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Abstract

We quantify the macroeconomic effects of COVID-19 for a small open economy. We use a
two country framework combined with a sectoral-SIR model to estimate the effects of collapses
in foreign demand and supply. The small open economy suffers from domestic demand and
supply shocks due to its own pandemic. In addition, there are external shocks coming from rest
of the world (country two). Aggregate exports of the small open economy go down when foreign
demand goes down, and aggregate imports suffer from lockdowns in the rest of the world. We
calibrate the model to Turkey. Our results show that the optimal policy, which yields the lowest
output loss and saves the maximum number of lives, for the small open economy; is an early and
globally coordinated full lockdown of 39 days.
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2.3 Production

During the pandemic period, the level of production decreases because the infected individuals
cannot work until they recover from the disease. For each industry i, we have two groups of workers,
teleworkable, whose size is TW; and on-site, with size N;. The number of infected individuals among
on-site workers is I; ;. Teleworkers are considered to be as a part of at-home group, whose size is Ny
with active infections of Ip;. Hence, the total number of available workers at time t will be:

Ni — Liy) + TW; (1 — Io:/ No)

L;

ELi,t

L; ( =L;Li; (11)

We normalize the labor in each industry to be L; = 1. We assume that the production follows the

following (normalized) nested CES structure:
o
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where

7 is the value-added share at the steady state with:

_ wil;
oy’

Yi

the second term in the parentheses is the intermediate input bundle with the corresponding

price index p/,

¢ is the elasticity of substitution between labor and the intermediate input bundle,

8 is the elasticity of substitution between intermediate inputs,

and ();; is the input share at the steady state with:
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are p,, and p,, respectively. We assume that we are at the zero-lower bound in interest. Hence, the

intertemporal budget constraint for the households can be written as:

pmcm + ﬁmém =1+ T/ (14)

where I and I denote the current and future household income, respectively. All the consumers
are Ricardian and smooth out their consumption over two periods. Therefor, the consumption will

follow:

1—pm .

Hence, the consumers’ choice of " determines the transfers from future to the current. We take

pmcm =

Pm = 1 and the world production, GDPy = 1, as the numeraire. Assuming pre-Covid domestic
production of GDP,,, we set C, = GDP,,/GDPyy. Hence, Yo C,, = 1. In the Covid era, the con-

sumption is split into 365 days, with each day’s consumption denoted by C,, ; such that C,, = Y_; Cyy s

Within each period, the consumers have Cobb-Douglas preferences over all domestic and foreign
sectors. In particular, we focus in the Covid period. We split this period into 365 days. For a

representative consumer in country m € {T, R}, the utility function follows:

Cone = [ ()™, (16)
ieN

such that alt, >0 satisfy }_; allall, = 1. If there are no infections in the country m, the baseline

expenditure shares are assumed to be a}", which can be calculated from the observed pre-Covid

expenditure shares.

During Covid-19 pandemic, the consumption weights change depending on the infection level
in country m. We denote the infection level in country m at time ¢ with I, ;. When infection numbers
are small, we assume that the shares do not move. In particular, we take zx?ft =1 for a small number
of infections, i.e., I;; < 0.1L,, where I, is a scaling parameter for infections. In the Turkish context,
we set It to 50,000 to capture a relevant range for the number of infections (see below for our sim-
ulations). Likewise, for the rest of the world, we set I = Irpopg/popr, where popy (pop7) is the

population of the RoW (Turkey). This limit implies that the utility function returns to normal times
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Zizxi afy = 1.

2.5 Equilibrium

In equilibrium, wages and prices adjust such that all goods clear as intermediate inputs or final

consumption:
yi=)Y xj+Y cf, (18)
i m

and all available factors are employed.

2.6 Solution

First, we create the following matrices from the parameters we use for the consumption and pro-

duction functions such that:

e A: consumption weights with A,,;; = a".

I': a diagonal matrix whose diagonal elements are value-added share in each industry such

thatI';; = ;.

oV

: input shares whose elements are ();;.

B: A diagonal matrix whose diagonal elements capture the preference between future and

current consumption for each country such that B, = ™.

I: the identity matrix.

We will stack all these matrices in a way such that each row corresponds to simple CES aggregates

of the entries it corresponds to. The order of rows / columns follow:

e 1... M: Consumption of each country (M is the number of countries).
e M+1...M+ MS: Sectors (MS is the number of country-sector pairs).

o M+ MS +1...M+2MS: Intermediate input bundles.
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e M+2MS +1... M+ 3MS: Sector specific labor.

e M +3MS+1...2M + 3MS: Ricardian consumer for each country optimizing current and

future consumption.

o 2M +3MS +1...3 < +3MS: Future consumption for each country.

Overall input-output matrix that captures supply, demand and future consumption simultaneously

is, therefore:

Otaxcamny [Araxms)| Oarxms) | Ovxms) |Orarxms) | Oaixan
Omsxcy| 0 I-T r 0 0
O- Osxcy| N 0 0 0 0
Omsxcyl 0 0 0 0 0
Buxmy| 0 0 0 0 |I-8
Omxmy| 0 0 0 0 0

Let’s define the Leontief inverse for the goods as:

$N = [I—(I—T)Qer.

The corresponding Leontief inverse matrix for the extended Q) matrix, ¥ = (I — Q)*l, is given by:

I | AYN AYN (1-T) AYMT | 0| O
0 LAl YN (I-T) YN T 0] 0
¥ 0 | VYN [ I+QVYV(I-T)| QV¥¥T | 0 | 0
0 0 0 I 0] 0
B | BAYYN | BAYN(I-T) | BAYNT | 1 |I-B
0 0 0 0 0| I
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The corresponding CES elasticities for each row is:

Baxen | Ouxceny

/
O } (21)

U= [ laxey Taxe)

Paxeny

where elasticity of 1 corresponds to Cobb-Douglas and rows with 0 correspond to factors and future
consumption. With this elasticity structure, for each row k with elasticity o; # 0 or 1, we have the

following price equation:

1—-0y

Z Qk]pl O

For the rows with Cobb-Douglas price index (i.e., 0z = 1), we have:
log px = Z QO log p;-
]
Recall that output of an industry or usage of factors satisfy:
PxYr = 2 PrXkj + ; PrC -
]
For any CES function with elasticity 0;, we can write the share of input as:

170]‘
Py g (P}
Pi¥i pj

With the integrated input-output matrix and underlying CES structure, we can write this as:

—0; 0j -1
Pr¥r = Z ijPk P] PiYj-
]

Dividing both sides with the world expenditure E, and defining the Domar weight we get:
1—0; 0;—1
Z)\ Qip, p ’ .

Here, let’s highlight the role of future consumption and the Ricardian consumer. For country m, let

Rm denote the row corresponding to the Ricardian consumer optimizing between the current and
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uncoordinated lockdowns increase the economic costs of the pandemic by almost 0.2 percent of the

GDP for a small open economy.

Our preamble is a quote from Hamlet: ”Best safety lies in fear”. We show that large economic
costs do not come from lockdowns but rather from the collapse in domestic and foreign demand,
that is the “fear factor.” Thus, the recovery with demand normalization is only possible once the
disease is under control. We underline that there does not need to be a trade-off between saving lives
versus livelihoods. An early and effective lockdown can save more lives and contain the pandemic
sooner, especially if it is globally coordinated. This way, it eliminates the fear factor and allows the
economies to recover through demand normalization. We end the paper with yet another quote

i"rs

from Shakespeare, but this time from Macbeth. If countries have to implement lockdowns, “’twere

well / It were done quickly.”
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Table A.1: NOTATION AND PARAMETERS

Variable Explanation Value / Range
L; Number of workers in i
TW; Number of teleworkable workers in i
N; Number of on-site workers in i
Nyw Number of non-working population
K Number of sectors 35
Bo Infection rate in general population
Bi Infection rate within sector i
Prox; Average proximity in i 1-5
v Recovery rate from Covid 1/14
Ry Reproduction number of Covid
pop,, Population of country m
N Set of country-sector pairs; indexed by i, j or k
{T,R} Set of countries; indexed by m
F Set of factors; indexed by f
Fm Set of factors in county m
Vit Output of sector i at time ¢
Pit Price of the good produced by i at time ¢
Li¢ Ratio of active workers in i at time ¢
Xij ¢ Inputs used from j by sector i at time ¢
Vi Value-added share in i (from ICIO)
Qi The input share of j in i (from 1CIO)
¢ The elasticity of substitution between labor and the intermediate input bundle 0.6
0 The elasticity of substitution between intermediate inputs 0.2
Cm Consumption bundle in country m
C,, Future consumption bundle in country m
Pm Consumption price index in country m
Pm Future consumption price index in country m
g" Preference between current and future consumption
cz’-flt Final consumption of i in country m
ol Pre-Covid consumption share of i in m (from 1CIO)
oczlt Change in the consumption share of 7 in m at time ¢
I Normalization factor for infections pop,, /20,000
GDP,, GDP of country m
GDPw GDP of the world m
M Number of countries 2
MS Number of country-sector pairs 70
A M x MS matrix of consumption weights (from IC1O)
r MS x MS diagonal matrix of value-added shares (from IC1O)
oV MS x MS matrix of input shares (from IC1O)
B M x M diagonal matrix of the preference between future and current consumption for
each country
I The identity matrix
¥V Leontief inverse for the goods
Q Overall input-output matrix that captures supply, demand and future consumption
Y Leontief inverse of (}
Ag Domar weight of k, where k is a row of ()
Lockdown threshold pop,, /1000
CCs Crticial Community Size pop,, /20000
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Table A.5: LIST OF THE LOCKDOWN SECTORS

Panel A: Lockdown Sectors

NACE Rev. 2 Definition
01 Crop and animal production, hunting and related service activities
1071 Manufacture of bread; manufacture of fresh pastry goods and cakes
1811 Printing of newspapers
1920 Manufacture of refined petroleum products
21 Manufacture of basic pharmaceutical products and pharmaceutical preparations
35 Electricity, gas, steam and air conditioning supply
36 Water collection, treatment and supply
4646 Wholesale of pharmaceutical goods
4730 Retail sale of automotive fuel in specialised stores
4773 Dispensing chemist in specialised stores
4774 Retail sale of medical and orthopaedic goods in specialised stores
4920 Freight rail transport
4941 Freight transport by road
5224 Cargo handling
53 Postal and courier activities
60 Programming and broadcasting activities
61 Telecommunications
639 Other information service activities
75 Veterinary activities
86 Human health activities
87 Residential care activities

Panel B: Additional Sectors

NACE Rev. 2 Definition
10 Manufacture of food products
1722 Manufacture of household and sanitary goods and of toilet requisites
463 Wholesale of food, beverages and tobacco
4711 Retail sale in non-specialised stores with food, beverages or tobacco predominating
472 Retail sale of food, beverages and tobacco in specialised stores
4781 Retail sale via stalls and markets of food, beverages and tobacco products

NoOTEs: This table provides the list of the lockdown sectors. We use the decree issued by the Turkish Ministry of Interior
on April 10, 2020 to identify these industries. This lockdown was effective for only two days and cover those given in
Panel A. We supplement the list with those available in Panel B.
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