Economic Policy Uncertainty and the UK Demand for Money:

Evidence from the Inter-war Period
This paper empirically investigates the effect of Economic Policy Uncertainty (EPU) on the UK money demand stability during the inter-war period (1920-1938).  Both a narrow definition (M0) and a broad definition (M3) of money are investigated.  The empirical investigation is conducted by employing the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration. Results presented indicate a stable demand for both definitions of money only when EPU is included as one of the determinants of demand function.  The EPU imposes a negative effect on the demand for both definitions of money.  The causality test results further indicate long- and short-term causality from the determinants (including EPU) to both forms of money demand.  Significant presence of the economic uncertainty weakens the effects of the monetary policy on the economy.
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1. Introduction

As stated by Kent (2017) uncertainty is a feature of our lives, economic and otherwise.  Economic uncertainty refers to an environment in which little or nothing is known about the future state of the economy (Bloom et al. 2013, Bloom, 2009, Baker et al. 2016).  According to Carvalho (2010) knowing that future is uncertain, economic agents’ expectations tend to be unstable and subjects to drastic change, making any commitment to future scenario inherently risky.  Uncertainty in the economy can significantly influence economic decisions taken by the government, firms and households.  The uncertainty can be triggered by various factors such as changes in the economic fundamentals and policies, heterogeneous future growth prospects and productivity movements, geopolitical scenarios, and natural disasters, among others (Baker et al., 2016).  There has been a recent revival in studies investigating the effect of economic uncertainty on the economy and volatilities (see Leblang and Bernhard, 2006, Bialkowski et al., 2008, Julio and Yook, 2012, Boutchkova et al., 2012, Colombo, 2013, Bernal et al., 2016, Boumparis et al., 2017, Kang et al., 2017).  The influence of economic uncertainty on the demand for money has also received considerable attention (see Bahmani-Oskooee and Nayeri, 2020, Bahmani-Oskooee and Xi, 2011, Bahmani-Oskooee et al., 2013, 2015, Ozdemir and Saygili, 2013, Khan et al., 2021 and Gan et al., 2015). This paper extends the literature by empirically investigating the effect of economic policy uncertainty (as a proxy for economic uncertainty) on the stability of the UK money demand during the inter-war period (1920-1938).  This particular period in the UK history is embedded with turmoil and uncertainty, thus an empirical investigation of UK money demand is an interesting exercise.  To the best of our knowledge, this is the first study of this kind for the UK inter-war period.  Stability of money demand is of great importance to monetary policy makers manipulating money supply to achieve change in the economy.  
       A stable money demand function indicates that there is a reliable and predictable link between changes in monetary aggregates and changes in variables included in the money demand function (Bahmani-Oskooee et al., 2013). 
  A stable money demand enables policy makers to accurately predict the impact of macroeconomic variables.  According to Judd and Scadding (1982) a stable money demand function means that the quantity of money is predictably related to a small set of key variables linking money to the real sector of the economy.  As such, it is crucial to find a stable money demand function to establish a link between relevant monetary aggregate and nominal incomes.  A stable money demand also indicates a stable relationship between monetary growth and inflation, which provides a useful framework to policy makers for explaining, predicting, controlling and targeting inflation; further, it allows the policy makers to assess threats to the price stability in the long run.
 Using several different measures of US economic uncertainty and structural vector autoregression Aastviet et al. (2017) show that the effects of monetary policy shocks tend to be considerably weaker when economic uncertainty is high.
      

  According to Dimsdale and Horsewood (2011) the UK demand for money pre-1914 period has been investigated in some detail
 but, by contrast, demand for money in the inter-war UK has been overlooked by recent researchers despite its importance.  This paper attempts to fill this gap in the literature.  After the First World War, during the 1920s the UK experienced a period of short boom, depression and deflation, and a steady decline in the UK’s former economic dominance.  According to Cole and Ohanian (2002) the UK entered the depression shortly after World War I and remained depressed throughout the interwar period.  The government policies at the time were unhelpful and unimaginative responses to the problem of unemployment, and created further economic uncertainty (Middleton, 2010).  

The overall view is that monetary and exchange rate policies were the primary causes of the UK depression (Cole and Ohanian, 2002).  Although the 1930s was a period of currency devaluation, the tentative economic recovery was ineffective due to the continuation of the policy framework of balanced budgets and restrictive monetary policy.  According to O’Brien (1987), Keynesians have long maintained that the monetary and exchange rate policies implemented between 1921 and 1931 produced an overvalued exchange rate, higher rates of interest, deflation and stringency in money markets.
  According to Allen (2012) the overriding objective of monetary policy from 1919 to 1931 was, first, to restore the gold standard at the pre-war parity, and then to maintain it.  When the gold standard was abandoned by 1931, the new objective of monetary policy was to secure a recovery in prices so as to stimulate expansion of investment, business and employment.  Monetary policy independence did not exist with the gold standard.  Middleton (2010) question the effectiveness of the UK monetary policy after September 1931 with respect to (1) exchange –rate objectives (2) the promotion of the economic recovery (3) the significant reduction in the interest burden of the national debt and (4) the trade-off between cheap money and greater fiscal activism.  The publication of several government reports in 1930-31 – which were interpreted aboard as emphasizing the weakness of the UK economy – did not help strengthen the confidence or reduce uncertainty.
 
         Given the turmoil and uncertainty associated with this period, an empirical investigation of UK money demand is an interesting exercise.  The investigation includes both a narrow definition (M0) and a broad definition (M3) of money.  According to Atta-Mensah (2004) economic uncertainty affects different monetary aggregates based on size differently.  Application of the economic policy uncertainty (EPU) in the UK demand function during the inter-war period makes this paper unique.
  Given the policy and economic turmoil during the inter-war era, the money demand function may require EPU as a determinant to make the function stable.  A historical study of inter-war period may provide implications for the modern period which is also infected with economic uncertainty.  Atta-Mensah (2004) indicates that economic uncertainty measures improve the stability performance of Canadian money demand.  A similar result is provided by Greiber and Lemke (2005) for Europe, Bahmani-Oskooee et al. (2011) for Australia, and Bahmani-Oskooee et al. (2015) for the UK.
 
The empirical investigation in this paper is conducted by employing the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration test.  Compared to other cointegration methods, an advantage of the ARDL approach is that it allows for the inclusion of a mix of stationary and non-stationary variables in the cointegration relationship.  Summarizing the provided results, the ARDL tests indicate cointegration between demand for both definitions of money and their determinants only when economic policy uncertainty is included as one of the determinants.   CUSUM and CUSUMSQ tests indicate stability of the demand function for both definitions of money only if economic policy uncertainty is included in the function.  Results further indicate long- and short-term causality from the determinants (including EPU) to both forms of money demand. 

In the subsequent sections, this paper provides a structured analysis which is arranged as follows: Discussion of the effect of economic uncertainty on money demand is provided in section 2.  The data and the unit root tests results are explained in section 3.  Description of the ARDL procedure and results are presented in section 4. Finally, section 5 concludes.

2. Money Demand Function and Economic Policy Uncertainty

        According to the conventional money demand theories, demand for money is positively affected by scale variables often represented by real income or real wealth and is negatively affected by the opportunity cost of holding real money represented usually by yield on a risk-free short-term bond or the yield on a long-term bond.
 The application of inflation rate as an opportunity cost of holding money against real assets has also been employed in the literature.  The inclusion of the exchange rate variable in the money demand function was first suggested by Mundell (1963).  Changes in exchange rate may have two effects on the demand for domestic currency – the wealth effect and the currency substitution effect.  If economic agents evaluate their asset portfolio in terms of their domestic currency, then the exchange rate depreciation would increase the value of their foreign assets held by domestic residents, thus enhancing their wealth.  To maintain a fixed share of their wealth invested in domestic assets, they will repatriate part of their foreign assets to domestic assets, including domestic currency.  Hence, based on the wealth effect, exchange rate depreciation would increase the demand for domestic currency.  Movement in exchange rates can also generate a currency substitution effect through changes in expectation.  According to Bahmani-Oskooee and Pourheydarian (1990), following an initial depreciation, economic agents develop an expectation that the depreciation is likely to continue.  Consequently, they respond by raising their share of foreign assets.  Currency depreciation can be used to hedge against the risk of high opportunity costs of holding domestic money.  Thus, exchange rate depreciation would decrease the demand for domestic money.  Based on the two effects, changes in the exchange rate may decrease or increase the demand for domestic money.

Bahmani-Oskooee and Xi (2011) indicate that omitted variables from money demand specification may result in an unstable demand function and adding these omitted variables could achieve the stability.  Also, shown by Ericsson (1998) study of money demand requires proper choice of variables and of estimation technique are crucial for sensible results.  According to Atta-Mensah (2004), the conventional format of money demand may not be able to explain the behaviour of the monetary aggregates and, thus, require more complex format.  This is particularly true during times of economic turmoil.  As indicated above, lately, the influence of economic uncertainty on the demand for money has received considerable attention.  The uncertain economic conditions may affect the demand for money as economic agents may prefer to hold safe and liquid monetary assets instead of risky assets to store their wealth in under conditions of rising risk perception during the uncertain economic conditions (Atta-Mensah, 2004; Choi and Oh, 2003; Greiber and Lemke, 2005).
 During uncertainty periods an increase in the interest rate risk (volatility) increases the risk of fixed-income securities inducing agents to substitute these securities for money.  It is also possible that economic uncertainty makes all nominal assets risker, because their value in terms of goods and services becomes less predictable.  Under such conditions economic agents could move out of nominal assets including money into tangible assets such as gold or commodities.  Increased uncertainty may induce a substitution effect away from money to less volatile assets, implying a negative effect.  Economic uncertainty thus may impose negative or positive effect on money demand.  

          Earlier studies distinguish between monetary and output uncertainties.  Friedman (1984) argues that exceptional monetary growth volatility introduces uncertainty, which could lead to an increase in money demand.  When the monetary uncertainty increases, the substitution effect suggests a lower money demand, but the precautionary effect suggests a higher money demand to save money.  According to Choi and Oh (2003) monetary uncertainty may generate a positive effect if uncertainty in financial technologies dominates monetary uncertainty.
  Further, Choi and Oh (2003) showed that output uncertainty can also affect the demand for money.  Output uncertainty induces the public to face uncertain job prospects, and this may cause them to allocate more of their assets towards holding cash and less towards other uncertain assets.  If the monetary policy is a-cyclical, in this case, when output uncertainty increases, the substitution effect results in higher money demand, whereas the precautionary effect reduces money demand.  Thus, both uncertainties could have negative or positive effects on the money demand, depending upon the degree of substitution between money and other less volatile assets.

         Unlike most previous studies this paper applies a relatively more comprehensive measure of uncertainty, which includes other factors (beyond monetary and output uncertainties) that contribute to an uncertain environment.  Baker et al. (2016) propose an index of uncertainty, which is calculated based on various components that contain information about the economic policy. They build indices of policy-related economic uncertainty based on newspaper coverage frequency (Baker et al., 2016).  This paper employs the economic policy uncertainty (EPU) index provided by Baker et al. (2016).

The money demand function applied in this paper is based on the following equation.  

Mt/Pt = α0 + α1yt  +  α2rt  + α3INFt + α4DExt + α5EPUt  + ɛt,                  (1)

where M is nominal money, P is the price level, y is real income, r is the interest rates, INF is the inflation rate, DEx is the rate of appreciation of exchange rate (between the sterling and the dollar) and EPU is the economic policy uncertainty, ɛ is the error term, and αs are coefficients to be estimated.  Based on the theory, α1 is expected to be positive, α2 and α3 should be negative and, α4 and α5 maybe be positive or negative.  Equation 1 is derived from a model that focusses on the optimization decision of the household (see Ireland, 1997; Kim, 2000; Choi and Oh, 2003 and Atta-Mensah, 2004). In this model the household maximizes its utility by choosing consumption, real money balances, and leisure.  The model indicates that shocks to the economy do have an impact on the quantity of money that economic agents are willing to hold (Atta-Mensah, 2004).  The money-demand shocks can be due to several reasons: monetary and fiscal policies, uncertainties created by the policies, financial markets, economic activities, and technological changes.  As reported in the next section economic uncertainty was a part of reality during the inter-war period.

3. The Data

         Dimsdale and Horsewood (2011) claim that the application of quarterly data makes their study unique among those studies on the 1920s and 1930s.  This current paper employs monthly data making it even more unique.  To the best of our knowledge this is the first paper to apply monthly data in the study of money demand for the UK during the inter-war period.  The application of the monthly data ensures the estimated coefficients are new and provide a re-evaluation of the commonly held views in the literature.  According to Dimsdale and Horsewood (2011), there are two major advantages to using higher frequency data:  First, any structural break in the variables can be better observed with higher frequency data, and second, the increased number of observations will improve statistical inference and provide a better understanding of the factors.   This paper employs data monthly from January 1920 to December 1938.

Two different definitions of money are investigated – a narrow definition (M0) and a broad definition (M3).  M0 is the monetary base which consists of coins and notes in circulation and other money equivalents that are easily convertible into cash.  M0 is based purely on the concept of medium of exchange.  M3 consists of M0 plus all deposits of all residents (public and private) with the UK banks sector.  These deposits include sight and time deposits in Sterling and foreign currency and time deposits with accepting home banks, overseas banks, and other banks.  M3 is more institutional in character and less based on the concept of money as a medium of exchange.   Figure 1 presents the real M0 and M3.  Both money definitions show a sharp drop and then a sharp rise during early 1920s.  Both M0 and M3 follow an upward trend until a decline is seen around the Great Depression.  There is a sharp increase in both the money supplies over the period 1932-1934, after which a slight decline can be seen.  From 1935 another monetary expansion took place until 1937.   

Figure 1 also presents the log of Gross Domestic Product (GDP).
  The GDP is regarded as the most appropriate indicator of economic activity (Mitchell et al., 2011), thus its application in the money demand stability test is vital.  The sharp and sudden decline in the GDP during the 1920s is mainly due to the coal strike and coal rationing of 1921.  The return to gold in 1925 produced a downturn in the months of April-July 1925 (Mitchell et al., 2011).  There is a steady decline during the Great Depression from 1930 to 1933, followed by a consistent and steady rise in the GDP.   The Consumer Price Index (CPI) increased sharply during the early 1920s before showing a consistent negative trend until the Great Depression.  Because of the falling CPI, the pattern of inflation lacks any kind of trend and is mixed with negative values observed in the 1920s and during the Great Depression (figure 1).  The Great Deflation of 1929-1933 was due to the mismanagement of the gold standard (Mazumder and Wood, 2013).  The rise in the CPI after the Great Depression induced more positive values for the inflation.  The long-term rates on the Consols bonds are applied as the opportunity cost of holding real money.  The interest rate (figure 1) remained relatively high during the 1920s, partly to achieve the goal of Sterling’s return to the Gold Standard at its pre-1914 level.  At the start of the Great Depression the rate of interest declined but started to climb again after the depression was over.  The exchange rate employed is US dollar per pound sterling.  The rate of appreciation of the exchange rate between the Sterling and the dollar (figure 1) shows heavy movement before 1925 and after 1931.  The exchange rate was maintained fixed during the Gold Exchange Standard of 1925-1931 until the abandonment of the gold exchange standard during September 1931.  The sharp decline is the result of the abandonment.  The Sterling started to appreciate from 1933 as a result of the depreciation of the dollar.   The movement of the dollar/pound exchange rate advocates the inclusion of the exchange rate in the money demand estimation.  All data are obtained from the Bank of England website.
       

The measures of economic uncertainty have been researched time and again. Historically, economic uncertainty was proxied by various political indicators such as uncertainty surrounding elections or legislative aftermaths, and by econometrical measures such as stock market volatility, VIX, and others.  Baker et al. (2016) have proposed an index, which is calculated based on various components that contain information about the economic policy. They build indices of policy-related economic uncertainty based on newspaper coverage frequency (Baker et al., 2016).  This index basically shows that uncertainty increases when media coverage of economic uncertainty increases.  The indices aim to capture uncertainty about who will make economic policy decisions, what economic policy actions will be undertaken and when, and what the economic effects of policy action or non-action will be.  This economic policy uncertainty index has been constructed from three types of underlying component: 1) newspaper coverage of economic uncertainty related to policy, 2) number of federal tax code provisions set to expire in future years, and 3) disagreement among economic forecasters.  Thus, this measure is based on searching news that covers economic policy uncertainty issues from high-circulation newspapers in the UK.  This index reflects data from two major newspapers from the United Kingdom – the Times of London and the Guardian.  This index captures both short-term concerns and longer-term concerns.   According to Al-Thaqeb and Algharabali (2019) EPU has significant micro and macro-economic policy implications, thus including uncertainties about both monetary and fiscal policies.  Thus, EPU involves monetary, fiscal and output uncertainties.  Al-Thaqeb and Algharabali (2019) provide ample citations of paper that provide significant evidence of EPU micro and macro-economic policy implications.  

In order to address concerns regarding newspaper reliability, accuracy, bias and consistency, Baker et al. (2016) show a strong relationship between their measure of economic policy uncertainty (EPU) and other measures of economic uncertainty – for example, implied stock market volatility.  They also find very similar movements in the EPU indices based on right-leaning and left-leaning newspapers, suggesting that political slant does not seriously distort their EPU index.  The EPU index is obtained from the Economic Policy Uncertainty website.
 The log of EPU also in figure 1 shows a very spikey movement with a declining trend during the 1920s and then a rising trend during the 1930s.  The Great Depression and the abandonment of the gold standard in 1931 potentially increased the economic uncertainty at certain times.   

FIGURE 1 

As is the usual practise with cointegration tests the stochastic structure of each variable is first investigated by means of unit root tests.   This paper employs the Augmented Dickey-Fuller (ADF) to investigate the stochastic structure of variables.  The following equation represent the Augmented Dickey-Fuller test. 

                      ∆Xt = α  +  βt  +  (ρ-1)Xt-1 +  [image: image2.png]


 + εt         (2)

The null hypothesis in the ADF tests is a unit root (ρ =1). For Xt to be stationary, (ρ – 1) should be negative and significantly different from zero.  Table 1 shows the results from the ADF test for I(0) and I(1) tests.  Testing for I(0) and I(1) implies testing for stationary in levels and testing for stationary after first difference, respectively.  Tests show that all variables excluding the inflation rate, appreciation of the exchange rate and the economic policy uncertainty index to be non-stationary in levels (I(1)).  The inflation rate, appreciation of the exchange rate and the uncertainty index are found to be stationary in levels (I(0)).  Thus, all series lack any root after first difference. 
  Given the mix of the stochastic structure among the variables, application of the ARDL procedure is justified.          

TABLE 1

4. ARDL Test Method and Results

        Demand for money (equation 1) is estimated by means of the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration introduced by Pesaran et al. (2001).  Compared to other cointegration methods, an advantage of the ARDL approach is that it allows for the inclusion of a mix of stationary (I(0)) and non-stationary (I(1)) variables in the cointegration relationship in a small sample size (Nkoro and Uko, 2016).
Further, endogeneity is less of a problem in the ARDL method because it is free of residual correlation – i.e. all variables are assumed endogenous – but the major advantage of this approach lies in its identification of the cointegrating vectors where there are multiple cointegrating vectors (Nkoro and Uko, 2016). According to Laurenceson and Chai (2003), this approach takes a sufficient number of lags to capture the data-generating process in a general-to-specific modeling framework.  The analysis of the error corrections and autoregressive lags fully covers both the long-run and short-run relationships of the variables tested.  The error correction of the ARDL model for equation 1 is given by
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 λ3i∆log(Rt-i) + [image: image9.png]


 λ4i∆log(INFt-i)  +  [image: image11.png]


 λ5i∆log(DEXt-i) + [image: image13.png]


 λ6i∆log(EPUt-i) + γ1log(M/P)t-1  +  γ2log(Yt-1)  +  γ3log(Rt-1)  +   γ4log(INFt-1)  +  γ5log(DEXt-1)  +  +  γ6log(EPUt-1)  + μt,
   (3)
where ki is the length of lags applied and μt is the random error term with a zero mean and constant variance.  The null hypothesis of no cointegration, as defined by the hypothesis H0, γj = 0, for all j (j = 1, 2, 3, 4, 5 and 6), is tested against the alternative hypothesis by means of the F-test.  The asymptotic distribution of the F-statistic is non-standard irrespective of whether the variables are I(0) or I(1).  Instead of the conventional critical values, this test involves two asymptotic critical value bounds, depending on whether the variables are I(0) or I(1), or a mixture of both.  If the estimated F-statistic is greater than the upper-bound critical value, then the null of no cointegration is rejected, regardless of the order of integration of the variables involved.  If it is less than the lower bound, then the null cannot be rejected.  If it lies between the bounds, inference is inconclusive.  In a long-run equilibrium, all the short-run differenced terms will be zero, leaving only the long-run terms.  Thus, long-run effects are produced by using the estimates of γ2, γ3, γ4, γ5, and γ6 which are normalized by the estimate of γ1.  These long-run estimates are, however, meaningful only if the lagged-level variables are jointly significantly different from zero (that is, cointegrated).

          Initially, the order of lags on the first differenced variables in equation 3 was obtained from unrestricted VAR by means of the Akaike Information Criterion (AIC) and the Schwarz Bayesian Criterion (SBC).  The number of lags applied range from four to ten lags.  For brevity, these results are not presented here, but are available on request.  Table 2 presents the estimates of equation (3) for both M0 and M3.  In total, four relationships are test for cointegration: two relationships for each definition of money.  The first test excludes the EPU index in equation 1 and the second test includes the EPU index.  In this manner the effect of the EPU on money demand may be empirically investigated.  Results in table 2 are presented in three parts.  Part A presents the short-run coefficients estimates of only exogenous variables. Normalized long-run coefficients are presented in panel B.  Panel C includes the diagnostic statistics.   Results in panel A shows that none of the variables is found to be exogenous in any of the tests.  The results also indicate ample evidence of causality in the short run from economic policy uncertainty to M0 demand.  The short-term effect of uncertainty is negative.  No evidence of the short-term effect of uncertainty is indicated in the M3 demand function.  This lack of a short-term effect could be because M3 is less based on medium of exchange.  All remaining variables impose some short-term effect on the M0 demand.  In the M3 test, only lagged value of M3 and inflation rate provides evidence of a short-term effect.  The diagnostic statistics in panel C are quite satisfactory with no sign of misspecification, heteroscedasticity or autocorrelation in the residuals.  
         The F statistics provided in panel C show the test for cointegration between the variables in equation 3.  Results show that in two tests including the EPU the null of no cointegration is rejected at the 1% level. No cointegration is shown when the EPU is excluded from the relationship.
  Thus, both M0 and M3 indicate a stationary relationship between the variables only when EPU is included in the tests.  Inclusion of EPU is necessary in order to secure a cointegrating relationship between money demand for both measure of money and its determinants.        

Panel B presents the normalized coefficients for the cointegrating relationships.  As stated above the coefficients are obtained by normalizing using the coefficient on money.  All variables in both cointegrating relationships are found to be significant.  In absolute value the sizes of coefficients are larger in the case of M0 implying a larger size effect on M0 than M3.  The size difference in the coefficients may be because M0 is strongly based on medium of exchange, thus enhancing the effect of the determinants.  The income elasticity is positive and close to unity in both tests.  In the case of M0, the income elasticity is equal to unity implying that, in the long-run, a 1% increase in economic growth requires an equal 1% increase in money supply.  In the case of M3, the required increase in money supply is less than unity (0.88%) in the long run.  As expected, both the interest rate and inflation rate impose an inverse effect.  In both tests, in absolute value, the interest rate coefficient is larger than the inflation rate coefficient.  This result may imply that, during the inter-war period, financial assets was more important than real assets as an alternative to holding money.  The exchange rate elasticity is negative and relatively large, particularly in the case of M0 (2.314).  As stated above, currency depreciation can be used to hedge against the risk of high opportunity cost of holding domestic money.  Thus, exchange rate depreciation would decrease the demand for domestic money. The extreme movement of Sterling against the dollar after the abandonment of the gold exchange standard in 1931 may help explain the large size coefficient on the exchange rate.  The EPU coefficient is significant and negative in demand for both definitions of money.  Thus, increased uncertainty may induce a substitution effect away from money to less volatile assets.  As mentioned above, it is possible that economic uncertainty may impose an inverse effect on money demand as economic agents could move out of nominal assets including money into tangible assets such as gold or commodities.  EPU imposes a larger effect (in absolute value) on demand for M0 compared to M3 and this may again because M0 is purely based on the medium of exchange concept.  The implication of a negative effect of the uncertainty is that, during the inter-war period, any uncertainty associated with government policies induced the public to hold less cash and hedge against any future expected inflation.
  
In a cointegrating relationship, it is of interest to see whether variables are adjusting towards their long-run equilibrium values and, if so, at what speed.  The error-correction (EC) term is calculated based on the normalized long-run coefficients.  Equation (3) is re-estimated by replacing the lagged levels variables by ECt-1 and is estimated with the optimum lags as used in panel A.  The disequilibrium adjustment of each variable towards its long-run equilibrium value is then captured by the error correction term, ECt-1, with the coefficient of this term in each individual equation depending on the speed of adjustment of the variable towards its long-run equilibrium value. If this coefficient is insignificant, then the dependent variable does not adjust to correct for departures from equilibrium.  The size of the error-term coefficients indicates the speed of adjustment of demand for money towards the long-run equilibrium.  The highest speed of adjustment at 3.2% per month is found in the case of M3. In the case of M0 the speed of adjustment is 2.6% per month.  Significance of the error term implies that overlooking the cointegration relationship between the variables would have introduced misspecification in the underlying dynamic structure (Arize et al. 2000).  

We further apply the CUSUM and CUSUMSQ tests proposed by Brown et al. (1975) to the residuals to test for the stability of both the short-run and long-run coefficient estimates.   If the plots of CUSUM or CUSUMSQ stay within 5% significance level, then the coefficients estimates are said to be stable.  Figures 2 and 3 present the CUSUM and CUSUMSQ for both M0 and M3 relationships, respectively.  Both figures support stability of both short-run and long-run coefficient estimates.  Thus, it seems that including short-run dynamics in estimating the long-run demand for money that includes EPU results in a stable money demand function.
   
Figures 2 and 3
5. Conclusion
This paper empirically investigates the effect of economic policy uncertainty on the UK money demand stability during the inter-war (1920-1938) period.  The inter-war period brought years of economic turmoil, uncertainty and transition for the UK.  The 1920s was a period of depression, deflation, a steady decline in the UK’s economic growth, and political crises.  The 1930s included the abandonment of the gold exchange standard, the sharp decline of the Sterling after the abandonment, and the stimulating monetary policies and raid economic growth.  Given the turmoil and uncertain inter-war period, it is of empirical interest to check the effect of economic uncertainty on money demand.     

The influence of economic uncertainty on the demand for money in general has received considerable attention but not during the inter-war period specifically.  Empirical investigation of the stability of demand for money in the inter-war UK has been overlooked by recent researchers despite its importance, and this paper addresses this gap in the literature. The paper investigates both a narrow definition (M0) and a broad definition (M3) of money.  Stability of money demand is important for a successful application of monetary policy.  The demand determinants include logs of real income, interest rate, exchange rate, inflation rate and economic policy uncertainty (EPU).  The empirical investigation is conducted by employing the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration test. Compared to other cointegration methods, an advantage of the ARDL approach is that it allows for the inclusion of a mix of stationary and non-stationary variables in the cointegration relationship.  Application of the economic policy uncertainty index and monthly data during 1920-1938 makes this paper unique in this field.  

The ARDL cointegration tests indicate a stationary demand for both definitions of money only when the economic policy uncertainty index is included as one of the determinants of the demand function.  CUSUM and CUSUMSQ tests further indicate stability of the demand function for both definitions of money only if economic policy uncertainty is included in the function.  This result implies that, during the inter-war period, economic policy uncertainty had a significant effect on the stability of demand for both the narrow and broad definitions of money and thus also influenced the effectiveness of the monetary policy of the era. These results have implication for the modern period infected with uncertainty with Brexit, trade wars, weak exchange rate, Covid-19 virus, the Ukrainian war, etc.  Presence of uncertainty in the economic weakens the effects of the monetary policies. Normalized coefficients show a negative influence of the EPU on the demand for both measures of money with M0 showing a larger effect.  All variables impose larger effects on M0 compared to M3 and this may be due to M0 being strongly based on medium of exchange.  Results further indicate long- and short-term causality from the determinants (including EPU) to both money demands.   The short-term effect is more prominent and significant in the case of the narrow definition M0.  These results have a few important implications for the UK during the inter-war period.  First, any uncertainty associated with government policies induced the economic agents in the long run to hold less money and hedge against any future expected inflation.  This is true for both definitions of the money.  Second, the model with economic uncertainty applied in this paper was correctly specified and stable, suggesting that monetary policy employed during the era targeting inflation and economic growth could have been effective with the correctly specified model that included economic uncertainty.   
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Table 1. Unit Root Tests Results
	Variable - Log
	I((0) – constant and trend
	I(1) – constant

	M0
	-3.0527/(6)
	-8.2877***/(6)

	M3
	-2.3623/(6)
	-7.0019***/(6)

	GDP
	-3.3200/(8)
	-6.1521***/(8)

	Interest Rate
	-1.8767/(6)
	-4.8135***/(6)

	Exchange Rate Appreciation
	-5.1808***/(4)
	-

	Inflation Rate
	-6.3014***/(6)
	-

	Economic Policy Uncertainty
	-4.0788***/(6)
	-


Notes. Lags in parentheses:  *** imply significantly rejects the null hypothesis at the 1% level.

Table 2. ARDL Results

	Variables
	M0
	Variables
	M3

	Panel A: Short-Run Estimates

	Constant
	0.00096 (1.095)
	Constant
	0.00003 (0.074)

	ECt-1
	-0.026 (-7.891)a
	ECt-1
	-0.032 (-10.040)a

	ΔM0t-1
	-0.271 (-2.996)a
	ΔM3t-2
	0.271 (4.190)a

	ΔM0t-2
	-0.127 (-2.139)b
	ΔINF
	-0.0095 (-32.946)a

	ΔM0t-4
	-0.131 (-3.138)a
	ΔINFt-1
	-0.0021 (-2.977)a

	ΔM0t-5
	-0.347 (-6.608)a
	-
	-

	ΔY
	-0.202 (-4.206)a
	-
	-

	ΔYt-1
	0.201 (3.717)a
	-
	-

	ΔYt-4
	0.179 (2.985)a
	-
	-

	ΔYt-5
	-0.258 (-4.917)a
	-
	-

	ΔIRt-5
	0.087 (2.005)b
	-
	-

	ΔEx
	-0.177 (-3.976)a
	-
	-

	ΔExt-2
	0.190 (5.092)a
	-
	-

	ΔINF
	-0.008 (-11.102)a
	-
	-

	ΔINFt-1
	0.002 (1.828)c
	-
	-

	ΔINFt-2
	0.002 (1.924)c
	-
	-

	ΔINFt-5
	-0.003 (-4.304)a
	-
	-

	ΔINFt-6
	-0.003 (-3.783)a
	-
	-

	ΔEPU
	-0.016 (-4.301)a
	-
	-

	Panel B: Long-Run Estimates

	Constant
	7.48a
	-
	4.88a

	LY
	1.02a
	-
	0.88a

	LIR
	-1.15a
	-
	-0.81a

	Lex
	-2.31a
	-
	-0.75a

	LINF
	-0.49a
	-
	-0.23b

	EPU
	-0.69a
	-
	-0.23b

	Panel C: Diagnostics

	F-Test
	6.967***
	F-Test
	6.149***

	ECt-1
	-0.026 (-7.89)a
	ECt-1
	-0.032 (-10.04)a

	Adj R2
	0.57
	Adj R2
	0.81

	SSE
	0.01
	SSE
	0.007

	Reset F(3, 198)
	1.37
	Reset F(3, 217)
	1.18

	White Test χ(36) 
	2.35
	White Test χ(36)
	2.32

	ARCH(3)
	2.52
	ARCH(3)
	0.44

	L-B(6)
	3.61
	L-B(6)
	5.50


Notes: a, b and c imply significantly different from zero at the 1%, 5% and 10%  levels, respectively.

*** imply reject of the null hypothesis at 5% level

DW = Durbin-Watson; SSE = standard error of estimate; Reset is Ramsey’s specification test; White test of heteroscedasticity; L-B(6) = Ljung-Box Q-statistics at lags 6.  

Critical Values of Case III: Unrestricted intercept and no trend (Pesaran et al. 2001)

                                   I(0)              I(1)

5%                          3.010            4.216
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Figure 1 – Variables 
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Figure 1. - Variables
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Figure 2.  CUSUM and CUSUMSQ Graphs M0
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Figure 3.  CUSUM and CUSUMSQ Graphs M3
�Boughton (1981) provides a detailed discussion of the concept of a stable money demand function.  





� A stable demand for money implies that inflation targeting using the interest rate is optimal (Bahmani-Oskooee et al., 2013).





� Caglayan et al. (2016) show that monetary policy makers not only respond to deviations of the domestic inflation and output gap but they also react to the real exchange rate, foreign country output gap, foreign interest rate, uncertainty in inflation and the output gap uncertainty.  


 


�See Capie and Wood (1996) for a review.  Ericsson et al. (1998) provides a summary of papers that study UK demand function using a century of annual data.  


� Middleton (2011) provides an excellent survey of papers that analyse macroeconomic policy in the UK during the inter-war period. 





�Reports in question are by Macmillan Committee in 1931, the May Committee on National Expenditure in 1930, and the Royal Commission on Unemployment Insurance in 1930. 





�Bahmani-Oskooee et al. (2015) study the effect of economic policy uncertainty on the UK money demand during the current period (1997-2013).  They report only a short-term effect of the uncertainty on money demand.  Bahmani-Oskooee and Nayeri (2020) further show that during 1997-2016 the UK M2 demand had asymmetric response to changes in the uncertainty.  





�Ozdemir and Saygili (2013) and Khan et al., (2021) provide a list of money demand studies that employ economic uncertainty.  





�Some studies involving the current period apply the difference of the spread between the yield on the risk-free short-term rate and the yield on the components of the monetary aggregate.  Marshall (1923) formulates that more than one kind of interest rate exists that represents the opportunity cost of money.





�According to Bernanke (2006), the economic agents prefer to withdraw the money from the banks during uncertain economic conditions and may increase their precautionary savings.





� In this case the substitution effect is positive because uncertainty is mostly attributable to shocks to the substitute of money.  





�Bruggemann and Nautz (1997) report a negative effect of the monetary uncertainty on the German money demand.  Using USA data Choi and Oh (2003) find evidence of a positive monetary uncertainty.  Bahmani-Oskooee and Xi (2011) and Bahmani-Oskooee et al. (2012) report only long-term effects of economic uncertainty on money demand for Australia (positive) and only short-term effects for China (negative), respectively.  Using data from several emerging countries, Bahmani-Oskooee et al. (2013) show mostly short-run effects of both definitions of uncertainty.  





�Bahmani-Oskooee et al. (2015) also apply the EPU index in their study.


� Monthly GDP estimates are provided by Mitchell et al. (2011).  According to Mitchell et al. (2011), to understand the economic impact of many important events, it is necessary to have GDP data available at a higher frequency that are reliable and consistent with the annual national accounts.   





� www.bankofengland.co.uk/statistics/research-datasets


� � HYPERLINK "http://www.policyuncertainty.com" �www.policyuncertainty.com�





� Further the KPSS test (Kwiatkowski et al. 1992) and the structure break oriented unit root test (Perron, 2006) are also applied.  Both tests back the results of the ADF tests.  The structural break unit root tests do indicate few significant breaks in few series.  These results are available on request.       





�Although the Johansen method can also be applied with a mixture of I(0) and I(1) variables, Rahbek and Mosconi (1999) suggest that including I(0) series in a VECM can produce nuisance parameters in the asymptotic distribution of the trace for the cointegration rank.





�As shown by Bahmani-Oskooee and Goswami (2003) the order of VAR (equation 2) makes the estimation of the F-statistic sensitive.  Equation 2 was estimated five more times with the other variables as the dependent variable in search of other possible long-run relationships. Results indicate only one plausible long-run relationship with money supply as the dependent variable.  The ARDL approach is only valid if the lagged levels of the real money supply do not enter the equation for the remaining variables.  





� Tests without the EPU are not presented but are available from the authors.  The result is inconclusive testing for M0 demand without the EPU index in the test. We further test for cointegration for M0 demand without the EPU by means of the ECM test proposed by Banerjee et al. (1998).  The coefficient on the lagged dependent variable (M0) in equation 2 is found to be insignificant based on the critical values provided by Banerjee et al. (1998).  This result further provides evidence of lack of cointegration in this test.  





� Based on the suggestion of one of the referees the relationships were tested also tested with output and monetary uncertainties.  The GARCH model was applied to estimate these uncertainties.  The results obtained back the EPU based tests results.  These extra results are available on request from the authors.  


� CUSUM and CUSUMSQ tests without the EPU in the demand function reject the notion of a stable UK demand for money in the inter-war period. This is true for both M0 and M3.  These results are available on request.  
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