). In other words, such
normalization is required to assure that the concentration of patients near e.g., a
pollution source is not solely due to high population densities around it (Zusman et al.,
2012).

DKD normalization also helps to minimize the "edge effect” inherent to KD
estimates, that is, the effect which tends to occur because there are fewer neighboring
observations near the boundary of the study area and there are no observations
outside the boundary (Gatrell et al., 1996). This situation may lead to an "artificial"
drop in density values near the study area's boundaries. Since this (or similar) pattern
may expected to be found both in the distribution of the event of interest, and in the
distribution pattern of the general population, DKD may help to minimize (albeit not
eliminate) the underlying source of such a bias, as Figure 4, which compares KD and
DKD surfaces estimated for the same set of event points, demonstrates.
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FIGURE 4: Kernel Density and Double Kernel Density estimation of events in study area

(Number of events per 100,000 residents in each location)

A — Kernel Density smoothing; B - Double Kernel Density smoothing

As Fig. 4 shows, differences between the two maps are considerable. While the KD
map (Fig. 4A) shows several continuous concentrations of the event of interest, which
are spread over the whole study area, the DKD map (Fig. 4B) indicates only two clearly
pronounced event peaks, located in the north-east corner of the study area. Another
important difference between diagrams can be seen while looking at the boundaries
of the images. A values dropping tendency that is observed in KD map, closer to the
image boundaries of the image (left diagram), is an “edge effect” which almost
inexistent in DKD diagram (right diagram), evidently because the normalized density
values near the boundaries are distributed more evenly. Obviously, these are crucial
differences which may change the interpretation of research results.

Stages of DKD calculation

According to previous studies on the methodology of DKD analysis (Portnov et al.,
2009 and Zusman et al., 2012) The calculation of DKD and its multivariate analysis
(whenever required) can be performed in the following several stages. In the first
stage, the events of interest (e.g., residential locations of disease patients, or
addresses of recorded crime events) are mapped. To this end, such locations are
geocoded, that is, street addresses are converted into X and Y coordinates. The
mapped points are next transformed into a continuous KD surface using the optimal
bandwidth (see the subsection on KD calculation). The transformation results in a
raster map featuring the KD of the events of interest. The KD surfaces can be produced
using the “Spatial Analyst” tool of the ArcGIS9.x™ software (ESRI, 2012) or any other
appropriate geographic information system (GIS) software.

Since KD interpolation is a raster map, possibilities of its further geo-statistical
processing and analysis are rather limited. Therefore, for further analysis, such maps

s High = 21222 '

-
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can be transformed into vectorized contours, that is, into continuous lines linking points
with identical values of a parameter of interest (ESRI, 2012).

If a researcher wants to analyze whether some exogenous variables influence the
density of observed events, there may be a need to use a multivariable statistical
analysis, such as e.g., multivariate regression. However, it should be kept in mind that
the regression analysis is applied to discrete points and cannot be used on continuous
surfaces. Therefore, a KD surface needs to be converted from a raster map (or
vectorized contours) into discrete point data. As suggested by Zusman et al., (2012),
for this purpose, a number of randomly distributed “reference” points (1000 points or
more) should be generated, to cover the whole study area. Such points might be
generated using Hawth's Analysis Tool in ArcGIS10.x™ (ESRI, 2012) or any other
appropriate geo-statistical software. Fig. 5 features an example of randomly generated
"reference"” points created for the subsequent use in a multivariate analysis.

After a layer with reference points is generated, the reference points are spatially
linked, according to the methodology proposed in Zusman et al. (2012), to KD
contours, that is, each reference point gets value from the KD contour closed to it. The
calculation can be performed using the "spatial join" tool in ArcG1S10.x™ that links
geographic lays (maps) together, based on their spatial location. The KD values of the
population distribution, from which the events of interests are drawn, should next be
linked to the reference points, in a similar way (that is, by first constructing KD surface
of overall population density, converting it into contours and joining the contours with
the same set of reference points).

During the next phase of the analysis, DKD values are calculated, by dividing KD
values of the event of interest by KD values of the total population, both observed at
the corresponding "reference"” points. The values obtained thereby can then be used
as the dependent variable in a multivariate analysis.

Explanatory factors for multivariable analysis may also be estimated in a similar
way. In particular, KD raster maps can be produced for each of such factors in
separation, and, then, spatially linked to the same set "reference points" for a
subsequent use in a multivariate statistical analysis as predictors (or controls).
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Key terms & definitions

Age-standardized rate (ASR) is the rate of a disease adjusted to the age distribution
of a “standard” population (that is, population of a region or a country, set as a
conditional baseline).

Bandwidth is the radius of a search circle used for density calculation.

Double Kernel Density (DKD) is a product of normalization of Kernel Density (KD)
surface by another KD surface, for instance, by the KD of the total population residing
in the study area.

Edge effect is a KD surface distortion characterized by a drop in the values observed
near the edge of the study area.

Kernel Density (KD) estimation is a density calculation method that weights events
that are close to the center of the search circle more than more distant ones.

Kriging — a geostatistical interpolation method based on predicting values for
unmeasured locations using regression estimates.

Linear averaging — density estimation method which calculates the number of events
inside the search radius divided by the search circle area, without applying any
weighting scheme to the input events.

Raster cell — usually a small rectangle used for surface tessellation.
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Model A® Model B¢
Predictors
Ba (SE)® Ba (SE)®
(Constant) 6.683 (0.340)** -4.185 (0.245)***
Population density (per km?) -Z.J:E- (3.772E-06)**  -2.02E-04 2)26)7*25’;
Elevation above the sea level (km) 2.98E-07 (2.252E-04) -2.00E-06 814)635*
Percent of Jewish population in the SCA 0.022 (0.002)*** 0.029 (0.001)***
SCA Socio-economic status _1'525 (0.025) 0.928 (0.018)***
Percent of the elderly (above 65) 1.327 (0.343)*** 4.817 (0.247)***
Distance to the sea (km) 4571 E- (7.35E-06)***  -6.34E-10 (5.29E-06)
: 0 e (6.20E-
Smoking rate 2003 (%) 0.180 (0.009) 0.259 03)**
Employment structure (% of total
population of the SCA):
Agriculture -0.632 (0.038)*** -0.415 (0.027)***
Manufacturing -0.102 (0.004)*** 0.085 (0.003)***
Electricity and water sectors 0.316 (0.013)*** 0.046 (0.010)***
Construction -0.178 (0.009)*** -0.013 (0.006)***
Transportation -0.156 (0.006)*** -0.135 (0.004)***
Health & welfare 0.071 (0.005)*** 0.09 (0.004)***
Distance to the main road (km) 1(?2 E- (1.23E-04)***  -1.00E-06 2)85)8,?5*
Side of the Carmel Mountain (West=1) -1.32 (0.058)*** -0.98 (0.042)***
NOy (year 2003, IDW interpolation, ppb) 6.49E-03 (0.001)*** 0.042 (0.001)***
Linear distance to the Petrochemical ) Jra— ) (3.31E-
Industrial Complex (km) 1.55E-06 (4.60E-05) 1.00E-06 05)***
Squared distance to the Petrochemical -1.33E- AOVEEE : (3.31E-
Industrial Complex (km) 13 (4.598-09) 3.38E-11 09)***
N of obs. 32824 32824
R? 0.410 0.462
R2-adjusted 0.410 0.461
SEE® 2.302 1.658

Notes: * indicates a 0.05 significance level; 2 Unstandardized regression coefficient; ® t-statistic; ©
Standard error of the estimate; g — Box-Cox transformation (A= 0.555 in Model A, A=0.476 in Model B).

Model A: Depended variable - Double Kernel density (DKDs) of Lung cancer in 2012.
Model B: Depended variable - Double Kernel density (DKDs) of NHL cancer in 2012.
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Table B: Factors affecting Lung cancer incidence in the Haifa Bay area (dependent variables — lung cancer DKD (cases per 100,000), Box-Cox
transformed values (A=0.555); method — OLS regression)

Predictors Model | Model 11 Model 111 Model 1V
B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®

(Constant) 9.035 (0.309)*** 11.697 (0.312)*** 18.097 (0.507)*** 45.046 (0.701)***
Population density (per km?) -1.475E-04 (3.47E-06)*** -2.048E-04 (3.48E-06)*** -2.388E-04 (3.85E-06)*** -3.975E-04 (3.49E-06)***
Elevation above the sea level (m) 0.003 (1.73E-04)*** -0.001 (1.82E-04)*** 0.003 (2.32E-04)*** -0.005 (2.32E-04)***
Percent of Jewish population in the SCA -0.011 (0.002)*** 0.002 (0.002)*** 0.004 (0.002)** -0.042 (0.002)***
SCA Socio-economic status 0.457 (0.021)*** 0.027 (0.024)*** -0.078 (0.025)*** -0.208 (0.025)***
Percent of older population (above age 65) 9.402 (0.308)*** 4.703 (0.345)*** 4.439 (0.347)*** 5.504 (0.317)***
Distance to the sea (m) -3.561E-04 (4.98E-06)*** -3.918E-04 (5.78E-06)*** -3.937E-04 (7.16E-06)*** 1.620E-04 (4.70E-05)***
Smoking rate 2003 (%, model estimates; Appendix 1) 0.117 (0.009)*** 0.158 (0.009)**>* 0.140 (0.009)**>* -0.134 (0.008)***
Employment structure (% of total population of SCA):

Employment in agriculture - - -0.781 (0.037)*** -0.623 (0.039)*** -0.286 (0.032)***

Manufacturing employment - - -0.051 (0.004)*** -0.100 (0.004)*** -4.175E-04 (0.004)

Employment in electricity and water sectors - - 0.213 (0.013)*** 0.237 (0.013)*** 0.339 (0.011)***

Employment in construction - - -0.245 (0.009)*** -0.233 (0.009)*** -0.019 (0.008)**

Transport employment - - -0.209 (0.006)*** -0.220 (0.006)*** -0.005 (0.005)

Employment in health & welfare - - 0.041 (0.005)*** 0.054 (0.005)*** -0.007 (0.005)
Distance to the main road (m) - - - - -0.002 (1.24E-04)*** -0.002 (1.06E-04)***
Side of the Carmel Mountain (West=1) - - - - -0.887 (0.053)*** -1.200 (0.076)***
SOz (year 2003, IDW interpolation, ppb) - - - - 0.504 (0.071)*** 1.585 (0.071)***
PM2.5 (year 2003, IDW interpolation, Mg/m2) - - - - -0.320 (0.020)*** -1.523 (0.033)***
NOx (year 2003, IDW interpolation, ppb) - - - - 0.020 (0.002)*** 0.028 (0.003)***
Linear distance to Oil Tanks, (small) (m) - - - - - - -0.001 (1.73E-04)***
Squared distance to Oil Tanks, (small) (m?) - - - - - - 1.507E-07 (8.02E-09)***
Linear distance to the Haifa Power Station (m) - - - - - - -3.911E-06 (2.47E-04)
Squared distance to the Haifa Power Station (m?) - - - - - - —# —#
Linear distance to the Airport (m) - - - - - - -0.005 (1.79E-04)***
Squared distance to the Airport (m?) - - - - - - -2.150E-07 (2.13E-08)***
Linear distance to Oil Tanks, (large) (m) - - - - - - 0.002 (9.13E-05)***

Squared distance to Oil Tanks, (large) (m?) - - - - - - 9.647E-08 (9.77E-09)***




Predictors Model | Model 11 Model 111 Model IV
B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®

Linear distance to the Oil refineries (m) - - - - - - 0.004 (7.95E-05)***
Squared distance to the Oil refineries (m?) - - - - - - -7.996E-08 (1.11E-08)***
N of obs. 32824 32824 32824 32824
R? 0.296 0.368 0.388 0.592
R2-adjusted 0.296 0.368 0.388 0.592
F (1971.800)*** (1472.683)*** (1154.761)*** (1765.321)***
SEE® 2.518 2.381 2.345 1.914

0.296 0.072 0.019 0.205

R? Change compared to previous model
F Change

(1971.800)***

(627.058)***

(207.607)***

(1828.507)***

Model I: Geographic attributes, socio-economic variables and smoking rates included.

Model I1: Geographic attributes, socio-economic variables, smoking rates and employment structure variables included.
Model I11: Geographic attributes, socio-economic variables, smoking rates, employment structure and air pollution variables included.
Model I11: Geographic attributes, socio-economic variables, smoking rates, employment structure, air pollution variables and distance to potential industrial source of pollution included.

Notes: *, ** and *** indicates a 0.1, 0.05 and 0.01 significance levels, respectively. a- Unstandardized regression coefficient; b - t-statistic; ¢ - Standard error of the estimate; # - the variable was

excluded from the regression analysis because of collinearity reasons.
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Table C: Factors affecting NHL cancer incidence in the Haifa Bay area (dependent variables — NHL cancer DKD (cases per 100,000), Box-Cox transformed
values (A=0.476); method — OLS regression; proximities to major industrial facilities added)

Predictors Model V Model VI Model VII Model VIII
B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®

(Constant) -1.166 (0.230)*** 0.126 (0.229) 14.922 (0.343)*** 11.174 (0.521)***
Population density (per km?) -1.273E-04 (2.58E-06)***  -1.478E-04 (2.55E-06)*** -1.804E-04 (2.60E-06)*** -2.382E-04 (2.60E-06)***
Elevation above the sea level (m) -0.005 (1.29E-04)*** -0.006 (1.33E-04)*** 0.001 (1.57E-04)*** -3.252E-04 (1.73E-04)***
Percent of Jewish population in the SCA 0.019 (0.001)*** 0.002 (0.001)* 0.007 (0.001)*** -0.005 (0.001)***
SCA Socio-economic status 1.041 (0.015)*** 1.170 (0.018)*** 0.741 (0.017)*** 0.588 (0.018)***
Percent of older population (above age 65) 10.756 (0.229)*** 7.791 (0.253)*** 8.285 (0.235)*** 5.944 (0.236)***
Distance to the sea (m) -2.246E-05 (3.71E-06)***  -4.175E-05 (4.24E-06)*** 4.429E-05 (4.84E-06)*** 0.001 (3.49E-05)***
Smoking rate 2003 (%, model estimates; Appendix 1) 0.281 (0.007)*** 0.252 (0.007)*** 0.194 (0.006)*** 0.113 (0.006)***
Employment structure (% of total population of SCA):

Employment in agriculture - - -0.424 (0.027)*** -0.162 (0.026)*** -0.223 (0.024)***

Manufacturing employment - - 0.131 (0.003)*** 0.024 (0.003)*** 0.050 (0.003)***

Employment in electricity and water sectors - - -4.046E-04 (0.010) 0.036 (0.009)*** 0.024 (0.008)***

Employment in construction - - -0.044 (0.006)*** -0.017 (0.006)*** 0.035 (0.006)***

Transport employment - - -0.147 (0.004)*** -0.194 (0.004)*** -0.064 (0.004)***

Employment in health & welfare - - 0.080 (0.004)**>* 0.100 (0.004)**>* 0.033 (0.003)**>*
Distance to the main road (m) - - - - -0.001 (8.37E-05)*** -0.001 (7.88E-05)***
Side of the Carmel Mountain (West=1) - - - - -0.483 (0.036)*** -0.639 (0.056)***
SOz (year 2003, IDW interpolation, ppb) - - - - 1.204 (0.048)*** 0.953 (0.053)***
PM2.5 (year 2003, IDW interpolation, Mg/m?) - - - - -0.860 (0.014)*** -0.081 (0.025)***
NOx (year 2003, IDW interpolation, ppb) - - - - 0.078 (0.001)*** -0.029 (0.002)***
Linear distance to Oil Tanks, (small) (m) - - - - - - -0.002 (1.28E-04)***
Squared distance to Oil Tanks, (small) (m?) - - - - - - 2.056E-07 (5.97E-09)***
Linear distance to the Haifa Power Station (m) - - - - - - -7.241E-05 (1.84E-04)
Squared distance to the Haifa Power Station (m?) - - - - - - —# —#
Linear distance to the Airport (m) - - - - - - 0.002 (1.33E-04)***
Squared distance to the Airport (m?) - - - - - - -6.598E-07 (1.59E-08)***
Linear distance to Oil Tanks, (large) (m) - - - - - - -0.003 (6.79E-05)***

Squared distance to Oil Tanks, (large) (m?) - - - - - - 3.258E-07 (7.27E-09)***




Predictors Model V Model VI Model VII Model VIII

B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)® B2 (Std. Error)®
Linear distance to the Oil refineries (m) - - - - - - -3.800E-04 (5.92E-05)***
Squared distance to the Oil refineries (m?) - - - - - - 3.209E-07 (8.25E-09)***
N of obs. 32824 32824 32824 32824
R? 0.314 0.404 0.508 0.603
R2-adjusted 0.314 0.404 0.508 0.603
F (2146.422)*** (1712.359)*** (1883.572)*** (1846.872)***
SEE® 1.871 1.744 1.585 1.424
R? Change compared to previous model 0.314 0.090 0.104 0.095
F Change (2146.422)*** (827.524)*** (1387.812)*** (872.632)***

Model V: Geographic attributes, socio-economic variables and smoking rates included.
Model VI: Geographic attributes, socio-economic variables, smoking rates and employment structure variables included.
Model VII: Geographic attributes, socio-economic variables, smoking rates, employment structure and air pollution variables included.
Model VI11: Geographic attributes, socio-economic variables, smoking rates, employment structure, air pollution variables and distance to potential industrial source of pollution included.

Notes: *, ** and *** indicates a 0.1, 0.05 and 0.01 significance levels, respectively. a- Unstandardized regression coefficient; b - t-statistic; ¢ - Standard error of the estimate; # - the variable was

excluded from the regression analysis because of collinearity reasons.
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We used smoking prevalence rates in the year 2002 among different groups of Israeli population
reported in Baron-Epel et al. (2010), and obtained by representative telephone surveys. To
calculate smoking prevalence rates among population in the Haifa Bay statistical areas, we applied
the mentioned data for three population groupings: ethnicity (Jews/Arabs), age (up to 65 and
above 65 years old) and education (academic vs. non-academic). The percentages of these
population groups in an SCA were obtained from ICBS databases (ICBS, 2015), and predicted
rates for smoking prevalence were calculated as follows:

(Jews; * 0.232 + NonjJews; * 0.457) +
(Young; * 0.285 + NonYoung; * 0.119) +

SPR, = (Acad; * 0.185 + NonAcad; * 0.288) -

where SPR; = smoking prevalence rate in the th statistical area of the Haifa Bay region; Jews —
percent of Jewish population in the SCA, NonJews (=1-Jews) — percent of non-Jewish population
in the SCA; Young — percent of population under 65 years old, MonYoung (=1-Young) — percent
of population over 65 years old; Acad — percent of population with academic degree of BA,
NonAcad (=1-Acad) — percent of population without any academic degree; numerals are SPRS
among corresponding population groups.

References
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among Israeli Arab Males with Concomitant Decrease among Jews. IMAJ, 12:732-737.
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Variable Value | Lung cancer (DKD per | NHL cancer (DKD per
10,000) 10,000)

Side of the Carmel Mountain West 24.79 14.44
East 29.46 16.79
Distance to the petrochemical 0 13.11 10.20
complex (m) 1000 18.08 11.96
2000 22.62 13.55
3000 26.39 14.92
4000 29.16 16.03
5000 30.76 16.84
6000 31.10 17.34
7000 30.15 17.50
8000 27.98 17.34
9000 24.71 16.85
10000 20.54 16.05
Distance to the nearest main road 0 29.23 16.47
(m) 100 28.44 16.25
200 27.66 16.02
300 26.89 15.80
400 26.13 15.58
500 25.38 15.36
600 24.64 15.14
700 23.91 14.93
800 23.19 14.71
900 22.48 14.50
1000 21.78 14.28
NOx (year 2003, IDW interpolation,[ 0 27.81 12.07
ppb) 10 27.95 13.28
20 28.09 14.55
30 28.23 15.86
40 28.38 17.23
50 28.52 18.64
60 28.66 20.11
70 28.80 21.62
80 28.95 23.19
90 29.09 24.80
100 29.23 26.46
110 29.38 28.16
120 29.52 29.92

Notes: Based on models in the Appendix 1-1 N901-A: the values of all controlled variables
are kept constant and equal to their average values over the entire study area.
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.(hot-spots) MNNN MMpPI12 DTN ¥ R Qpm 0T Spwn (1-2) a-2
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.0"1N1 TON P DMIXTN 0N .X-2 NDD)

XOW D5 2% 1911 WX D90 2 0'D72NN NI'NAY T-test 1NN .1-X-2 NDOA

191N
mpnamn t ysinn 190N "o nangn
Sig.(2-tailed) o'pTAl GeoCoding
0.508 0.662 34.417 5,702 191N Zhakaan
34.473 912 1910 XD (n"o)
0.278 1.084 3.271 5,702 PN AT Spen
3.297 912 1911 X 1"x)

mp 12 VI NS D12 59D S 0"ND1a DTMINT DN MAYONN .2-X-2 NDD]
.(5,258) NNON MNP 1PN N

Ph Moo yi3inn DIN*opPN | DINMAN

1.8 39.1 43.3 26.0 MmN vy
1.6 34.4 39.8 24.3 (n"o) X1 9p"n
540 3,270 5,000 760 (D"2) Ypwn
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Head circumference (cm)
Value
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Spwn S (cold-spot) NN MMpA (hot-spots) MNN NIMpPI MpPNIN NON . T-2 N2
.(NLNY X)) N WX 9PN DAL (NDYND NK) NTH

Birth weight (g)
Hotspot_weight
Gi_Bin
@ HoiSpot-g9%E
® HolSpot-95%CI  P—
& Hol Spot - 90%C]
Mot Significant
Cald Spot - S0%C
5 Cold Spot - 95%CI
®  Cold Spot - 89%CI
Haifa_main_mads

B custrini_sreat =

Head circumference (cm)

' Hotspot_headsize
y Gi_Bin
. Hot Spot - 99%C|
@ Hot Spot - 95%C)
@  Hot Spol - B0%CI
ol Significant

= Coki Spet- S0%C!

& Cold Spot - 95%CI

! Cold Spat - B9%CI

—— Haifa_main_roads

- Industrisl_areat

.Getis-Ord GI* Index - now

N Spwn 11-1-2

N2 WX Qpn 1 2-1-2



.(hot-spots) MNNN MMpPI2 NMP1N S X QP 0T Spwn :3-1-2

(P<0.1)
Variable N of obs. Percent of Mean of SD of hotspot
the total hotspot observations (SD
number of | observations of total cases)
children (mean of
(5,258) total cases)
3,109
Birth weight, grams 391 7.4 (3,270) 555 (540)
Head 34.05
circumference, cm 354 6.7 (34.40) 3.04 (1.6)




PN Y WX 9PN DINYN-NINT NN .N-2 NDD)

YD) INWN-NAN O MIPIPN Y WX 9p'n? D'X2IN ' .1-N-2 D]

(Nroxnn
Predictors Model 1 (All cases) Model 2 (All
cases)

B2 (t)b B2 (t)b
(Constant) 179.189 32.203***  175.908 31.036***
Birth weight (gr) 0.0277 57.205***  27.642 57.198***
Gender (1=boy; 0=qirl) 5.632 13.421*** 5,662 13.491***
NOx (ppb, 2014) - - -0.005  -0.279
Distance to main roads, m (In) - - 0.273 2.427**
Side of Mount Carmel (1=west; - - -0.894  -1.328
O=east)
Distance to the main industrial - - 4.381E- 2.013**
zone, m 04
Township code 8200 - - -1.089  -1.300
N of obs. 5,258 5,258
R? 0.534 0.535
R2-adjusted 0.532 0.532
F 283.861*** 229.995***
SEE® 14.929 14.919

Note: Controlled for the month of birth (dummy variables), weeks of pregnancy, total number
of siblings, mother’s age, ethnicity, birth country, side of Mt Carmel and socio-demographic
attributes of SCAs



NINPN) D2 1MX DI MNIANR RN MY M NNM .2-0-2 D)
(n"o ,¥X1 9PN NavIn

Head Absolute change in % Change
. . Value of the . . .
Varying predictor redictor circumference cm (relative to (relative to
P , cm Distance 0) Distance 0)
Township code 0 34.427
(1=Code 8200;
O=other)
1 34.351 -0.076 -0.22
0 34.366
P';taft‘QGItO main 1000 34.396 0.031 0.09
ncustnat zons, m 2000 34.427 0.061 0.18
3000 34.458 0.092 0.27
4000 34.488 0.123 0.36
5000 34.519 0.153 0.45
6000 34.549 0.184 0.53
7000 34.580 0.214 0.62
0 34.269
. . 100 34.443 0.173 0.51
Distance to main roads,
m 200 34.456 0.187 0.54
300 34.464 0.194 0.57
400 34.469 0.200 0.58
500 34.473 0.204 0.60
600 34.477 0.208 0.61
700 34.480 0.211 0.61
800 34.482 0.213 0.62
900 34.485 0.215 0.63
1000 34.487 0.217 0.63

Note: The models on which sensitivity estimates are based include birth weight as an explanatory variable for head
circumference. Therefore, estimates reported in the tables may be underestimated due to the fact that the estimated proximities
may affect head circumference, both directly, and indirectly via birth weight and, potentially, via other variables (e.g., pregnancy
week).



D ANZN-N21 N'0AN :NIPNTN Y NN 9pnY 0D'X2In D'AMA .3-N-2 NDD)
(Mmap-nn)

Predictors Full-term cases Pre-term cases
B2 (t)b B2 (t)b

(Constant) 151.211 20.982***  285.310 8.872***

Birth weight (kg) 27.717 58.189***  27.497 8.557***

Gender (1=boy; 0=qirl) 5.820 14.190***  2.939 0.969

NOx (ppb, 2014) 7.256E-05 0.004 -0.045 -0.346

Distance to main roads, m (In) 0.203 1.834* 1.411 1.893*

Distance to the main industrial 0.001 2.889*** -0.001 -0.911

zone, m

Settlement code (1=Code 8200; -1.138 -1.383 -1.259 -0.226

O=other)

N of obs. 5,009 276

R? 0.511 0.342

R2?-adjusted 0.508 0.273

F (197.853)*** (4.974)***

SEE® 14.198 23.130

Note: Controlled for the month of birth (dummy variables), weeks of pregnancy, total number of
siblings, mother’s age, ethnicity, birth country, side of Mt Carmel and socio-demographic
attributes of SCAs
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Economic Planning Sciences, 2009, 43: 141-150 (doi:10.1016/ j.seps.2008.09.001); Kloog, I,
Haim, A. and B.A. Portnov, Using Kernel Density Function as an Urban Analysis Tool: Investigating
the Association between Nightlight Exposure and the Incidence of Breast Cancer in Haifa, Israel,
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2008.09.006); Zusman M., Dubnov J, Bartchana M., and B.A. Portnov, Residential Proximity to
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Estimates, Science of the Total Environment, 441, 2012, 265-276; Portnov B.A. and M. Zusman,
Spatial Data Analysis Using Kernel Density Tools, Encyclopedia of Business Analytics and
Optimization, 1% Edition, Ed. J. Wang, IGI Global Publishers, Hershey, Pennsylvania, 2914, Vol.
V.; Zusman M., Broitman D. and Portnov B.A. Application of the Double Kernel Density Ap-proach
to the Multivariate Analysis of Attributeless Event Point Datasets, Letters in Spa-tial and Resource
Sciences (Accepted for publication in 2015).
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City Mean T
Total Asthma Haifa 2.63
1.973(df=16)
Tel Aviv 2.19
Total Asthma Haifa 2.63
-2.375*(df=9.014)
Hadera 3.67
Boys Haifa 3.17
1.47(df=16)
Tel Aviv 2.58
Boys Haifa 3.17
-1.571(df=16)
Hadera 4.82
Girls Haifa 2.06
) 1.268(df=16)
Tel Aviv 1.79
Girls Haifa 2.06
-0.758(df=9.786)
Hadera 2.48

*p<0.05
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DIN/N 21 57N :0NPN 20 NNM -3 N9

I S TR

(Constant) 1.259* (0.599)
Socioeconomic index 1.574*** (0.041)
Elevation above the sea level (m) 0.006*** (0.000)
Distance to the sea shore (km) -0.535*** (0.17)
Jewish population in the neighborhood (%) -0.01** (0.001)
Population density (persons per km=2) -0.313*** (0.006)
Distance to the main roads (m) 0.003*** (0.000)
Smoking rate in the neighborhood (%0) -0.045** (0.01)
Side of the Carmel mountain (left=1; right=0) -2.921*** (0.086)
PM,.5 (year 2014, ppm) 0.855*** (0.032)
Petrochemical complex distance (km) 3.483*** (0.084)
Petrochemical complex distance2 (km) -0.317*** (0.008)

***p<0.001; **p<0.01; *p<0.05

F= 1275.465***

Adjusted R2: 0.403 (40.3%)

N of obs.: 20,782

Dependent variable: DKD of asthma rate
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.NNNDXA NX1PNN5 D"0NN D'NAN S DN NNINNN NN :1-3 NDD)

Model Type

.0InNpn 20 Mn1

Variable included

F-test of
R2 change

Socioeconomic
variables

Air pollution
measurements
and proxies

Distances to
main
industries

**p<0.001

Socioeconomic index, Jewish
population (%), Population
density, Height topography,
Sea distance & Smoking rate

PM,s, NOx, SO,, Main roads
distance & side of the
mountain

Petrochemical complex
distance (km), Petrochemical
complex distance (km)2,
Power station distance (km),
Oil tanks Kiryat-Haim (large)
distance (km), Oil tanks
(small) distance (km), Airport
distance (km), Main roads
distance (m), PM,5, NOx & SO,

86

significance

1377.787%** - 0.284

1112.437*** 0.151 0.435
(15.1%)

848.492%** 0.111 0.546
(11.1%)



NNNOX NX19NN S DKD My'w Hv "Mann MN" YN :N-3 N2

Variable Spatial Error Model
B and (S.E)
(Constant)2 -3.189*** (0.605)
Socioeconomic index 0.605*** (0.026)
Elevation above the sea level (m) 0.008*** (0.0003)
Distance to the sea shore (km) -0.231*** (0.018)
Jewish population in the neighborhood (%) -0.003*** (0.0007)
Population density (persons per km?2) -0.084*** (0.002)
Distance to the main roads (m) 0.0006*** (0.0001)
Smoking rate in the neighborhood (%) -0.013* (0.006)
Side of the Carmel mountain (left=1; right=0) -1.746*** (0.078)
PM, 5 (year 2014, ppm) 0.914*** (0.035)
Petrochemical complex distance (km) 3.074*** (0.093)
Petrochemical complex distance 2 (km) -0.268*** (0.008)
Spatial error (Lambda) 1.283*** (0.003)
R2 0.936
N. of observations 20,782

Notes: ***p<0.001; **p<0.01; *p<0.05.
Distance threshold: 525.45m.

apKD of asthma rate.
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D'»721 2P (D™9NT 0'IN2) MPA INPN S NN Binary Logistic
(4.2 'On N220) D"LVNNDX X2 D"VNNDX  Regression

N9'N 1"2191N0N NNV NN X"N2 NNNOX MIXNNN - Descriptive Statistics
(4.3a 'ON NH2L)

.(4.3b 'ON NHAV) NANDX MIXYNNY DY DR 2 WP Multivariate Logistic
Regression

MXY¥NND MMXN DINT D YRINn oM 2 WP NN Multivariate Logistic
(4.4 'ON NS20) NNNOX  Regression

MX¥NNY DPNMYYN NIMpAN pRONN M2 WP NN Multivariate Logistic
(D'PP2N DY y¥inn 1> NMp2a AN/N5 12pNN) NNNOX  Regression
(4.5a-e 'ON MX510)

MX¥NNY DPNMYYN NIMpPNAN VI2M2 phNnn 2 WP NN Multivariate Logistic
O yN¥INn noM1 DM9AINT DNNPNY 13PINN) NNNDX - Regression
.(4.6 'ON N520) ,(D'PPPN

NIXsIN 3.2

QX DN2 NT NN NN NNNDX NN 2012-2014 DN 12 D ,N%Y 4.1 'O 9N
.(6.68%) N9'M (6.09%) NI TN NMYS (8.76%)

SN2 N NN ANMN D% NNNDOX S NMINDY 2012-2014 DN 12D ,N%1W 4.2 'on qan
NN¥NY N/P-NMN1 NAT2 NANDX W'Y L(3.17%) N2 N9'N1 NN NNV (5.31%) 2'aX
.(3.79%) N9'N1 (3.45%) 2'aX DN N

O™UNNDX 0P "2 O"9ANTN DINNN N P20 22D 572N 0™p D ,N%Y 4.2 'On NYaoun
2D'0'0NT DIMDOY NN DT NM%NNA L, NNAN-"92%D axn ,BMI,NTD YOX :DMVNNDOKX XD
2"N O 2P MNDRNN 02192 XN DKM *TH NNNDXN MN'DY )2 1D

2'AX-2N2 NN M2 DE/5NN 2P NNNOX S "H%0N iy N1y 4.3a 'on nHhaon
DTN DMUNNDXNN 39%-2 2'AX DN MK .(6.09%) NITN X (6.96%) N9'N KN (8.86%)
64% NNIYVY NXT (442 NN D722 174) N2 X M2 NNMN D272 NNNOXA 02100

.NNTN2 (94 NN D721 45) 48% -1 "N NON X2 (507 NN D'pT21 276)
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a7y N1'NAY ,(Multivariate Logistic Regression) D™OA1NT DYANN S 1P N2 AN/N 11 YTna
nnv (13% S¥) NXI2NN Ty D7p 2'AX DN D X811 ,NMAIYN DMy2 NNNOX NXIDNN
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DMONINT DNN 13PN ,N2P NANTA NNNOX S NXINN Ty N21'NA% D'INwn 21 YTna
nny? (59% 5S) NXI2NN Ty 0" 2'AX PN D ,X¥N) |, (Multivariate Logistic Regression)
PN X% 120N D DX ,N9N '219110N

4.3b 'ON NH20) .NNTN2T 2AX DN NXIDNN TV X¥N1 XD NP NNUDKX A

TMMXN DINT NN 2 Wpn NVMpH (Multivariate Logistic Regression) DN 0D'2TiNQ
Total, ) NANOX NX1NN DIYN D'RNTN S YKINA 112 P2 P X¥N1 XD ,NNNOX NX1PNNYD
.(4.4'On N520) ,(Mild or Moderate-Severe Asthma

MDD D"RIN DMK 1IN0 NN NN NNNDX MpPR NIXSNAN D DEONNY )N 2 'on kN
JMPVYNN MRS

Multivariate ) PMzs PPN S y¥INn O™ 0"91ANT DNPA 1pNa) DNNwA 21 STina
NXISNN 9TV DIN'T NNIPRNR VIAMA pRORN NINPA 12 WwWpn NYapY | (Logistic Regression
Sw DNNNY NN 1M (p<0.01) PNAIN WP X¥NI NPT DMDINN MMPAN 5 NN ,NNNDX

.(4.6 'ON NY20) NNNDOXA NXI?NN 9TV D"ADNVON D'YYONN

napon 3.3

NN NMNY TRy 5'NY S 21720 021NN 002 NN 22pnnn yTnn S nan novina
QX YNNI 1M VYN N2IN1 NODN XA D2”Y/5N] NNNDX DY NN D

(DMWY 0MAO2) TN 9N N¥IAPA NNNOX MNDY Y NYV9Yn "Y1 DN 0'NMON DN X¥N)
MNX MMYX MYNN NINDY 121101 Ypwn (NN 1K) QMY 0T YIX ,)NNAN-"%25%D 2¥n 120
.009N MNIx2

OMN2MD MMIPAN TIRN DINT S MPOX NYOWN NPT A IE NTay Y namy Wy
NIYp DX 'R0 NIpY X¥N1 .0"WH5N2 NNNDX NN SV (NNANMm N"wyn)
O"ND1IN DTN 2%wA .'K191N NNDDA NN 10N AF X¥AN .ANNOX S N MNyS
-D™N'D1NVO DIPNAS (V122 PNNN) NP 'Y NNNOX NIN'DY T2 Wi P X¥N1 1INTaya
MZXIN AN .(a and b) Fig 4.3 DMI'XQ 'O 191X DATIA DT X¥AA Y1900 MK DPNMPYN
VN Y 1971219100 N1ANN YA D MIKAY I LKA TNXR X2 TIND NMD19DIXN MO NXN
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Study Population

Demographic Characteristics of the Study Population in Haifa
Metropolitan and Relation with Asthma (N=7,072, 2012-2014)

Prevalence of Asthma in Different Areas: Haifa Metropolitan, Hadera
and Tel-Aviv (N=13875, with Zip Code, during 2012-2014)

The Association between Prevalence of Asthma and Different
Geographic Areas by Severity (Single pollutant)?

(N=13875, with Zip Code, during 2012-2014)

The Association between Air-Pollutants and Severity Asthma in Haifa
Metropolitan Area (N=7,072 with ZIP Code, during 2012-2014. Single
pollutant models)

The Association between Linear Distance from the Petrochemical Area
[km] and Prevalence Rate of Asthma
(N=7,072 with ZIP Code, during 2012-2014)

The Association between Linear Distance from Distance from the oll
tanks, K. Haim [km] and Prevalence Rate of Asthma

(N=7,072 with ZIP Code, during 2012-2014)
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(N=7,072 with ZIP Code, during 2012-2014)

Prevalence Rate of Asthma (%) in the Several Cities
(N=13,875, with Zip code, during 2012-2014)

Prevalence Rate of Asthma and Severity (%) in the Different
Geographic Areas (N=13,875 with ZIP Code, during 2012-2014

Distribution of Asthma Cases in Haifa Area
Prevalence of Asthma Cases per 1000 Examinees

Prevalence of Asthma among Young Adults over the years 1999-2014
in Different Cities

Prevalence of Asthma by Severity among Young Adults over the years
1999-2014 in Haifa
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Figure 4.41
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Prevalence of Asthma by Severity among Young Adults over the years
1999-2014 in Tel Aviv
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1999-2014 in Tel Aviv in K. Ata
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Prevalence of Asthma by Severity among Young Adults over the years
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Table 4.1: Study Population
(N=13,875 with ZIP Code, during 2012-2014)

0O'ND0V2

Study Population

Total without Zip Code with Zip Code

City CODE Count N %o Count N %o Count N %0
4000 Haifa 3699 100.00 318 8.60 3381 91.40
6500 Hadera 1761 100.00 217 12.32 1544 87.68
5000 Tel Aviv 5563 100.00 515 9.26 5048 90.74
2100 Tirat HaCarmel 405 100.00 49 12.10 356 87.90
2300 K. Tivon 329 100.00 35 10.64 294 89.36
2500 Nesher 382 100.00 23 6.02 359 93.98
6800 K. Ata 1108 100.00 65 5.87 1043 94.13
8200 K. Motzkin 699 100.00 67 9.59 632 90.41
9500 K. Bialik 677 100.00 67 9.90 610 90.10
9600 K. Yam 671 100.00 63 9.39 608 90.61
Total 15,294 100.00 1419 9.28 13875 90.72

"2 D 2"¥/2NN 190N 0'2T7aN 0'AMP MDD .0 DM 2012-2014 DWN 2, DTYON D Nyn

TP A2 vy 0" 02°5NNN 90%-29 .NIwN NNIXA NMDI1YI1IXN T2% DXNN DN DI
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Table 4.2 — Demographic Characteristics of the Study Population in Haifa

Metropolitan Area in Relation to Asthma

(N=7,072 with ZIP Code, during 2012-2014)

No Asthma Asthma
N=7,072 OR 95946ClI P value
N % N %

Country Birth
Other Countries 666 96.94 21 3.06 1
Israel 5923 92.76 462 7.24 2.474 | 1.586-3.859 | <0.0001
Cognitive Abilities
Low (10-30) 1320 93.68 89 6.32 1
Average (40-70) 4077 92.87 313 7.13 1.139 | 0.893-1.453 | 0.296
High (80-90) 927 92.42 76 7.58 1.216 | 0.885-1.670 | 0.227
Education (years)
11 (less than 11 yr) 412 93.85 27 6.15 1
11 (= or more than 11 yr) | 5993 92.93 456 7.07 1.161 | 0.778-1.734 | 0.465
BMI (body mass index) 0.007
Normal (17.70-24.94) 4396 93.71 295 6.29 1
Underweight (<17.70) 320 90.65 33 9.35 1.537 | 1.054-2.241 | 0.026
Overweight (24.95-28.26) 913 91.57 84 8.43 1.371 | 1.065-1.765 | 0.014
Obese (>28.27) 764 91.61 70 8.39 1.365 | 1.041-1.792 | 0.025
BP
Normal 4587 92.69 362 7.31 1
Hypertension 1817 93.76 121 6.24 0.844 | 0.682-1.044 | 0.118
Socioeconomic status
Average (5-7) 6323 92.94 480 7.06 1
High (8-10) 266 08.88 3 1.12 0.149 | 0.047-0.465 | >0.001
Low (1-4) 0 0.00 0 0.00
Upper Allergy
No 6130 95.26 305 4.74 1
Yes 459 72.06 178 27.94 7.794 | 6.332-9.594 | >0.001
Dermatologic Allergy
No 6532 93.43 459 6.57 1
Yes 57 70.37 24 29.63 5.992 | 3.685-9.744 | >0.001
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Table 4.3a Prevalence of Asthma in Different Areas: Haifa Metropolitan,

Hadera and Tel-Aviv

(N=13875, with Zip Code, during 2012-2014)

Haifa

Total Metropolitan Hadera Tel Aviv

(N=13875) (N=7283) (N=1544) (N=5048)

N % N % N % N %
No Asthma 12832 | 92.48 6776 93.04 1450 93.91 4606 91.24
Asthma 1043 | 7.52 507 6.96 94 6.09 442 8.76
Mild Asthma 548 3.95 231 3.17 49 3.17 268 5.31
g":vdeer;age;thma 495 | 357 | 276 3.79 45 | 291 | 174 | 3.45

Table 4.3b - The Association between Prevalence of Asthma and Different
Geographic Areas by Severity (Single pollutant)?

(N=13875, with Zip Code, during 2012-2014)

Moderate-Severe

Total Asthma Mild Asthma Asthma
_ (N=1,043) (N = 548) (N = 495)
'ty or ; OR ; OR .
(95% (95%
(o)
(95% C.1.) | value C.1) value Cc.1) value
Haifa Metropolitan
(N=7,283) ! ! !
0.962 0.775
Hadera 0.874
_ ] 0.250 (0.702- 0.809 (0.562- 0.121
(N=1,544) (0.695-1.099) 1.318) 1.070)
. 1.590 0.910
Iﬁ'_’;"c')‘gs) n 7?{'51_:;‘17 42| 0575 | (0.836- | 0158 | (0.747- 0.344
- ' ' 3.026) 1.107)

a Multivariate logistic regression analysis adjusted for year of birth, country of birth, BMI, Cognitive

Abilities.
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Table 4.4 — The Association between Air-Pollutants and Severity Asthma in Haifa Metropolitan Area

(N=7,072 with ZIP Code, during 2012-2014. Single pollutant models)

Air pollutants

Total Asthma

Mild Asthma

Moderate-Severe

p p Asthma p
Single pollutant value value value
OR 9590 C.1. OR 9590 C.1. OR 9590 C.1.
models
SO 1.000 | 0.869-1.151 0.996 0.987 0.805-1.209 0.899 0.978 0.812-1.178 0.817
PM2s 0.961 | 0.910-1.015 0.155 0.976 0.902-1.057 0.549 0.966 0.898-1.041 0.365
NOx 0.992 | 0.985-1.000 0.042 0.996 0.985-1.006 0.410 0.995 0.985-1.004 0.277

@ Multivariate logistic regression analysis adjusted for BMI, for year of birth, country of birth, and SES.
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Table 4.5a - The Association between Linear Distance from the
Petrochemical area [km] and Prevalence Rate of Asthma @
(N=7,072 with ZIP Code, during 2012-2014)

Total AsthmaP®
95%0 C.I. p

OR Lower Upper value
Year birth 0.860 0.784 0.943 0.001
Country birth
Other Countries 1
Israeli 2.767 1.764 4.338 <0.0001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.171 | 0.046 0.631 0.008
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.574 1.076 2.303 0.019
Overweight (24.95-28.26) 1.340 1.039 1.727 0.024
Obese (>28.27) 1.290 | 0.981 1.695 0.068
Distance from the Sea Shore [km] 0.972 0.920 1.026 0.302
Distance from the main roads [km] 0.778 0.483 1.255 0.304
PMzs 0.946 | 0.895 1.001 0.054
Distance to the Petrochemical 1.054 | 0.999 1.112 0.056
complex [km]

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5b - The Association between Linear Distance from the oil tanks,
K. Haim [km] and Prevalence Rate of Asthma 2

(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma®

OR 9590 C.1. value

Lower | Upper

Year birth 0.855 | 0.781 | 0.938 0.001

Country birth

Other Countries 1

Israeli 2.782 1.774 | 4.363 | <0.0001

Socioeconomic status

Average (5-7) 1

High (8-10) 0.196 | 0.054 | 0.716 0.014
BMI (body mass index)

Normal (17.70-24.94) 1.565 | 1.070 | 2.290 0.021
Underweight (<17.70) 1.342 1.041 | 1.730 0.023
Overweight (24.95-28.26) 1.288 | 0.980 | 1.692 0.070
Distance from the Sea Shore [km] 0.953 | 0.904 | 1.005 0.073
Distance from the main roads [km] 0.800 | 0.497 | 1.288 0.358
PM2.5 0.963 | 0.908 | 1.021 0.208

Distance from the oil tanks, K. Haim [km] | 1.028 | 0.986 | 1.073 0.192

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5c - Association between Linear Distance from Airport [km] and
Prevalence Rate of Asthma @

(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma®

OR 95%0 C.1. vaTue
Lower | Upper

Year birth .860 .784 .942 <0.001
Country birth
Other Countries 1
Israel 2776 | 1.770 | 4.353 | <0.001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.186 | 0.051 | 0.678 | 0.011
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.568 | 1.072 | 2.295 0.020
Overweight (24.95-28.26) 1.338 1.038 | 1.725 0.025
Obese (>28.27) 1.284 | 977 | 1.688 | 0.073
Distance from the Sea Shore [km] 0.945 | 0.895 | 0.998 0.041
Distance from the main roads [km] 0.779 | 0.485 | 1.251 0.302
PMzs 0.950 | 0.899 | 1.005 0.072
Distance to the Airport [km] 1.049 | 0.990 | 1.112 0.104

@ Multivariate logistic regression

b Reference category: No asthma
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Table 4.5d - Association between Linear Distance from the Power Station
[km] and Prevalence Rate of Asthma @

(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma®

OR 95%0 C.1. P
value
Lower | Upper

Year birth 0.862 | 0.786 | 0.945 0.002
Country birth
Other Countries 1
Israel 2.769 | 1.766 | 4.342 | <0.001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.224 | 0.063 | 0.794 | 0.021
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.562 | 1.068 | 2.285 | 0.021
Overweight (24.95-28.26) 1.337 1.037 | 1.723 0.025
Obese (>28.27) 1.276 | 0.971 | 1.677 | 0.081
Distance from the Sea Shore [km] 0.933 | 0.872 | pogog| 0.046
Distance from the main roads [km] 0.807 | 0.507 1.284 | 0.365
PMzs 0.939 | 0.885 | pogg7| 0.039
Distance to the Power Station [km] 1.035 | 0.973 | 1.102 0.271

@ Multivariate logistic regression

b Reference category: No asthma

103



Table 4.5e - Association between Linear Distance from the Small QOil tanks

[km] and Prevalence Rate of Asthma @

(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma®

OR 95%0 C.1. P
value
Lower | Upper

Year birth 0.860 | 0.784 | 0.943 0.001
Country birth
Other Countries 1
Israeli 2776 | 1.770 | 4.353 | <0.001
Socioeconomic status
Average (5-7) 1
High (8-10) 0.238 | 0.067 | 0.841 | 0.026
BMI (body mass index)
Normal (17.70-24.94) 1
Underweight (<17.70) 1.560 1.067 | 2.282 0.022
Overweight (24.95-28.26) 1.339 1.039 | 1.727 0.024
Obese (>28.27) 1.278 972 1.680 0.079
Distance from the Sea Shore [km] 0.944 | 0.880 | 1.011 0.101
Distance from the main roads [km] 0.835 | 0.526 | 1.326 0.445
PM2.s 0.944 | 0.889 | 1.003 0.062
Distance to the Small Oil tanks [km] 1.014 | 0.967 | 1.064 0.562

@ Multivariate logistic regression;
b Reference category: No asthma.
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Table 4.6 - Association between Linear and Squared Distance from the
Petrochemical Area [km] and Prevalence Rate of Asthma 2

(N=7,072 with ZIP Code, during 2012-2014)

Total Asthma 9

p
value

Distance from Petrochemical area [km] P 1.441 1.090-1.907 | 0.010
Distance? from Petrochemical area [km]° 0.971 0.946-0.996 | 0.025

Source OR 9594 C.1.

a Multivariate logistic regression analysis adjusted for year of birth, country of birth, SES and BMI;
® For PM2.5: OR=0.943 (95%CI 0.891-0.998), p=0.044;

¢ For PMz.5: OR=0.939 (95%CI 0.885-0.997), p=0.039;

d Reference category: No asthma.
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Figure 4.1 - Prevalence Rate of Asthma (%6) in the Several Cities
(N=13,875, with Zip code, during 2012-2014)
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Figure 4.2 - Prevalence Rate of Asthma and Severity (26) in the Different
Geographic Areas
(N=13,875 with ZIP Code, during 2012-2014)
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Prevalence of Asthma by Severity among Young Adults over the
years 1999-2014 in Different Cities

Figure 4.4A
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Figure 4.4C
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Figure 4.4E
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Figure 4.4G
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EPIDEMIOLOGICAL MONITORING OF THE HAIFA BAY
AREA: 2015-2020

1t Year report

ABSTRACT
Background

Measured air pollution in the Haifa Bay Area (HBA) has been declining in the past
decades. However, there is still uncertainty whether these positive changes are
accompanied by significant reduction in morbidity and improve health status of the
local residents.

Data of the health status of the Haifa Bay Area (HBA) residents are rarely published and
the actual epidemiological situation in the HBA is largely unknown. Although there are
some indications that cancer morbidity in the area has started to drop after the year
2000, it is unclear whether these changes signify a sustained trend or just temporary
fluctuations.

Research Goal and Objectives

The study aims to determine whether the ongoing reduction in air pollution, observed
in the recent years in the HBA, resulted in a sustained improvement of the health status
of its residents.

Specific objectives of the study are:

e To determine the geographic patterns and prevalence rates of population
morbidity in the HBA, relative to the cities of Tel Aviv and Hadera, used in the
study as comparative baselines;

e To monitor prospectively annual changes in the geographic patterns of
population morbidity and morbidity prevalence rates across the HBA relative to
the “baseline” cities of Hadera and Tela Aviv;

e Toinvestigate the strength of association between population morbidity and air
pollution in the HBA;

e To trace annual changes in the strength of association between the observed
population morbidity and air pollution exposure in the HBA.

Monitoring Approach

The present health-monitoring project uses existing health monitoring data sources
that are computerized and readily available.

The project includes six research subtopics (monitoring modules) and analyses cancer
incidence, health status of the newborn, children's asthma morbidity, and asthma risk
among the IDF conscripts. In addition, biological monitoring of air pollution impact will
be performed. The last module is air quality monitoring section which supporting
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module for other modules in the project, suppling these modules with relevant air
pollution information.

Subtopic 1: Cancer incidence in the Haifa Bay area and its association with air pollution
(Prof. B.A. Portnov (Pl; University of Haifa); Prof. B. Reiser; Dr. I. Dattner, Dr. L. Keinan-
Boker, Dr. B. Silverman, Dr. M. Zusman, Dr. Z. Kaufman, Mr. H. Ship, Ms. N. Rybnikova,
Ms. A. Svechkina, Ms. S. Davarashvili).

The first module analyses lung and NHL cancer incidence in the Haifa Bay area in 2012
and its association with air pollution and other environmental attributes and compares
the incidences rates of the subject cancer types with the incidence rates of these
cancers in the Tel Aviv and Hadera metropolitan areas. Non-parametric tests and
multivariate analyses were performed to examine the associations between cancer
types under study and environmental conditions in the HBA. In addition, geospatial
analysis was used to identify potential cancer hotspots.

According to the results of the analysis, age and sex adjusted standardized incidence
rates of lung and NHL cancers in the HBA in 2012 were higher than the national
averages but similar to the rates of these cancers in other metropolitan areas under
comparison (Tel Aviv and Hadera). However, the study detected a number of hotspots
with elevated cancer incidence rates. These hotspots are located in the Krayot area
near the industrial zone, around the Carmel ridge, and in the southwestern part of
Kiryat Tivon.

According to our estimates, residential proximity to industrial areas and air pollution
(measured by the existing monitoring network) help to explain up to 20-22% of the
observed variation of lung and NHL cancer incidence rates (depending on the cancer
type). The absence of data on air pollution (and/or soil contamination) by volatile and
semi-volatile organic compounds makes the analysis of the association between these
types of air pollution with cancer morbidity unfeasible.

Subtopic 2: Health status of the newborn in the Haifa-bay area and its associations with
air-pollution (Dr. I. Kloog (P1; Ben-Gurion University for the Negev); Prof. B. A. Portnov,
Prof. J. Schwartz).

The module analyses the health status of the newborn in the Haifa Bay area (HBA) and
its association with air pollution and other environmental attributes. The data on 6,614
newborns were received from the Ministry of Health computerized system, and 5,702
records were successfully geocoded. Non-parametric tests and multivariate analyses
were performed to examine the link between the health status of the newborn
(measured by birth weight and head circumference at birth) and environmental
conditions in the study area, controlled for several individual level attributes of the
newborn and their families. In additions, geospatial analysis was performed to identify
potential hotspots.

Several hotspots of low birth-weight and head circumference were identified. These
hotspots are located around the Carmel ridge and in the Krayot, near the industrial
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zone. The multivariate regression analysis revealed significant associations between
the observed health status of the newborn and several environmental variables,
including proximity to the main thoroughfare roads and proximity to the industrial
zone.

Subtopic 3: Trends and changes in children's asthma morbidity and its associations with
air-pollution (Prof. K. Karkabi (PI1); O. Steinberg, S. Vinker and Prof. B.A. Portnov)

This module studied the trends of asthma morbidity in children, based on Clalit health
services database. Population of 6 to 14 years old children was mapped using GIS tools.
Asthma incidence was measured either using the diagnosis of asthma by a physician or
based on the prescription of medications for asthma. The associations between asthma
morbidity and air pollution were assessed using non-parametric tests and multivariate
analysis tools. Geospatial analysis was performed to identify potential hotspots. Rates
of asthma in children in three metropolitan areas (Tel-Aviv, Hadera and the Haifa bay
area) were also assessed and mutually compared with asthma incidence rates observed
in the HBA.

Asthma rates among the study population were estimated to be between 2.2% and
3.3%. Asthma rates in Hadera were found higher than those in the HBA. The measured
air pollution and distances to industries and main roads helped to explain up to 26% of
the asthma cases among children in the Haifa bay area. Geospatial analysis revealed 3
areas with elevated asthma rates: the Carmel ridge, the lower city, Kiryot and the north-
western part of Kiryat-Tivon.

Subtopic 4: Assessment of the asthma risk among the IDF conscripts (Prof R. Carel (Pl);
Prof. B.A. Portnov, Ms. N. Greenberg, Dr. A. Tiktinski)

The fourth module assesses the asthma risk among the IDF conscripts in the Haifa Bay
Area (compared to Tel Aviv and Hadera metropolitan areas). The main objective of the
module is to identify asthma incidence risk among the IDF recruits who live in the HBA
and to investigate the association of the observed asthma risks with air pollution to
which the conscripts were exposed prior to their recruitment. Non-parametric tests
and multivariate analyses and, in addition, geo-spatial analysis were performed to
examine this association.

Results: under review of data safety board of the Israel Defense Forces.

Subtopic 5: Biological monitoring of air pollution impact (Prof. L. Fireman (PI; University
of Tel Aviv); Dr. A. Bar-Shai, Dr. G. Eliyahu, Dr. P. Chuwers and Prof. I. Udasin)

The goal of this study module is to analyze the actual exposure of adults in the HBA
through biological monitoring of a cohort of residents, represented by students and
policemen. The study aims to demonstrate the actual levels and chemical composition
of air pollutants accumulated in the bodies of young, healthy subjects. Helsinki and
ethics committees have already approved the procedure for this research. The study
will start in 2016.
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Subtopic 6: Air quality monitoring (supporting module) (Dr. M. Zusman (PI; University of
Haifa); Dr. S. Paz, Dr. |. Finero and Mr. Tamir Gadot)

This module provides support to other study modules: it assembles maps and analyzes
air pollution in the HBA, using data reported by the local Air Quality Monitoring Stations
(AQMS). The module summarizes the annual 24h averages of SO,, NOyx, PM10, and PM3 5
air pollutants for individual AQMSs located in the study area.

According to our results, there were no fundamental changes in average annual
concentrations of the above mentioned air pollutants during the period of 2003-2014,
albeit some decrease in the annual concentrations of NOx and SO, was detected. On
the overall, the observed levels of the subject air pollutants were found to be lower
than those in the Greater Tel Aviv area and similar to those in the Hadera metropolitan
area.

Relatively to Tel Aviv and Hadera, the measured air pollution levels in the HBA appear
to have improved over the study span. However, sue to the lack of information on
volatile organic compounds (VOCs), which are not continuously measured by local
AQMSs, we were unable to estimate and map concentrations of these pollutants and
analyze them in conjunction with the observed morbidity patterns.
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