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Abstract 

 

Statistical Problem with Measuring Monetary Policy with Application 

to the Current Crisis 

 

 

 

 

Naakorkoi Pappoe, MPAff 

The University of Texas at Austin, 2010 

 

Supervisor: Robert D. Auerbach 

 

This report reviews the 2007 financial crisis and the actions of the Federal 

Reserve. The Full Employment Act of 1946 and the ―Humphrey-Hawkins‖ Act guides 

the Fed’s actions. These two laws outline the long-term goals of the monetary policy 

framework the Fed uses; however, the framework lacks principles for achieving the 

mandated long term goals such as reliable, complete data.  This report looks at the use of 

model-based forecasting and gives recommendations for principles which will strengthen 

the preexisting monetary framework.  
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INTRODUCTION 

 

Ideally, the way to assess how forecasting relationships change when policy 

changes is to have a model that is precise about what causes what in the 

economy. Such models can trace the effects of policy changes on the economy 

because they are explicit about the links between variables.
1
 

 

Economic policies are based on models. In the past structural models, which 

require the economist to make a number of assumptions, were widely used in the Federal 

Reserve. Structural models test and estimate causal relationships using statistical data and 

causal assumptions. The limitations of structural models are the fallacy of affirming that 

causation equals correlation. Today, forecasting models also known as times series 

models are the preferred modeling technique of many economists in the Federal Reserve. 

Forecasting models rely on established statistical correlations between current and 

previous observations.
2
 ―The most popular of these [forecasting models] are plain vector 

autoregression models,‖ according to Kevin L. Kliesen, a business economist for the 

Supervisory Policy and Risk analysis unit of the Federal Reserve Bank of St. Louis.
3
 

This professional report discusses Federal Reserve policies with application to the 

2007 financial crisis and looks at a procedure that test for statistical problem in measuring 

the affect of these policies. Suggestions put forth by William K. Black in a testimony 

before the Committee on Agriculture, Nutrition & Forestry of the United States Senate 

guided the idea.  Black stated as one of the practical regulatory steps needed to improve 

monetary predictions, ―Reliable, complete data [are] essential to evaluate individual, 

systematic, and systemic risk.  The lack of information on financial derivatives has made 

it far more difficult for Treasury and the Fed to respond.‖
4
 Currently, data published by 

the Federal Reserve cannot easily be reduced to a form that confidence can be placed.   
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Since 2000 there has been a move towards the use of more accurate economic 

modeling. Several papers have compared the performance between the Federal Reserve 

staff forecasts and simple reduced-form models forecast. These papers show that simple 

reduced-form models such as the vector autoregreesive (VAR) model are more accurate 

than the Fed staff forecasts. The statistical techniques autoregressive integrated moving 

average (ARIMA), an approach for one-equation model (as opposed to VAR an approach 

for multi-equation model) used to first test causality between variables before forming a 

model of their relationship to predict future outcomes, reveal inherent problems in 

variables used in monetary policy. The reason the report focuses on this particular 

statistical framework is because it is widely used among economists in the Federal 

Reserve.  The other common type of method used for generating economic forecast, 

judgment-based forecast, is hard, almost impossible, and venerable to changes in the 

personnel of the forecasting staff.
5
  Senior economists in the macropolicy section of the 

Atlanta Fed’s research department, John C. Robertson and Ellis W. Tallman describe 

judgment-based forecasting as ―the result of a particular forecaster’s skill at reading the 

economic tea leaves, interpreting anecdotal evidence, and his or her experience at 

observing empirical regularities in the economy.‖
6
 In their paper, Robertson and Tallman 

suggest model-based forecasting, in particular vector autoregression, as an alternative to 

judgment-based forecasting because ―they are easier to replicate and validate by 

independent researchers than forecasts based on expert opinion alone, and the forecaster 

can formally investigate the source of systematic errors in the forecasts.‖
7
 

Chapter 1 will discuss the events leading up to the 2007 financial crisis and the 

effects to illustrate the reason why judgment-based forecasting can be damaging and 

accuracy in monetary policy actions is necessary. However, like all governmental 

agencies, the Fed’s actions are guided by a mandate.   The chapter will explore both the 
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mandated purpose and actual practice of the Federal Reserve.  Chapter 2 focuses on the 

relationship between the policy implemented and the chairman’s ideology. By looking at 

the purpose of the Federal Reserve one can analyze its behavior during the crisis in a 

context that will allow us to see if it has changed the way it operates.  Policy changes 

require clear, comprehensible justification which is currently lacking in the 

communication between the Federal Reserve and the American people.   

Chapter 3 considers two related ideas for a monetary framework suggested by 

different economists in the past: the ideas of a conscious framework and the use of a 

control theory model called the quadratic-linear optimum control model. A framework 

for monetary policy will not, in the words of John Maynard Keynes, ―make monetary 

policy as boring as dentistry with routine application of core principles.‖
8
 A framework 

does not tell policymakers the direct actions to take but rather how go about taking 

actions. 

An evaluation of the quadratic-linear optimum control model, a method currently 

used at the Federal Reserve, as a policy tool that has both a backward and forward 

looking objective feature to evaluate the best path to take in obtain specific policy targets 

will be looked at in chapter 3. To use the quadratic-linear optimum control model, auto-

regressive analysis or VAR is required to develop the lag structure of the variables.   

Chapter 4 works through the process of conducting an auto-regressive analysis to 

illustrate the value the method.   Chapter 5 summarizes and concludes with policy 

recommendations.   
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Chapter 1: Cloudy Skies with a Chance of Foreclosures 

The last recession, starting in the first quarter of 2001, was due mainly to the 

collapse of the dot-com bubble, the September 11th attack, and a fall in investments.  

Before the 2001, recession the U.S. was in the longest period of growth in American 

history.  The 2001 recession lasted less than a year and consumers were still optimistic 

about the U.S. economy.  The 2007 recession would last longer than a year, testing the 

ability of our financial markets, international business relations, and Federal Reserve 

open market operations.  

The 2007 recession serves, as many other recessions, as an expensive learning 

experience. Despite the financial suffering of millions of people globally, the event has 

brought to light two questions that both bankers and policymaker must answer: ―What 

have we learned from this extraordinary episode? And how can we apply those lessons to 

strengthen our banking system to avoid or mitigate future crises?‖
9
  Even though it is 

important to find answers to these question it is more important to get the answers right. 

To do this we must evaluate the Fed’s monetary policy during the crisis taking into 

account the intent behind its actions, its responsibility, transparency, and its authority in 

administering monetary policy. 

EVENTS LEADING TO THE FINANCIAL CRISIS 

The early months of 2007 marked the beginning of the end of the President 

George Bush administration and of economic stability.  However, millions of Americans 

had already lost their jobs, homes, and savings.  Billions of dollars have been pumped 

into the economy through the Troubled Asset Relief Program (TARP), economic 

stimulus payments, cash for clunkers, with little effect on reviving the market. Strict laws 

have been passed such as the Sarbanes-Oxley Act which received harsh criticism from 
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the business world.  However, policy makers, academics, and Americans are unsure what 

the Federal Reserve Board’s policies are trying to address—liquefying U.S. markets or 

preventing risk.  Over 10 percent of Americans are still unemployed and that is not 

including those who went back to school, those who quit looking for jobs, and soon to be 

recent graduates. 

 Trying to understand exactly what caused the recession has turned into a blame 

game.  Most of the blame is placed on the shoulders of the housing market, regulators, 

and financial institutions but some economists such as Ricardo Caballero points out 

foreign investors are partly to blame. ―There is no doubt that the pressure on the U.S. 

financial system [that led to the financial crisis] came from abroad,‖ said Caballero.
10

 

Regardless of where the blame lays the issue of focus is determining the best policies that 

should be implemented to return American citizens back to sustainable jobs. 

Although the Federal Reserve is an important part of the United States financial 

system, very few American actually understand the role and responsibilities of the Fed.  

Economic and statistical jargon is thrown around the news and the work place, usually 

misused or having no meaning at all – 70% increase in interest rates—not giving context 

to predictions. With the misuse of difficult concept comes confusion and miss-

understanding of what is actually going on in the financial sector. 

Housing prices rose exponentially after 2000 and with it the number of mortgages 

lending which included refinancing of existing mortgages.  Home owners were able to 

―extract $1.8 trillion in home equity from 2001 to 2007,‖ according to Alex Schwartz in 

his book Housing Policy in the United States.
11

  Figure 1 illustrates Schwartz point.  

From information taken from the S&P/Case-Shiller Home Price Indices, a company that 

measures the residential housing market, tracking changes in the value of the residential 

real estate market in 20 metropolitan regions across the United States, figure 1 shows that 
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some metropolitan cities experienced and increase change of between 25 to 50 percent 

from April of 2004 to January of 2006.
12

 

 

Figure 1: Year-over-year percentage change in housing prices of the twenty Case-

Shiller-tracked cities
13

 

 

 

 

Fannie Mae and Freddie Mac, financial institutions set up by the federal 

government to make home ownership more affordable, were losing their market shares in 

home loans during the start of the housing bubble.  Many non-depository institutions 

were entering the housing market offering households with income below the Fannie Mae 

and Freddie Mac underwriting standards risky mortgages with longer pay periods and 
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higher interest rates.  Fannie Mae and Freddie Mac make their money by making home 

loans to households in different income brackets at rating the loan based on the ability of 

the household’s ability to pay off the loan.  These repackaged loans with specified rating 

are sold to banks, non-bank financial institutions, and the public. Investors, which can be 

banks, financial institutions, and private individuals, were interested in these financial 

instruments because they can be repackaged and sold to other financial institutions 

allowing them to pass on the ownership risk of default.  A private individual investing in 

Fannie Mae and Feddie Mac mortgages receives a percent of the monthly payments made 

by the borrower and can enjoy tax exemptions and may even succeed in lowering their 

tax base, allowing them to pay even lower taxes. 

The new financial institutions entering the mortgage market were less concerned 

with abiding by underwriting standards and more focused on profit margin.  It was this 

self-centered interest that ―NINA‖ loans (No Income No Asset) were abused, loans where 

no income and assets are reported on the application, but employment is verified. This 

loan was created for people who had difficulty providing income and asset verifying 

documentation.  NINA loans soon fell into a category of mortgages now referred to as 

―Liar Loan‖, loans where there is low or no documentation on the mortgages. In an 

opening statement at the House Financial Service hearing on Lehman Brothers’ failure, 

William Black stated that ―Lehman failure is a story in a large part of fraud. Lehman was 

the leading prevailer of liar loans in the world for most of this decade; studies of on liar 

loan show incident of fraud of 90%.‖
14

  

Institutions such as Lehman Brothers who sold liar loans would repackage the 

loans and sell them to investors around the world.  Quickly selling off the loan relieved 

the institutions of all risk of default on the loan eventually leading to unethical behavior 

by unscrupulous borrowers and lenders.  Since the institution did not have to worry about 
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risk they contracted more and more loans repackaging them and selling them off.  

However, these financial institutions are not the only ones to blame.  Companies who 

rated these financial institutions did not investigate the worth of these repackage loan and 

simply gave the institutions high rating due to past history.  

Not wanting to lose any more of their market, Freddie Mac and Fannie Mae put 

aside the strict rules in approving loans and started giving out ―NINA‖ loans.  However, 

according to William Black testimony, ―to the extent [Freddie Mac and Fannie Mae] 

purchased non-prime paper they were disproportionately likely to purchase higher quality 

paper.‖
15

  The market for residential mortgage looked profitable, not only because more 

people qualified for loans but also because Americans viewed owning a house as an 

investment without taking into account that there were other cost associated with owning 

a home.  Like any investment, the more profitable the mortgage market became the more 

investors and financial institutions seek to profit from it.  Foreign investor participated in 

buying the repackaged loans from what they thought were creditable financial 

institutions.   

The only real concern in the residential mortgage loan market was that the pool of 

people to buy homes would be exhausted, but this concern was consoled with the idea 

that Americans viewed owning a home as an investment.  It was this idea that convinced 

people to buy a home, refinance on their existing home, or even buy another home.  Like 

everything in our economy, our markets are interconnected.  As the financial market 

bloomed the auto industry was falling.  Other companies were finding it cheaper to move 

jobs overseas.  The jobs that were slowly disappearing in the United States were manual 

labor jobs.  Many people who worked in these jobs lived in households that would not 

ordinary qualify for Fannie Mae or Freddie Mac loans but qualified for Nina loans.  

Unemployment started to rise and people had less deposable income which caused some 
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households to default on their loans. As more people defaulted on their loans investors 

started losing money. 

In 2007, the residential mortgage market started to deteriorate and investors 

started to question the value of the loans they bought.  More people started defaulting on 

their loans and financial institutions that looked forward to the income of these loans 

were no longer seeing profit.  The summer of 2007 was the official start of the financial 

crisis.   

Figure 2 shows a bar chart of the number of failed banks.  As of March 23, 2010, 

over 200 banks have failed according to the Federal Deposit Insurance Corporation who 

is appointed receivers of failed banks.  From 2007 to present the number of banks failing 

within one year increased.  In 2009, 140 banks failed.  Mostly, the news reports the 

failure of large banks but smaller banks have been affected most by the recession. 

 

Figure 2: Failed Banks 
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THE PURPOSE OF THE FEDERAL RESERVE  

The Federal Reserve immediately attempted to reinvigorate the market with 

monetary policy and credit policy.  Not knowing if lack of liquidly or regard of risk was 

the cause, the fed implemented both types of polices.  There are sound economic 

arguments for pursuing both types of polices.   

The Fed has not been clear as to which of the problems they are trying to address.  

They say that unemployment is a concern but also helping the financial institutions that 

held the residential mortgages.  In The Monetary Policy of the Federal Reserve, Robert 

Hetzel asks many important questions that remain unanswered.  One question is ―What 

were the objectives of monetary policy and what consistence behavior underlay the 

actions that policymakers took to achieve those objectives?‖
16

  The best way to answer 

this question is to examine the actual policies implemented by the Fed. 

Using the Board of Governors’ website, I collected data on the policies 

implemented from September 2008 to September 2009 and constructed two tables, one 

for risk policies and the second for liquidity policies.   There were over 50 different 

policies implemented over the span of one year.  Most of the policies implemented by the 

Fed dealt with increasing liquidity in the market.  But the liquidity policies can be broken 

down further into policies aimed at helping consumers and policies aimed at helping 

financial institutions.  Viewed through these two broad categories the Fed’s action have 

caused a source of concern for both economist and policy makers because the 

interpretation of the mandate of the Fed’s authority has differed among economist 

depending on their belief of how to go about promoting maximum employment, stable 

prices, and moderate long-term interest rates. 
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According to Section 2A of the Federal Reserve Act, the objectives of the U.S. 

monetary policy are to: 

Maintain long run growth of the monetary and credit aggregates commensurate 

with the economy’s long run potential to increase production, so as to promote 

effectively the goals of maximum employment, stable prices, and moderate long-

term interest rates. 

The mandated authority of the Fed leaves a lot of room for interpretation of how 

the Fed should actually carry out their objectives.  The first ambiguity is in the phrase 

―maintain long run growth.‖  The term ―long run‖ has not been defined in any economic 

text and is usually left up to the discretion of the economist.  However, the most 

important word in this sentence is ―growth‖.  For many decades, the Fed has equated 

stable long run prices to lead to maximum sustainable output growth.  

Maxwell Fry points out in his paper on the choice of monetary framework that ―to 

devise a logical framework for the conduct of monetary policy, it is first essential to 

know what monetary policy can and cannot do.‖
17

  In other words, is it possible to use 

monetary policy to achieve price stability, employment, and economic growth?  Or 

should monetary policy only be used for price stability?  If we take the view that 

monetary policy should be used to only target price stability than for the Fed to fulfill 

their mandated purpose they must use other policy tools such as credit policy and interest 

rate policy, an issue that will be discuss more later in the paper. 

Regardless of how economists believe monetary policy should be used, in the 

United States the Federal Reserve uses both direct and indirect instruments to influence 

financial conditions.  Short-term interest rates are the most important instrument the 

Federal Reserve has direct control of to influence financial conditions.  Indirect operating 

instruments used by the Federal Reserve are required reserve, repurchase agreements, and 

the buying and selling of securities.   The problem with the indirect instruments is that the 
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Federal Reserve relies on depository institutions and financial intermediaries to 

accurately report accounting figures or the values of their securities.  The main cause of 

the housing crash was that no one knew the value of the mortgage securities which 

caused the risk of owning them to increase. With the inaccuracy in reporting amounts the 

Federal Reserve is at a disadvantage because the data its uses to estimate models and 

predict economic conditions is flawed. 

CURRENT FRAMEWORK OF THE FEDERAL RESERVE 

The first policy the Fed implemented was to reduce the target federal funds rate at 

their September 2007 meeting.  ―The Committee indicated that its action was intended to 

help forestall some of the adverse effects on the broader economy that could otherwise 

arise from the disruptions in financial markets and to promote moderate growth.‖
18

   In 

his speech ―The Crisis and the Policy Response‖, Chairman Ben Bernanke stated-- that 

the main aim of the policy decision was to cushion the direct effects of the financial 

turbulence on the economy and to reduce the disruptive course of the feedback loop.
19

  

The feedback loop occurs when economic weakness and financial stress in the present 

influences the occurrence of the same event in the future. Reducing the target federal 

funds rate on nine different occasions increased the risk of inflation.  The reason inflation 

would occur is because at lowering federal funds rates banks can borrow more at lower 

interest rates enabling them to lend to consumer at lower interest rates.  Loaning more 

money to consumers puts more money in the economy and causes the value of the dollar 

to decrease because it is more abundant.  The decreased value of the dollar causes the 

price of commodities to go up, since we are working in an open economy.   So even 

though people will have access to more money the rate at which they can acquire more 

money is still increasing slower than the rate at which the value of money is declining. 



 13 

Committee members believed that at some point economic growth would reach a 

steady state and prices would level out.  Unfortunately, the global economy weakened 

from the chain effects due to the relationship financial intuitions had with one another, 

causing prices to fall.  There was a decline in the number of lending rates since traditional 

funding sources for financial institutions and markets dried up and banks and other 

lending facility lost the ability to give out credit.
20

  To stimulate the credit market the Fed 

tried to increase liquidity in private sectors.  In January 2009, Ben Bernanke stated, ―the 

Fed has deployed a number of additional policy tools, some of which were previously in 

our toolkit and some of which have been created as the need arose.‖ 

Creating tools to cure the financial market can be seen as spontaneous policy 

making.  As a result of the Fed’s spontaneous policy making increased its balance sheet 

from around 900 billion dollars in mid-2007 to over 2 trillion dollars as of April 2009.
21

  

A question has arisen as to whether the Feb has the responsibility to bail out non-banking 

financial intuitions.  They are lenders of last resort but that lending practice should not 

interfere with the private market.  

Poor regulations and a disregard for underwriting standards lead to housing prices 

to rise and eventually fall dramatically. The falls in housing prices was not anticipated by 

most economists and lead the Fed to scurry into action to revise the economy.  To ease 

the financial pressures of the housing market, the Fed lowered the target federal funds 

rate to historically low levels.  However, this was not enough to prevent inflation.  The 

number of banks failing increased at an alarming rate reaching 140 banks in 2009 alone.  

After exhausting all the tools the Fed had at its disposal it invented new policy tools to 

combat the recession. The forecasting ability of the Fed has been based on luck. 

Narayana Kocherlakota, president of the Federal Reserve Bank of Minneapolis, stated in 

a speech she gave to Minnesota Bankers Association, ―The Romans used to cut up birds 
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to make their economic forecasts. Our methods have improved—somewhat—but just like 

in Roman times, it’s very much caveat emptor with economic forecasting.‖
22

   

The behavior of the Fed has raised questions among monetary economists as to 

the Fed’s actual mandated authority.  However, the Fed actions are guided by strict laws 

which will be explored in the next chapter. 
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Chapter 2: How Monetary Policy is practiced 

Chairman Ben Bernanke pointed out that the proximate cause of the crisis was 

due to the fall of the housing cycle in the United States and the rise in delinquencies on 

subprime mortgages, imposing losses on many financial institutions and shook investor 

confidence in the credit market.
23

  Even though the Fed was uncertain as to when the 

global economy would recover from the financial crisis, it was confident that the 

framework it used would combat the current conditions.   

The Fed has both a supervisory role and regulatory authority over bank and 

financial holding companies, state-chartered banks that choose to join the Federal 

Reserve, the U.S. operations of foreign banking organizations, and certain types of U.S. 

entities that engage in internationals banking.
24

  From analysis of the financial crisis it 

came to the Fed’s attention that all financial firms should be subject to a consolidated 

supervision framework.  A consolidated supervision is ―a comprehensive approach to 

banking supervision which seeks to evaluate the strength of an entire group, taking into 

account all the risks which may affect a bank, regardless of whether these risks are 

carried in the books of the bank or related entities.‖
25

  In the current recession, the 

bankruptcy of many financial institutions and banks caused a decrease in consumer 

confidence 

Monetary policy involves the buying and selling of Treasury securities in order to 

expand or contract bank reserves and currency. Over the years, consumer credit has 

become a larger portion of the economy and the need for credit policy is more important 

now then in the past.  During the current recession, banks and other lending companies 

could not provide sufficient credit, prompting the Fed to lend banks money by selling 

treasury securities from its portfolio. Credit policy is the blueprint that the Fed uses in 
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making a decision to extend credit to banks, lending institutions, and other financial 

institutions. 

PAST POLICIES PRACTICED BY THE FED 

In the history of the Fed, two laws stand out as an effort to consciously construct a 

monetary framework: the Employment Act of 1946 and the ―Humphrey-Hawkins Act.‖ 

The Employment Act of 1946 commits the Federal government, including the 

Federal Reserve System, to pursuit of ―maximum employment, production, and 

purchasing power.‖ The ―Humphrey-Hawkins Act‖ specifically directs the Fed to 

aim at both unemployment and inflation goals.
26

 

The Employment Act of 1946 was a response to the Depression of the 1930s; 

however, at the time the bill was being debated, official estimates of unemployment for 

years prior to 1942 were not available because an official definition of ―employed‖ and 

―unemployed‖ did not exist.
27

  The authors of the bill used unofficial estimates of 

unemployment taken from a book by Henry Wallace which was popular and widely 

referred to at the time.
28

 Even 65 years ago the need for available, reliable, accurate data 

was present.  In the Federal Reserve’s framework is has the long-term goals but lack the 

principles to achieve these long term goals to give overall direction to planning and 

development of the Fed.  The lack of principals is made clear through the actual actions 

of past Federal Reserve chairmen. 

Former chairmen of the Fed had different understandings of the role of monetary 

policy.  Robert Hetxel eloquently lays out the ambition and goals of a few former 

chairmen starting with William McChesney Martin, Jr, the ninth and longest serving 

chairman of the Federal Reserve System.  He was in office from 1951 to 1970, serving 

under former presidents Harry Truman, Dwight Eisenhower, John F. Kennedy, Lyndon 

B. Johnson, and Richard Nixon. ―Martin reinvented the Fed.  Instead of a monetary 
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policy focused on financial intermediation and the control of speculation, he emphasized 

economic stabilization.  Martin believed that the Fed had responsibility for price stability, 

not low inflation.‖
29

 

Following Martin was Arthur Burns, who served from 1970 to 1978 under 

Presidents Richard Nixon, Gerald Ford, and Jimmy Carter.  ―Under Burns, the political 

system wanted the Fed to maintain low unemployment as a way of assuaging the political 

divisions produced by a variety of distributional shocks. Burns believed that monetary 

policy could give the political system what it wanted, provided that political system gave 

him the additional instruments of price controls.‖
30

 

Alan Greenspan was in office from 1987 until 2006 serving under Ronald 

Reagan, George H.W. Bush, Bill Clinton, and George W. Bush.  ―Like Burns, Greenspan 

understood monetary policy through the business forecasting perspective, which 

encourages characterization of optimal policy as the optimal period-by-period choice of 

policy actions.‖
31

 

From the examples above, there is not a clear conscious monetary standard the 

former chairmen of the Fed used.  Each had his own opinion as to the goal of monetary 

policy and, based on that goal, formed his own principals in achieving the Federal 

Reserve’s mandated goal.   

An argument for why principals for the Federal Reserve’s framework were not 

addressed is because the economy is always changing and the Fed needs flexibility to 

respond to these changes.  However, this argument is vague because changes can take on 

three different forms: it can be permanent, a trend, or a cycle. 

A permanent change in the economy due to a catastrophic event, for example, 

would mean that we could no longer use the economic models developed in the past and 

would have change the whole model and not just make adjustments.  Making an 
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adjustment to a model means that the basic relationship of the model still holds but other 

factors are influencing the result.  We have not seen any changes to our microeconomic 

or macroeconomic models which mean that even though we say the economy is changing 

that change is not permanent and basic relationships still exist.   

The other way to view economic changes is to view them as shocks or temporary 

changes which will go away over time so that the basic theoretical relationships under 

working economic models hold.  If we believe that economic changes are trends or large 

cycles then the idea of keeping monetary policy ambiguous because of a changing 

economy does not hold.  Economics is the study of scarce resources and consumers use 

resources.  How, why, and when consumers use these resources is call consumer 

behavior.  Putting these ideas together, economics studies consumer behavior in the 

allocation of scarce resources.  Adding more resources to an economy such as 

technological advances means that new human behaviors may form but it does not mean 

that old behavior will change.  The introduction of new resources can be seen as a shock 

to human behavior which over time returns to some steady state.   

Robert Hettzel (2008, 7-8) addressed the issue of setting ambiguous policy goals. 

Learning requires knowledge of the strategies followed by the central bank.  What 

were the objectives of monetary policy and what consistent behavior underlay the 

actions that policymakers took to achieve those objectives?  Historically, the Fed 

has obfuscated the answer.  At best, it has revealed only its policy actions, while 

appealing to ―discretion‖ to avoid clear statement of objectives and strategy.  

Policy ambiguity in the form of unwillingness to announce explicit objectives and 

a strategy for achieving them impedes learning.
32

 

However, since the Fed does not have learning mechanisms it is hard properly 

evaluate monetary policy and turn the practice into a guessing game. The main point in 

this section is that principals are need along with long-term goals to properly form 
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policies.  One principal the paper advocates for is the use of reliable, complete data on 

monetary variables. 

The Fed’s lack of reliable, complete data in its monetary policy framework leaves 

room for ambiguity in policy decisions.  The policy decisions are communicated to the 

public who begin to doubt the Fed because the public is unable to receive clear answers 

to their questions.  When the public doubts the Fed’s actions consumer confidence falls, 

thereby playing an indirect role in the relationship between consumer behavior and the 

economy.  Even though the Fed has the responsibility of maintaining long-term financial 

stability they have to also know that financial stability depends heavily on consumer’s 

confidence deciding their economic futures. 

EXHIBITING SELF CONSTRAINT 

Another problem that develops from lack of reliable, complete data in the 

monetary policy framework is no historical record to base analysis on.  A historical 

record would be useful in estimating the effect of monetary policies. Olivier Blanchard 

(2000) asked an important question in his analysis of the relationship between monetary 

policy and policy makers.
33

  He wanted to know if uncertainty about the effects of policy 

leads policy makers to do less.  He believed it does although during the 2007 crisis the 

Fed did more, implementing over 50 different policies over the span of one year. 

Blanchard’s argument was that policy makers should use self-restraint, not that policy 

makers should be restrained.  He gave a hypothetical example where he assumes the U.S. 

economy is in a recession with unemployment rate of about 7% and the Fed wants to use 

monetary policy to expand output.  In order for the Fed to know by how much to expand 

output they would have to know what unemployment will look like in the following year, 

the natural rate of unemployment, and the output growth they can achieve over the 
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coming year.  An important condition that has to be fulfilled is that the economy’s 

response to the policy the Fed implements should be consistent with economic models.  

The effect of monetary policy on output is unknown and very difficult to 

determine since many other features of statistic about the current and future economy 

must be known for certain.  Blanchard’s advice was for policy makers to be more 

cautious and use less active policies.  Blanchard said, ―Policies should be aimed broadly 

at avoiding prolonged recessions, slowing down boom, and avoiding inflationary 

pressures.  The higher unemployment, the more active the policies should be.  But they 

should not stop well short of trying to achieve constant unemployment.‖
34

 

The idea of having self-restraint is very important because it brings to light the 

actions of the policy makers. Hetzel made the statement in his book that ―the Federal 

Reserve does not possess a systematic procedure for acquiring knowledge about the 

working of monetary policy and communicating such knowledge to the public.‖
35

 The 

policy objective of the Federal Reserve is dependent on the president’s political stance.  

In Deception and abuse of the Fed: Henry B. Gonzalez battles Alan Greenspan’s Bank, 

Robert Auerbach titled a chapter ―The Myth of Political Virginity.‖
36

 In Auerbach book 

he states ―Politics affects monetary policy.‖
37

 

Having reliable, complete data in the monetary framework will not only prevent 

the chairman from perusing his or her personal objective, but also allow an indirect 

accountability mechanism to form.  Following a framework will better map out to 

consumers the train of thought the committee was using when implementing monetary 

policy decisions and allows that thought to be consistent over time. 

Chapter 2 focused on the framework current used by the Fed and how missing 

elements in the frameworks construction has presented problems for proper monetary 

policy making.  In the next chapter, two frameworks are presented by economists.  One 
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of the frameworks suggested presents a control theory model.  The control theory model 

uses VAR which is a key component in the idea of developing reliable, complete data. 
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Chapter 3: The Ideas of a Monetary Framework 

The monetary framework the Fed uses to create policy responses has changed 

several times over the decade not because of the changing economy but because of the 

changing government.   The repercussions of not including reliable, complete data as part 

of the framework has caused confusions and distrust among consumers.  This confusion 

and distrust is illustrated best in the 2007 recession.  The suggestions of monetary 

framework have existed for over 50 years, yet no serious policy outcome has resulted.  

Economists, such as former governor Laurence H. Meyer of the Federal Reserve Board, 

advocate the use of model-based forecasting in policy analysis.
38

 He stated in a speech 

given before Business graduate students at New York University that, ―model-based 

forecasting allows a forecaster to learn from past mistakes and indeed use past mistakes 

to improve future forecasts.‖
39

 This chapter will look at two particular monetary 

frameworks that focus on the variables used in building macroeconomic models. But 

before looking at the frameworks one important question need to be addressed: will 

developing principals in their monetary policy framework constrain the Fed’s actions?    

The purpose of a framework is to guide the Fed through preliminary steps to help 

organize a problem and make complicated, complex issues easier to handle.  The 

intention of a framework is not to dictate actions but to devise explicit objectives and 

strategies to achieve a goal. Principals such as reliable, complete data in its framework 

would help guide the Fed in policymaking but the biggest benefit is that it will allow 

consistency in the process so even if Fed committee members change there would still be 

consistency in its policymaking actions.  Frederic S. Mishkin stated that monetary policy 

is a science in which ―substantial judgment will always be needed to achieve desirable 

outcomes.‖
40

  Consistency in policy making builds credibility strengthening the 
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relationship between the Fed and consumers. Another benefit to constructing the 

principal of reliable, complete data in its monetary framework is that it would facilitate 

learning; failed strategies could be improved upon and analyzed. 

TWO  SUGGESTED MONETARY FRAMEWORKS 

In 1948, Milton Friedman wrote an article in The American Economic Review 

called ―A Theoretical Framework for Monetary Analysis.‖
41

  In this article Friedman 

spelled out three objectives that must be followed to obtain the basic long-term objective 

of political freedom, economic efficiency, and substantial equality of economic power. 

First the government must provide a monetary framework for itself.   Second, the 

monetary framework should operate under the ―rule of law‖ rather than the discretionary 

authority of administrators.  Last, community would desire to reduce inequality levels 

further than a free market could accomplish on its own.  The economic conditions today 

are very different from those of Friedman’s time; however, the objective Friedman 

suggested can still benefit monetary policy today. 

In Milton Friedman’s article, he explicitly suggests that the government provide a 

monetary framework for itself and that framework must operate under the ―rule of law‖. 

Milton believed that a framework was need to obtaining economic stability. However, 

Milton Friedman’s idea of developing a framework for monetary policy was from a 

conceptual point of view.  Julio J. Rotemberg and Michael Woodford also suggested the 

idea of creating a monetary policy framework but they used an optimization-based 

econometric framework to evaluate monetary policy.
42

 An advantage to an ―optimization-

based approach is that the specification of individuals’ decision problems that is used to 

explain the effects of monetary policy can also be used for welfare analysis.‖
43
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At the time of their paper the use of quantitative evaluation of monetary policy 

was popular among economists.  Their analysis differed from those of previous research 

because it took into account the effect the change in policy regime had on the decision 

rules of private agents.   However, like most economic models, that of Rotemberg and 

Woodford assumed rational expectations in analyzing alternative policies. Rational 

expectations believes that agents use all available information to make predictions on the 

future values of economic variables allowing a dependent relationship  to form between 

people’s expectations and economic outcome.  Rational expectation is better regarded as 

a modeling technique rather than a school of economic thought.
44

  The assumption behind 

this modeling technique is that people make decisions to maximize their outcome and 

even though people can make errors in their decisions these errors are random. 

The interesting part of their model was the use of vector autoregression (VAR).  

Vector autoregression, is an extension of univariate autoregression modeling which looks 

at one-equation. Vector autoregression looks at autocorrelation and causation among a 

group of models.   In autoregression analysis each variable is lagged against itself for a 

certain number of periods to find out if there are statistically significant lags affecting the 

outcome of the variable.  Rotemberg and Woodford used the VAR model for two 

purposes.  First, to identify the actual monetary policy rule employed by the Federal 

Reserve and second, to estimate the way their variables respond to a stochastic 

disturbance to the monetary policy rule.  The second observation is important because it 

can give a picture of the effects of a monetary policy.  In Chapter 1 the main issues I 

identified as a problem of understanding how policies effect the financial crisis was that 

multiple policies were implemented at one time that the effects of the first policy might 

have been diluted or strengthen by the policies that followed it. 
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Economic policies are characterized by lags in their response.  It is for this reason 

that many economist suggest that having a structured framework for the Federal Reserve 

is not possible.  Since economic models are based on consumer behavior and consumer 

behavior can be outlined in patterns then there should be a pattern in the lag structure of 

policies.  To really know if lag structure exist in monetary policy the Federal Reserve 

would have to keep detailed records of polices, the goals of the policies, and approximate 

times when the policies have taken effect. 

During the time Friedman devised his monetary framework, the United States 

dollar was still valued against gold which simplified the market. The Bretton Woods 

system, a system of fixed exchange rates allowing foreign governments to sell their gold 

to the United States treasury at a rate of $35 per ounce of gold, was in effect and the 

Federal Reserve did not have to intervene that much in the market, by buying and selling 

currency, to prevent exchange rate from getting to high or low. Today, the market is 

much more complex with the introduction of repurchase agreements, derivatives, and 

other financial instruments that complicate the market.   

The optimization-based model makes it possible for the authors not to commit to 

detailed assumptions concerning the structural relationships of their variables.  In 

statistics we take samples from populations to observe a certain pattern or behavior.  But 

for statisticians to come to a conclusion, we have the requirement that the sample we 

gather is random.  If a sample of data is not random, then the patterns we observe from 

the data are dependent on particular situations that cannot be generalized to the entire 

population.  It is for this reason that the variables used in constructing economic models 

have random observations.  The autoregression method tests to see if the residuals of 

models, the difference between the estimated observation points and the predicted line, 

are random before using the variable in a model. 
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Selecting the appropriate variables for monetary analysis is one of many key steps 

in a monetary framework.  A monetary policy framework is not confined to the central 

bank, the legislature and financial institutions play just as a strong role in achieving their 

goals.  In the last 1940s, Milton Friedman suggested that the government construct a 

framework for itself; however, in 2010, a conscious monetary framework still does not 

exist.  Economist explored techniques, such as VAR used in other fields, to use as a 

framework for monetary policy.   

ANALYZING THE QUADRATIC-LINEAR CONTROL MODEL 

Quadratic linear models are one of many techniques encompassed in dynamic 

optimization used to model the intertemporal behavior of economic agents under the 

assumption of forward-looking optimizing behavior.
45

  The technique uses a quadratic 

criterion function subject to first-order linear difference equations.  The quadratic linear 

tracking model has the goal of making state and control variables follow a desired path as 

closely as possible.  State variables are used to determine the future position of objects in 

a system however, outside factors other than the state variables can influence objects 

future position.  As the state variables change the control variables are continually 

updated. The idea behind the model is that every time a policymaker applies a control 

there is an interval before another control is applied.  Analyzing the information in the 

interval is important in determining the type of control, strong or weak for example, to 

use in the future. 

The quadratic-linear optimum control model is sometimes used for determining 

favorable economic condition for the president just before election time. An example of a 

practical policy use for quadratic linear problems was introduced by the combined work 
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of Chow (1967) and Abel (1975), which has two state variables and two control 

variables.
46

  The state variables are 

𝐶𝑘  = consumption 

𝐼𝑘  = investment 

And the control variables are 

𝐺𝑘  = government expenditure 

𝑀𝑘  = money supply 

The reduce form of the model when estimated with data for the period 1954-II to 

1963-IV, as reported in Kendrick (1982a), is 

𝐶𝑘+1 = 0.914𝐶𝑘 − 0.016𝐼𝑘 + 0.305𝐺𝑘 + 0.424𝑀𝑘 − 59.437 

𝐼𝑘+1 = 0.097𝐶𝑘 − 0.424𝐼𝑘 + 0.101𝐺𝑘 + 1.459𝑀𝑘 − 184.766 

All the variables are lagged one period. The lag structure of the model is very 

important because it means that a variable is depended on other variables but it is also 

dependent on its value in the previous period. Using autoregression will enable us to 

identify the lags that have a significant effect on the variable and how much the variable 

is auto-correlated with itself in a particular period. 

The reason why this chapter is spending a lot of time talking about the quadratic 

linear problem is because it uses autoregression.  Implementing autoregression as a step 

in a monetary framework would be beneficial because it is one of the initial steps in 

constructing models.  Having a correct model is very important in monetary policy. 

William Black stated that, ―We urgently need to develop better, more reliable data (which 

is only possible through regulation), better theories, and better research methodologies.‖
47

  

To test the reliability of data autoregression analysis would be helpful. 

The main problem with using economic models is using the correct variables. In 

latter part of this chapter discussion was raised on how to construct the quadratic-linear 
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control model.  The following chapter looks at in detail how to perform and 

autoregression. Once a person learns to perform autoregressions, building upon the 

technique to perform VAR is easier.   
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Chapter 4: Using Autoregression 

The purpose of this chapter is to illustrate the autoregressive technique on four 

variables used in governmental statistics. The technique involves several steps of data 

manipulation.  While walking though these steps a distinction will be made as where the 

endogenous variables used in the quadratic-linear tracking function are estimated. The 

example below is based on Chow (1967) and Abel (1975) work.  

PROCEDURE 

To create a systematic procedure for acquiring knowledge about the working of 

monetary policy we need past data to observe the relationship between the instrument 

used to control monetary policy and the variables affected by these particular 

instruments.  There are several method for hunting for causation but it is important to 

note that the world is so complicated it cannot be explained with one test. The method 

that is used by many economists that this chapter will focus on is the Box-Jenkins 

Autoregressive Integrated Moving Averages.   

The Box-Jenkins Autoregressive Integrated Moving Averages (ARIMA) method 

accounts for common trends and cycles which may lead linear regression tests to give 

bias results.  To use the ARIMA method, the variables have to be stationary, which 

means that the mean of the variables are constant over time.  Another concern is making 

sure the errors terms of the variables are random.  Random means the observation in the 

series cannot be predicted by looking at previous observations. There are three main steps 

in performing an autoregression which is displayed in illustration 1. The first step is 

transformation, then autoregression to prepare the data before performing the last step of 

testing for causality. The autoregressive filter used to get random innovations is a very 

sensitive test.   
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Illustration 1: Autoregressive Process 

 

Stationalize Variables 

The first step is transformation of the variables Then the variables are filtered for 

trends, cycles and seasonal with an AR procedure. Collecting quarterly data from 1959-II 

to 2009-II on four variables: personal consumption expenditures of nondurables goods, 

debt which was calculated by adding net lending and borrowing by the federal 

government to total borrowing at the Federal Reserve’s, gross private domestic 

investments, and the monetary base.   

Taking out the trends and cycles requires the variables to be stationary, meaning 

the observations overtime revert back to a constant mean. There are several different 

techniques to stationalize the variables.  In our example using rate of change which is 

equivalent to taking the first difference of the log on each variable, cleaned out majority 

of the trends without losing all the information within the variables.  To take the first 

difference of the log, first you take the natural log of each observation then you take the 

first difference of each observation from one period to the next.  First difference of the 

Stationalize 
Variables Prepare Data

Test for Serial 
Correlation of 

Innovation
Build Model 
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natural log of the monetary base, for example, where 𝑀1 is the first observation and 𝑀2 is 

the second observation in the series, would be ln 𝑀2 − ln(𝑀1).   Even though taking the 

rate of change might be able to take out some of the trends and cycles in our data we have 

to test whether all the cycles, seasonal, and trends, aggregately called periodicities, have 

been removed. 

Prepare Data 

The next step would to be to import the transformed data into a statistical 

program.  SAS is the program we will use for our example (see Appendix). The imported 

variables are then lagged.  The decision as to how many periods to lag the variables is 

dependent on the data in use. The number of periods to lag variables can be 24 because 

during that time interval small and large patterns may be detected in the analysis but 

lagged a variable this many periods require a large number of observations.  

The idea of an autoregression is to regress a variable on each of its lags to see if 

the lags have a significant effect on the variable. Observing the results of the 

autoregression, the lags that are not statistically significant at a particular confidence 

interval are removed. The removed lags are the ones that have t coefficient that are not 

different from zero.  The residual are stored to create a new data set which will be used to 

analyze randomness.   

Test for Serial Correlation of Innovations 

 The last step is using the residuals to check for serial correlation of each variable 

and crosscorrelation between variables.  Autocorrelation occurs when a variable affects 

itself.  Autocorrelation is important in monetary analysis because it introduces the 

concept of lag structure in models.  At this step the variables used in the quadratic-linear 

control model are estimated. All three variables exhibited serial correlation and thus 
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failed to whiten.  Figures 3-6 show sharp jumps in the residuals.   The residuals should be 

stationary because in the significance test used in regression analysis identified all the t-

coefficients that were not different from zero. 

Figure 3: Debt Innovations 
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Figure 4: Monetary Base Innovations

 

Figure 5: Consumption Innovations
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Figure 6: Investment Innovations 

 

 Failure to whiten the innovations will cause problems in constructing a model to 

forecast monetary policies.  There are several reasons why the innovations were not able 

to whiten. One reason is because the data used in the example was not good or the data is 

not stationary.  It is also important to use the original data and not seasonally adjusted 

data because the data has already been altered and using the autoregressive filter to get 

random innovation will pick up the procedures used to alter the variables.  These 

recommendation can be built into a monetary framework. A first step in a monetary 

framework would be the goal of developing a systematic, precise way to collect data used 

in monetary policy analysis.  The data should be made to the public so independent 

analysis can be conducted and used as educational tools to thinking about policy analysis.  

Illustration 2 below shows an example of a framework which includes principles and 

long-term goals in a monetary framework. 
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Illustration 2: Example Framework for Monetary Policy 

 

 

Variables used in monetary policy, such as gross private investment, have substantial 

measurement error and lags associated with them which make it hard to conduct 

monetary policy.  Most of the time monetary policy makers are not sure exactly what is 

happening in the economy when a policy is put into place.  A systematic, precise way in 

data collection may help with monetary policy making and serve as an educational tool 

for future studies. 
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Chapter 5: Conclusion 

The professional report set out first to show the impact of the financial crisis 

which begun in 2007 and how the Federal Reserve reacted to the situation. To understand 

the Fed action the report looks at the mandated role of the Fed.  In the Federal Reserve 

Act, the responsibility of the Fed is to maintain long-term stability growth. Looking back 

at the chairmen of the Federal Reserve, evidence shows that each chairman’s idea of what 

created long-term growth was different and results in different monetary policies 

implementations. 

Robert Hetzel clearly states that policy ambiguity had more of a political 

advantage than an economic one causing a long run disadvantage of confusion about the 

appropriate role for monetary policy.
48

  Another argument that can be made is that policy 

ambiguity does not help the Fed because it leads to a decline in consumer confidence.  

The Fed’s main purpose is not to oversee and regulate the financial market but to remove 

consumer uncertainty and it does so by stabilizing financial conditions.  It is because of 

this purpose of serving the public that the Fed should use constraint in their use of 

monetary policy.  Overuse of policy, however, can be irresponsible because the policies 

the Fed implements are formed using models and models reveal a relationship among 

variables.  But most relationships in monetary economics are not properly understood 

leading economist to take on different schools of thought.  There is a lot of uncertainty 

that surrounds economic models. Policy makers have to be restrictive of their use since 

there is so much in our economy that is unexplainable. 

Understanding the limitations we face when using economic models would help 

us construct a monetary frameworks using models suggested by economists in the past.  

Milton Friedman suggested a framework built around community need and not on the 
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fluctuations of the market.  The idea is idealist since determining community need is 

difficult when one takes into account demographic, ethnicity, gender, and education 

levels.  American consumers differ greatly.  Just because the task is difficult does not 

mean that it is impossible.  To evaluate whether constructing a policy framework around 

community need is feasible we would need to use historical data to try understanding 

consumer behavior in the market. 

It is our backward looking approach with a forward looking goal that leads some 

economist to use of the quadratic linear control model.    The first principals of a 

monetary framework should focus on the collection of monetary data in a reliable, 

consistent, unbiased manner and making that data available to the public.  Doing so will 

improve the dialogue between the Fed and the academic community.  It will also improve 

transparency and credibility in the Fed.  Independent actors will be able to recreate results 

obtain by the Fed while still upholding the laws of statistics. 
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Appendix 

 
Data a;  

set a; 

 

d1=lag(debt); 

d2=lag2(debt); 

d3=lag3(debt); 

d4=lag4(debt); 

d5=lag5(debt); 

d6=lag6(debt); 

d7=lag7(debt); 

d8=lag8(debt); 

d9=lag9(debt); 

d10=lag10(debt); 

d11=lag11(debt); 

d12=lag12(debt); 

d13=lag13(debt); 

d14=lag14(debt); 

d15=lag15(debt); 

d16=lag16(debt); 

d17=lag17(debt); 

d18=lag18(debt); 

d19=lag19(debt); 

d20=lag20(debt); 

d21=lag21(debt); 

d22=lag22(debt); 

d23=lag23(debt); 

d24=lag24(debt); 

 

m1=LAG1(mb); 

m2=LAG2(mb); 

m3=LAG3(mb); 

m4=LAG4(mb); 

m5=LAG5(mb); 

m6=lag6(mb); 

m7=LAG7(mb); 

m8=LAG8(mb); 

m9=LAG9(mb); 

m10=LAG10(mb); 

m11=LAG11(mb); 

m12=LAG12(mb); 

m13=LAG13(mb); 

m14=LAG14(mb); 

m15=LAG15(mb); 

m16=LAG16(mb); 

m17=LAG17(mb); 

m18=LAG18(mb); 

m19=LAG19(mb); 

m20=LAG20(mb); 

m21=LAG21(mb); 
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m22=LAG22(mb); 

m23=LAG23(mb); 

m24=LAG24(mb); 

 

c1=LAG1(con); 

c2=LAG2(con); 

c3=LAG3(con); 

c4=LAG4(con); 

c5=LAG5(con); 

c6=LAG6(con); 

c7=LAG7(con); 

c8=LAG8(con); 

c9=LAG9(con); 

c10=LAG10(con); 

c11=LAG11(con); 

c12=LAG12(con); 

c13=LAG13(con); 

c14=LAG14(con); 

c15=LAG15(con); 

c16=LAG16(con); 

c17=LAG17(con); 

c18=LAG18(con); 

c19=LAG19(con); 

c20=LAG20(con); 

c21=LAG21(con); 

c22=LAG22(con); 

c23=LAG23(con); 

c24=LAG24(con); 

 

s1=LAG1(sav); 

s2=LAG2(sav); 

s3=LAG3(sav); 

s4=LAG4(sav); 

s5=LAG5(sav); 

s6=LAG6(sav); 

s7=LAG7(sav); 

s8=LAG8(sav); 

s9=LAG9(sav); 

s10=LAG10(sav); 

s11=LAG11(sav); 

s12=LAG12(sav); 

s13=LAG13(sav); 

s14=LAG14(sav); 

s15=LAG15(sav); 

s16=LAG16(sav); 

s17=LAG17(sav); 

s18=LAG18(sav); 

s19=LAG19(sav); 

s20=LAG20(sav); 

s21=LAG21(sav); 

s22=LAG22(sav); 

s23=LAG23(sav); 

s24=LAG24(sav); 
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run; 

 

 

PROC AUTOREG; 

MODEL debt=d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 d11 d12 d13 d14 d15 d16 d17 

d18 d19 d20 d21 d22 d23 d24; 

OUTPUT OUT = B R = INN; 

RUN; 

 

proc reg; 

model debt=d1 d2 d3 d18; 

output out = C R = resid; 

run; 

 

proc autoreg; 

model mb=m1 m2 m3 m4 m5 m6 m7 m8 m9 m10 m11 m12 m13 m14 m15 m16 m17 m18 

m19 m20 m21 m22 m23 m24; 

output out = D R= INN2; 

run; 

 

proc reg; 

model mb=m1 m2 m3; 

output out = E R= resid2; 

run; 

 

proc autoreg; 

model con=c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c16 c17 

c18 c19 c20 c21 c22 c23 c24; 

output out = F R=INN3; 

run; 

 

proc reg; 

model con=c1 c22; 

output out = G R=resid3; 

run; 

 

proc autoreg; 

model sav=s1 s2 s3 s4 s5 s6 s7 s8 s9 s10 s11 s12 s13 s14 s15 s16 s17 

s18 s19 s20 s21 s22 s23 s24; 

output out = H R=INN4; 

run; 

 

proc reg; 

model sav=s1; 

output out = I R=resid4; 

run; 

 

data J; 

merge C E G I; 

run; 

 

proc arima data=J; 

identify var=resid3 crosscorr=resid; 
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run; 

 

proc arima data=J; 

identify var=resid2 crosscorr=resid3; 

run; 

 

proc arima data=J; 

identify var=resid4 crosscorr=resid3; 

run; 

 

proc arima data=J; 

identify var=resid crosscorr=resid4; 

run; 

 

proc arima data=J; 

identify var=resid4 crosscorr=resid2; 

run; 

 

proc gplot data=J; 

symbol i=spline v=star color=blue h=0; 

plot resid*time; 

run; 

proc gplot data=J; 

symbol i=spline v=star color=blue h=0; 

plot resid2*time; 

run; 

proc gplot data=J; 

symbol i=spline v=star color=blue h=0; 

plot resid3*time; 

run; 

proc gplot data=J; 

symbol i=spline v=star color=blue h=0; 

plot resid4*time; 

run;  
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