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1 Introduction

Econometrics is the quantitative study of economic datds Pphrase is often prefaced by ‘statistical’
and followed by ‘in the light of economic theory’, but bothajiiers unnecessarily restrict the scope
of econometric analysis. We will use some simple toolsafiitji gradually developing more complex
notions as we proceed towards formal models. The subjeognezes the complexity and scale of
economic life, and hence that any models of economic presessll be approximations, and in that
sense false. Since we do not know in advance what aspectsmaalled, all available information
must be used efficiently if the result is to be a substantiverdmution.

The title of the talk is a deliberate pun on the use of the Wiveloperating system capabilities to
throw light on how econometricians practice their subjélot aim is to demonstrate how much can be
achieved by a set of simple tools, primarily graphical, stiet executives at their desk can undertake
many forms of econometric analysis to enhance their workpesadsheets already do. Software exists
on most operating systems to perform similar tasks, and e essential attribute is that a high-
resolution monitor supports software that can simultasloportray all aspects of the analysis. To
sustain live presentations, programs must be reliablaystolerror free (or close to), easy to use so
attention can be focussed on the substantive issues, yibldélexd sufficiently general and powerful for
the tasks at hand.

Initially, our tools will yield only descriptions of the enrjral phenomena, using informal models
that are consistent with the main data features, but do nbetmv the phenomenological level to prise
apart the underlying structure of driving forces in the ewog. As we proceed, deeper features will
emerge, as will tools for deciding if indeed we are discegrsiructure. We will need to spend a few
moments on how PcGive works in its new windows form, then wietwin to using it in modelling the
UK inflation process. Nevertheless, the talk will focus ossléechnical aspects than the written paper.
As Jan Tinbergen would have said about the present appro@elare looking into the econometric
kitchen’: see Hendry and Morgan (1995).

The main advantage of any Windows-style environment, wieatthe computer platform, is the
ability to have data, results, text and graphics togethemattime on screen. This allows both the
intellectual and the physical linking of different ways oéwing information. The former is a boon in
the creative process of modelling, the latter in teachindyexperimenting, and both will feature below.
Equally, avoiding information overload is important, aswave stressed in earlier work. Moreover, the
look and feel of programs has become similar across a rang@tefare products, making learning and
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remembering much easier, and enhancing productivity. Dommn menus and dialogs are immediately
familiar, and clicking on icons in tool bars is simple. Heyg®ems can be comprehensive about both the
program and its embodied tools and techniques, as well ag lbebss linked by hypertext to track and
interrelate ideas. Jurgen Doornik and | believe that coingus a core aspect of econometrics, both
to make the available methods operational and to developwags of thinking and modelling. Thus,
PcGive is an approach as well as a program.

Some points of note are:

(1) clicking on an item in the top menu bar using the left mdoston produces a drop-down menu
of alternatives;

(2) those options not in dark colours are unavailable atittsiaint (cf the Edit menu);

(3) but can become operative under appropriate conditierts (ighlighting makes cut, paste etc.
available);

(4) the underlined (usually first) letter provides accesgmtyped with the Alt key depressed (e.g.
Alt+E);

(5) the tool bar shows small icons, meant to be self-exptapde.g.? denotes help);

(6) but their function can be ascertained by pressing th# bgtton: these are equivalent to so-called
‘hot-keys’;

(7) all the text windows are editors, with copy, cut and paste find and replace facilities, either by
keys (e.g. Ctrl+C for copy any highlighted text to the clipbd), or from the edit menu, or the
tool bar icons;

(8) this applies to the data bases, but within the limits efitedefined sample (which can be extended
as needed);

(9) graphs can also be edited as we will see.

Data can be input in many forms, but the easiest is from medtPcGive data files: any recently
used ones are shown at the foot of the file menu, and are loasigalj clicking. Many data bases can be
open at once, and compared or even merged when their fregaanatch and sample periods overlap
sufficiently. Missing observations are shown as such, anttedrfrom descriptive analyses (e.g. if we
obliterate a set of consecutive points, a gap appears orph:goat first store the series!).

The data set we will consider is that developed by FriedmanSatwartz (1982) comprising more
than a century of observations for the UK on mong$)( prices @), interest ratesRs, ., Rl,x), out-
put (Y), population Pop) and national debt{). We will also use some of their related US data, namely
prices (P,s) and interest ratesHs, ;) as well as the & exchange rateH,.). The precise (maximum)
sample spans 1872-1975. We will begin by graphical perdghese time series, focusing on the facil-
ities available in PcGive to highlight salient aspects. Hsee of interest is a model of the inflationary
process, the role of money in that process, and whether fatbiers are as, or even more, important in
practice. In principle, we should model every variable tbgeto determine the full causal picture (see
Hendry and Doornik, 1994), but in this lecture, we will adepbrtcuts to keep the exposition tractable.

Having input data one usually wishes to appraise them. tuniately, tables of data are not very
enlightening, as witness the following look at the variasbteFSPROLOG.BN7. PcGive uses a spread-
sheet style for the database, in which editing, copying, @edting variables is possible, with details
of the variables, their sources etc. readily to hand by wiglon the name. Revision is easy: double
click and then type the revised number. The pre-existing dah be stored in the system clipboard: and
recalled, or added to the output file as here. For a new variabded as a data set from the clipboard
(perhaps from a spreadsheet), double click on the name &pareate a name and set to ‘missing’, then
paste in — after agreeing to overwrite! We can move aroundl@te& base by arrow keys, mouse, page



keys, home and end, etc. Still, it is hard to see if numbersiegarate, in the sense of no transcription
mistakes, just by perusal. Graphs are easier to absorb, sdluse that medium.

2 Preliminary data analysis

First, we will graph the UK price level, as measured by an xndethe price of goods and services
entering National Income. Despite the huge changes wideissthe nominal price level since 1872,
several features are instantly manifest in fig. 1a: the agpagra of no inflation pre World War 1,
the rapid rise then fall around 1920, the slow decline in titerivar period, followed by a fast rise
till 1969, then a veritable explosion. The range is impressi factor of more than 12 fold over the
century. Captions can be added as needed, and edited,,soale] etc. We can also save graphs when
desired as encapsulated postscript files for insertionparts (using ‘save as’), and open other graphics
windows if needed.

To clarify these aspect, it will pay to use logarithms of tlaag so that equal proportional changes
have the same size, rather than equal absolute changes las jmmesent graph. This considerably
dampens the most recent changes, and fig. 1b reveals thaioimfleas at its highest during World
War 1.1 Deleting the levels picture, these comments are more obyiout still show an acceleration
after 1970 — no prizes for guessing as to why. We can date therumore precisely by switching on
pointing to read data from the graph: 1968 seems the stadrtarnous year in many ways for many
countries. The vertical axis units (minor tick marks) nopwresent approximately 20% changes
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Figure 1: Time series of UK and US prices
Next, we will compare UK and US prices, each in their own ddinesirrencies. A similar profile
emerges: the correlation seems high, although it is harditgpare closely across two graphs. Here,
interaction helps greatly: we simply copy the US price datthe clipboard, then paste it into the UK
graph for a closer comparison. Deleting the second graph,the close relation and the mis-match are

These figures are combined in a four-block picture for thetpd version.



clear: the UK suffered less deflation in the early 1930s, anderinflation since then, increasingly so
later in the sample (Fig. 2). Double clicking on the grapimgsiup an array of dialogs for changing itto a
desired form. For example, changing line colour, or magglhinmaximise the visual correlation, adding
grid lines, or second axes, and so on. The thickness of liaedbe modified for clearer viewing, or
independently for printing in the setup menu. Such faesitbbviously enhance the look of documents,
but more importantly also improve both communication arsigint.

The difference between the two lines is the relative pfe,s = log(P,r/Pus), and is a natural
variable, albeit in units of/$. The calculator is the easiest way to detRg.,s, and en route writes the
relevant algebra code to the results window:

10g Pyjus = log pP— 10g Pys;

Such instructions can be cut and pasted into an algebra filatéy reuse, using Ctrl+Ins (the toolbar is
not available in Algebra). The documentation on this openais again written to the results window
(as ‘Algebra saved to TALK.ALG’). Plotting the variable agi@ph shows the behaviour of the relative
price at constant exchange rates. The strong trend is dleaeging relatively by over 75%), with
fluctuations of more than 25% en route. We may want these giapdr, so we ‘keep’ them, freeing the
graphics window for a new set of plots.

An alternative portrayal of the information is in a crosstpid UK against US prices, shown in
fig. 2a. The correlation is clearly very high (0.991 to be me) but not necessarily either linear or
constant. First, we fit a regression line (or line of best fit)e points at either end lie above, and those
in the middle below, apart from a small group. To highlighisthspect, we can add in the projections of
points from the line: these are the distances that the liselexted to minimize the squares of. We can
also add the time line, to see if there are trends or ‘loopsirfahe famous Phillips diagram, showing
lagged reactions). Cross overs can be seen, but the drifsathe diagram is almost entirely trend,
symptomatic of the notorious nonsense regressions problem
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Figure 2: Cross plots of UK and US prices



Even graphs are models, implicitly making many assumptidvis begin with questioning that of a
constant regression line, and select instead 10 separatetti each 10% of the sample. These are called
sequential regressions. To facilitate comparisons, wg ttepwhole existing graph then change it as in
fig. 2b. The slopes of the sub-sample lines change over tintethee deviations are markedly reduced.
Of course, data are a sample from a potential population wbowes that might have happened, and as
such are random; hence, the fits of lines to data are alsocswbjgampling fluctuations. Those in fig. 2b
may be chance, but also may signal non-constancy — one ret@abmetric theory is to determine when
one conclusion is more reasonable than the other. Thereadditional complication from the fact that
successive observations are not independent. A somewfferiedt approach to testing constancy is
used in practice, namely recursive regressions whererbkddidetermined from ever-increasing sub-
samples (10%, then 20% etc.). Copying the graph (still orctipboard) and selecting recursive (but
only 5 for clarity, made thicker, and dropping the projesspwe obtain fig. 2c. There is a discernable
shift, but more powerful tools are needed to determine # @tiance or not. The limit s to fit the line to
the firstn points, them + 1, n + 2, ..., T"and we will use such procedures shortly.

The relative price is in terms @fper $ so depends on the exchange rate. Of course, the exalagéage
has not been constant, as figure 2d shows; rather it has @lesiderably even on a log scale (roughly
75%). Notice the immediate adaptation of the graph windowa tbearer portrayal. Herdog E.. is in
units of $ perE so is the inverse of the relative price. To see the two vaggabh a similar measure, we
next graphlog(P,s/P.x). We note the similar time paths of the two series. Again,raggon helps,
so we merge the two series in one graph, and adjust the scadesdmmon metric and change line
colour, then delete the excess graph. The variables matithswggesting much less movement in the
real relative price, or real exchange rate.

We will calculate the latter as a ‘purchasing-power-paiitgdex defined by:

log Pp = log B, — log Pysuk;

(added to the algebra code for FSPRLOG.IN7). This is indégenof currency units, and plotting
it yields fig. 3. The variation is greatly reduced as might kpeeted (to a range of about 60%), and
grid lines reveal how close at the end of the centByy was to the value at the start in 1872. However,
substantial and persistent deviations are also clear, Iga20& above (remember the variable is in
logs), and almost 40% below the initial value.
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Figure 3: Time series and cross plots for real exchange rates

Next, we cross ploE, againstP,,,,;. to see the closeness of the relation from a different petispec
to see a somewhat odd graph, where points lie in lines. Tounedise closeness, we add a regression
line (fig. 3.b). (Projections not shown: adjust scale to nfi®.6). It is clear that exchange rates and
relative prices should be linked, and the fit confirms thaterlatively, we can again fit lines to each
of 10 sub-samples (roughly 10 years each), but there is nohmaduction in the deviations. Adding
the linking line shows that it is not a random scatter retativ time, revealing an important dynamic
element, and the regression line shows very systematiatitavs. All these points are latent in the

time-series graph, but may not be noticed, so it is usefuigblight them.
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Figure 4: Time series of relative interest rates and infiatio

Since there could be data errors, let us modify one or two plaitats of £, and see the effects on
the graphs. The change is rather obvious if we alter an oasernvby a substantial factor (first store
the data by copying to the clip board, then change and lapdace) Here we changg, from 2.22 in
1975 —the last observation —3@®2 then rerun ‘ER.ALG’, which mimics the operation of a spreeesiz
(rescale first fig. to max=2 and move to implement). The singggession line is barely affected, but
the first sequential regression moves markedly, Bydalters radically. Even changing by a smaller
factor may be clear for some time series, but equally may adliscovered if it was always present.
These facilities are useful in teaching to show the effentsegression lines of data perturbations, and
the robustness in a moderate sized sample to one important er

Relative interest rates are believed to affegt Again, we begin with both graphs: the time series
are not so similar, but if we superimpose them, can see tleagéploch began witl,; > R, and
ended with the reverse. This evolution is even clearer fréottipg the relative rates, corresponding
to uncovered interest parity (UIP). More interesting s$ilthe relation between UIP and relative price
levels, namelyP,;.s V Rurus- AS the UK inflated faster than the US, so the interest diffeaé moved
against it from favourable in the 1880s to unfavourable by0s9 Comparing relative inflation and
interest rate differentials reveals a clearer trend in ditter than the former, as fig. 4 shows.

The graphs of UK and US inflation in fig. 4b are similar overasgite many differences in the in-
stitutional and economic conditions of those two countriegually, important differences are manifest:
the greater volatility in the 18th century in the US, the &fgll in US prices in the early 1930s, not
matched in the UK, the earlier onset of wartime inflation ia thK, and its much higher value in the
1970s. Itis certainly not true historically that inflatiarever negative: much of the sample was spent
less than zero, but it just did not happen post World War 2s€pbotting then shows the close relation,
which seems linear, but not at45

Next, definingUIP = Rsukys/100 + Alog E,., we see many sharp spikes, suggesting that the
graph is dominated by sudden devaluations. Indeed chand&3R are similar to UIP: we can interact



these to see the match but it may just be due to shakihgg £, in common, as fig. 5a suggests (first
done separately).

[N

F—uvy

1880

1900

1920

1940

1940

1 L
1960

1960 1980 1880 1900 1920 1980
[[—ad | 27
| MWWNN
i . |
; W 0 =
i -1r  4-year changes
| Devjations fromtrend =~ "27‘ ‘ ‘ o
1880 1900 1920 1940 1960 1980 1880 1900 1920 1940 1960 1980

Figure 5: Time series of PPP and exchange rates

Output has naturally trended over the sample period, bit avgharp fall in 1918-19, not recouped

till post World War 2. The trend rate seems constant, withitt shthe mean around 1920 — fig. 5c.
Allowing separate coefficients on the trend is consisterh what view, whereas separate means are
highly significant. To illustrate, we simply fit two sequealtlines: note the shift in location but not
in slope (although the break is 1925 here). The deviations fan overall linear trend are interesting
— see fig. 5¢. The results suggest a huge disequilibrium i1928s and 30s, only removed very late
in the sample. Trend lines can be no better than crude appatixins, especially over a century, but
can represent the drift in a non-stationary process. Amredt®&ve picture based on that last model uses
Ax;_4 — see fig. 5d. Cutting and pasting as before shows the closespondence over the ‘business

cycle’, and the extremely slow recovery from 1920 in the d&on series (fig. 6a).



50000,
oL I
40000~
A
30000~
0
20000~
-1k
10000~
-2k
| | . P | . | . | ; ; | . | . | . |
1880 1900 1920 1940 1960 1980 1880 1900 1920 1940 1960 1980
=2 o —
4 5 i
a5t i
.25 :
5.5/ o—rha e [\ v/\/\ i s
’ A A \'f‘\’\] </ V Wy VWW\N
| . | . | . | . | . | | . | . . | . | . |
1880 1900 1920 1940 1960 1980 1880 1900 1920 1940 1960 1980

Figure 6: Time series of output

Over the sample, national debt has altered markedly as figlire 6b shows the level (where the
step changes due to to world wars are apparent), fig. 6¢ tleetoabational income, and 6d the log
changes where the massive impact of 1914-18 is manifespitb@dmost always having deficitd]/Y
has fallen steadily since 1945. The changes in real natidelail are shown in fig. 6d also. The fall
relative to the nominal changes is of course due to the iofiaeen in fig. 4.
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Figure 7: Time series of national debt and money
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Money variables have behaved in a similar manner to debt ag 8gows for the log levels; real
money and output (after cutting and pasting); inverse vgl@nd N/Y’; changes in real money; the
ratio of M to NV; and inflation and money growth. There was a large fall in tlometization of debt in
the 1920s, and a rise in the 1960s returning to the ratio ol8™s. Inflation and money growth are
highly correlated, but no causality can be deduced from trigure 8a shows the non-constancy of the
relationship, and fig. 8b the very different picture of theemse relation. These are less close than the
relation between UK and US inflation seen in figure 4. FigureeBates inflation to four-year changes
in output, and as a final figure, fig. 8d shows the relation betwahort and long interest rates: note the
prolonged divergence at low rates from about 1930 till 1950.
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Figure 8: Inflation and interest rates

3 Inflation modelling

We now seek to determine which of the many possible detemtsniaave played a substantial role
historically. Inflation is related to excess demands fordgoand services, factors of production, real and
financial assets, and foreign goods and assets, so inflatipnassures can arise from many sources.
The empirical model is constrained to assume a relativehstemt relation between inflation and its
determinants, which need not be realistic — the valve wighglfeatest pressure may react most so that
different determinants matter at different points in timiée standard econometric model makes many
other strong assumptions, including ‘well behaved’ resigl(i.e., the unexplained component of the
model). Since the part we explain is under our control by whatinclude in the model, so is the
unexplained component. For example, consider the reldi@&ivween current and preceding inflation
shown in fig. 9. Here the dynamic picture is of interest: loapsvisible when the points are joined in
temporal order.

To examine inter-temporal aspects more thoroughly, we hisedncept of a correlogram, which
shows the correlation; betweenx; andx;_; as j increases, plotted against j (but omittingwhich
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is always unity. If a series was randomly sampledywould center around zeraA? log P; is close to
random, whereaa log P; is not. A large number of such correlorgams is shown in fig. Tife main
point is the huge diversity, from sequeneeghat are almost unity everywhere, to ones always close to
zero (changing the View to 140 allows expanded perusal).
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Figure 9: Current and lagged inflation.
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Figure 10: Correlograms of historical time series.
Variables entered into a potential relationship requitatable time patterns: no connection can
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result between the level of a process with a near unit cagrato everywhere (e.gxn — p) and one with
almost no autocorrelations (e.4.E).).

A similar comment applies to the distributional shape ofitheables: a highly skewed, non-normal
series will not mesh well with a symmetric normal, in so fartles residuals must inherit the non-
normality. Figure 11 records the densities and histografriseomain variables and transformations
thereof, with the normal superimposed as a reference: tigeraf shapes is impressive, with few close
to normal unconditionally.
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Figure 11: Densities and histograms of historical timeeseri

From this welter of information, the main influences needdadbtermined. The essential econo-
metric concept for doing so is partial correlation, namély het relationship allowing all other factors
unrestricted roles. | have written extensively on the miattgbapproach of general to specific, reducing
the initial relation to focus on the variables which are imgnot in-sample. The basis of the methodol-
ogy is described and analysed in Hendry (1995), and will eatdhashed here. The underlying model
is based on Hendry and Ericsson (1986).

There are many possible measures of inflationary pressamdghe two main ones considered here
are the deviation from PPP and the deviation of output fra@ndr These are shown in figs. 12a and
12b. They are positively correlated, and of the same scatépeeliminary analysis suggested forming
their sum as an overall pressure variable — this is shown irLfig. It suggests approximate balance at
the start of the period, but rising pressure till the outhreWorld War 1, perhaps due to the arms race.
Pressure drops sharply at the end of that war, and remairadiveegjll after World War 2, then rises
rapidly to a peak in 1950, a second peak in 1968, then turns diogreafter till the end of the period.
Finally, fig. 12d shows the interaction variable proposedHeyndry and Ericsson (1986), with its major
dips in 1920 and 1939, and peaks in the mid 1930s.
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Figure 12: Time series of UK inflation pressures

We begin with just one lag on all the variables for simpligié¢her than realism, and include mea-
sures of financial effects’im andv); goods demandd(and A,y); government demandin and
n — p — y); and foreign prices4 P, and AFE,). Domestic variables enter with a 1-period lag to
avoid simultaneous determination, whereas US variabke¢reated as weakly exogenous throughout.
This is less plausible at the start of the sample than latérmust suffice for the present talk. Em-
pirically, US interest rates and inflation are not Grangersea by UK interest rates and inflation (see
Granger, 1969), so some credibility attaches to the assompt

The long-run determinants includg,, and Dev, as well as Vel. The money demand relation is
modelled in Hendry and Ericsson (1991). The dynamic modgh@svn next:

Modelling DLP by OLS
The present sample is 1875 to 1974

Variable Coefficient Std.Error t-value
DLP_1 0.442 0.051 8.75
DLPus 0.341 0.056 6.12
ERdiseq_1 -19.3 3.42 -5.64
DUM1418 1 0.059 0.011 5.31
DUM2021 0.128 0.018 7.03
DRs_2 -0.737 0.244 -3.01
DDev_1 0.341 0.071 478
Pressure_2 0.060 0.016 3.71

Rsq = 0.890 sigma = 0.0213 DW = 1.98
VS test: 0.627 = ; JS test: 1.95; SC = -7.42
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AR 1- 2 F( 2, 90) = 2.15
ARCH 1 F( 1, 90) = 2.52
Normality Chisq(2)= 1.66

Xi"2 F(16, 75) = 3.57 b
Xi*Xj  F(41, 50) = 3.26  **
RESET F( 1, 91) = 1.68

Modelling DLP by OLS
The present sample is 1875 to 1962
The forecast period is 1963 to 1974

Variable Coefficient Std.Error t-value
DLP_1 0.403 0.050 8.01
DLPus 0.304 0.055 5.55
ERdiseq_1 -20.6 3.37 -6.11
DUM1418 1 0.070 0.012 6.26
DUM2021 0.136 0.018 7.72
DDev_1 0.347 0.070 4,99
Pressure_2 0.043 0.017 2.49
DRs_2 -0.693 0.254 -2.72

Rsq = 0.890 sigma = 0.0204 DW = 2.17
VS test: 0.510 = ; JS test: 1.51 ; SC = -7.47

Tests of parameter constancy over 963 to 1974
Forecast Chisq(12)= 25.118 *
Chow F(12, 80) = 1.6451

The main explanatory variables are lagged UK inflation, enirlUS inflation, the change in UK
short-term interest rates, the pressure measure laggguetiaals &+ d wherek = 1.56 — e+ pus — Puk
andd is the deviation of output from trend), the changelitagged, the interaction of exchange rate
changes withk? (lagged), and dummy variables for 1915-19 and 1920-21. Nerdapt is needed,
suggesting an absence of autonomous inflation. Lagged ngrnogith is insignificant if added. The
goodness of fit is reasonable & 2%), and parameter constancy is accepted, although variamce c
stancy is not, reflected in the significant heteroscedasstatistics. There is no residual autocorrelation
or non-normality.

Figure 13 shows the various descriptive graphs for the fatetlactual values, their cross plot (with
the forecast points highlighted) the residuals, and thaildet forecasts, with error bars (and regression
lines showing the gradual divergence of the actuals anddsts, although the formal forecast test is
insignificant).
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Figure 13: Fitted and forecast values for UK inflation
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Figure 14: Recursive statistics for UK inflation model
Figure 14 shows the recursively estimated coefficientsh(giproximate 95% confidence intervals

at each point), the 1-step forecast errors Farest constructed from these, and the test due to Chow
(1964).
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4 Conclusions

Hopefully you are persuaded of the advantages of live ptagens. Interaction can yield insights into
the methods used for modelling economic time series, inta @dations, and into concepts.

The ability to view data from many perspectives in the lighobar current information distinctly
facilitates the modelling process. It is also a significapiuit into the teaching process, particularly in
relating concepts to their realization in practice.

Doing econometric studies live is also useful in stresshag econometrics is not a mechanistic
application of recipes that ensure useful answers, bu¢ansts an iterative gleaning of information
from evidence.

The model of inflation over the last century is plausible it definitive, but is intended more to
illustrate some of the thoughts and procedures rather ttegiinished product of econometric modelling.
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