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Stochastic 1 And Dynamic Momentum Index

by Tushar Chande and Stanley Kroll

Here, arelative stength indexXRs)) tutorial clarifies the basics of the time-haoed indicate. The

tutorial also intoduces new variants th&rocks& CommobiTiescontributor Tushar Chande andrill,
Chande& Co.'s Stanley Kl call net momentum oscillator and the stochaRs¢ which ae better at

flagging overbought and oversold conditions thani®elf. Also intoduced and examined is a
variable-length Ri called the dynamic momentum indBxu), which we indexed to market volatilit

The new variants, Chande explains, extend the scope and power of momentum indices, as we will see.

M ary articles in Socks & CommoDITIES have described WellesWilder's relative strength index

(Rs1) and its derivatives. One recextenple was the relative momentum index(Rwhich was
discussed ypRoger Altmanln anothe William Blau wrote about ttrue strength indefTsI), a
double-smoothed version oERhat is identical to the f2except for a scaling constant.

Each R derivative is a valuablexeension of the approach. Howeydetails ofRs| development were
not shown in either derivation, and thus, it is sometimiedt to determine whaRsi and its
derivatives are measuring. Thare, of course, measuring momentum. But that i jpeuit of the stor.

It is sometimes difficult to determine  what Rsi and its deri vatives
are measuring. The y are, of course, measuring momentum. But
that is onl y part of the stor v.

We will take a tutorial look a@Rsi and its derivatives, then break doRsi and reassemble it so we know
how it works. After that we will do the same with the derivatives. First, we will discuss a net momentum
oscillator and a stochasticsRwhich are better at flaggingteemes in prices thansr® Then we will

index the R to price volatiliy. This leads to a variable-lgim dynamic momentum indeXDi) that
automaticaly adjusts to market action. The n&si variants &tend the scope and power of momentum
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indices.

THE BASICS OF MOMENTUM

In technical angkis, we define momentum as th&elience between two prices. The time period

between the two prices varies. The two prices can be as little as one period apart, while the period can be
ary time lergth from minutes to months. Most commgnke use one tradgday as the unit of time.

With a one dgtime period, the closing prices (C) define momentum as shown here.

(1) Momentum = §pday - Cyesterday

Because todés close could be above or belgesterds's close, momentum can be positive or negative.
We will call this relative momentunwe can define absolute momentugnignoring the sgn of daily
momentum as:

(2) OMomentunil = OCtoday-Cyesterdg(]

The values of absolute momentum are gbyaositive, while the values of relative momentum can be
positive or negative. Now let us perform a short exercise using five tradimg/awill use values for
the Standard & Poor's 500 index from November 29, 1991, to December 15, 1991, from thig"Sideba
Rsi and the Ri." Now let us calculate the dgitelative momentum and absolute momentum. The
calculations can be seenhkigurel.

Note that the sum of the relative momentum over foys @aequal to the momentum over fouysla
This occurs because the intermediate terms cancel each other when we add them (see EQuation 3).
Equation 3, the subscripts refer to the number g$ @ack from toda(zero).

(3) (Cp - C4) = (Co-C1)+(C1-C2)+(C2-C3)+(C3-C4)

Now, continue this exercise in a modified format. This time, we will separate tygentahentum into
values for dgs when the market closes up or closes ddweach case, the momentum values will be
positive. On an up gathe momentum is togla close minugesterdg's closeWe calculate momentum
as the close ofesterds minus the close of togaon down dgs (see the resulta Figure?2).

Figure 2gives us two kegresultsLet §; and S be the sum of the up land down da momentum over

a given number of ga. The relative momentum over fourydas the diference between the upyda
momentum and down glanomentum over four ¢a (2.17 = 6.18 - 4.01)n addition, the absolute
momentum is the sum of the upydaomentum and down ganomentum (10.19 = 6.18 + 4.0)e can
summarize these important results in the equationsvbelo

(4) Momentum = §- &

(5) OMomentunid= § + &

We can solve Equations 4 and 5 fqr &ing algebra. Add the two equations and gather terms to obtain
an equation for @as shown below in Equation 6.

(6) Sy = 0.5*(Momentum {IMomentundl)
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RELATIVE MOMENTUM AND
ABSOLUTE MOMENTUM

Date S&Pa00 Relative Ahsolute
Momentum Momentum

1/25/1 37522

12002891 3a1.40 G.18 B.18
1203891 380 95 -0.44 0.44
12104791 Je0.07 -0.89 0.83
12/05/1 377 38 -2 B 2R3
Total 217 217 1019
Notes:

1. Relative maomenturn = close of today - close of yesterday
2. Absolute momentum = close of today - close of yesterday

3. d-day momenturn = 377 .39-375.22 = 2.17

FIGURE 1: Relative momentum can be positive or negative, while absolute momentum is always
positive.
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MOMENTUM SEPARATED FOR UP AND DDVWWN DAYS

Date S5&P 500 Rlative Absolule Up Day  Down Day
Momentum Momentwn Momentum Momentum

1128/ 37522

12002/92  381.40 518 B.IE B.15 0.00
12003/91  380.96 .44 0.£4 0.00 0.44
204081 380,07 089 03¢ 0.00 0.89
12005/91  377.39 2B 256 0.00 2 66
Total 37739= 217 1019 (.18 401

I7522= 217 = (Sdl

FIGURE 2: Define Sy and Sd as a sum of the up day momentum and down day momentum.

CALCULATING FOUR-DAY RSI USING SUM OF
UP DAY AND DOWN DAY MOMENTUM

Date S&P 500 Up Day DownDay RSI
Momentum Momemium

(Su) (Sa)
11529091 3765.22
120292 381.40 6.18 o.arc
120391 380.96 0.00 0.44
204/21  380.07 0.00 0.8%
120591 377.39 0.00 2.hbE
Total B.18 4.0 al.65

Hote:

RS = 1006 18)46. 18+4.01) = B0 64769352

FIGURE 3: Here, the four-day RSI is calculated using up and down momentum.
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This result can be verified from the datdFigure 2(Sy = 0.5*(10.19+2.17) = 6.18YVe will use these
results to defind@Vilder'sRsi.

RELATIVE STRENGTH INDEX (RsI)

The relative strength index measures the proportion of absolute momentum change over a given period
due to momentum on up ¥k This will become clear from the definition shown in Equation 7:

(7) RS = 100*(RS/(1+RS))

Here, relative strength @Rris the ratio of average momentum over théadays on up dgs versus
down das (Au and Ad, respectivel). The revised Ris shown in Equation 8.

(8) RS = AJAd

Because the number ofydain both averages is the same, we can myltipth averagesytthe number
of days in the average. This converts the averages into the sum of the momentum ymamqdiown
days. Thus, we can rewrite Equation 8 in terms gh8d $ as shown belw.

(9) RS = 9/

We can now rewrite thRsi definition using Equation 9 and substituting Rs. This gives us an®
definition in terms of the sum of the momentum on wsdand down dgs.

(10) RS = 100*(Sw)/(Su* Sd)

We can continue our process of adjustment to reflect the relationship between relative momentum and
absolute momentumySnd . We can rewritdRsi using absolute momentum and relative momentum
as defined in Equations 4, 5 and 6.

B 100(0.5(M0mentum + |Momentun1))

RS
[Momentur
Rg - 50(Momentum +|Momenturr)
(11) - [Momentum

We have found something important in Equation {ihgtRsi into relative and absolute momentum.
This relationship is not obvious in the original definition af.R hus, ovex days, the R is the

proportion of absolute momentum due to upsdand so, the x-gaRs! is equivalent to the x-ga
momentumWe can now pysically see whaRsi is trying to depict, and so, we will illustrate these ideas
by calculating a four-daRsi usirg the data irFigure3.

We will redo the four-d@gRsi calculations usigthe relative and absolute momentufigre4). |

reiterate that the four-glaelative momentum is simpthe four-dg momentum, and so, the fourydasi

is closey related to the four-gamomentum. Similayl, the 14-dg Rsi will be closey related to 14-da
momentum] will complete our discussiorylshowing that we get the same value using either method.
Now it is easier to understand what & is trying to capture Y using the ideas of relative and absolute
momentumWe will discuss the smoothyof Rsi values late We should also remember thHsi uses
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CALCULATING FOUR-DAY RSI USING
RELATIVE AND ABSOLUTE MOMENTUM

Date S&P 500 Relative Ahsolute RSI
Momentum Momentum

1125591 el

120020492 381.40 B.18 b.18

12103/491 3580 96 -0.44 0.44

204/ 38007 .89 0.a9

12105/91 377 38 —2 6 2ha

Taotal 217 1019 G065
Note:

RS = 80727 +10194010.15) = B0 5478935352

FIGURE 4: Here, the four-day RSI is calculated using relative and absolute momentum.
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CALCULATING THE 20-DAY RMI WITH FIVE-DAY
LOOKBACK USING RELATIVE AND ABSOLUTE MOMENTUM
Date S&P500 Momentum IMomentuml

29-Nov-91 375.22
02-Dec-91 381.40
03-Dec-91 380.96
04-Dec-91 380.07
05-Dec-91 377.39
06-Dec-91 379.10 3.88
09-Dec-91 378.26 3.14
10-Dec-91 377.90 3.06
11-Dec-91 377.70 2.37
12-Dec-91 381.55 416
13-Dec-91 384.47 5.37
16-Dec-91 384.46 6.20
17-Dec-91 382.74 4.84
18-Dec-91 383.48 5.78
19-Dec-91 382.52 0.97
20-Dec-91 387.04 2.57
23-Dec-91 396.82 12.36
24-Dec-91 399.33 16.59
25-Dec-91 404.84 21.36
26-Dec-91 406.46 23.94
27-Dec-91 415.14 39.92 28.10
30-Dec-91 417.09 35.69 20.27
31-Dec-91 417.26 36.30 17.93
01-Jan-92 419.34 39.27 14.50
02-Jan-92 417.96 40.57 11.50
Total 191.75 208.89

Su 200.32

Sd 8.57

RMI 95.90
Notes:
1. 20-day momentum = (415.14-375.22) = 39.92
2. §,, = 0.5*(Momentum + IMomentuml)
3. 84 =Momentuml - §,
2. RMI = 50%(191.75+208.89))/208.89 = 95.89736225

FIGURE 5: The relative momentum index is calculated based on
a 20-day period using a five-day momentum.

Figures Copyright (c) Technical Analysis Inc.
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the daiy difference in calculating momentum; its lookback period for the momentum calculations is one
day.

RELATIVE MOMENTUM INDE X (RM1)

The relative momentum index extends tree &proach ypincreasing the number of ykain the lookback
period of calculating momentum. Thus, instead of taking ttierdnce between toga close and
yesterdg's close, we can use the close ydago. Roger Altman used a fiveydaokback to calculate
the momentum. All the other steps in calculgfitmi are the same as in calculating.R

If we break down the®R calculations we will get all the equations we derivedR®r In the end, we can
write RMI in terms of relative and absolute momentum the sarngenealid forRsi. The ony difference
is that we are using the sum of momentum over fiys destead of one galn "Relative momentum
index: modiying Rs1," Altman defined R in the same waas Rt

(12) RM= 100*(RM/(1+RM))

Here, the term R is the ratio of the sum of the upyd@omentum to the down ganomentum ovex
days.We saw above that the fourydeelative momentum was sinypthe four-dg momentumif we

used a 20- damomentum summed over fiveydato calculate relative momentum, then we would get the
following:

(13) Momentum = (@5-C5)+(C24-C4)+(C23-C3)+(C22 -C2)+ (C21-C1)

The absolute momentum is calculated using a fiwelolakback. All the relationships between relative,
absolute momentum and sum of the up alad down da momentum applhere. Hence, we can rewrite
Rm and Rl using Sy and .

(14) RM = S/Sd
(15) RMI = 100*(Sw)/(Su + <)

| will illustrate the Rai calculation usig absolute and relative momenturou can see the calculations
using up dg momentum and down ganomentum in the sidebaVe will use Equation 15 given above.

Figure 5supports ourrguments that we can wrikgmvi in terms of absolute and relative momentum taken
overx-day lookback.

| recommend calculating an unsmoothed R s1 or Rmi using all data
in the x-day lookback period. You can then smooth the
calculations with a simple or exponential mo ving average.

The totals for 20-damomentum up and down are 200.32 and 8/ can veriy that relative
momentum is the fference between the 20ydaomentum of up de& and down dgs, because 200.32 -
8.57=191.75; furthe 200.32+8.57=208.89, the absolute momen¥¥a can summarize these
relationships foRwmi in the following equations.

Article Text Copyright (c) Technical Analysis Inc. 4
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ng - 100(0.5(Momentum+|M0mentun1))
|[Momentur
~ 5((Momentum+|Momentun1)

(16) |[Momentum

Equation 16 representssRwith x-day lookback and/-day calculationsLike the Rsi, the Rui is related
to momentum summed over equivalent peridiialso expresses the proportion of absolute momentum

due to up dgs.

SMOOTHING RsI AND Rmi

The smoothing mechanism irsRand R is somewhat irregufaFor anx-day Rsi or Rwi, I/x of the sum
of up momentum and down momentum is deducted fresterdg’'s value. Then togés value of the up
momentum and down momentum is added to this modified valyestdrds's total. This approach does
not respond quicklwhen we start calculating over a period of rapid market movement.

| like to use all 20-dadata to calculate successive values ifdR Rvi. The irregular smoothing
approach was convenient for calculatiogshand, but we need not use it with computers comynased
today. | recommend calculating an unsmoothied or Rvi usirg all data in thex-day lookback period.
You can then smooth the calculations with a simplexpoeential moving average.

I will show the é&fect of this smoothing using data for the Febyue893 heating oil #2 futures contract.
Figure 6shows the daylclose to illustrate the general trend, wliigure 7shows the Ri smoothed
usingWilder'smethod together with the unsmootiiked The smoothedwmi piverged sgnificantly from
the unsmoothed¥® and masked the rapid deterioration in the matkdtigure 81 smoothed the R
with a five-period simple moving average. The unsmoothed values plus a simple moving average
provides a better picture of market action.

A quick glance at Equation 8 shows that the rRsaises a simple moving average of ug dad down
day momentumWilliam Blau suggested using two exponential moving averages to smooth thg up da
and down da momentum. He called it the double-smootRsdor Drsly,z wherey and z are the

exponential moving averages.

The double-smoothed values are virtydiie same as taking a second moving average of
single-smoothed &, provided we are usingponential moving averages for both steps. TheiRalues
are usuall significantl different from single-smoothedsRvalues. B design, thg show a greater
sensitiviy to price changes. The lengthyafur trading horizon will influencgour preference for double-
or single-smoothed $®

NET MOMENTUM OSCILL ATOR

The Nmo is anothemn#ension of ouRsi tables. As Rger Altman astutgi pointed out, the & is not
always eay to interpret because it does not oscillate gvbatween overbought and oversold regions.
The problem arises because the number ydg daRsi calculations is constant. THesI may not reach
30% or 70% when calculated over xefil number of dgs. A better approach is to use the ratio of the
momentum in up da versus momentum in downysal like to use a net momentum oscillatbimo) as
shown below:

Article Text Copyright (c) Technical Analysis Inc. 5



Daily Close: Feb, '93 Heating Oil
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FIGURE 6: DAILY CLOSE FEBRUARY 1993 HEATING OIL. The closing price was in a clear downtrend during late 1992.

RMI for Feb, '93 Heating Qil

60.00

50.00

40.00 |
RMI Smoothed with Wilder's method

S

30.00 {
20.00 {

10.00 ¢ Unsmoothed RMI
0.00 — : : :
921030 921113 921201 921215 921231 930115

FIGURE 7: RELATIVE MOMENTUM INDEX (RMI). The RMI is presented unsmoothed and smoothed using Wilder's method. The unsmoothed
version indicates market weakness by the low readings in early November.
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Feb, 93 Heating Oil

60.00

Unsmoothed RMI

50.00 {
40.00 {
30.00 {
20.00 |
10.00 |

0.00 : : : :
921105 921119 921207 921221 930107

FIGURE 8: RELATIVE MOMENTUM INDEX (RMI). The unsmoothed RMI along with a five-period simple moving average can provide a better
picture of market action.
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(17) Net Momentum Oscillator = 100%(S Sd)/(Su + )

The net momentum oscillator takes thHedence between the upydaomentum and down ga
momentumlIt then &presses this tference as a ratio of the sum of up and downndamentum.

The primay benefit is that we can define overbought and oversold levels at +50 and -50 where the ratio
of Syto Yis 3:1 or 1:3You can find |y simple substitution that a ratio of 3:1 corresponds to a value of
+50. This means that the upydaomentum is three times the dowry d@aomentum. The reverse is also
true.If the up dg momentum is onla third the down damomentum, then this oscillator has a value of
-50. Note that R does not give consistent overbought and oversold signaldMbiean overcome this
limitation by usirg the ratio of § to &d.

In Figure9, | tabulated the values of thg & & ratio and the corresponding unsmoothed valu€sof
Rwmi and Nvo. This table shows that they & &g ratio is 2.33 for a B value of 70. A Ri value of 30
corresponds to the inverse of thet8 & ratio for the Ri value of 70. Thus, $Sd value of 0.43 gives a
Rsi value of 70You can now pick a §Sd valueyou want to define overbought and oversold levels.

Another benefit of Nio is that we get positive and negative values. Thus, it isteasee whether the
market action is mostlup or downln Figure 1Q1 plotted the 20-daNwmo for heating oil data. Note the
similarity to the unsmoothednR, since the lookback period was also fivggitor Nvio calculations. The
difference is thg-axis scale, which shows negative values. The net momentum was negative, showing
the market was in a downtrend, as sedrgure6.

A better wa to visualize the net momentum oscillator is to rewrite Equation 16 in terms of relative
momentum and absolute momentum. Using the definitions givenreasdidnave the result that:

LOMomentum O

Net MomentunOscillatar =10 0
(18) Momentun J

Equation 18 reveals that thevN simply shows the relative momentum as a fraction of the absolute
momentum changes over the desired period. The purpose ofevaise in defining relative and absolute
momentum is now clea

The Nvo is similar but not identical to the true strength indext)(described ¥ William Blau. Blau's

Tsi uses double-smoothegmonential averages for the relative and absolute momentum. Thus, its values
differ sgnificantly from the Nuo and will show greater sensitiyito price changes. On the other hand,
because of thexponential smoothing, thEsi rarely approachesxremes of -100 and +100, and so, the
NMmo can show thex¢remes more readil The choice oNmo or Tsi will depend oryour trading horizon
andyour preference for indicator sensitiviEigure 11shows a comparison o and i for Februay

1993 heating oil. Thedi has 20-dgp exponential averages double smoothgdHree-da exponential
averagesWe smoothed the 20-gainsmoothed\ mo with a five-da exponential moving average. The

daily closing prices can be seerFigure6. The Tsi hadgreater sensitivit to prices chages and the Mo

easily showed the oversold condition.

| prefer to use all previous data to calculate new valuemof We can then smootmo usirg a simple
or exponential moving average to give a better representation of market action.

Those ofyou with technical angsis software can use the following equation to calciNate. This

Article Text Copyright (c) Technical Analysis Inc. 6
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VALUES OF SUISp AND
CORRESPONDING RSI, RMI AND NMO

=ufsd R=l Rl Rl
o o 0o —100.00
15 £.00 £.00 —80.00
b 10.00 10.00 —30.00
18 15.00 15.00 =70.00
25 20.00 20.00 —&0.00
33 25.00 25.00 —40.00
A3 30.00 30.00 —40.00
A4 35.00 35.00 —30.00
&7 40.00 40.00 —20.00
82 45.00 45.00 —10.00
1.00 50.00 &0.00 o
1.22 55.00 55.00 10.00
1.60 B0.00 B0.00 20.00
1.86 Ba.00 B5.00 30.00
233 70.00 70.00 40.00
3.00 75.00 75.00 50.00
4.00 80.00 80.00 B0.00
.67 85.00 §5.00 70.00
2.00 50.00 80.00 80.00
19.00 25.00 55.00 80.00
Infinite 100.00  100.00 100.00

FIGURE 9: The table demonstrates the relative values for both overbought and oversold conditions for
each oscillator.
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Net Momentum Oscillator for Feb, 93 Heating Oil

20
0 . . . A

.20 |  20-day Unsmoothed NMO with 5-day lookback \\'

40 1

60 1
80 1

-100
921030 921113 921201 921215 921231 930115

FIGURE 10: NET MOMENTUM OSCILLATOR FOR FEB 1993 HEATING OIL. The 20-day net momentum oscillator is similar to the relative momentum
index.

Comparison: NMQ vs. TSI for Feb, 93 Heating Qil

:30:00 NMO \// \ f 5 nerlod EMA

-70.00
921026 921109 921123 921209 921223 93011

FIGURE 11: NET MOMENTUM OSCILLATOR VERSUS TRUE STRENGTH INDEX. The true strength index shows a great sensitivity to price changes.

Copyright (c) Technical Analysis Inc.



Stocks & Commodities V. 11:5 (189-199): Stochastic Rsi And Dynamic Momentum Index by Tushar Chande and Stanley Kroll

relationship follows from the definitions ofsRand Nvo. Your actual values will depend on the
smoothing mechanism forsRthatyour package uses.

(19) NMO = (2*RS - 100)

STOCHASTIC RSI OSCILL ATOR

The problem of consistegtfinding overbought and oversold regions can also be solved anothaieva
can adopt the computational approach used in the stochastic oscillator to form a st@ehastis
stochastic Ri is even better thanW at identifying overbought/oversold regions gives consistent
indicator values under overbought and oversold conditions.

We define the unsmoothed stocha&m as follows:

(RSHrogey ~RSlLow )
(RSIHigh - RSILow)

StochRSIkE=
(20)

Here, RsiHigh and RsiLow are the highest and lowest values ef &er a given lookback period. For

symmetry, we will use the same number ofydan the lookback period as in tRe calculationsYou
can &periment with diferent calculation periods you wish. For gample, if we are calculating a
14-period R, then we will find RIH and RSIL over 14 periods. The values of stoehfRary between +1

and zero. When fis at its highest value, stochihas a value of +1. ConvergelvhenRsi is at its
lowest value, stochftis at zeroYou can multipy stociRsi by 100 if you wish.

As a reminde we can define a midpoint oscillator usiRgl. The Rs1%M is similar to the stoch&® but
uses the midpoint of the range as its reference. Here is a midpoint oscillator definition:

(Z(RSIToday) ~RSlygn - RSILOW)

RS %M =100
(RSIHigh - RSILow)

21)
The overbought/oversold values are at +100 and -100Rsi#M.

For MetaStock version 3.0 users, it is simple to use either Equation 20 or 21 as a custom formula. Here is
the MetaStock formula for Equation 20:

22a) stochRB= (rsi(14) - 11v(rsi(14),14)) / (hhv(rsi(14),14) - 11v(rsi(14),14))
We need to define an additional formula in MetaStock before calcuRE8gM.
22b) stochRSH = (hhv(rsi(14),14)-rsi(14)) / (hhv(rsi(14),14)-11v(rsi(14),14))

23) RS%M = (stochR$- stochRSH)

The values will be smootheg IMetaStocks built-in smoothig mechanism foRsI. Now look at some
data to check the relative performance of these indicdtei.use data for the Dowoneslndustrial
Average DJia) from the first half in 1990n Figure 12to show a conventional 14-peri&di. The R
said the market was oversold in late Febyward overbought in egrMarch.
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FIGURE 12: DOW JONES INDUSTRIAL AVERAGE AND THE 14-PERIOD RSI. The market is considered oversold when the RSl is below 30 and
overbought when the RSI reaches 70.
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The Rsi did not signal an oversold condition at the end of.Mé&e rall into June quicky sentRsi
above 70. The new peakdJdaly did not takeRsi above 70, producing aclassic diyence betweeRsi
and the Dia. As the Dia slipped into August, R fell below 30 in eayl August.In late August, more
selling sent the Rito 20 before rebounding to 40.

The 14-period stochiis in Figure 13 This approach signals overbought/oversold signals
unambiguousl For example, it signaled the oversold condition iryMeat theRsi did not. Similary, it
flagged the oversold condition in lalene that led to the ralinto July. In Figure 14l have shown the
Nwmo for the same periodin general, Nio flagged the etremes better than thesRHoweve, the
stochRsi was better than Mb. The Dia was trending nicglin this period of comparison.

The stochR si was the best, as it flagged each significant price
extreme o ver this period.

Now compare relative performance with theAln a trading rangalVe will use data from earl1991.

The 14-period R failed to catch almost all the overbought/oversold afieiasire 15 . The 14-period
NMo was bette as it did flag two important highs and lo@#gure 16). The stoctéR(Figure 17 was

the best, as it flagged each significant prixteeame over this period.have included a 14-period
stochastic oscillatoRjgure 18 for comparison. The stoclsRwas better than the stochastic oscillator as
well, as it flagged the oversold conditions in late Felydate April and mid-Mg

You can use thEmo for the overall view of price movement The stosh@lves a closer look at price
movement than Mo or Rsi.

VARIABLE- LENGTH Dwml

We have used axed number of dgs in calculatindgRsi in our entire discussion. Foxample, we used

14 dgs' data to calculate a 14ydRsi with a one-dg lookback. This is the main reasBsi does not
consistent} identify overbought/oversold regions. The prices of futures contracts do not conform to an
arbitrarily chosen descriptive variabM/e could usdrsi more éfectively if we indexed the number of

days to market volatily. We could then automaticgladaptR si to market actionl. will call this
variable-length, yhamic Rsi the dynamic momentum indexDfu).

In dynamic momentum index calculations, adgenperiod would be used as volaildecreases. This

would take a longer range view when the markets are tradingyqéieter periods of data would be

used when volatilitincreases. This would shorten the horizon for finding overbought or oversold regions
in active markets.

Here is one approach for indeg Dmi to market volatiliy. First, we calculate the five-gatandard
deviation of closing prices. Then we take a 19-a@ving average of the standard deviatie.pick
the number of dgs in the equivalent statiRsi. Let us choose 14 gs for staticRsI. Next, we define the
following equations to calculate the number ofslen the variable-lengtbwmi.

(24) Stch = Averageg o(Std(C,5))

(25) Vi = Std(C,5)/Std

Article Text Copyright (c) Technical Analysis Inc. 8
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FIGURE 13: DOW JONES INDUSTRIAL AVERAGE AND THE 14-PERIOD stochRSI. Overbought signals are +1 and oversold signals are zero for the
stochRSI.
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FIGURE 14: DOW JONES INDUSTRIAL AVERAGE AND THE 14-PERIOD NET MOMENTUM OSCILLATOR. Overbought signals are +50 and oversold signals
are -50 for the NMO.
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FIGURE 17: DOW JONES INDUSTRIAL AVERAGE AND THE 14-PERIOD stochRSI. The stochRSI flagged each price extreme.
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(26) To = INT(14/Vj)

In Equation 24, the Stds a 10-dg simple moving average of the fiveydstandard deviation of the
close. The volatili index (M) is the ratio of tod@s value of the five-dastandard deviation divided/b

its average value over the past 19das volatility increases, Vincreases. Theydamic time period for
Rsi calculations b divides 14 ly the volatility index. The notatioinT ensures that we use integer values
for the number of da in Dvi calculationslf the index is greater than 1, thep i€ less than 14. Thus, a
volatility increases, the number ofydan Dwmi calculations decreasé.the index is less than 1, theg T
increasesWe also define lower and upper bounds for the numberysfidghe calculations:

(27) ( To)max =30

(28) (To)min =5

We have arbitranl restricted the mamum and minimum number of gaiused foDmi calculations to
30 and 5. The reasoning here is that these limits fit our trading hovi@aarcan use other limits gsu
wish. The volatiliy in the data will determine choice of the limits.

In Figure 19you can see how the volatyiindex converts into the variable length of the DS. When the
index drops to 0.47, the number ofy/dancrease to 30. When the index increases to 2.80, the number of
days decrease to five.

We should note that the conversion is nonlin€bae nonlinearit arises from the definition of the
volatility index itself. The values of the perceggahage in Vi will give you a sense of the nonlinegrit
The conversion is more sensitive when the index is less than 1. The conversion is less sensitive to
changes when the index is greater than 2.

We have built the variable-lgth Dmi around the static &tlength of 14 dgs. Hence, when thej\s
apprximately 1, the D and Rs1 will have similar values. As the index drops beloviddy and Rl
values will divege quicky. As the index increases aboveDiyi and Rsi values will divege slowly.
Hence, thexact nature of the id-Rsi curves will depend on the volatylitn the data over thgiven test
period. The divegence will increase as volatjlitncreasesmplicitly, we are discussing unsmoothHedi
values. The smoothing mechanism used&rwill influence the actual divgence between i and
Rsi. We recommend usinall available data to calculaBavi. Then smooth @1 with a simple or
exponential moving average.

We will useDJia data from the trading range in gat©991 to show how the length Bfv varies.Figure
20 shows the scaled length ofDplotted below th@®Jia daily close.We multiplied the dgs in theDmi

by 10 and added the result to 2550 to get the scaled values, aliawing directy compare the length of
Dwmi with market action. Evgrperiod of market volatilit reduces the length &fvi. When the market
traded quiet, the length oDwmi increased. Note the short length used far Ealculations in eayl

March, late March, mid-April, late Meand midJdune.In each instance, the market was making quick
moves, up or down.

The actual values of unsmoothed Dmi &wilare inFigure 21 The corresponding dgiDJa close is in
Figure 20 The shorter length helps idegtiharket extremes. Note the connection between the short
length of Dvi and the corresponding values afiDOverbought and oversold values occurred when we
were using a length of D less than 14 da. The variable-lengthydamic momentum index flagged

Article Text Copyright (c) Technical Analysis Inc. 9
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CONVERTING VOLATILITY INDEX
INTO VARIABLE LENGH FOR
CALCULATING DMI

) Change in%)  To=INT{145)

RATIO ) (DAYS)
0.47 30.00
0.50 B.35 25.00
0.70 40.00 20.00
0.0 2857 16.00
1.10 222 13.00
1.30 18.18 11.00
1.50 15.38 2.00
1.70 13.33 5.00
2.10 2352 7.00
280 19.04 B.00
2.80 10.71 £.00

FIGURE 19: An increase in the volatility ratio shortens the number of days data for calculating the RSI
and a decrease in the volatility ratio increases the number of days data for calculating the RSI.
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FIGURE 20: DJIA AND DYNAMIC MOMENTUM INDEX. The variable-length dynamic momentum index is the RSI with the lookback period adjusted
based on market volatility. The more volatile the market is, the shorter the lookback period.

Unsmoothed RSI and DMI for DJIA

90 { OVERBOUGHT REGION ﬁ\

0] DMI OVERSOLD REGION

910201 910304 910402 910430 910529 910626 910725

FIGURE 21: UNSMOOTHED RSI AND THE DMI FOR THE DJIA. The DMI is more sensitive to price extremes than the RSI.
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overbought conditions based on market action. Thisrdifrom the stochasticdRapproach, which flags
extremes in values of ® As expected, the variable lengthviDis more sensitive to price changes than
the static Ri. You can very this by noting when th® mi and Rsi reached the overbought or oversold
regions inFigure 21 The Dvi leads Ri by several dgs in noting &tremes. The B led the R by four
days inFigure 21 Sometimes (see mid-April), ti@vi reached pricex¢remes, while the & did not.

BY ANY OTHER NAME

In summay, this tutorial should givgou agood feel for the details of the calculationRef Rvi, Nmo

and Ts1. All show momentum in one form or anothé/e can use relative and absolute momentum to
understand what tgeare sging. | recommend using all data to calculate new values of these indicators.
You can then smooth the "unsmoothed" values with a moving average for better representation of market
action.

The net momentum oscillator gintly shows the ratio of relative momentum to absolute momentum
over the chosen periott.fluctuates between -100 and + 100 and uses the ratio ofyupataentum and
down dg momentum to define overbought and oversold regions. A ratio of 3:1 or 1:3 of the two
components gives overbought and oversold levels of +50 and -50. Thug kheraasier to interprdt.
seems to flag>@remes better than the conventioRal. We calculated a table for convertiRgI and

NMmo values into values for the ratio ofy/Sd. You can use this ratio to trackymg pressure or selling

pressure.

The Nvio and Ts1 are simila Tsi uses double-smootheg@nential averages in its calculations and
showsgreater sensitivit to price chages but mg not show extremes in momentum as welNa®. We
cannot unambiguougkstimate the ratio of S for Tsi because ofyg@oonential smoothing.

The stochastic 8 approach was best at signaling extremes in prit@s.can also define this oscillator
by using the midpoint of the range of values. This is a powerful combination of two popular approaches
that reduces redundand his function can be eagitlisplayed in most technical anglis programs.

The variable-lengthythamic momentum index (@) is another useful variant olsRWe have indeed
Dwmi to market volatiliy and automaticafladjusts to market action. This is also a powerful extension of
Rsi calculations.

The purpose of all these calculations is to measure momeintuaih,. using them can make momentum
work for you.

Tushar Chande, TA, holds a doctorate in engineering and a master'saem business administration.
He is a principal of koll, Chande& Co. Stanley Koll is co-author of The Business One Irwin Guide to
the Futues Markets and a principal ofr&ll, Chande& Co. Portions of this articlera excerptedrdbm a
forthcoming JohiMley book byTashar S. Chande and StanlesoK
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THE RSI AND THE RMI A B C D E F G H
1_|Date _ |S&P 500
. . 2 | 11/29/91 375.23
The formula for the relative strength indexs(Rs: 3 1272791 38140
4 | 12/3/91] 380.96
RS| = 100((RS/(1+RS)) 5 12/4/91] 380.07
6 | 12/5/91 377.39
7 | 12/6/9] 379.1d 3.8§ 0
where: 8 | 12/9/9] 378.24 o] 3.14
RS = AU/AD during the last X days 190 gﬁ?;gi 2;538 8 g-gs
AU = Yesterday s AU - (AU/X) + today’s up close or zero—5—=Tis/12/91 38159 716 5
AD = Yesterday’'s AD - (AD/X) + the absolute value of 1 2 [12/13/91] 384.44 5.37 0
today’s down close or zero 13 [12/16/91 384.44 6.2 0
14 [12/17/9] 382.74 4.84 0
, i ) 15 [12/18/9] 383.4d 5.79 0
The formula for the relative momentum indexfiRis: 16 |12/19/91] 38253 0.97 0
17 |12/20/9] 387.04 2.57 0
- 18 [12/23/9] 396.8| 12.34 0
= +
RMI = 100((RM/(1+RM)) 19 [12/24/91 399.38| 16.59 0
2 0 | 12/126/91 404.84| 21.36 0
where: 2 1 [12/27/91] 406.45| 23.94 0
RM = MU/MD during the last X days 22 |12/30/9] 41514 281 0
B , o 2 3 [ 123191 417.] 20.27 0
MU = Yesterday’'s MU - (MU/X) + today’s dlffe_rencg _be— >4 1290 4173 1793 0
tween today’s close and the close Y days ago if positive,[@r5 | 1/3/92] 419.34 14.5 0
zero 26| 1/6/92] 417.94 115 0[ 200.39 8.57 23.37] 95.99
, 27| w792 417.4d 2.2d 0[192.5q 8.14] 23.65|95.94
= - +
Mc[j) ,Yg_sf;erdaystl)\/lD (MD/)(;) ,th? absolljjtehvalule 0 28| 1/8/92 418.1d 1.0 0[183.99 7.73] 23.78] 95.9¢
today’s difference between today's close and the clos§ ¥ 9 1/90] 417.6] 035 0| 175.1d 7.35 23.83[95.97
days ago if negative, or zero 30| 171099 415.14 o 4.24]166.311.29 14.83 93.68
SIDEBAR FIGURE 1

Calculating thdRmi in Excel 4.0, using the parametersy =
5 and x = 20 (sidebar Figure 1): Column C measures 27 is:
difference between today’s price and the price five days ago.
If the price today is higher than the price five days ago, the =E26-(E26/20)+C27
difference is returned in the cell. If the difference is negative,
then a zero is returned. The formula for cell C7 is: Column F is the smoothed sum of the values in column D.
Again, first calculate the sum of the last 20 days’ valueg for
=IF(B7>B2,B7-B2,0) column D. The formula for cell F26 is:

Column D returns the absolute value of the difference be- =SUM(D7:D26)
tween today’s price and the price five days ago if the differ-

ence is negative, otherwise a zero is returned. The formula¥fbe remaining cells use the average off technique. [The
cell D7 is: formula for cell F27 is:

=IF(B7<B2,ABS(B7-B2),0) =F26-(F26/20)+D27

Column E is the smoothed sum of the last 20 days’ valueggolumn G is the ratio of column E and column F. The formula
column C. First, we calculate the sum of the last 20 dayst cell G27 is:
values from column C. The formula for cell E26 is:
=E27/F27
=SUM(C7:C26)
The relative momentum index is calculated in column H. The
The remaining cells in column C use an averaging technidgemula for cell H27 is:
to smooth the data. Simply subtract 1/20 of yesterday’s value
and add today’s value from column C. The formula for cell =100*(G27/(1+G27))
—Editor
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