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A  L o n g -R u n  G r o w th  M o d e l  for  Isr a e l

Eyal Argov and  Shay T su r *

A b s tra c t

T his p ap e r describes th e  p ro jec t of developing a long-term  grow th m odel to  be 

used by th e  staff of th e  B ank of Israel. T he purpose of th e  m odel is to  forecast 

G D P grow th  over a horizon of approx im ate ly  50 years given various assum ptions, 

and  to  evaluate  how different exogenous developm ents, or policy steps, are expected  

to  affect th e  long-run  grow th  ra te . T he m odel is com posed of five d is tin c t blocks, 

each focused on a different fac to r of p ro d u c tio n  or p roductiv ity . T he blocks draw  on 

different m odeling approaches along th e  tradeo ff betw een theore tical, deta iled  and  

em pirical advantages. T h e  baseline forecast ind icates th a t  th e  fu tu re  grow th  ra te  of 

G D P and  G D P p e r cap ita  are  expected  to  be  lower th a n  h isto rica l averages, m ainly  

due to  fu tu re  dem ographic developm ents and  th e  exhaustion  of significant g row th 

drivers th a t  o p era ted  in  th e  past.

הישראלי למשק טווח ארוכת צמיחה מודל

 צור ושי ארגוב איל

תקציר

 של ייעודו ישראל. בנק את לשמש שמיועד טווח ארוכת צמיחה מודל של הפיתוח את מתאר זה מאמר

 של השפעתן את ולכמת שונות, הנחות בהינתן קדימה שנה 50 של באופק התוצר לצמיחת תחזית לנפק המודל

 חלקים מחמישה מורכב המודל זה. זמן באופק הצמיחה על שונים מדיניות צעדי או חיצוניות התפתחויות

 בגישות משתמשים השונים החלקים הפריון. או מסוים ייצור גורם לחזוי מוכוון מהם אחד שכל נפרדים

 הסימולציה אמפיריים. ובממצאים המרובה בפירוט בתיאוריה, השימוש בממדי הנבדלות מתודולוגיות

 ההיסטוריים, הממוצעים מאשר נמוכים להיות צפויים לנפש והתוצר התוצר שצמיחת כך על מצביעה הבסיסית

בעבר. שפעלו משמעותיים צמיחה מנועי של ומיצויים המשק על שעוברים דמוגרפים שינויים בגלל בעיקר
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1 Introduction

W hat is th e  long-run ra te  of grow th and w hat are th e  m ain factors th a t affect it? F inding 

th e  answers to  these questions, or even just a few of them , is of great im portance to  policy 

makers. U nderstanding and quantifying factors affecting long-run grow th is im portan t for 

analyzing policy m easures and stru c tu ra l reforms; estim ating  th e  expected grow th ra te  for 

long horizons is im portan t for planning fiscal policy strategies; and forecasts for th e  long- 

run  grow th ra te  help short-term  policy m akers, such as central banks, to  assess th e  stage 

of th e  business cycle by placing num erical benchm arks for th e  actual grow th rate.

T he goal of th e  project outlined in th is paper is to  develop a long-run grow th sim ulation 

model to  be used by th e  staff of th e  B ank of Israel. The m ain purpose of th e  model is to  

predict economic grow th in Israel over a horizon of approxim ately 50 years, and  to  help the  

B ank’s staff evaluate how different exogenous developm ents or policy steps are expected to  

affect Israel’s long-run grow th rate.

T here are several ways to  tackle th is task. One approach would be to  develop a theo re t-

ical grow th model th a t would rest on clean theoretical derivations such as u tility  optim iza-

tion , micro foundation, etc. This surely introduces legitim acy for policy analysis, bu t on the  

expense of th e  flexibility of th e  m odel to  answer a wide range of questions. A lternatively, 

one could collect d a ta  on th e  m ost disaggregated level possible, forecast th e  micro u n its ’ 

developm ent and  reaggregate all th e  units assum ing the ir fu ture weight. This approach 

would allow th e  testing  of policies th a t affect only some units of th e  economy a t th e  cost 

of specifying m any behavioral equations. A th ird  approach would be to  econom etrically 

estim ate th e  effect of factors th a t affect long-run growth. Given th a t we have, a t most, 

only a few observations of long-run grow th per country, th is approach m ust depend on 

cross country estim ations th a t typically assum e homogeneity in elasticities between coun-

tries. Given th e  prons and  cons of each approach, we decided to  allow th e  use of a different 

approach for each p a rt of th e  model and  then  unify them . In  doing so, we exploit the
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relative advantage of each approach, ra th e r th a n  try ing  to  build  one in tegrated  m odel in 

which all th e  p a rts  are perfectly consistent.

T he suggested m odel includes five m ain model-blocks. (1) T he unifying model block 

combines, th rough  an assum ed production  function, th e  forecasts for aggregate physical 

capital, hum an capital and  productiv ity  in order to  forecast GDP. This p a rt of th e  m odel 

also includes th e  dynam ic physical cap ital p roduction function. (2) T he dem ographic in-

vestm ent ra te  model block describes how m ain dem ographic factors affect th e  long-run 

investm ent rate , where elasticities are derived from cross-country panel estim ations. (3) 

The general equilibrium  model block allows us to  quantify how some stru c tu ra l changes 

effect th e  long-run investm ent ra te  based on a s ta tic  version of a general equilibrium  m icro-

founded open economy model. (4) T he effective hum an cap ital m odel block determ ines the  

effective hum an capital by aggregating th e  hum an capital of 84 population  groups divided 

by gender, 5-year-age-group and religion: non-ultra-O rthodox Jews (hereinafter, Jews or 

Jewish), U ltra-orthodox Jews (hereinafter, O rthodox) and  Arabs. Effective hum an capital 

of each group is defined by its labor inpu t (group size, partic ipa tion  rate , unem ploym ent 

ra te  and hours per worker), and  hum an capital from effective education years and  from work 

experience. (5) T he Total Factor P roductiv ity  m odel block sim ulates th e  fu ture grow th ra te  

of T F P  based on a "conditional convergence" concept.

T he param eters of models (1),(3) and (4) are calibrated  based on several approaches. 

In  some cases we used d a ta  based estim ates (for exam ple, we used th e  labor com pensation 

share for th e  production  function elastically w ith  respect to  hum an capital input); in some 

cases we used elasticities estim ated  from concrete em pirical Israeli or in ternational research 

(such as th e  effect of experience on hum an capital); and  finally, some param eters are 

calibrated  ad  hoc, based, as much as possible, on historical experience (for exam ple, the  

speed of convergence in cell-specific labor force characteristics was chosen to  approxim ately 

m atch previous years’ dynam ics). T he param eters of models (4) and  (5) are based on 

cross-section and  panel d a ta  estim ations adopted  from other papers.
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T he baseline forecast points to  an  expected drop in th e  average annual grow th ra te  of 

G D P and G D P per cap ita  (to 2.4% and 0.7%, respectively,) com pared to  th e  historical 

averages. The expected grow th ra te  is driven down m ainly by expected dem ographic de-

velopments: average expected grow th ra te  of th e  prim e working age popula tion  is expected 

to  slow by 0.9 percentage points (p.p.) com pared to  th e  historical average.

In  th e  next section we give an overview of th e  s truc tu re  of th e  model. In  Section 3 

we provide a full technical description of th e  m odel’s equations and param etrization  (some 

by calibration and some by estim ation). Section 4 will describe th e  baseline forecast. In 

Section 5 we offer a m easure of th e  uncertain ty  regarding th e  baseline forecast. In Section 

6 we will te st th e  capability  of th e  m odel to  forecast past developments. Section 7 will 

describe fu ture scenarios given alternative assum ptions. Section 8 will summarize.

2 Overview of the model

The m odel outlined in th is paper was built to  forecast average G D P grow th over a horizon of 

approxim ately 50 years. The basic tim e period in th e  model is one year while running on five 

year intervals ( th a t is, we forecast annual G D P in five year jum ps - 2015, 2020, 2025...2065). 

The m odel is a com bination of five building blocks, each focused on a different factor of 

p roduction  or productiv ity  (Figure 1). Each block has a different m odeling approach which 

varies on th e  space of th e  theoretical-detailed-em pirical m odeling tradeoff as discussed in 

th e  in troduction  above. This section provides a nontechnical overview of th e  model, while 

th e  next section (3) is a com plete technical description of th e  model and  its param etrization.

T h e  u n ify in g  m o d e l b lo c k  (detailed in Section 3.1) includes two m ain economic re-

lations: a production function and a dynam ic process for physical capital. T he assum ed 

constant re tu rns to  scale translog production function determ ines how much o u tp u t (G D P) 

m ay be produced from a com bination of physical capital, aggregate effective hum an capital 

and to ta l factor productiv ity  (T F P ). Some elem ents of th e  physical capital will be deter-

m ined in o ther blocks of th e  model, and th e  last two will be to ta lly  determ ined in o ther
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Figure 1: Scem atic D iagram  of th e  Long-Run G row th Model
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blocks of th e  model. N et physical capital evolves over tim e according to  th e  p erpe tua l in-

ventory m ethod; The stock of physical capital depends on th e  previous period stock, net of 

depreciation, and  gross fixed investm ent. Gross fixed investm ent is a (tim e varying) fraction 

of GDP. W hile in a closed economy th e  investm ent ra te  is identical to  th e  national saving 

rate , in an  open economy some of th e  saving m ay be invested in foreign assets th rough  a 

current account surplus. Theoretically, over very long horizons a small country  may not 

hold a current account surplus or deficit as foreign assets or liabilities will explode. How-

ever, em pirical stylized facts show th a t th is horizon is beyond our long-run forecast. For 

exam ple, until 2003, Israel alm ost continuously carried a current account deficit for more 

th a n  20 years. Therefore, we will allow th e  investm ent ra te  (which is th e  relevant m easure 

for our dom estic o u tp u t concept) to  be different from th e  saving rate . However, given our
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long-term  horizon forecast we will assum e th a t factors, such as dem ographic structure , th a t 

effect th e  average saving ra te  will affect th e  investm ent rate: it will depend on dem ographic 

factors th rough  th e  dem ographic investm ent ra te  m odel block. In  addition one may use 

th e  general equilibrium  model block to  evaluate th e  effects of s truc tu ra l economic changes 

on th e  long-run investm ent rate.

T h e  d e m o g ra p h ic  in v e s tm e n t  r a t e  m o d e l b lo c k  (detailed in Section 3.4) describes 

th e  em pirical long-run relation between th e  aggregate investm ent ra te  and  th ree dem o-

graphic variables: th e  economy-wide Total Fertility  R ate, life expectancy a t b irth  and  the  

old (aged 65+) to  m iddle-age (15-64) dependency ra tio  (the forecast of th e  dem ographic 

variables is constructed  w ith in  th e  effective hum an capital model block). Demographic 

developm ents effect th e  investm ent ra te  th rough  two m ain channels. F irst, th e  longevity 

channel reflects th e  increase in life expectancy which, given th e  stickiness in actual re-

tirem ent ages, operates to  increase th e  saving ra te  during th e  working years. Second, the  

dependency channel reflects th e  g reater weight of elderly or children in th e  population 

reducing th e  average saving ra te  because there  is no income in those ages. In  addition, 

a high weight of dependent groups m ay reduce th e  saving ra te  of th e  working ages th a t 

need to  economically provide for th e  dependent ages. T he choices of th e  explanatory  dem o-

graphic variables, as well as th e  calibration of th e  coefficients, are based on th e  em pirical 

cross-country fixed effect panel estim ation in Li, Zhang, and  Zhang (2007) th a t covers 149 

countries over th e  period 1963 to  2003.

T h e  g e n e ra l  e q u i l ib r iu m  m o d e l b lo c k  (detailed in Section 3.5) solves th e  steady 

s ta te  of th e  economy (one variable of which is th e  investm ent rate) based on a micro-founded 

general equilibrium  (GE) m odel.1 Originally, th e  G E m odel was developed for th e  purpose 

of short-term  business cycle frequency analysis, w ith  th e  aim  of supporting  m onetary  policy 

decision m aking and  understanding  th e  m onetary  transm ission mechanism. However, the

1Bank of Israel’s general equilibrium model (MOISE). See Argov et al. (2012).
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dynam ic m odel was formed around th e  steady-sta te  solution of th e  model which depends 

on its fundam ental param eter values. Among th e  param eters th a t determ ine th e  steady 

s ta te  of th e  G E  m odel (which m ay be changed in order to  affect our m odel th rough  the  

investm ent ra te ) are: th e  physical capital depreciation rate; th e  home bias and th e  elasticity 

of substitu tion  in final goods; th e  term s of trade; th e  long-run share of exports in world 

trade; governm ent consum ption and various ta x  rates; various m arkups; and more. The 

baseline calibration of these param eters (m ainly taken  from Argov et al. (2012)) was set to  

replicate m ain m acro ratios of th e  Israeli economy during th e  sam ple period of 1995-2009.

In  th e  context of our long-term  grow th model, we employ th e  ability  of th e  G E  model to  

solve for th e  expected long run  economic ratios of th e  economy, and how they  are expected 

to  change in response to  modifications in th e  m odel’s s tru c tu ra l param eters. For th e  tim e 

being we exploit th e  G E m odel’s prediction of th e  effect of m acro changes in th e  economy 

(for exam ple, a perm anent increase in th e  capital depreciation ra te) on th e  long run  value 

of th e  investm ent to  G D P ratio  (investm ent rate). However, potentially  one m ay use the  

steady s ta te  solution to  quantify how m acro changes affect additional variables such as the  

labor input.

T h e  e ffe c tiv e  h u m a n  c a p i ta l  m o d e l b lo c k  (detailed in Section 3.2) aggregates the  

hum an capital of 84 popula tion  groups divided by gender, 5-year-age-group and religion: 

non-u ltra-O rthodox Jews (thereafter Jews or Jew ish), u ltra-O rthodox  Jews (thereafter O r-

thodox) and A rabs.2 Effective hum an capital of each group is defined by its labor input, 

hum an capital from effective education years (w ith an assum ption on th e  re tu rn  to  school-

ing) and from work experience. Labor inpu t depends on th e  popula tion  size of th e  group, 

its labor force partic ipa tion  rate , its unem ploym ent ra te  and  its average hours per worker.

To forecast th e  aggregate effective hum an capital we make detailed forecasts for each of 

th e  com ponents in each popula tion  group. T he forecast for each group specific com ponent is

2The model includes an additional cell of foreign workers which in Israel make up approximately 10% 
of the human capital in 2010.
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based on simple, pa rtly  ad-hoc, long-run reverting or between-group assim ilation equations 

w ith  a few s truc tu ra l economic relations. T he forecast for th e  popula tion  size of each 

group uses s tandard  dem ographic forecast m ethods w ith  exogenous assum ptions on the  

fertility  rate , th e  survival ra te  and net im m igration. For th e  forecasts of th e  com ponents 

of labor input and  average years of effective schooling we norm ally assum e for th e  Jewish 

group gradual convergence to  assum ed long run  values. For th e  O rthodox and A rab groups 

we norm ally assum e gradual convergence to  th e  economic characteristics of th e  parallel 

Jew ish group. T he speed of convergence is calibrated  w ith in  th e  model. However these 

convergence processes are subject to  a few economic relations. T he partic ipa tion  ra te  and 

hours per worker of women negatively depends on th e  groups’ age-specific fertility  ra te  as 

there  is a labor supply cost of childbearing. T he effective average years of schooling of each 

cohort negatively depends on th e  to ta l fertility  ra te  a t th e  tim e th a t th e  cohort was born. 

This captures th e  quality -quantity  tradeoff in raising children. T he te rm  effective years 

of schooling comes from our practice of correcting m easured actual years of schooling for 

schooling years th a t do not contribu te to  economic income from labor (m ainly we reduce 

religious study  years of th e  O rthodox men). Finally, th e  hum an capital from experience 

is an  inverted U -shaped function of th e  calculated average experience of each group. It 

depends on th e  group’s age net of average years of actual schooling and  years of arm y 

service. In th e  forecast we also negatively correct th e  experience for th e  en trance of new 

partic ipan ts in older th a n  norm al ages.

This block of th e  model was built on some previous works described in th e  literature. 

The concept of aggregating forecasts for th e  m entioned 84 Israeli population  groups in 

order to  produce long forecasts for G D P was already conducted in Geva (2013) and  B raude 

(2013) . W hile B raude (2013) concentrated  only on labor input, Geva (2013) accounted for 

effective hum an capital th rough  different average real wage of each group. Argov (2018) 

aggregated th e  forecasts of th e  average years of schooling of each group in order to  assess

7



th e  fu ture contribution of hum an capital from schooling to  long-run grow th.3 As in our 

model, in all th ree  of th e  m entioned papers th e  popula tion  forecasts are taken exogenously. 

B ut while they  took th e  popula tion  s truc tu re  d irectly  from Paltiel et al. (2012) , we use the  

underlying assum ptions of an  updated  version of th e  CBS population  forecast to  com pute 

our own dem ographic forecast. This leaves us th e  flexibility of using alternative assum ptions 

on th e  param eters determ ining th e  dem ographic forecast. In  addition, Geva (2013) , Argov 

(2018) and B raude (2013) do not allow for th e  economic effects discussed above. We take the  

s truc tu re  of th e  economic effects from Ashraf, Weil, and W ilde (2013) , who built a long-run 

sim ulation m odel calibrated  for Nigeria. The heart of the ir m odel is a disaggregated model 

for hum an capital w ith dem ographic effects on participation , schooling and  experience. 

Their model disaggregates th e  popula tion  only by age and gender. An additional similar 

sim ulation model, SEDIM, is described in Sanderson (2004) . An added value in the ir model 

is th a t th e  saving ra te  depends on th e  age s truc tu re  of th e  population. We introduce th is 

feature from a different setting  as discussed in th e  dem ographic investm ent ra te  model 

block. T he effective hum an capital block is also rela ted  to  th e  recent work in Cavalleri 

and G uillem ette (2017) who forecast th e  em ploym ent ra te  for O ECD  countries based on 

disaggregated groups while tak ing  th e  dem ographics as exogenous. T he m ain differences 

in the ir approach are th a t they  concentrate on th e  cyclically ad justed  em ploym ent ra te  

while we divided it into partic ipa tion  and unem ploym ent, and  th a t the ir group specific 

dynam ics are cohort-based while in our case it is age-based. We find th e  age-base to  be more 

convenient when th inking  of between groups- or international-convergence in partic ipa tion  

rates. In  addition, d a ta  breaks in th e  Israeli Labor Force Survey makes it hard, tem porarily, 

to  calculate recent cohort-based en try  or exit ra tes from em ploym ent. Finally, Cavalleri 

and G uillem ette (2017) , also include m acro policy effects on em ploym ent calibrated  based 

on recent O ECD  research.4 We leave th e  addition of such effects to  fu ture versions of the

3Our correction for effective years of schooling is taken directly from Argov (2018).

4Mainly Gal and Theising (2015) and Egert and Gal (2017).
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model.

T h e  T o ta l  F a c to r  P r o d u c t iv i ty  ( T F P )  m o d e l b lo c k  ( detailed in Section ) 

sim ulates th e  fu ture grow th ra te  of T F P  based on th e  "conditional convergence" concept. 

I t includes a world grow th com ponent and a com ponent th a t reflects th e  po ten tia l of each 

economy to  grow faster (or slower). The m odel draws on em pirical estim ates based on cross 

country d a ta  including b o th  developing and advanced economies. T he m odel includes two 

m ain equations. The first equation estim ates th e  initial po ten tia l level of labor p roductiv ity  

for each country, based on a cross country  regression of labor p roductiv ity  in 2010 on a 

group of fundam ental variables and  additional "policy variables". Among th e  fundam ental 

independent variables, we include geography, genetic diversity, and  ethnic characteristics 

. T he "policy variables" belong to  th ree  groups: Institu tions ("Doing Business" index, 

"Economic Freedom" index), In frastructu re  (quality of roads, com m unications infrastruc-

tu re) and  E ducation (in ternational tests, inequality in years of schooling). T he use of th is 

equation also allows us to  quantify  how th e  po ten tia l level of labor productiv ity  m ay change 

in th e  forecast horizon due to  changes in th e  "policy variables". The second equation de-

term ines th e  long-term  grow th ra te  of th e  global T F P  p a th  and  th e  speed of convergence 

tow ard th e  country specific po ten tia l labor productiv ity  p a th  th rough  T F P  growth. The 

param eter values of th is equation were estim ated  in a panel regression of 5-year grow th of 

T F P  on th e  in itial po ten tia l labor productiv ity  level (as estim ated  in th e  first regression) 

over th e  sam ple period of 1960 to  2010.

3 A  complete description of the model

In  th is section we detail th e  concept and equations of each of th e  five blocks of th e  model (the 

subsections are organized according to  th e  different blocks). In each subsection, following 

th e  description of th e  equations, we also provide th e  source of th e  param eter values to  be 

used in th e  baseline sim ulation.
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3 .1  T h e  u n ify in g  m o d e l

3 .1 .1  D e s c r ip t io n  o f  t h e  m o d e l

The aggregate production function is given by:

Yt =  At ■ F (K t , H t ) (1)

W here:

Yt is to ta l GDP.

A t is Total Factor P roductiv ity  (described in Section 3.3) .

K t  is physical capital.

Ht is to ta l hum an capital (described in Section 3.2).

We assum e a constant re tu rn  to  scale translog form which allows for substitu tion  elas-

ticities (governed by a )  to  differ over tim e

2)
Ht 

H t-1
ln

a t +  a t - 1
1 -

a / ץ > a ■+ a . - A  + +  +
=  ln

Yt
ln

Y t-1 )  \ At - 1 /  V 2 J  VK t - 1

where t  indicates tim e period of 1-year. Unless otherw ise s ta ted  th e  tim e interval 

between t  and  t  — 1 is 5 years.

To approxim ate th e  elasticities, we calibrate a t  as th e  share of G D P th a t is not earned 

by labor.5

Physical cap ital dynam ically evolves according to:

K t =  f i tY t  +  (1 -  St) K t-1  (3)

5 This production function is used in Penn World Table to calculate the TFP. It is equivalent to the 

regular Cobb-Douglas production function when a is constant. See Feenstra, Inklaar, and Timmer (2015).
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Because equation (3) involves dynam ic processes containing b o th  stock and  flow vari-

ables, it is evaluated on a 1-year tim e interval: th e  interval between t  and  t  — 1 is only 1 

year and  St is th e  (exogenous, tim e-varying) annual capital depreciation ra te .6 f i t is the  

fixed investm ent ra te  out of GDP. Since our m odel is for an open economy it does not 

necessarily equal th e  saving ra te  (as th e  current account serves as a buffer between th e  sav-

ing and investm ent rates). However, given our long-term  horizon forecast we will assume 

th a t factors, like dem ographic structu re , th a t effect th e  average saving ra te  will effect the  

investm ent rate . f i t  is assum ed to  evolve according to:

f i t =  (1 -  pfi) f i t - 1 + p f i f i t R (4)

where p fi is th e  5-year convergence rate . f i LR is th e  endogenous long-run fixed invest-

m ent ra te  to  which th e  economy evolves. It is com posed of th ree  com ponents: an  exogenous

constant level ( f i LR) which is based on historical average levels, accum ulated dem ographic

b  DEM
effects ( f i t ) such as th e  dependency ra tio  and  longevity th a t will be detailed in Sec-

tion  3.4, and, th e  effects of changes in s tru c tu ra l param eters (as th e  depreciation rate) as 

derived from th e  G E steady-sta te  model (see Section 3.5) :

r ״   ^  DEM -G E
f i t = f i  + f i t +  f  i (5)

3 .1 .2  B a s e l in e  c a l ib r a t io n

The param eterization  of th e  unifying m odel for th e  baseline forecast is described in Table 

1. We set th e  production  function in itial elasticity  of G D P to  physical capital (a) to  0.45, 

consistent w ith  th e  current labor share d a ta  of 0.55. We assum e th e  historical decreasing 

tren d  in th e  labor share will continue, and  reach 0.525 in 2065 (Panel A in figure 2) , m eaning 

capital elasticity  will increase to  0.475. We set th e  in itial depreciation ra te  (S) to  0.07, as

6 For running the equation within the model-wide 5-year interval, we log-linearly interpolate the devel-

opment of Yt within the 5-year period.
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im plicit in aggregate BO I net-cap ital stock data . We assum e th e  historical upw ard trend  

will continue and  reach 0.082 in 2065 (Panel B in figure 2) . For th e  case of th e  depreciation 

rate , we will use th e  s teady-sta te  G E  m odel to  quantify th e  offsetting effect: a depreciation 

ra te  increase will lead to  a parallel increase in th e  investm ent ra te .7

We set th e  exogenous fixed com ponent of th e  investm ent ra te  ( f i LR) according to  the  

average level of investm ent to  G D P - 19%. T he pro jected  level of th e  investm ent ra te  may 

change due to  changes in th e  long-run ra te  w ith  an assum ed convergence ra te  (pfi) of 0.2.

Table 1: P aram eter Values for Unifying M odel

P aram eter Value

C apital elasticity  int. ao 0.450

C apital elasticity  LR a T 0.475

D epreciation ra te  int. So 0.070

D epreciation ra te  LR ST 0.082

Save ra te  convergence pfi 0.200

Fixed inv. ra te  int. f io 0.190

Fixed inv. ra te  ex. LR f i LR 0.190

3 .2  T h e  m o d e l  for  a g g r e g a te  h u m a n  c a p ita l

Total hum an capital, H t , is com posed of Israelis (H ISR), and non-Israelis (H tFRN) which 

includes b o th  foreign workers and  Palestin ians working in Israel:

H t =  H l SR + H tFRN (6)

T he aggregate hum an capital of Israelis, H tlSR, is th e  sum  over th e  hum an capital of

various groups in th e  economy indexed by (a ,r ,s ) .  We divide th e  popula tion  according

to: 5-year age groups, a  2 (0 — 4, 5 — 9, ■■■ , 75 — 79, 80+); gender, s 2 ( M , W ); and

religion groups -  non-ultra-O rthodox Jews (thereafter Jews or Jewish), u ltra-O rthodox

Jews (thereafter O rthodox) and  A rabs -  r  2 ( J ,O ,A ) .  In to ta l, we have 84 working-age

7 We will not quantify the effect of the capital elasticity increase, as the Cobb-Douglas production 
function in the steady state GE model is not fit for quantifying changes in the capital elasticity parameter.
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Figure 2: Param eters of th e  Unifying M odel - A ctual and  Baseline A ssum ption

(15+) popula tion  groups and  18 additional under working-age population groups. The

effective hum an capital per-cap ita  of group (a, r, s ) in year t  is defined by the ir hum an

capital from effective years of schooling, h^a r s) t , hum an capital from work experience, 

h f  r s) t and the ir per-cap ita  labor inpu t (l(a.r.s).t ):

H I SR =  X  (hS־ ,r.s), ־ י  hf״ .r.s)., י W > )  N(7) ,.(,.,״ )
i

where:

N(a. r . s) is th e  popula tion  size of group (a ,r ,s ) .  The m atrix  N(a.r.s). 0 is an (exogenous) 

initial condition given by th e  estim ated  actual population  size in th e  point of departure. 

The m atrix  N(a,r. s). t is forecasted using s tandard  dem ographic forecasts m ethods discussed 

in Section 3.2.1.

Each groups’ per-cap ita  labor inpu t is com posed of th e  labor force partic ipa tion  ra te  

( L F P R (a.r.s).t), th e  unem ploym ent ra te  (UE(a.r, s) .t ), and hours per employed person (HO(a.r.s).t ):

1(a . r. s) .t L F P R (a.r.s).t 1) U י  E (a.r.s).t) י H O (a.r.s).t (8)

The m atrices L F P R ( a.r.s).0, UE(a.r, s) . 0 and H O (a.r.s).0 are exogenous initial conditions given
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by th e  d a ta  for th e  point of departure. Their forecast is discussed in Sections 3.2.2, 3.2.3 

and 3.2.4.

H um an capital from schooling of group (a , r׳׳, s) is determ ined by its average effective 

years of schooling (Y S C (a.r.s). t ):

hS =  e^(a;r;S) Y SC(a;r;s);t (9)
(a r s) t

where d(a.r.s) is a param eter representing th e  group-specific m acroeconom ic re tu rn  to  school-

ing. T he reference to  "effective" years expresses our practice of downward correcting the  

reported  years of schooling of u ltra-O rthodox  m en due to  the ir choice of religious Yeshiva 

studies th a t do not contribu te  to  the ir labor m arket ability. We replace the ir reported  years 

of schooling, which was approxim ately 16 years, on average, in 2011, by up to  10 years ac-

cording to  th e  calibration detailed in Argov (2018) . The forecast m odel for Y S C ( a.r.s)yt is 

discussed in Section 3.2.5.

H um an capital from experience is a quadratic  equation on years of labor experience:

h f  = e^EXP(a,r,s),t+^(EXP(a,r,s),t) (10)

where E X P ( a.r.s).t is th e  calculated average experience in group (a ,r ,s ) ,  and  th e  p ara -

m eters > 0 and ^  < 0 determ ine th e  re tu rns to  labor m arket experience.8 T he calculation 

and forecast of experience are discussed in Section 3.2.6.

For non-Israelis we assum e a sim ilar s truc tu re  as for each Israeli group:

H f r n  = eeFRNy s c f r n  ■ e<̂ EXPFRN+^ ( e x p f r n )2 ■ e m FRn  ■ HOFRN  (11)

T he first two com ponents of (11) are hum an capital from schooling and from experience, 

tak ing  th e  same s truc tu re  as in equations (9) and  (10) . EM^^RN and HOj^RN are the  

num ber of non-Israeli workers and the ir hours per worker, respectively.

Israel is characterized by a relatively large, by in ternational standards, share of non- 

Israelis in th e  labor force: in 2010 they  m ade up 9% of th e  workers in th e  economy and 7%

8 For calculating the experience we use the actual, rather than the effective, years of schooling.
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of to ta l hum an capital (given our baseline param eterization  for th e  re tu rn  to  schooling and 

experience). Nevertheless, our m ain m otivation for introducing non-Israelis in our model 

is due to  the ir historical increase of share, m ainly in th e  1990s (before 1980 they  m ade less 

th a n  6% of th e  workers ). D isregarding them  would upw ardly bias our historical m easures 

of Total Factor P roductiv ity  growth.

3 .2 .1  F o re c a s t in g  p o p u la t io n

In  order to  forecast population  we use s tandard  dem ographic forecasting m ethods.9 The 

grow th of popula tion  is determ ined by four basic exogenous variables: th e  initial level 

(N (a.r. s).t- 1), age- and religion-specific womens’ fertility, group-specific survival ra te  and 

net-m igration.

S te p  I: Population alive a t year t:

T he popula tion  of groups aged 5-79, th a t is a 2  f5  — 9,10 — 14,..., 75 — 79; g, alive at 

year t  is given by:

N (a.r.s).t N (a—1 .r.s).t—1 ■ S u r (a—1.r.s).t +  M ig (a—1.r.s).t (1 +  S u r (a—1.r.s).t) /2  for a 2  f5  79g

(12)

where Sur(a.r.s).t is th e  5-year survival ra te  of group (a, r, s) which is a years old, and 

M ig(a.rss).t is th e  net-balance of m igration during th e  5-years proceeding t.

T he popula tion  of groups aged 80+, th a t is a 2  f 80+; g, alive a t t:

N (80+. r. s). t =  N (75-79. r. s). t-1 ■ S u r  (75- 79. r. s). t +  N (80+ .r. s). t-1 ■ S u r  (80+. r. s) .t (13)

+ M ig (75+.r.s).t (1 +  S u r (75+.r.s).t) =2

S te p  II: Population born  between t — 1 and t:

9See chapter 3 in Shorter, Sendek, and Bayoumy (1995)
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Define:

as th e  average, group-specific, women a t po ten tia l childbearing age between t  — 1 and  t. 

T here are seven age-groups in th e  fertility-age: 15-19,...,45-49. T hen th e  num ber of b irths 

during th e  5-year cycle, for some religion-group r , is given by:

45-49

B (r).t =  5 ■ X /  (F(ar).t ■ W (a.r).t) (14)
a=15-19

where F(a. r).t is th e  age- and  time-specific fertility  ra te  (num ber of yearly b irths per woman). 

Finally, th e  num ber of 0-4 age population  by sex is given by:

where wg is th e  exogenous ra te  of girl b irth  and  Sur0)׳.r.s).t is th e  baby survival rate.

Let us define th e  Total Fertility  R ate  ( T F R (r).t ) of religion group r  in year t  as the

N (0—4 . r. s). t

num ber of expected children per woman (of religion r)  given th e  current fertility ra tes in 

year t . T h a t is:

45-49

(16)T F R (r).t =  ^ 2  F(a.r).t * 5/1000
a=15-19

3 .2 .2  F o re c a s t in g  la b o r  fo rc e  p a r t i c ip a t io n  r a t e

The general s truc tu re  of th e  dynam ic evolvement of th e  labor force partic ipa tion  rate, 

L F P R (a.r.s).t , for working-age groups (a 2 f 15 — 19,..., 8 0 + g , r, s) in tim e t  is:
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(1 -  K , % ) L F P R ia,rs).,-I +  P t:r% L F P R {R v )J  for s =  M

for s =  W
L F P R ia.r..),t ^ (1 _  ) [LFP R(״,r,+ ־   F (a.r)J -1 f

: + P t l : l , L F P R L Rr.,).t

(17)

E quation  (17) is a simple AR(1) process tow ard a group-specific long-run benchm ark 

value (L F P R L R  s) t ) to  be discussed below. T he 5-year speed of convergence param eter 

(eLars)t ) is age-, religion-, gender- and  cohort-specific:

~LFPR =  pLFPRin d LFPR (18)
P(a.r.s).t =  P(a.r.s) in d (c.r.s) (18)

where pLFPR 2 (0,1) is a m atrix  of age-, religion- and gender-specific param eters of con-

vergence, and indLFrPsR is a m atrix  of fixed 5-year cohort indicators, exogenously tak ing  

th e  value of 1 if cohort c is expected to  experience convergence in th e  partic ipa tion -ra te  

and 0 otherwise. A cohort, indexed by c is defined by its age (in 5 years intervals) in 

th e  forecast’s point of departu re  (t =  0), ra th e r th a n  its tim e varying age (a). To under-

stand  th is s truc tu re  let us look a t th e  following example: we generally assum e th a t the  

speed of convergence for O rthodox men (pLFP m )) is 0.15 for all ages. However, we also 

assum e th a t th is speed of convergence will apply only for cohorts th a t are aged below 35 

a t th e  forecast’s point of departu re  (t  =  0). O lder cohorts will not experience convergence

(indL(F>PRA.M) =  0 !  ~pLa,r,R t =  0 for a >  35 in t  =  0 )

For women (s =  W ), equation (17) also includes an  effect of changes in age-specific

fertility  (F(a.r).t ) in order to  cap ture th e  trade-off between raising children and partic ipa ting

in th e  labor force. The religion-specific param eter ccLF determ ines th e  child cost in term s

of labor force participation .

T he dynam ic process for th e  benchm ark value of partic ipa tion  ra te  (LFPR(ORr s) t ) of

th e  Jew ish group (r =  J ) is:
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ז  R P R —  — ILF P R (aRJ,s),<-1 for s = M  ( 9 ו )
L F P " ( “'J' ־')־  I  L F P R J ^  +  c c J  ( F j  -  F(aJ),<-0 for s =  W  (19)

In  (19) , we assum e a fixed level for th e  Jew ish men, while for women we assum e the

benchm ark level of partic ipa tion  changes according to  developm ents in age-specific fertility

(F(a,r),<)• However, we lim it the ir benchm ark ra te  to  th a t of men in th e  same age.

Figure 3: Labor Force Partic ipation  R ate, Israel vs. OECD, Ages 25-64, 2015

In 2015, th e  partic ipa tion  ra tes of most Jew ish age groups were high com pared to  OECD 

averages (Figure 3) . Therefore, we set th e  initial level of benchm ark rate , L F P R L R  s) <=0 

for m ost Jewish groups according to  ac tual partic ipa tion  ra tes a t th e  point of departure. 

However, as th e  existing gaps in partic ipa tion  ra tes between Jew ish men and women have 

been narrow ing in th e  past decades,10 for age groups between 30-59 we use th e  m ens’ actual 

ra te  for th e  w om ens’ benchm ark as well, to  facilitate fu ture convergence between gender 

groups (for o ther age groups, below 30 and above 59, we use th e  own group’s actual ra te  

a t th e  point of departure). Formally:

10See Figure 13.
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T F P R LR f  L F P R (a,J,M),t=0 f0r a 2 I ־ 34;-; 55 ־ 59 30 g (2n)
LF PR(a,J, s),t= ן 0  L F P R (aJs)t=0 for otherw ise  ( )

For O rthodox and A rab groups we set th e  benchm ark ra te  as th e  actual partic ipa tion  

ra te  of th e  parallel (age) Jewish group, corrected for levels of fertility  in th e  case of women:

L F p R LR =  f L F  P R (a,J,s),t—1 for S =  M i r  2 {O; Ag

R(a’r’s);t I  L F P R j t - 1 + ccLF (F(a,r),t -  F (a j) ,)  for s =  W ; r  2 {O, Ag

(21)

3 .2 .3  F o re c a s t in g  u n e m p lo y m e n t

The general s truc tu re  of th e  dynam ic evolvement of th e  unem ploym ent rate , UE(a,r,s),t , for 

working-age groups (a 2 {15 — 19,..., 80+g , r, s) in tim e t  is:

U E (a,r,s),t =  (1 — p’UaEr,s),t)U E (a,r,s),t-1 +  pUE,s),tUÊ (0R׳,s),t (22)

E quation  (22) is a simple AR(1) process tow ard a group-specific long-run benchm ark 

value (U E (LaRrs ) t ) to  be discussed below. The 5-year speed of convergence param eter 

(ppE s) t) is age-, religion-, gender- and  cohort-specific:

75UE = u״  e  in d UE
P(a,r,s), t P(a,r, s) n d (c,r , s)

where p^E  s) 2 (0,1) is a m atrix  of age-, religion- and gender-specific param eters of con-

vergence, and  ind|CE s) is a m atrix  of fixed 5-year cohort indicators, exogenously tak ing  the  

value of 1 if cohort c is expected to  experience convergence in th e  unem ploym ent ra te  and 

0 otherw ise (see discussion following equation 17 for an  exam ple). In general we will as-

sume th a t th e  speed of convergence is p roportional to  th a t of th e  Labor Force P artic ipation

block, and th e  cohort indicator is identical.

T he dynam ic process for th e  benchm ark value of partic ipa tion  ra te  (UEjLR, s) t ) follows:

U E LR =  f  U E (LaRr,s) ,t-1 for r  2 {Jg  (23)

UE(ars)־t I  UE(a ,J  s) ,t- 1  for r  2 { O ,A g  (23)
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In  (23) , we assum e a fixed level for th e  benchm ark unem ploym ent ra te  of th e  Jewish 

group (r 2 f Jg ). We set th e  in itial level of th e  benchm ark ra te  of th e  Jew ish group, 

UE(0R s) t=0 to  th e  actual unem ploym ent ra te  a t th e  point of departu re  (U E |a Js) <=0). For 

th e  O rthodox and A rab groups we set th e  benchm ark ra te  as th e  actual unem ploym ent 

ra te  am ong th e  parallel (age) Jew ish group.

3 .2 .4  F o re c a s t in g  h o u rs  p e r  w o rk e r

The general s truc tu re  of th e  dynam ic evolvement of hours per worker, H O (a,r,s),<, for 

working-age groups (a  2  f 15 — 19,..., 80+g , r, s) in tim e t  is:

׳ (1 ־  ~P?a°,.),t)HO(a,r,s),t-1 +  ? H  O g ^  for S =  M

H0|a,r,s),t = ־ ?(0 1) |  ,°*),t) [ J 0 ( a ״׳ ( -■ +  ( °  (F(a,r),t ־  F |a,r),t-1

: + ? H 0 faR.,*),t
(24)

E quation  (24) is a simple AR(1) process tow ard a group-specific long-run benchm ark 

value (H 0 (R r *) <) to  be discussed below. T he 5-year speed of convergence param eter 

(?(ar s) <) is age-, religion-, gender- and  cohort-specific:

e HO — ?HO
P(a, r, s), t — ?(a, r, s)in a (c, r, s)

where p(aOr s) 2  (0,1) is a m atrix  of age-, religion- and gender-specific param eters of con-

vergence, and  ind (C°s) is a m atrix  of fixed 5-year cohort indicators, exogenously tak ing  the  

value of 1 if cohort c  is expected to  experience convergence in th e  unem ploym ent ra te  and 

0 otherw ise (see discussion following equation 17 for an  exam ple). In general we will as-

sume th a t th e  speed of convergence is proportional to  th a t of th e  Labor Force P artic ipation  

block, and  th e  cohort indicator is identical.

For women (s — W ), equation (24) also includes an effect of changes in age-specific 

fertility  (F |a ,r), <) in order to  cap tu re  th e  tradeoff between raising children and  p u ttin g  in

for s — W
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hours a t work. The religion specific param eter ccy® determ ines th e  child cost in term s of 

hours per worker.

T he dynam ic process for th e  benchm ark value of hours per worker (HO(aRr s) t ) of the  

Jew ish group (r  =  J ) is:

H O LR =  I  H  O WR,.s),t-1 for s  =  M  (25)
H O (a,, ,s).t \  H O ״ ),,-! +  c״  (F״  -  FM f - 1 ) for s =  W  (25)

In  (25) , we assum e a fixed level for Jew ish men, while for women we assum e th e  benchm ark

level of hours changes according to  developm ents in age-specific fertility  (F(a.r). t). However,

we lim it the ir benchm ark level of hours to  th a t of men in th e  sam e age. We set the  

initial level of benchm ark rate , HO(0Rr s) t=0 to  th e  actual hours per worker a t th e  point of

dep artu re  (H O (a.r.s).t=0) .

For O rthodox and A rab groups we set th e  benchm ark ra te  as th e  actual hours per

worker of th e  parallel (age) Jew ish group , corrected for levels of fertility  in th e  case of

women:

H O LR f H O (a,J,,),t-1 for s =  M ; r  2 { ° ’A } (2R,

H O ^ . ‘ \  H O a , , ) t - 1  +  ccH°  (Far),. -  F״ ) for s =  W ; r  2  {O, (26)

3 .2 .5  F o re c a s t in g  e ffe c tiv e  y e a rs  o f  sc h o o lin g

In  general we assum e th a t m ost of schooling occurs up to  th e  age of 34, while th e  decision

of how m any years to  study  is taken between th e  ages of 25 and  34. The dynam ic equation

for average years of schooling, Y S C ( a.r.s), of th e  youngest working-age groups is: (a 2 

{15 -  19, 20 -  24g) is:

Y S C a r s ) . t  = ־ 1)   P ^ Z ) . t ) Y S C a r s ) . t - 1  +  pYZZ),tYSCLRr,.)t for a 2  {15 -  24} (27)
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E quation  (27) describes a simple AR(1) process tow ard a group specific benchm ark value 

(YSCLRr s) t ) to  be discussed below. T he 5-year speed of convergence param eter (jP(ars) t) 

is age-, religion-, gender- and  cohort-specific:

PYSC =  pYSC in d YSC 
P(a, r, s), t =  p (a , r, s)in d (c, r, s)

where ״ Y ^ s) 2  (0,1) is a m atrix  of age-, religion- and gender-specific param eters of con-

vergence, and  i n d Y fY  is a m atrix  of fixed 5-year cohort indicators, exogenously tak ing  the(c r s)

value of 1 if cohort c is expected to  experience convergence in years of schooling and  0 

otherw ise (see discussion following equation 17 for an exam ple).

T he equation for th e  "decision m aking ages" (a 2 {25 — 29, 30 — 34g) includes a cohort 

specific Joshi and  Schultz (2007) quantity-quality  effect (JS (cr),t ).

VQ C ,  X =  (1 P(a,r,s),t) \ Y SC(a,r,s),t- 1 +  {JS(a,r)t  JS(a,r)^1־ )j f j <־34 25
Y S C (a, r, s), t =  , -YSC  V Q r 1LR for a g־־ 34 25} 2 

+ P(a,r,s),tY S C (a,r,s),t

(28)

where th e  cohort specific Joshi-Schultz effect is determ ined by th e  religion groups’ Total 

Fertility  R ate  (T F R )  a t th e  tim e th a t th e  cohort was born  (a 2 {0 — 4g):

JS(a , r),t = (  jS  ' l n ( TFjS(r),j for a  2 {0 _  4g (29)
JS(a-1 ,r), t-1 for a  2 {5 — 9 ,..., 80+g

In equation (29) th e  param eter J S  technically normalizes th e  Joshi-Schultz effect to  be 

zero when T F R ( r),t =  J S , and  th e  param eter j s  determ ines th e  m agnitude of th e  effect of 

siblings on th e  fu ture num ber of years of schooling.

As for cohorts belonging to  older age groups (a 2 {35 — 29,..., 80+g), we assum e they

gradually  increase th e  num ber of years of schooling they  have acquired until th e  age of 34

tow ard th e  benchm ark rate:
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Y SC (0,r,s),< — (1 ־  P ^ ^ S C i a - i , r s ) , , - ■  +  ? E v -),<Y S C ^ . ,̂),< for a  e  {35 -  3 9 ,,,,,8 0 + }

(30)

N ote th a t here th e  au to  regressive com ponent, Y S C |a_■, r, s),<_■, is th e  cohorts’ previous 

period schooling ra th e r th a n  th e  age groups’ previous period schooling as in equations (27) 

and (28) .

We now tu rn  to  th e  benchm ark value for years of schooling (Y  SC((RR s) <). For Jews we

generally assum e th a t in th e  long run, cohorts characterized by T F R  — J S  a t th e  tim e of

b irth  will reach yscLR average years of schooling: 12 years before m andatory  arm y services

and an additional yscLR — 12 years directly following th e  service (in our baseline m odel we

set yscLR — 18). C ohorts characterized by higher T F R ,  and therefore a negative Joshi-

Schultz effect (see equation 29) , will have a lower benchm ark level for years of schooling:

(
M in  |a g e (a )  — 6; yscLR +  JS (a, J), <} for a  2 {15 — 19}

M in  {age(a) -  armyj,s  -  6; yscLR +  JS(a,j) ,<} for a  2 {20 -  34}

Y S C |aR1 ,j , s) ,t-1 for a  2 {35+ }

(31)

where age(a) is th e  average age of group a  (for exam ple age(15 — 19) — 17), and  a rm y r,s is 

th e  overall length of arm y service for religion group r  of gender s (Army service, conducted 

m ainly by th e  non-ultra-O rthodox Jew ish population s ta rts  a t age 18 and lasts for 2.5 to

3.5 years when we include a custom ary post-serv ice extended vacation). For th e  group 

aged 30-34, age(a) — a r m y Jss — 6 is a t least 22.5. Therefore according to  th e  second row in 

equation (31) th e  benchm ark ra te  will norm ally be determ ined by yscLR +  JS (a, J ) ,< since it 

is typically lower th a n  22.5. According to  th e  th ird  row of equation (31) th e  long run  ra te  

stays fixed for each cohort of age group 35-39.

H istorical d a ta  point to  similar p a tte rn s  between O rthodox and Jew ish women, where it 

doesn’t  seem th a t th e  O rthodox women are following th e  educational level of Jew ish women. 

Therefore, for O rthodox women, we adopt an  identical system  for th e  benchm ark value of 

years of schooling of th e  (Y SC(LRRO W) <) as th a t of th e  Jew ish population  as described in
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equation (31) .

We m odel th e  O rthodox men and A rab population groups’ (r 2 {U,Ag)  benchm ark 

average years of schooling so th a t it is equal to  th e  actual average years of schooling of 

th e  parallel Jew ish group, except for differences resulting from historical differences in the  

T F R  (through th e  J S  effect):11

< Y S C (a , j . s ).t-1 for a 2 ־ 19 15}  g ;r 2 { O , A g

Y S C (aRr .s).t = ־ 1) :   W) ■ Y S C (a . J .s).t - 1 + W ■ Y S C (a+1,J .s).t - 1 for a ־ 24 20} 2  g ; r 2 {O, Ag

[ Y S C (a ,  s) t 1 +  J S (a .r). t ־־ J S (a .J ). t for a 2 { 2 5  +  g ; r 2 {O, Ag

(32)

T he benchm ark ra te  for th e  20-24 age group is a weighted average between its parallel 

non-u ltra-O rthodox Jew ish group and  th e  actual years of schooling of th e  5-year older 

agegroup. This reflects th e  lack of arm y service in th e  A rab and O rthodox groups which 

m ay allow them  to  begin te rtia ry  education earlier. The relative weight on th e  older group 

is a function of th e  arm y service of th e  paralle l’s group: w  =  (a rm y , s — a rm y r .s)/5 .

3 .2 .6  C a lc u la t in g  la b o r  m a rk e t  e x p e r ie n c e

Since there  is no observation on labor m arket experience, it is custom ary to  use a simple 

age- and schooling-based calculation for experience:

Experience =  (age) — (actual years of schooling) — (years of arm y service) — 6

However, there are two com plicating issues th a t need to  be addressed: (1) for th e  actual 

years of schooling we need to  count all years, including those which are not effective in 

term s of labor m arket hum an capital; (2) we need to  account for cohort-specific increases 

in labor force partic ipa tion  (i.e., en trance of new, non-experienced, workers to  th e  labor 

force) which introduces an upw ard bias in th e  simple age- and schooling-based calculation 

of experience.

11For the sake of brevity we mark the group as r 2 {U, A} although it includes only the men of the 

Orthodox group.
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N o n e ffe c tiv e  y e a rs  o f  sc h o o lin g  T he u ltra-O rthodox  m en are characterized by non-

labor-m arket-effective years of schooling. T heir p rim ary  and secondary education system s 

include massive religious study a t th e  expense of core curriculum  (m athem atics, English 

and science). Moreover, they  a tten d  additional years of schooling in Yeshiva schools which 

offer prim arily  religious stud ies.12 These years of study  are formally recorded in th e  Labor 

ForceSurvey as regular years of study. W hen constructing our d a ta  for effective years of 

schooling, Y S C , which affects th e  hum an capital from schooling (h^a r s) t ), we correct for 

th is bias by lim iting th e  O rthodox m ens’ years of schooling to  10 years.13 However, it 

is th e  actual, ra th e r th a n  th e  effective, years of schooling th a t determ ines th e  w orker’s 

labor m arket experience (given th a t studen ts do not work during effective and noneffective 

studies).

For th e  purpose of calculating labor m arket experience, we define th e  actual years of 

schooling (Y S C ( ^  s) t ), reported  in th e  original data , by:

YSCACts s) , t =  YSC (a  , r, s) , t +  Y S C ^ r ,  a) , t (33)

where Y S C ( a,r,s),t is th e  effective years of schooling and  Y SC^X׳  s) t is th e  ex tra  (noneffec-

tive) years of schooling.14 The dynam ic forecast m odel for ex tra  years of schooling simply 

assumes th a t th e  reduction in non-effective schooling, to  th e  ex tent th a t it exists, will follow 

th e  convergence process in effective years of schooling:

(34)

Y  ext (  (1 -  e a S C s ^ Y S C ^ s .),t_1  +  eYSC s).YSC ^s)  for a e { 1 5  -  34}

{ar,s)'1)1 - יי   eY iC s)P Y SC {*  1 r_s) f _1 +  e Y a Z t Y S Y s ■ ,  for a 2  {35+ g

 TrCXt
where Y S C ^  s) is a religion- and  gender-specific long-run value of ex tra  (non effective)

:ext
years of schooling. In th e  baseline forecast we set Y S C (r s) =  0 for all groups. T he group

12We identify individuals in the Labor Force Survey as ultra-Orthodox if their, or their family member’s, 

last educational institute was a Yeshiva school.

13For details on this calibration see Argov (2018)

14 The equations are written in general form and not only for the ultra-Orthodox men.
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and cohort-specific speed of convergence, ?(a r s ) t , is th e  same as in th e  dynam ic process 

for years of schooling (section 3.2.5) . Notice th a t for age groups younger th a n  35, th e  AR 

process is on th e  previous period group of th e  same age, Y S C ((<r s) <_■ w hereas for older 

age groups, th e  process is on th e  same cohort’s previous period ex tra  years of schooling - 

YSC((Xl■ r s) <_■; ju s t as in th e  processes for effective years of schooling.

Given th is correction, th e  calculation for average experience, E X P |a,r,s) ,t , of th e  young 

working-age groups (a 2 {15 — 29}) is given by:

M a x (a g e (a )  — YSCA(c1: s) < — 6; 0^ for a  2 {15 — 19}
> |a,r,s) ' '  x (35)

M ax  (age(a) — Y  S C ^ r s) < — a rm y r,s — 6; 0 j for a  2 {20 — 29}

where age (a) is th e  average age of group a, and  a rm y r, s is th e  overall length of arm y 

services for religion group r  of gender s (details appear after equation 31) . Since experience 

m ay not be negative, we bound th e  calculation by zero.

In c re a s e s  in  la b o r  m a rk e t  p a r t i c ip a t io n  T he simple age- and schooling-based calcu-

lation of labor m arket experience does not take into account th a t increases in prim e age 

(+30) partic ipa tion  ra tes m eans th a t new workers enter th e  labor force w ith  low experience 

and therefore reduce th e  age-group’s average years of experience. This issue is particu larly  

relevant if we assum e th a t convergence in labor force partic ipa tion  ra tes (between religion 

groups) occurs a t all working ages, and  not only th rough  th e  young-age new en tran ts. There 

is no exact way of calculating and  sim ulating th is effect, however we do take it into account 

in th e  forecasting process by following each cohort’s average labor force partic ipa tion  ra te  

as of age 25. Increases in a cohort’s average over tim e m eans there  are new en tran ts  w ith 

low experience.

Formally, th e  average experience, E X P (a, r, s) ,t , of th e  older prim e age groups (a 2 {+30}) 

is a weighted average of th e  regular age- and  schooling-based calculation (as in equation 

35) and  2.5 years (which reflects th e  average experience of new en tran ts  during th e  5-year
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cycle):

E X P (a .r.s).t =  ( ־ 1  wnaWs).t)  {a9e(a) -  Y S CfaCtr.s).t ־  a r m yr.s 6 ־ )  +  s).t ■ 2■5 for a  2 {+ 30g

(36)

The weight for new en tran ts  is defined by:

( L F P R ( 25+)hif t ! ד 

־ ־ ־ ^ י = j -  MiH 37) ף )

where L F P R ^ ^ l ^ t 1 is th e  (a,r, s) cohort’s average partic ipa tion  ra te  as of age 25:

L F P R (a + J)T  =  M ean (LFPR(a.r .s).t, L F P R ( a - 1 .r.s).t-1 , ■■■, L F P R ^ . r .s).t - i ) for (a -  i) > (25 -  29)

(38)

T he idea behind w™™s) t is th a t out of a g roup’s current partic ipa tion  ra te  (L F P R (a.r. s). t ), 

th e  cohort’s average historical ra te  (L F  P  t_-\) has partic ipa ted  since th e  end of their

schooling years, and  th e  rest are new partic ipants. We use th is logic only when th e  cohort’s 

current partic ipa tion  ra te  is higher th a n  th e  average (L F P R (a.r.s).t — LFPR^a+i^s't^-y > 0).

W hen it is as below, i.e., th e  cohorts’ partic ipa tion  ra te  is on a downward path , we assume 

it is th e  less experienced workers th a t left th e  workforce and therefore th e  regular age- and 

schooling-base calculation applies.

3 .2 .7  In i t ia l  d a t a  fo r  t h e  b a s e lin e  s im u la t io n

The initial disaggregated d a ta  for th e  sim ulation of th e  hum an capital m odel is mainly 

based on th e  2015 Labor Force Survey (LFS). From th e  individual level d a ta  we con-

struc t initial average d a ta  m atrices for th e  labor force partic ipa tion  ra te  ( L F P R (a.r. s). 0), 

th e  unem ploym ent ra te  (UE(a.r.s).0), actual weekly hours worked per employed person 

(HO(a.r.s).0), effective years of schooling (Y SC(a.r.s).0) and  ex tra  non-effective years of school-

ing (Y SC(ar s) 0). T he m atrices consist of 84 population cells divided by 5-year age groups, 

a 2  (0 — 4, 5 — 9, ■ ■ ■ , 75 — 79, 80+); gender, s 2 (M , W ); and  religion groups -  non-u ltra-

O rthodox Jews (hereinafter Jews or Jew ish), u ltra-O rthodox  Jews (hereinafter O rthodox)
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and A rabs -  r  2 (J, O, A). Historically, th e  LFS d idn ’t  include a question on th e  level of 

religion which could directly  identify u ltra-O rthodox  Jews. We therefore indirectly identify 

them  by individual Jews for which a Yeshiva was th e  last school for them  or for one of 

the ir family members. An alternative d a ta  set which allows direct identification of u ltra -

O rthodox Jews is th e  Social Survey, last available in 2014. This survey was also th e  basis 

for th e  long-term  dem ographic forecasts m ade by th e  C entral B ureau of S tatistics. However 

th e  Social Survey does not include labor force sta tistics which are th e  bread  and b u tte r  

of our grow th model. For com parison, in th e  CBS dem ographic forecast’s po int of de-

partu re , 8.2% of th e  2015 working age (15+) popula tion  were u ltra-O rthodox  Jews. O ur 

identification from th e  LFS points to  a som ew hat lower share of 7.1%.

T he initial population  m atrix  (N (a,r,s),0) is also derived from th e  2015 LFS which gen-

erally records individuals in th e  working age population (15+). We construct initial d a ta  

on th e  younger groups th rough  th e  question on th e  surveyed individuals’ children.

For th e  Joshi-Shultz effect we need historical estim ates of th e  to ta l fertility  ra te  T F R ( a,r),0 

For A rab women we use d a ta  from th e  CBS’s A nnual D ata  (from th e  years 2012-16) and for 

Jew ish u ltra-O rthodox  and non-u ltra-O rthodox women we use estim ates from  an updated  

database  of Hleihel (2011) . For th e  sim ulation of average experience we need historical 

estim ates of cohort average labor force partic ipa tion  ra tes (L F  P  ). These are con-

structed  from th e  LFS between 1987-2015.

3 .2 .8  B a s e l in e  p a r a m e te r  c a l ib r a t io n

The param eter sets for th e  hum an capital model include th ree m ain groups - (1) general 

group-independent param eters (Table 2) , (2) age independent param eters (Table 3) , and 

(3) group dependent param eters (Tables 4 and 5) .

For th e  popula tion  forecast we adopted  th e  assum ptions from th e  CBS’s 2016 dem o-

graphic forecast (m edium  scenario).15 Specifically, we used th e  assum ptions on th e  ra te  of

15The 2016 forecast is an updated version of Paltiel et al. (2012).
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girl b irth  (wg), th e  tim e-varying group specific survival-rate (S u r (a, r , s), <), th e  fertility-rate 

(F |a, r) ,<) and  net-m igration (M ig (a,r, s), <). The assum ptions on th e  fertility  ra te  transla te  

into th e  Total Fertility  R ate  of non-ultra-O rthodox Jew ish women rem aining stable a t 2.5 

b irths per woman until 2040, after which it gradually  decreases to  2.3. A gradual downward 

T F R  p a th  is assum ed for u ltra-O rthodox  women (from 6.7 to  5.2 in 2065) and A rab women 

(from 3.1 to  2.3 in 2065). Based on historical averages, th e  annual num ber of net m igrators 

(M ig)  is assum ed to  rem ain 21,800 until 2035, after which it will gradually  decrease to  

zero. M ost net m igrators belong to  th e  Jew ish religion group.

For th e  forecast of hum an capital from schooling we assum e th e  general level of long 

run  num ber of years of schooling (yscLR) is 18. Though th is num ber seems extrem ely 

high, our calibration of convergence ra te  ensures it is not nearly reached in th e  forecast 

horizon (in 2065, th e  average years of schooling of young Jews is forecasted to  be 16 years—  

approxim ately 0.8 years more th a n  th e  2015 figure). As detailed in Section 3.2.5, th e  long- 

and short-run  num ber of years of schooling negatively depends on th e  groups’ T F R  a t 

th e  tim e of b irth  (quality -quantity  trade-off). The calibration of th e  param eter T F R  is 

a norm alization indicating th a t th e  long-run years of schooling will be lower th a n  18 if 

T F R  >  2.1. T he m agnitude of th e  effect of T F R  on th e  expected years of schooling (both  

in th e  short- and long-run) is governed by j s .  For its calibration we use th e  results from 

Joshi and  Schultz (2007) , who analyzed a random ized intervention in M atlab, Bangladesh. 

They found th a t a T F R  reduction of 15%, resulting from th e  intervention, led to  an increase 

of 0.52 years of schooling (i.e., j s  — 0.52/0.15). Following Argov (2018) we calibrate the  

re tu rn  to  schooling of all groups (0) to  8% -  a value in line w ith  b o th  m acro and micro 

estim ates.

T he calibration of th e  experience effect on hum an capital (0 and  0 )  is taken  from 

Friedm an and Zussm an (2009) which estim ated  micro level wage regressions for Israel.

T he annual expansion ra te  of foreign workers (gFRRN) is assum ed be 1%. Based on 

historical estim ates, each foreign worker is assum ed to  work 45 hours per week. Foreign
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workers are assum ed to  have th e  hum an capital equivalent of 8 years of schooling and 18 

years of experience.16

Table 2: G eneral P aram eter Values for H um an C apital Model

P aram eter Value

R ate  of girl b irth wg 0.49

Net m igration (avg.) M ig 17,036

Long-run YSC yscLR 18

T F R  benchm ark for JS T F R 2.10

T F R  effect on YSC j s 3.47

R etu rn  to  schooling Q 0.080

R etu rn  to  experience 0 0.052

R etu rn  to  experience (sqr.) V’ -0.001

FR N  grow th ra te nFRN
gEM 0.010

FR N  hours per worker h o f r n 45

FR N  equivalent years of schooling Y S C F R N 8

FR N  equivalent experience E X P FRN 18

We now tu rn  to  th e  group specific bu t age independent param eters in Table 3. We 

assum e a negative effect of childbearing on labor m arket partic ipa tion  and  hours per-worker 

governed th rough  th e  religion-specific param eters cc^  and  ccRr° . For Jew ish women, we 

calibrate a cost in line w ith  th e  finding in Bloom et al. (2009) for developed economies 

th a t a m arginal child reduces 4.4 years of labor supply. We assum e half of th is effect works 

th rough  partic ipa tion  and half th rough  hours per-w orker.17 For u ltra-O rthodox  women, 

characterized w ith  much higher fertility  rates, th e  cost of a m arginal child should be lower 

due to  economies of scale in child-rearing. We use th e  calibration from Ashraf, Weil, and 

W ilde (2013) of half a year cost which was ta rge ted  for a sim ulation for Nigeria. For the  

A rab population, which has an in term ediate level of T FR , we use a cost of 2.5 years. Once

16Although non-Israeli workers are generally younger, and therefore less experienced than the average 
Israeli worker, we set the foreign workers’ experience equal to the average Israeli worker. In doing so we 

folded all of the foreign workers lower productivity into the calibration of their years of schooling.

17Accordingly, c c J  = 0.5 * (—4.4) = —2.2 and c c J  = 0.5 * (—4.4) * (32/0.85) = —82.8 when using the 

actual average of 32 weekly working hours and 0.85 employment rate for Jewish women as a measure of 

normal employment in terms of hours.
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again, for b o th  groups we split th e  cost equally between partic ipa tion  and hours per worker 

(while using th e  actual average weekly hours ad justed  for th e  em ploym ent ra te  of women 

as a m easure of norm al work hours).

T he length of arm y service (arm y r;s) for Jewish men and women is set to  3.5 and

2.5 years, respectively, which includes b o th  th e  actual length of service and a 1 /2  year 

custom ary tr ip  following th e  service. In  general, th e  O rthodox and A rab populations do 

not conduct proper arm y service. E x tra  non-effective years of schooling ( Y S C (r s)) are 

assum ed to  be zero in th e  long-run for all popula tion  groups (including u ltra-O rthodox 

men for which the ir in itial ex tra  years of schooling reaches up to  6.7 years).

Table 3: Age Independent P aram eter Values

P aram eter

Men

Jews

W omen

U ltra-O rthodox 

Men W omen

A rabs 

Men W omen

Child tim e cost - partic ipation r r LF
(r) - -2.20 - -0.25 - -1.25

Child tim e cost - hours rrHO
r r (r) - -82.8 0.0 -8.0 0.0 -86.1

Arm y service length army(r , s) 3.5 2.5 0.0 0.0 0.0 0.0

LR Non-effective YSC
T/־ Q
Y S C (r s) 0.0 0.0 0.0 0.0 0.0 0.0

T he group specific convergence in labor m arket variables (L F P R (a , r , s), UE(a,,r,s), H O (a r s)

and Y SC (a  r  s)) are m ainly determ ined by th e  speed of convergence param eters (p(a r s)) and 

th e  cohort indicators (ind(c r s)) for which a value of 1 indicates th a t th e  group is in a conver-

gence process (see for exam ple equations 17 and 18 for th e  partic ipa tion  rate). We followed 

two general guiding rules in calibrating th e  speed of convergence param eters. F irst, we 

tried  to  m ain tain  consistency in th e  calibration between labor m arket variables or between 

different groups w ithin th e  same variables. Second, we closely inspected historical and 

resulting sim ulated group specific labor m arket variable figures in order to  set convergence 

ra tes th a t are in line w ith  historical developm ents in th e  groups’ convergence. Such graphs 

are available in A ppendix A . We are aware th a t various changes m ade in th e  LFS as of 

2012 resulted in a d a ta  break. W hen inspecting how detailed labor force d a ta  developed
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over tim e in th e  past, one should be aware of th is d a ta  break  which makes it difficult to  

assess w hether historical convergence continued in th e  m ost recent past. For th is reason, 

th e  historical d a ta  in th e  figures of A ppendix A are broken between 2011 and 2012.

We assum e th a t th e  Jewish w om ens’ partic ipa tion  ra te  will continue to  converge to  th a t 

of Jew ish men so th a t 35% of th e  gap will be closed each 5-year period (see Table 4) . In 

addition, we assum e between sector convergence will also occur, bu t a t a m oderate pace: 

th e  U ltra-orthodox m en and A rab groups’ convergence ra te  to  the ir Jew ish coun terparts is 

set to  0.1. Moreover, for O rthodox m en and A rab women convergence will occur only for 

cohorts th a t in th e  year of departu re  were aged younger th an  30 (O rthodox men) and 45 

(A rab women). O lder cohorts will keep th e  in itial year’s age-specific partic ipa tion  rate . As 

for O rthodox women, who showed significant increases of partic ipa tion  ra tes in th e  past, 

we calibrate a faster speed of convergence of 0.25.

For th e  unem ploym ent ra te  and hours per worker we assum e th e  convergence ra te  for 

all groups will be 1/2 of th e  convergence ra te  for th e  partic ipa tion  ra te  (p^E s) =  pHaOr s) =  

״0.5 LaFrPsR), w ith  a sim ilar s truc tu re  of cohort convergence indicators.

For young Jews and O rthodox women we assum e th e  average years of schooling will 

close in each 5-year period 5% of th e  gap between th e  actual and th e  assum ed long-run 

years of schooling (see Table 5) . Young (25-34) u ltra-O rthodox  m en and A rabs will close 

in each period 40% and 20%, respectively, of th e  gap between them  and the ir counterpart 

non-u ltra-O rthodox Jews. Age groups between 35 and 64 will gradually  close th e  gap 

between th e  num ber of schooling years th e  cohort has studied until th e  age of 34 and the ir 

group specific long run  or benchm ark rate.

3 .3  A  m o d e l  for  T F P

This p a rt of th e  model generates th e  forecast of th e  grow th ra te  in Total Factor P roductiv ity  

(TFP, At ). To do so, we employ an econom etric cross-country "conditional convergence" 

model. T he details of th e  model, including th e  conceptual background, th e  s truc tu re  of the
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Table 4: P aram eter Values for Labor Force Partic ipation  R ate  Convergence

Jews U ltra-O rthodox A rabs

Men W omen Men W omen Men W omen

Age group Variable , nLFPR 
P(a r s)

15-19 0.02 0.02 0.10 0.00 0.10 0.10

20-24 0.02 0.02 0.10 0.00 0.10 0.10

25-29 0.02 0.02 0.10 0.25 0.00 0.10

30-34 0.35 0.35 0.10 0.25 0.10 0.10

35-39 0.35 0.35 0.10 0.25 0.10 0.10

40-44 0.35 0.35 0.10 0.25 0.10 0.10

45-49 0.35 0.35 0.10 0.25 0.10 0.10

50-54 0.35 0.35 0.10 0.25 0.10 0.10

55-59 0.35 0.35 0.10 0.25 0.10 0.10

60-64 0.60 0.60 0.10 0.25 0.10 0.10

65-69 0.60 0.60 0.10 0.25 0.10 0.10

70-74 0.60 0.60 0.10 0.25 0.10 0.10

75-79 0.60 0.60 0.10 0.25 0.10 0.10

80+ 0.02 0.02 0.10 0.25 0.10 0.10

Cohort Variable: inrfLFPR 
in a (c,r, s)

15-19 1 1 1 1 1 1

20-24 1 1 1 1 1 1

25-29 1 1 1 1 1 1

30-34 1 1 0 1 1 1

35-39 1 1 0 1 1 1

40-44 1 1 0 1 1 1

45-49 1 1 0 1 1 0

50-54 1 1 0 1 1 0

55-59 1 1 0 1 1 0

60-64 1 1 0 1 1 0

65-69 1 1 0 1 1 0

70-74 1 1 0 1 1 0

75-79 1 1 0 1 1 0

80+ 1 1 0 1 1 0
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Table 5: P aram eter Values for Years of Schooling Convergence

Jews U ltra-O rthodox A rabs

Men W omen Men W omen Men W omen

Age group Variable • nYSC 
' fJ(a.r.s)

15-19 0.00 0.00 0.40 0.00 0.15 0.15

20-24 0.00 0.00 0.40 0.00 0.20 0.20

25-29 0.05 0.05 0.40 0.05 0.20 0.20

30-34 0.05 0.05 0.40 0.05 0.20 0.20

35-39 0.03 0.03 0.03 0.03 0.03 0.03

40-44 0.03 0.03 0.03 0.03 0.03 0.03

45-49 0.03 0.03 0.03 0.03 0.03 0.03

50-54 0.03 0.03 0.03 0.03 0.03 0.03

55-59 0.03 0.03 0.03 0.03 0.03 0.03

60-64 0.03 0.03 0.03 0.03 0.03 0.03

65-69 0.00 0.00 0.00 0.00 0.00 0.00

70-74 0.00 0.00 0.00 0.00 0.00 0.00

75-79 0.00 0.00 0.00 0.00 0.00 0.00

80+ 0.00 0.00 0.00 0.00 0.00 0.00

Cohort Variable: in d YSC 
in a (c,r. s)

15-19 1 1 1 1 1 1

20-24 1 1 1 1 1 1

25-29 1 1 1 1 1 1

30-34 1 1 0 1 1 1

35-39 1 1 0 1 1 1

40-44 1 1 0 1 1 1

45-49 1 1 0 1 1 1

50-54 1 1 0 1 1 1

55-59 1 1 0 1 1 1

60-64 1 1 0 1 1 1

65-69 1 1 0 1 1 1

70-74 1 1 0 1 1 1

75-79 1 1 0 1 1 1

80+ 1 1 0 1 1 1
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model and th e  econom etric estim ations, are described in a com panion paper - T su r and 

Argov (forthcom ing) . Here, for th e  sake of brevity, we will lay out only th e  p arts  relevant 

to  our forecast m odel and its param eterization.

T he T F P  m odel is built from th ree equations. T he first equation determ ines th e  5-year 

grow th ra te  of T FP :

A a t =  aa +  pGapy_ 1 +  At (39)

where a t =  log(At) and  A  is th e  5-year difference operator. T he grow th ra te  of T F P  is 

determ ined by th e  global frontier grow th ra te  param eter, ag, and  th e  initial labor produc-

tiv ity  gap (Gapvt_ 1 =  yt_ 1  — yt_ 1 )—th a t is, th e  gap between th e  country specific po ten tia l 

labor p roductiv ity  (yt_ 1 ), to  be detailed below, and th e  actual one yt_ 1 . The inclusion of 

th is gap generates th e  conditional convergence process in which countries th a t are initially 

below the ir own po ten tia l will grow faster th a n  th e  global frontier grow th ra te  th rough  the  

T F P  com ponent. T he speed of convergence is set by th e  param eter p. In  addition, we 

include in th e  equation an exogenous tem porary  shock to  T F P  grow th At . T he dynam ic 

process for th e  labor productiv ity  gap is:

G apy =  Gapyt_1  +  A y  -  ^  A a t

where A yt - is th e  log difference in country  specific po ten tia l labor productiv ity  (in term s 

of G D P per worker); T he last te rm  in th e  equation reflects th e  actual increase in labour 

p roductiv ity  th a t is driven by increases in T F P .18

T he th ird  equation describes th e  dynam ic evolvement of th e  country specific po ten tia l 

level of labor p roductiv ity  (y) as a function of changes in fundam ental- and  policy-effected 

variables:

18Given the endogeneity of the capital stock, a 1% increase in TFP leads in the long run to a %

increase in labor productivity.
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A y t =  I -------- ) ag +  b1A F u n a e m e n ta ls t +  b2A P o lic y t +  et (40)
V1 ־  a )

where F u n d e m e n ta ls t is a set of country  level fixed fundam ental a ttr ib u tes  such as 

geography, culture and luck;19 P olicyt is a set of changeable, possibly by m eans of policy, 

variables; et is a perm anent shock to  th e  level of po ten tia l labor productivity. According 

to  equation (40) , given th a t policy or fundam ental variables rem ain unchanged, th e  po ten -

tia l level of productiv ity  grows over tim e according to  th e  global frontier grow th in TFP, 

adjusted  th rough  th e  fraction ( !z ^ )  to  its dynam ic long-run effect on labor productivity.

To com plete th e  description of th e  T F P  m odel we need to  explain how we derive the  

initial labor productiv ity  gap (Gap0) and th e  param eter estim ates of equations (39) and 

(40) . These are derived from cross country econom etric estim ations.

T he initial level of country  specific productiv ity  gap as well as th e  b param eters are 

derived from cross country  regressions of th e  (log) level of labor productiv ity  (G D P per 

worker) on a set of fundam ental and policy affected variables for th e  years t=1965, 1970,...,2010:

yi.t =  & +  Pt 1F u n d e m e n ta ls i +  ftt 2P olicy it +  ei.t (41)

T he full d a ta  set includes approxim ately 70 developing and advanced economies (in-

dexed by i), 42 of them  w ith  G D P per cap ita  above 5000$ (among them  Israel).

T he fundam ental variables included are taken from a variety of studies th a t explored the  

deep roots of growth, as organized in A shraf and Galor (2013) : (1) N e o li th ic  t r a n s i t io n  

is th e  num ber of years (in thousands) th a t elapsed since agriculture becam e th e  prim ary 

m ode of subsistence; (2) A ra b le  la n d  is th e  fraction of to ta l land area th a t is arable, as 

reported  by th e  W orld B ank’s W orld Developm ent Indicators; (3) P o p u la t io n  in  t r o p ic a l  

is th e  percentage of a coun try ’s 1995 popula tion  th a t lives in tropical areas; (4) D is ta n c e  

to  w a te rw a y  is th e  average across th e  grid cells of a country, in thousands of km, from

19Although these variables are fixed, we mark them by under-script t in order to allow us to conduct a 
purely hypothetical simulation for GDP had one of the fixed attributes would be different.

36



Table 6: Regression E stim ation  R esults for T F P  Model

(1) .
D ependent variable:

Log of G D P p e r worker in  2010 

(P P P  ad justed )

(2)

D ependent variable: 

5-year T F P  grow th

V ariable Avg. C oefficient1 V ariable Coeff cient

N eolithic tran s itio n 0.113 Lagged prod. G ap 0.0438***

(0.0146)

A rable land -0.156

D um m y for years:

P o p u la tio n  in  trop ica l -0.428

1976-1980 0.0783***

D istance to  w aterw ay 0.065 (0.0215)

1981-1985

O P E C  dum m y 0.4505

1986-1990 0.0781***

G enetic d iversity -1.484 (0.0207)

1991-1995 0.0712***

G enetic d iversity  sq ’ 2.501 (0.0207)

1996-2000 0.0704***

E th n ic  frac tionalization 0.073 (0.0207)

2001-2005 0.0627***

D oing business 0.010 (0.0207)

2006-2010 0.0384*

Econom ic freedom 0.002 (0.0207)

C onstan t -0.0441***

R oads quality 0.197 (0.0149)

School grades 0.009 O bservations 279

R -squared 0.084

P hones p e r cap ita 0.252

E du ca tio n a l inequality -0.142

C onstan t 6.553

Religon controls Yes

S ta n d ard  errors in  paren theses

*** p< 0 .01 , ** p< 0 .05 , * p< 0 .1

1 T he average estim ates are based  on 8 regressions w hich are different com binations 

of th e  listed  variables.
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an ice-free coastline or sea-navigable river; (5) O P E C  d u m m y  equals 1 for countries 

th a t are mem bers in th e  O rganization of th e  Petroleum  E xporting  Countries; (6) G e n e t ic  

d iv e rs i ty  is th e  expected heterozygosity (genetic diversity) as predicted  by m igratory 

distance from E ast Africa (A shraf and  G alor (2013));(7) E th n ic  f r a c t io n a l iz a t io n  is the  

probability  th a t two random ly selected individuals, will belong to  different ethnic groups; 

(8) R e l ig io n  c o n tro ls  include variables th a t represent th e  share of M uslims, th e  share of 

Catholics and th e  share of P ro testan ts  in th e  country.

As for th e  policy variables, we include two from each of th e  following th ree  groups - (a) 

institu tions, (b) in frastruc ture and  (c) education. (a-1) D o in g  b u s in e s s  is th e  country’s 

"D istance to  Frontier" in th e  W orld B ank’s indicator which m easures th e  easiness of doing 

business in several areas; (a-2) E c o n o m ic  F re e d o m  is an  index th a t covers 12 areas, such 

as p roperty  rights and financial freedom, in 186 countries since 1970 (b-3) D ata  on th e  

q u a l i ty  o f  ro a d s  - a principal com ponent of indicators for th e  quality  of roads, based on 

indices taken  from th e  "In ternational Road Federation". (b-4) d a ta  on c o m m u n ic a t io n  

in f r a s t r u c tu r e s  - m ain telephone lines and mobile phones per 1000 workers, as published 

by th e  W orld Bank, based on th e  In terna tional Telecom m unications Union; (c-5) D ata  

on th e  quality  of education: T e s t sc o re s  for th e  years 1995-2010, standard ized  over 

tim e, across subjects (M ath, Reading and  Science), across schooling levels, and across 

various in ternational and regional assessments. These d a ta  will be obtained from th e  W orld 

Bank, based on a study by A ngrist, Patrinos, and  Schlotter (2013) . (c-6) I n e q u a l i ty  in  

e d u c a t io n  is represented by Gini coefficients of education provided by Ziesemer (2016) for 

146 countries for th e  years 1950-2010, based on d a ta  from Barro and  Lee (2013) . These Gini 

coefficients were calculated based on a m ethodology th a t was first developed by Thom as, 

W ang, and Fan (2001) and Castello and Domenech (2002) .

We described 6 policy variables along w ith  8 fundam ental categories so we have a to ta l 

of 14 controls. Including all of them  in a single regression natu ra lly  yields some non-

significant variables. Given th a t we do not use all th e  variables as regressors, there  is a
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huge num ber of com binations of regressors th a t may be entered into th e  regression, and 

choosing between them  m ight be arb itra ry  and  simplistic. Therefore, we decided to  focus 

on specifications th a t include th e  full set of fundam entals, one institu tions variable, one 

in frastruc ture variable, and  one education variable.20 This rule creates 8 com binations 

of level regressions which could be estim ated  using th e  full sample of countries or a sub-

sam ple th a t includes only advanced economies w ith  G D P per cap ita  above 5000$. Israel 

is included in th e  advanced economies, bu t a t th e  same tim e some of its policy variables - 

m ainly in education and  institu tion  - are in th e  proxim ity of poorer countries. Therefore we 

decide to  take th e  approach of basing our estim ates of th e  in itial gap and  coefficient values 

on two sets of regressions (2*8=16 level regressions). T here are several options to  weight 

th e  results from th e  16 regressions. We decided (at least a t th is point) to  simply average 

between th e  predicted gaps and  param eter estim ates from th e  specifications. Colum n 1 in 

Table 6 presents th e  average estim ates for each variable across th e  16 specifications.

T he labor productiv ity  gap in 2010 is th e  negative value of th e  country-specific error 

te rm  in th e  regression; pu t otherwise, th e  po ten tia l level of labor productiv ity  in 2010 is 

th e  fitted  value of labor productiv ity  given th e  country  specific fundam ental and  policy 

variables. Since our sim ulations s ta rt in 2015, we ex trapo lated  th e  estim ated  gap from the  

regression using th e  actual developm ent of labor productiv ity  in Israel between 2010 and 

2015.

Israel’s average productiv ity  gap in 2015 was near 8% while th e  gap in O ECD countries 

was -4%. This m eans th a t in th e  long te rm  th e  Israeli p roductiv ity  is expected to  grow 

faster th a n  O ECD countries’ average and get 12productivity.

In  order to  te st for th e  robustness of th e  policy variable coefficient estim ates to  basic 

differences between th e  economies in our sam ple th a t were not cap tu red  by th e  fundam en-

20This strategy is somewhat similar to the one adopted by Sala-i Martin (1997), who ran around 2 
million regressions in order to test which variables are the most correlated with prosperity. Sala-i Martin 
(1997) decided to include three fixed variables and three variables that changed from one specification to 
the other.
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ta ls  variables, we also estim ated  panel regressions w ith policy variables and country fixed 

effects (in th is setting  we do not receive country  specific productiv ity  gaps which are crucial 

for our m odel setting). Generally, th e  sizes of th e  coefficient estim ates of th e  th ree  policy 

variables are very sim ilar to  the ir sizes in th e  cross section regressions th a t control for 

fundam ental variables. Im portantly , th e  relative effect of each policy area— infrastructure, 

institu tions and educational quality— is kept. This sim ilarity suggests th a t controlling for 

th e  fundam entals im proved th e  validity of th e  estim ates for th e  policy variables, including 

those policy variables th a t are available for use only in th e  cross section regressions (more 

details on th is set of regressions appear in T sur and Argov (forthcom ing)). Nevertheless, 

we are aware th a t our coefficients do not represent clean causal effects, and  they  may also 

include reverse effects (from grow th to  policy effected variables). O ur m ethodology balances 

between estim ating  th e  "clean" causal effect of policy variables on th e  level of p roductiv ity  

and achieving estim ates w ith  ex ternal validity. O ur estim ates will have higher ex ternal 

validity com pared to  research th a t exploits a specific exogenous event in order to  find a 

causal relationship between policy and  growth, and  higher in ternal validity com pared to  

cross section regressions w ith  policy variables alone. E stim ating  th e  effect of policy vari-

ables on th e  level of p roductiv ity  in cross section regressions, after controlling deep roots, 

gets us closer to  th e  causal effect of policy m easures on long-run s tandards of living.

T he param eters p and  ag are derived from a cross country 5-year panel regression 

running from 1960 to  2010. T he econom etric specification is:

A a i.t =  p x  Gap?t_ 1 +  Y e a r F i x e d E f  f e c t s  +  C ons  (42)

T he dependent variable, A a i . t , is th e  5-year T F P  grow th ra te  of country  i ending in 

period t . T he m ain explanatory  variable is th e  labor productiv ity  gap a t th e  end of the  

previous five year period (Gap?t_ 1). T he productiv ity  gap for each period is estim ated  

th rough  labor productiv ity  level regressions ju s t as discussed above, however, including only 

3 policy variables for which we have historical d a ta  available. In  addition, th e  explanatory

40



variables include a constant and  a year fixed effects (where th e  base year is 1961-1965). 

The estim ates of th e  constant and th e  year fixed effect are used to  param eterize th e  average 

level of frontier grow th (ag).

T he estim ation  results are given in th e  second column of Table 6. T he estim ated  speed 

of convergence, p, is 0.0438, m eaning th a t half of an existing gap is expected to  close w ithin 

40 years.21 For th e  sim ulations we set th e  frontier 5-year grow th ra te  to  2% based on the  

average year fixed effects as of 1990-2010 plus th e  constant of th e  equation. This implies 

an annual T F P  frontier grow th ra te  of approxim ately 0.4%.

3 .4  T h e  d e m o g r a p h ic  in v e s tm e n t  r a te  m o d e l

The investm ent ra te  of th e  economy affects th e  long-run grow th forecast th rough  its effect on 

th e  accum ulation of capital (see equation 3) . D em ographic developments, m ostly effect the  

investm ent ra te  and th e  saving ra te  th rough  two m ain channels. F irst, th e  longevity channel 

reflects th e  increase in life expectancy which, given th e  stickiness in actual retirem ent ages, 

operates to  increase th e  saving ra te  during th e  working years. Second, th e  dependency 

channel reflects th e  effect th a t a g reater weight of elderly or children in th e  population 

reduces th e  average saving ra te  because there  is no income in those ages. In  addition, 

a high weight of dependent groups may reduce th e  saving ra te  of th e  working ages th a t 

need to  economically provide for th e  dependent ages. Theoretical, overlapping generation 

models to  support these channels are given in Li, Zhang, and Zhang (2007) and Tobing 

(2012) .

In  order to  incorporate dem ographic effects in th e  long-run grow th model, we allowed,

in equation (5) , th e  long run  of th e  investm ent ra te  ( f tLR) to  depend on accum ulated

b  DEM
dem ographic developm ent ( f i t ) th rough th ree basic dem ographic variables:

^  DEM           ״
f i t =  -0 .0 0 7  • T F R t_1 +  0.002 • E x t -  0.671 • O1aDept (43)

21Half life is equal to — . ץ
g( 1-c )
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where T F R t is th e  economy wide Total Fertility  R ate, E x t is life expectancy a t b irth  

and O ldD ept is th e  Old (aged 65+) to  m iddle-age (15-64) population  ratio. The forecast 

for all of these variables is generated consistently w ith  th e  dem ographic forecast described 

in Section (3.2.1) . The ha t ( ^ ) sign stands for th e  difference of th e  variable from some 

benchm ark ra te  (e.g. T F R t =  T F R t — T F R )  th a t will be calibrated  consistently w ith the  

constant te rm  in th e  long-run investm ent ra te  equation ( f i LR). Specifically, since we will 

set f i LR =  0.19 which is th e  average of th e  investm ent ra te  during 2000-10, we will also 

set th e  benchm ark ra tes of th e  dem ographic variables to  the ir 2000-10 average:

T F R  =  2.98; EX  =  80.3; OldDep  =  0.159

T he choice of th e  variables in 43, as well as th e  calibration of th e  coefficients, is based 

on th e  em pirical cross-country panel estim ation Li, Zhang, and  Zhang (2007) . In the  

basic regression, from which we employed th e  coefficients, th e  dependent variable is the  

investm ent to  G D P ratio , and th e  independent variables are th e  th ree  variables above 

(controlling for tim e and country  fixed effects). The negative coefficients on T F R t_ 1 and 

O ldD ept cap ture th e  dependency channel, and th e  positive coefficient on E x t captures 

th e  longevity channel. T he estim ation  covers 149 countries over th e  period 1963 to  2003, 

where in order to  reduce short-term  cyclical influences, annual d a ta  were converted to  5- 

years averages (in to ta l, due to  lags and  some missing data , th e  estim ations included 775 

observations).

3 .5  T h e  s t a t ic  g e n e r a l e q u il ib r iu m  m o d e l

In  order to  allow long-run effects of m acroeconom ic stru c tu ra l changes, we combine into our 

long-term  grow th m odel a steady-sta te  version of th e  B ank of Israel’s general equilibrium  

model (M O ISE).22 For th e  tim e being, we derive from th e  G E m odel its prediction for the  

real investm ent ra te  which will be used to  quantify effects on th e  long-run value of th e  fixed

22See Argov et al. (2012)
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investm ent ra te  ( f i L̂R, see equation 5) . For th e  purpose of shortness, in th is section we 

will not Lay out th e  entire M OISE model, bu t ra th e r sketch th e  key m acro relations and 

functions underling th e  model, while rem oving as much as possible p a rts  of th e  equations 

th a t do not effect th e  steady s ta te  (like tem porary  shocks). The economic agents in th e  GE 

model include households, firms of several types in th e  production  sector, a governm ent 

and an inflation-targeting central bank (in these models m onetary  policy does not affect 

th e  long run  of th e  real side of th e  economy, and therefore we will not elaborate  on it here). 

Households consume, supply labor and  make investm ent decisions (since they  are th e  owners 

of th e  capital stock). T he production sector includes m onopolistic producers of in term ediate 

goods (who employ labor and  physical capital as production  inputs), com petitive producers 

of final goods (one of which is investm ent goods) which combine dom estic and im ported 

in term ediate goods to  produce final goods (one of which is investm ent goods), im porters 

of in term ediate goods, and exporters.

T he section is s tructu red  according to  th e  economic agents of th e  m odel and  ends w ith 

th e  equilibrium  condition and  th e  basic calibration of th e  model. We should note th a t the  

M OISE is a quarterly  model, so th a t th e  no ta tion  t  in th e  description of M O ISE stands for 

a quarte r (ra ther th a n  a five-year interval as in th e  long-run grow th model).

3 .5 .1  H o u s e h o ld s

The model consists of a continuum  of households, indexed by h 2  [0,1]. Households derive 

the ir lifetime u tility  from th e  discounted flow of private consum ption (w ith ex ternal habit 

form ation) and leisure:

(44)Et £>k ( In (Ch.t+k ־־ KCt+k-1) 1 ־־ +  £ (N h.t+k)

k=0 L '־ £

where Et  is th e  m athem atical expectations operator, Ch t denotes th e  consum ption compos-

p k \ ln  (Ch.t+k ־־ k Ct+k-1) 1 ־־ +  £ (N h.t+k)1+^

OO

ite consumed by household h in period t  and N h.t denotes working hours. T he param eter 

ft is th e  discount factor and £ is th e  inverse of th e  Frisch elasticity  of labor supply. House-

holds are subject to  ex ternal hab it persistence, where th e  param eter k  m easures its degree

43



and Ct denotes th e  com posite of aggregate consum ption in period t. The period-by-period 

budget constrain t faced by household h is given by:

(1 +  r a ) Pa,tCh, t +  P i , th , t +  P i, t^ in v Y t  (45)

+  (R t) 1 Bh, t+1 +  ( R *t) 1 St B*h, t+1 

= ־ 1)   r N -  r Wh) Wh , tNh , t + ־ 1)   r K) R K fK h,t

+ r ־־ 1)  D) D h,t ־־ Tt +  B h,t +  S tB h,t .

T he first term , (1 +  wTc r a ) Pa,tCh,t , denotes nom inal expenditure on consum ption, r a 

is th e  ra te  of value added ta x  (VAT), wTc  is th e  share of goods subject to  VAT and Pa,t 

is th e  p re-tax  price of th e  consum ption good. T he te rm  PI,tI h,t is th e  expenditure on fixed 

capital investm ent (which is conducted by households) and  PI,tA in v Y t is th e  exogenously 

determ ined expenditure associated w ith  th e  change in inventories (Yt is G D P and  A in v  

is th e  calibrated  steady-sta te  value for th e  change in inventories as a share of G D P). In 

th e  second row of th e  budget constrain t (45) , B h,t and Bh t denote bond holdings a t the  

beginning of period t, denom inated in dom estic and foreign currencies, respectively. The 

m arket price of th e  local currency bond, (R t ) 1, is driven by th e  short-term  gross nom inal 

interest rate , R t . W ith  respect to  th e  foreign-currency bonds, S t denotes th e  nom inal 

exchange rate , while R th is th e  foreign risk-free nom inal interest rate.

Households provide labor services a t an hourly wage ra te  of Wh t . A household’s labor 

income is subject to  two taxes: a direct income tax  r N and a social security ta x  r Wh. 

The household also has capital income, where R K t denotes th e  nom inal price of capital 

services and Kh t denotes th e  capital stock owned by household h . The tax  ra te  on capital 

income is r K .23 Household h earns a flow of dividends, D h, t , deriving from its ow nership of

m onopolistic firms. r D is th e  ta x  ra te  on dividend income. Finally, th e  variable Tt denotes

a lum p sum  tax .

23The budget constraint in the original model included a tax exemption on depreciation (rKSPj1tKh1t). 
We dropped this term in order to allow the calibration of the investment rate given updated values of other 

parameters (mainly a in the production function)
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(46)

T he stock of physical cap ital evolves as follows:

K h,t+1 = K (־־ 5 1)  h,t +  Ih,t;

where 5 is th e  quarterly  depreciation rate.

3 .5 .2  F irm s

Figure 4: The S tru c tu re  of th e  P roduction  Sector

Foreign Demand
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Turning to  th e  firms, F igure 4 illustrates th e  s truc tu re  of th e  production  sector, which 

is com prised of five types of firms:
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•  M onopolistically com petitive dom estic firms which produce differentiated interm edi-

a te  goods, Hf . t , where f  2  [0,1] .

•  M onopolistically com petitive foreign firms which produce differentiated in term ediate 

goods, I M f  *.t , where f  * 2  [0,1] . These goods are im ported  to  th e  dom estic economy.

•  Perfectly com petitive firms which produce final goods for consum ption, investm ent, 

governm ent consum ption and  export (QC, Q \ , Q f , and  Q f , respectively). T he pro-

duction inputs of these firms are th e  differentiated in term ediate goods, b o th  domes-

tically  produced (Hf . t ) and  im ported  ( I M f *.t ).

•  M onopolistically com petitive exporters who buy th e  final homogenous dom estic ex-

po rt good (Qf ) and differentiate (i.e., b rand  nam e) it. T he differentiated good, X f x .t 

where f x 2  [0,1] , is then  sold to  foreign re ta il firms.

•  Foreign re ta il firms which combine th e  differentiated export goods (X fx  .t ) into a 

homogenous exported good (X t).

We will now tu rn  to  a detailed description of each firm type.

D o m e s tic  in t e r m e d ia te  g o o d s  f irm s  A continuum  of dom estic firms, indexed by f  2 

[0,1], produce differentiated in term ediate goods, Y f t . T he production  technology combines 

capital, K f  t , and differentiated labor services hired from households, N f  .t :

Y f  =  m ax [ (K ’u ) a (ztN f  t X ־   i'?.47) . [0 ״ )

z t is a difference-stationary labor-augm enting productiv ity  shock th a t determ ines th e  bal-

anced grow th p a th  of all real variables (all of which are sym m etric across firms). Its  

steady-sta te  gross grow th ra te  is denoted by gz .

T he variable K fs t is (homogenous) cap ital services ren ted  under perfect com petition. 

Labor services employed by th e  f  'th  firm, N f . t , is given by a D ixit and Stiglitz (1977)
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C onstan t E lasticity  of S ubstitu tion  (CES) com posite of household-specific labor inputs,

N  h : 
N f,t:

/ I  . \  '

(48)Nf, t  =  f  ' W dh

The exogenous CES between differentiated labor services is defined to  be ׳ W/  (K׳ W — 1) >  

1, where ׳ W > 1 may be in terp reted  as an exogenous wage m arkup.

Finally, th e  production technology (47) includes a fixed cost te rm  0 z t , where th e  p ara -

m eter 0  is calibrated  to  ensure zero profits in th e  steady state . This is consistent w ith  the  

assum ption of no en try  or exit of firms in th e  steady s ta te .24 

Total variable production cost is given by :

T V C t  =  R k , t f  +  RF  (1 +  r Wf ) WtNf ,  t, (49)

where r ^  is th e  ra te  of th e  social security ta x  levied on firms. The model includes a 

working capital channel, R F =  1 +  v F ( Rt — 1), where each firm borrows a fraction v F of 

its wage bill ahead of production a t an  interest ra te  of R t .

F o re ig n  in t e r m e d ia te  g o o d s  f irm s  A continuum  of foreign firms, indexed by f h 2  [0,1], 

produce differentiated in term ediate goods, I M f *,, which are im ported  to  th e  dom estic 

economy. We assum e consum er-currency pricing subject to  th e  following nom inal m arginal 

cost:

MCh  =  s , (n Y P h i L . t - 1 ) ( P h . Y ! . (50)

Except for th e  nom inal effective exchange rate , S t , all variables in (50) are expressed in 

term s of producer currency: n Y is th e  gross steady-sta te  inflation ra te  in th e  foreign econ-

omy, POi l  t is th e  global price of oil and  P Y t is th e  global price of foreign in term ediate

24 When analyzing the steady state effect of parameter changes, only for the purpose of our long-term 

growth model, we may also assume the fixed cost tp does not change so that the "new" steady state includes 

profits.
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goods. T he param eter !*  is th e  share of oil in th e  im port basket. Once differentiated, the  

im ported  in term ediate goods are supplied as inputs to  th e  final goods firms in monopolis- 

tically  com petitive m arkets.

D o m e s tic  f in a l g o o d s  f irm s  Dom estic firms producing final goods are divided into 

four categories: producers of consum ption goods , producers of investm ent goods Q I , 

producers of governm ent-consum ption goods Q ^  and  producers of exported  goods Q f . 

This section describes th e  first category, i.e., th e  producers of final consum ption goods. A 

sim ilar description can be applied to  th e  o ther categories as well.25’26

T he final consum ption good is a CES com posite of dom estically produced and im ported  

aggregates of in term ediate goods (YtC and IM tC, respectively):

/  \  Mc 

QC =  ( v G  [Y C  " -  + ( 1 ־   v C) -  [/M tC] 1- £  j  . (51)

The param eter g C is th e  CES between dom estic and  im ported  goods while th e  param eter 

v c  m easures th e  degree of home bias (1 — v C is th e  steady-sta te  im port in tensity  in th e  Q C 

sector).

T he aggregates of th e  dom estically produced and im ported  in term ediate goods are, 

respectively:

1

Y‘C =  ( /  (YC  ^  d f  j  ’ (52)

and

(53)

Thus, ׳ H and ׳ * are th e  optim al m arkups of th e  in term ediate goods producers.

25With the appropriate changes in parameterization.

26Section 3.5.2 below elaborates on some additional steps in the production and marketing of export 

goods.
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Deriving th e  analogous equations for th e  o ther sectors (Qj , Q f  and  Q f ) is straightfor-

w ard and  is accom plished by replacing th e  index C  in equations (51) to  (53) w ith  I ,  G  or 

X .

E x p o r te r s  This subsection focuses on th e  so-called exporters (see figure 4 ) , who are 

indexed by f x 2  [0,1]. They buy th e  homogenous export good, Q f , and  brand-nam e it 

so as to  provide a differentiated good, Xf x  t .27 Thus, exporter f x buys th e  am ount Q f X t 

of th e  homogenous export good and  brand-nam e it to  become X f  x  , t un its of differentiated 

good using a simple production  function:

X f X  ,t =  Q f x  ̂  -  i X z t . (54)

As in th e  case of m onopolistic producers of dom estic in term ediate goods, b rand  nam ing 

involves a fixed cost, i X z t .

F o re ig n  r e ta i l  f irm s  Foreign re ta il firms purchase th e  differentiated export goods X f  x  , t , 

where f X 2  [0,1] , and combine them  into a homogenous export good, X t (see F igure 4 ) . 

The homogenous export good, in tu rn , is a CES aggregate of th e  differentiated export 

goods:

(55)

X
1 \  '  

r ! j  f X AX t  =  ( X f x  , t) ׳ X af

Since there are infinitely m any foreign retailers who sell a homogenous good, th e  price 

of th e  good is equal to  the ir m arginal cost of production, nam ely PX,t (in foreign currency). 

The homogenous export good is com bined w ith  o ther countries’ export goods to  form a 

CES aggregate of world trade , W Tt*. Thus, th e  dem and for Israeli exports is:

X t =  ^ * f P ^ ^  W T*  , (56)

27 With an additional sector of differentiated goods in place, monopolistic competition can be imposed 

on the exporting sector, thus allowing for price rigidity in terms of the foreign currency.
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where th e  param eter p* is th e  price elasticity  of exports, th e  param eter v* is a country-
p c,*

specific share in world trad e  and PX*t is th e  price aggregate of world trad e  (pXX t = jPr־   ̂ is 

its relative price which may be thought of as an  exogenous p a rt of th e  term s of trade).

3 .5 .3  T h e  g o v e rn m e n t a n d  t h e  c u r r e n t  a c c o u n t

The governm ent purchases homogenous final goods (Gt ), issues bonds (B t) and  imposes 

taxes— b o th  d istortionary  and lum p sum. T he period-by-period budget constraint faced 

by th e  governm ent is given by:

1

Pg ,tG t +  B t =  r a P a ,tC  +  ( r N +  r Wh) J W h , tN h , tdh  +  r Wf W tN t (57)

0

+ r K [RK,t ־־ $PI,t] K t +  rD D t +  Tt +  R t lB t+1.

We assum e th a t th e  steady s ta te  of governm ent expenditure as share of G D P (sg =  PpGG) 

is exogenous. The allocation between lum p-sum  taxes (Tt ) and  th e  issue of debt (B t+1) to  

finance governm ent spending (in order for th e  budget constrain t (57) to  be satisfied), is 

determ ined by th e  following rule:

sT,t =  0B (sB,t+1 — sB ) . (58)

The variables sT,t =  PTlYt and sB,tp1 =  pB+yt are, respectively, lum p-sum  taxes and  the  

ou tstand ing  governm ent debt, b o th  in term s of the ir share in GDP. N ote th a t since distor- 

tionary  taxes are exogenous, "R icardian equivalence" holds and th e  (som ewhat arb itrary) 

specification of th e  financing rule (58) does not affect th e  rest of th e  model. Also note th a t 

(58) ensures th e  convergence of governm ent deb t to  its steady-sta te  value in th e  long run

(E t [sB, t+ 1 ] !  sB ) .

T he current account is defined by:

C A t =  PX,tS tX t — PIM, t1 M t +  sFTRPY, tYt (59)
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where sFTR is th e  exogenous share of foreign transfers in G D P to  th e  dom estic econ-

omy. In  order to  insure th a t th e  dom estic econom y’s share in global assets does not grow 

indefinitely, we assum e th a t in th e  steady s ta te  th e  current account is balanced (C A  =  0).

3 .5 .4  S o lv in g  a n d  c a l ib r a t in g  t h e  b a s e lin e  s te a d y  s t a t e

T here are a few steps needed before solving th e  steady state: setting  down m arket clearing 

conditions, stationarizing th e  model and  calibrating param eters th a t affect th e  steady  sta te  

of th e  model.

M arket clearing conditions define th e  equilibrium  between dem and and supply. For 

exam ple, clearing conditions in th e  com petitive dom estic final goods m arket are as follows:

QC = Ct ; (60)

Q I =  It +  A  IN V t  (61)

and

QG =  Gt . (62)

S tationarizing th e  m odel involves m anipulating  th e  variables so th a t th e  m odel will be 

expressed in term s of variables th a t have a defined s ta te  ( th a t is, they  do not grow over 

tim e). This involves norm alizing real variables by th e  perm anent technology factor zt (for

exam ple norm alized G D P is yt — Y■) and  prices are expressed as a ra tio  to  th e  consum ption

price (py;t =  PYL). T hen we may solve for th e  m odel’s steady state.

Table 7 presents th e  basic calibration of th e  stru c tu ra l param eters th a t affect th e  steady 

state. T he guiding principle for th e  calibration is to  set th e  m odel’s basic steady-sta te  values 

and ratios to  those observed in th e  d a ta  over long horizons or those th a t were viewed to  

be th e  convergence values for th e  economy. M ost values are taken from Argov et al. (2012) 

b u t some are updated  due to  changes in ratios observed in th e  past ten  years.
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Table 7: C alibrated  Param eters

P aram eter Value P aram eter Value

Discount factor ft 0.997 W age m arkup ' W 1.3

Inverse of labor EoS £ 2.0 Dom. price m arkup ' H 1.5

C apital share in prod.* a 0.45 Im p. price m arkup '* 1.3

LR productiv ity  growth* gz 1+0.008/4 Exp. price m arkup ' X 1.2

D epreciation rate* 5 0.07/4 Home bias - C* VC 0.75

EoS in consum ption VC 1.1 Home bias - I* V1 0.665

EoS in investm ent V1 1.1 Home bias - G V G 0.95

EoS in government VG 0.2 Home bias - X* V X 0.67

EoS in exports VX 1.1 Gov. to  GDP* sG 0.24

Foreign EoS V* 0.5 C onsum ption tax T C 0.17

X ’s com petitors’ price p CX 1.0 C apital tax* r  K 0.45

Relative technology z 1.0 Labor income tax T N 0.33

X ’s weight in I M * V * 0.012 Payroll ta x  - h T Wh 0.07

W orking capital weight u F 0.5 Payroll ta x  - f T Wf 0.05

Foreign transfers to  G D P sFTR 0.0 Gov. transfers to  G D P sTR 0.153

LR inflation ra te n 1.005 A  Inventories in G D P A in v 0.01

Share of taxed  goods wr C 0.78

* U pdated  from original M O ISE claibration.
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T he steady-sta te  inflation objective (n ) was calibrated  a t an annual ra te  of 2%, which 

is located in th e  middle of th e  inflation ta rge t. The labor productiv ity  grow th param eter 

(gz) was set so as to  reflect a grow th ra te  of 0.8% in annual term s, which is approxim ately 

th e  historical average. We set th e  following exogenous shares in nom inal GDP: inventory 

investm ent (A in v )  of 1%, Governm ent consum ption (sG) of 24% and foreign transfers 

(sFTR) of 0%. These are approxim ately th e  average ratios observed in th e  historical data.

T he weight of capital in th e  production function (a ) was calibrated  to  ob ta in  a wage 

bill share in G D P (at factor cost) of 55%. For th e  basic calibration of th e  steady  s ta te  we 

set th e  depreciation ra te  (5) a t 7.0% per annum , approxim ately th e  im plied levels for the  

last years (see F igure 2) . T he discount factor ft was calibrated  so th a t th e  steady-sta te  real 

interest ra te  equals 2.0%.

For th e  calibration of certain  param eter values, Argov et al. (2012) followed w hat is 

common practice in th e  litera tu re  of D SG E models. Thus, they  calibrated  th e  inverse 

of th e  labor supply elasticity  (£) to  2.0. The steady-sta te  m arkups (׳ W, '*  , ' H, ' X) 

were set a t 30% in th e  wage and  im port sectors; in th e  dom estic sector a higher m arkup 

of 50% was set, and  in th e  export sector a sm aller m arkup was chosen (20%) since the  

m onopolistic exporters’ price of inputs (P DX) is already m arked up over m arginal cost due 

to  th e  dom estic and im port price m arkups. T he steady-sta te  elasticities of substitu tion  

between dom estic and im ported in term ediate goods in th e  private consum ption, investm ent 

and export sectors (v c  , V1, VX) were calibrated  to  1.1, which is lower th a n  th e  values 

commonly used in th e  lite ra tu re  b u t higher th a n  th e  estim ate of 0.4 found for th e  Israeli 

economy by Friedm an and Lavi (2007) . A very low elasticity  (0.2) of substitu tion  in 

governm ent consum ption (vG) was assumed, given th a t th e  governm ent’s m ain expenditure 

is public sector wages, which cannot be su bstitu ted  for. T he foreign elasticity  of substitu tion  

between im ports from different countries (v*) was set to  0.5, a value th a t generates export 

elasticities w ith  respect to  th e  real exchange ra te  th a t are in line w ith  common findings 

for Israel. T he home bias param eters (uC, u1, uG, uX) were calibrated  according to  the
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following im port intensities in th e  steady state: 25% in private consum ption, 33.5% in 

investm ent, 5% in governm ent consum ption and 33% in exports.

T he following tax  ra tes were im posed in order to  finance governm ent consum ption 

in th e  steady state: 17% for th e  consum ption ta x  ( r a ), which is levied on 78% of the  

consum ption basket (wTc ),28 33% for th e  labor income ta x  ( r N), 7% for th e  payroll tax  

paid  by households ( r Wh) and 5% for th e  payroll tax  paid  by firms ( r Wf). In addition, the  

cap ital income tax  ( r K) was calibrated  to  45%, partly  in order to  fine tune  th e  s teady-sta te  

investm ent-to-G D P ratio. T he share of government transfers in G D P (sTR) was calibrated  

to  ensure th a t th e  governm ent’s budget is balanced in th e  steady  state.

T he param eters in th e  export dem and function were set as follows: th e  export com peti-

to rs ’ relative price (pX) and th e  steady-sta te  relative level of foreign technology (e =  Z*) 

were norm alized to  1.0 and th e  steady-sta te  weight of Israel’s exports in world trad e  was 

calibrated to  0.5%. In  order to  allow for th e  working capital channel to  have an  effect, the  

weight of wage-bill loans (vF ) was calibrated  to  0.5.

A dditional details on th e  equations in steady s ta te  and the ir basic calibration are o u t-

lined in A ppendix C and Section 3.4.1 of Argov et al. (2012) . However, we do apply a 

different strategy  to  solve th e  steady state. W hile Argov et al. (2012) arb itrarily  norm al-

ized th e  real exchange ra te  to  1, and  then  analytically solved th e  steady s ta te  (including 

th e  norm alized size of world trad e  w t *), we instead fix th e  steady s ta te  of world trad e  and 

num erically solve for steady state , including th e  real exchange rate . T he reason for the  

shift of approach is th a t we would also like to  allow analysis based on changes in th e  steady 

s ta te  (due to  param eter shifts) and these should affect th e  long-run real exchange ra te  and 

not world trade.

T he basic steady s ta te  solution results in th e  following endogenous relations:

28 In Israel, housing services and fresh fruits and vegetables, comprising 22% of the consumption basket, 

are not subject to VAT.
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Steady s ta te  solution D ata  (2005-15)

Real fixed investm ent ra te  ( f i^ R) Yt 21.6 19.2

Nom inal investm ent to  G D P P1,t11 20.2 19.6
PY,t Yt

Nom inal consum ption to  G D P fw C  56.5 56.1

Nom inal exports to  G D P pX’tXt 30.8 32.0
1 PY,t Yt

Nom inal im ports to  G D P 30.8 31.5

Indeed, for th e  basic calibration of th e  steady s ta te  we set th e  depreciation ra te  (5) 

to  7.5% per annum . However, in order to  be consistent w ith  th e  upw ard tren d  in the  

calibration of th e  depreciation in th e  Unifying Model, (see Figure 2) , in th e  baseline simu-

lation below we include th e  m arginal effect of a shift in th e  depreciation ra te  from 7.0% to  

8.2% on th e  long-run investm ent rate . For th a t, after solving th e  steady s ta te  w ith  basic 

calibration (part of which 5 =  7.0%) and retrieving a steady-sta te  investm ent rate , ( y ) 0, 

we resolve th e  steady s ta te  w ith  5 =  8.2% and retrieve a higher investm ent ra te  - (y )  1. 

For th e  baseline grow th sim ulation below we will set th e  G E m odel effect on th e  long-run

b  GE , I ץ , I ץ
investm ent ra te  to  f i  =  ( y j  1 — ( y j 0.

4 The baseline forecast

4 .1  F o r e c a s t  o f  a g g r e g a te  m a c r o  v a r ia b le s

The baseline forecast scenario is detailed in Table 8 and  in Figures 5 and  6 . T he aver-

age annual grow th ra te  of G D P over th e  entire forecast horizon is expected to  be 2.4%, 

substan tially  lower th a n  th e  4.1% historical average since 1980. G D P per cap ita  grow th 

is expected to  slow as well to  0.7% com pared to  an  historical ra te  of 1.8%. T he expected 

grow th ra te  is driven down m ainly due to  expected dem ographic developments: average 

overall population grow th is expected to  grow a t a ra te  of 1.7% -  0.5 percentage points 

(p.p.) lower th a n  th e  historical average.29 Moreover, th e  expected grow th ra te  of th e  prim e

29The historical comparison period (1980-2016) includes the great immigration wave from the former 

Soviet Union in the first half of the 1990s. However, even when excluding these years, the growth rate 

of population was somewhat higher than the forecasted growth, as can be seen by the 2000-15 column in
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working age popula tion  is expected to  slow by more - 0.9 p.p. - and  to  a slower pace th a n  

th e  grow th ra te  of to ta l population.

Table 8: Average A nuual G rowth R ates - A ctual (1980U2016) and Baseline Forecast

(2015U65), percent

A ctual Forecast Forecast-A ctual

1980 2000 2015 2035 2015 2015-2065

to  to to to to less

2016 2016 2035 2065 2065 1980-2016

G D P 4.1 3.3 2.7 2.2 2.4 -1.7

G D P per cap ita 1.8 1.4 0.9 0.6 0.7 -1.1

Total population 2.2 1.9 1.8 1.6 1.7 -0.5

Prim e age population 2.5 2.0 1.5 1.5 1.5 -0.9

Total hum an capital input 3.5 2.8 1.8 1.8 1.8 -1.8

Total em ploym ent (incl. foreign) 2.9 2.5 1.6 1.6 1.6 -1.3

Hours per employed -0.0 -0.2 -0.0 -0.0 -0.0 -0.0

C apital 3.7 3.0 2.8 1.8 2.2 -1.5

T F P 0.5 0.5 0.5 0.4 0.4 -0.0

T he expected decrease in th e  overall em ploym ent grow th ra te  is more substan tia l th a n  

in th e  prim e working age popula tion  (1.3 p .p  com pared to  0.9 p .p .). The excess decrease 

results from th e  assum ption th a t th e  fu ture entrance ra te  of foreign workers (1% per year) 

will be lower th an  th e  historical pace (4% per year30) and  from a forecasted reduction in the  

pace of increase in th e  labor force partic ipa tion  rate: from an historical annual average in-

crease of 0.36 p.p. (1980-16) to  0.09 p.p. in th e  forecast. T here are two m ain contradicting 

trends operating  on th e  partic ipa tion  rate . O ur am bitious (in term s of policy) assum p-

tion  th a t populations characterized by low partic ipa tion  rates, m ainly A rab women and 

u ltra-O rthodox  men, will gradually  converge tow ards th e  partic ipa tion  ra te  in th e  Jewish 

popula tion  serves as a backw ind to  th e  overall partic ipa tion  ra te .31 Yet, in contrast, the

Table 8.

30This high rate of foreign worker growth mainly occurred in the second half of the 1990s as the number 
of foreign workers doubled. Since then, the government pressured to reduce the number so that, in practice, 

the absolute number of foreign workers in 2015 is similar to 2000.

31We also assume that Jewish womens’ participation rate will increase toward that of mens’.
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Figure 5: G row th of M ain M acro Aggregates: A ctual 1975-2015 and Baseline Forecast

2015-2065 (percent, annualized term s)
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* Historical human capital: (1) is calculated as the product of macro variables and not as 

a sum of micro-level products. (2) human capital from experience is assumed to be constant.
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Figure 6: M ain M acro Aggregates: A ctual 1975-2016 and  Baseline Forecast 2015-2065
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* Historical human capital: (1) is calculated as the product of macro variables and not

as a sum of micro-level products. (2) human capital from experience is assumed to be constant.
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expected increase in th e  popula tion  share of th e  low partic ipa ting  groups gives a headw ind 

to  th e  overall increase in th e  partic ipa tion  ra te  (Subsection 4.2 details th e  labor m arket 

developm ents in each group).

T he forecasted grow th of to ta l hum an capital input, which includes hours worked ad -

ju sted  for hum an capital from education and experience, is expected to  grow on average by 

1.8%. The decrease com pared to  historical growth, 1.8 p.p., is larger th a n  th e  decrease in 

to ta l em ploym ent growth. This is because th e  contribution  of th e  increase in average years 

of schooling to  grow th of hum an capital will decrease com pared to  th e  past as th e  grow th 

of average years of schooling is exhausting.

A nnual T F P  grow th is expected to  be 0.4% on average, sim ilar to  th e  historical aver-

age. Since our T F P  m odel estim ates th a t Israel’s productiv ity  gap in 2015 is m oderate 

- approxim ately 8% below po ten tia l - and since we assum ed th a t th e  fundam ental and 

policy variables will rem ain unchanged, th is grow th ra te  is only slightly higher th a n  the  

global tren d  grow th of TFP. T he num erical value is based on th e  average T F P  grow th of 

developed countries during th e  period 1990-10 (after controlling for initial differences in 

p roductiv ity).

Given th e  pro jected  grow th ra te  in hum an capital and TFP, th e  reduced ra te  of labor 

share (0.55-0.52 com pared to  an  average historical ra te  of 0.61) th a t transla tes into higher 

e lasticty  of G D P to  physical capital increases th e  grow th ra te  of G D P by 0.1 p.p. The 

m echanism  a t work is th a t any change in T F P  transla tes  into higher grow th in physical 

capital. As th e  m entioned elasticity  increases, th e  grow th ra te  in G D P increases.

W hen sp litting  th e  forecast period between 2015-35 and  2035-65 we can see th a t the  

reduction of grow th is gradual and th is is due to  th e  dynam ic process of th e  physical capital 

stock. T here are several endogenous forces operating  on th e  grow th ra te  of th e  capital stock. 

F irst, our dem ographic-investm ent ra te  model forecasts th a t th e  ongoing increase in old age 

dependency ra tio  will induce a gradual decrease in th e  investm ent ra te  from 19% to  16.5% 

in 2065. In  addition, th e  capital stock plays a role in sm oothing th e  transition  process
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induced by factors like dem ographic changes. Given a fixed level of investm ent rate , as the  

grow th ra te  of to ta l hum an capital inpu t decreases, th e  steady s ta te  of physical capital to  

G D P increases.32 This m eans th a t during th e  transition , th e  grow th ra te  of th e  physical 

cap ital stock is expected, all else equal, to  be higher th a n  G D P and therefore contribute to  

its growth. As th e  transition  stabilizes, th e  grow th ra te  of physical capital m oderates. The 

b o tto m  left plot in Figure 6 shows th a t in th e  first few periods of th e  forecast th e  la tte r  

force is dom inant inducing an increase in th e  capital to  G D P ratio , while afterw ards the  

reduction in th e  investm ent ra te  is dom inant and th e  ra tio  gradually  drops.

Interestingly, our baseline forecast for productiv ity  grow th during th e  first half of the  

sam ple (1.1%) is close to  th a t p ro jected  by G ordon (2016) for th e  U nited S tates (1.2%). 

He em phasizes th e  slowing ra te  of advance of educational a tta inm en t in explaining the  

reduction of productiv ity  grow th com pared to  th e  previous decade (2004-15). Fernald et al. 

(2017) also support th e  view th a t US cyclically ad justed  grow th w on’t pick up in th e  coming 

years. This is based on the ir observation th a t th e  softening of US grow th experienced since 

th e  financial crisis was due to  noncyclical and noncrisis related  factors th a t resulted in 

weak T F P  grow th and  declining partic ipa tion  ra tes (according to  the ir estim ates, 2 /3  of 

th e  decline in partic ipa tion  is due to  dem ographic changes). G ordon (2016) goes further 

and argues th a t th e  US m edian income per person will grow even slower (0.4%) if th e  rise 

of inequality will continue a t roughly th e  sam e ra te  experienced from 1975 to  2014. W hile 

th is point is very in teresting and may be relevant to  th e  Israeli experience, it is beyond the  

scope of th e  current m odel and left for fu ture research.

4 .2  F o r e c a s t  o f  g r o u p  sp e c if ic  h u m a n  c a p ita l

In  th is subsection we discuss in g reater detail th e  expected labor m arket developm ents 

by subgroups of th e  popula tion  (Jewish, A rab, and ultra-O rthodox). The developm ents

32According to the capital dynamics equation (3), in steady state the capital to GDP ratio is(y ) = 

S ' , where gy is the average growth rate of GDP.
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are governed m ainly by th e  between group convergence process discussed in th e  model 

for hum an capital (Section 3.2). The group specific historical d a ta  and baseline forecasts 

are detailed in figures appearing in A ppendix A . We should stress th a t due to  changes in 

th e  Labor Force Survey th e  historical d a ta  contains a break between 2011 and 2012 which 

makes it difficult to  estim ate th e  m ost current trends in group specific labor force a ttr ib u tes  

(as participation).

4 .2 .1  N o n - u l t r a - O r th o d o x  J e w s

The partic ipa tion  ra te  and hours per worker of m ost Jew ish m en age-groups are assum ed 

to  rem ain a t the ir 2015 level (figures 13 and 18) . As a result, th e  overall partic ipa tion  ra te  

and hours per worker of prim e age Jewish men are expected to  rem ain stable, a t 91% and 

42 hours per week, respectively.

Jew ish women are assum ed to  continue the ir labor m arket assim ilation process tow ard 

Jew ish men. M ost of th e  gap in th e  age specific partic ipa tion  ra tes am ong th e  prim e working 

age groups have already been closed during th e  past 30 years (Figure 13) . According to  

th e  forecast, rem aining gaps (up to  th e  age of 59) will be alm ost fully closed by 2040. In 

contrast to  th e  partic ipa tion  rate , we do not assum e th a t gender gaps in age specific hours 

per worker will narrow  during th e  forecast period (Figure 18) , so th a t th e  average hours 

per prim e age woman worker will rem ain stable a t 32 hours com pared to  41 for men. There 

are several theoretical forces th a t should operate  on hours per worker. On th e  one hand 

as th e  labor m arket assim ilation process of women proceeds, one would expect them  to 

increase the ir hours worked. However, as more women join th e  labor force— m eaning th a t 

they  devote less tim e to  household duties, the ir spouses can devote less tim e for work and 

should reduce hours. Empirically, since 1980 there  was only a mild gender convergence 

in hours. E xtending to  a more com plete forecast of hours (of women and men) is left for 

fu ture research.

Average years of schooling of Jew ish m en and women are expected to  continue increasing
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th roughout th e  forecast (Figure 23) . T he average years of schooling of th e  prim e-age men 

(women) is expected to  increase from 14.3 (14.6) years in 2015 to  15.6 (16.0) a t th e  end 

of th e  forecast. W hen looking a t th e  age group of 30-34 (the youngest age group th a t 

com pleted m ost of its schooling), we can see th a t th e  average years of schooling increases 

until 2025, and  thereafter stabilizes a t approxim ately 16 years. T he increase until 2025 

is supported  b o th  by th e  convergence process tow ard th e  long-run and by th e  historical 

decrease in th e  to ta l fertility ra te  th a t occurred until th e  mid 1990s (from 3.1 in th e  1970s to  

2.25 in th e  mid 1990s). T he la tte r  tren d  increases fu ture acquiring of schooling as governed 

by th e  quantity-quality  trad e  off (the Joshi-Sultz effect - see equations 29 and 31) . As the  

forecasted average years of schooling (for th e  30-34 age group) nears its long-run of 17.5 

years, and  as th e  historical T F R  stabilized and even slightly increased after th e  mid 1990s, 

th e  increase in th e  average years of schooling comes to  an  halt after 2025.

4 .2 .2  U l t r a - O r th o d o x  J e w s

The general assum ption regarding th e  O rthodox men is th a t cohorts below th e  age of 30 

in 2015 will begin a very gradual assim ilation process tow ard th e  labor m arket a ttendance 

and education of Jew ish men. D ue to  these cohorts, which by th e  end of th e  forecast 

horizon cover th e  entire working age population, th e  overall partic ipa tion  ra te  of prim e-age 

O rthodox men is forecasted to  increase from 54% in 2015 to  75% in 2065 (16 p .p  lower 

th a n  th e  Jew ish men). The overall average of weekly hours per worker is also expected 

to  increase from 32 to  35 in 2065 (6.5 hours less th a n  th e  Jewish men). A lthough we do 

assum e some process of convergence in effective schooling, substan tia l gaps will rem ain 

by th e  end of th e  forecast: th e  average years of schooling of O rthodox men aged 30-34 is 

forecasted to  be 12.5 years com pared to  16 for parallel Jewish group.

O rthodox women are less in tegrated  in th e  labor m arket, in term s of labor input, th an  

th e  Jewish women w ith  am biguous signs of convergence over th e  past decade. In  2015, 

the ir partic ipa tion  ra te  was below th a t of Jew ish women, m ainly in th e  prim e working
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ages, while it did show a p a th  of convergence tow ard th e  Jew ish women. As for hours per 

worker, th a t of th e  O rthodox women was substantially  lower th an  th e  Jew ish women (24 

com pared to  32 hours per week), w ithout any clear increase in th e  past 30 years. In  the  

forecast, O rthodox women do increase the ir in tegration in th e  labor m arket in term s of 

labor input. The partic ipa tion  ra te  in th e  prim e-age group is expected to  increase from 

77.5% in 2015 to  88% in 2065, only 1 p.p. lower th a n  th e  Jew ish women. We expect th a t 

th e  assim ilation in th e  partic ipa tion  will eventually be accom panied by an increase in the  

O rthodox wom en’s hours per worker, bu t m ajor gaps are expected to  rem ain even in 2065; 

th e  average hours of th e  prim e-age group is expected to  increase from 24 in 2015 to  30 in 

2065, 3 hours below th a t of Jewish women. T he level of schooling in th e  O rthodox women 

popula tion  is ra th e r similar to  th e  Jew ish women (approx. 15 for th e  30-34 age group). 

However we forecast th a t contrary  to  Jew ish women, th e  average years of schooling of 

O rthodox women will not increase. The reason is th a t th e  high historical and expected 

fertility  ra te  predicts a long-run level of years of schooling of only 14 years (com pared to  

17.5 for Jewish women). In o ther words - O rthodox women are already near the ir long run  

level of schooling.

4 .2 .3  A ra b s

The overall partic ipa tion  ra te  of A rab men is lower th a n  th a t of Jew ish men (78% com pared 

to  91% in 2015), the ir hours per worker, for most age groups, are som ewhat sm aller th a n  

th a t of Jew ish men (1 hour less on average in th e  prim e age), and the ir average years of 

schooling are substantially  lower (11.7 com pared to  14.3 years in 2015). The historical d a ta  

hardly shows any trend  of partic ipa tion  ra te  convergence between th e  groups th a t has been 

tak ing  place. In  th e  forecast, labor force characteristics of th e  A rab men are expected to  

very gradually  converge to  th a t of Jew ish men. However, nontrivial gaps in th e  labor force 

partic ipa tion  ra te  are expected to  rem ain even in th e  end of th e  forecast horizon.

A rab women are much less in tegrated  in th e  labor m arket. T heir partic ipa tion  ra te  is
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very low - 34% in 2015 (com pared to  84.5% for Jew ish prim e age women) and the ir average 

years of schooling is well below th a t of Jew ish women (approxim ately 11.5 years com pared 

to  14.6 in 2015). T he hours per worker (of those who work) are only slightly lower th a n  

Jew ish women. For some prim e age groups we can see in th e  past 30 years a very slow 

process of convergence. W e expect th is convergence process to  continue throughout the  

forecast horizon. In  term s of th e  partic ipa tion  rate , th e  convergence will take place only 

for cohorts younger th a n  45 years in 2015. However, due to  th e  large gaps in th e  beginning 

of th e  forecast, significant gaps will rem ain even in 2065: th e  average partic ipa tion  ra te  of 

th e  prim e age group is expected to  be 20 p.p. below Jew ish women. In term s of years of 

schooling, th e  convergence trends th a t prevailed in th e  past, which are assum ed to  continue 

in th e  next 50 years, generate a forecast by which th e  average years of schooling of A rab 

women aged 30-34 will be alm ost similar to  Jew ish women by 2050.

5 Evaluation of uncertainty

In  Section 4 we described a baseline scenario. Of course there  is uncertain ty  regarding the  

point estim ate. Since m ost of th e  model is not econom etric, we can not construct classical 

s ta tis tica l confidence intervals. Therefore, in order to  provide an idea of th e  degree of 

uncertain ty  we take a different approach. We will run  m any alternative sim ulations m ade 

up of com binations of a lternative assum ptions reflecting four m ain sources of uncertainty: 

th e  dem ographic assum ptions, th e  group-specific developm ents in hum an capital, th e  initial 

labor p roductiv ity  gap and th e  fu ture p a th  of th e  investm ent ra te  Let us explain how we 

calibrated  th e  degree of uncertain ty  w ith respect to  each com ponent.

D e m o g ra p h y : T he CBS’s dem ographic forecast included th ree  scenarios ("High", 

"M edium ", "Low") for each of th e  th ree  popula tion  groups (see Table 11 for details on 

th e  scenarios). T he "High" and  "Low" scenarios reflect a 95% confidence interval. This 

allows us to  construct 33 =  27 dem ographic forecasts.33

33 More details on the alternative demographic assumption and their effect on growth are provided in
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H u m a n  c a p ita l :  The dom inant com ponents of hum an capital are th e  group-specific 

partic ipa tion  rate , hours per worker and  years of schooling. We used expert consultation to  

construct th e  degree of uncertain ty  regarding th e  fu ture development of these variables for 

each of th e  84 popula tion  cells. T he consultations were done by m eans of questionnaires 

th a t we sent to  econom ists a t th e  B ank of Israel and o ther economic institu tions. In  the  

questionnaires we asked th e  respondents to  assess w hat will be th e  partic ipa tion  rate , the  

average hours per worker and th e  average schooling years of th e  35-40 age group in 2035 

and 2065 by gender and  sector. To ease th e  response burden, we only asked abou t one 

age group, and  operated  constant formulas to  reflect th e  respondents’ answers on o ther age 

groups. In  addition, we asked th e  respondents for which of th e  27 dem ographic assum ptions 

the ir assessm ent is relevant (may be relevant for more th a n  one or even all dem ographic 

scenarios). W hen running th e  various com binations of sim ulations (by dem ographic as-

sum ptions and expert assessm ents) we will consider for each expert-sim ulations only the  

dem ographic assum ptions th e  respondent pointed  out as relevant. In order to  allow the  

exploration of boundary  scenarios, respondents th a t provided a small am ount of relevant 

dem ographic scenarios, were asked again abou t the ir assessments, assum ing th a t an a lte r-

native dem ographic scenario will m aterialize (for these cases 1 of 3 scenarios was chosen 

random ly - full-low, full-medium or full-high).34

P r o d u c t iv i ty  g a p : T he initial level of labor p roductiv ity  gap, a key factor in the  

T F P  model, is derived from th e  average of Israel’s residuals from several cross-country 

regressions of th e  (log) level of ac tual labor productiv ity  in 2010 on sets of fundam ental 

and policy variables (see Section 3.3) . T he various regressions differ in th e  exact set of 

policy variables and  w hether they  include all countries or only advanced economies. For

Section 7.2.

34Out of the 28 respondents, one respondent described a world where "work is only an option" and 

therefore the participation rate is extremely small. We discarded this answer since it cannot be evaluated 

within our model. Simply taken, it would generate extremely low growth forecasts while the expert actually 
described a world where technological advances will allow robots to work instead of humans—a scenario 

which should go with high growth rates.
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th e  current analysis we will use th e  specific initial levels. In  to ta l we used results from  16 

regressions in which th e  in itial gap ranges from  19% below po ten tia l to  5% above (in the  

baseline case th e  in itial gap was 8% below potential).

T h e  in v e s tm e n t  ra te :  Israel’s in itial investm ent rate , 19%, is low by in ternational 

standards (Figure 12) . Nevertheless, in th e  baseline scenario th e  investm ent ra te  gradually 

decreases to  16.5% in 2065 due to  th e  ongoing increase in old age dependency ratio. For the  

uncertain ty  analysis we will consider two alternative options: th e  investm ent ra te  rem aining 

unchanged a t 19% and th e  investm ent ra te  gradually  increasing to  th e  current O ECD 

average of 21%. Hence th is p a rt of th e  uncertain ty  tilts  th e  d istribu tion  of fu ture grow th 

ra tes upw ard since b o th  alternative scenarios are characterized by a higher investm ent ra te  

th a n  baseline.

T he boxplot in F igure 7 sum m arizes th e  results; it shows th e  d istribu tion  of th e  2015 to  

2065 G D P grow th rate , by source of uncertainty, on a cum ulative basis. To explain, th e  far 

left line labeled "baseline" is th e  baseline scenario of 2.4% average growth. The next box, 

labeled "dem ography", shows th e  d istribu tion  of G D P grow th ra te  forecast under th e  27 

dem ographic scenarios (keeping all o ther assum ptions as in th e  baseline). In  th e  next box 

labeled "H um an capital" we show th e  d istribu tion  given b o th  th e  variety of dem ographic 

scenarios and expert assessments. In  th e  next box ("Productiv ity  gap") we add to  the  

previous two sources of uncertain ty  th a t from  th e  in itia l labor productiv ity  gap, and in 

th e  far left box we add as well th e  uncertain ty  from  th e  investm ent rate . T he last box is 

com posed of approxim ately 12,000 simulations.

A few conclusions m ay be draw n from th e  boxplot:

1. W ith  all of th e  considered uncertainties (far right hand  box labeled "Investm ent 

ra te"), th e  grow th ra te  forecast d istribu tion  (including outliers) spans from 1.8% to  3.0%. 

Thus th e  entire d istribu tion  of forecasts is below th e  historical averages of grow th (3.3% 

between 2000 to  2016).
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Figure 7: Boxplots* of th e  C um ulative U ncertain ty  Bands R egarding Average 2015-65

G D P G row th R ate

Additional Source o f Uncertianty
* On each box, the  centra l m ark is the median, the  edges o f the  box are the  25th and 75th percentiles, the  w h iskers extend to  the  most 

extrem e data points not considered statistical outliers, and outliers are plotted individually. Points are drawn as outliers if they are larger 

than q3 + 1.5*(q3 -  q1) or sm aller than q1 -  1.5*(q3 -  q1), w here q1 and q3 are the  25th and 75th percentiles, respectively. Th is  range 

corresponds to  approxim ate ly 99.3 coverage if the  data are norm ally distributed.

2. We do not detect an upw ard or downward bias in our baseline sim ulation, as the  

m edian grow th forecast from th e  full uncertain ty  sim ulations is very close to  our baseline 

scenario.

3. M ost of th e  uncertain ty  derives from th e  variety in expert assessm ents on hum an 

capital. We assert th is  from th e  observation th a t th e  span of th e  boxplot extend m ost when 

adding th is source of uncertainty.

4. T he experts tended  to  be less optim istic th a n  th e  baseline scenario regarding the  

contribution of hum an capital to  growth. T heir m edian grow th forecast is 2.3%. This 

m ainly reflects the ir softer predictions on th e  group-specific partic ipa tion  ra tes and  average 

years of schooling am ong th e  A rabs and  th e  female O rthodox. In  addition, they  tended  to
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em brace th e  "Low" dem ographic forecast a t a g reater weight th a n  th e  "High" one.

6 Ex post in-sample forecast

In  th is section we try  to  evaluate to  w hat degree our model can forecast th e  actual historical 

grow th rate . Specifically we will conduct an in-sam ple forecast for th e  years 2000-15, and 

com pare th e  results w ith  th e  actual outcomes.

As described in th e  previous section, since our m odel is not a s ta tis tica l model, we cannot 

conduct a pure out-of-sam ple exercise. Therefore, let us first briefly describes th e  m ain 

assum ptions taken  to  conduct th e  in-sam ple forecast. Since we don’t  have dem ographic 

forecasts from 2000, we take th e  popula tion  data , fertility  ra tes and  m ortality  ra tes as 

given. This is not a very strong assum ption since in th e  short run  th e  m ain dem ographic 

figures th a t affect th e  grow th forecast are known (the prim e age popula tion  for th e  first 

25 years are already born). We also use actual 2000-15 d a ta  on th e  labor share, the  

depreciation ra te  and num ber of foreign workers.

For m ost param eters we use th e  values as set in th e  baseline sim ulation— namely, the  

speeds of convergence, th e  dem ographic effects (as th e  quantity-quality  trade-off and the  

cost of childbearing), th e  long-run values for th e  num ber of years of schooling (18 in general), 

th e  re tu rn  to  schooling and  th e  param eters of th e  D em ographic Investm ent R ate  and the  

G eneral Equilibrium  models.

For th e  T F P  model, we set th e  in itial 2000 productiv ity  gap as estim ated  from a cross 

country level regression (as in 41) for 2000. Since we do not have tim e series for all 

policy variables, we estim ate only one regression based on available variables for 2000. For 

th e  speed of convergence and  global frontier grow th ra te  of T F P  we use th e  sam e panel 

regression (as in 42) th a t was based on th e  full sample. However, for th e  global frontier 

T F P  grow th param eter we use an average for th e  years up to  2000.

One set of crucial calibrated  variables are th e  long-run benchm ark values for th e  labor- 

m arket hum an capital a ttr ib u tes  of th e  non-U ltra-orthodox Jews (m ainly th e  partic ipa tion
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rate). In  th e  baseline sim ulation we set those of men to  the ir ac tual level in 2015, and for 

women we set them  to  th e  values of men of th e  sam e age. This seems reasonable for the  

baseline sim ulation as these reached historically and in ternationaly  high levels. However, 

had we conducted th is exercise in 2000, we probably would have set higher values as the  

partic ipa tion  ra tes were much lower a t th e  time. Therefore we held two ex post scenarios. 

In  th e  first, labeled Ex post A, we naively set th e  benchm ark values according to  2000 

levels. In  th e  second, labeled Ex post B, we set th e  same benchm ark values as in the  

baseline scenario (i.e., based on 2015 values).

Table 9: Average A nuual G rowth R ates - A ctual and Ex post Forecast (2000U15), percent

1980-2000 2000-2015

A ctual A ctual Expost A Expost B

G D P 4.7 3.3 2.9 3.2

G D P per cap ita 2.2 1.4 1.1 1.4

Total population 2.5 1.9 1.9 1.9

Prim e age population 2.8 2.1 2.1 2.1

Total hum an capital input 4.2 2.6 2.2 2.6

Total em ploym ent (incl. foreign) 3.3 2.5 2.0 2.5

Hours per employed 0.1 -0.3 -0.1 -0.2

C apital 4.2 3.0 3.0 3.1

T F P 0.5 0.5 0.4 0.4

T he results are described in Table 9. T he first two columns show th e  actual grow th 

ra tes in 1980-2000 and 2000-15; they  show th e  reduction in th e  average grow th ra te  of the  

economy from 4.7% to  3.3%. The next two columns are th e  ex post scenario results. We 

can clearly see th a t th e  ex post forecasts point to  th e  reduction in th e  grow th rate , and 

th a t th e  reduction is due to  a decrease in th e  grow th ra te  of hum an capital. In  Ex post A 

we can see th a t th e  reduction is even overestim ated as th e  model does not internalize the  

m ajor increase in th e  non-U ltra-orthodox Jew s’ partic ipa tion  ra te  th a t occurred between 

2000 and 2015. Once we allow th e  model to  internalize th is process we can see th a t the  

model forecasts th e  actual grow th ra te  of G D P very well.
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These are very encouraging results as they  indicate th a t a t th e  m acro level our m odel is 

able to  reproduce past developm ents - b o th  in G D P grow th and in th e  m ain com ponents. 

However, th is  does not m ean th a t th e  model perfectly replicates all ingredients th a t appear 

in th e  model. It may be th a t th e  hum an capital of some population  groups are biased 

upw ard and some downward. Moreover, in th e  T F P  m odel we get an initial large negative 

T F P  gap (tha t is, above po ten tia l) for 2000 th a t should have pointed to  a relatively low 

T F P  grow th rate . However, th is is offset by a relatively high global T F P  grow th ra te  when 

using th e  year fixed-effects up to  2000.35 This is p a rt of th e  na tu re  of a m odel w ith  m any 

com ponents— in th e  forecast, some upw ard errors are set off by o ther downward errors, 

m aking th e  overall forecast more stable.

7 Alternative scenarios

7 .1  L a b o r  m a r k e t c o n v e r g e n c e

In  th e  baseline scenario we assum ed th e  next 50 years will be characterized by gradual 

convergence between group and gender in labor m arket a ttribu tes: partic ipa tion  ra tes and

hours per worker. Namely, th e  O rthodox and A rab groups will converge tow ard th e  non-

u ltra-O rthodox  Jews, and women will converge tow ard men. In  th is section we will inspect 

th e  sensitivity of th e  forecast to  sm aller degrees of convergence.

In  th e  first a lternative (alt 1) we will assum e th a t th e  m ost labor m arket absent groups—  

O rthodox men and A rab women— will rem ain throughout th e  forecast w ith  the ir initial level 

of partic ipa tion  ra te  and hours per-worker. Formally, we set:

nLFPR _  nLFPR _  HO _  HO _  0
p(a,O,M) _  p (a,A,W) _  p (a,O,M) _  p (a,A,W) _  0

In  th e  second alternative (alt 2) we will assum e th a t all O rthodox and  A rab groups will

35 According to the actual data, the negative gap was to a large extent closed and turned over by PPP 

price developments and high growth in other advanced economies, as opposed to real TFP developments 

in Israel that we measure.
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nLFPR =  nLFPR =  HO =  HO =  0
p (a, O, s) P(a,A, s) P(a, O, s) P(a,A, s) 0

In  th e  th ird  alternative (alt 3) we will assum e all groups will rem ain a t the ir initial 

labor m arket levels, th a t is, th e  "sta tic  scenario". M ainly th is a lternative removes the  

convergence of Jew ish women tow ard th e  a ttrib u tes  of men, on top  of th e  assum ptions in 

alternatives 2 and 3. Formally, we set:

l f p r  =  h o  =  0
P(a, r, s) p(a,r, s) 0

rem ain throughout th e  forecast a t the ir initial level. Formally, we set:

Table 10: Average G row th R ate  Forecasts for 2015-2065: Baseline and  A lternative

Convergence Scenarios, percent

Baseline A lternatives

1 2 3

Average annual grow th ra te

G D P 2.4 2.3 2.2 2.2

G D P per capita 0.7 0.6 0.6 0.5

Total population 1.7 1.7 1.7 1.7

P rim e age population 1.5 1.5 1.5 1.5

Total hum an capital input 1.8 1.6 1.5 1.5

Total em ploym ent (incl. foreign) 1.6 1.5 1.4 1.4

Hours per employed -0.0 -0.0 -0.1 -0.1

C apital 2.2 2.1 2.1 2.0

T F P 0.4 0.4 0.4 0.4

G D P (2065, pct. deviation from baseline) -5.6 -8.8 -9.5

T he results of th e  alternative scenarios are sum m arized in Table 10. All th ree  scenarios 

reduce th e  average grow th ra te  of GDP. A lthough th e  effects in term s of grow th ra te  seem 

small 0.1-0.2 pct. points, after 50 years th is sums up to  a lower level of G D P (and G D P per 

capita) of 5% to  10%. T he largest m arginal effect occurs when we remove th e  convergence 

of th e  m ost absent groups (alt. 1). T he loss of G D P is m ainly due to  th e  removal of group 

convergence in th e  partic ipa tion  ra te  th a t operates to  reduce th e  grow th ra te  of aggregate
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em ploym ent. For most, in th e  s ta tic  sim ulation (alt. 3) th e  overall prim e age partic ipa tion  

ra te  decreases until 2065 by 4 percentage points tow ard its mid-2000s level (Figure 8) .

Figure 8: P rim e Age Partic ipation  R ate  - A ctual, Baseline Forecast and Convergence

A lternatives

market convergence for Orthodox and Arabs; Alt 3 - No labor market convergence.

We should m ention th a t we also tested  an alternative where we set th e  long-run bench-

m ark value of th e  partic ipa tion  ra te  am ong th e  non-ultra-O rthodox Jew ish popula tion  aged 

25-54 (LFPR^25-54: j s ) t ) to  its m axim um  level am ong O ECD  economies (see Figure 3) . The 

forecast macro results do not change significantly, since we already set in th e  baseline fore-

cast th e  long-run benchm ark value of Jew ish w om ens’ L F P R  to  th a t of Jew ish men— which 

is higher th a n  th e  m axim um  value am ong O ECD  women.
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7 .2  A lt e r n a t iv e  d e m o g r a p h ic  s c e n a r io s

For th e  baseline scenario we used for all population groups th e  dem ographic assum ptions 

th a t were used in th e  "m edium " scenario from th e  CBS’s long te rm  dem ographic forecast. 

The CBS’s forecast also included two alternative "Low" and "High" scenarios for each 

group. T he "Low" ("H igh") scenario assum es lower (higher) fertility  and higher (lower) 

m ortality  rates. Table 11 sum m arizes th e  m ain dem ographic param eters th a t derive for the  

baseline ("m edium ") and alternative scenarios. We can see th a t while th e  baseline forecast 

assum ed a slight reduction in th e  T F R  of all religion groups, th e  "Low" scenario assumes 

a deeper reduction and th e  "High" scenario assumes increases in th e  TFR . T he higher 

m ortality  ra tes in th e  "Low" scenario cut off alm ost all th e  expected increase in th e  life 

expectancy while th e  "High" scenario induces a m ajor increase. W hile overall population 

grow th is expected to  differ between th e  scenarios, prim e age popula tion  grow th will be 

sim ilar because by 2040 new borns during th e  forecast horizon will not have reached the  

prim e age groups.

Table 11: M ain Dem ographic Param eters in Baseline and A lternative dem ographic

Scenarios

2015

Baseline

2040

Low High

Total Fertility Rate (TF R ):  

Jew ish (non-ultra-O rthodox) 2.7 2.5 2.1 2.9

U ltra-O rthodox 6.9 6.2 4.7 7.8

A rabs 3.3 2.6 2.1 3.0

Life expectancy at birth:

Jew ish (including u ltra-O rthodox) 82.6 86.9 84.3 89.3

A rabs 79.0 83.4 80.8 85.6

Population grow th (5 year avg.), % 1.9 1.7 1.3 2.0

Prim e age population  grow th (5 year avg.), % 1.5 1.3 1.3 1.3

Old to  middle age dependency ratio , % 17.7 25.0 24.0 25.8

T he full results for th e  "High" and "Low" scenarios are provided in Table 12 (we will
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Table 12: Average G row th R ate  Forecasts for 2015U65: Baseline and A lternative

Dem ographic Scenarios, percent

Baseline D em ographic A lternatives

Low High

Average annual grow th ra te

G D P 2.4 2.3 2.5

G D P per cap ita 0.7 1.1 0.4

Total population 1.7 1.2 2.1

Prim e age population 1.5 1.3 1.7

Total hum an capital input 1.8 1.6 1.9

Total em ploym ent (incl. foreign) 1.6 1.4 1.8

Hours per employed -0.0 0.0 -0.1

C apital 2.2 2.2 2.2

T F P 0.4 0.4 0.4

G D P (2065, pct. deviation from baseline) -4.1 3.6

G D P per cap ital (2065, pct. deviation from baseline) 21.4 -16.4

describe th e  results for th e  "High" scenario, th e  opposite follows for th e  "Low" scenario). 

We can see th a t G D P grow th is expected to  be som ewhat higher in th e  "High" alternative. 

The m ain channel a t work is th e  higher increase in prim e age population  th a t increases the  

grow th ra te  of em ploym ent. However there  are a few more channels a t work w ith  smaller 

m agnitudes of effect: first, th e  increase in fertility  reduces th e  hours per worker of women 

in fertility  ages due to  th e  cost of childbearing (see Section 3.2.4 for details). Second, the  

increase in th e  T F R  results in a fu ture decrease in years of schooling as d ic ta ted  by the  

"quantity-quality" trade-off (see Section 3.2.5 for details). T he com bination of these two 

channels explains th e  sm aller increase above baseline in to ta l hum an capital (com pared 

to  em ploym ent). The increase in th e  capital stock (com pared to  baseline) is sim ilar to  

th a t in GDP, as th e  investm ent ra te  pa th s in all scenarios are similar. T he increase in life 

expectancy offsets th e  dependency effects (note from Table 11 th a t th e  old to  middle age 

dependency ra tio  hardly  varies until 2040).

T he mild increase in 2065 G D P (3.6%) is in parallel to  th e  substan tia l increase in to ta l 

popula tion  resulting in G D P per cap ita  th a t is 16.4% lower th an  baseline (rem em ber th a t
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th e  increase in young ages and th e  extension of old age longevity is im m ediate, th e  increase 

in prim e age popula tion  is gradual).

7 .3  E c o n o m ic  e n v ir o n m e n t  im p r o v e m e n t

In  th is set of alternative scenarios we will consider an  im provem ent in th e  business envi-

ronm ent th a t m ay be achieved though policy steps. For th is we will use th e  T F P  model 

(described in Section 3.3) . In  th e  baseline forecast we fixed th e  "policy variables" to  their 

current level. Here we will execute hypothetical scenarios where Israel leaps to  th e  top  5% 

am ong countries w ith  G D P per cap ita  above 5000$ in each policy group : "doing business" 

and "economic freedom" in th e  institu tions scenario (Figure 9) ; " transpo rta tion  infrastruc-

tu re" and  "com m unications infrastructures" in th e  in frastruc ture scenario (Figure 10) ; and 

"national tests" and  "educational inequality" in th e  education scenario (11) . We also run  

a scenario where all im provem ents are achieved together.

Table 13: Average G row th R ate  Forecasts for 2015-2065: Baseline and A lternative T F P

Scenarios, percent

Baseline T F P  A lternatives from better:

Inst. Infr. Educ. All

Average annual grow th ra te

GDP 2.4 2.5 2.5 2.6 2.8

G D P per cap ita 0.7 0.9 0.9 0.9 1.1

Total population 1.7 1.7 1.7 1.7 1.7

Prim e age population 1.5 1.5 1.5 1.5 1.5

Total hum an capital input 1.8 1.8 1.8 1.8 1.8

Total em ploym ent (incl. foreign) 1.6 1.6 1.6 1.6 1.6

Hours per employed -0.0 -0.0 -0.0 -0.0 -0.0

C apital 2.2 2.3 2.3 2.3 2.5

T F P 0.4 0.5 0.5 0.5 0.7

G D P (2065, pct. deviation from baseline) 5.9 6.0 6.5 19.4

Table 13 sum m arizes th e  m ain results from these forecast scenarios. Each of th e  first 

th ree  scenarios ("Inst." , "Infr.", "Educ.") results in an increase in average grow th ra te
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Figure 9: Cross-Country Com parison of "Policy Variables" in T F P  Model: Q uality  of

Institu tions
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Figure 10: C ross-C ountry Com parison of "Policy Variables" in T F P  Model: In frastructu re
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Figure 11: C ross-Country Com parison of "Policy Variables" in T F P  Model: Education

National tests
o
CO

Educational inequality

LD _

^  -

78



(com pared to  baseline) of 0.1 p.p. th a t originates from an increase in T F P  growth. These 

accum ulate to  an  increase of approxim ately 6% in 2065 G D P (com pared to  baseline). For 

th e  case of th e  institu tions and education scenarios, th e  G D P im provem ent is due to  Israel’s 

substan tia l initial d istance from best p ractice in th e  institu tions and education indicators. 

For th e  cost of in frastructure, th e  m agnitude of th e  m arginal effect is dom inant as Israel 

is not very far for th e  top  in these indicators. Finally, com bining all th ree  groups of 

im provem ents generates by 2065 a G D P increase of 19% above baseline.

7 .4  S tr u c tu r a l c h a n g e s  o n  t h e  in v e s tm e n t  r a te

In  th is section we will use th e  s ta tic  general equilibrium  model (outlined in Section 3.5) 

to  produce different pa th s for th e  investm ent ra te  due to  changes in th e  fundam ental 

param eters of th e  economy. In  th e  first alternative (alt 1) we will consider an  increase in 

m arket com petition  (i.e., decrease in m onopolistic power) th a t will result in a reduction of 

m arkups in th e  in term ediate goods sectors. We will reduce th e  m arkups in th e  dom estic 

and im ported  in term ediate goods sector (׳ H and ׳ * in equations 52 and  53) to  only 10% 

above m arginal costs (com pared to  th e  baseline param etrization  of 50% in th e  dom estic 

sector and 30% in th e  im port sector). T he reduction of m arkups generates a perm anent 

increase in real wages and capital ren ta l ra tes which supports an  equilibrium  increase in 

dem and for dom estic p roducts and increase in supply of production  factors, one of which 

is capital. Therefore th e  steady s ta te  of th e  investm ent ra te  increases by 1.7 p.p, out of 

which 2 /3  is due to  th e  reduction in dom estic m arkups.

In  th e  second alternative (alt 2) we will increase th e  exogenous com ponent of Israel’s 

share in world trad e  from 0.5% to  1.0% (u* in equation 56) . We can th ink  of th is shift as 

a change in global ta stes  tilted  tow ard Israeli goods or as policy steps to  support the  

penetra tion  of Israel’s exporters in foreign m arkets. T he increase in exports finances, 

th rough  th e  current account, an increase of in term ediate goods im ports. The economic 

m echanism  supporting th is transition  is an  endogenous steady s ta te  real appreciation of
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th e  exchange ra te  (of approxim ately 25%) and an im provem ent in th e  term s of trade. The 

increase in im ports and  im provem ent in term s of trad e  support th e  real increase of all uses, 

including th e  steady  s ta te  of th e  investm ent ra te  by approxim ately 2 p.p.

F igure 12: Investm ent to  G D P R atio  - A ctual Israel and O ECD  Average, Baseline 

Forecast and  General Equilibrium  M odel A lternatives

Alt 2 - Increase in share in world trade (from 0.5 pct to 1.0 pct).

Since th e  quan tita tive  results of b o th  scenarios in term s of th e  investm ent ra te  and 

G D P grow th are sim ilar we will discuss them  together. F igure 12 plots th e  historical and 

sim ulated pa th s  of th e  investm ent rate . T he figure shows th a t in th e  last decade Israel’s 

investm ent ra te  of 19% on average was low com pared to  O ECD  countries: in 2015 the  

investm ent ra te  was in th e  lower p a rt of th e  one-S.D. band  around th e  O ECD  average. 

Rem em ber th a t since 2009 investm ent ra tes in most O ECD  countries dropped due to  cycli-

cally weak economic growth. Before th a t, a 19% investm ent ra te  is around th e  bo ttom  

of th e  one-S.D. band. In  th e  baseline forecast th e  investm ent ra te  gradually  decreases to
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Table 14: Average G row th R ate  Forecasts for 2015-2065: Baseline and A lternative Steady

S ta te  M odel Scenarios, percent

Baseline G E M odel A lternatives

1 2

Average annual grow th ra te

G D P 2.4 2.5 2.6

G D P per cap ita 0.7 0.9 0.9

Total population 1.7 1.7 1.7

P rim e age population 1.5 1.5 1.5

Total hum an capital input 1.8 1.8 1.8

Total em ploym ent (incl. foreign) 1.6 1.6 1.6

Hours per employed -0.0 -0.0 -0.0

C apital 2.2 2.5 2.5

T F P 0.4 0.4 0.4

G D P (2065, pct. deviation from baseline) 6.1 7.0

16.5% due to  dem ographic changes (increase in dependency rate). In  b o th  th e  alternative 

scenarios, th e  investm ent ra te  hard ly  goes down and rem ains stable a t around 18% to  19%. 

As is evident in Table 14 th e  increase in th e  investm ent ra te  boosts th e  grow th ra te  of 

cap ital as d ic ta ted  by equation 3. G D P grow th increases by 0.1 p.p. which in 2065 to ta ls 

to  a G D P increase of 6.1% (alt 1) and  7.0% (alt 2).

We should m ention th a t w ithin th e  general equilibrium  m odel th e  reduction of m arkups 

(alt 1) also triggers a steady s ta te  increase in labor input (approxim ately 10%). However, 

a t th is stage we only connect between th e  general equilibrium  and th e  unifying models 

th rough  th e  investm ent rate , so th e  effect m ay be considered as partia l. In fu ture versions 

we may consider allowing stru c tu ra l changes in th e  economy to  have a m acroeconom ic effect 

on labor input as quantified by th e  general equilibrium  model.

8 Summary and conclusions

In  th is paper we docum ented th e  developm ent of a m odel built to  create sim ulations regard-

ing th e  long-term  grow th of G D P in Israel. T he com plete m odel is constructed  from five
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blocks of models, each w ith  a different ta rge t variable and m ethodology th a t fits best for 

its purpose. We preferred th is strategy, ra th e r th a n  building one com plete unified model, 

because it allows us to  ex tract various strengths of policy modeling, be it use of in terna-

tional data , use of theoretical general-equilibrium  conditions or detailed em pirical data. 

For exam ple, any long-run view on Israel’s hum an capital m ust consider th e  developm ents 

in th e  fast growing u ltra-O rthodox  sector which has different labor m arket habits. These 

factors cannot be dealt w ith  w ithin  an in ternational panel model or a general equilibrium  

model. In contrast, research has shown th a t an  im portan t determ inant of productiv ity  is 

th e  ex ten t to  which it can converge to  in ternational levels (conditioned on different charac-

teristics of each economy), particu larly  th rough  technology spillover. This sort of economic 

consideration is built best from in ternational d a ta  on productiv ity  and models of cross-

country conditional convergence. The weakness of our eclectic m odeling stra tegy  is th a t 

th e  different blocks of th e  model are not necessarily coherent about all aspects.

At th e  heart of th e  paper we presented a baseline sim ulation of Israel’s average G D P 

grow th ra te  between 2015-65. This sim ulation, and th e  evaluation of th e  uncertain ty  

surrounding it, clearly indicates th a t Israel’s fu ture grow th ra te  is expected to  be lower 

th a n  historical averages. T he decrease in th e  grow th ra te  is m ainly due to  dem ographic 

factors: th e  slowing grow th ra te  of th e  prim e working age population, th e  growing share in 

popula tion  of sectors w ith  weak attachm en t to  th e  labor m arket and shortages in hum an 

capital, and th e  aging of th e  population  is increasing th e  old-age dependency ra tio  and 

reducing saving and investm ent rates. In  addition, a few im portan t drivers of grow th 

which were very im portan t in th e  past are coming to  exhaustion: th e  increase in years of 

schooling, and  th e  labor m arket partic ipa tion  ra te  of women.

Beyond th is som ew hat gloomy baseline sim ulation, we have shown there are policy 

areas th a t can raise fu ture grow th and help decrease th e  current G D P per cap ita  gap w ith  

respect to  o ther developed economies. O ur T F P  model points to  po ten tia l benefits from 

b e tte r  educational quality  of wider schooling opportunities as well as im provem ent in the
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business environm ent and infrastructure.

This pro ject is far from being com pleted. T he m odel was built on sim plicity and m od-

ularity  which allows th e  addition of o ther model blocks or th e  estension of existing blocks 

ra th e r simply. Some areas we have intendedly left for fu ture work are: The extension of 

hum an capital to  include abilities as m easured by PIAAC surveys (as an  alternative to  the  

centrality  of yeas of schooling in th e  determ ination  of hum an capital beyond labor input), 

to  extend th e  am ount of cross-block effects (for exam ple, to  in troduce an effect from T F P  

on years of schooling or on th e  re tu rn  to  schooling); to  b e tte r  identify th e  causal rela tion-

ship between policy and T F P  growth; to  include concrete policy variables in th e  hum an 

capital m odel block; to  extend th e  model beyond G D P grow th to  national income which 

is closer to  th e  concept of utility, and more. These extensions can be added along th e  way 

as th e  model becomes operational for th e  use of policy m aking in Israel.
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Appendices

Appendix A  Group specific convergence graphs

Figure 13: Convergence in G roup Specific Labor Force P artic ipation  R ate  - Jewish

in th e  Labor Force Survey.
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Figure 14: Convergence in G roup Specific Labor Force P artic ipation  R ate  -

U ltra-O rthodox Mien
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Figure 15: Convergence in G roup Specific Labor Force P artic ipation  R ate  -

U ltra-O rthodox W omen
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Figure 16: Convergence in G roup Specific Labor Force Partic ipation  R ate  - A rab Men
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Figure 17: Convergence in G roup Specific Labor Force Partic ipation  R ate  - A rab W omen
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Figure 18: Convergence in G roup Specific Hours per W orker - Jewish
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Note: T he historical d a ta  contain a break between 2011 and  2012 due to  changes
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Figure 19: Convergence in Group) Specific Hours per W orker - U ltra-O rthodox Men
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Note: T he historical d a ta  contain a break between 2011 and  2012 due to  changes

in th e  Labor Force Survey.
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Figure 20: Convergence in Group) Specific Hours per W orker - U ltra-O rthodox W omen
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Note: T he historical d a ta  contain a break between 2011 and  2012 due to  changes

in th e  Labor Force Survey.
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Figure 21: Convergence in G roup Specific Hours per W orker - A rab Men
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Figure 22: Convergence in G roup Specific Hours per W orker - A rab W omen
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Figure 23: Convergence in G roup Specific Years of Schooling - Jewish
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Figure 24: Convergence in G roup Specific Years of Schooling - U ltra-O rthodox Men
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Figure 25: Convergence in G roup Specific Year of Schooling - U ltra-O rthodox W omen
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Figure 26: Convergence in G roup Specific Years of Schooling - A rab Men
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Figure 27: Convergence in G roup Specific Years of Schooling - A rab Women
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