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Executive Summary 
A primary tool of monetary policy is the federal funds rate (FFR), which is the rate at which banks 
lend reserves to each other and functions as a key benchmark interest rate. The Federal Open 
Market Committee (FOMC), which is made up of Federal Reserve governors and District Bank 
presidents, sets a target range for the FFR based on policy goals. A higher FFR pushes up interest 
rates in the economy and therefore makes it more expensive to borrow, slowing down the economy. 
On the other hand, reducing the FFR makes it cheaper to borrow money, prompting consumers 
and businesses to spend more and boost the economy.  

Determining the appropriate FFR to achieve policy goals is no easy task, as it relies on uncertain 
judgements about the current state of the economy and future prospects. In this report, we review 
common methods for estimating the appropriate target policy interest rate (we call this “r-optimal”) 
and propose a new estimation framework. Our framework estimates r-optimal based on the 
probability of expansion/recession and inflationary/deflationary pressure, unlike traditional 
Taylor-type policy rules that calculate an optimal policy rate based on deviations of inflation from 
policymakers’ objective and output from its “natural” or potential level. There are three major 
advantages of our methodology. First, it is forward-looking. Second, it does not use potential output 
as an explanatory variable, which is very difficult to estimate in real time.1 Finally, our methodology 
applies time-varying weights to inputs, which allows us to take into account the changing nature of 
risks in an evolving economy. 

Traditional Methods: Taylor Rule and Modifications 
One of the most widely known methods for guiding central bank interest rate policy is the Taylor 
rule, which was outlined by John B. Taylor in 1993.2 According to the Taylor rule, the appropriate 
federal funds rate should be determined as a function of inflation and the output gap (i.e., the 
difference between actual output and potential output in the economy). The output gap is 
commonly measured using deviations of unemployment from its natural rate. If inflation is higher 
than the Fed’s target and/or when employment exceeds full employment, the FOMC should raise 
interest rates. Conversely, the FOMC should cut interest rates in periods of below-target inflation 
and high unemployment.  

Traditionally, the Taylor rule uses backward-looking macroeconomic data as inputs, which is a 
main criticism since monetary policy is meant to be forward-looking.3 The FOMC regularly 
publishes forecasts of unemployment and inflation and estimates of its longer-run (“natural”) 
values, which can be used in Taylor-type policy rules as an alternative. However, models are 

                                                             
1 Jerome H. Powell. “Monetary Policy in a Changing Economy,” (Changing Market Structure and 
Implications for Monetary Policy Symposium, Jackson Hole, WY, August 24, 2018).  
2 John B. Taylor. “Discretion vs. Policy Rules in Practice.” Carnegie-Rochester Conference Series on 
Public Policy 39, no. 1 (1993), 195-214. 
3 Ben S. Bernanke. “Monetary Policy and the Housing Bubble,” (Annual Meeting of the American 
Economic Association, Atlanta, GA, January 3, 2010).  
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sensitive to the accuracy of estimates used as inputs. As pointed out by Federal Reserve Chair 
Powell (2018), real-time estimates of longer-run economic quantities are prone to error, since they 
cannot be directly observed. For instance, in retrospect, observers at the time significantly under-
estimated the natural unemployment rate in the 1965 to 1980s period, but significantly over-
estimated it in the 1990s.4 

In addition, Taylor rule-type models usually apply fixed weights to input values. John Taylor’s 
original 1993 paper, for instance, specifies a weight of 0.5 for the inflation and output gaps. The 
problem here is that fixed weights imply that the nature of risks remains constant over time, a 
strong assumption given that economies evolve. For example, the nature of inflation risk to the 
economic outlook has changed significantly over the past four decades, with a risk of high inflation 
in the 1980s giving way to a risk of deflation in recent years. Therefore, we argue that a time-varying 
weights approach is more effective to assess contemporary risks and design monetary policy 
accordingly. 

Our Framework: A Probabilities-Based Approach 
We estimate r-optimal based on the current level of the FFR and the future probabilities of 
expansion/recession and inflationary/deflationary pressure. This means that our model is forward-
looking, as should be the case for monetary policy given the delay between a change in policy and 
its effect on the economy. In addition, our model does not rely on estimates of the natural rate of 
unemployment, which are difficult to make in real-time, as discussed by Powell in a recent speech 
at the Kansas City Fed’s Economic Policy Symposium in Jackson Hole.5 Admittedly, estimating 
probabilities of recession and inflation is also prone to error. However, by using different inputs 
from traditional models, our framework adds to the data points that can be used by policymakers 
to guide interest rate policy.  

Previously, we developed probit models to estimate the six-month and two-quarter ahead 
probabilities of inflationary/deflationary pressure and expansion/recession.6 The output of these 
models is shown in the figures below. In Figure 1, the shaded bars above the zero-line represent 
periods of inflationary pressure, which we characterize as periods in which PCE inflation exceeds 
2.5%, while bars below the zero-line represent periods of deflationary pressure (i.e., periods in 
which PCE inflation is less than 1.5%). PCE inflation is in a range between 1.5% and 2.5% (i.e., 
“stable prices”) in regions with no shaded bars. In simulated real-time analysis, our model has 
predicted all inflation outlook episodes accurately, and we therefore judge our model to be a reliable 
estimate of current and near-term inflation.  

Figure 2 shows the probit model for probability of expansion/recession in the next two quarters. 
Here, the shaded bars below the zero-line represent recessions, the shaded bars above the zero-line 
represent strong recoveries (or expansions), and non-shaded gaps represent weak recoveries. 
Again, our model does a good job of predicting the three growth scenarios in simulated real-time 
analysis, which makes us comfortable using it as an input to estimating r-optimal.  

Our model for r-optimal includes the probabilities of recession, stronger recovery, inflationary 
pressure and deflationary pressure as explanatory variables. We exclude the probabilities of stable 
prices and weak recovery, as these are used as the benchmark scenarios. Lastly, we include a one-
quarter lag of the current nominal FFR as an explanatory variable, which allows us to incorporate 
the current monetary policy stance in the estimation process (since the future FFR depends on its 
current level). This follows a modification of the Taylor rule proposed by Clarida, Gali and Gertler 
(1999).7  

                                                             
4 Powell, “Monetary Policy in a Changing Economy,” 2018.  
5 Ibid. 
6 See “Predicting the Probability of Inflation/Deflation: An Ordered Probit Approach” (February 17, 2014) 
and “Predicting the Probability of Recession and Strength of Recovery: An Ordered Probit Approach” 
(July 19, 2016). All Wells Fargo reports referenced herein are available upon request. 
7 Richard Clarida, Jordi Gali & Mark Gertler. “The Science of Monetary Policy: A New Keynesian 
Perspective.” Journal of Economic Literature 37, No. 4 (1999), 1661-1707. 
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Figure 1 

 

 

Figure 2 

 

Source: Wells Fargo Securities 

We estimate the model using fixed weights for the entire time period of our analysis (1975-2018) as 
well as using time-varying weights. To calculate the time-varying weights, we estimate the model 
separately for three different sub-samples, which are determined based on the different 
growth/inflation/interest rate regimes during these periods.8 As discussed previously, using time-
varying weights on our explanatory variables allows us to take into account the evolving nature of 
risks in the economy over time. This methodology also differentiates our framework from 
traditional Taylor-type policy rules that use fixed weights.  

R-Optimal Estimation Results and Evaluation 
Our estimation of r-optimal is shown in Figure 3. The green bars on the right axis show the 
deviations of the effective FFR from r-optimal. If the green bars are positive, this suggests that the 
effective FFR is above the optimal value. In that case, the FOMC may need to consider eventually 
reducing its target range for the FFR. Conversely, periods of negative green bars means that the 
effective FFR is below r-optimal, and that the FOMC may need to eventually raise the FFR target 
range. In a sister report to this one, we will walk through the implications of our estimate of r-
optimal for the path of monetary policy in coming years.9 

Figure 3 

 

 

Table 1 
 
 

 

 

 Source: Federal Reserve Board and Wells Fargo Securities 

 

                                                             
8 The sub-samples we use are 1975-1989, 1990-1999 and 2000-2018. 
9 See “How Much More is the Fed Likely to Tighten?” (September 12, 2018). 
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Suggested FFR 

Range (bps)
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Bullard (2018)      

Taylor (1993) weights

Bullard (2018)

Taylor (1999) weights

R-optimal

Fixed Weights

R-optimal

Time-Varying Weights

Note: All estimates are for Q4-2017

8 to 161 153

15 to 207 192

117 to 185 68

The H-P Filter -4 to 222 226

42 to 222 180
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Next, we compare the final results of our r-optimal model to several benchmarks to evaluate our 
results and their usefulness for guiding monetary policy. The main benchmark that we use is a 
Taylor-type policy rule developed by St. Louis Federal Reserve President James Bullard (2018).10 
The explanatory variables in Bullard’s model are his estimation of the natural real rate of interest, 
the deviation of unemployment from its natural rate (as estimated by the St. Louis Fed) and the 
deviation of inflation from the Fed’s 2% target. Bullard estimates his model using two different sets 
of fixed weights, taken from Taylor (1993) and Taylor (1999). Based on the ranges of his inputs, 
Bullard’s model gives a recommended policy rate in Q4-2017 of 8 bps to 161 bps using the first set 
of weights and 15 bps to 207 bps using the second set of weights. As an additional benchmark, we 
apply a Hodrick-Prescott (H-P) filter to the effective FFR, which produces an estimate of the trend 
FFR using purely statistical methods.  

As shown in Table 1, our estimates of r-optimal and the three benchmarks that we use fall within 
overlapping ranges.11 However, our estimates are slightly higher than those in Bullard (2018). In 
addition, the ranges from our model are narrower than the ranges from Bullard (2018) and the  
H-P filter method. In particular, the estimated range produced from our time-varying weights 
model is smaller than from the other methods, including our estimation for r-optimal using the 
entire sample period. This is because the standard error for our model using the 2000-2018 sub-
sample is only 0.34, compared to 0.90 for the entire sample period (since 1975).  

We argue that a narrower range of values for r-optimal makes our method more useful for guiding 
policymaking. Given that the FOMC typically moves rates only 25 bps at a time, the ranges 
estimated by Bullard (2018) for Q4-2017 would have allowed the FOMC to hike interest rates twice 
(as it actually did in H1-2018), while staying within the upper bound of his range, but also would 
have allowed the FOMC to cut interest rates twice without crossing below the lower bound of 
Bullard’s estimated range. In contrast, our preferred estimate (r-optimal using time-varying 
weights) gives a range of only 68 bps, or a total of two possible 25 bps rate moves. 

Comparing Sub-Sample Coefficients 
In Table 2, we compare the estimated coefficients of our model when using the entire 1975-2018 
sample period (fixed weights) versus sub-samples (time-varying weights). The sub-sample analysis 
allows us to examine whether different economic regimes are associated with different coefficient 
values, and thus how the nature of risks to the economic outlook has changed over time. We 
determined the dates of the sub-samples based on different growth/inflation/interest rate 
regimes.12 For example, the 1975-1989 period contains higher growth, inflation and interest rates 
relative to other periods. Meanwhile, the post-2000 period is associated with much slower 
economic growth, lower inflation and lower interest rates.  

For the complete 1975-2018 sample period, the probabilities of recession, strong recovery and 
inflationary pressure are all statistically significant explanatory variables for the effective FFR (at 
the 10% confidence level, highlighted in yellow). If a variable is statistically significant, this suggests 
that it is useful for determining the appropriate policy rate (r-optimal). As would be expected, an 
increase in the probability of recession suggests a decrease in r-optimal (more accommodative 
monetary policy), while increases in the probability of a strong recovery and inflationary pressure 
lead to an increase in r-optimal (more restrictive monetary policy). 

When the model is re-estimated on different subsamples, the statistically significant variables 
change, though their signs remain consistent. This suggests that different variables are more 

                                                             
10 James Bullard. (2018). “R-star wars: the phantom menace,” Business Economics 53, 60-65. 
11 For comparison with Bullard (2018), all estimates are for Q4-2017. The ranges for our estimates of r-
optimal and for the H-P filter estimate represent one standard deviation above and below the point 
estimate.  
12 Another choice would be to divide the dataset into sub-samples according to business cycles. However, 
lengths of business cycles vary significantly from a range of 12 months (1980-1981 business cycle) to 
120 months (1991-2001 business cycle). Some business cycles’ shorter time span may affect the statistical 
accuracy of our results. Therefore, we divide data into sub-samples to represent different economic 
regimes and to avoid the problem of shorter time spans. Moreover, due to the shorter time span for the 
post-Great Recession period, we are using the post-2000 period to represent the most recent era. 
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relevant to monetary policymaking during different periods, which makes sense within the 
historical context. For instance, in the most recent period (2000-2018), the only statistically 
significant variables are the probability of recession and the probability of deflationary pressure. 
This result is not surprising given the context of slow economic growth and low inflation.  

Table 2 

 

The variability in the coefficient values (and their statistical significance) between the sub-sample 
estimations supports our hypothesis that risks to the economic outlook and their importance for 
policymaking evolve over time. Therefore, we conclude that time-varying weights are most 
appropriate to use in modelling a recommended policy interest rate. This is the methodology that 
we employ in our preferred estimate of r-optimal. 

Conclusion 
This report presents a new approach to estimate the optimal FFR. We believe that our framework 
adds to the current body of models for estimating a recommended policy rate and, therefore, 
provides a useful tool for policymakers to evaluate the current stance of monetary policy. In our 
follow-up report, we discuss our current estimation of r-optimal and implications for the path of 
the FFR over the next few years.

Independent (Right-hand-side) Variables

Probability of 

Recession

Probability of 

Strong Recovery

Probability of 

Inflationary 

Pressure

Probability of 

Deflationary 

Pressure

1975:1-2018:2 -5.771* 1.828*** 12.92* 0.197

2000:1-2018:2 -4.884* 0.201 0.314 -15.235*

1990:1-1999:4 -0.623*** -0.194 -0.577 -0.101

1975:1-1989:4 -4.938* 1.889** 5.553* 0.886

*Statistically  significant at 1%, ** Statistically  significant at 5%, ***Statistically  significant at 10%

Sample Period
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