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Paper’s contributions
• Estimate dynamic model of world oil supply 

and demand
• Provide integrated estimates of individual 

country elasticities with global outcomes
• Develop new approach to identification and 

efficient estimation
• Illustrate counterfactual simulations such as 

dynamic consequences of exogenous 
disruption in Russian oil production
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Data
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Data from 1973:M1 to 2023:M2 (drop COVID)

qit  growth rate of country i oil production

sqi  share of country i in world total


i1
n sqiqit  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
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cjt  growth rate of country j oil consumption

scj  share of country j in world total


j1
m scjcjt  approximate growth in global

oil consumption

Our empirical analysis will use the three

biggest historical consumers (U.S., Japan,

Europe) plus the rest of the world m  4
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Supply curve of country i

qit  qipt  bqi
 xt1  uqit

qi  country i short-run supply elasticity

xt1 contains intercept,12 lags production

and consumption of every country in world,

and 12 lags of world price

uqit  supply shock for country i
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qit  qipt  bqi
 xt1  uqit

Example: if producer i sets MRit  MCit,

qi   logMCit

 logQit

1

uqit is negative of shock to log MCit

bqi reflects serial correlation of MCit shocks
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Demand curve of country j

cjt  cjpt  bcj
 xt1  ucjt

cj  country j short-run demand elasticity

ucjt  demand shock for country j
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Inventory demand

vt  vpt  bv
 xt1  uvt

This equals difference between

global production and consumption

vt  
i1
n sqiqit   j1

m scjcjt

vt also includes measurement error
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Structural model:

qit  qipt  bqi
 xt1  uqit i  1, . . . ,n

or
n1

q t 
n1

q pt 
nk

Bq xt1 
n1

uqt

cjt  cjpt  bcj
 xt1  ucjt j  1, . . . ,m

or
m1
ct 

m1

c pt 
mk
Bc xt1 

m1
uct

sq q t  sc ct  vpt  bv
 xt1  uvt
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1N

y t
 

1n

qt


1m

ct
11

pt

1N

ut
 

1n

uqt


1m

uct


11
uvt

Ay t  Bxt1  ut

NN
A 

In 0nm q

0mn Im c

sq sc v

Nk
B 

Bq

Bc

bv

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Given any value for ut, there exists a

value of pt,qt,ct for which all N equations

hold. Identification comes from

assumptions about correlations between

the structural shocks in u t



Granular instrumental variables 
(Gabaix and Koijen, JPE forthcoming)
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Example: suppose supply shocks are

uncorrelated with demand shocks,

Euqtuct
   0nm,

and elasticities are homogeneous

across countries:

n1

q 
11

q
n1
1n

m1

c 
11

c
m1
1m
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Let sq be the n  1 vector of global

production shares.

Let wq be any other n  1 vector

for which wq
 1n  1.

q t  q1npt  Bqxt1  uqt

sq  wqq t  sq  wqBqxt1  sq  wquqt
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sq  wqq t  sq  wqBqxt1  sq  wquqt

Conclusion:

sq  wqq t is uncorrelated with uct.

Could estimate c by IV

wc
 ct  cpt  B cxt1  ũct.

Instruments: sq  wqq t and xt1

wc is any m  1 vector with wc
 c t  1.
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Example:

wq  n11n

sq  wqq t is difference between share-

weighted and arithmetic average production.

This is the granular instrument insight of

Gabaix and Koijen (JPE forthcoming).
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Could also find supply elasticity q

from regression of wq
 qt on pt and xt1

using (sc  wcct and xt1 as

instruments.
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Maximum likelihood estimation:

u t  N0,D

NN
D 

nn

Dq 0nm 0n1

0mn
mm

Dc 0m1

01n 01m
11

v
2
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Define

  
t1
T y txt1

 
t1
T xt1xt1

 1

N1
 t  y t   xt1 

n1

 qt

m1
 ct

11

 pt

 vt  sq  qt  sc  ct
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Proposition 2: FOC for MLE are

 c 


t1
T

zctc t


t1
T

zct pt

c t  ŵc
  ct ŵc

  1m
 D c

1
/1m

 D c
1
1m

D c  T1
t1
T  ct   c1m pt  ct   c1m pt



zct  sq  ŵq qt  q t   q pt   vt   v pt

q t  ŵq
  qt ŵq

  1n
 D q

1
/1n

 D q
1
1n

D q  T1
t1
T  qt   q1n pt  qt   q1n pt


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Analogous FOC for  q and  v

 q 
 t1

T
zqtq t


t1
T

zqt pt

zqt  sc  ŵc ct  c t   c pt   vt   v pt

 v 
 t1

T
zvt vt

 t1
T

zvt pt

 vt  sq  qt  sc  ct
zvt  sc  ŵc ct  sq  ŵq qt

 q t   q pt  c t   c pt
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Iterated 3SLS

 c
1 

 t1
T

zct
1c t

1


t1
T

zct
1 pt

c t
1  sc  ct zct

1  n11n  sq qt

D c
1

 T1
t1
T  ct   c11m pt  ct   c11m pt



c t
2  ŵc

2 ct

ŵc
2  1m

 D c
1 1

 1m
 D c

1 1
1m



Comparison of plain-vanilla granular IV 
(step 1 of 3SLS) and MLE (iterate on 

3SLS to convergence)

22
(standard errors in parentheses)
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Likelihood ratio test rejects the

model’s 21 overidentifying assumptions.

A more general model with heterogeneous

elasticities is also rejected.

Reason: there do not exist 4  1

vectors q and c for which

T1
t1
T

 qt  q pt ct  c pt
  0nm.
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Supply shocks uqt and demand shocks uct

appear to be correlated.

We allow a single global factor on which

both uqt and uct can load without restriction.

Seems to be response of Saudi and

OPEC production to global demand.
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Proposed model:

q and c unrestricted 4  1 vectors

D  Eu tu t
 

hqhq
  q hqhc

 0n1

hchq
 hchc

  cc
  c 0m1

01n 01m v
2

hq,hc, c are 4  1 vectors

q and c are diagonal 4  4 matrices

Model has 16 overidentifying

restrictions that are not rejected.



Maximum likelihood estimates of 
elasticities and their standard errors
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(0.016)0.021U.S. supply
(0.058)0.248Saudi supply
(0.010)0.034Russia supply
(0.020)0.066ROW supply
(0.025)-0.077U.S. demand
(0.031)-0.001Japan demand
(0.037)-0.202Europe 

demand
(0.038)-0.139ROW demand
(0.061)-0.355Inventory 

demand

Global 
supply 
elasticity: 
0.077 
(0.017)

Global 
demand 
elasticity: 
-0.119 
(0.030)



Loadings on global demand factor

(0.425)1.367U.S.
(0.499)1.495Japan
(0.537)1.981Europe
(0.321)0.881Rest of world
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Impact effect of one-standard-deviation 
increase in global demand factor
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Dynamic effect of one-standard-deviation 
increase in global demand factor

29Shaded regions denote 68% confidence bands



• Can use structural model to analyze 
counterfactual scenarios
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Short-run (1 month) and longer-run (12 
months) elasticities and standard errors
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12 months1 month

(0.243)0.317(0.016)0.021U.S. supply

(0.748)2.531(0.058)0.248Saudi supply

(0.175)0.134(0.010)0.034Russia supply

(0.198)0.317(0.020)0.066ROW supply

(0.192)-0.813(0.025)-0.077U.S. demand

(0.208)-0.171(0.031)-0.001Japan demand

(0.142)-0.663(0.037)-0.202Europe demand

(0.252)-0.531(0.038)-0.139ROW demand

In row i, world price increases permanently by 1%
and only country i responds.



Impact effect of 50% cut in Russian 
production (inventory change = 0)
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Dynamic effect of 50% cut in Russian 
production

33
Assumes zero inventory change for first 6 months



Changes over time: production and 
consumption shares each month
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Maximum likelihood estimates of 
elasticities full sample and post-2005
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Post-2005Full sample
0.0630.021U.S. supply
0.1340.248Saudi supply
0.0170.034Russia supply
0.0230.066ROW supply
-0.063-0.077U.S. demand
-0.029-0.001Japan demand
-0.247-0.202Europe demand
-0.145-0.139ROW demand
-0.187-0.355Inventory 

demand

Global 
supply 
elasticity: 
0.041 
(0.012)

Global 
demand 
elasticity: 
-0.128 
(0.037)



Conclusion

• If correlations between supply and demand 
shocks can be described with low-order factor 
structure, can use correlations between price 
and country-specific production and 
consumption to estimate key elasticities.

• Next step: use regularization to apply to larger 
numbers of producers and consumers.
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Additional slides
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