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Motivation

Differences between individual observations
and aggregate outcomes can be an important
source of identification.

Examples:

» Bartik instruments
(Bartik, 1991; Blanchard et al., 1992; Goldsmith-Pinkham
et al., 2020; Carlino and Drautzburg, 2020)

» Granular instrumental variables

(Gabaix and Koijen, 2020; Qian, 2023; Banafti and Lee,
2022; Sarto, 2022; Caldara, Cavallo and lacoviello, 2019)



Contribution

* Our paper shows how to exploit the power
of this idea using full-information maximum
likelihood estimation.

* We illustrate this method with an analysis
of the world oil market.



A structural model of the world oil market

Data from 1973:M1 to 2023:M2 (drop COVID)
q.: = growth rate of country i oil production

s, = Share of country i in world total

> . Sqqi = approximate growth in global

oil production

Our empirical analysis will use the three

biggest producers (U.S., Saudi Arabia, Russia)
plus the rest of the world (n = 4)



c;; = growth rate of country j oil consumption
s.; = share of country j in world total
> " s.c; = approximate growth in global

=1
oil consumption
Our empirical analysis will use the three
biggest consumers (U.S., Japan, Europe)

plus the rest of the world (m = 4)



Supply curve of country i

qdir = ¢qipt T b/qixt—l T Ugir + U yig

¢, = country i short-run supply elasticity

x,-; contains 12 lags production and
consumption of every country in world

plus 12 lags of world price

ugir = supply shock for country i

u,i; = error in measuring country i production



Demand curve of country ;

Cjt = ¢cjpt b i Xt—1 T Ugr T Uyt

¢, = country j short-run demand elasticity

u.; = demand shock for country j

uy;; = €rror in measuring country j consumption



Inventory demand

Vi = ¢vpt bi;Xt—l Uy
This equals difference between correctly
measured production and consumption

Vi = 2?21 Sqi(ql'z — u;(it) — ZJZ Scj(Cjt — ijt)



Structural model:

/ .
— ; —_— — , e o o
Git = QqiPt + X1 Fugi +uy; i=1,...,n

or qt :¢q Pt Bq X1 T Uyt U ¢
(nx1) (nx1) (nxk) (nx1) (nx1)

Cit = ¢qpt b i X—1 T Ucjr T Uy ] — 1»---,7”

or ¢; = ¢c pt+Bc X1+ Uy + Wy
(mx1)  (mx1) (mxk) (mx1) (mx1)

(S;¢q — S/c¢c —0v)p: =

/ / / / /
(SCBC — Squ + bV)Xt_l + SCuCZ‘ — Sunt + Uy



These are n + m + 1 equations to determine
the n + m + 1 variables q,, ¢;,p; in terms of

the structural shocks (u ., u,;,uc,wys,uy).

It is possible to estimate structural parameters
like ¢, and ¢_ it we make assumptions about

the correlations between these structural shocks.



Example 1: Granular instrumental

variables

Suppose all countries have the same demand
elasticity ¢. and that the demand shock for

country j has an idiosyncratic component and

a common global factor

U cjt :fct + N jt

/
Cit = Qcpr+ bchz—l + fer + Neje + Uye
Take arithmetic average overj =1,...,m

_ -y
Ctr = ¢cpz cht—l

fct

nct

u[//z‘



Cit = Qcpy + b/cht—l + for + Neje + Uyt

C: = Qcpr + l-)/cxt—l + for + Ner + Uyt

Difference between country j and average,

cit — ¢ = (bl —b)Xi1 + Ny — Ter) + (yje — ),
depends only on idiosyncratic shocks

ng: forj = 1,...,m and measurement errors



If these are uncorrelated with supply shocks,
cjr — ¢; Is valid instrument for estimating any

supply curve

More powerful instruments by multiplying by s.;

and summing over -

Ct—Ct = (b,c — B/c)xt—l + (Ner — Ner) + (ul//t — ﬁvft)
Implication: difference between share-weighted
consumption ¢; = Zj"i | Sg¢;e and unweighted average

. _1 m . . . . .
Cr=m ijl c; is valid instrument for estimating

supply elasticities.



Example 2: Uncorrelated supply and
demand shocks

If u, + u, is uncorrelated with u., + u,; then
E(q, - ¢th —Byxe1)(€— @.pi — Bexi1)' = O
€4+ = residual from OLS regression of g;; on x,_;
T3 Byt = 0gi8p) Boir = 8 p) = 0
i=1,....n;j=1,...m

This gives (mn) equations to estimate
n+mvalues of ¢ _and ¢,.

However, these overidentifying restrictions are
rejected in our dataset.



A less restrictive model

We allow for u,; and u., to be correlated through
common dependence on a single global factor f;
We also allow u., to depend on idiosyncratic
factors and a global demand shock f.; with
different loadings for each country

U = hcft T 7Cfct T ﬂct



Reduced form is a VAR(12)

Yt — (qéa céapl‘)/
(9x1)

Y, = ]-_-[Xt—l + €;

X1 = (lay;—lﬂ .o 9y;—12)/



hqft T yqqu + ﬂqz T Uy
hefi + Y fo+ 1, + y
asc(h fi + y fo+1m,) —asqg(h fi + Y S+ 1,,) + auy

Aé} = Uy
E(umu;) =D




Assumptions

ldiosyncratic shocks uncorrelated

n
E ﬂ‘” [ m, 1. }
ct

2y Ounm .
- ! (diagonal)
Omn 2C




Factor normalization

I
E| fu || i fu S | =15
fct
Measurement errors have common variance
u%z‘ ' ' G%In Onm
E I: ll%t llw :|:
2




az[s

/Q<hqh,q + 7q;/q + Zq>sq —2s.hch s, +s.(hch, + V.Y, +Z)8c + 63]

hsh, +y 7, +Z4+ 031, h,h,
hch, heh. + 7.7 + 2+ 03 Ly
—as,(hehy +y ¥ +Z,) +asthch;, —as;hgh; +as.(hch + 7,7 +Z.)

_og<hq,h;7 + 7,7, + Eq>sq + ahghgs,
—ahchys, + a(hch + 7 ¥ +Z.)s,




The matrix Q(6) is the forecast-error
variance matrix that is implied by the vector
of unknown structural parameters @

Q6 = A0 'D(OIAG]

Model has 15 testable overidentifying
assumptions.
These are not rejected in our dataset.



Maximum likelihood estimates of
elasticities and their standard errors

U.S. supply
Saudi supply
Russia supply
ROW supply
U.S. demand
Japan demand

Europe

demand
ROW demand

Inventory
demand

0.019
0.259
0.029
0.043
-0.094
-0.018
-0.225

-0.161
-0.314

(0.017)
(0.056)
(0.011)
(0.029)
(0.031)
(0.037)
(0.045)

(0.045)
(0.060)

—

J\

Global
supply
elasticity:
0.064

(0.021)

Global
demand
elasticity:
-0.139
(0.037)



Loadings on global demand factor

U.S. 1.415 (0.444)
Japan 1.548 (0.525)
Europe 2.044 (0.564)

Rest of world 0.967 (0.364)



Application 1: Effects of a one-standard-
deviation increase In global demand

* On impact, this shifts demand curve for each
country by magnitudes in previous slide
(e.g., U.S. consumption demand increases
by 1.4%)

* In equilibrium this causes oil price to go up
2.3%

* Supplies and net demand adjust in response



Impact effects of one-standard-

as Y of country

deviation increase In world demand

Y% of world

Variable | direct | response | net net
effect | to price | effect effect
(1) (2) (3) (4)
P 2.330
dus 0 0.043 | 0.043 | 0.005
IS ands 0 0.604 | 0.604| 0.072
JRussia 0 0.068 | 0.068 0.010
P 0 0.101 |0.101 | 0.061
q 0.149
CUs 1.415 | -0.218 | 1.197 0.299
o] — 1.548 | -0.043 | 1.505 0.105
o7 - 2.044 | -0.524 | 1.520 0.122
CROW 0.967 | -0.375 | 0.592 0.355
& ().882
U 0.733
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Inventory adjustment plays a big role in
mitigating the effect of the demand shock

Temporary increase in demand met by
sales out of inventories

This response keeps the overall price
increase modest

Increased Saudi Arabian production is
another important stabilizing factor



Percent

Dynamic effects of one-standard-
deviation increase in world demand

Real oil price
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Application 2: Effects of a 50%
decrease in Russian oil production

* Suppose geopolitical developments lead
to a cut in Russian production of 5.25
mb/d

* For this analysis we impose that inventory
sales can not be used to mitigate
production shortfall (¢, = 0)



Impact effects of 50% cut in Russian oll
production

as /o of country in mb/d

Variable | direct | response net net
effect | to price | effect effect
(9) (6) (7) (8)

P 31.185

qus 0 (.580 0.580 0.072
JSaqudi 0 8.084 8.084 0.798
Ghuesia | 50 | 0.900 |-40.001 | -5.252
JROW 0 1.345 1.345 0.664
q -3.718
CUus 0.000 -2.919 -2.919 -0.480

CJapan 0.000 | -0.569 | -0.569 | -0.019
CBurope | 0.000 | -7.011 | -7.011 | -0.289
CROW 0.000 | -5.015 | -5.015 | -2.930
C -3.718
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Dynamic effects of 50% cut in Russian

Real oil price
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Conclusion

» Jointly estimate supply and demand
elasticities for individual producers and
consumers using FIML estimation

—> generalization of granular IV

* Analyze heterogeneity in those elasticities
across countries with a unified model of
the world oil market

—> method can be applied in any context
in which different units interact to
determine a market equilibrium





