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The Link between Disability and Different Sources of
Income: Evidence from Turkish Panel Survey of
Income and Living Conditions

Burcu DUZGUN ONCEL”
Abstract

In this study | examine the association between disability status and different sources of
income. | derive data from the Panel Survey of Income and Living Conditions (SILC)
spanning the years 2018 to 2021, which is compiled by the Turkish Statistical Institute
(Turkstat). | characterize disability as a limitation in daily activities resulting from either
an impairment or a long-term health condition, expected to endure for six months or
longer. | use six income types; i) salary and wage, ii) business income, iii)
unemployment benefit, iv) retirement pay, v) disability income and vi) other income. In
order to overcome potential selection bias resulting from subjective disability, I match
disabled individuals with corresponding nondisabled counterparts according to
demographic and socio-economic controls. Then | estimate fractional response models
with different sources if income as dependent variables. Main findings are as the
following: income composition significantly differs among individuals with and without
disabilities, income of individuals with disabilities are lower in almost all income types,
people with disabilities may offset income losses in specific categories by pursuing
alternative sources of income.

JEL Codes: C33, 114, 130

Keywords: disability, income, matching, fractional response model
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Engellilik ile Farkh Gelir Kaynaklar1 Arasindaki
Baglanti: Turkiye Gelir ve Yasam Kosullar1 Panel
Arastirmasindan Kanitlar

Oz

Bu calismada engellilik durumu ile farkli gelir kaynaklari arasindaki iliskiyi
incelemekteyim. Veriler Tiirkiye Istatistik Kurumu (TUIK) tarafindan hazirlanan 2018-
2021 yillarina ait Gelir ve Yasam Kosullar1 Panel Arastirmasi'ndan (SILC) alinmustir.
Engelliligi, alt1 ay veya daha uzun siire devam eden veya siirmesi beklenen, bireyin
giinliik aktivitelerini engelleyen bir bozukluk veya uzun siireli bir saglik durumu olarak
tanimliyorum. Altr gelir tiirii kullantyorum; i) maas ve iicret, ii) is geliri, iii) issizlik
odenegi, iv) emekli maasi, v) engellilik geliri ve vi) diger gelirler. Oznel engellilikten
kaynaklanan potansiyel se¢cim yanliliginin iistesinden gelmek i¢in engelli bireyleri,
demografik ve sosyo-ekonomik kontrollere gore engelli olmayan benzerleriyle
eslestiriyorum. Daha sonra farkli gelir tiplerinin bagimli degisken oldugu kesirli yanit
modellerini tahmin ediyorum. Temel bulgular su sekildedir: Gelir kompozisyonunu
engelli ve engelli olmayan bireyler arasinda 6nemli Ol¢lide farklilik gdstermektedir,
engelli bireylerin geliri hemen hemen tiim gelir tiirinde daha distiktiir, engelli bireylerin
belirli kategorilerdeki gelir kayiplarini alternatif gelir kaynaklar1 arayarak telafi ettikleri
gorilmektedir.

JEL Kodlari: C33, 114, 130

Anahtar kelimeler: engellilik, gelir, eslestirme, kesirli yanit modelleri
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1. Introduction

The presence of a disability represents distinct aspects for both labor market
dynamics and economic welfare (Ali et al.,2011; Duzgun Oncel and Karaoglan, 2020;
Gannon, 2009; Mitra et al., 2013; Schuring et al., 2013; Vornholt et al., 2017).
Additionally, it exerts an influence on earned income, as those with disabilities may
encounter financial disadvantages. People with disabilities face fewer job prospects,
often find themselves in lower-paying positions, incur high medical expenses and
ultimately experience diminished economic prosperity (Baldwin and Choe,2014;
Baldwin and Johnson, 1994; Brucker et al., 2015; Haveman and Wolfe, 1990; Jatner et
al.2020; Kidd et al., 2000; Lindeboom et al., 2016; Meyer and Mok, 2019; Mitra et al.,
2013; Rice and LaPlante, 1992).

Disability, whether physical, cognitive, sensory, or mental, can significantly
influence an individual's ability to engage in economic activities, affecting their earning
potential and shaping the composition of their income. Numerous studies have explored
how disability status determines labor income. Baldwin and Choe (2014), for instance,
investigate wage differentials between individuals with and without physical disabilities
in the United States (US). They apply decomposition methods to wage equations with
selectivity corrections, aiming to estimate potential effects of discrimination. The
decomposition process breaks down observed wage gaps into two components: one
explained by differences in characteristics affecting productivity and the decision to
work, and another unexplained part that may be linked to potential discrimination.
(Baldwin and Choe, 2014).

Meyer and Mok (2019) by using panel data for the period 1968-2015, examine
how disability affects income, earnings and consumption in US. They find that, the long-
term incomes of approximately one-sixth of families with a head who is chronically and
severely disabled fall below the poverty line. (Meyer and Mok, 2019).
In a comparable study, Jajtner et al. (2020) examine trends in income inequality based
on household work limitations in the United States from 1981 to 2018. According to
their results, there is a higher level of income inequality among households with work
limitations compared to those without such limitations. However, literature frequently
neglects different income sources for disabled individuals. Due to its significant role in
income inequality, it is important to focus on how disability status affects income
composition. In a recent study, Pu and Syu (2023) analyze the impact of disability on
income and income composition in Taiwan. They use longitudinal data for the period
1999-2015. According to their findings, wage income constitutes the predominant share
of income for both individuals with and without disabilities. The impact of disability on
income exhibited variations across distinct income sources. The income composition of
individuals with disabilities experienced notable changes at various stages of their lives
(Pu and Syu,2023).
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Along with the discussions above, my main aim in this study is to examine the
relationship between disability status and different sources of individual income. | use
panel SILC for the years 2018-2021 prepared by Turkstat. The sample contains
indivudlas who are aged between 25 and 64 in 2018. In order to overcome sample
selection bias that subjective disability status may possess, | matched disabled
individuals with a corresponding nondisabled individual according to demographic and
socio-economic controls. Then | estimate fractional response model to assess how
disability status is associated with different sources of income.

The structure of the study is outlined as follows: the second section delineates
the data and methodology, the third section presents the results, and the fourth section
provides the conclusion.

2. Data and Methodology

I use data from panel survey of income and living conditions (SILC) for the years
2018 and 2021 by Turkish Statistical Institute (TUIK). Within the scope of its
harmonization with the European Union (EU), TUIK has implemented the “Survey of
Income and Living Conditions” in order to reveal the distribution of income among
households and individuals in Tiirkiye. Main aim of the survey is to measure individuals’
living conditions, social exclusion and poverty with the income dimension. The scope
encompasses all members of households residing within the borders of the Republic of
Tiirkiye. However, certain populations, such as those in nursing homes, prisons, military
barracks, private hospitals, hotels, childcare homes, and the immigrant population, are
excluded. The income reference period corresponds to the previous calendar year, the
labor reference period is the week preceding the survey and the current date, while the
reference period for indicators related to living conditions is the current situation. The
sampling method is two-stage cluster sampling. The first sample selection stage was
clusters consisting of an average of 100 addresses and was determined by selection
proportional to size, taking into account the number of addresses in the cluster. In the
second stage, the sample selection was determined as 10 clusters from rural settlements
and 10 from urban settlements. The weight coefficients are calculated with the
population projections of the relevant year revised according to the Address-Based
Population Registration System.

| define disability status in accordance with the World Health Organization's
(WHO) definition, which categorizes it as a deficiency or a long-term health condition
lasting or expected to last for six months or more, obstructing the individual in their
daily activities. Identification of individuals with disabilities in the survey is
accomplished through two questions (Gannon, 2009; Kidd et al., 2000; Pagan, 2013).
The initial inquiry is, "Do you suffer from any chronic, physical, or mental illness lasting
more than 6 months?" If the respondent affirms the first question, they are further asked,
"Does this chronic problem limit your daily activities?" The response to this query
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encompasses three categories: no limitations, limitations to some extent, and severe
limitations. Table 1 shows disability definitions. Further, in the matching and fractional
outcome response estimation | use disability as a binary variable.

The binary disability indicator takes the value of 1 if an individual is nondisabled and
disabled with no limitations in daily activities. Conversely, it is set to O if the individual
is disabled with some or severe limitations.

Table 1. Disability types and definitions

Disability Types Definition

Non-disabled Individuals who does not report any chronic, physical, or

mental illness lasting more than 6 months.

Disabled  with  no | Individuals reports any chronic, physical, or mental illness
limitations lasting more than 6 months and also report that they have

no limitations in daily activities.

Disabled with some | Individuals reports any chronic, physical, or mental illness
limitations lasting more than 6 months and also report that they have

limitations to some extent in daily activities.

Disabled with severe | Individuals reports any chronic, physical, or mental illness
limitations lasting more than 6 months and also report that they have

severe limitations in daily activities.

Income is a continuous variable in the dataset and the reference period is the
previous calendar year. | adjust income indicators by consumer price index (CPI)
throughout the analyzed period. | categorize individual income into the following
categories: i) salary and wage, ii) business income, iii) unemployment benefit, iv)
retirement pay, v) disability income and vi) other income. Table 2 shows the definitions
of income sources in detail.
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Table 2. Income types and definitions

Income Types

Definition

Salary and wage

The annual total net wage, salary and per diem wage
earned by the individual within the income reference

period.

Business income

The annual total net entrepreneur income earned by the

individual within the income reference period.

Unemployment benefit

The annual total unemployment benefits and severance
pay received by the individual during the income reference

period.

Retirement pays

Total annual retirement income, pension and retirement
bonus earned by the individual within the income reference

period.

Disability income

Total annual disability, veteran, disability retirement
income earned by the individual within the income

reference period.

Other income

Total annual scholarship, donation, social aid, widow and
orphan pension earned by the individual within the income

reference period.

In this study | use age, marital status, educational attainment, and labor force
status as demographic and socio-economic controls. Age is a continuous variable in the
dataset. Educational attainment is a categorical variable with the following categories:
i) illiterate, ii) primary school, iii) secondary school, iv) high school and v) university or
higher. Marital status has three categories; i) single, ii) married, iii) separated (includes
widowed and divorced). Labor force status is a binary variable which is equal to 1 if the
individual is in the labor force and is equal to O if he/she is out of the labor force. I use
individuals who are aged between 25-64 in 2018 and continue to use the same sample
in each year. In this sense, | have same 10565 individuals in each year: 5074 males and

5491 females.
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Since objective disability indicators are not available in the data set, disability
variable | use in the study may possess selection bias. | consider individuals as the unit
of analysis by following (Pu and Syu, 2023). Each disabled individual is matched with
a corresponding nondisabled individual according to demographic and socio-economic
controls (age, marital status, educational attainment, and labor force status). Thus, |
match individuals by ensuring a balanced demographic and socio-economic indicators
distribution across all time periods. | match 10642 disabled individuals with 31607
nondisabled counterparts.

I implement propensity weighting with multiple treatments to account for time-
varying treatment effects in certain observations. Since each observation in the panel
data may receive treatment at different points in time, I identify the treatment and control
groups based on the time periods when the treatment is applied. The goal is to have a
dataset with one observation per individual. To address this, | introduce indicator
variables for both treated individuals and treated periods using the entire panel dataset.
The original data set is in long form meaning that every observation has data in multiple
rows, with each row representing a distinct time period. Any variables that don’t change
across time will have the same value in all the rows. Thus, | transform the data into a
wide format. Since in the wide form, an observation’s responses are in a single row and
each response in a separate column, the response values do not repeat in the multiple
columns. Then, | format pre-treatment before applying a matching procedure.
Subsequently, I merge the details of the matched cases back into the original dataset and
drop the cases that are not matched.

After matching the dataset, | consider the link between disability status and
individual income composition. Income is the sum of six types of income, and | measure
the ratio of each income type in total income. | use fractional response model for panel
data suggested by Papke and Wooldridge (2008).

By following Papke and Wooldridge (2008), | presume the availability of a
random sample in the cross-section, with T observations denoted as t=1,.....,T, for each
random draw i. For cross-sectional observation i and time t, the fractional response
variable is y;;, 0 < y;; < 1, where zero and one outcomses at the endpoints are allowed.
The model is as the following:

E(iclxi, ei0) = 0(xie B + ;1) t=1.... T [1]
where x;; is the matrix of explanatory variables, e;; is the unobserved effect and
O is the logistic function. Because © is strictly monotonic, the elements of g give
directions of the partial effects (Papke and Wooldridge, 2008).
OE(yitlxit.ei
T — 5, O (x,e + 1) [2]

axit‘j

In the case of discrete changes in one or more of the explanatory variables, the
model transforms as follows:
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o(xp+e)-0(xPp+e;) [3]

(1

where x;; ) and x(O) are two different values of covariates.

After matching the individuals according to demographic and socio-economic
status (age, marital status, education and labor force status), the model becomes:

Eildie, £:) = 6(d B + &) — 6(d’B + £1) [4]

where y;; is the proportion of each income type to total income, d;; represents
the disability status (=1 if disabled, 0 otherwise) which is the treatment and &; is the
error term. B gives average treatment effect on the treated.

3. Results

Table 3 shows the proportions of different disability types in each time period.
Proportion of disabled individuals with some and severe limitations in daily activities is
about 25 percent in 2018, 2019 and 2021. However, this ratio falls to 23 percent in 2020.
Table 4 lists the sample characteristics with respect to demographic and socio-economic
indicators before matching. According to Table 4, the proportion of disabled females is
higher than disabled males. The mean value of age for individuals without disabilities is
43.06, whereas it is 50.18 for individuals with disabilities. Another important
observation is that disabled individuals have lower educational attainment and lower
labor force participation on average when compared to nondisabled counterparts.

Table 3. Disability proportions

2018 2019 2020 2021

Nondisabled 62.84 61.95 65.41 62.40

Disabled with No Limitations 10.73 11.88 11.24 12.78

Disabled with Some  20.47 18.91 17.47 18.54

Limitations

Disabled with Severe 5.96 7.26 5.88 6.29
Limitations
Observations 10575 10575 10575 10575

Source: Turkstat Panel SILC, 2018-2021.
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Table 4. Sample characteristics

Nondisabled Disabled
Mean Standard Mean Standard Deviation
Deviation
Female 0.48 0.49 0.60 0.48
Age 43.06 10.77 50.18 10.67
Marital Status 0.96 0.39 1.06 0.43
Education 2.03 1.34 1.27 1.16
Labor Force Status ~ 0.62 0.48 0.39 0.48

Source: Turkstat Panel SILC, 2018-2021.

Table 5 presents the unmatched proportions of each income type in total income
for nondisabled (non-disabled and disabled with no limitations) and disabled (disabled
with some limitations and disabled with severe limitations) individuals respectively.
Wage and salary income make up the predominant share of total income for both groups.
Nevertheless, the proportion of wage and salary income in relation to total income was
notably higher for nondisabled individuals compared to their disabled counterparts.
Similarly, the proportions of business income and unemployment benefit are higher for
individuals without disabilities. On the other hand, the proportions of retirement pay,
disability income and other income to total income for disabled individuals are higher
than nondisabled individuals. Figure 1 displays income types according to disability and
age. Similar to the results in Table 5, salary and wage and business income are lower on
average for individuals with disabilities in every age. On the other hand, according to
Figure 1 disability income are higher for individuals for disabilities.
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Table 5. Proportion of each income in total income

Nondisabled Disabled
Mean Standard Mean  Standard
Deviation Deviation
Salary And Wage 0.64 0.45 0.40 0.46
Business Income 0.17 0.35 0.14 0.33
Unemployment 0.01 0.08 0.007 0.06
Benefit
Retirement Pay 0.14 0.35 0.24 0.40
Disability Income 0.002 0.04 0.07 0.26
Other Income 0.036 0.17 0.11 0.30

Source: Turkstat Panel SILC, 2018-2021. Income types are adjusted by CPI.
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Figure 1. Income types according to disability status and age
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Next, in order to control sample selection bias of disability status, | apply the
matching procedure. My aim here is groups having the same observable and
unobservable features for control variables. Figure 2 shows differences between means
of control variables (age, marital status, education, labor force status) in the unmatched
and matched samples. The left panel of Figure 2 illustrates the distribution of covariates
before the matching process, while the right panel depicts the distribution of covariates
after the matching. The convergence of propensity scores in Figure 2 following the
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matching process indicates the effective functioning of the matching procedure.
Moreover, Table 6 shows mean values of the control variables after the matching.
Insignificant P-values in Table 6 indicates that there are no significant differences
between control and treatment groups. The results evidently illustrate notable
differences among the control variables before the matching process, and the matching
procedure successfully eliminates these significant differences.

Figure 2. Matching graphs

kdensity
2

4 6 . 4
before matching after matching

disabled — ——~ nondisabled | disabled ———~ nondisabled

Source: Turkstat Panel SILC, 2018-2021.

Table 6. Mean values of control variables after matching

Mean T-Test
Treated Control T-Stat P-Value
Age 50.281 50.177 0.02 0.981
Age Square 2632 2631.4 0.04 0.964
Primary School 0.463 0.455 -0.23 0.815
Secondary School 0.104 0.102 0.11 0.910
High School 0.107 0.104 0.02 0.982

University 0.712 0.698 0.24 0.809
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Married 0.806 0.811 -0.38 0.702
Separated 0.124 0.129 -0.20 0.838
Labor Force Status 0.390 0.388 0.11 0.911

Source: Turkstat Panel SILC, 2018-2021.

Then, | estimate fractional logit models to reveal the association between
disability and the proportion of each income type in total income. Table 7 lists average
treatment effect on the treated for the matched sample. In column 1 the dependent
variable is proportion of salary and wage income to total income, in column 2 the
dependent variable is the proportion of business income to total income and so forth.
According to Table 7, treatment effect is significant and negative for individuals with
disabilities when the dependent variables are proportion of salary and wage and
retirement pay. Proportion of salary and wage and retirement pay decreases by 0.017
and 0.004 respectively when an individual is disabled. Conversely, proportion of
disability income increases by 0.004 when an individual is disabled. However, the
coefficients are insignificant when the dependent variables are the proportions of
business income, unemployment effect and other income. These findings may imply that
people with disabilities might offset income loss in specific categories by pursuing
alternative sources of income. The income composition for individuals with disabilities
undergoes worthy changes as a result.

Table 7. Fractional outcome response model results of the matched model

(1) ) ©) (4) (5) (6)
Salary  Business Unemployment Retirement Disability Other
and income benefit pay income  income
wage
ATT of - -0.004 -0.001 -0.004***  0.004*** 0.0001

disabled 0.017***

(0.007)  (0.05) (0.001) (0.0009)  (0.0005) (0.007)

Source: Turkstat Panel SILC,2018-2021. Sample weights applied. *Significant at 10%
level. **Significant at 5% level. Heteroscedasticity consistent standard errors are in
parenthesis.
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4. Conclusion

Individuals with disabilities encounter limited job opportunities, frequently
ending in lower-paying jobs, facing elevated medical costs, and ultimately enduring
reduced economic well-being. Although literature analyzes the effect of disability on
total or wage income, studies examining the relationship between disability and income
composition is limited. In this sense, my main aim in this study is to present how income
composition differs for individuals with and without disabilities. I use panel of SILC by
Turkstat for the years 2018 and 2021. In order to solve the potential selection bias in
subjective disability status, I match disabled individuals with nondisabled counterparts
according to demographic and socio-economic controls. After matching the sample
successfully, findings show that income composition significantly differs among
individuals with and without disabilities. Results also imply that people with disabilities
may offset income losses in specific categories by pursuing alternative sources of
income which is in line with (Pu and Syu, 2023). As a result, public policies should be
developed with the objective of ensuring the sustainability of income sources for
individuals with disabilities.

This study has some limitations. First, the time span is short. If longer years were
available in the dataset, it would be possible to observe the same individuals for longer
time periods and how income composition changes through time after an individual
becomes disabled. In this sense, results would have implied sustainable policy designs
for disabled individuals for the medium and long run. Second, disability and income
indicators are self-reported which means that measurement errors are possible. For
instance, individuals who are out of labor force may have a tendency to over report their
disability status. Third, the study's findings can only be interpreted as associations rather
than causations, given the potential endogeneity between disability status and income.
Due to data limitations, correcting for potential endogeneity is not possible for this study.
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Unprecedented nature of the global financial crisis in 2009 forced policymakers to adopt
unconventional policy measures which then became part of the policy tool set that was
widely used during the Covid-19 pandemic. Utilizing a New Keynesian general
equilibrium model with a rich fiscal structure and financial frictions, this paper provides
a comprehensive cost-benefit analysis of two such policies; credit easing and bank
capital injections. In contrast to much of the existing work on unconventional policy that
predominantly focuses on the benefits of these measures, our work explicitly considers
the cost of paying for each policy. Interestingly, we find that both unconventional
measures are welfare improving even under distortionary taxes. Compared to credit
easing, the use of bank capital injections has a greater stabilizing effect on the economy
and generates higher welfare gains even with lower returns to equity supplied through
the latter relative to the former.
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Geleneksel Olmayan Para ve Maliye Politikalarimin
Degerlendirilmesi

Oz

2009'daki kiiresel mali krizin benzeri goriillmemis dogasi, politika yapicilarini daha
sonra Kovid-19 salgini sirasinda da yaygin olarak kullanilan geleneksel olmayan,
alisilmadik politika 6nlemlerini benimsemeye zorladi. Zengin bir mali yap1 ve finansal
stirtlismeleri yapisinda barindiran bir Yeni Keynesyen genel denge modeli kullanan bu
makale, bu tiir iki politikanin - kredi gevsemesi ve banka sermayesi enjeksiyonlar -
kapsamli bir maliyet-fayda analizini sunmaktadir. Agirlikli olarak bu Onlemlerin
faydalarina odaklanan mevcut calismalarin ¢ogunun aksine, bu calisma her iki
politikanin 6deme maliyetini acik¢a dikkate almaktadir. Bulgularimiz, kredi gevsemesi
ile karsilastirildiginda, banka sermayesi enjeksiyonlarinin ekonomi tizerinde daha biiytik
istikrar saglayici etkisine ve daha yiiksek refah kazanimlarina isaret etmektedir.

JEL Kodlar:i: E44, E63, G21

Anahtar kelimeler: finansal krizler, kredi genislemesi, sermaye enjeksiyonlari, refah
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1. Introduction

The first two decades of the 21st century were dominated by two crises, both
unprecedented in different ways. The first, the global financial crisis (GFC) in 2008-09,
was widely viewed as the worst since the Great Depression inthe 1930s regarding both
the scale of the turbulence in the financial markets and the resulting output loss in
economicactivity. Althoughverydifferentin nature, the Covid-19 pandemic in 2020, a
once-in-a-century public health emergency, also quickly turned into a full-scale economic
crisis. The collapse of demand on both occasions led policymakers to take exceptional
measures; for example, by reducing interest rates to near zero levels during the GFC.
This was supported by unconventional policies such as large-scale asset purchase
programs pioneered by the US and UK in 2009, a policy that was utilized much
more commonly during the Covid-19 pandemic including by the emerging economies
(See, for example, Claessens et al. 2012; Bernanke, 2020; Dedola et al. 2021; and
Cortes et al. 2022 among many others).

In this paper, we provide a comparative cost-benefit analysis of the two widely
adopted unconventional measures: credit easing (provision of liquidity to the economy
as a whole), and bank capital injections (direct support to financial institutions). To
do so, we build a New Keynesian dynamic stochastic general equilibrium (DSGE)
model with a rich fiscal structure as well as financial frictions in the banking sector.
These frictions create an intertemporal distortion in the economy, resulting in a
wedge between the gross return to risky assets and the gross riskless return, widely
referred to as ‘credit spread’. We characterize credit easing inour model as a policy tool
where the central bank raises the total credit in the economy by extending the supply of
securities to non-financial firms. Bank equity injections, on the other hand, are
modeled as a direct increase in bank capital.

As is standard in similar models with financial frictions, an unfavourable
financial shock leads to a fall in asset prices, triggering the financial accelerator
mechanism. As a result of the decline in asset prices, banks experience a deterioration
in their balance sheets, leading to a jump in the leverage ratio and hence, in the credit
spread. The rise in the spread, in turn, pushes up the cost of capital which reduces
investment and asset prices further, thereby lowering aggregate output. When the
policymaker pursues unconventional policies in the form of credit easing or bank
capital injections, the rise in the credit spread is curtailed, hence the jump in the cost of
capital, containing the fall in investment and thus in aggregate output. Due to the
direct improvement in banks’ balance sheets, bank capital injections generate a much
smaller increase in the leverage ratio and thus in the spread compared to that with
credit easing. However, bank capital injections are also more expensive relative to credit
easing given that the return to equity supplied by the former is lower than the return to securities
intermediated by the latter.

Giventhat both the gains from and the costs of pursuing bank capital injections
are greater than those from credit easing, quantifying welfare outcomesassociated with
each policy is essential in establishing the ranking between the two. Indeed, our welfare
analysisrevealsthatwhenthetwo policies can be used intandem, it is optimal to allocate
all the funds to bank capital injections, arising from their greater effectiveness in
mitigating the unfavourable effects of financial shocks. Relatedly, when policymakers
utilise each policy in isolation, welfare gains from bank capital injections are greater than
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that from credit easing. Importantly, these results hold irrespective of the fiscal instrument
used in paying for the credit policy. Our findings also indicate that working with lump-sum
taxes as opposed to distortionary alternatives overstatesthe welfare gains from pursuing
creditmarket interventions.

Our paper differs from the related previous studies in two key aspects. First,
motivated by the lack of work on the cost of unconventional policies, we compare the
fiscal costs, as well as the stabilizing effects of the two policies, and present a
comprehensive cost-benefit assessment. The overriding focus of the existing work had
been the effectiveness of unconventional policies in shielding the economy from the
detrimental consequences of financial shocks.? Yet, the implementation of any credit
policy also entails sizable costs, with important implications for the economy’s response
to the financial shocks, as highlighted by Benigno (2016) and Orphanides (2016). To
assess the fiscal costs of alternative policy measures, we incorporate a rich fiscal structure
where the policymaker has access to seven fiscal instruments: government consumption,
public investment, transfers, lump-sum taxes, consumption taxes, labour and capital
income taxes. This contrasts with the almost exclusive utilization of lump-sum taxes by
much of the existing work on the effectiveness of unconventional policy. Yet, lump-sum
taxes are rarely available to fiscal authorities in practice. Secondly, contrary to most
other studies examining each credit policy in isolation, we provide a comparative
analysis of these twowidely adopted measures.

The rest of the paper is organized as follows. Section 2 sets out our benchmark
model bydescribingthe behaviourofthe households, thefinancial sector, the production
firms and the policymakers as well as the description of monetary, fiscal and credit
policies. Section 3 presents our quantitative results, presenting impulse responses to a
financial shock under the two credit policies. Section 3 also provides a welfare analysis
of the two policies. Finally, Section 4 summarizes our main findings.

2. The model economy

Our framework is a monetary DSGE model featuring nominal rigidities & la
Christiano et al (2005) and Smets and Wouters (2007) and a rich fiscal structure. It
contains a banking sector that is characterized by credit frictions & la Gertler and Karadi
(2011). Financial intermediaries face anagency problem, limiting their ability to borrow,
which is at the core of the financial accelerator mechanism playing a key role in the
adjustment in crisis periods.

Our model economy features seven types of agents: households (consisting of
bankers and workers); three types of firms - capital goods producers, wholesale and
retail firms; banks and the monetary and fiscal authorities.

We now turn to a detailed exploration of the behaviour of each agent.

! See, for example, Curdia and Woodford (2010), Del Negro et al. (2010), Gertler and Karadi (2011),
Kollmann et al. (2012) and Hirakata et al. (2013).
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2.1 Households

The population consists of a continuum of identical households of measure unity.
The two types of memberswithin the household are workers and bankers. Workerssupply
labour and earn wages while bankers manage financial intermediaries and transfer
dividends back to households. Households keep their savings as deposits in the form
of riskless one-period securities.

Households attempt to maximize expected discounted utility, given by:

E0 X520 B Ut(Ct, Cer, Lt) (1)
where Ut=(Ct_XCt_l)(l_Q)(ll__;)(l_ht)g(l_@_l, subject to the following budget

constraint,
A+tHC=01-t]Wh+(1—tH) N, +RDy — Dy + TR, (2

where 0 < £ < 1 is the subjective discount factor, E is the expectation operator, Ct
denotes consumption and Lt leisure, Wt the wage rate, ht (=1 —Lt) hours worked, Dt
bank deposits and Rt the gross risk-free deposit rate, set in period t —1 to pay out
interest in period t. In equation (2) t¢ and t}* denote the consumption and the labour
income tax rate, respectively; It dividend income from financial and non-financial firms;
tk the capital income tax rate; and T R, is used for lump-sum transfers.

Our framework is a monetary DSGE model featuring nominal rigidities & la
Christiano et al (2005) and Smets and Wouters (2007) and a rich fiscal structure. It
contains a banking sector that is characterized by credit frictions & la Gertler and Karadi
(2011). Financial intermediaries face an agency problem, limiting their ability to borrow,
which is at the core of the financial accelerator mechanism playing a key role in the
adjustment in crisis periods.

Our model economy features seven types of agents: households (consisting of bankers
and workers); three types of firms - capital goods producers, wholesale and retail firms;
banks and the monetary and fiscal authorities.

We now turn to a detailed exploration of the behaviour of each agent.
2.2 Banks
Wefollow Gertler and Karadi (2011) in our characterization of the banking sector.
A representative bank’s net worth, nt, evolves according to
nt=RtN1 + (Rk,t —Rt)Q¢-18-1 ©))

where st denotes loans to non-financial firms, Qt their price, Rt is the gross risk-free
return and Rkt denotes the gross risky return to the bank’s assets. The bank’s net worth
at tis composed of the gross riskless return plus the excess returnon the bank’s assets.

As standard, we maintain that with probability 1 —y, a banker exists and
becomes a worker. In addition, the same number of workers randomly become bankers.
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Only upon exiting, the bank pays dividends. As a result, the banker’s objective at the
end of periodt isto maximize the expected discounted terminal net worth, Vi:

Ve =E* Zi=1((1 —pY) YA ttyiltyi (4)
where A ¢,y = BUc+:Uc IS the real stochastic discount factor over the interval [t, t+

1]. Given n,_; at the beginning of period t, net worth in period t is determined by the
choice of {st+i}.

The financial friction in the banking sector is based on a moral hazard problem
between the banks and the households. After a bank obtains funds, the bank’s manager
may transfer a fraction, ©, of total assets, Qtst, for her own benefit. In this case, the

bank defaults on its debt, and shuts down whereby the creditors reclaim the remaining 1-
O fraction of funds. Given this possibility, households limit the funds (deposits) they
lend to banks. As a result, the bankers’ choice of st at any time t is subject to the
following incentive constraint,

Vi =2 ©Q;s;

That is, for depositors to be willing to lend to banks, the banker’s loss from
diverting funds should be at least as large as the gain from diverting assets and
transferring them to the household he or she belongs.

We solve the banker’s optimization problem using backward induction. Hence, we
start by guessing that Vt can be expressed in the following form,

Ve = Vt(st,nt) = Us,eQtSt + Vg, et (5)

where v, . and v, . are time-varying marginal values of loans and deposits, respectively
and ps ¢ = v, Q¢ — Vg, IS the excess value of the bank’s assets over its deposits.

Defining ¢t as the leverage ratio, the maximum ratio of a bank’s assets to its net
worth that satisfies the incentive constraint, we obtain;

Q¢St = Py (6)
where ¢y = v4,.0 — g .

Using the solution to the banker’s optimization problem, v, v, and pg, are
given as

Vgr = Et N 4141 R 410¢

Var = Et N tt+1 T e+1Re41

Hs: = Et N t,t+1nt+1(Rk,t+1 — Rt41)
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where nt = (1 —y) + y(uspt + Vqy) is the shadow value of a unit of net worth.

As the components of ¢t are not dependent on bank specific factors, we can sum
across individual banks to obtain the aggregate banking sector balance sheet,

Q:S; = #tNt (7)

where St denotes the aggregate quantity of bank assets and Nt reflects aggregate bank
networth.

The accumulation of aggregate net worth is given by the sum of the net worth of
surviving bankers (No,t) and of new entrants (Net), as given by:

No,t = V(Rk,tQtflstfl —RtD;_,) 8)

Net = E(Rk,tQt—lst—l) 9)
where ¢ is the fraction transferred to the new entrants.

Hence, the accumulation of net worth at the aggregate level can be expressed as:
Nt =Rkt (y + &) Qt-1S1 —yRtD 4 (10)

2.3 Firms

There are three types of firms: wholesale firms, retail firms, and capital producers
whose characteristics are described in the following three sub-sections.

2.3.1 Capital producers

At time t, capital producers convert It of raw output into (1 — S (Xt)) It of
new capital, subject to the unit cost of investment, S (Xt)2. Hence, capital accumulation is
given by:

Kt = w1 [(1 =) K + (1 =S (X)) 1] (11)
where Kt is the end-of-period capital stock, ¢ is the depreciation of capital, Xt = It/lt—1,
and wt denotes the shock to the quality of capital, which follows an AR(1) process®:

logyt =p, (logy;-1) +¢,

where py, denotes the autoregressive coefficientand ey, is awhite noise process with zero

2 As is well-known, investment adjustment costs play a key role in the general equilibrium model’s
ability in matching the smoother investment responses observed in the data. See, for example, Smets and
Wouters (2007). In our quantitative analysis, the investment cost function is of the following specific
form: S(X,) = pxXz.

3 The shock also affects the evolution of the bank’s net worth. Accordingly, equation (10) would be
rewritten as Ny = Ry, ,(y + )P Qr—1S;—1 — YR¢Dy_q.
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mean and constant variance oZ "

The maximization of expected discounted profits by capital producersyields;

Qt(1 - S(Xp) — XtS’(Xt)) + E [N p41Qe41S' XD XE4] = 1 (12)
a positive relationship between investment and asset prices, widely known as the Tobin’s Q.

2.3.2 Wholesale firms

Wholesale firms produce output, ¥}V, using the following Cobb-Douglas
production function that contains labour and capital as factor inputs:

¥ =YY (Ao he Keo1, KL) = (Ach) (K1) (KL)% (13)

where Kt{ 1 represents public capital, og is the elasticity of output with respect to public
capital and A: denotes aggregate productivity, which follows an AR(1) process:

log At —logA =pa(logA,_; —l0gA) + ¢,

Profit maximization by wholesale firms yields the following labour demand
equation:

P

Vit Wy (14)
P, M

where P/ and P, are the aggregate price indices in the wholesale and retail sectors,
w

respectively, and where Y,{”_'i =q Y;l— . Equation (14) shows that the marginal product of
t

labour equals the real wage. It also implies that labour demand increases with increases
in output and the price of the wholesale output, while decreasing with an increase in
wages.

A wholesale firm issues new securities to obtain funds from the banks, which
are then used to buy new capital goods from capital producers. The number of claims
issued by the firm, St is equal to the number of units of capital needed, Kt and its price:

QtSt = QtKt (15)

Due to perfect competition, wholesale firms earn zero profits, and they fully pay
the return on capital to the banks, where;
wyw
(1- @)+ (1 - 5)Q,
Pth—l (16)
Qt-1

Clearly, the return on capital is determined by the marginal product of capital,
the capital quality shock, wt, and the change in the price of capital, net of depreciation,

0.

Rk,t =Y,
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2.3.3 Retail firms

Retail firms produce a basket of differentiated consumption goods. The
demand for consumptionisgivenby

¢
Pt(f)) C, 17

Ct(f) = < P,

where Cy(f ) and P¢(f ) denote consumption and the price of the final good, respectively.

In aggregate, demand for investment, government expenditures and hence the
final/retail output has the same functional form as consumption,

=<
nn =)

where { is the elasticity of substitution and the aggregate price index, Pt is given by

P= (P sap)

Retail firms set their prices a /la Calvo (1983). As a result, the optimal price-
setting behaviour for the typical firm adjusting its price in period t is obtained by the
maximization of the retailer’s discounted nominal profits,

(18)

B ) 0P, i cak (DIPECH) = PryiMCraid
k=0

subject to equation (18). Here, @ is the probability that a firm cannot adjust its price in
period t, MC is the real marginal cost, P#(f) is the adjusted price and F; ;. =

ﬁk Uct+k/Petk

T is the nominal stochastic discount factor over the period [t, t + k].
ct/tt

Under the given price-setting mechanism, the evolution of the price index is
given by;

PLY=0R + (- 0)(PA)TS (19)

t+1

where all is as defined earlier.
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2.4 Monetary policy

We adopt a standard formulation for monetary policy. The central bank sets the gross
nominal interest rate, Rn,t, according to a simple Taylor rule,

log (%':) = p;log (%) + pylog (%) (20)

where the steady-state nominal interest rate, inflation and output are given by Rp, I1
and Y, respectively.

2.5 Credit policies
2.5.1 Credit easing

Tomodel credit easing (henceforth CE), we follow Gertler and Karadi (2011) and
maintain that the central bank can directly supply private securities (loans) to non-
financial firms at the market lending rate, Rk,t. Unlike private financial intermediaries,
the central bank is not balance sheet constrained and it can utilize the excess return on
assets in times of financial distress. However, it faces an efficiency cost, z°, per unit of
credit supplied to the market.

Under CE, loans to non-financial firms at the aggregate level are now given by
the sum of privately intermediated securities, S¥ and the securities that are
intermediated via the central bank, S?,

Q:Se = Qt(Sf + Siq) (21)

As in Gertler and Karadi (2011), securities intermediated by the central bank are
financed by issuance of government bonds and are given by a fraction of total loans,

Sig = @¢St (22)
Accordingly, equation (7) takes the form of,
QeSt = PNy + 9 Q1 St (23)
2.5.2 Equity injections

Toformalize bank capital injections (henceforth BCI), we maintain that the fiscal
authority can support the central bank by injecting equity, Et, into the banking sector
and finance these injections by issuing government bonds. We normalize the units of
government equity so that each unit of outside equity is a claim to the future returns of
one unit of the asset that the bank holds. As a result, the return to a unit of government
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equity, Re: is equal to Rk, the return on bank’s assets.* In addition, the surviving bankers
pay back the return on government equity the following period.> Accordingly, in the
presence of BCIs, the accumulation of net worth is given by the following modified
version of equation (10)

Ny = Rk,t(V + €)Qt—1S¢—1 — YR:Di—y + E — YRetEi—q (24)

where the last two terms correspond to the increase in bank net worth with the injection,
net of repayments. As with CE, government equity, E: is set as a fraction of total bank

equity,
E, = VN, (25)

and there are efficiency costs associated with government equity injections, equivalent
to 7N, per unit of equity supplied.

Securities intermediated by the central bank and capital injected by the
government are determined as a fraction of total loans and total bank net worth,
respectively. These fractions are given by ¢t and Y;, and they are set countercyclically,
and hence, respond to the deviations of the credit spread from its steady-state value,

Pt = p(p[(Rk,t - Rt) — (Ry — R)]
Y; = pr[(Rie — R:) — (R — R)]

where p,, and py indicate the intensity of unconventional policy.

2.6 Fiscal policy

In times of crisis, when credit policies are in place, government issues bonds,
B? |, which are perfect substitutes for deposits, in financing total government
intermediated assets, which are given by the sum of the fraction of loans intermediated
by the central bank, ¢.-/Q:-:S~;, and the fraction of bank capital injected by the
government, ¥;_; N;-;.

Accordingly, in crisis periods government budget constraint takes the form of
GE+ (1 + 759 QS + (L + TN + 17 + TR, = Ty + Ryt 0r—1Q¢-1St-1

+Rk,ty-t—1Nt—1 + Btg - RtBt;q—l (26)

4 Given our calibration, this also ensures that the return on government equity in the model is equal to the
expected rate of dividends under the Capital Purchase Program by the US Treasury. The expected rate of
dividend income is presented in the Treasury’s Capital Purchase Program Term Sheet for Privately Held
Financial Institutions.

5 Even though very few of the Federal Reserve’s Commercial Paper Funding Facility (CPFF) beneficiaries
failed in the period between 2008 and 2010, not all survived (Contessi and I-Ghazaly, 2011).
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where G denotes government consumption, 7> and " efficiency costs of per unit of
credit supplied through CE and of BCI, respectively, T; total tax revenue in period t, B/
total government bonds outstanding in t and all else is as defined earlier. 17 denotes
public investment which is subject to the following law of motion for public capital:

K= - &KZ, +1?

As formalised by the government budget constraint in equation (26), total
government expenditure in period t consists of government consumption, public
investment, lump-sum transfers, costs of supplying loans and injecting equity,
(1 +15)¢9.0.S; + (1 + tV)Y;N,; and the gross riskless return, R; that the government
pays out on Btg_l. The government earns the gross risky return, Rkt from the loans
supplied and the equity injected in period ¢ — 1. Total government revenues also include
proceeds from tax collection, Tt, which, in the benchmark case denotes lump-sum
taxation. Distortionary taxation entails consumption taxes, labour income taxes and
capital income taxes, t}C,, t}h,W, and tFII, respectively.

Evolution of each fiscal policy instrument is governed by a fiscal rule with an
autoregressive component and a response to the deviations of government debt and
aggregate output from their respective steady-state values®:

log (%) = p.log (%) + yplog (i—i) + yylog (%) (27)

where x = {T, t¢, t", t*, TR, G¢, 19}

3 Simulations and policy experiments

We now turn to our assessment of the two credit policies in moderating the
unfavourable implications of a negative capital quality shock. In what follows, we
first calibrate our model and then examine the responses of the economy to each

shock under alternative policies.
3.1 Calibration

Giventhe prominence of both CEand BCl inthe US policymakers’ response to the
GFC in 2009, we calibrate our model using data from the US economy (See, for example,
Black and Hazelwood, 2013). Table 1 presents parameter values used in our calibration.

We start by setting the financial parameters. In line with Gertler and Karadi (2011), we

6 Cantore et al. (2019) and Leeper et al. (2010) show that such a specification for fiscal rules fits the data
reasonably well.



135 Ozkan, Tavman

choose the value of y, the probability of bankers’ survival, to ensure an average survival
of 10 years for bankers. The ratio of transfers to the new entrants (¢) and the fraction of
divertable bank assets (®) are calibrated to match an economy-wide leverage ratio of 4,
and an average credit spread of 100 basis points per year, based on the pre-2007 spreads
between BAA corporate and government bonds. We choose standard values for the

labour share, «, the elasticity of substitution between goods, ¢ and the value of the

output elasticity of public capital, 69. The steady-state depreciation rate, & the habit
persistence parameter y, and the price rigidity parameter,6 are also set in line with the
values used by Gertler and Karadi (2011).’

The parameters ¢ (in the utility function) and ¢X (in the investment cost
function) are set to reflect the empirical literature (see, for example, Batini et al. 2011).
For calibrating the discount factor, £ and the preference parameter, ¢, we adopt 0.35 for
hoursworked and 1.01 for the gross interest rate, as widely used in the analyses of the US
economy. In setting the values for the tax rates and the ratios of government consumption
and public investment to GDP, we follow Drautzburg and Uhlig (2015) and Trabandt
and Uhlig (2011). We set the steady-state debt-to-GDP ratio to 60% in line with the
level in the US before the global financial crisis, resulting in transfers at approximately
11% of output®®,

Given that monetary policy satisfies the Taylor principle, in order to yield
determinacy in the model the fiscal instrument needs to adjust to stabilise the
government’s debt stock. Whensetting the fiscal policy parameters yb, 1y, we take this
factor into account and also choose the parameters such that the government initially runs
a budget deficit, in line with the experience of the US following the global financial crisis.
As in Gertler and Karadi (2011), we set the efficiency costs of unconventional monetary

policy at 10 basis points and maintain this applies to both credit policies: 5N =0.0010.
We set the persistence parameter for the fiscal policy rule and the capital quality shock
in our model to 0.75, following the conventional business cycle literature. The sensitivity
of our results to the changes in the key parameter values is examined as part of our
robustness checks.

" We include habit formation and investment adjustment costs in our analysis following from the existing
evidence on the important role of real frictions in the ability of macroeconomic models to replicate the
key properties of the business cycles in the US (Schmitt-Grohe and Uribe, 2007).

8 See Leeper (2011) for a detailed explanation.

9 Similar to Trabandt and Uhlig (2011), and Drautzburg and Uhlig (2015), the level of transfers is set
through the calibration of other parameters in the government budget constraint.
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Table 1. Calibrated Parameters

Households

i 0.987 Discount factor

X 0.7 Habit persistence parameter
0 0.876 Preference parameter

Capital Producers

dX 2 Coefficient of adjustment costs
) 0.025  Depreciation rate

Wholesale Firms

o 0.7 Labour share
0.02  Output elasticity of public capital

nd

Retail Firms

¢ 7 Elasticity of substitution

0 0.75  Probability of keeping prices unchanged
Banks

y 0.975 Probability that bankers survive

€ 0.001 Proportional transfer to the new entrants
o 0.410 Fraction of bank assets that can be diverted
Central Bank

Pr 15 Inflation coefficient in the Taylor rule

Py 0.5/4  Output gap coefficient in the Taylor rule
Government

tc 0.05  Consumptiontax rate

th 0.28  Labour income tax rate

tk 0.36  Capital income tax rate

GYY  0.15 Government consumption-to-GDP ratio

197y 0.04  Public investment-to-GDP ratio

TR/Y 0.11  Transfers-to-GDP ratio

b 0.05  Debtaversion coefficient in the fiscal policy rule
W 0.5 Output gap coefficient in the fiscal policy rule
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3.2 Policy experiments

In the following subsections, we examine the response of the model economy to a
financial crisis with and without unconventional policies, by studying a set of
macroeconomic outcomes under four policy regimes. In the first, the central bank
follows a standard Taylor rule only. In the second and the third, the policymaker adopts
either of the two credit policies, one at a time, and in the fourth, both credit easing and
bank capital injections are utilized simultaneously.

3.2.1 The Financial Crisis

In our analysis, “financial crisis” refers to a series of events triggered by a
negative capital quality shock, as in Gertler and Karadi (2011) and Karadi and Nakov
(2021). We follow the former and set this to be equivalent to a five per cent deterioration
in the quality of capital, which decreases the quality of the banks’ assets and leads to an
amplified fallin their net worth, due to high leverage. To ensure comparability, we set the
initial gross fiscal cost of credit policies at 10 percent of the steady-state output, pinning
down the coefficients p, and py under CE and BCI, respectively. Given that our core
focus is the fiscal implications of unconventional policies, we present a comparative
analysis of costs versus benefits of the two credit policies under six scenarios varying
according to the use of six separate fiscal instruments.

Benchmark case: lump-sum taxes

Under our benchmark scenario, as displayed by Figure 1'°, we maintain that the
fiscal authority has access to lump-sum taxation. The profile of the crisis in this case is
as follows. The deterioration in capital quality precipitates a decline in banks’ net worth,
leading to a fall in asset prices, thereby triggering the financial accelerator mechanism.
Since banks are leveraged, the fall in asset prices results inafurther worsening in networth,
thatisamplified by a factor proportional to the leverage ratio. This deterioration makes it
more difficult for banks to obtain funds from households. The resulting fall in the supply
of credit and hence the rise in the spread pushes up the cost of capital. As a result,
demand for capital falls leading to a further decline in investment and asset prices,
resulting in a fall in aggregate output. The contraction in aggregate output, in turn,
depresses labour demand, which, brings about a fall in inflation through a fall in wages
and hence the marginal cost. The decline in aggregate output is also reflected in the
reduction in aggregate consumption. The fall in inflation and output prompts the
monetary authority to lower the interest rate.

10 The vertical axes in Figures 1-6 demonstrate percentage deviations from the steady state, except for the
fraction of CE and BCI, which present percentages.
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Figure 1
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Taylor Rule

As can be seen from the top-left panel in Figure 1, the use of both credit policies
moderates the unfavorable effects of the financial shock. When the central bank pursues
CE, the supply of credit to non-financial firms rises, which in turn, contains the spike in
the spread. Hence, firms are shielded from the full force of the disruption in the financial
markets caused by the deterioration in banks’ balance sheets. In contrast, BCls directly
enhance banks’ net worth. As a result, the leverage ratio dampens, and bankers find
it easier to acquire funds from depositors. This results in an increase in the supply of
credit and a sharp reduction in the increase in the spread. Consequently, the increase in
the cost of capital, the decline in investment, and in turn, the decrease in aggregate output
are all curtailed. As can be seen from both the top-left and the bottom-left panels, the
favourable effect of pursuing BClIs on aggregate output is visibly greater, arising from a
much smaller rise in the spread compared to that under CE.

Figure 1 also reveals the increase in government bonds when the policymaker
purchases private securities and bank equity. In contrast, in the absence of such credit
policies government debt is built over time. Similarly, in response to the financial
shock, the policy maker lowers taxes initially the most when no credit policy is in place.
When there is equal funding for BCls and CE, the resulting improvement in aggregate
output is in between the levels obtained with the use of each policy in isolation, and so is
the level of the initial decrease in taxes.

Policy responses with distortionary taxation

We now turn to the case of distortionary taxation which enables us to conduct
a more realisticcomparison ofalternative credit policies. Figure 2 presentsthe economy’s
response to the same capital quality shock - a negative five per cent - where the
fiscal authority hasaccessto distortionary taxation and utilizes consumption taxes as the
source of revenue to pay for the credit policies.
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As can be seen from the last panel in the second row of Figure 2, compared
to the case with no credit policy, BCls (CE) generate(s) the smallest (largest) initial
decrease in the consumption tax rate. Compared to the benchmark case, we observe
a different set of consumption dynamics under the two credit policies where theinitial
decrease in consumption is amplified relative to the case with the Taylor rule.
Consequently, the decline in consumption is most pronounced under BCls. However,
the use of BCls still improves output the most, owing to the strength of investment
(relative to all other cases), which, in turn results from the beneficial effect of BCls on
the spread, as can be seen in the bottom left panel.

Figure 3 repeats the same exercise for the case of distortionary labour taxes.
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Compared with the case of lump-sum taxation, use of labour income taxes also
induces an amplified initial decline in consumption under both BCI and CE. The
dynamics of hours worked also vary with the different labour tax profiles obtained
with BCI and CE. In addition, the improvement in output brought about by the credit
policies shrinks significantly, resulting in lower output under CE compared to that under
the Taylor Rule. This outcome highlights that the ability of unconventional policies in
mitigating the negative effects of financial shocks are closely linked to the choice of
the fiscal instrument used in paying for these policies.

Figure 4 displays the economy’s response to the same shock when the
government utilizes capital income taxes to respond to the changes in government debt
and aggregate output.

Figure 4
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As can be seen from Figure 4, the magnitude of the initial decline in the capital
tax rate under different policy alternatives is in line with our previous results: capital
income tax rate is lowered the most under the Taylor Rule and the least under BCI.
Yet, given that the dynamics of the capital tax rate do not have a significant
impact on real activity, the aggregate output is similar tothat obtained under lump-sum
taxation. Overall, the use of the capital income tax is the least disruptive among all
distortionary taxes.

Policy responses with public spending

In this section, we tum to the cases where the fiscal authority utilizes public
consumption or public spending as fiscal instruments in paying for the unconventional
policies. Figures 5and 6 exhibit the dynamics of the economy in the wake of the same
capital quality shock when the fiscal instrument is government consumption and public
investment, respectively.
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Figure 5
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The fiscal authority initially raises both types of public spending in order to stimulate
the economy when hit by the financial shock. This is followed by a reduction in to ensure
sustainability of government debt. The initial increase is the greatest under the Taylor Rule and
the smallest with BCI, again owing to the fact that returns to CE are higher than returns to BCI.
Compared with lump-sum taxation, there is a greater initial fall in consumption when credit
policies are in place. Overall, the improvements in aggregate output obtained with the use of
credit policies are overstated with lump-sum taxes and are the smallest when labour income
taxes are used.
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3.3 Credit policies and welfare

We now present a welfare analysis of the two credit policies. Following
Schmitt-Grohe and Uribe (2007), we calculate welfare in each scenario using a second
order approximation to the utility function. First, we state the household’s utility
function recursively,

Vi = U(Cy, C-4, Ly) + BEV141 (28)

We take a second order approximation of V: around the steady-state and
calculate the second order solution to the model. We then compute the value of Vi, the
welfare loss under each policy regime. While calculating the welfare losses, we use
the policy parameters (pz, py, pt, 0, 7y, pr, and p,) that optimize V¢ in response to the
capital quality shock. The welfare gains from using each alternative are then given by
the difference between the values of V: obtained under the Taylor rule alone and each
credit policy alternative. We then compute the fraction of the steady-state
consumption required to equate welfare under the Taylor rule to the one under each
credit policy alternative - the consumption equivalent (CEQ).

Table 2 presents our welfare results under six scenarios varying across the fiscal
instrument in paying for the credit policies: with lump-sum taxation (benchmark
scenario); consumption taxes, labour income and capital income taxes, government
consumptionand public investment. To ensure comparability, we setthe steady-state level
of tax revenues to be equivalent across all scenarios.

Table 2. Welfare Gains with Lump-sum and Distortionary Taxes — CEQ(%)

Tl | th | & | G| |9
BCI | 058 003 021 031 034 042
CE | 0.2 000 000 006 007 008

We first observe that BCI generates higher welfare gains relative to CE under all
scenarios. Using either of the public spending instruments increases welfare gains relative to
that with distortionary taxes under bothunconventional policies. It is also clear that capital
income taxes dominate both consumption and labour taxes under both credit policies.
In addition, among all the fiscal instruments considered, utilization of public investment
results in the lowest decline in welfare gains compared to lump-sum taxation, for both
policies.

Overall, three observations emerge from our welfare analysis: (i) BCls are more
effective in mitigating the unfavourable effects of financial shocks on the economy,
resulting in better welfare outcomes in all cases; (ii) assessments based on lump-sum
taxes overstates the welfare gains from pursuing credit market interventions; and (iii)
except for the case with consumption and labour income taxes, benefits from using credit
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policiesstill outweigh the fiscal costs, resulting in positive welfare gains under both credit
policies.

3.4 Sensitivity Analysis

In this section, we present a number of robustness checks. We start by
examining the sensitivity of our results to the return on government equity.

3.4.1 Returnto Government Equity

Our initial analysis maintains that the return on equity injected is the same as
the return on loans supplied, Rk t. We now consider the case where a unit of equity
injected by the government has the return Rt; that is, the government does not earn a
premium on bank equity. Table 3 presents welfare gains generated in response to the
capital quality shock under BClIs, when banks pay Rt on government equity, instead of
Rk,t where benchmark values are also displayed as reference points.

Table 3. Welfare Gains under BCI with Different Returns— CEQ(%)
T tC {h K | ¢ | 19

Rk,t | 0.5775/ 0.0248| 0.2149| 0.3058| 0.3490 0.4250
Rt | 0.6761 0.0496 0.4245| 0.6033| 0.4404 0.5210

Interestingly, Table 3 reveals that when the government earns a higher return on
BCls, the welfare gains from this policy are lower. This is mainly because it takes
longer for banks to rebuild their net worth when they need to pay a higher return on the
equity they receive. Consequently, without a premium on government equity, BCls
generate even higher welfare gains than CE, under all scenarios.

3.4.2 Efficiency Cost of Credit Policies

In our main welfare calculations, we set the efficiency costs of both credit policies

at 10 basis points, > = zN = 0.0010. Under this assumption, we showed that BCls
yielded better welfare outcomes with both lump-sum and distortionary taxes. Since
the efficiency costs are a significant determinant of welfare outcomes, we now
reexamine the relative welfare ranking of the two credit policies across a range of
efficiency costs of BCls.

Keeping the efficiency costs of CE, 75 at 10 basis points, we find that an

efficiency cost of BCIs, 7V in the range of 50 to 300 basis points equates the welfare
gains of BCls to CE. The scale of this difference reinforces our key finding that BCls
are more effective than CE in mitigating the negative effects of financial shocks on the
economy.!

1 However, it should be noted that for certain types of lending, for example, securitized high-grade assets
such as mortgage-backed securities, the costs of CE might be lower than that of BCI.
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3.4.3 Other Key Parameters

For the final sensitivity analysis of our results, we re-calculate the welfare gains
by varying the values of the four key parameters in our model: bank leverage at the

steady-state (¢), the efficiency costs of government intermediation, S = ¢N), habit
persistence (y), and price rigidity (¢). Figure 7 exhibits four cases displaying the
consumption equivalent (CEQ) under varying values of the relevant parameter. In each
case we present two rows: the first row for CEQs under BCI and the second row under
CE, with each fiscal instrument, following a one percent negative shock to capital quality.

The first column of Figure 7 presents welfare gains across varying values of
the bank leverageintheinitial steady-state. Anincrease inthe steady-state bank leverage
corresponds to a fall in the fraction of bank assets that can be diverted. This, in turn,
relaxes the bank’s constraint, facilitating the accumulation of higher leverage. As the
leverage ratio increases, the unfavourable effects of the financial shock are visibly
amplified. Asaresult,bothcreditpoliciesbecome moreeffective, yielding higher welfare
gains,asshown in Figure 7. This is particularly the case when the government utilizes
labour income taxes or public investment as the fiscal instrument.

The second column presents the variation in outcomes under the two credit
policies for a range of values for the efficiency costs. As expected, welfare gains from
credit policies fall as their efficiency costs increase. As before, BCIs generate higher
welfare gains than credit easing at all levels of efficiency costs. Moreover, as efficiency
costs of interventions increase distortionary fiscal instruments reduce the gains from
the utilization of both credit policies more rapidly, compared to lump-sum taxes.

The third column displays the welfare gains for different values of the habit
persistence parameter. As habit persistence rises both policies improve welfare more
given that the use of the credit policies reduces the volatility of consumption. In line
with our benchmark results, BCI yields higher welfare gains than CE and the use of
other fiscal tools reduces welfare gains, compared to the case with lump-sum taxes.
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Figure 7
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4. Conclusion

This paper presented an assessment of the two most widely adopted credit policies
since the global financial crisis in 2008-09; credit easing through direct lending to non-
financial firms and bank capital injections through injecting capital into the financial
sector. In contrast to the existing work on unconventional policy that predominantly
focuses on the benefits of these measures, our work explicitly considers the cost of
paying for each policy. Also importantly, particularly for a realistic policy evaluation,
we move beyond the benchmark case of lump-sum taxation and investigate the
interaction between different policy measures and different policy instruments. We
conduct our analysis utilizing a New Keynesian DSGE model that contains a banking
sector with financial frictions that play a key role in the amplifications of the effects of
exogenous shocks.

We examine the dynamics of a financial crisis triggered by a capital quality
shock. We find that the use of both credit easing and bank capital injections mitigates the
unfavorable effects of the shocks on the economy by containing the rise in the spread.
Compared to credit easing, the use of bank capital injections impacts aggregate output
more favourably, through a direct improvement in banks’ balance sheets, thereby
significantly lowering the increase in the credit spread. However, bank capital injections
also yield a lower return compared with credit easing. Hence, when the government
injects capital into banks, more contractionary fiscal policy is adopted, with additional
unfavorable consequences.

Our welfare results reveal that analyses based on lump-sum rather than
distortionary fiscal instruments overstate the gains from pursuing credit market
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interventions. However, we also find that even in the presence of distortionary fiscal
tools, bank capital injections generate welfare gains. The same result also holds for
credit easing, except for the case of consumption and labour income taxes. Overall, bank
capital injections dominate credit easing, due to the greater improvement in the spread
under the former, the beneficial effects of which more than offset those of the fiscal
surplus generated by the latter.

We also show that our results are robust to a wide range of variation in the
parameter values. However, it is possible to envisage alternative frameworks where the
assessment of the relative costs versus benefits might be different. For example, in the
presence of sizable financial frictions benefits of credit policies would be substantiall,
while distortions in the tax system would imply that costs of these policies are also
large. Our work, therefore, points to the key importance of analyzing the fiscal
implications of unconventional policies. This is especially the case given that the existing
empirical work has so far exclusively focused on the beneficial stabilizing role of these
policies in the aftermath of the financial crises.

It should be noted, however, that our results rely on the assumption that the
government does not default on its debt. If government bonds become subject to default
risk, the ability to conduct unconventional policy would be significantly restricted, with
serious consequences for the valuation of government bonds. We believe that incorporating
the default risk for government debt in assessing post-crisis rescue programs is an
important topic for further research.
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