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During 2020 and 2021, Israel’s population grew by 1.6% and 1.7%, respectively.
These were the lowest annual growth rates experienced by Israel since the
founding of the State, with the sole exception of 1985-1988. In 2022, Israel’s
population growth rate climbed back to its more normal level, around 1.9%,
and Israel’s population is therefore expected to reach 9.65 million at year’s
end, up from 9.45 million at the start of the year. A number of symbolically
important markers of growth were also exceeded during 2022. For the first
time, Israel’s Jewish population surpassed 7 million, its Arab population
surpassed 2 million, and its other population — people who are neither Jewish
nor Arab — surpassed 0.5 million.

The return to 1.9% population growth may look like a return to business as
usual. It is not. During 2022, Israel experienced some new and non-standard
patterns in the relative contributions of fertility, mortality, and migration to
populationgrowth. Thesetrendsarethe mainfocusofthefirsthalfofthischapter.

The second half of the chapter turns our attention to a select number of
issuesatthe nexus of demography, environment, and climate change. Increasing
concern about environmental and climate change was suppressed during the
COVID-19 pandemic. In 2022, however, many of the wealthy countries that
are Israel’s primary reference group experienced record-breaking heat waves,
droughts, wildfires, and rainfall. Alongside the accelerated melting of glaciers
and snow caps, these events pushed climate change and environmental issues
backintothe headlines. Givenits size, Israel has little impact on global emissions
or related global measures that are driving the anthropogenic component
of these changes. However, Israel is an increasingly wealthy country in a
climatologically sensitive region of the world; and it has the fastest growing
population of any wealthy country. Each of these factors has implications for
resource use, greenhouse gas emissions, and, therefore, the environment.

*  Prof. Alex Weinreb, Research Director, Taub Center for Social Policy Studies in Israel. Kyrill
Shraberman, Researcher, Taub Center.
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Comprehensive coverage of the relationship between population,
environment, and resources will follow in future publications. Here we briefly
survey two issues at the nexus of population and environment in Israel: land
cover and environmentally-related premature deaths.

In past years, we have reported how, from around 2005 to 2010, Israel’s
national Total Fertility Rate (TFR) rose from around 2.85 to 3.0 children per
woman, and that it then stabilized in the 3.0-3.11 range until about 2016.
This is an extraordinarily high TFR for a developed country. Across this period,
fertility accounted for roughly 80% of Israel’s total population growth rate.

In the few years preceding the COVID-19 pandemic, signs of a reduction
in Israel’s fertility began to appear. Between 2017 and 2020, it fell from 3.11
to 2.90. Yet, as we reported last year (Weinreb, 2021), trends in the General
Fertility Rate (GFR)! suggested that fertility in the Jewish/other population
bounced back to their 2019 levels during the first nine months of 2021. We
also reported that in the Arab population fertility remained at the lower 2020
levels for the first six months of 2021, and then increased towards the higher
2019 levels.

Official TFR data released by the Central Bureau of Statistics (CBS) since
then have confirmed these trends. In 2021, Israel’s TFR increased by 0.1 child
to 3.0 children per woman. This was mostly driven by the 0.13 increase among
Jewish women. Among Muslim women, in contrast, TFR increased by a mere
0.02 children, among Druze women by 0.06 children, and among women
categorized as other by 0.04 children. Only among Christian Arab women did
the TFR continue to fall: by 0.08 children.

1 The General Fertility Rate (GFR) is the total number of births in the population in a given period
divided by the number of women aged 15-49 in that period. By restricting the denominator
to women of reproductive age, it is a superior measure of fertility levels than the Crude Birth
Rate (CBR), widely used outside demography. It is not as good as the TFR, however, which
is basically the sum of age-specific fertility rates, where each of the latter is: the number of
births to women aged x divided by the number of women aged x.



Demographic Trends in Israel: An Overview m

Data on the number of births in 2022 suggest that this initial fertility boost
seen in 2021 in Israel’s largest subpopulations has now faded. As shown in
Figure 1, the GFR up to the end of July 2022 was 0.7% lower than in the same
period in 2020 in the Jewish/other population (3.2% lower than in 2021),
and 2.6% lower in the Arab population. In other words, after a minor COVID-
related fertility boost, trends in fertility have returned to their pre-COVID
downward trajectory.

Figure 1. General Fertility Rate (GFR), 2019-2022, by month and subpopulation
Share of women aged 15-49 giving birth
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This decrease in fertility rates will not immediately lead to a reduction in the
number of births in Israel. The reason is that the number of births is a product
of fertility rates multiplied by the number of women of reproductive age
(15-49), and in both the Jewish/other population and the Arab population the
latter has been increasing annually over the last few years by around 1.2% and
2.5%, respectively. In fact, increases in the number of women of reproductive
age in each group are offsetting decreases in fertility rates. As a result, as
shown in Table 1, the number of births in each subpopulation has remained
relatively stable, thus far at least.
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Table 1. Number of births by end of July in each calendar year,
by mother’s sector

Jewish/other Arab Total
2019 78,717 24,556 103,273
2020 77,607 24,339 101,946
2021 80,371 24,308 104,679
2022 78,150 24,491 102,641

Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: CBS

Fertility by district, cities, and subpopulations

We use annual TFR data released by the CBS for all 136 towns and cities with
at least 10,000 residents to see where in Israel these reductions are occurring,
and in which subpopulations. These data allow us to distinguish fertility trends
by district and size of the town or city, and also to broaden our focus beyond the
standard Jewish/other versus Arab categories to look at other subpopulations.
Unfortunately, these data are only available for the 2014-2020 period, so
shifts cover the pre-COVID period in the timing of conceptions, if not births.

We begin by looking at variation by district, as shown in Table 2. There are
two notable trends. First, there are substantial differences in TFR across Israel’s
districts. As of 2020, the low-fertility cluster (by Israeli standards) included
Haifa, the North, Tel Aviv, and Central districts. TFRs here were in the 2.30—
2.55 range. TFR in the Southern district was 3.15, in Jerusalem 3.9, and in
Judea/Samaria 5.26.

Table 2. Total Fertility Rate (TFR) by district and reductions in TFR

Change
(number of children)

District Number of 2016 2018 2014- 2016- 2018-

town/cities 2020 2020 2020
Judea/Samaria 6 5.77 5.72 5.58 5.26 -0.51 -0.46 -0.32
Jerusalem 4 4.04 4.05 4.04 3.91 -0.13 -0.14 -0.13
South 19 3.28 3.35 3.41 3.15 -0.13 -0.19 -0.26
Central 32 2.81 2.78 2.76 2.55 -0.26 -0.23 -0.21
Tel Aviv 11 2.70 2.69 2.61 2.47 -0.23 -0.22 -0.14
North 38 2.66 2.66 2.64 2.40 -0.26 -0.26 -0.23
Haifa 26 2.49 2.47 2.47 2.30 -0.19 -0.17 -0.18

Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: CBS
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Second, the magnitude of fertility decline largely varied in the same way.
Between 2014 and 2020, TFRs fell by 0.19-0.26 children in the four low fertility
districts, by only 0.13 children in Jerusalem and the South, and by 0.5 children
in Judea/Samaria. However, the timing of these declines varied. In all but two
districts more than 80% of the decline occurred after 2018. The exceptions
are Tel Aviv and Judea/Samaria. In both of these districts, meaningful declines
begin in 2016.

Looking at TFR at the level of towns/cities provides more detailed perspective
on these trends, as shown in the three panels in Figure 2. The left-hand panel
shows trends in the largest cities — defined here as having at least 200,000
residents. In six of them, TFR fell relatively consistently, beginning in Tel Aviv
and Be’er Sheva (2015), Netanya and Petah Tikva (2017), and Haifa and Rishon
LeZion (2018). Parallel trends can be seen across six of the seven cities in the
secondary tier of cities (in terms of size), those with between 100,000 and
200,000 residents. These are shown in the middle panel of Figure 2.

Most of these reductions in TFR are in the 0.2—0.3 child range. In some
cases, they have pushed TFR to unusually low levels for Israel. As of 2020,
for example, TFR had fallen to below replacement-level in Tel Aviv and Ramat
Gan (1.84 and 1.80, respectively), and was around replacement-level and on a
downward trend in a number of other Israeli cities: Haifa, 2.04; Bat Yam, 2.07;
Be’er Sheva, Rishon LeZion, Kfar Saba, and Holon, all around 2.2.% In fact, the
only large cities (over 100,000 residents) where TFR remained relatively stable
were those that are wholly Haredi (ultra-Orthodox Jewish) (e.g., Bnei Brak),
largely Haredi (e.g., Beit Shemesh) or have major Haredi subpopulations (e.g.,
Jerusalem, Ashdod). But even in these, mild reductions could be seen in 2020.
Local reductions of this sort can be the result of one of two effects: a behavioral
effect in which people choose to have fewer children, or to delay having a child;
or a selection effect in which people with higher fertility move away to smaller
towns. Without individual-level data, it is not possible to formally identify
which effect drove lower fertility in the larger cities between 2014 and 2020.
Informally, however, trends in smaller towns, seen in the right-hand panel of
Figure 2, suggest that it is more of a behavioral effect. Even outside the larger
cities, and among all population groups, fertility in Israel is starting to fall.

2 Replacement-level fertility refers to the level of fertility necessary to maintain population size
where net migration is zero. In countries with very low mortality (e.g., Israel), replacement-
level fertility is around 2.05 children per woman.



Figure 2. Total Fertility Rate (TFR), in 136 towns/cities with more than 10,000 residents
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Note: Total Fertility Rate (TFR) is the average number of children that a woman will give birth to across her lifetime, assuming current age-specific fertility rates remain stable.
Average by ethnic-religious identity of the majority, weighted in each category by the size of the population of child-bearing age (15-49).
Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: CBS
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To show this, we categorized the remaining 120 towns/cities with between
10,000 and 99,999 residents (as of 1.1.2020) by majority ethno-religious
group, and then estimated an average TFR for each category, weighted by the
total number of people aged 15—49. In non-Haredi Jewish towns and mixed
towns, the reductions began in the second half of the period and averaged a
relatively moderate 0.2 children. In both Bedouin and non-Bedouin Muslim
towns, fertility began to fall earlier, and it has fallen further. They ended the
period with TFRs of 4.1 and 2.3 children, respectively. That is 0.7 and 0.3
children fewer than in 2016. Likewise, fertility also fell steadily in smaller
Haredi towns, from 6.9 to 6.3 children. Though that is still higher than the TFR
in Bnei Brak and the other older Haredi centers, whose TFRs remained more
stable, a 0.6 child reduction in 6 years is substantial.

Finally, these trends in smaller towns also point to the emergence of below-
replacement fertility patterns in Druze communities. This means that the
Druze are the third of Israel’s subpopulations — the fourth if we count the
State of Tel Aviv as a distinct category — to have joined what, in almost all
other developed countries, is the modal demographic category, those with
below-replacement fertility. The two groups in Israel that preceded the Druze
are the Christian Arab population, and what the CBS calls others.

It is premature to talk about Israel joining other developed countries (and
emerging economies) in the low-fertility club. However, we expect these
reductions in TFR to continue for two reasons. First, although fertility decisions
appear to be less sensitive to income in Israel than in most, or perhaps all, other
developed countries, especially among religious Jews, rising living costs and
anxiety about those costs (see Bental & Shami, 2022; Gal et al., 2022) will at
least delay some fertility. Any bounce back in fertility as the economy recovers
will only partly compensate for that delayed fertility since only some of the
delayers will subsequently choose to have a child, or be able to have one.3

3 Women’s ability to conceive a child and carry it to term — fecundability in the demography
literature — falls with age, and medical interventions cannot resolve all such problems.
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Second, the number of low-fertility women and families in Israel appears to
be on the rise, as is the rise in low fertility discourse. Signs include:

e Ongoing increases in women’s age at first birth — between 2000 and 2020
it increased by 1.9 years among Jews, 1.4 years among Muslims, and 3.5
years among both Druze and Christian Arabs.

e Falling rates of marriage — a 12.5% reduction in the Total Marriage Rate
(below age 40) across all of Israel’s major religious groups between 2015
and 2019 (Weinreb, 2022).

e Sharp increases in divorce rates at younger ages in Israel's Muslim
population (where there is almost zero non-marital fertility) (Weinreb,
2022).

e Increasingly vocal discourses legitimizing being childfree in a pronatalist
society, especially in a world facing substantial environmental strains and
stressors.

As is clear from the large scholarly literature on the Second Demographic
Transition,* once the low fertility genie is released, it is difficult to get it back
in the bottle. Institutional, cultural, and commercial mechanisms click into
place that make subsequent increases in fertility more costly, both socially and
economically. Identities become forged around attitudes to fertility including
low fertility or zero fertility. Israel is not there yet. But certain sectors seem to
be on the way.

Driven by extremely high mortality rates in late January and early February of
2022, overall (age-standardized) mortality rates across the first 40 weeks of
the year were the highest for almost 20 years: 5.7% higher than in 2021, 11.6%
higher than in 2020, and 9.8% higher than in 2017-2019. This is shown in
Figure 3. Further explorations of age-specific mortality trends — not presented
here — show that this excess occurred at all ages above 55.

COVID-19, especially the Omicron variant, is clearly a major part of this
pattern. However, it is worth noting that in both prior COVID years, there were
at least short periods in which overall mortality fell to its lowest level ever.

4 Broadly, this refers to a rise in life expectancy following substantial improvements in medical
care and the prevention of death at younger ages, alongside reductions in fertility rates to
levels below replacement, sometimes far below. For a succinct account, see Lesthaeghe, 2020.
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Over the first 40 weeks of 2022 that has not occurred. Instead, even when
mortality was not significantly elevated it has been a little higher than normal.
The gap between higher cumulative mortality in 2022 over both 2020 and
2021 will likely close by the end of the year. In both those years, there were
significant increases in mortality in the late summer and autumn months. Now
that COVID is largely endemic and the vast majority of residents have either
had at least three vaccinations or have been infected, there is unlikely to be a
parallel bump in mortality.”

Figure 3. Age-standardized total mortality by week, selected years
Up to week 40 in 2022
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Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: CBS

Finally, it is worth noting that this elevated mortality will delay Israel’s
anticipated return to year-on-year increases in life expectancy. Those increases
occurred for several decades prior to the COVID pandemic. The earliest Israel
can return to that upward trajectory is 2023.

the first 40 weeks of 2022 — unlikely, but we shall only know for sure once cause-of-death data
are released for 2022 — is that it was caused by other factors. For example, it could be the
indirect, longer-term consequence of the singular focus on the pandemic that pulled resources
away from other factors, especially during the upsurge in the Omicron variant and a similar
seasonal uptick in flu infections and deaths alongside long-term burnout of medical staff.
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The flattening number of births shown in Table 1 and elevated mortality rates,
despite ongoing improvements in population health, suggest that Israel’s
population growth rate should be slowing. Yet we have already seen that this
is not the case in 2022. Growth rates are higher than in the previous two years.

The reason is migration, the third component of demographic change. In-
migration to Israel has been rising, and out-migration appears to be falling. As a
result, gains from net migration have outweighed the reduction in the number
of births and the somewhat higher number of deaths. Over the first nine
months of 2022, 52,578 people officially immigrated to Israel. This included
an additional 1,375 immigrating citizens (Israeli citizens born outside Israel to
Israeli parents). This is almost twice as many as arrived in all of 2021, 30,000
more than in 2020, 15,000 more than in 2019, and 20,000 more than in 2018.

Relative to 2021, all of this excess immigration is from the former USSR
European countries. Over the first nine months of 2022, there were 41,833
immigrants from these countries, accounting forabout 82% of allimmigration to
Israel.Intheequivalentnine-month periodin2021, therewere 7,675 immigrants
from those countries, accounting for about 44% of all immigration. Immigration
from all other countries fell slightly, from 9,821 in 2021 to 9,374 in 2022.

What this means is that even if migration flows fall to their normal levels for
the remaining months of 2022 — not likely given the trajectory of the Russia-
Ukraine war and economic dislocations in general in countries with large Jewish
communities — Israel will end the year with close to 65,000 new immigrants.
Assuming that more than 90% of these remain in Israel into 2023 — thisis nota
certainty® — that means that net immigration will account for more than 30%
of Israel’s population growth in 2022, considerably higher than the standard
20% that held over the decade preceding the COVID pandemic.

Another characteristic distinguishes the 2022 immigrants to Israel from
their counterparts in 2021: their age. This is shown in Figure 4. The 2021
immigrant population has the classic age distribution of a migrant population.
Peak migration ages range from the early 20s to early 30s, with a relatively
small share of children and another much smaller post-retirement bump.

6  Since most have fled a war and are not ideological migrants, it is reasonable to assume that a
significant share will leave sometime after the active phase of the Russia-Ukraine war ends.
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The 2022 immigrant population has a different age distribution. The modal
age is late 30s — 10 years older than the modal age of 2021 immigrants. In
addition, the share of children migrants — on average about 30 years younger
than that peak age — is therefore also substantially higher (since mean age at
childbirth is around 30).

Figure 4. Age distribution of immigrants into Israel in the first 9 months
of the year, 2021 and 2022
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Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: CBS

One final thing to note about this enlarged pool of immigrants in 2022 is
their clustering in a number of locations within Israel. Not surprisingly, there
is a high positive correlation (0.76) between the absolute number of new
immigrants arriving in a given location and its population. But this does not
explain everything. Notably, Haifa, Tel Aviv, and Netanya each received more
than 5,000 new immigrants during the first nine months of 2022, whereas
Jerusalem, with a population 2—4 times the size, only received 3,700. More
interesting, yet, new immigrants increased the population of some smaller
communities, Beit Alfa, Yehiyam, and Eynot, by more than 7% over the first
nine months of 2022. New immigrants also added around 3% to the population
of Nahariya, Nof Hagalil, and at least 2% to Netanya, Bat Yam, Harish, Haifa,
and Akko.
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To look at variation in the share of new immigrantsin 2022 as a percentage of
the population more systematically, we estimated a simple set of regressions.
The first three look at new immigrants in general. The final model focuses on
new immigrants from the former Soviet Union.

Results are shown in Table 3. We note two findings. First, new immigrants
arriving in the first nine months of 2022 are more likely to have landed in
the poorest towns/cities (Cluster 1-3), and least likely to have landed in the
wealthiest towns/cities (Cluster 9—10). Second, new immigrants in 2022 were
less likely to land in places with higher rates of natural growth — typically
associated with a more religious composition. Instead, they favored places
where there has been disproportionate recent growth in the immigrant
population, pointing either to the appeal of immigrant enclaves, or perhaps
the greater experience of such places in appealing to immigrants. And, in the
case of new immigrants in general, though not immigrants from Russia and
Ukraine, they have moved to places with a larger share of older people.

An important caveat to these patterns is related to the difference between
an initial landing spot and permanent settlement. As we mentioned earlier,
at least some of these new arrivals are likely to leave Israel in the near term,
and certainly in the medium term. Even among those who stay in Israel, a
proportion will move from their initial landing spot to a more permanent
location. That being said, the slightly older profile of the 2022 migrants makes
them less mobile than their younger and more childless counterparts in 2021
or most other years.
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Table 3. Regression results (p-values) of new immigrants entering Israel
between January 1, 2022 and September 30, 2022 as a percent of the
population on January 1, 2022

All immigrants

()

FSU immigrants

(4)

Socioeconomic Cluster 1-3 (reference group)

Cluster 4-5

Cluster 6-8

Cluster 9-10

-0.232 -0.304
(0.374) (0.221)
-0.514** -0.555%*
(0.0286) (0.0130)
-0.848%** -0.887***
(0.00155) (0.000505)

Percentage of growth in 2020 stemming from:

Natural growth (Births > Deaths)

New immigrants

Returning Israelis

Share of 2020 population aged 65+

Constant

No. of towns/cities
No. of immigrants
RZ

-0.00109***
(0.00105)
0.00661***
(4.02e-09)
0.000664
(0.832)
1.178%** 1.205%**
(3.43e-08) (3.51e-09)
330 330
52,300 52,300
0.038 0.140

-0.505**
(0.0463)
-0.811***
(0.000582)
-1.164%**
(1.39¢-05)

-0.00104***

(0.00146)
0.00640***
(8.09e-09)
0.00108
(0.727)

3.674%**
(0.00163)

0.995%**
(2.23e-06)
330
52,300
0.166

-0.402*
(0.0662)
-0.535%**
(0.00827)
-0.758%**
(0.000977)

-0.000752***

(0.00764)
0.00536***
(2.13e-08)
-0.000362
(0.892)

1.116
(0.264)

0.829%**
(4.73e-06)
330
42,236
0.126

Notes: OLS regression; p-values in parentheses; significance levels at: *p < 0.10; **p < 0.05; ***p < 0.01.
Source: Alex Weinreb and Kyrill Shraberman, Taub Center
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As mentioned in the introduction, 2022 was awash with signs of climate
change, especially in the wealthy countries of Western Europe and North
America that serve as lIsrael’s favored reference group. As of August
2022, after experiencing the worst drought indices since records began in
1950 (Toreti et al.,, 2022), Europe was also on track for a record-breaking
wildfire season (Weise, 2022) with record amounts of damage (Kirk et
al.,, 2022). Equivalent records have been set in China, continue in the
American West and Southwest, and correspond to global markers of climate
change such as the lowest recorded levels of Antarctic Sea ice (UN, 2022).

As home to just 0.12% of the global population, Israel contributes little to
the anthropogenic causes of these shifts. But like all wealthy countries, its
contribution is disproportionate to its size. And as a country with a growing
population — from 4.6 million in 1990 to 9.6 million today to more than 12.5
million projected by 2040 (even with anticipated reductions in fertility) — that
contribution has grown and will continue to grow unless reductions in per
capita generation of greenhouse gases (GHGs) outweigh growth in the number
of people. In the same vein, this growing population needs to be housed and
provided with the range of services that modern states habitually extend to
their citizens. Each of these services also consumes resources, including space.

In this section we briefly survey two distinct aspects of the relationship
between population and environment that touch on these issues: changes
in land cover, including built-up areas; and premature deaths associated with
selected environmental conditions. This brief survey should be viewed as an
introduction to more comprehensive and multidimensional coverage in future
Taub Center publications, where other aspects of the relationship between
population and environment, including air pollution, greenhouse gas emissions,
waste management and recycling, will be investigated in greater depth.

All modern societies regulate land use. Regulation is particularly important
in countries with limited land area and a growing population. Both of these
conditions apply to Israel.’

7 In this chapter, we treat the amount of land as a relatively fixed resource. In the long-term
it may not be. Projected rises in sea level, alongside anticipated storm surges, will shrink
available land in many countries, including in Israel, where the Krayot area between Haifa and
Akko is particularly susceptible. On the other hand, artificial islands are being planned in Israel
to house tens of thousands off the coast of Gush Dan, paralleling plans in other places (Dubai,
the Maldives, Solomon Islands).
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Here we focus on three remote-sensed measures of land coverage that are
associated with population growth. Land cover refers to an OECD measure of
the percentage of total land covered by trees, grassland, wetland, swamps,
sparse vegetation, cropland, bare areas, inland water, and artificial surfaces
(buildings, roads, and similar). Built-up areas, also an OECD measure, refers
to the percentage of total land covered by buildings (roofed structures).
It excludes other artificial surfaces such as paved surfaces (roads, parking
lots), commercial and industrial sites (ports, landfills, quarries, runways)
and urban green spaces (parks, gardens). Finally, protected areas are areas
set aside within natural habitats. These last are from the World Database
on Protected Areas (WDPA), a joint project of the UN Environment
Programme and the International Union for Conservation of Nature (IUCN).

None of these measures fully capture patterns of land use. However, together
they give a much more valid and comprehensive picture than the commonly
used measure population density. Population density is a simplified and
misleading comparative indicator of population-environment interactions since
it cannot account for the difference between urban sprawl and building-up.2

Over the last four decades, Israel’s record on each of these measures has
been mixed, though the overall picture appears to be more positive than it was
ten years ago.

The first two rows of Table 4 show data on land coverage in Israel and
European members of the OECD in 2019. Israel clearly has a very different
pattern, reflecting its location in the Eastern Mediterranean and its large
expanse of semi-arid and arid zonesin the southern half of the country. Whereas
more than 51% of European OECD countries are covered by trees, grassland,
wetland, and swamps, that is only the case for 3.2% of Israel. On the other
hand, 56.5% of Israel is categorized by the OECD as bare areas (the arid and
semi-arid areas in Israel’s south), relative to 1.8% of European OECD countries.

On most other measures, Israel and European countries are quite similar,
though it is clear that a larger share of Israel than European countries is covered
by artificial surfaces: 5.2% versus 2.5%, respectively; and on the flipside, less of

8 An example: take two settings with 1,000 people living in a square kilometer. In the first,
each person resides in their own home on 0.1 hectare with a fenced-in garden of another
0.4 hectares. In the second, all 1,000 people live in four 12-story apartment blocks, each
covering 1 hectare (including surrounding shared gardens and buildings). These two settings
have identical population density. In contrast, the measure of built-up area will give the first a
score of 100 hectares of built-up areas, and the second a score of 4 hectares.
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Israel is covered by cropland than is the case in Europe: 29.2% as opposed to
38.5%, respectively.

The remaining rows of Table 4 document the shifts in land coverage on each
of these measures between 1992 and 2019. Three notable changes can be seen.

Table 4. Land cover (% of total area) in Israel and European OECD
countries, 2019, and changes since 1992

Tree cover  Grassland, Sparse Cropland  Artificial Bare area Inland
wetland, vegetation surfaces water
swamps
ISRAEL 3.0 0.2 3.6 29.2 5.2 56.5 2.3
OECD-Europe 36.3 15.2 3.2 38.3 2.5 1.8 2.7

Change (percentage points): Israel

1992-2004 -0.01 0.01 -0.28 -0.10 1.26 -0.70 -0.19
2004-2019 0.32 0.01 -0.19 -1.32 2.15 -0.96 -0.01
Total 0.32 0.02 -0.46 -1.42 3.41 -1.66 -0.20

Change (percentage points): OECD-Europe

1992-2004 -0.15 -0.04 -0.09 -0.60 0.91 -0.02 0.01
2004-2019 0.17 0.11 -0.11 -0.43 0.32 -0.06 0.01
Total 0.02 0.07 -0.21 -1.04 1.23 -0.09 0.02

Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: OECD

First, not surprisingly given the relative pace of both population and economic
growth, the share of land covered by artificial surfaces has grown much faster
in Israel over the last few decades than in Europe’s OECD countries. From 1992
to 2019 Israel’s share increased by 3.4 percentage points — around 765 km? —
relative to a 1.2 percentage point increase in Europe.

Second, although the modal source of that growth in Israel has involved
conversion from bare areas, there has also been a 1.4 percentage point
reduction in cropland, with most of this happening since 2004; European
countries experienced a 1.0 percentage point reduction in this measure.
There has also been a worrying 0.2 percentage point reduction in inland water,
though that was almost completely concentrated in the 1992—2004 period.


https://stats.oecd.org/Index.aspx?DataSetCode=LAND_COVER

Demographic Trends in Israel: An Overview H

Third, and more positive from Israel’s perspective, total tree cover® increased
between 2004 and 2019 much faster than in Europe. In Israel it grew by 0.32
percentage points (an increase equivalent to around 80 km? although this is
likely a mild underestimate®), while in Europe, the increase was only 0.17
percentage points. That said, and as noted, the baseline levels of tree coverage
are so much lower in Israel that even if these differential rates of increase in
tree coverage were to continue, it would take several hundred years for Israel
to reach half of the average European level.

Trends in built-up areas in Israel also look more positive (Figure 5). In 1975,
Israel’s level of built-up areas per capita was just below that of the average of
countries that would become members of the OECD, and it was half that of
the US. As of 2014 (latest OECD data), these per capita measures had risen
in almost all OECD countries. In Israel, in contrast, the per capita measure of
built-up areas fell by around 35%, despite the sharp rise in standards of living
in general and in the size of new housing stock relative to housing built in the
1960s and 1970s. This gave Israel the 8™ lowest level on this measure in the
OECD (Figure 5). Only Mexico, Costa Rica, South Korea, Iceland, Tirkiye, Chile,
and Colombia were lower.

Of course, as we have shown, despite this reduction in the per capita
measure, total built-up area and its share in total land area have continued to
grow in Israel. The decrease in the per capita measure simply means that the
built-up area has grown at a slower rate than the population. In other words,
Israel has become better at fitting more people into a small vertical space,
even as living standards have continued to improve. Likely explanations for this
phenomenon include the larger size of typical Israeli households relative to
most OECD countries, and the trend toward taller apartment blocks — which
has intensified further since these 2014 data. Therefore we expect future
measures to continue showing a per capita decline, even as the aggregate
levels of built-up area rise.

9 Enlarging tree cover contributes to better absorption of carbons from the atmosphere and
reduces overall sun radiation load by 67%, compared to bare land (Rotenberg et al., 2021).
Other methods of carbon capture and sequestration (CCS) have been developed but are not
yet feasible on a large-enough scale to offset these effects of reduced vegetation coverage.
This is one of the main factors underlying contemporary environmental concerns with
population growth.

10 Without high resolution mapping (10m spatial resolution at a minimum), large tree coverage is
often missed in urban landscapes (Ottosen et al., 2020). These are precisely where much new
development has been occurring in Israel. Young trees are also much more likely to be missed.
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Figure 5. Built-up area per capita, selected OECD countries
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A final indicator of patterns of land coverage in the last few decades can be
found in measures of protected areas. On average across the OECD, 16.0% of
the total land area was protected as of 2021, up from 9.7% in 2000. Among
European OECD countries, the share of protected land was higher: 24.8% in
2021, up from 14.9% in 2000.

Israel largely followed the European pattern. It was ranked 13" in the OECD
in 2021 with 23.9% of the land categorized as protected areas, up from 15.3%
in 2000. This means that even as Israel’s population grew by 48%, the amount
of land officially devoted to protected natural habitat increased by 56%, largely
on par with European countries whose demographic growth is very low.
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Here, too, however, the picture looks less sanguine when we map those
protected areas. As shown in the left-hand panel of Illustration 1, it is not
just that the vast majority of protected areas in Israel stretch from the Negev
Highlands down to the Arava and Eilat, far from Israel’s main population
centers. It is also that those main population centers, especially in the Gush
Dan region, seen in the right-hand panel, have very limited protected areas.
Of course, there are other types of open areas in this region. But open areas
lack an important layer of protection from urban development. So even with
the long-term trends toward lower per-capita measures of built-up areas
described above, population growth will threaten those remaining open areas
over the next decades, unless there is determined opposition from local actors,
or careful urban planning that includes protection of existing open areas, and
the development of new ones.**

11 Aniillustration: In a conversation with one of the authors of this chapter in 2022, the mayor of
Kiryat Gat, just slightly to the south of the area on the right-hand panel of this map, claimed
that his city would surpass Be’er Sheva in population by 2040, as part of a string of urban areas
stretching from the northern Negev to Tel Aviv and beyond.
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lllustration 1. Protected areas in Israel
August 2022

Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: World Database on Protected Areas
(WDPA)

Premature death

Premature death is a relatively new and important indicator in comparative
demography and epidemiology. Simply, it is an estimate of years of life lost
based on the difference between age at death and the standard life expectancy
(SLE) at that age. There are ongoing scholarly debates about the best SLE
thresholds to use but the key point from our perspective is that so long as the
same standard is used across countries at a roughly similar level of economic
development, measures of premature mortality are useful indicators for
comparative analyses, especially when using age-standardized measures, as
is the case here.
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We focus specifically on three causes of premature mortality: general
exposure to ambient particulate matter PM2.5; occupational exposure to
carcinogens and hazardous gas fumes; and high temperatures. The first two
causes are associated with human activity, including commercial and building
activities arising from economic development and population growth. The
third is a more direct indicator of climate change.

We use estimates from the International Health and Metrics Evaluation
(IHME) project at the University of Washington. These are the gold standard data
on mortality by cause. The underlying estimation assumptions and methods
used to generate these estimates are described by Martinez et al. (2019).

Fine particulate matter (PM2.5) is the air pollutant that poses the greatest
risk to health globally, affecting more people than any other pollutant. Chronic
exposure to PM2.5 considerably increases the risk of mortality and morbidity
due to respiratory, cardiovascular and cerebrovascular disorders, and diabetes
(Sharma et al., 2020). Research released in September 2022 suggests that it
is also a key to understanding the emergence of cancers (e.g., lung, throat,
mouth) caused by PM2.5-related inflammation (Crick Institute, 2022).

The main sources of PM2.5 are sulphates, nitrates, and ammonium (all
soluble) and organic matter (insoluble). Increasingly, wildfires are raising
PM2.5 levels — this is one of the main reasons that an increasing number of
Americans are exposed to unhealthy air, and that 7 of the 10 most polluted
cities in the US are in California (American Lung Association, 2022). Dust and
sea salt, common in countries with deserts and sea coasts, also serve as an
additional vehicle for transporting PM2.5, especially in close proximity to
industrial areas.!?

Premature mortality from ambient particulate matter was responsible for
about 5% of deaths in Israel in 2019. The underlying rate — 267 deaths per
million — is right on the OECD average (Figure 6). Most of the countries with
higher levels of premature mortality from PM2.5 are the heavily industrialized
areas of Eastern and Central Europe. Japan, South Korea, and Germany also
score more poorly than Israel.

12 Due to a chemical reaction between sea salt and pollutants such as sulfates and nitrates, the air-
borne concentrations of free chlorides increase. Additionally, heavy metals and substances that
cause damage to tissues in the respiratory system can accumulate on sand (Hopke et al., 2020).
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Figure 6. Estimated premature deaths per million caused by
particulate matter, 2019
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It is tempting to consider Israel’s proximity to the OECD mean as tolerable or
satisfactory. The same is true when looking at trends in these deaths across
time. Both in Israel and in the OECD in general, premature deaths ascribed
to PM2.5 fell by about 35% between 2000 and 2019. The problem with this
temptation is that, as noted earlier, premature mortality from PM2.5 largely
expresses itself in respiratory and cardiovascular diseases and in diabetes, but
only after cumulative exposure, sometimes over decades. This is where Israel’s
more recent performance in terms of PM2.5 exposure gives cause for concern
as shown in Figure 7.

In 1990, average exposure to PM2.5 in Israel was similar to that of the OECD
average. Since then, however, Israel has climbed above the OECD average. By
2010, PM2.5 exposure in Israel was almost 60% higher than the average in the
OECD. This alone suggests that PM2.5-related mortality will climb above that
of the OECD even though, since 2011, exposure to PM2.5 has fallen back to
levels last seen in the 1980s.

Similarly, although the reductions in PM2.5 exposure in Israel are clearly a
good thing, as of 2019, Israel’s national exposure levels were 39% higher than
the OECD average, twice as high as in the US, UK, Spain, and Denmark, and
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about three times as high as in most Scandinavian countries, Australia, and
Canada.® In fact, in not a single district in Israel, even the Northern district,
where PM2.5 exposure levels are the lowest, did they fall below the average
in the OECD.

Figure 7. Average exposure to ambient particulate matter (PM2.5)
in the US, OECD, and districts in Israel
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Source: Alex Weinreb and Kyrill Shraberman, Taub Center | Data: OECD

There is much more to say about mitigating exposure to ambient particulate
matter and greenhouse gases in general. For now, however, we simply point
to the fact that the relatively high levels of exposure in Israel over the last 20
years suggest that, barring earlier medical interventions or the emergence of

13 It is also worth noting that exposure levels considered safe by Israel’s Ministry of Health are
more than twice the recommended WHO level of exposure (Berman & Barnett-Itzhaki, 2020).
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new medical technologies that can reverse the effects of exposure, premature
mortality from PM2.5-related conditions will likely become somewhat higher
than the OECD average in the near future. Likewise, attempts to reduce
exposure to more polluted air may reduce physical activity outside, which
might negatively impact cardiovascular health. Together, each of these will
probably slow ongoing gains in life expectancy.

In terms of premature mortality from exposure to carcinogens and hazardous
gas fumes, Israel has much better outcomes than the US or OECD on average.
This has been the case since the 1990s at least.

Since 2005, Israel has experienced 50-54 premature deaths per million
from occupational exposure to carcinogens every year (Figure 8). As of 2019,
this was about 35% of the levels in the US and the OECD in general, both of
which were experiencing upward trends — since 2015 in the US, after a long
decline since the 1990s, and a more gradual longer-term increase in the OECD
in general.

The difference in premature deaths from occupational exposure to gases
and fumes are even greater, at least in relation to the US, where levels are four
times higher than in Israel’s 14 premature deaths per million. Here, too, Israel’s
trends are different to those in the US and OECD in general. In Israel it declined
from the 1990s until around 2005. Since then, it has remained relatively stable.
Over the same 1990-2019 period, premature mortality from this cause rose
by 30% in the US and 24% in the OECD in general.

These relatively low mortality levels in Israel may be related to the smaller
share of industry and manufacturing as a whole in Israel’'s GDP. World Bank
data show that these two sectors account for 19% and 11% of GDP in Israel,
respectively, as opposed to 22% and 13% in the OECD in general, and 27% and
18% in industrial powerhouse Germany. However, given the magnitude of the
differences in premature mortality, that smaller industrial and manufacturing
base is not a sufficient explanation. It also does not explain why rates are so
much higher in the US, where industry and manufacturing account for a very
similar share of GDP as in Israel (18% and 11%, respectively). So, in addition
to Israel’s smaller industrial and manufacturing base, something else is going
on, perhaps related to different types of industry and manufacturing, different
concentrations relative to population centers, or perhaps to more qualitative
aspects of the health system, with more effective diagnosis and treatment of
associated medical conditions (Shraberman, 2022).
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Figure 8. Premature death from occupational exposure to gases, fumes,
and carcinogens
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Exposure to high temperatures
Average annual temperatures in Israel have been rising since the 1980s and
are expected to climb even more until the end of the 21% century (WHO,
2022). Unsurprisingly, the heavier heat loads associated with these rising
average temperatures — and the more frequent anomalous heat events that
have been driving up that average — are starting to take their toll. Premature
mortality from high temperatures (Figure 9) is climbing in the OECD in general,
including in Israel. Thus far, the direct effects on mortality in Israel are very
small. Between 2016 and 2019, it fluctuated between 8-10 deaths per million.
That is only about 0.18% of all deaths. Yet this is double the level in 2000—
2005. Itis also high relative to other OECD countries. Only Australia, Colombia,
and Mexico experienced higher levels of premature mortality from heat in the
OECD in 2018-2019. On the other hand, since most OECD countries are in
more temperate climatological zones, it may be fairer to compare Israel to
other countries in the region that have effective health care systems. Here,
Israel looks better. Rates of premature mortality in 2018 and 2019 were
roughly 30% higher in Cyprus and Jordan and 10 times as high in Saudi Arabia

and the UAE.
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Figure 9. Premature mortality from high temperatures, selected countries
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Again, however, it is important not to be complacent. Medium-to-long-term
climate projections suggest that in terms of heat, Israel’s climate is moving
towards that of the contemporary UAE, that is, toward much higher heat
loads. That demands policy interventions and changes in health behavior to
prevent rising heat from compounding other health problems that lead to
premature mortality. Examples include: reduced physical activity and rising
levels of obesity as outdoor exercise falls during longer and hotter heat
waves (Obradovich & Fowler, 2017); and minimizing the spread of infectious
disease associated with ecosystem disruptions and changing vector patterns.**
A comprehensive model illustrating how this could influence child health is
shown by Helldén et al. (2021).

14 A specific example: ongoing increases in heat indices and anomalous rainfall patterns may
help new mosquito species settle in Israel. Some of these are vectors for mosquito-borne
diseases more prevalent in other regions of the world (e.g., Dengue, Chikungunya, West Nile
Virus), which will likely lead to autochthonous transmission of these viruses within Israel (as
opposed to infections associated with returning travelers) (Leshem et al., 2012).
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Reducing the anticipated heat-related effects on population health and
mortality will require adjustments of living space to increasingly higher
temperatures, such as shading streets and open public spaces — with
careful selection of trees that are able to withstand the increasing heat loads
(Esperon-Rodriguez et al., 2022) — and also implementing green standards
for construction. In this regard, Israel has some advantages over many other
developed countries: it is building a lot more, including new neighborhoods
and towns; it has considerable experience expanding green spaces and an
ideological commitment, since the early days of the Zionist movement, to
doing so (Troen & Rabineau, 2014); and it is easier and cheaper to incorporate
these climate-related adjustments, including more environmentally friendly
and health-augmenting designs such as polycentric 15-minute cities or
walking cities in general, in new urban plans, than to retrofit existing buildings
or neighborhoods completed prior to climate awareness. This means that
an increasing share of Israel’s growing population can be pulled into more
climatologically suitable housing and neighborhoods, which, in turn, should
either reduce premature mortality or other health problems associated with
rising temperatures, or at least inhibit their rise.

Israel’s population is continuing to grow at a fast rate. Even with signs of mild
but ongoing declines in fertility, migration rates remain strongly positive, and
mortality low. As a result, Israel’s population remains on target to grow by
about 3 million people by 2040.

Ongoing patterns of climate and environmental change make it all the more
important to carefully consider how to accommodate this growth. Here, we
have limited ourselves to a few indicators of those changes that are directly
implicated by population growth. They are sufficient to show that despite
rapid demographic growth, Israel has been relatively successful over the
last 20 years in increasing tree coverage nationally and in limiting aggregate
expansion of built-up areas by making its growing number of urban areas
denser. Alongside these positive trends are more worrying ones. Among them:
Israelis are more exposed to fine particulate matter than their contemporaries
in most developed countries — that will likely raise levels of morbidity
and mortality in the future; Israel has limited protected areas in the most
populated areas of the country, especially in the Dan region — making these
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tempting sites for urban or suburban expansion that pushes the region closer
to becoming Israel’s first megalopolis; and Israel’s location in an area of the
world that is projected to experience substantial increases in temperature will
make it more susceptible to heat-related disruptions, including more wildfires,
that will significantly affect morbidity and quality of life in the short-term, and
somewhat increase mortality in the longer-term.

Since the late 18" century, Malthusian observers — most visible in ecology
since Paul Ehrlich began to publish his series of jeremiads in the late 1960s
(The Population Bomb in 1968, The Population Explosion in 1990) — have
repeatedly forecast crisis and collapse in the face of these types of challenges.
Demographers and economists are generally skeptical of such claims since
they have repeatedly been proven wrong by ongoing increases in human
health and welfare thanks to technological advances (Desrochers et al., 2021;
Simon, 1980).

For Israel, specifically, Tal (2016) provides the most scholarly Malthusian
account. Infuture work we shall carefully delineate where we share his concerns
and where we differ. For now, however, we will only say that in general we are
more optimistic about the direction of demographic, economic, and ecological
trends in Israel, and we think that most of the problems he and others identify
that are related to rapid population growth are surmountable. We shall end
with an illustrative example. Population density in Tel Aviv (7,600 people per
km?) may look high in Israeli eyes, but it pales in comparison to population
density in Paris (20,500 people per km?), Athens (19,100), Seoul (17,300),
or New York City (11,300). It must be emphasized that the key to housing a
growing population is good planning. That is what allows successful global
metropolitan areas to be densely populated. And that is the challenge that
Israel’s rapid and ongoing demographic growth poses to its urban planners
and policy makers.
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