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THE DEVELOPMENT OF EDUCATION IN ISRAEL AND
ITS CONTRIBUTION TO LONG-TERM GROWTH

EYAL ARGOV?

Abstract

This study discusses the contribution of humantabapd Israel’'s economic
output and long-term growth. For this we built brgtal time series for

Israel's average years of schooling, while corregindividual data in order
to account only for effective years of schooling. ithose that contribute to
labor productivity. We find that in 2011 the avezagpars of schooling among
the prime working age (25-64) population was 13&rg—in the center of
the OECD distribution. Combining these data withtinestes for the

macroeconomic return on schooling allowed us to @sewth Accounting

methods in order to estimate how increases in dthyppa@ontributed to

growth. We found that the increase in schoolingcairthe mid-1970s
contributed 0.6-0.8 percentage points to the aeemgnual growth rate,
which is equivalent to 48-58 percent and 35-45 euerof the labor

productivity and total per-capita GDP growth ratesspectively, during the
period.

However, the contribution of schooling to growtlghe to abate in the last
decade, and it is expected to continue fading \W&:conducted forecasts for
the average years of schooling in the next 50 yealsch point to the
contribution to growth further declining, to 0.130percentage points. The
range partly reflects uncertainty regarding theraJ®rthodox population’s
degree of integration in the effective educatiostems.
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1. INTRODUCTION

An analysis of the rate of long-term economic gitoug usually based on the Growth
Accounting methodology developed by Solow, whiclcateposes the components of
growth into factors of production and the efficignof their use (i.e. productivity). This
framework examines the expected rate of growth asfhefactor of production and of
productivity, and combines them using an aggregateluction functiorf. The basic
analysis of the sources of growth includes amomrgdltors of production only labor input
and the stock of physical capital. Braude (2013) @eva (2013) have carried out such an
analysis, and found that the demographic changdddtael is undergoing are expected to
slow the economy’s rate of growth relative to poerd decades. In particular, the expansion
of labor input (and of output as a result) willinluenced by both the expected slowdown
in the growth of the non-Ultra-Orthodox Jewish peirworking age population and the
increased share of the sectors characterized byplticipation rates, such as the Ultra-
Orthodox, Arabs and individuals aged 65 and overwéler, Romer, Mankiw and Weil
(1992), followed by Hall and Jones (1999), showeat Solow’s neo-classical model can be
extended to also include the quality of the labgout, since this will help to explain the
income gap between countries and to bridge thebgapeen the model and the empirical
data® Therefore, the current study adds the stock of dumapital—which reflects the
quality of labor input— to the analysis of sourcégrowth.

A commonly used and feasible way of measuring theksof human capital in the
economy uses the average years of schooling ipdpelation (or among the employed)
and combines it with estimates of the return orostihg, i.e. the extent to which years of
schooling affects income. An estimate of the relmrschooling serves as one of the main
components in a model that includes human capithé return on schooling can be
estimated using either a microeconomic approachnduslata on individuals) or a
macroeconomic approach (using international crestiems). Below we will survey the
empirical findings obtained using these two appheac and will see that despite the
differences between them, the estimates of therrein schooling are similar (about 10
percent per year of schooling).

In the main body of the article, we will use thebba Force Survey to calculate
historical estimates of the average years of séhgah the economy since the end of the
1960s. We process the raw data in the Survey iardodtake into account that a portion of

2 See, for example, Johansson et al. (2012). Thegten long-term forecasts for each of the OECD
countries, including Israel.

3 Other researchers feel that education can onlyesowt explain the income variation between
countries, and that the correlation between edoicatn the one hand and income and growth on ther oth
reflects reverse causation (from income to edunatio some omitted variable. See Klenow and Roezgu
Clare (1997) and Bils and Klenow (2000).
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the reported years of schooling makes only a nibdgigcontribution to professional skills
and to productivity in the labor market. In partan) we adjust the data on the schooling of
Ultra-Orthodox men, which the Survey treats as lagyears of schooling even though
their education largely consists of religious léagnand does not improve productivity in
the labor market (a claim which is partly basedtb@ empirical estimation of a wage
regression). The calculation of the historical egrinakes it possible to estimate the
contribution of the increase in education to ouggmd growth during the last forty years. In
addition, the research includes a forecast of H#egage years of schooling during the next
fifty years? The forecast is based on assumptions regardingst¢heoling patterns of
various population groups in the long term (regagdthe rate of growth of years of
schooling among the young, the patterns of schgadimong the Ultra-Orthodox as they
enter the labor market, etc.) and on a demogrdphiécast of the proportions of the various
groups in the population. As will be seen, the afioentioned demographic changes are
expected to also affect the stock of human capital.

The analysis shows that overall, the growth in gedrschooling has made a significant
contribution to the growth in productivity (GDP peour) and in per capita GDP during the
last forty years, but that this contribution is egped to diminish significantly during the
next fifty years, due in large part to the exharsiof the growth in years of schooling that
educated individuals decide to acquire. Thus, topgrtion of individuals with 13 or more
years of schooling has already doubled, from aB&ytercent in the 1980s to more than 50
percent in 2011. In order for the average yearsabiooling to increase, the period of
schooling must be extended to beyond just undevgitadand graduate degrees. However,
this extension is constrained both from the sumitie (i.e. the liquidity constraint that
forces individuals to enter the labor market at egmint) and from the demand side (i.e.
there are apparently only a limited number of pgsiens in the business sector in which
there is a return on schooling beyond a graduatged¢ This phenomenon of the
exhaustion of growth potential can also be seesthir advanced countries. Thus, Gordon
(2014) estimates that in the US this exhaustiopaténtial will reduce the contribution of
education to growth by about 0.2 percentage po@iétive to previous decades.

The rest of the paper proceeds as follows: Sed@igresents the methodology for
calculating the contribution of human capital toghuctivity growth in Israel. In Section 3,
we calculate the average years of schooling inelsemd apply the aforementioned
methodology in order to examine the contributioredfication to productivity growth from
1970 to 2011. In Section 4, we present a foredatsteoaverage years of schooling in Israel
and its expected contribution to growth until theal 2059. In Section 5, we examine the
sensitivity of the forecast to the main assumptidiie conclude by summarizing the main
results while discussing additional aspects oflével of human capital beyond that from
years of schooling.

“ For the sake of brevity, we sometimes use “aveeaigeation” instead of "average years of schooling"
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2. THE METHODOLOGY FOR CALCULATING THE CONTRIBUTIONDF HUMAN
CAPITAL TO PRODUCTIVITY AND GDP GROWTH

The methodological framework is based on the Growttcounting methodology
developed by Solow (1957). This framework is fraglyeused to analyze the sources of
growth (see, for example, Jorgenson, 1995). In tefdiit is used for Development
Accounting, i.e., to estimate the sources of gagi&/éen countries in level of per capita (or
per worker) GDP. The latter includes studies thamtehestimated the contribution of the
stock of human capital to such gaps, including &eydies such as Mankiw, Romer and
Weil (1992), Kenow and Rodriguez-Clare (1997), atadl and Jones (1999).

We will assume that the economy uses labor inpotird) and the physical and human
stocks of capital to produce output according teea-classical Cobb-Douglas production
function, which is characterized by constant redumscale:

1) Y, = A KE(he L)'

where:

Y- GDP

A — total factor productivity (TFP)
K — stock of physical capital

h — stock of human capital

L — labor input (hours)

o — share of capital in output

In this equation, the stock of human capitgl i§ included in the basic Cobb-Douglas
function as labor-augmenting. We could have alstuded it in total factor productivity
(TFP) since it does not affect the analysis of @bations to growth that we are focusing
on. Although some researchers have taken a diffeoeite by including the stock of human
capital as a third input that receives a share uput (at the expense of the shares of
physical capital and labdt) we prefer the functional form in Equation (1) cgnit
emphasizes that unlike the stock of physical chpie stock of human capital cannot be
separated from the worker that uses it or fromdaiyout in terms of hour®.

The data for GDP and labor input appear in the dwatli Accounts. The data for the
stock of physical capital is generally estimateéhgighe Perpetual Inventory Method,
which sums the investments over time on the bdsasssumptions regarding the lifespan of
capital. The stock of human capital is measuredigushe Mincerian method (Mincer,
1979), which was applied by Hall and Jones (1999)imacroeconomic context. In

5 See, for example, Mankiw, Romer and Weil (1992).
® Hall and Jones (1999) also use this form.
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accordance with this approach, we will use a fumcthat links the stock of human capital
to the average years of schooling in the economy:

) he = e3¢

where:
S— average years of schooling in the economy
r — return on schooling

With respect to the average years of schoolingpéneconomyS), most studies use the
average for the prime working age population (&fe<%4). Although it can be claimed that
using the years of schooling among the employednire effective, international
comparisons in general use the average for thelgibgu (working age or prime working
age), since data for only the employed is lessssiiske. In this study, we present results for
Israel according to the years of schooling of thepleyed and also based on years of
schooling for the population as a whole. These databased on the Labor Force Survey
and the data for the population as a whole carsbd tor international comparison.

When including human capital in an analysis, ihécessary to estimate the return on
schooling ), which can be measured using the microeconomproagh, the semi-
macroeconomic approach or the full macroeconomigragch. In the microeconomic
approach, the contribution of an individual's yeafschooling to his labor productivity is
estimated. In the absence of a measure of prodyatim the level of the individual, wages
are used. The generally used framework includes iacévian regression where the
dependent variable is the logged wage of the iddadi and the explanatory variables are
his characteristics, particularly years of schamliffrisch (2007) used this approach and
found that the return on schooling is 8-9.5 perdenisrael. In contrast, Zussman and
Friedman (2009) found that the transition from 1A-y&ars of schooling to 13-15 years
yields a return of 36 percent, and the transitmri@+ years yields a return of 65 percent
(relative to 11-12 years). Psacharopoulos and rfeatr(2002) gathered the findings on
return on schooling for a large number of counfrigsich had been estimated using the
microeconomic approach. Morrison and Murtin (201@ed this international data to
conclude that the return on schooling declineshasaverage years of schooling in the
economy increases. This is the semi-macroeconopgicoach. In the full macroeconomic
approach, the return on schooling is estimated ftomss-sections or panels on the country
level. In other words, the dependent variable isPG{@r labor productivity) and the
explanatory variables include average years of@aim in the economy. There is a high
level of variance in the empirical findings for uat on schooling on the macroeconomic
level, even when one focuses on the advanced ¢esiniro illustrate, Arnold, Bassanini
and Scarpetta (2007) found that the return on dotps 6-9 percent; Bassanini, Scarpetta
and Hemmings (2001) found that it is about 10 pard@arro and Lee (2010) found it to be
about 12 percent (after taking into account theogedous adjustment of the stock of
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physical capital} and Bouis, Duval and Murtin (2001) found it to Bel5 percent.
Bergman and Marom (2005) also used the macroeca@napproach and estimated the
return on schooling using a panel regression fom8&stries in the Israeli economy, and
arrived at a return of about 7 percent.

There is of course a tradeoff between the advastemyed disadvantages of the
approaches: The macroeconomic approach is base@d omuch smaller number of
observations, and requires the assumption thatrdift countries have the same return on
schooling, while the microeconomic approach dodstalce into account the cross-effects
among individual§. Furthermore, it may be that the return on schgofor individuals is
larger than the economy’s return (the contribut@mroductivity), since the acquisition of
education is also a signal of ability relative tther individuals and the measured
microeconomic return is therefore biased upward. Wiletherefore assume in the basic
analysis that the return on schooling is fixed apeBcent, i.e. the lower bound of the
microeconomic findings and within the bounds of there reasonable findings according
to the macroeconomic approach. Given a time sefieserage education and the assumed
return on schooling, it is possible to build a measof the stock of human capital using
Equation (2) above. We would mention that in Sedti@.3 and 5, we will examine the
sensitivity of the results to alternative estimabéshe return on schooling, and also the
possibility that the return declines as the nundfgrears of schooling increases according
to the equation = 0125~ 0002* S, as claimed by Morrison and Murtin (2010).

With respect to the growth of TFP, it can be cated as the Solow residual from
Equation (1), using data for GDP, the stock of jdaiscapital, the stock of human capital
and labor input.

3 Alog(A4,) = Alog(Y,) — allog(K,) — (1 — a)[Alog(h,) + Alog(L,)]

In order to calculate the Solow residual, we wsame a value of 1/3 far, which
reflects the average share of payments to capit@DP.

In the final stage, we will seek to calculate hdw tate of growth of each component
(TFP, stock of human/physical capital and labouthgontributes to the rate of growth of
labor productivity (GDP per hour), since it is ajoradeterminant of improvements in the
standard of living in Israel. In basic growth acoting practices, it is common to track the
contribution to GDP of changes in physical cap#itdick—equal tox A log (k), and the
contribution of human capital—equal to €£X) A log (hy), as indicated in equation (3).
However, this is only partial equilibrium whereasthe long run some of the changes in
physical capital are actually the equilibrium résefl shifts originated in the labor input,

" In contrast to Morrison and Murtin (2010), theydithat the return on schooling rises from zerceer
for a year of primary education to 10 percent fgeear of secondary education, and about 20 pefoeiat
year of higher education.

8 In other words, the approach does not take intowt the way in which a change in the charactesist
of one individual influences the productivity ohet individuals.
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human capital or total factor productivity. In cast, the ratio of the stock of physical
capital to outputK/Y, is considered independent of the level of ottmngonents. The
reason is that equilibrium conditions dictate ttis marginal product of capital will be
equal to the depreciation rate plus the interdst(wahich are considered independent of the
other inputs in the long rufd)In order to account for this equilibrium conditjome carry
out some simple operations in Equation (3) in orttelpresent growth in output as a
function of the various components, particularlg tthange in the ratio of capital to output
(as in Hall and Jones (1999) and others). This waymeasure of contribution of changes
in human capital to growth will account for two oimels: the direct channel in which more
human capital raises production capacity, and tidérect, where it raises the marginal
product of capital and therefore stimulates moxestment in capital. In addition, we will
express the equation in terms of productivity assueed by output per how=Y/L) as the
dependent variable.

(4) Alog(y,) = —Alog(4,) + —Alog(K,/Y,) + Alog(h,)

In order to calculate the contribution of each comgnmt to growth, the coefficient of
each variable is multiplied by its rate of changesimilar methodology of analysis for
Israel was also conducted in Zeira (2018) for teary 1955-201%. The main difference is
that Zeira uses a return that decreases with tbeage years of schooling (from 13.5% at 6
years of schooling to 8.8% at 16 years). In addijtithe return is operated on the
distribution of years of schooling between threeugis (0-8 years, 9-12 years and above
13 years) and not on the economy wide average.

It is important to mention that the contributiontb® stock of human capital (the third
component), as it is estimated in this study, dagsecessarily exhaust the contribution of
education to growth. First, the amount of educatian indirectly affect labor input. Thus,
on the one hand, it reduces the number of empl®pede the period of schooling is
lengthened, while on the other hand it delays therage age of retirement since more
educated individuals tend to retire later. Furthanem part of the empirical literature has
found that thdevel of education also contributes to thete of growth by way of total
productivity (A). Various studies, such as Barro and Sala-i-Maffi@55a, ch. 13),
Benhabib and Spiegel (1994), Kruger and Lindahl0@d0and Acost-Ormaecha and
Morozumi (2013), carried out panel regressionsfandd positive correlations between the
level of education and the rate of growth, althoaghme of them found that the correlation
was mostly due to the developing economies. Inrotherds, the level of education is
important to growth when the country is in a prece$ converging to the technological
frontier. According to another hypothesis examinadvarious studies, the benefit of

® This is an acceptable result in neoclassical nsottedt are used to explain long-term growth in Whic
technological changes are disembodied of the dagiitak. See Chapters 2 and 5 in Aghion and Howitt
(2009).

10 Chapter 2.



8 IsrRAEL EcoNnomic REVIEW

education to a country is dependent on both the tfgeducation and the country’s stage in
the process of convergence. Thus, primary educ&iomore beneficial in thadoption of
technologies or their imitation, while tertiary edtion is more important for innovation.
Therefore, countries who are more distant fromtédodnological frontier should invest in
primary education, while countries closer to it sldoinvest in tertiary education.Since
the findings are not unambiguous, this article teaonly to the effect of the level of
education on the level of output rather than its i growth.

3. THE AVERAGE LEVEL OF EDUCATION AND THE CONTRIBUION OF
HUMAN CAPITAL TO GROWTH BETWEEN 1970 AND 2011

a. The average years of schooling: method of caletion

In the first stage, we use the data from the Ldbmnce Survey and calculate the average
years of schooling according to various cross-sastiamong the working age population
(15+), among the prime working age population (25;-&nd among the employed. As part
of the calculations, we made some adjustmentsed_ttbor Force Survey data, with the
goal of at least partially capturing effective ealicn in the labor market. The following
describes the main adjustments:

First adjustment: We omitted observations with zero years of schaplifwhich
constituted 1.4 percent of the prime working ag@ubation in 2011). This was done
because in 1995 there was a disjoint in the defimivhich led to a significant shift in the
weight of the uneducated (from 0.4 percent in tB841Survey to 3.4 percent in the 1995
Survey).

Second Adjustment: We limited the years of effective schooling to 2i3sed on the
assumption that from that point onward the add#i@mthooling has no significant effect on
productivity. In other words, we attributed 22 y@af schooling also to workers who
reported more than that in the Survey. In 2011saéhsbservations constituted 1 percent of
the prime working age population and this poputaegment had an average of 26 years
of schooling.

Third Adjustment: According to the raw data for Ultra-Orthodéxmen (of prime
working age), their average years of schooling &2 in 2011. We limited the number of

1 See Section 13 of Aghion and Howitt (2009); Vardessche, Aghion and Meghir (2006); and
Aghion, Bouston, Hoxby and Vandenbussche (2005).

12 since Labor Force Surveys (prior to 2016) do nottide direct identification of Ultra-Orthodox by
self-definition, for the purpose of this researctespondent is considered to be Ultra-Orthodokéf fast
educational institution he attended or that onbisffirst-degree relatives (spouse or childrergrated is a
yeshiva.
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years to 10 since studies in a yeshiva appearertirvey as regular years of schooling,
even though they are not intended to increase huwapital in the labor market, and also
because the relative neglect of core subjects tmat@rthodox schools is reflected in
limited work skills at the end of 12 years of schmag.

The calibration of the reduction was carried outtha basis of wage regressions,
individually for men and for women, which were estited using data from the 2011
Income Survey® The explanatory variables include the individual&ars of schooling, a
dummy variable for the Ultra-Orthodox, and an iatgion of the Ultra-Orthodox with
years of schooling, while distinguishing betweedividuals with 12 years of schooling or
less and those with over 12 years of schodifnd’ The regressions' observations were
limited to individuals with 1 to 22 years of schiogl. The results appear in columns (1) and
(2) of Table 1. The coefficient of “years of schagl' in the regressions is evidence that
among the non-Ultra-Orthodox (women and men) thermeon schooling is about 9
percent, somewhat higher than the main estimatd iss@ur analysis® An analysis of
column (1) reveals that the coefficient of the radorthodox * high years of schooling”
interaction has a negative value and is of simit@gnitude to that of the coefficient for
general education. In other words, for Ultra-Ortiiodnen, the return on schooling is equal
to zero starting from the %ear of schooling.

13 This was the last Survey available when the reseams carried out. The results are not sensitive t
the year of the Survey.

4 Since the respondents are considered to be Utttes@bx when a yeshiva is their last educational
institution attended, there were few observatitias teflect a low number of years of schooling. rEfare,
unreasonable results are obtained for Ultra-Ortkoten and women who have less than 12 years of
schooling. These results are reflected in a vegatiee coefficient (-1.8) for Ultra-Orthodox mendaim a
very high return on schooling (23 percent) in thitial years. These two opposing variables offsethe
other when we get close to 12 years of schoolimgil& results were obtained for women.

!5 The robustness of the regressions was verified veispect to the intersection point in the varisble
"Low / High years of schooling" and the use of rsdor the number of years of schooling instead of
continuous variable.

6 We should mention that Zeira (2018) included dtepsquare of years of schooling in his regressions
which received a negative coefficient in his estiors — leading to his use of decreasing return on
schooling. In our regressions, once limiting theaations to individuals with up to 22 years diesaling,
the years of schooling square coefficient doegurotout negative. Therefore we did not includes thiour
analysis.
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Table 1
The factors affecting wages
Explanatory variable - log of hourly wage from sedd work

Column Q) (2) 3) (4)
Year 2011 2011 2004 2004
Gender Men Women Men Women
Dummy for 15-17 age group -0.888" -0.984™ -0.793" | -0.751"
Dummy for 18—-24 age group -0.323" -0.490™ -0.381" | -0.464"
Dummy for 25-34 age group -0.200™ -0.179" -0.170" | -0.125"
Dummy for 45-54 age group 0.034 0.043" 0.072" 0.093"
Dummy for 55-64 age group 0.065" 0.065" 0.054" 0.096"
Dummy for 65+ age group -0.036 -0.070 -0.035 -0.004
Dummy for Arab -0.251" -0.138" -0.172" -0.0311
Dummy for married 0.223" 0.105" 0.196" 0.147"
Years of schooling 0.088" 0.087" 0.083" 0.078"
Dummy for Ultra-Orthodox -1.849 1.302 0.962 1.296
Ultra-Orthodox * low years of schoolifig 0.142 -0.114 -0.097 -0.116
Ultra-Orthodox * high years of schoolihg | -0.080" -0.019 -0.043 0.018
Dummy for an immigrant 0-3 years -0.332" -0.362" -0.630" | -0.540"
Dummy for an immigrant 4—6 years -0.311" -0.268" -0.563" | -0.481"
Dummy for an immigrant 7-9 years -0.248" -0.243" -0.437" | -0.398"
Dummy for an immigrant 10—12 years -0.210" -0.218" -0.370" | -0.325"
Dummy for an immigrant 13—14 years -0.155" -0.1258" -0.336" | -0.268"
Constant 2.528" 2.420" 2.467" 2.3427
Number of observations 8,272 8,497 7,728 7,531
R-square 0.330 0.289 0.319 0.289

Significance level* 10%,” 5%, 1%.

@ Based on the wage equations specified by Mincef4)Land estimated using data from the Income
Survey. The regression coefficients are based oghtexl observations according to the observation
weights of the population. The regressions do mdude individuals with zero or above 22 years of
schooling.

b "Ultra-Orthodox * Low years of schooling": Intetan of the dummy variable for Ultra-Orthodox
with (S,12)min, whereS represents the original number of years of schgobbtained by the
individual.

"Ultra-Orthodox * High years of schooling": Intetamn of the dummy variable for Ultra-Orthodox
with (§,12)max, whereS represents the original number of years of schgobibtained by the
individual.

In this structure, the coefficient of "Ultra-Orthmd* Low years of schooling" reflects the return on
a year of schooling up to the 12th year (relativehte general population), and the coefficient of
"Ultra-Orthodox * High years of schooling" refledtse return on schooling beginning with the 12th
year (relative to the general population).

Source: Based on Central Bureau of Statistics.
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From the results of these regressions, we canalarimeasure for wages as a function
of education, for both the Ultra-Orthodox and tloe+Ultra-Orthodox (panels (a) and (c) in
Figure 1). We can also determine the point at whighyears of schooling of the Ultra-
Orthodox become equal in value (in terms of wageshose of the non-Ultra-Orthodox
(panels (b) and (d) in Figure 1). The graphs makdear that the wages of Ultra-Orthodox
men hardly increase at all after 11 years of séhgand their wages are on average equal
to those of non-Ultra-Orthodox men with 10 yearsatiooling.

The results of the regression in column (2) of €ablshow that although for Ultra-
Orthodox women with 12 years of schooling or mdne toefficient of interaction is
negative (-2 percent), it is not significant. Irhet words, for educated Ultra-Orthodox
women, the return on schooling is certainly positand is not significantly different from
that of non-Ultra-Orthodox women. Therefore for thst of the analysis we used the years
of schooling of Ultra-Orthodox women as they appé&arthe Survey without any
adjustment.

Figure 1
Years of Schooling and Their Effect on the Ultra-Othodox and Non-Ultra-Orthodox
A. Index of men's wages as a function of C. Index of women's wages as a function of
~ 1807 education, 2011 ~ 160 education, 2011
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Fourth adjustment: We reduced the years of schooling of immigrantshia period
following their arrival, on the assumption that #ducation they acquired in their country
of origin becomes effective only after they haveliatatized in Israel. We assumed that in
the year of their arrival the education of immigsawith more than 12 years of schooling is
equal to the education of veteran Israelis witte¢hyears less of schooling. However,
during the first 10 years in Israel, the educatbman immigrant becomes fully effective (a
technical explanation of the reduction appearsppékdix A). The calibration of the initial
reduction is based on the wage regressions tha @simated using data from the Income
Survey for 2004. We chose that year so that theeyuwould include enough immigrants
whose period after arrival ranged from 0 to 10 ge@he results appear in columns (3) and
(4) of Table 1. The coefficients of the regresdionthe dummy for immigrants who have
been in the country for 0—3 years show that amoalg fiemale) immigrants wages in the
year of arrival are about 63 percent (54 percemtjel than among veteran Israelis. In
contrast, the dummy for an immigrant who has beethé country for 10-12 years shows
that after about 10 years the wages of male (fdmmaimigrants are only 37 percent (32
percent) lower. We assume that the gap that renadi@es 10 years is not a manifestation of
lower productivity, but rather other factors thatjuire deeper investigation. Due to the
moderate effect of the immigrants correction onabggregate years of schooling (as will be
shown), we leave this investigation for future sesb. Thus, in the year of arrival the
component of productivity among male (female) imraids is 26 percent (22 percent), and
is equal to the marginal return on approximatelyy&ars of schoolingy.

It is interesting to see in Table 1, that in theedaegressions on 2011 data (columns 1
and 2) the negative coefficient of the immigrarttthair arrival ("Dummy for an immigrant
0-3 years ") and its difference from the coeffititor 10 years after arrival ("Dummy for
an immigrant 10-12 years ") are smaller in absdletens. Thus, the negative immigrants
wage impact during the immigration wave of the 199Gas more severe than for the
immigrants of the 2000s. This may very well refldetreasing returns to scale in the sense
that it is hard to effectively absorb immigratioawes of the 1990s magnitude.

Figure 2 shows how the two aforementioned adjustsngn the education levels of the
Ultra-Orthodox and immigrants) affect the averageioation of the prime working age
population. The graph shows that the adjustmenthf@Ultra-Orthodox lowers the average
education for the entire sample, and that the effjeadually intensifies from about 0.1
years of schooling in 1970 to about 0.2 years bbeting at the end of the sample. Since
the decline is uniform over the period, the adj@sitns not significant from the perspective
of changes in education that determine to whatgxtereases in human capital contribute

7 Eckstein and Weiss (2004) and Cohen-Goldner akgtEin (2008) showed that at the time of arrival
the education that an immigrant acquired in hisntguof origin has a zero rate of return. In aduitithe
return rises over time and with the accumulatioosfl experience, but does not catch up to thermet
enjoyed by veteran Israelis.
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to growth. (When we calculated the forecast, wenfbthat the adjustment for the Ultra-
Orthodox has a more significant effect on the ltengp growth rate, due to the expected
growth in their share of the population.) The atthent for immigrants reduces the average
education by 0.15 years at the beginning of theD498ut in the 2000s it already has no
significant effect on the average level of eduaatibhus, only an immigration wave of the
magnitude of the 1990s has macroeconomic impadiss B all the more so if the
calibration of the immigrants correction would hdeen based on parameters estimated in
the latter years.

Figure 2
Adjustment for the Education of the Ultra-Orthodox and Immigrants: Effect on the Average
Years of Schooling of the Prime Working Age Populabn (25-64), 1967-2011
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SOURCE: Based on Central Bureau of Statistics.

Clearly, these are only partial adjustments, sitteey do not include some of the
components that explain the quality of educatiod #mat certainly affect the stock of
human capital. To illustrate, we did not adjust &fective education in the case of the
Arab population, even though according to the wegaations, their wages—which are an
approximation for productivity on the level of thedividual—are lower than those of the
Jewish population. It is highly possible that tix@lanation is in part related to the fact that
the education system in the Arab sector is lescfe, which is reflected in the low skill
levels of its graduaté$ or that their main language—Arabic—is not comnyamged in the
labor market, although other explanations are péssible. Similarly, we did not take into
account the quality of primary or secondary educsin Israel, as reflected in the country’s
ranking according to international tests (PISA); the fact that a significant portion of the
growth in tertiary education during the last decadeurred in the colleges rather than the

18 According to the analysis that appears in Banlsiafel (2016), 77 percent of the gap in hourly veage
for Arab men is explained by a low level of badiils, as measured by a survey of adult skills (RGA.
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universities'® It would be difficult to integrate these factonéd a measure of the past stock
of human capital and even more so in the caseeo&fpected stock of human capital. In
the summary section, we will return to the aspeteducation that may influence the stock
of effective human capital (beyond years of schagli

b. The average years of schooling and their contriliion to growth

Figure 3 relates to Israel during the period 19®242and describes the trends in the
average (effective) years of schooling for the grimorking age population (25-64) and
among the employed. The figure shows that between 1970 and 1979, vkeage grew
relatively quickly due, among other things, to thave of educated immigrants from the
FSU and the expanded application of the Free CosoppEducation Law during the 1970s
(Krief, 2008). Between 1980 and 2000, the average fairly monotonically (except for a
shallow trough at the peak of the wave of immignatiluring the early 1990s).

Figure 3
Average Years of Schooling in the Prime Working-Age Population (25-64)
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1% Zussman et al. (2007) found that in many fieldstatly the return on schooling of graduates holding
bachelor’'s degree from the academic colleges wasrlthan that of university graduates.

2 The data from the Labor Force Survey do not mak®ssible to identify the Ultra-Orthodox prior to
1979. This is also the case for individuals over dige of 65. Therefore, we took the adjusted datéhe
prime working age population and chained it witk ffarallel data for the period 1967-79 for the whol
working age population without the adjustment fog tUltra-Orthodox, while preserving the rate of @
between the years.
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Figure 4 relates to the various categories of eitutgup to 10 years of schooling,
11-12 years, 13-15 years, and 16+ years) and shuwosis share of the working age
population (without the Ultra-Orthodox). The gragitows that the long-term growth in the
average years of schooling reflects a continuingide in the proportion of individuals
lacking a secondary education (up to 10 years lodaling), simultaneous with an increase
in the proportion of individuals possessing tegti@ducation (more than 13 years of
schooling)?* Starting in the 2000s, there was an uninterrupesdine in the rate of growth
in average years of schooling. Meanwhile, the prigo of individuals with 13-15 years
of schooling stabilized and the proportion of the¢i®o continued on to more advanced
degrees (16+ years of schooling) increased.

Figure 4
Weight of Schooling Groups in the Prime Working Age Population (25-64),
Excluding Ultra-Orthodox, 1979-2011 (percent)
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Figure 5 presents the average years of schoolihngrael and its trend relative to other
advanced countries and the major developing camtiThe data for all the countries is
taken from Johansson et al. (2012), who primarilgden use of population censuses
(without any adjustment for effectiveness). Theadar Israel are taken from two sources
and therefore appear in two bars: one based ofirnttimgs obtained by Johansson et al.
(2012) and the other based on the direct adjustofdrdbor Force Survey data. The figure

2L Until the beginning of the 1990s, there was alsaoticeable rise in the proportion of high school
graduates (11-12 years of schooling).
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shows that in 2010, Israel is above the mediaroth bases: in Iplace according to our
calculations and in Bplace according to Johansson et al. (261Zhe graph also shows
that Israel has maintained its relative positiorceil970.

Figure 5

Average Years of Schooling, Selected Countries, 1970 and 2010
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SOURCE: Johansson et al. (2012); Based on Central Bureau of Statistics.

On the basis of the graph for average years ofdittgpamong the employed in Israel
(Figure 3), we constructed an index for the stotkhwman capital using Equation (2)
above. We derived total factor productivity fromuatjon (3) using annual data for GDP in
fixed prices (according to the SNA2008 definitigng)e gross stock of physical capital
(Bank of Israel data, adjusted to SNA2008), anddaiput (hours), as well as based on the
assumption that the share of labor in output:{is-0.67.

Table 2 summarizes the increase in each of theceswf GDP and labor productivity
growth for sub-periods. The last column of the ¢apiesents the rate of increase in total
factor productivity when the stock of human capiglnot included in the production
function. It is interesting that the drop in théeraf increase in average level of education is
in line with the drop in the rate of labor produii growth between the 1970s and the
1980s. This implies that during these two decad&sd factor productivity grew at a similar

22 pccording to a different database of educationisttes, Israel is in 9 place among the advanced
economies. See Barro and Lee (2013).
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rate (0.7-1.1 percent). It is worth mentioning thvien the 1970s are divided between the
period prior to 1974 and the period subsequernt ¢ehien a disjoint occurred in the rate of

growth), the average increase in level of educaiioless correlated with changes in the
growth rate. However, it should be recalled thahmshort term it is the business cycle that
plays a dominant role in determining the growtle rat

Table 2
GDP and productivity growth and their sources, 19782011 (year groups) (percent)
GDP Prg(él;:tivity: Stock| Stock Total ;-rc:)tglljz?fvtg
GDP per per of Of. factor excl. stock
capita hour human) - physical productivity|  of human
worked capital| capital capital
Y Y/POP y h K A
1) ) 3 4) ©) (6) )
1970-1979 5.7 2.9 3.7 1.2 7.7 11 1.9
1974-1979 3.3 0.9 1.2 1.0 6.4 -0.9 -0.3
1980-1989 3.4 15 2.0 0.8 3.6 0.7 1.3
1990-1999 55 23 0.6 0.8 5.7 -0.3 0.3
2000-2009 3.7 1.6 11 0.5 35 0.4 0.8
1970-2011 4.6 21 1.9 0.8 5.0 0.6 11
1974-2011 4.1 1.8 1.3 0.8 4.6 0.2 0.7
1980-2011 4.2 1.9 1.3 0.7 4.2 0.4 0.9
1990-2011 4.6 21 1.0 0.6 45 0.3 0.7
2000-2011 3.9 1.8 1.3 0.4 3.4 0.7 1.0

SOURCE: Based on Central Bureau of Statis

During the 1990s, inputs grew faster than GDP {bao the immigration during the
1990s and the investment that accompanied it) evthé stock of human capital maintained
the upward trend of the previous decade. As a trethd rate of increase in total factor
productivity slowed by a percentage point accordmgoth calculations (that is, including
and not including human capital). In the 2000s (2&D11) the GDP growth rate declined,
and this was accompanied by an even more pronoutemdihe in the rate of increase in all
inputs, including the stock of human capital. Thhg increase in total factor productivity
returned to a positive level similar to that whiphevailed prior to the 1990s. In other
words, apart from the 1990s, there is a significactease of 0.7-1.1 percent in total
productivity in each of the decades, when the dalmn takes the stock of human capital
into account.

Figure 6 shows the contribution of each componeralbor productivity growth, and
that the increase in average years of schooling fi®74 onward contributed a total of
about 0.8 percentage points, on average, to amgnaaith. This amounts to approximately
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57 percent of total labor productivity growth ar@l glercent of GDP per capita growth. Not
very surprisingly, Zeira (2018) reaches similauits He reports an increase of 0.8 percent
per year in the human capital. He calculates thiatibcrease accounted for approximately
45 percent of the growth rate in GDP per workerning back to our analysis, the rest of
the growth is generated, equally, by the intensftthe stock of physical capital (the stock
of capital relative to output K/Y) and TFP. The question arises as to how to rétathe
finding that TFP makes such a low contribution tovgh. For purposes of comparison, if
we calculate total productivity without taking iné@count the stock of human capital, we
would arrive at a significant contribution of 1.&rpentage points. Does this imply that
technology is not important to growth? We beliekattthere is no contradiction between
technological progress and this analysis sinceirtbeease in level of education is what
made it possible to invent or to adopt advanceldnelogies that contributed to growth.

Figure 6
Production Inputs and TFP, and Their Contribution to Productivity Growth, 1970-2011
(Year groupings)
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Over the years, the rate of increase in the avdeagt of education has slowed, which
has led to a drop in its contribution to growthushin the 2000s, its contribution was only
0.4 percentage points (about 35 percent of labmalyptivity growth). As we will see in the
next section, this contribution is expected to tord to decline in coming decades.

% Bergman and Marom (2005) estimated the contributibthe increase in human capital to growth
during 1970-99. They found that human capital giew1.6 percent during this period and that its
contribution to growth was equal to that of totedghuctivity (in a calculation that does not includieman
capital).
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c. The sensitivity of the contribution estimate ohuman capital to growth

The sensitivity to the education series: for theibanalysis above we used the average
education among the employed persons to calcubeestock of human capital, while
conducting corrections for the education of Ultraiodox men and immigrants. Table 3
presents the estimated contribution of the stockusfan capital to growth when the stock
of human capital is calculated using various s€oegaverage education. It can be seen that
the estimate is not particularly sensitive to theyvin which the stock of human capital is
calculated. Thus, it makes no difference whether émployed are used rather than the
whole population, whether the prime working age ypapon (25-64) or the working age
population (15+) is considered, or whether or het data for education among the Ultra-
Orthodox and immigrants is adjusted.

Table 3

Contribution of the stock of human capital to productivity growth, by various education series

(percentage points)

Employed / populatio| Employed| Employed | Employed | Employed | Population| Population
Age 15+ 15+ 15+ 15+ 15+ 25-64
Adjustment| Adjustment| Adjustment
Adjustment for Adjustment| Adjustment| for Ultra- | for Ultra- | for Ultra-
education of Ultra- for Ultra- for Orthodox | Orthodox | Orthodox
Orthodox and No Orthodox | immigrants and and and
immigrants adjustmen only only immigrants| immigrants| immigrants
1970-1979 1.2 1.2 1.2 1.2 0.9 0.9
1980-1989 0.8 0.8 0.8 0.8 0.7 0.8
1990-1999 0.9 0.9 0.8 0.8 0.7 0.9
2000-2009 0.5 0.5 0.5 0.5 0.5 0.6
1974-2011 0.8 0.8 0.8 0.8 0.6 0.7
1980-2011 0.7 0.7 0.7 0.7 0.6 0.7
1990-2011 0.6 0.6 0.6 0.6 0.6 0.7
20002011 0.4 0.4 0.5 0.4 0.5 0.5

SOURCE: Based on Central Bureau of Statistics.

Sensitivity to the estimate of return on schoolingkor the basic forecast, we assumed that
the return on schooling is fixed and equal to &eet. In other words, an increase of one
year in the average years of schooling increasésr lgproductivity by 8 percent,
independent of the level of schooling. In Sectipmv@ surveyed the variance that exists in
the estimates of the return on schooling (also wiiesy are estimated using the
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macroeconomic approach). Here we will examine thasisivity of the contribution

estimate with respect to three alternative valdg¢bereturn on schooling:

1. A return on schooling of 6 percent: the lower boimdrnold, Bassanini and Scarpetta
(2007).

2. Areturn on schooling of 12 percent: the findirfidBarro and Lee (2010).

3. The return on schooling declines according to threction estimated by Morrison and
Murtin (2010):r=0.125-0.002S, whereS represents the average years of schooling in
the economy.

Table 4 summarizes the effect of the various astomgp In the case of a declining
function for return on schooling (alternative X)etresults obtained with respect to the
contribution of human capital to growth are badycaimilar to those of the basic scenario.
This is because in the vicinity of the levels otiedtion that prevailed in Israel in the past,
the return on schooling derived from the functi@n5¢9.0 percent) is not very different
from our basic assumption (i.e. 8 percent) andtsvary volatile. In contrast, alternatives 1
and 2 (a lower and higher return, respectively)—aheérnative 2 in particular—alter the
results to a greater extent. Thus, the estimatstdrital contribution to growth changes by
0.1 to 0.5 percentage points, depending on thenalige and time period. Like in the basic
analysis in all three alternatives with respecthi return, we arrive at the conclusion that
the growth of human capital had a major contributio growth, and that the contribution
moderated in the last decade.

Table 4

Estimated contribution of the stock of human capitato productivity growth: its
sensitivity to the return on schooling assumptiongverage of annual contributions,
percentage points}

Base scenario (8% Declining 6% 12%
1970-1979 1.2 1.2 0.9 1.8
1980-1989 0.8 0.8 0.6 13
1990-1999 0.8 0.8 0.6 1.3
2000-2009 0.5 0.5 0.4 0.8
1974-2011 0.8 0.7 0.6 1.2
1980-2011 0.7 0.6 0.5 1.0
1990-2011 0.6 0.6 0.5 0.9
2000-2011 0.4 0.4 0.3 0.7

@ All alternatives are computed based on the edutaimong employed at age 15+, including
Ultra-Orthodox and immigrant corrections.
SOURCE: Based on Central Bureau of Statistics.
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4. FORECAST OF EDUCATION AND THE STOCK OF HUMAN CAPAL, 2009-59

Since education has made a significant contributboautput during the last four decades,
we are interested in estimating its expected doution in coming decades. In this section,
we will present a long-term forecast for the averdgvel of education in the adult
population and among the employed. The forecastils bottom-up, i.e., for 84 cells of the
population (or the employed) created by divisionaading to gender, 14 age groups, and
three ethnic/religious groups (Ultra-Orthodox, Asadnd non-Ultra-Orthodox Jews). We
weight the education of each cell according toeitpected share in the population/of the
employed in order to arrive at an aggregate foteCHse forecast for the size of the
population of each cell is based on the mediumaienf the demographic forecast made
by the CBS for the period 2009-59 (Paltiel et 2012). In order to estimate the share of
each cell for the employed, assumptions were alademegarding the cell’s participation
rate and its rate of unemployment. We based owrsebn the detailed assumptions in
Braude (2013).

The forecast for the level of education among thieutation is derived from the average
level of education in each population cell in 28p@vhich is taken from the Labor Force
Survey. Here as well we made the four adjustmeesseribed in Section 3.1. The average
level of education in each cell develops accordmghe assumptions made regarding the
long-term average and its rate of convergence. fbhewing describes only the main
assumptions. A full description appears in ApperliXVe assume that among non-Ultra-
Orthodox Jews aged 25-34, years of schooling wWake 1 percent of the gap each year
relative to the situation in which, in the longrterl8 years of schooling are attained prior
to age 30. To illustrate the implications of thesamption, it leads to a prediction that the
average level of education among women aged 30-iB4emch 16 years in 2059 (as
opposed to 14.8 toda§).With regard to older age groups, we assume thett eahort
closes the gap (at a very gradual rate of 0.5 perper annum) between 18 years of
schooling and the years of schooling that it acdated by the ages 30—34. We assume that
the younger Arab population (aged 15-29) will cl8s& percent of the gap between it and
the parallel Jewish non-Ultra-Orthodox populatiBased on these assumptions, by 2059,
there will remain only negligible disparities betme the Jewish non-Ultra-Orthodox
population and the young Arab population. In oldge groups, disparities will remain.

For the Ultra-Orthodox population, we considered &iternatives. In the first, there is
no change in current years of schooling (afterattjegstment for effective education) during
the forecast period. In other words, the Ultra-Odibx population will not continue to
progress in the long term with respect to yearsabiooling, nor will it acquire education

24 Which is the base year for the demographic fotecas

% The assumption that the average years of schoulitidpe 18 in the long term was also used in the
OECD’s forecasts for its members. This assumptiakes it possible to compare the results of thecise
for Israel to those of the OECD for its other memsbe
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that is more effective in the labor market. In #eeond alternative, we assume that there

will be a convergence in the education level of&}Drthodox cohorts as of that aged 15—

19 in 2009, so that the gap between the Ultra-@ikgpopulation and the young Jewish

non-Ultra-Orthodox population (up to age 34) wilbse by 10 percent each year. Under

these assumptions, the average years of schoatiog@ Ultra-Orthodox men aged 30-34

will be 15.4 in 2059, only 0.3 years less than aghdewish non-Ultra-Orthodox men (in

comparison to the starting point where the avefagélltra-Orthodox men is 10 years and

for Jewish non-Ultra-Orthodox men it is 14.3).

Arriving at the average education level for the &yed requires somewhat more
complicated calculations. For each cell, we asstiraethe level of education will develop
and converge according to the assumptions for tpeilption as a whole, until the rate of
increase in the number of employed in the cell meacthe natural growth rate of the
population. A more rapid increase in the numberenfployed within the cell (i.e. an
increase in the employment rate within the celll & the result of the stock within the
population, which will naturally have less yearsohooling on average.

We mention that the aforementioned assumptions,rapdrticular those related to the
trend in education levels among non-Ultra-Orthodews and the rate of convergence of
the Arab population, are based on findings regardire trend in education levels during
the past decade by cell. We would also mentionttiege assumptions are similar in spirit
to those of the OECD's long-term forecasts.

Figures 7-9 describe how the average years of $ngas expected to develop in the
working age population (aged 15+), the prime wagkage population (aged 25-64), and
among the employed (aged 15+).

The graphs reveal some interesting insights. Fitst, average education level is
expected to rise at a slower rate during the riéxtfears than during the previous forty,
regardless of the scenario of Ultra-Orthodox cogeace. This is due to four main factors:
1. The exhaustion of the long-term growth in yearsdiooling. The level of education

stood at 9.5 years on average forty years ago,hwhiless than a high school education.

Therefore, there was room for a rapid increasénénaverage. In contrast, the average

had already reached 13 years in 2009, which isdmtva high school education and a

bachelor's degree, and the potential for a ragickase has diminished.

2. The last forty years have witnessed the arrivaivaf waves of educated immigrants (at
the beginning of the 1970s and in the early 1990s).

3. The demographic forecast foresees a relative isereéa the number of the Ultra-
Orthodox and Arabs, populations that have a lowegell of education at the starting
point. In addition, an increase in the participatiate of these populations will lead to a
greater increase in their share of the employedchwvill on average reduce the level
of education of the employed.

4. The demographic forecast predicts that the propodf the young among the working-
age population will decrease, due to the slower oaincrease of the young population,
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among other things. Since this population tendbg¢omore educated than older age
groups, the rate of increase in the average edurckvel of the population will slow.

Figure 7

Average Years of Schooling in the Working-Age Population (15+):
16 Actual (1967-2011) and Forecast (2009-2059)
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Figure 8
Average Years of Schooling in the Prime Working-Age Population
16 (25-64): Actual (1967-2011) and Forecast (2009-2059)
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Figure 9
& Average Years of Schooling Among All Employees:
Actual (1967-2011) and Forecast (2009-2059)
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It is worth noting that the last two factors—thernease in the proportion of Arabs and
the Ultra-Orthodox and the increase in the proparif older workers—will reduce per
capita output by way of labor input as well, sinhese populations are characterized by
relatively low participation rates.

Another interesting insight obtained from the gapé related to the importance of
Ultra-Orthodox convergence. If convergence doesauaiur among the Ultra-Orthodox,
then the level of education will cease to grow dgrihe second half of the forecast period.
However, if convergence does occur, then the aeeedgcation level will continue to grow
throughout the forecast period and the aggregateatidn level will be higher by six to
twelve months.

If we take the results of the simulations with &pto the expected increase in years of
schooling in Israel and combine them with the OEfoRecast, we find that without the
convergence of the Ultra-Orthodox, Israel's rankamgong the OECD countries with
respect to average education level of the populai@xpected to drop by 8 or 9 places. In
other words, it is expected to drop to betweef 48d 25" place depending on the starting
point in 2010 (for an explanation of the differesda the starting point see the notes to
Figure 5). In contrast, if the Ultra-Orthodox ediica level converges according to our
scenario, then Israel is expected to more or lesatain its current position.

Table 5 shows how the stock of human capital hagribmted to Israel's growth in
previous years and how it is expected to contrilmtéhe future according to the forecast.
The table shows that the contribution of the inseeia education level to growth (in annual
terms) has already declined—from 0.8 percentagetgaiuring the last forty years to 0.4
percentage points in the last decade (accorditigeteducation level among the employed).
According to the forecast, this contribution is egfed to continue to decline to only 0.1—
0.2 percentage points if the convergence in thealrthodox education level does not
occur. Gordon (2014) has presented similar resattshe US, where the contribution of
education to growth is expected to decline in cgmilecades by about 0.2 percentage
points relative to previous decades as a resuthefpartial exhaustion of the long-term
growth of education.

% The Ultra-Orthodox and older workers are also ati@rized by a relatively low number of work
hours.
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Table 5
Contribution of the stock of human capital to productivity growth: actual (1974-2011) and
forecast (2009-2059), percentage points

Employed / population Population Population Employed

Age 15+ 25-64 15+

Convergence among the Ultra-

Orthodox No Yes No Yes No Yes
1974-2011 0.6 0.7 0.8
2000-2011 0.5 0.5 0.4
2009-2034 0.2 0.3 0.2 0.3 0.2 0.2
2034-2059 0.1 0.2 0.1 0.3 0.1 0.2
2009-2059 0.2 0.3 0.2 0.3 0.1 0.2

SOURCE: Based on Central Bureau of Statistics.

The table also indicates that if the education ll@fethe Ultra-Orthodox population
converges towards that of the Jewish non-Ultra-@itix population, the contribution of
education to growth will increase by about 0.1 patage points relative to the scenario
without convergence (though it will be still be lewthan the estimated contribution in
previous decades). Although the difference thadue to the convergence of the Ultra-
Orthodox education level appears to be small im$eof the growth rate, after fifty years
the expected level of output in the scenario widthwergence is 5 percent larger than in the
scenario without convergence. In 2013 terms, thisquivalent to an addition of NIS 52
billion to the economy’s annual income or to NIS@®) per capita. Furthermore, a “back of
the envelope” calculation shows that convergencé naise the income of the Ultra-
Orthodox population by NIS 16,700 per capita (ili2@ermsY.’ In other words, alongside
the integration of the Ultra-Orthodox in the labmarket, their integration within the
education system (i.e., increasing years of schgdhat are effective in the labor market)
is of major importance.

5. SENSITIVITY OF THE FORECAST TO THE ASSUMPTIONS

The model we have presented is based on a numbassoimptions, and its results are
therefore also based on those assumptions. Irségison, we will examine the sensitivity
of the results to some of them. In particular, wi# t8st the dependency of the results on
the assumption of convergence in the long termanthe assumptions with regard to the

" We have assumed that wages accounts for a 2/8 sh&@DP, and that the increase in wage payments
as a result of an increase in the human capitddeotitra-Orthodox will be channeled into the wagéthe
Ultra-Orthodox. The remaining additional GDP wilé lthanneled to payments to capital, and for the
purposes of the calculation we have assumed tipitatas not owned by the Ultra-Orthodox.
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return on schooling. Figure 10 presents the foteodsaverage education level under
various assumptions, and Table 6 summarizes tiraatet contributions (both historic and
expected) of the stock of human capital to growitlthe various scenarios. For the sake of
brevity, we present only the forecast for averag@ry of schooling (and the contribution to
growth derived from it) for the prime working agepulation (aged 25-64), assuming
convergence in the education level of the Ultrah@dbx population. The main findings
with respect to the sensitivity of the model do abange if we instead consider the entire
population or just the employed, or if we look atseenario in which there is no
convergence in the education level of the Ultrah@dox. In addition, the forecast of the
average years of schooling and its contributiogrimwth is not sensitive to the choice of
each of the three demographic scenarios givendZBS (Paltiel et al., 2012).

Figure 10
Forecast of Average Years of Schooling Among the Prime Working Age Population (25-64):

16 Sensitivity to Assumptions Regarding Convergence of Schooling in the Long Term
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Alternative: Convergence in halfthe time =0 =Alternative: Convergence to 16 years instead of 18
- 4= Base forecast (with convergence among the ultra-Orthodox) Actual

SOURCE: Based on Central Bureau of Statistics

Sensitivity to the assumption of convergence in yesmof schooling in the long term:In
order to forecast years of schooling, we assumatitiie average years of schooling among
young non-Ultra-Orthodox Jews (aged 25-34) willrgase over time toward 18 years by
the age of 30. We assume the pace of increasdevithat 1% of the existing gap (between
the current average years of schooling and 18 yemilsbe closed in each year. With
regard to older age groups, we assumed that edwrtowould continue to close the gap
between the years of schooling it had accumulayedige 30—34 and 18 years of schooling
at a more gradual pace (0.5 percent per year). Wenow examine how the forecast is
affected by each of the following changes in asgiong:
1. Years of schooling converge in the long term toydil years.
2. Convergence in the long term occurs at double #te. in other words, the average
years of schooling in the young age group will eltlse gap relative to the long term
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situation at a rate of 2 percent per year, and eatlort in the older age groups will
continue to close the gap between 18 years of dicigoand the years of schooling that
it had accumulated up to age 30—34 at a rate efdept per year.

Figure 10 shows that each of the alternatives akmtize average years of schooling at
the end of the forecast period by about six monitable 5 shows that in terms of the
contribution to the growth rate, the level of sé&miy is not particularly high. The
assumption that education converges to a lowerageereduces the annual growth rate by
0.06-0.08 percentage points, while doubling the cdtconvergence contributes about 0.1
percentage points to the growth rate during thedast period.

Sensitivity to the estimate of return on schoolingEor the basic forecast, we assumed that
the return on schooling is fixed and equal to &est. Table 6 summarizes the effect of
various assumptions regarding the return on schgod return that declines with the level
of schooling, a lower return of 6% and a higheumetof 12% (for details see Section 3.3)
In the case of a declining function for return ehaoling, the results obtained with respect
to the expected contribution of human capital twgh are basically similar to those of the
basic scenario. However, the higher return raiBeseistimated expected contribution by
0.15 percentage points, while the lower return cediit by 0.07 percentage points.

Table 6
Estimated contribution of the stock of human capitato productivity growth:
its sensitivity to the assumptions underpinning thenodel (percentage points)

Base Convergence | Convergence
scenario to 16 years of twice Return on schooling

schooling as fast Declining 6% 12%
1974-2011 0.7 0.7 0.7 0.7 0.6 11
2000-2011 0.5 0.5 0.5 0.5 0.4 0.8
2009-2034 0.3 0.2 0.4 0.3 0.2 0.4
2034-2059 0.3 0.2 0.4 0.2 0.2 0.4
2009-2059 0.3 0.2 0.4 0.2 0.2 0.4

SOURCE: Based on Central Bureau of Statistics.

In summary, it appears that the trends surveydtiarprevious section, with regard to
the future contribution of human capital to growtlire not particularly sensitive to
reasonable changes in the assumptions. Particularigll of the alternatives the rate of
increase in average education and its contribuiiogrowth are expected to continue to
decline in coming decades; and without convergeoicéhe Ultra-Orthodox level of
education, the contribution of human capital tovgio will be lower by 0.1 percentage
points.
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6. CONCLUSION

In this article, we have examined the contributtdmuman capital, as measured by average
years of schooling, to long-term growth. The papeakes several important contributions:
First, several annual time series were construitiegears of schooling for various cross-
sections of the population. As part of this process adjusted the individual data in order
to better reflect education that contributes todpmativity in the labor market. The
calculations showed that average years of schodtirthe prime working age population
(25-64) rose from 9.5 years at the end of the 1960K3.5 in 2011. In an international
comparison, Israel is ranked above the center efdiktribution of advanced countries (a
position that has been maintained since the 19¥@kgn these calculations are combined
with quantitative estimates of the economy’s retom schooling, it is found that the
increase in education has contributed 0.6 to Om&ep¢age points, on average, to the
productivity growth rate, which constitutes betwe&h and 45 percent of the average
growth in per capita GDP since the 1970s, and 488aercent of labor productivity
growth. At the same time, the effect of educatitreaaly started to exhaust itself in the
previous decade, and its annual contribution tomttodropped to between 0.4 and 0.5
percentage points.

Second, a forecast was constructed for the fureraltin years of schooling during the
next 50 years. According to the forecast, the ltargs expansion in years of schooling will
continue to weaken, which is expected to cause tiaddl erosion of education’s
contribution to growth. This development leads lte prediction that during the next 50
years the contribution of the increase in educatmrabor productivity will decline to
between 0.1 and 0.3 percentage pdintBhis process is expected to occur in most of the
advanced countries, although our position accordmgaverage years of schooling is
dependent on local factors, particularly the edopapatterns of the Ultra-Orthodox, a
group whose proportion of the population is expeécte increase significantly. The
scenarios examined showed that if this populatmegrates within the job market without
acquiring an appropriate education, Israel willio the ranking by 8 to 9 places to the
lower portion of the distribution. Furthermore, (dt¢ annual growth in these scenarios is
about 0.1 percentage points lower than in scenakioish assume convergence of the
Ultra-Orthodox level of education. A sensitivityadysis showed that these findings are not
sensitive to most of the forecast’s basic assumgptio

Although the average years of schooling is genexadlwed as an indicator of the stock
of human capital, there are clearly other variabies affect it. In the context of this study,
we did not attempt to estimate the contributiorthafse factors to growth in Israel or to
predict their future contribution. Some of them amgrelated to education (such as the

2 To this should be added additional factors thatljst changes in future growth, particularly théeef
of demographic changes on the slowing of growtlafror input.
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health of the population and work experience), @bihers are related to education, though
they are not reflected in the number schooling sjeathich only measures quantity. For
example, the return on schooling or even the amofirsichooling in the economy may

depend on the individuals' abilities that enablentito advance in the level of schooling
and extract skills that contribute to their futwerking productivity.

The return may also be influenced by the qualityhef education system at its various
levels. There are two main approaches to measthimgyuality of education. The first is
based on the inputs invested in the education sy@teal expenditure per student, average
class size, etc.). The main problem with this apphois that increasing inputs does not
ensure higher quality. The second approach meagusdity according to the output of the
education system, such as scores on standardatiteral tests in subjects such as math
and science. The main problem with this approadhas these tests are not standardized
over time. In other words, it is difficult to commgaresults from different years, and
therefore difficult to determine whether the quabf education has changed over time. The
tests are also limited to several parameters, tasdunclear whether they reflect the overall
output of the education system. Nonetheless, eoapistudies such as Islam (2014) and
Boius, Duval and Murtin (2011) have shown that desphese problems, the indices
explain the gaps between countries in growth ratem@me level. Some of the studies of
growth even claim that only the quality of educatiand not its quantity, has an effect on
long-term growth (Hanushek and Woessmann, 2012).

With regard to the quality of education, as oppaseits quantity, we find that there is
greater potential for improvement (Argov, 2016).ridas measures of the quality of
education in primary and secondary education, piiynaexpenditure per student
(especially in secondary education), class siz@rimary education and the results of
international test scores in math and science, stmaivIsrael is ranked low among the
advanced economies. In contrast, the quality adels® universities is reasonable, when
considering its size and relative income. It mayyveell be that the low quality of
education in the various levels up to secondarygaiiion explains the finding that the basic
working skills of the workers in Israel (in term$ @ading, mathematics and problem
solving) is below the average among advanced ecmsodespite its high rate of higher
educational attainmeft.

Beyond the quality of education, the empirical egskh of Castello and Domenech
(2002) and Castello-Climent (2010) found a negatiefation between inequality in the
distribution of educational years and long termome growth. Despite the fact that the
proportion of highly educated individuals in Isré&bBmong the highest in the world (while
the average years of schooling is within the secgudrter of the distribution), Argov

2 This finding is based on the results from the askills survey (PIAAC) which was conducted in most
OECD countries. Israel joined the survey in 201480or details see Bank of Israel (2016).
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(2016) did not find that inequality in educatios,measured by the Gini index, was outside

the range for the advanced countries.

In conclusion, in order to preserve the contributaf the stock of human capital to
growth at the rate that we have seen during thedksade (and to improve Israel’s relative
position according to average years of schoolingragrthe population), greater investment
must be made in education in ordef%o:

1. Integrate the Ultra-Orthodox population into edigrathat is relevant to the job market.

2. Accelerate the expansion of education among youmgUitra-Orthodox to a more
rapid rate than in past years (due the aging of gbpulation). To this end, the
investment in secondary education should be ineckadgith the goal of raising the
proportion of high school graduates who meet thieansity entrance requiremefits
and improving the outcomes of secondary educaétaiive to other countries.

3. Expand the scope of higher education in the unitiess since it was found that their
quality is at least equal to the international ager Alternatively or additionally, the
quality of studies in the colleges should be imgabin order to bring their return closer
to that of studying in a university.

As an illustration, if by 2059 Israel will increais average years of schooling by two
additional years (and thus succeed in catchingoupauth Korea and reaching the top of
the list of advanced countries according to thexnbdased on average years of schooling),
then the average growth rate during those yeatsisél by 0.4 percentage points relative to
the scenarios presented, and the level of prodtyceimd per capita GDP in 2059 will be 19
percent higher.

% These are general recommendations coming ouioftticle. They do not pretend to suggest specific
policy programs.

%L At the end of the last decade the gap closed leetwiee proportion of high school graduates whose
matriculation scores were sufficient to begin acaidestudies and the proportion of individuals atijua
starting academic studies. See Box 5.1 (“The Eféédducation on of the Labor Force ParticipaticateR
in Israel”) in Bank of Israel (2013Rank of Israel Annual Report, 2012

%2 Zussman et al. (2007) found that on the levehefihdividual the return on a degree obtained feom
college is about 16 percentage points lower onaaeethan for a university degree.
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Appendix A — Adjustment of education level for immgrants

In order to calculate the effective years of schngpbf immigrants, we used the following
formula:

(A-1) = w* 9 + (1-w)S

(A-2) w = MIN(1, y/10)

(A-3) S = MIN{S°" MAX[S°"-3,12]}

where:

S*_ effective years of schooling of an immigrant.

S _ actual years of education of an immigrant (adicay to the Labor Force Survey).
S — effective years of schooling at the time of\ati

w — weight calculated according to the number @frgehe immigrant has been in Israel.
y — number of years since arrival in Israel.

Equation (A-3) describes effective years of schaphf an immigrant in the year of his
arrival (S). In general, we subtract three years from hisregl years of schooling in the
Labor Force Survey 0%). However, we do not reduce his education to bel@wyears of
schooling, since we assume that until high schbel éducational institution is of less
importance. If the reported years of schooling lass than 12 then we do not make the
adjustment.

Equation (A-2) calculates a weight (w) for each iigrant on the basis of the number of
years he has been in Israel (y). If the immigra# been in the country more than 10 years,
he is given a weight of 1 and if he has been iadkless than 10 years the weight is the
number of years in Israel divided by 10.

Equation (A-1) calculates the effective years dfasding of an immigrant (8), which
is the weighted average of actual average yearsclboling (8'9) (weighted by w as
calculated from Equation (A-2)) and effective yeafsschooling on arrival (. In other
words, there is no adjustment for an immigrant wiag been in Israel for 10 years or
longer.
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Appendix B — The assumptions underlying the foreca®f education

The construction of the forecast for average yeasxhooling of the population and of the

employed is made up of two main parts and invosgecific assumptions:

1. Construction of a forecast of the size (humbemadhiiduals and number of employed)
of each cell. Each cell represents an age groupgdegeand sector (Arabs, Ultra-
Orthodox, and non-Ultra-Orthodox Jews) with a tafa84 cells.

2. Construction of a forecast for the trend in averggars of schooling for each of the
cells, for both the entire population and only ¢émeployed.

The forecast relates to the period 2009-59 withpsirof five years. Each age group
covers five years (15-19, 20-24,..., 75-79, 80+) witbtal of 14 groups.

In the last stage, the average years of schoolingach cell is weighted by the cell’'s
share of the population or of the employed, in otdearrive at an aggregate forecast.

B-1: Construction of the forecast for the size ofach cell
The forecast for the size of each cell is takeadlly from the medium scenario of the long-
term forecast of the CBS (Paltiel et al., 2012).

In order to derive the number of employed in eael, @ forecast is added for the
employment rate in the cell at each point in tiffilee employment rate can be broken down
as: (1-unemployment rate)*participation rate = esgpient rate.

The data for the trend in the participation andropleyment rates in each cell are taken
from the forecast made by Braude (2013) for theydmrm trends in growth and labor in
Israel. Some adjustments were required since Brgunigped the cells into age groups of
10 years while our cells cover only five years.

B-2: Constructing the forecast of average years afchooling for each cell

We define the following:

S'P°P _ the average years of schooling in ¢élge, gender and sector) of the population in
yeart .

S'™-"a_ average years of schooling in de{age, gender and sector) of the employed in
yeart, on the assumption that the increase in employrgenatural (i.e. that there is no
change in the employment rate).

S"*"_ average years of schooling in defage, gender and sector) of the employed in ear

In order to calculate average education amongi@ayed in a cell§"°") we will use
the following equations:

Si,em - V\}* Si,em_nat_,_ (l-V\})* Si,pop

W' = [Les*( POR/ POR))/ L

where:

POP/ —size of the population in célln yeart.

L,'— number of employed in célin yeart.



THE DEVELOPMENT OF EDUCATION IN ISRAEL AND ITS CONTRIBUTION TO LONG-TERM GROWTH 33

Explanation: When the rate of growth in the numtsieemployed in a cell is similar to
the rate of growth of the population (i.e. when éneployment rate is stable), then w=1 and
the education of the employed will develop accaydito the assumptions for the
development o§"*™"*(assumptions will be listed below). However, wehvto relate to a
situation in which the employment rate in the cisiés (w<1), due to, for example, a policy
to integrate additional participants in the labarket. In this case, we would expect that
the new participants will be characterized by ado¥wevel of education than those already
in the labor market. We will assume that the edanabf new participants is equal to the
average for the population in the cell (which canelxpected to be lower than the average
for the employed within the cell).

The following are the assumptions regarding theettgoment of the average years of
schooling in each cell, among the total populatibthe cell and among only the employed
in the cell, under the assumption of natural growtthen it is not specified whether we are
talking about the population or the employed urttierassumption of natural growth, then
the same assumption or rules apply to both groiffgen the equations do not include the
index that differentiates between the populatiod e employed under the assumption of
natural growth (pop, em+nat), the equation appbédsoth groups.

Non-Ultra-Orthodox Jews

1. Individuals aged 15-19 and 20-24 will maintain thaverage years of schooling
according to the 2009 data, both for the populasiod for only the employed under the
assumption of natural growth.

2. Individuals aged 25-29 and 30-34 will each clggmercent of the gap relative to the
long-term average years of schooling. “Long termtlicates a situation in which
women begin studying towards a degree at age 22remdat age 23, and both groups
study continuously to complete 18 years of schgplirhe average years of schooling in
age group (S) in yeart is:

Si=Sis+ [1-(1-9)7T%(S* Slt-5)

whereS,s is the average years of schooling in an age dfivepyears earlier and S* is
the average long-term years of schooling. We wsbueme that g=1% for both the
population and for the employed under the assumpafonatural growth. Table A-1
describes the current average years of school@@2 the expected years of schooling
at the end of the period (2059) and the long-tegary of schooling:



34 IsrRAEL EcoNnomic REVIEW

Table A-1
Years of schooling of young non-Ultra-Orthodox Jews
Men Women
Age group 2009 2059 "Long-term" 2009 2059 "Long-term"
Population
25-29 13.7 146 16.0 14.4 15.3 16.8
30-34 142 157 18.0 14.7 16.0 18.0
Employed
25-29 13.7 146 16.0 14.5 15.4 16.8
30-34 143 1538 18.0 14.9 16.1 18.0

&The forecast of employed persons also dependssamtions regarding the participation and
unemployment rates.
SOURCE: Based on Central Bureau of Statistics.

3. With regard to the age group 35-64 (for the popatadnd for only the employed under
the assumption of natural growth), we will assufre part of the population continues
to acquire education at an older age as well, @cth eohort therefore reduces the gap
between its actual level of education and the "ltmxgn" level by 0.5 percent each year.
The average years of schooling in coljid®) in yeart is:

Si = S5 + [1-(1-0.005*(S*- S..5)
whereS,s is the cohort’s years of schooling 5 years eadied S* is the “long-term”
years of schooling, i.e. 18.

4. With respect to the 64+ age group (for the popoiatind for only the employed under

the assumption of natural growth): each cohort ta&is the average years of schooling
it achieved while aged 60-64.

Arabs

1. Arabs aged 15-19 will each year clagpercent of the gap between them and non-
Ultra-Orthodox Jews of the same age:

S =S5+ [1-(19) T Ss* Ss)

where S5* is the years of schooling of non-Ultra-Orthodoawd® aged 15-19 (while
differentiating according to gender and inclusinrhie population/employed).
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Table A-2
Assumptions regarding convergence in the schoolingf young Arabs, and
results derived from those assumptions, 2009-2059

Men Women
Age group o 2009 2059 o 2009 2059
Population
15-19 3% 10.8 11.0 3% 11.0 11.2
(-0.3) (-0.1) (-0.2) (-0.1)
20-24 5% 12.0 13.2 5% 12.6 13.8
(-1.0) (-0.2) (-1.0) (-0.3)
25-29 5% 12.0 14.6 5% 12.5 15.1
(-1.9) (-0.6) (-2.0) (-0.6)
Employed
15-19 3% 11.0 11.3 10% 11.5 11.7
(-0.4) (-0.1) (-0.1) (0.0)
20-24 5% 11.6 13.2 50% 13.4 14.1
(-1.4) (-0.3) (-0.3) (0.0)
25-29 5% 12.3 14.6 100% 14.6 15.7
(-1.7) (-0.6) (-0.1) (-0.1)

2The numbers in parentheses show the gap betwesdss And the parallel non-Ultra-Orthodox
Jewish population (S*)

® The rate of convergence to non-Ultra-Orthodox Jew

SOURCE: Based on Central Bureau of Statistics.

. Those aged 20-24 and 25-29 will each year dppercent of the gap between them
and _non-Ultra-Orthodox Jews in the same age grodpirathe previous age group (in
terms of the above equatioB,s* is the average of years of schooling in the sage
group and in the previous age group). We take theigus age group into account since
the Arab population does not serve in the army,ctvhénables it to complete its
education at an earlier age. Table A-2 relates rab# and describes the assumption
regardingg, the current average years of schooling (2009, the expected years of
schooling at the end of the forecast period (2059).

We calibrated the assumption regardiggin the population and among the
employed men under the assumption of natural growihthe basis of the rate of
convergence that was observed during the past dedafth regard to employed
women, since we found that at the starting poietrehis no gap between them and
Jewish women, we assumed that the rate of conveegervery high in order to prevent
the creation of gaps in the forecast over time.

3. Each older cohort maintains the average years loddding that it achieved at ages

25-29.
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The Ultra-Orthodox

Scenario A — without convergence in Ultra-Orthodoxeducation: The average years of
schooling among the Ultra-Orthodox, after adjustindoes not change during the forecast
period.

Scenario B — convergence in Ultra-Orthodox educatim The initial years of schooling

(in 2009) are equal to the number in Scenario AJ #mey converge to the years of

schooling among non-Ultra-Orthodox Jews:

1. Those in the 15-19, 20-24, 25-29 and 30-34 agegnill each year close 10 percent
of the gap between them and non-Ultra-Orthodox Jeise same age:

S =S+ [1-(1-0.1]](Ses* Si9)

where Ss* is the average years of schooling among non-tflirtdnodox Jews in the
same group (with respect to age, gender and empoymTable A-3 relates to the
Ultra-Orthodox and describes the current yearscabsling (2009) and the expected
years of schooling at the end of the forecast pei2059).
Convergence will occur only starting from the cdhafrindividuals who in 2009 were
already in the 15-19 age group, and will not odoucohorts older than that.

2. All older cohorts maintain the average years obsting they attained at ages 30-34.
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Table A-3
Assumptions regarding convergence in the schoolirgf young Ultra-Orthodox
Jews, and results derived from those assumptions)@9—-2059

Men Women
Age
group o° 2009 2059 o° 2009 2059
Population

15-19 10% 9.8 11.1 10% 114 11.2
(-1.3) (0.0) (0.2) (0.0)

20-24 10% 9.9 12.3 10% 13.8 12.8
(-2.3) (0.0) (1.1) (0.0)

25-29 10% 10.0 14.4 10% 14.4 15.1
(-3.7) (-0.2) (0.1) (-0.2)

30-34 10% 10.0 15.4 10% 14.2 15.7
(-4.3) (-0.3) (-0.5) (-0.3)

Employed

15-19 10% 10.0 114 10% 125 11.7
(-1.4) (0.0) (0.8) (0.0)

20-24 10% 10.0 12.3 10% 14.0 12.8
(-2.3) (0.0 (1.2) (0.0)

25-29 10% 10.0 14.4 10% 15.2 15.2
(-3.7) (-0.2) (0.7) (-0.2)

30-34 10% 9.9 154 10% 14.7 15.9
(-4.4) (-0.3) (-0.2) (-0.3)

&The numbers in parentheses show the gap betwedtitifa-Orthodox and the parallel non-
Ultra-Orthodox Jewish population (S*)

® The rate of convergence to non-Ultra-Orthodox Jews

SOURCE: Based on Central Bureau of Statistics.
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