M 9.1 INTRODUCTION

We continue our study of political power in this chapter, beginnire "
Sections 9.2 and 9.3 with two more quantitative measures of pover
Both of these power indices were introduced in the late 19705 te
first appearing in Johnston (1978) and the second in Deegan—l’ackle
(1978). These indices are similar in some ways to the Shapley-Sh
and Banzhaf indices introduced in Chapter 3, but they also diffe
some important respects from these earlier ones as well as from ¢
other. Additionally, we build on work of Brams, Affuso, and Kjlvgou:
(1989) in applying these indices to measure the power of the pmlde;:e
in the context of the United States federal system as We id [Oril
Shapley-Shubik index and the Banzhaf index in Chapter 3.1t tum?:;;
for example, that according to the Deegan—Packel index, the Prfsfe\f“
has less than 1 percent of the power. The Johnston index, h*
suggests that the president has 77 percent of the power: dl
. 'In Sections 9.4 and 9.5, we offer a precise malhemancalble(
ition of what it means to say that two voters have compe iy
Incomparable power. This definition provides us with what %

fir
f

x of Power
g.2. The Johnston Inde: i

ordinal notion of power—“or di'na]" referring to the fact that the order-
ing is 0t derived from .the.asagnment of numbers, as it was with the
four «cardinal” power u.ldlces' (Shapley-Shubik, Banzhaf, Johnston,
oo Deegan-Packel). This ordinal notion of power is closely linked
10 the idea of “swap-robustness” from Chapter 2; the cognoscenti will
recognize itas Jeading to the well-known “desirability relation on indi-
viduals.” We conclude in Section 9.6 with a theorem from Straffin
(1980) that allows one to calculate the Shapley-Shubik index of a

so-called “voting bloc” in a fairly trivial way.

H 9.2 THE JOHNSTON INDEX OF POWER

The Banzhaf index of power from Chapter 3 was based on the idea
of a critical defection from a winning coalition. It does not, however,
take into consideration the total number of players whose defection
from a given coalition is critical. The point is, one might well argue
that if a player p is the only one whose defection from C is critical,
then this is a stronger indication of power than if, say, every player
in C has a critical defection. This is the idea underlying the Johnston
index of power as formalized in the following two definitions (which
mimic those of Section 3.4).

DEFINITION. Suppose that p is one of the players in a yes-no voting
system. Then the total Johnston power of p, denoted here by TJP(p). is
the number arrived at as follows:

_ Suppose Cy, ..., G are the winning coalitions for which p's i
is critica). Suppose ny is the number of players whose defection from
Cy,is critical, n, is the number whose defection from C2 i critical aqd
S00n up to p; being the number of players whose defection from o
Critical, Then

1 T
TJP(P)=£+—+ =
ny o n2 nj
DEFINT ing sys-
ION. sy i layer in @ yes-no voting s¥
tem A ppose that p1 is a play .. pn Then the

tlhat the other players are denoted by p2.P3:

index of p;, denoted here by JI(p)), is the number
TIP(p1) §

TIP(py) + -+ + TIP(Pn)

Johnston given by

Ji(p1) =
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Example:

Let’s stick with the same three player example that we used to illustrage
both the Shapley-Shubik index and the Banzhaf index in Chapter 3
Thus, p; has fifty votes, p> has forty-nine, and p3 has one. Passyg:
requires fifty-one votes. As before, the winning coalitions are

Ci = {pi,p2,r3}
Cy = {p1,p2}
C3 = {p1,p3}.

Now, p1, has the only critical defection from Cy, but for both C; and (s
it shares this property with the other member of the coalition. Thus,in
calculating the absolute Johnston voting power of py, we get a coniri
bution of 1 from py’s presence in Cy, but only a contribution of :'; each
from its presence in C; and C3. Similar comments hold for p andps.
Thus we have:

—

il
TJP([);):1+§+E—_—2
1 1
TIP(p2) =0+ 5 +0=3
1 1
TJP(]]3)20+0+§=5
and
2 2
Ip) = ————==
2+4+4 3
4 1
o) =2 &4
kTR
1
5 1
J(p3) = 2 =_.
A 1+1 6

& n
A o1 yalues”
Notice that these turn out to agree with the Shapley—Sh"'blk‘

Section 3.2. alitio™
. oo cOANY T
For yes-no voting systems where the number of wmf"ngr , usifs
: e
is reasonably small, one can calculate total Johnston POW®

Sump,
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a chart as we did for total Banzhaf power in Section 3.6 The differ-
ence is that, with Johnston power, one needs to identify which voters
have critical defections from which winning coalitions. We illustrate
this by calculating the total Johnston power for the European Eco-
nomic Community as set up in 1958. Critical defections are italicized
inthe chart below, and the number of countries italicized in a winning
coalition determines the fractions that occur to the right of that coali-
tion. Thus, in the winning coalition listed below as FIBNL, defections
by the four countries F, I, B, and N are critical. Hence, each of these
four countries receives a contribution of % from this winning coalition
towards its total Johnston power.

F G I B N L
FGI R
FGBN  } 4 b4
FBN Ly ok
GIBN Lo gk o
FGIL L N
FGBNL 1} P
FIBNL ) R B
GIBNL Loy g
FGIB T
FGIN A
FGIBL T
FGINE. -~ ol =idv g
FGIBN
FGIBNL
TIP TR e G
T e R

. o oower indices it
apt, Arizing these results as we did for the previous PO¢
“Pler i i .

3 vields the following:
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Country Votes Percentage  JI Percentage
of votes of power
France 4 23.5 i 25.0
Germany 4 23.5 i 250
Italy 4 23.5 4 25.0
Belgium 2 11.8 3 12,5
Netherlands 2 11:8 4 12.5
Luxembourg 1 5.9 0 0

The Johnston Index of the President

To calculate the Johnston index of the president, we need a break-
down of the types of winning coalitions possible since we also must
worry about how many players in each coalition have defections th!
are critical. In the chart that follows, we will give a name (like ‘Tir’)
for each type of winning coalition, and we will describe them by an
expression like “67 S and 290 H” to indicate that this type of coaliti”

is made up of 67 senators and 290 members of the House. ‘P’ stands
for “president.”
Description of Number of ~ Whose
the winning critical defection
coalitions defections i arttca
Ty1: 67 S and 290 H 357 S
T12: 67 S and 291-435 H 67 g H
Ty3: 68-100 S and 290 H 290 H
T51:Pand 51 Sand 218 H 270 B
T2:Pand 51'S and 219-289 H 52 PR
T23:Pand 52-66 S and 218 H 219 L
T24: P and 52-66 S and 219-289 H 1 £ H
T31: Pand 67-100 S and 218 H 219 E
T32:Pand 67-100 S and 219-289 H 1 3
T4: Pand 51 S and 290-435 H 52 P
T42: P and 52-66 S and 290-435 H 1 k

9.2.The Johnston Index of Power -

Now we can calculate the total Johnston power of the president, a
member of the Senate, and a member of the House,
The winning coalitions involved in calculating the total Johnston
power of the president can be obtained from column three above. They

are

T21,T22,T23,T24,T31,T32, Tay, Tsa.

Let [T21| denote the number of coalitions of type T5;. If we were cal-
culating the total Banzhaf power of the president, we would just add
the numbers: |T21],|T22], etc. However, since we are calculating the
Johnston power, we must “adjust” each factor by dividing it by the
number of people whose defection from such a coalition is critical.
These can be obtained from column two above. Thus,
TIP (The President) = — IT21] + i+ L
C Fresi = — _— i |
SUNYS 0 s R R e
1 1
— T3] + =|Ta1| + |Ta2l.
+|T24I+2]9IT31|+| 32l + 55Tl Ty
The calculation of, say, | T4, proceeds in a way similar to what we did
inthe calculations of the Banzhaf power. That is,

: 35 435
. {( 5020> o (16060)] : [(219) bl (289)]_
Expressing [T21], | T3], etc. in “n choose k" notation is left to the reader.
(See Exercises 5 and 6 at the end of the chapter:)
Now le's consider a fixed member of the Senate. Column three of
the previous chart again shows which types of coalitions will have to
¢ considere. They are

Ty, Ti2, T21, T22, Ta1-

Her sant to use,
or & however, we have to be alittle careful since we d<; notw T““ e
Samp] alitions of type T
1 €, |T11]. The point is, lots of the coalitions o1 e
ven i »I711]. The point is, lots 0 e are considering:

s, l;}‘dc as a member the pzu'ticul:u: §ellz‘il§f‘ll involve the number

Twayg ©contribution from type 71 coalitions ! ol of 92 remaining

Sehate,. ‘of choosing 66 other senators from !!“’ po . 90 members
°'S multiplied by the number of ways of choosIE 2 .
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of the House from the available 435. In particular, the “; choose i

expression will involve
'99) 100)
and not
(66 67

With this potential pitfall confronted, the calculations proceed iy ;
way similar to what we've done before, yielding
TJP(A Senator) = 357 [

57 (6e) * Goo)]
+%@3K£ﬁ+w+ﬁiﬂ
(

1

“575((20) * (o))
~55(50) () +++ (o)
+33(a0) [G3n) + -+ ()]

Expressing the total Johnston power of a member of the Hous¢ Df
Representatives in a similar fashion is left to the reader. (See Exercis®
at the end of the chapter.)

To obtain the desired Johnston indices, we sum the total Johnsw'i
power of the 536 players involved, and then divide by the total. The
results turn out to be:

JI(The president) =.77
JI(A senator) =.0016
JI(A member of the House) =.00017.

. al
Expressing these in terms of percentages of power instead of s
decimals yields:

(Johnston) Power held by the president =77%
(Johnston) Power held by the Senate = 16%

(Johnston) Power held by the House =%

—Packel Index of Power
93. The Deegan mn

The striking thing to nOtice- is the very different measure of power
assigned the president by th.lS fndex as opposed to those in Chapter 3, A
Jittle more on this will be said in the concluding section of this chapter,
but there is no substitute for going directly to the literature.

# 9.3 THE DEEGAN-PACKEL INDEX OF POWER

In 1978, Deegan and Packel introduced a power index based on three
assumptions:

1. Only minimal winning coalitions should be considered when
determining the relative power of voters.

o

All minimal winning coalitions form with equal probability.

3. The amount or power a player derives from belonging to some
minimal winning coalition is the same as that derived by any
other player belonging to that same minimal winning coalition.

These assumptions, in fact, uniquely determine a power index.
‘\?"‘1‘0\"01‘, the calculation required involves a nice blend of what we
did with the two procedures for Banzhaf power (Section 3.5) and

the calculation of Johnston power (Section 9.2). We begin with two
d"ﬁnilions

DEFINITION' Suppose that p is one of the votersin a yes-voting sys-
:Th Then the total Deegan-Packel powerof p, denoted here by TDPP(p).
S: Number arrived at as follows: i
eIOnppose Ci,...,C; are the minimal winning co
8S. Suppose ny is the number of voters in Ci:
#/nd 50 on up to n; being the number of voters in G-

alitions to which p
ny is the number In
Then

TDPP(p) = L
(P = Fiies N2 nj




