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I will show that, contrary to what 
profession has believed since 
Cagan (1956), there is no Laffer 
curve for seignorage … 
 

True relationship between money 
growth and seignorage is on the 
left … 
 

Laffer curve is figment of 
estimating money demand model 
that is, in fact, clearly rejected by 
data … 

What this paper is about 

This has material implications along multiple dimensions … 
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What are hyperinflations? 
 

Brief episodes characterized by extraordinary increases in 
money growth and therefore inflation … 
 

E.g., between July 1945 and August 1946, Hungary experienced 
highest hyperinflation ever: in 13 months prices increased by 
factor of 3×1025 … 
 

What are causes of hyperinflations? From Bresciani-Turroni’s 
(1937) book on Weimar Republic’s episode, to Sargent’s (1982) 
‘The Ends of Four Big Inflations’: enormous budget deficits 
which are financed by printing money, i.e. via the inflation tax, 
also known as seignorage … 
 

Such enormous deficits are typically product of revolutions (e.g., 
French Revolution), wars (e.g., WWI, WWII), or civil wars … 
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Since Cagan (1956), literature on hyperinflations has been 
dominated by view featuring two main elements: 

(1) relationship between money growth and seignorage is 
hump-shaped—i.e., it follows Laffer curve (below); 

(2) historically, governments have inflated in excess of 
revenue-maximizing rate, i.e., they have been on ‘wrong 
side’ of Laffer curve (i.e., in point B) … 

 
 
 
 
 
 
 
  

Standard view of relationship between 
money growth and seignorage 

          
Money growth 

Seignorage 
(inflation tax) 

This view can be found in Sargent and Wallace 
(IER, 1973), Sargent (IER, 1977), Salemi and 
Sargent (IER, 1979), Christiano (IER, 1987), 
etc. etc. … 
 

… and in all Ph.D. textbooks, from Blanchard 
and Fischer (1990) to Walsh (2017) … 
 

How did Cagan, Sargent, etc. identify Laffer 
curve for seignorage? 
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They all estimated Cagan’s ‘semi-log’ money demand: 
 

                                 
linking logarithm of money balances over nominal GDP to level of 
opportunity cost of money—here, expected inflation … 
 

Based on estimated money demand curve, relationship between 
money growth and seignorage can trivially be computed … 
 

Entire literature is based on Cagan’s ‘semi-log’ … 
 

However, e.g., Lucas (Econometrica, 2000, footnote 4): Laffer 
curve for seignorage is mathematical property of semi-log … 
 

Therefore, when you estimate semi-log, you impose Laffer curve 
upon the data: this is what literature has been doing since 1956 … 
 

Benati, Lucas, Nicolini, and Weber (JME, 2021): for 44 countries 
since WWI most plausible money demand specification is not 
Cagan’s, but rather Meltzer’s (JPE, 1963) ‘log-log’ … 
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… which makes logarithm of money balances over nominal 
GDP depend on logarithm of opportunity cost of money … 
 

In that paper we exclusively focused on very long samples … 
 

In the present work I show that the data’s preference for the 
‘log-log’ is especially clear for hyperinflations … 
 

    
Money growth 

Seignorage Does this have implications for our purposes? 
 

Yes: log-log implies uniformly positive relationship 
between money growth and seignorage for all values 
of money growth (left) … 
 

Therefore, obvious question arises: Is Laffer curve 
for seignorage for real, or is it just figment of 
literature’s exclusive focus on Cagan’s ‘semi-log’? 
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I reconsider monetary dynamics of hyperinflations based on 
data from 20 episodes, from French Revolution to Venezuela 
under Nicolas Maduro … 
 

I find no evidence of Laffer curve for seignorage: relationship 
between money growth and seignorage has been positive at all 
levels of money growth … 
 

 
  

This paper 

On the right, evidence for Hungary: as I 
will show, evidence for other countries 
is qualitatively the same … 
 

There is no evidence that, beyond a 
threshold, increases in money growth 
cause decreases in seignorage … 
 

Recall: post-WWII Hungary is highest 
hyperinflation ever recorded … 
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I show this has material implications for 
 

(1) theoretical analyses of hyperinflations: e.g., compared to 
semi-log, with log-log steady-states’ stability properties 
are reversed … 
 

(2) Correctly characterizing time-series properties of 
hyperinflations: semi-log suggests largest root in the 
system is around 1.7, log-log that it is 1 … 
 

Hyperinflations have been unit root processes, not wildly 
explosive ones … 
 

(3) Interpretation of specific episodes: as corollary of (1), 
within context of Weimar Republic’s episode I provide 
interpretation of impact of invasion of Ruhr …  

Natural explanation: hyperinflation data show clear preference 
for ‘log-log’ specification (or functional form close to it, such as 
Benati et al.’s, JME 2021) … 
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Implications 
 

My evidence is fully compatible with standard narrative 
accounts of hyperinflations, from Bresciani-Turroni (1937) to 
Sargent (1982) … 
 

However, model-based analyses—both theoretical and 
empirical—should be revised, as they are both based on 
empirically implausible money demand specification, and 
therefore present incorrect view of the world … 
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The dataset 
 

20 episodes, from French Revolution to Venezuela under 
Nicolas Maduro … 
 

Beyond standard datasets—e.g. Cagan’s, and Barro’s (JPE, 
1970)—I consider several additional episodes, for which I 
obtained data from primary sources … 
 

This is the case, e.g., for  
 

 French Revolution: data are from books published in 
early XIX century … 

 Chile, Argentina, Bolivia, Brazil, etc. : data are from 
central banks and national statistical agencies … 

 

Table in next slide reports key features of dataset … 
 

Following convention in literature, inflation is measured as 
monthly log-difference of price level …  
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Range of variation in 
inflation is extraordinary, 
from post-WWII 
Hungary’s peak of 33.67 … 
 

… to second and third most 
extreme episodes, Greece 
and Yugoslavia, with peaks 
of 13.66 and 11.29 … 
 

… down to the mildest, 
Chile, with peak of 0.58 … 
 

Such wide range of 
variation allows for strong 
identification … 
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Empirical relationship between money growth and seignorage 

 
 

Seignorage estimates for Hungary I showed before are from 
Sargent and Wallace (IER, 1973) … 
 

Sargent and Wallace computed estimates, but did not plot 
them together with money growth … 
 

If they had done it, they would have seen Laffer curve they 
study based on semi-log is not in the data … 
 

My findings have been hiding in plain sight since 1973 … 
 

  Next two slides show 
 

 all of Sargent and Wallace’s estimates for Cagan’s dataset, and 
 joint evidence for all episodes in my dataset, controlling for 

country-specific fixed effects … 
 

No evidence of Laffer curve, i.e. that beyond a threshold, increases 
in money growth cause decreases in seignorage … 



 22

 
 
 

                                    
 

The logarithm of Sargent and Wallace’s (1973) measure of seignorage 
plotted against the logarithm of money growth from Cagan (1956) 

 



 22

 
 
 
 
 
 

 
 

Evidence from regressing log seignorage on log money growth: logarithm 
of seignorage minus estimated country-specific fixed effects 

 
 



12 
 

Semi-log implies Laffer curve, whereas log-log implies what 
you see in the data … 
 

Therefore, alternative way of addressing this issue is exploring 
which specification is more empirically plausible ... 
 

Benati, Lucas, Nicolini, and Weber (JME, 2021): in dataset of 
44 countries since WWI data clearly prefer log-log … 
 

We have lots of statistical evidence, but next slide shows simple 
visual evidence for selected countries, plotting minus log 
money balances over nominal GDP together with 
 

 top row: level of nominal interest rate 
 bottom row: logarithm of nominal interest rate 

 

Top row corresponds to semi-log, bottom row to log-log … 
 

Evidence is very clear: log-log is significantly more plausible 
than semi-log …  

What is most plausible money demand specification? 
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We did not specifically 
analyze hyperinflations, 
which typically last at most 2 
years: What about them? 
 

Table in next slide shows 
results from model 
comparison exercise based on 
panel VARs with country-
specific fixed-effects: semi-log 
versus log-log … 
 

Evidence is overwhelming: 
minimum of distribution of 
log-likelihood based on log-
log is uniformly greater than 
maximum of distribution 
based on semi-log … 
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Clear evidence that empirically most 
plausible functional form for 
hyperinflations is log-log … 
 

Right: log real money balances 
and minus either inflation (i.e., 
semi-log) or log inflation (i.e., 
log-log): again, for hyper-
inflations log-log is clearly more 
empirically plausible … 
 

Evidence for Yugoslavia is 
especially stark … 
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With log-log it is indistinguishable from exact unit root … 
 

Alternative functional forms provide different characterization 
of time-series properties of hyperinflations … 
 

Most plausible characterization: hyperinflations driven by 
random-walk process … 
 

What was it? On this, more later …  

Left: evidence from panel 
VARs with country-specific 
fixed-effects: semi-log versus 
log-log … 
 

With semi-log largest 
eigenvalue is explosive, and 
very large, around 1.7 … 

Implications, I: Time-series properties of hyperinflations 
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First implication: as mentioned, semi-log implies Laffer curve 
for seignorage, whereas log-log implies positive relationship at 
all levels of money growth and inflation … 
 

Second implication: equilibria stability properties get reversed, 
with high-inflation equilibrium becoming unstable … 
 

 
 

Implications, II: Theoretical analyses of hyperinflations  

Left: GG curve is 
government budget 
constraint … 
 

Economy is always on 
GG curve, where 
government finances 
budget deficit by 
printing money … 
 

Equilibrium is at intersection of GG curve and 45o line, where, up 
to constant, expected inflation is equal to money growth … 
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With semi-log, under rational expectations high-inflation 
steady-state is stable: Sargent and Wallace’s (IER, 1973) 
classic result … 
 

However, with log-log high-inflation steady-state is unstable: 
beyond it lies region of ‘runaway inflation’ … 
 
 

   

This provides simple 
explanation for empirical fact: 
in several (although not all) 
cases, inflation literally ‘takes 
off’ towards latest stages of 
hyperinflation (see left) … 

The level of inflation in selected episodes 

Possible explanation: large shock causes economy to jump 
beyond high-inflation steady-state B, into region of ‘runaway 
inflation’ … 
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Evidence for Weimar Republic is compatible 
with this interpretation … 
 

Until end of 1922, inflation had been high, but 
not explosive … 
 

In January 1923, France occupied Ruhr: as 
pointed out by Bresciani-Turroni (1937), this 
 

‘gave the coup de grâce to the national finances 
and the German mark. Because of it some 
important sources of income were lost to the State.’  

 

 

Possible interpretation of occupation of Ruhr—and resulting 
explosion of budget deficit financed via seignorage—is as shock 
that pushed economy into region of ‘runaway inflation’ … 
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An estimated model of Weimar Republic’s hyperinflation 

Left, key data: 
government budget deficit 
in Gold Marks (i.e., in real 
terms) and money 
balances (as fraction of 
income) from Bresciani-
Turroni (1937); and 
inflation, seignorage, and 
exchange rate 
depreciation … 
 

In line with Bresciani-Turroni (1937) and Sargent (1982), I 
assume key driver of hyperinflation is evolution of budget deficit, 
which is financed by printing money … 
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Logarithm of budget deficit, , is sum of 2 orthogonal 
components, a random-walk with drift and a stationary AR(1): 
 

 
with  and  being white noise orthogonal shocks …

 

Seignorage is computed based on the geometric average  
 

 
where  and  are the nominal money stock and the price 
level,  is money growth, and  = 0.5 … 
  Bresciani-Turroni (1937) conjectured that since hyperinflations 
follow exponential dynamics, geometric averages are more 
appropriate … 
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I show mathematically that Bresciani-Turroni was right … 
 

Based on previous figure showing raw data, I assume that 
government sets log seignorage equal to permanent component 
of budget deficit, : 

 
The demand for real money balances as fraction of income 
takes Meltzer’s log-log form 
 

 
with velocity shock  following a stationary AR(1) 

 
Finally, nominal exchange rate depreciation, Δ, is equal to 
inflation, , plus a PPP white noise disturbance: 
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Everything is driven by random-walk in budget deficit, : all 
variables are therefore stationarized by  … 
 

Model is highly non-linear, so will have to be estimated via 
particle filter … 
 

I show preliminary results based on MLE, with likelihood 
computed via Harvey’s (1989) ‘generalized Kalman filter’, 
based on Taylor expansion of non-linear state-space form … 
 

In estimation I impose determinacy: future extensions will 
allow for either (i) indeterminacy, or (ii) temporarily explosive 
paths as in Ascari, Bonomolo, and Lopes (AER, 2019) … 
 

A main result pertains to estimated relationship between 
money growth and seignorage as fraction of GDP … 
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At peak of hyperinflation, inflation was 
equal to nearly 6 on log scale … 
 

Estimated relationship (right) suggests that 
at peak government was collecting nearly 
25% of output via seignorage … 
 

To put this into perspective: based on 
Cagan’s semi-log, standard estimates of 
maximum amount of seignorage 
government can raise in steady-state are 
around 10% … 
Alternative functional forms for money demand have material 
implications beyond presence/absence of Laffer curve for 
seignorage … 
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Data for 20 hyperinflations provide no evidence of Laffer 
curve: historically, relationship between money growth and 
seignorage has been positive for all values of money growth … 
 

Natural explanation: entire literature based on Cagan’s semi-
log functional form, which imposes Laffer curve upon data … 
 

However, data clearly prefer log-log, which implies positive 
relationship between money growth and seignorage for all 
values of money growth … 
 

Obvious question: Would this hold even if inflation exploded to 
infinity? Obviously not: in that case agents would switch to 
barter, and seignorage would collapse to zero … 
 

My point is rather that threshold beyond which agents stop 
using money and seignorage becomes zero has never been 
crossed … 
  

Summing up 
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Background slides 
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I: Additional results from Benati, Lucas, 
Nicolini, and Weber (JME, 2021) 
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Evidence from Wright’s (2000) 
cointegration tests 
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Estimated elasticity of 
money demand based on 
Meltzer’s (1963) ‘log-log’ 

functional form 
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II: Additional evidence 
from the present work 
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The logarithms of money growth and seignorage for all 20 hyperinflations  
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Evidence from an estimated DSGE model for the Weimar Republic: the demand for real money balances 
and the relationship between money growth and seignorage (median, and 16-84 and 5-95 credible sets) 
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Money growth and seignorage in the Confederacy during the U.S. Civil War 
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Germany, June 1921-November 1923 (based on weekly data) 
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Definition of seignorage 
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Benati, Lucas, Nicolini and Weber’s (JME, 2021) money demand 
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Evidence on the similarity between Meltzer’s (1963) log-log and 
Benati, Lucas, Nicolini and Weber’s (2021) money demand 
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Estimating the elasticity of money demand based on the ‘log-log’ 




