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MOTIVATING EVIDENCE
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ARGENTINA'S "MISSING CAPITAL"

@ Starting around 1980s Argentina entered pronounced "capital
shallowing" process:
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e Capital-output ratio in 2008 nearly 25% lower than in 1980.
@ Why so much capital lost?
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ARGENTINA'S "MISSING CAPITAL"

@ Starting around 1980s Argentina entered pronounced "capital
shallowing" process:

ARGENTINA
Capital-Output Ratio

1980 1982 1984 1086 1°88 1990 1992 1994 1996 1958 2000 2002 2004 2006 2008

Source: Author's clculations 's capi w o
that current

iy adapted by the U. 5. Bureau of Economic Analysis.

e Capital-output ratio in 2008 nearly 25% lower than in 1980.

@ Why so much capital lost?

@ Argentina’s history gives ground to conjecture that answer is
investors' fears of "opportunistic confiscation of capital.”
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ntina's economic conditions at time of 1982 default

ARGENTINA
1982 default happened after decline in detrended output...

...but with detrended capital stock near its historical peak
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Confiscation fears validated by historical developments

@ Conventional wisdom: countries don't default out of opportunistic
considerations, but mostly out of necessity in "bad times."
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Confiscation fears validated by historical developments

@ Conventional wisdom: countries don't default out of opportunistic
considerations, but mostly out of necessity in "bad times."

@ Assessment of "justifiable defaults" not always that easy to defend
once the capital stock is incorporated in the analysis:

o the higher that stock, the higher a country's incentive to fall into
"opportunistic default" temptation.
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Confiscation fears validated by historical developments

@ Conventional wisdom: countries don't default out of opportunistic
considerations, but mostly out of necessity in "bad times."

@ Assessment of "justifiable defaults" not always that easy to defend
once the capital stock is incorporated in the analysis:
o the higher that stock, the higher a country's incentive to fall into
"opportunistic default" temptation.

@ Argentina's economy conditions not dismal at time of 1982 defaul:
capital stock near historical peak then.
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Motivation and goal of the paper

@ Default when capital stock near historic high may have convinced
investors that Argentina belongs to the category of small open
economies operating under LCCs (limited commitment constraints).
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Motivation and goal of the paper

@ Default when capital stock near historic high may have convinced
investors that Argentina belongs to the category of small open
economies operating under LCCs (limited commitment constraints).

@ Paper explores quantitatively ability of those constraints to account
for Argentina's "capital shallowing".

Argentina's missing capital
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Motivation and goal of the paper

@ Default when capital stock near historic high may have convinced
investors that Argentina belongs to the category of small open
economies operating under LCCs (limited commitment constraints).

@ Paper explores quantitatively ability of those constraints to account
for Argentina's "capital shallowing".

o Finding preview: Limited Commitment Constraints can account for
50% to 80% of Argentina's missing capital.
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ARE LIMITED COMMITMENT CONSTRAINTS
EMPIRICALLY RELEVANT?

e No: Tsyrennikov (2013), but with exogenous default costs and no
capital.
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o Restrepo-Echavarria (2019): Account well for low-to-medium
frequencies of per-capita consumption in Latin America after debt crisis
of the 1980s. Misses dynamics of capital stock (almost by design).

e Gordon and Guerrén-Quintana (2018), but exogenous default critical
for result.
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ARE LIMITED COMMITMENT CONSTRAINTS

EMPIRICALLY RELEVANT?

e No: Tsyrennikov (2013), but with exogenous default costs and no
capital.

e Maybe: Dovis (2019), but in combination with moral hazard and,
again, no capital.

@ Yes:

o Kehoe and Perri (2002): Solve some counterfactual international
business cycles implications of models without the constraints.

o Restrepo-Echavarria (2019): Account well for low-to-medium
frequencies of per-capita consumption in Latin America after debt crisis
of the 1980s. Misses dynamics of capital stock (almost by design).

e Gordon and Guerrén-Quintana (2018), but exogenous default critical
for result.

@ This paper: LCCs with capital adjustment costs and no exogenous
default costs.

Kapitka-Kydland-Zarazaga (ASSA 2021) | Argentina's missing capital



LCCs challenges: capture missing capital AND its

asymmetric response to positive and negative TFP changes

1.4 * Capital stock accompanied large
—K/Trend k declines TFP experienced in the
1980s and then between 1999 and

13 2002.

: —TFP/Trend TFP
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LCCs challenges: capture missing capital AND failure of

lower international real interest rates to boost it

14 * Capital stock accompanied large
—K/Trend k declines TFP experienced in the
1980s and then between 1999 and
13 2002.

—TFP/Trend TFP

* But capital stock remained fairly
unresponsive to the subsequent
strong recoveries that TFP
recorded in the 1990s and
between 2003 and 2008.

——Gross international real interest rate
(Neumeyer-Perri)

* Model with LCCs replicates these
features of the data, as well as...

* _..apparent failure of lower
international real interest rate in
the first half of the 1990s and
2000s to boost capital
accumulation.

0.7
1980 1985 1990 1995 2000 2005 2008
Source for international interest rate: MERRILL LYNCH 175 LOW-GRADE
CORPORATE BONDYIELD until Nov 84 and MERRILL LYNCH LOW-GRADE
CORPORATE BONDYIELD afterwards (almostidentical to Neumeyer-Perri
for 1982-2001 period).
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LCCs captures view that Argentina’s capital accumulation

suffers from a chronic "lost opportunities" problem

14 * Capital stock accompanied large
—K/Trend k declines TFP experienced in the
1980s and then between 1999 and
13 2002.

—TFP/Trend TFP

*

But capital stock remained fairly
unresponsive to the subsequent
strong recoveries that TFP
recorded in the 1990s and
between 2003 and 2008.

——Gross international real interest rate
(Neumeyer-Perri)

* Model with LCCs replicates these
features of the data, as well as...

* _..apparent failure of lower
international real interest rate in
the first half of the 1990s and
2000s to boost capital
accumulation.

*®

LCCs formalize "lost opportunities"
view that lack of dynamism of

0.7 Argentina's capital accumulation
1980 1985 1990 1995 2000 2005 2008 process has its roots in country's
Source for international interest rate: MERRILLLYNCH 175 LOW-GRADE inability to exploit periods of

CORPORATE BONDYIELD until Nov 84 and MERRILL LYNCH LOW-GRADE :
CORPORATE BONDYIELD afterwards (almost identical to Neumeyer-Perri ynusual!y favorable d? mest|§ énd
for 1982-2001 period). international economic conditions.
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The Limited Commitment Small Open Economy Model

@ SOE able to borrow from or lend to risk neutral foreign investors.
@ Stand-in household ranks consumption sequences according to:

V({C}) Zﬁ N:U(Ce/Ne), 0<pB<1,

where: N; exogenously given period-t population and U(.) satisfies
standard balanced-growth properties.

Production function:
F(A:, Ke, Ny),

where: K; > 0 beginning-of-period capital stock and A; exogenously
given TFP.
Resource constraint:

Ce + K1 + ¢ (Ke, Ke1) = F(Ar, Ke, Ne) + (1= 6)Ke — By,

where: ¢ (K, Ki+1) captures capital adjustment costs, J is the
depreciation rate, B; denotes net transfers to the lender, and initial
capital stock Kj is given.
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The Limited Commitment Small Open Economy Model

(cont.)

*
@ Lender discounts future cash flows at period discount rates R;.

*
o Let Q; = J 1R 1 be the implied discount factor between period 0

and t.
@ The lender’s present value of its revenue is given by

({Cr, Ke}) f = Y Qe IF (A Keo Ne) + (1— 0)Ke — Ce — Ker — ¢ (Key Key1)].

t=0 t=|

o

interpreted as the initial debt of the country to the lender, dj.
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Optimal contract

Feasible sequences {B;, C¢, Kr+1} that,

@ given exogenous sequences { N;, A;, R+ } and initial debt dp,
maximize the SOE stand-in household lifetime utility's

ZﬁM (Ce/Ny),

subject to the Promise-Keeping Constraint for the lender:
X %
Y QB > do,
=0

@ and the Limited Commitment Constraint:

Z,BINHJ (CtJrJ) VU (K;) forallt > 0.
Nes

@ the resource constraint:

F(Ae, Ke, Ne) + (1 = 0) Ky — Key1 — ¢ (Ke, Ke1) — G > B
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Quantitative implementation

e Balanced-growth: N; = (1+17)*Ny and labor-augmenting
technological progress A; = A(1+ )1-0)t,
e Utility function:
letf

U(C) = 1—.

@ Production function:
F(A:, K, Ni) = A KINEO.
o Capital adjustment cost function:

2
P(Ke Kev1) = 5 (Kf+1 - +K'7>(1+7)Kt> .

o A, detrended by (1+ 7)'~%, other variables by (1 +7)(1+ 1) as
appropriate.

e Constraints and first order conditions modified accordingly (see
paper).
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Consumption dynamics induced by LCCs

o Consider expression obtained from evaluating FOC for consumption in
two consecutive periods for (14 )7/BR{, ; = 1:

Ucer1) _ 1+ Xomots
U'(ce) 1+,
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Consumption dynamics induced by LCCs

o Consider expression obtained from evaluating FOC for consumption in
two consecutive periods for (14 )7/BR{, ; = 1:

Ucer1) _ 1+ Xomots
U'(ce) 1+,

@ Suppose that the only LCC that binds is for period t+n+1. It

follows that: ,
U'(ctint1) _ 1 and
U'(ctsn) Hitnt1
! .
M =1, alli>1
u (Ct+n+i)
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Consumption dynamics induced by LCCs

@ Consider expression obtained from evaluating FOC for consumption in
two consecutive periods for (1+9)7/BR;,; =

Ulcrn) _ 1+ Yook
Ule)  1+Xon,

@ Suppose that the only LCC that binds is for period t+n+1. It

follows that: ,
U'(ctint1) _ 1 and
U'(ctsn) Hitnt1
! .
M =1, alli>1
u (Ct+n+i)

@ For these conditions to be satisfied, ¢tynt+1 > Cryn and
Ct4n+1 = Ct+,,+1+,-,a|| I> 1:
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Consumption dynamics induced by LCCs

o Consider expression obtained from evaluating FOC for consumption in
two consecutive periods for (14 )7/BR{, ; = 1:

Ucer1) _ 1+ Xomots
U'(ce) 1+,

@ Suppose that the only LCC that binds is for period t+n+1. It

follows that: ,
U'(ctint1) _ 1 and
U'(ctsn) Hitnt1
! .
M =1, alli>1
u (Ct+n+i)

@ For these conditions to be satisfied, ¢tynt+1 > Cryn and
Ct4n+1 = Ct+,,+1+,-,a|| I> 1:

e consumption increases permanently after a limited commitment
constraint starts binding in any given period t.
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Numerical experiments

@ Designed to illustrate two key properties of a SOE subject to LCCs:

Kapitka-Kydland-Zarazaga (ASSA 2021) | Argentina’s missing capital



Numerical experiments

@ Designed to illustrate two key properties of a SOE subject to LCCs:

@ Asymmetric response of capital stock to temporary decrease and
increase in TFP 5-periods ahead
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Numerical experiments

@ Designed to illustrate two key properties of a SOE subject to LCCs:

@ Asymmetric response of capital stock to temporary decrease and
increase in TFP 5-periods ahead

© Tendency of lower international interest rate to counterintuitively
induce a decline in the capital stock, rather than an increase.
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Numerical experiments

@ Designed to illustrate two key properties of a SOE subject to LCCs:

@ Asymmetric response of capital stock to temporary decrease and
increase in TFP 5-periods ahead

© Tendency of lower international interest rate to counterintuitively
induce a decline in the capital stock, rather than an increase.

@ Parameter values common to all experiments:

B v |n|d |«
096 0.0 01O

o
1.0
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TFP Capital Stock Consumption

Numerical experiment 1
Response to fully anticipated temporary decrease in TFP 5-periods ahead.

*
BR =1, full depreciation and no adjustment costs
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TFP Capital Stock Consumption

Numerical experiment 2
Response to fully anticipated temporary increase in TFP 5-periods ahead.

*
BR =1, full depreciation and no adjustment costs
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LCCs reproduce observed asymmetric response of capital
stock to positive and negative TFP changes

capital stock
capital stock
)
3

TFP 50% down —> TFP 50% up =
Capital stock falls as  Capital stock rises less
much as without LCCs than without LCCs
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Lower international real interest rate tightens LCCs

s fUll commitment

e imited commitment, 0=0.5

e imited commitment, =1
limited commitment, =5

;

&106 g 02 ‘é
1.04 019
1.02 0.18
1 017'
2 4 6 8 10 12 14 097 0.98 0.99 1
time 3R* time
TFP Capital stock in Consumption for
. *
period 5 as a* various values of BR
function of BR. and 0 = 1. Darker
. *
No adjustment costs. color = lower R.
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Some intuition behind counterintuitive lower R-star effect

P M U’ (g2 (kesr) . .
Rer1 = (frer1 +1-0) (1 - ;ﬂ Ur(ri_wl) ) (Implied by FOC in k)
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Some intuition behind counterintuitive lower R-star effect

P M U’ (g2 (kesr) . .
Rer1 = (frer1 +1-0) (1 - ;ﬂ Ur(ri_wl) ) (Implied by FOC in k)

*
o Effect of lower R;41 controlled by interaction of:
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Some intuition behind counterintuitive lower R-star effect

5 _ I"r+1 U, (gr‘?+ut1(kt+1>) . .
Rey1 = (fer1 +1-0) (1 — P Ulcin) (Implied by FOC in k)

*
o Effect of lower R;41 controlled by interaction of:
@ difference between marginal utility of consumption in autarky and in the
U/ aut k )
contract, W. Tends to be lower in good states, when LCC

binds and consumption in autarky would exceed that in the contract. A

*
8745 (ke+1) higher than cqy1 tends to restore lower R = higher k.
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Some intuition behind counterintuitive lower R-star effect

* ’ aut k
Revr = (fipn +1-0) | 1 et v (Lg/j?é( ‘)“)) (Implied by FOC in k)
1+ ): . t+1
s=0

*
o Effect of lower R;41 controlled by interaction of:
@ difference between marginal utility of consumption in autarky and in the
U/ aut k )
contract, W. Tends to be lower in good states, when LCC

binds and consumption in autarky would exceed that in the contract. A

*
g7  (key1) higher than ¢ tends to restore lower R = higher k.

@ severity of LCC, captured by p,, /(1 + Z )y=1-— ﬁRt+ U(’?J)l)

(shift forward FOC in c). Rises as Rt+l falls.

X
For LCC still not to bind (p,,; = 0) after Ry} declines, U'(ct41)
must be increased by letting ¢;41 fall as much as necessary.
Temptation to avoid decline in consumption by switching to autarky
prevented by not allowing c;1 to fall that much =y, ; > 0.
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Calibration preliminaries

Model economy steady-state

In any steady state,

5),ma
Y/ ss Iss Iss +0°
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Calibration preliminaries

Model economy steady-state

In any steady state,
5).
Y/ ss Iss Iss +0°

@ In SOE without LCC
friction:

(k)fb 0
Y/ss  Ry—146
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Calibration preliminaries

Model economy steady-state

In any steady state,
5).
Y/ ss Iss Iss +0°

@ In SOE without LCC
friction:

(k) fb B 0

=
Y/ss  Ry—146
@ In closed economy:

y/e 145
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Calibration preliminaries

Model economy steady-state

In any steady state,
5).
Y/ ss Iss Iss +0°

@ In SOE without LCC
friction:

(k>fb 0
Y/ss  Ry—146

@ In closed economy:

y/e 145

Proposition 1:

a) Rlss =(1 +é)a/,3 =
K\ (&

( ) = (y)ss. LCCs have

Y SS
only transitional dynamic

effects.
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Calibration preliminaries

Model economy steady-state

In any steady state,
5).
Y/ ss Iss Iss +0°

@ In SOE without LCC
friction:

@ In closed economy:

y/e 145
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only transitional dynamic
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b) Res < (14+1)7/p =

(K)/CC: (K)C/
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Calibration preliminaries

Model economy steady-state

In any steady state,
5).
Y/ ss Iss Iss +0°

@ In SOE without LCC
friction:

(k>fb 0
Y/ss  Ry—146

@ In closed economy:

y/e 145

Proposition 1:

a) Rlss =(1 +é)a/,3 =
K\ (&

( ) = (y)ss. LCCs have

Y SS
only transitional dynamic

effegts.
b) Rss < (14+A)7/p =

(K)/CC _ (K)C/

Y SS Y SS.
Corollary: If targeted
(calibrated) capital-output

_ 0\ b
ratio smaller than (7) , then
y SS

Rss < (14+A)7/PB and

<K>Cal _ (K)CI < (K)fb
y SSs Y SS 4 ss
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Application to Argentina: construction of capital stock

@ As for most Latin American countries, Argentina’s government
statistical agencies don’t consistently produce a capital stock series.
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Application to Argentina: construction of capital stock

@ As for most Latin American countries, Argentina’s government
statistical agencies don’t consistently produce a capital stock series.

@ Most studies construct it from investment flows with perpetual
inventory method under different assumptions.
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Application to Argentina: construction of capital stock

@ As for most Latin American countries, Argentina’s government
statistical agencies don’t consistently produce a capital stock series.

@ Most studies construct it from investment flows with perpetual
inventory method under different assumptions.

@ This paper takes advantage of existence of investment series for
Argentina from 1900 and of Economic Commission for Latin America
and the Caribbean assumption that residual value of original
investment is zero after certain number of years:
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Application to Argentina: construction of capital stock

@ As for most Latin American countries, Argentina’s government
statistical agencies don’t consistently produce a capital stock series.

@ Most studies construct it from investment flows with perpetual
inventory method under different assumptions.

@ This paper takes advantage of existence of investment series for
Argentina from 1900 and of Economic Commission for Latin America
and the Caribbean assumption that residual value of original
investment is zero after certain number of years:

e Residential structures: 50 years.
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Application to Argentina: construction of capital stock

@ As for most Latin American countries, Argentina’s government
statistical agencies don’t consistently produce a capital stock series.
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Application to Argentina: construction of capital stock

@ As for most Latin American countries, Argentina’s government
statistical agencies don’t consistently produce a capital stock series.

@ Most studies construct it from investment flows with perpetual
inventory method under different assumptions.

@ This paper takes advantage of existence of investment series for
Argentina from 1900 and of Economic Commission for Latin America
and the Caribbean assumption that residual value of original
investment is zero after certain number of years:

e Residential structures: 50 years.
e Non-residential structures: 40 years.
e Machinery and equipment: 15 years.
@ Annual geometric depreciation rate for asset type 7, d(i), obtained by

solving equation:
1

()’

where T (i) is useful lifetime of asset type i.

[1- ()70 =
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Calibration details

@ Series for relevant variables available for period 1950-1980.

o Initial year, 1950, first for which perpetual inventory method produces
"reliable" estimate of capital stock under residual values assumptions.

e End year, 2008, last one for which reliable data on National Accounts
are available, according to World Bank:

o Constant price GDP and CPI data that are officially reported by the
National Statistics and Censuses Institute of Argentina have been
restored. The International Monetary Fund has, however, issued a
declaration of censure and called on Argentina to adopt remedial
measures to address the quality of the official GDP and CPI data.
Alternative data sources have shown significantly lower real growth and
higher inflation than the official data since 2008.
(https://datahelpdesk.worldbank.org/knowledgebase/articles/906522).
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Benchmark calibration

(reciprocal IES) = 2;

(capital income share) = 0.4;

(depreciation rate) = 0.117 (average 1980-2008);

(TFP growth rate factor) = 0.015 (average 1980-2008);
(

°
°
°
°
° population growth rate) = 0.014 (average 1980-2008);

o
0
o
i
U
(

5) = 1.656 (average 1980-2008) = B = 0.916;

*

Rss = 1.085 (average 1980-2008 Merrill Lynch Low Grade Corporate
Bond Yields series);

*
o Note: BRss = 0.916 x 1.085 = 0.994 < (1 + )2 == convergence to
closed economy by Proposition 1.

Kk (adjustment cost parameter) = LCC economy investment volatility
target = 0.417.
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Simulation

@ Perfect foresight.
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@ Perfect foresight.
@ Feed model with observed 1980-2008 sequence for:
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@ Perfect foresight.
@ Feed model with observed 1980-2008 sequence for:

. Y 2008
e International real interest rate, {Rj} s Rssy Rss, Rss, ...
j=1980
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@ Perfect foresight.
@ Feed model with observed 1980-2008 sequence for:

. Y 2008

e International real interest rate, {Rj} s Rssy Rss, Rss, ...
j=1980

e Total Factor Productivity (inclusive of labor input),

2008
[{a1 %0 - {355 355,355, }
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Results for benchmark calibration
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Results for benchmark calibration

038 3

——data
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TFP. Red dots indicate Capital stock

years LCC binds

@ Model accounts for 50% to 85% of missing capital after 1980s.
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Results for benchmark calibration

02
1980 1985 1990 1995 2000 2005 o s T0%0 005 2000 2008

TFP. Red dots indicate Capital stock
years LCC binds

@ Model accounts for 50% to 85% of missing capital after 1980s.

@ Note asymmetric response of capital stock during periods of declining
and rising TFP.
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Assessing lower international real interest rate effect
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What if Argentina had been perceived to be able to
commit first in 19917 Or in 20027

12
1990 1995 2000 2005 2010 2015 2020

Figure: Capital stock
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What if Argentina had been perceived to be able to
commit first in 19917 Or in 20027

12
1990 1995 2000 2005 2010 2015 2020

Figure: Capital stock

o Capital stock in first best economy about 40% higher than in LCC
economy, 80% higher in 2007.
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What if Argentina had been perceived to be able to
commit first in 19917 Or in 20027

12
1990 1995 2000 2005 2010

Figure: Capital stock

o Capital stock in first best economy about 40% higher than in LCC
economy, 80% higher in 2007.

@ Real wages permanently 13% higher in steady state, a whopping 25%
higher in 2007.
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Removal of limited commitment lifts steady-state
capital-output ratio

2
1980 1980 2000 2010 2020 2030 2040 2050 2060)
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Taking stock

@ Limited commitment constraint in small open economy analytical
framework potential candidate to be part of any attempt to solve
Argentina’s "missing capital" puzzle.
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@ Confirmation needed with more thorough and realistic quantitative
implementation in stochastic environment.
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conterfactually predicts positive correlation of output and net
exports-output ratio.
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o By analogy with Kehoe and Perri (2002), decentralization can be
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efficient sovereign debt defaults.
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conterfactually predicts positive correlation of output and net
exports-output ratio.

o Could incorporate "tricks" literature has used to fix issues like that.
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Taking stock

Limited commitment constraint in small open economy analytical
framework potential candidate to be part of any attempt to solve
Argentina’s "missing capital" puzzle.

Confirmation needed with more thorough and realistic quantitative
implementation in stochastic environment.

Issues that deserve further investigation:

e How can the allocation be decentralized?

o By analogy with Kehoe and Perri (2002), decentralization can be
accomplished with state-contingent capital income taxes and ex-ante
efficient sovereign debt defaults.

As Kehoe and Perri (2002) and Restrepo-Echavarria (2018), model
conterfactually predicts positive correlation of output and net
exports-output ratio.

o Could incorporate "tricks" literature has used to fix issues like that.

Calibrated parameter values suggest real wage gains from regaining
foreign investors’ trust are large.
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