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Introduction 

 

We use the reimbursement rates between carriers for completion of international long-

distance calls to test theories of noncooperative bilateral bargaining. These 

reimbursement (or settlement) rates were set through bilateral bargaining between the 

dominant carriers in each country through 1996. Carriers were effectively bargaining to 

set the marginal cost of an international telephone call. Using a model of demand in each 

country, we relate the effect of exogenous factors on the desired settlement rates of each 

party. We then use data on changes in these settlement rates over time to test whether the 

parties bargain optimally in setting these rates. We find preliminary evidence that the 

countries are bargaining optimally. 

 

Our paper proceeds as follows. In Section 1, we describe international long distance and 

the process of setting settlement rates. We provide a formal model of the settlement rate 

setting process in Section 2 and develop testable implications of the model in Section 3. 

Section 4 describes the data we employ and Section 5 summarizes our preliminary 

results. We conclude in Section 6. 
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1. International Long Distance 

 

When a long-distance call is made across national boundaries, the carrier from the 

initiating country must pay the terminating carrier an access fee for completing this call. 

Through 1996, this rate (known as the settlement rate) was set through bilateral 

bargaining between the two carriers subject to rules set by the International 

Telecommunications Union (ITU). These rules constrained the nature of the bargaining in 

at least three important ways. 

 

First, the settlement rate must be a per-minute rate. This precludes any lump-sum or other 

side payments by the bargainers. Second, the rate must be symmetric for incoming and 

outgoing calls. This implies, as we will show below, that the outcome of the bargaining is 

a zero-sum game unless the costs and demands faced by the carriers are identical. Third, 

the settlement rate can only be denominated in U.S. dollars, gold francs or special 

drawing rights (SDRs). SDRs is based on a basket of five currencies: U.S. dollar 39%, 

Duetsche mark 21%, French franc 11%, Japanese yen 18% and pound sterling 11%. This 

implies that for most country pairs, the optimal settlement rate varies as both the 

exchange rate with respect to the foreign currency and exchange rate with respect to the 

settlement rate currency change. 
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In 1996, the FCC issued a “Flexibility Order” which defined conditions under which the 

FCC could waive the use of settlement rates.1 This allowed the FCC to permit 

multilateral bargaining between the major U.S. long distance carriers and the foreign 

countries whose telecommunications industries were deemed sufficiently competitive. In 

August 1997, the FCC unilaterally (outside of the WTO) instituted benchmark settlement 

rates that AT&T must meet within a certain period of time. The benchmarks took effect 

on January 1, 1998 and set the speed of transition by the income level of the foreign 

country. To avoid modeling this constraint and the problem of multilateral bargaining we 

stop our dataset at 1995. 

 

Initiators of international calls pay and receive the service from the calls. Thus, an 

outbound call is an import and an inbound call is an export. For most country pairs, the 

U.S. has net imports and therefore a trade deficit. Put differently, the foreign county is a 

net exporter of call completion services. As we show below this is because the market for 

international calls is larger in the U.S. than in most other countries. Capital (in the form 

of settlement payments) flows out of the U.S. 

 

We next model the process of setting international settlement rates. 

 
 

1 Regulation of International Accounting Rates, Phase II, Fourth Report and Order, 11 FCC Rcd 20063. 
The FCC began looking at the issue of high settlement rates in 1991. 
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2. Settlement Rate Model 

 

We first develop a model assuming linear demand curves for incoming and outgoing 

phone calls in the U.S.2 Our model is similar to Yun, Choi and Ahn (1997) although we 

more explicitly model the role that exchange rates play in determining the optimal 

settlement rates and we prove the results in more generality. Assume that the demand for 

outgoing calls from the U.S., Q , and incoming calls to the U.S., Q , in minutes are: O I

 

( ) OIOO bPaPPQ −=,     Q ( ) IOII gPfPP −=,  

 

where  and  are the price of outgoing and incoming calls (commonly called the 

collection rates) in dollars per minute and a  and 

OP IP

fb,, g  are parameters.3  is 

denominated in dollars and  in the foreign currency. Let  be the exchange rate 

between the foreign currency and dollars as in  (the “dollar exchange rate”).

OP

IP k

II kPP =$
4 

 

                                                 

2 We plan to later relax this assumption in our estimation, but a linear demand curve is useful because it 
provides easily interpreted results and allows a rough analysis of the data without any statistical estimation. 
3 Throughout we describe our model and results from the perspective of the U.S. because that is the country 
for which we have data with other countries. The model and results could easily be re-interpreted from the 
perspective of another country. 
4 Note that we do not allow for the possibility that incoming calls are substitutes or complements for 
outgoing calls. Acton and Vogelsang (1992) find that cross price effects are small. We plan to test this 
result with our collection rate data later. 
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)

We model the behavior of the two carriers as a two-stage game. In the first stage carriers 

engage in noncooperative bargaining to set the settlement rate, , and then in the second 

stage set the collection rates as independent monopolists.  is denominated in dollars, 

gold francs or SDRs depending on the country pair. Let m  be the exchange rate between 

the settlement rate currency and dollars as in  with m  if settlements are in 

dollars. For now we assume that demand is perfectly foreseen.

s

=

s

mss =$ 1

5 We solve the model by 

backward induction. 

 

In the second stage each carrier sets its collection rate as a monopolist taking the 

settlement rate from the first period as given.6 The two firms’ problems are therefore: 

 

( ) ( OOO
O

PQmsP
P

−
max

   ( ) III
I

PQkmsP
P

−
max ( )

                                                

.7 

 

The second-order condition is met for all values and the first-order conditions imply: 

 

5  We plan to relax this assumption later. 
6 We assume that carriers are profit maximizing. We plan to investigate the validity of this assumption later 
using data on the ownership (public versus private) and regulatory status of the carriers. 
7 We assume that the technological marginal cost of a call is close to zero. This is a very good 
approximation of the cost of supplying an additional minute given the large fixed but negligible variable 
cost in completing a call. Note that we do not include operator-assisted calls, which comprise a small 
fraction of the total minutes, in our data. The marginal cost of an additional minute is very close to zero 
unless carriers pay per-minute rates for satellite or cable time. As cited in Einhorn (2002), the FCC has 
estimated the technological marginal cost of international telephone calls as $0.06 to 0.09, an amount that is 
very small relative to the average settlement rate of $2.10. 
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AT&T’s profits from outgoing calls are: [ 2

4
1 bmsa
bO −=Π ]  and total profits in period 

two are: Π  since it receives settlement payments from the foreign 

carrier for all incoming calls. So to find the optimal settlement rate for AT&T, , we 

choose the settlement rate that maximize AT&T’s second period profits subject to three 

non-negativity constraints:

msQIO
ATT +Π=

ATTs

8 
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Solving this problem we find 
m
k

bkg
afs ATT

−
−=

2
, provided ,  and 

 and the second order condition is met: . The second-order 

condition places a bound on the relative slopes of the demand curves. If the second-order 

af ≥

0>

agbfk 2≥

( ) bfkfag ≥+ 2 −bkg

                                                 

8 Both collection rates are positive regardless of the settlement rate. 



Preliminary and Incomplete – Do Not Circulate or Cite 

 

 8

condition is not met then AT&T prefers to shut down the outgoing market and charge a 

settlement rate that maximizes its revenue from the incoming market: 
gm
fks ATT

2
= . 

 

The analogous profits from incoming calls for the foreign carrier are: 

[ 2
24

1 gmsfk
gkI −=Π ]  and total profits in period two are: kmsQOI

FOR +Π=Π  since 

it receives settlement payments from AT&T for outbound calls. The foreign carrier’s 

optimal settlement rate maximizes (subject to three non-negativity constraints):9 

 

( ) ( ) [ ] [ ] ksmbmsagmsfk
gksQsQs OI
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≥ 2

1
4
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This results in 
m
k

gbk
fas FOR

−
−=

2
, provided a ,  and  and 

the second order condition is met: . Again, the second-order condition places 

a bound on the relative slopes of the demand curves. If this is not met, the foreign carrier 

prefers to shut down the incoming market and charge a settlement rate that maximizes its 

revenues from the outbound market: 

f≥

0

bfag 2≥ ( fabkag −≥ )

2 >− gbk

bm
as FOR

2
= . 

                                                 

9 Again, both collection rates are positive regardless of the settlement rate. 
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The matrix of optimal settlement rates for AT&T and the foreign carrier is provided in 

Table 1. 

 

Since in our data set firms profitably operate in both the outgoing and incoming markets, 

the middle column must describe our markets. We also include only country pairs for 

which the market for outgoing calls is “bigger” than that for incoming calls (in the sense 

that the equilibrium number of outgoing minutes exceeds the equilibrium number of 

incoming minutes). Therefore, we are in the lower (shaded) cell of the middle column of 

Table 1.10 In this cell, AT&T prefers a zero settlement rate because it pays this cost for 

outgoing calls, the large market, and receives this payment for incoming calls, the small 

market. The foreign carrier, on the other hand, prefers a positive settlement rate because 

it receives payments for outgoing calls, which is a larger market. Note that for any 

settlement rate , , neither carrier can be made better off without hurting 

the other. In this range, bargaining between carriers is a zero-sum game. 

s FORATT sss <<

 

 

10 We plan to incorporate data for the small number of country pairs with “bigger” incoming markets in the 
future. 
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3. Bargaining Theory and Testable Implications 

 

There are two main possible theoretical approaches to apply to the bargaining situation 

we study: cooperative and non-cooperative bilateral bargaining models. The relevant 

non-cooperative model is that of unstructured bargaining. Structured bargaining models 

posit a succession of time periods with clearly defined roles for each party in proposing 

and declining offers. Clearly the bargaining situation we study does not fit this well-

described procedure. 

 

[Insert review of bargaining literature] 

 

The pre-existing settlement rate establishes the threat point of the bargaining. If the two 

carriers fail to reach an agreement, the prevailing settlement rate prevails. Therefore, 

renegotiation will occur only if both parties wish to move away from the existing rate. 

Since we showed above that the bargaining is a zero-sum game for s  

renegotiation will occur only if  changes due to changes in exogenous conditions. 

Once the rate is renegotiated downward this establishes the new threat point. It should not 

be raised again because this is not in AT&T’s interest as long as it maintains a trade 

deficit. It will be renegotiated downward again if exogenous factors change 

appropriately. 

FORATT ss <<= 0 ,

FORs
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Since we argue that the pre-existing settlement rate determines the value of the outside 

option, we will assume that the outstanding settlement rates at the beginning of our data 

set were exogenously determined.11 The current accounting system has its roots in the 

1930s. Cable & Wireless (C&W), which dominated the British Empire 

telecommunications industry, set most of the rates within Britain and its colonies. C&W 

required most calls to be routed through London to provide it with significant settlement 

revenue. Outside of the British Empire, the European PTTs (Post, Telephone and 

Telegraph administrations) did not have end-to-end ownership of international facilities 

(except with their colonies) and had to negotiate with other carriers. In these agreements, 

the carriers adopted a practice of evenly splitting the per-minute revenue from access. 

 

In the 1930s, AT&T, which suffered from C&W’s internal routing arrangement, set out 

to reform the system. Part of the reform was to negotiate directly with carriers in the 

British Empire for direct routing arrangements. In doing so, AT&T also adopted the 

practice of equally dividing the charges. Once AT&T had a network of arrangements in 

place, it instituted its World Rate Plan of 1944 which specified accounting rates based on 

distance: $1.50 (4.5 gold francs) per minute for links less than 500 miles up to $4.00 (12 

gold francs) for links over 3000 miles. The FCC adopted the 50:50 division of a 

 

11 Much of the history in this section is taken from Ergas and Paterson (1991). 
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prearranged accounting rate as a precondition for service with the U.S. In exchange for 

financial support during World War II, the UK agreed to an increase in the number of 

direct circuits between the U.S. and its colonies. With de-colonization in the 1950s and 

1960s many of the telecommunications entities were nationalized, inheriting 

responsibility for the pre-existing arrangements. 

 

Effect of Threat Points 

 

If the carriers fail to reach an agreement, the status quo settlement rate is continued. This 

establishes the “threat point.” Therefore, we do not expect a renegotiation until both 

parties can be made better off. Since we have shown that this is a zero-sum game, the 

settlement rate will not change unless some exogenous factor changes. Moreover, the 

factor needs to change such that both parties want to change in the same direction. Our 

tests pertain to both the probability of settlement rate renegotiation as well as the 

magnitude and direction of the change upon renegotiation. Using our model, we first 

derive some testable implications. 
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Effect of exchange rates: 

 

An increase in , the exchange rate between dollars and the foreign currency, decreases 

the optimal settlement rate for the foreign carrier since: 

k

( )
( )

0
2 2 <

−
−−=

∂
∂

mgbk
fag

k
s FOR

. When 

 increases it means the dollar has gotten weaker relative to the foreign currency. Since 

the foreign currency has gotten stronger, the foreign carrier would prefer to shift profits 

from outside of the country to within the country. It does so by decreasing the settlement 

rate, which lowers its domestic marginal cost and increases its domestic profits. At the 

same time, profits from settlement receipts on outgoing calls falls. The appendix shows 

that this result holds for a general demand specification. 

k

 

An increase in , the exchange rate between dollars and the settlement rate currency, 

decreases the foreign carrier’s optimal settlement rate since: 

m

( )
( ) 0
2 2 <

−
−−=

∂
∂

mgbk
fa

m
s FOR

. 

When  increases the dollar has gotten weaker against the settlement rate currency 

raising the effective marginal cost for both carriers (holding the exchange rate between 

dollars and the foreign currency constant). The foreign carrier would like to lower the 

nominal settlement rate to lower the marginal cost for both carriers. The appendix shows 

that this result holds for a general demand specification under very general conditions. 

m
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Effect of demand: 

 

Note that ( ) 0
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 so that “bigger” 

demand for outgoing calls increases the optimal settlement rate for the foreign carrier. 

When outgoing demand increases, the foreign carrier would prefer to raise the settlement 

revenue it obtains from the larger volume of outgoing calls even though it sacrifices some 

profits due to the higher marginal cost on its sales of incoming calls. Also, 
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 so that “bigger” demand for 

incoming calls decreases the optimal settlement rate for the foreign carrier. When 

incoming demand increases, the foreign carrier would prefer to lower its marginal cost of 

completing these calls even though it sacrifices some profits due to the decrease in 

settlement payments from AT&T. The appendix shows that both of these results hold for 

a general demand specification. 

 

Summary of Testable Propositions: 

 

Since the settlement rates for all country pairs in our sample are above zero and AT&T 

has a trade surplus for all pairs in our sample, AT&T would always prefer to lower the 

settlement rate for any country pair. Therefore, AT&T would never prefer an increase in 
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settlement rates and we should never observe an increase in the settlement rate for any of 

our markets. However, changes in exogenous factors which lead to a lower desired 

settlement rate by the foreign carrier should lead to a renegotiation of the settlement rate 

downward since this is in the interest of both AT&T and the foreign carrier. Therefore the 

testable propositions are: 

 

Proposition 1: For all country pairs in which AT&T has a traffic surplus, the settlement 

rate should never increase. 

 

We test this proposition by inspection. In our sample described below, there is no country 

pair that increases its settlement rate in any year.12 Four propositions directly follow from 

Proposition 1: 

 

Propositions 2 – 5: 2) A decrease in the dollar exchange rate with respect to the foreign 

currency13, 3) a decrease in the dollar exchange rate with respect to the settlement rate 

currency, 4) an increase in outbound demand, and 5) a decrease in incoming demand 

 

12 There is one minor exception to this, the U.S. and Jamaica pair, which decreased the peak settlement rate 
from $1.75 to $1.65 but increased the off-peak settlement rate from $0.74 to $1.40 in 1990. Since 
settlement payments for this pair are based on an average of the peak and off-peak rates this is an increase 
from $1.245 to $1.50.  
13 We assume exchange rate changes do not affect demand for incoming or outgoing minutes. In the long 
run, exchange rate movements may shift demand for trade, which could affect demand for international 
phone calls. 
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should either have no effect on or decrease the probability that the settlement rate is 

revised downward. If it decreases the probability, the probability should be decreasing in 

the magnitude of the change. 

 

The opposite changes in these factors should lead to a downward change in the settlement 

rate. In this case, both AT&T and the foreign carrier would prefer to lower the settlement 

rate. In the presence of renegotiation costs, not every incremental movement in these 

factors will induce a change, but when the rate is renegotiated, the decrease in the 

settlement rate should be increasing in the degree of change in the factors: 

 

Propositions 2’ – 5’: 2’) An increase in the dollar exchange rate with respect to the 

foreign currency, 3’) an increase in the dollar exchange rate against the settlement rate 

currency, 4’) a decrease in outbound demand, and 5’) an increase in incoming demand 

should increase the probability of a downward change in the settlement rate and the 

probability should be increasing in the magnitude of the change. 

 

Once the rate is renegotiated downward this establishes the new threat point. It should not 

be raised again because this is not in AT&T’s interest as long as it maintains a trade 

deficit. It will be renegotiated downward again if exogenous factors change 
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appropriately. The demand factors are likely to change more slowly than the exchange 

rates, but the changes are likely to be more permanent than the exchange rate changes. 

 

We test Propositions 2 through 5 and 2’ through 5’ by estimating a logit to predict the 

probability that the settlement rate is negotiated down for a particular country pair in a 

particular year: 

 

1) ( ) +∆+∆+∆+∆+∆+∆+=∆ ++
ititititititit ZZmmkks

332211
ββββββαΙ  

ititit ZZ 144 εββ +∆+∆ −−  

 

where ∆  represents a downward change in the variable or zero otherwise, ∆  represents 

an upward change in the variable or zero otherwise, +Z  are variables that affect incoming 

demand positively, −Z  are variables that affect incoming demand negatively, i  indexes 

country pairs,  indexes time periods (years) and  is an indicator variable equal to 

one if the statement is true and zero otherwise. From Propositions 2 through 5 and 2’ 

through 5’ we expect 

t ( )•Ι

0,,, 4321
≤ββββ  and 0,,

431 >βββ ,2 β . 

 

Propositions 6 through 9 relate to factors that reduce the settlement rate: 
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Propositions 6 – 9: When renegotiated, the negotiated settlement rate is decreasing in the 

6) dollar exchange rate with respect to the foreign currency, 7) dollar exchange rate with 

respect to the settlement rate currency, 8) decrease in outbound demand, and 9) increase 

in incoming demand. 

 

Since we never observe an upward change in the settlement rate in our data, these 

observations are censored and we employ a Heckman selection model to account for the 

endogeneity of renegotiation. The underlying regression relationship is: 

 

2) ∆  itititititit ZZmks 24321 εββββα +∆+∆+∆+∆+= −+

 

where  represents the change in the variable and we constrain the dependent variable to 

be less than zero. We expect 

∆

0,, 321 <βββ  and 04 >β . The dependent variable is 

observed if: 

 

3) 03 >+ ititw εγ  

 

where ( )σε ,0~2 Nit , ( 1,0~3 Nit )ε  and ( ) ρεε =ititcorr 32 ,  and  are instruments which 

are correlated with the probability of renegotiation but uncorrelated with the degree of 

change in the renegotiated settlement rate. 

w
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Effect of other firms in U.S. market: 

 

With the entry of MCI, Sprint and other carriers into international long distance 

beginning in 1984, the Federal Communications Commission (FCC) had to modify the 

reimbursement system to allow for multiple firms. This was called the Universal 

Settlements Policy, which was renamed the International Settlements Policy (ISP) in 

1986. The FCC decided that AT&T would continue to negotiate on behalf of all carriers 

and instituted a proportionate return rule, which stated that settlement payments for 

incoming traffic would be allocated across carriers according to their share of outbound 

traffic. This will require modification of our base model to allow for competition in the 

second stage and the resulting effect on AT&T’s bargaining behavior in the first stage. 

[To be completed.] 
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4. Data 

 

Our data set includes 238 country pairs observed annually between 1985 and 1995. All 

country pairs include the U.S.14 For each country pair we have annual data on the 

incoming and outgoing minutes, settlement rates, exchange rates and demand factors. 

 

Quantity of outgoing and incoming minutes for each country pair was taken from annual 

editions of Statistics of Communications Common Carriers (1986 – 1996). Exact 

negotiated settlement rates are taken from Accounting Rates and IMTS Deficit for 1985 to 

1990.15 Subsequent years’ data is taken from IMTS Accounting Rates of the United 

States. The official exchange rate, total population and number of telephone mainlines are 

taken from World Bank (2001). Table 2 provides summary statistics on this raw data. 

 

It is useful to note some trends in the raw data. The average settlement rate declines in all 

years except 1986 and 1987. Since settlement rates decline for all country pairs this is due 

to the mix of country pairs observed in those two years. Most settlement rates are 

denominated in dollars. Approximately equal numbers of settlement rates are 

denominated in SDRs and gold francs at the beginning of the sample, but over time 

 

14 Canada and the United Kingdom are among the few other countries that publish settlement rate data. 
15 Approximate settlement rates can be computed by dividing total settlement payments by the number of 
settlement minutes. 
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country pairs shift from using gold francs to using SDRs.16 Settlement rates denominated 

in gold francs are consistently higher than those denominated in SDRs or dollars but there 

is no clear pattern in the relative magnitudes of SDR- and dollar-denominated rates. 

 

An observation in our data set corresponds to a country pair-year combination (for 

example, calls between the U.S. and France in 1989). Using the data we calculate 

changes in each of the variables since the last time that the settlement rate changed or 

1985 whichever is later. For example, the settlement rate between Saudia Arabia and the 

U.S. was $2.36 from 1985 to 1990 and changed to $2.20 in 1991 where it remained 

through 1995. For the Saudia Arabia/U.S. country pair we calculate all changes through 

1991 relative to 1985. For 1992 through 1995, we calculate changes relative to 1991. If a 

country pair had no changes in its settlement rate throughout the time period all changes 

are calculated relative to 1985. 

 

Because we do not observe settlement rates prior to 1985, previous settlement rate 

changes are censored and we do not know the base year on which to calculate changes. 

Since we assume the last change took place in 1985 this introduces a bias that declines in 

each successive year. We plan to account for this censoring at a later date. 

 
 

16 Note that we do not yet include a change in currency as a change in the settlement rate. We plan to do so 
at a later time. 
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Table 3 provides summary statistics for the differenced data. Nearly 29% of the 

settlement rates for the country pair-year combinations were renegotiated and the average 

change was negative fourteen percent. For 84% of the observations, the dollar exchange 

rate (with respect to the foreign currency) changed, falling on average thirteen percent. 

The dollar exchange rate (with respect to the settlement rate currency) exhibited much 

less volatility, with only 30% of the observations changing and an average increase of 

only three percent. This is because most settlement rates are denominated in dollars, 

which exhibit no change, and SDRs, which exhibits less change because it is based on a 

basket of currencies. 

 

We include six possible factors affecting incoming demand. The number of telephone 

mainlines per one thousand people, total population, gross domestic product per capita 

and tourism receipts in the foreign country, all of which should be positively related to 

demand for incoming calls.17 These factors presumably also stimulate outgoing demand 

(since there are more possible recipients of calls) but it is only necessary that the effect on 

incoming demand exceed that on outgoing demand. Two other factors, exports of goods 

and services and imports of goods and services by the foreign country cannot be clearly 

associated with affecting incoming demand only. 

 

 

17 We plan to add outgoing demand variables in the future. 



Preliminary and Incomplete – Do Not Circulate or Cite 

 

 23

5. Results 

 

Table 4 shows the results from estimating equation 1). The logit model predicts the effect 

of changes in each variable on the probability of a renegotiation in the settlement rate. 

Column 1 of Table 4 provides the coefficient estimates and Column 2 provides the effect 

of a marginal change in each variable on the odds ratio (of renegotiating versus not 

renegotiating). In interpreting these results it is important to remember that a 

renegotiation always means a downward change in the settlement rate per our results for 

Proposition 1. [To be completed] 

 

Table 5 shows the results from estimating equations 2) and 3). Model 1 includes only the 

demand factors believed to affect incoming demand in a positive direction, while Model 

2 also includes imports and exports which have an ambiguous effect on incoming 

demand. The results are generally consistent with our expectations. All coefficients 

except one are of the sign we anticipate and many of them are significant. Changes in the 

dollar exchange rate with respect to the foreign currency decrease the negotiated 

settlement rate although it is significant at the 15% level only in Model 2. The larger the 

increase in the exchange rate the larger the decrease in the settlement rate. A one percent 

increase in the foreign currency exchange rate decreases the settlement rate by 

approximately 0.02% to 0.03%. The dollar exchange rate with respect to the settlement 
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currency has the anticipated effect in both models and is highly significant. A one percent 

increase in this exchange rate lowers the settlement rate by over 0.4%. 

 

An increase in the foreign country population has a significantly negative effect on the 

settlement rate in both models. A one percent increase in population lowers the settlement 

rate by 0.5% to 0.8%. Increases in the foreign country’s GDP per capita lower the 

settlement rate but is only significant once imports and exports are accounted for. A one 

percent increase lowers the settlement rate by approximately 0.2%. An increase in 

tourism receipts in the foreign country also decreases the settlement rate but only 

significantly when imports and exports are excluded and then only at the 15% level. An 

increase in the number of telephones in the foreign country has opposite the expected 

effect, increasing the settlement rate. This is perhaps due to countervailing effects on 

outgoing demand. The effect is fairly large with a one percent increase in number of per 

capital telephones increasing the settlement rate by about 0.09%. 

 

All of the instruments in the selection equation are highly significant. Settlement rates are 

more likely to be renegotiated in later years although at a diminishing rate. The longer it 

has been since the settlement rate has been renegotiated, the less probable that it will be 

renegotiated, implying persistence either due to high transaction costs in bargaining or 

intransigence by the bargaining parties. 
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6. Conclusion 

 

[To be completed.] 



Preliminary and Incomplete – Do Not Circulate or Cite 

 

 26

Bibliography 
 
Acton,  J.P. and I.  Vogelsang (1992). “Telephone Demand Over the Atlantic: Evidence 

from Country-Pair Data,” Journal of Industrial Economics, 40, 305 – 323. 
 
Cave, M. and M. P. Donnelly (1996). “The Pricing of International Telecommunications 

Services by Monopoly Operators,” Information Economics and Policy, 8, 107 – 
123. 

 
Cheong, K. and M. Mullins (1991). “International Telephone Service Imbalances: 

Accounting Rates and Regulatory Policy,” Telecommunications Policy, 15, 107 – 
118. 

 
Einhorn, M. A. (2002). “International Telephony: A Review of the Literature,” 

Information Economics and Policy, 14, 51 – 73. 
 
Ennis, S. (2000). “Competition and Price Dispersion in International Long Distance 

Calling,” working paper. 
 
Ergas, H. and P. Paterson (1991). “International Telecommunications Settlement 

Agreements: An Unsustainable Inheritance,” Telecommunications Policy, 15, 29 
– 48. 

 
Federal Communications Commission (1986 – 1996). Statistics of Communications 

Common Carriers. 
 
Federal Communications Commission. Accounting Rates and IMTS Deficit. 
 
Federal Communications Commission. IMTS Accounting Rates of the United States, 

accessed at http://www.fcc.gov/ib/pd/pf/account.html in August 2002. 
Frieden, R. (1993). “International Toll Revenue Division: Tackling the Inequities and 

Inefficiencies,” Telecommunications Policy, 17, 221 – 233. 
 
Hakim, S. R. and D. Lu (1993). “Monopolistic Settlement Agreements in International 

Telecommunications,” Information Economics and Policy, 5, 145 – 157. 
 
Johnson, L. (1991). “Dealing with Monopoly in International Telephone Service: A U.S. 

Perspective,” Information Economics and Policy, 4, 225 – 247. 
 

http://www.fcc.gov/ib/pd/pf/account.html


Preliminary and Incomplete – Do Not Circulate or Cite 

 

 27

Kashlak, R. J., R. Chandran and C. A. Di Benedetto (1998). “Reciprocity in International 
Business: A Study of Telecommunications Alliances and Contracts,” Journal of 
International Business Studies, 29, 281 – 304. 

 
Madden, G. and S. J. Savage (2000). “Market Structure, Competition, and Pricing in 

United States International Telephone Service Markets,” The Review of 
Economics and Statistics, 82, 291 – 296. 

 
Sandbach, J. (1996). “International Telephone Traffic, Callback and Policy Implications,” 

Telecommunications Policy, 20, 507 –515. 
 
Tirole, J. (1988). The Theory of Industrial Organization, The MIT Press, London, 

England. 
 
World Bank (2001). 2001 World Development Indicators, electronic database. 
 
Yun, K., H. Choi and B. Ahn (1997). “The Accounting Revenue Division in International 

Telecommunications: Conflicts and Inefficiencies,” Information Economics and 
Policy, 9, 71 –92. 

 



Preliminary and Incomplete – Do Not Circulate or Cite 

Table 1  Optimal Settlement Rates for Respective Carriers 

 
No Incoming Market 






 < k

gb 2  

Both Markets Active 






 << k

gbk
g 2

2  

No Outgoing Market 






 > k

gb 2  

Foreign 
Market 
Larger 

 ( )0>− af

m
k

bkg
afs ATT

−
−=

2
 

bm
as FOR

2
=  

 

m
k

bkg
afs ATT

−
−=

2
 

0=FORs  

m
k

g
fs ATT

2
=  

0=FORs  

U.S. Market 
Larger 
( )0<− af  

0=ATTs  

bm
as FOR

2
=  

0=ATTs  

m
k

gbk
fas FOR

−
−=

2
 

m
k

g
fs ATT

2
=  

m
k

gbk
fas FOR

−
−=

2
 

 
 

A1 



Preliminary and Incomplete – Do Not Circulate or Cite 

Table 2  Raw Data Descriptive Statistics (all values in U.S. dollars) 
 
Variable Mean Std Min Max n 
      
Settlement Rates 1985      
     All 2.47 1.29 0.80 13.66 191 
     Dollar-Denominated 2.27 0.87 0.80 5.00 139 
     SDR-Denominated 2.01 0.63 1.32 3.65 24 
     Gold Francs- Denominated 3.90 2.24 1.37 13.66 28 
Settlement Rates 1986      
     All 2.49 1.43 0.50 15.21 182 
     Dollar-Denominated 2.17 0.82 0.50 5.00 130 
     SDR-Denominated 2.15 0.73 1.25 4.06 24 
     Gold Francs-Denominated 4.24 2.52 1.52 15.21 28 
Settlement Rates 1987      
     All 2.51 1.25 0.50 5.88 182 
     Dollar-Denominated 2.13 0.82 0.50 5.00 130 
     SDR-Denominated 2.44 0.85 1.45 4.71 25 
     Gold Francs-Denominated 4.40 1.55 1.77 5.88 27 
Settlement Rates 1988      
     All 2.27 1.11 0.50 5.58 183 
     Dollar-Denominated 2.02 0.83 0.50 5.00 129 
     SDR-Denominated 2.13 0.78 1.37 4.47 32 
     Gold Francs-Denominated 3.94 1.50 1.67 5.58 22 
Settlement Rates 1989      
     All 2.11 1.02 0.50 5.45 182 
     Dollar-Denominated 1.96 0.82 0.50 5.00 124 
     SDR-Denominated 1.90 0.87 1.01 4.36 38 
     Gold Francs-Denominated 3.47 1.40 1.64 5.45 20 
Settlement Rates 1990      
     All 2.05 1.03 0.45 5.90 185 
     Dollar-Denominated 1.84 0.74 0.45 5.00 124 
     SDR-Denominated 1.97 0.96 1.10 4.72 38 
     Gold Francs-Denominated 3.38 1.52 1.50 5.90 22 
Settlement Rates 1991      
     All 1.99 0.96 0.26 5.93 185 
     Dollar-Denominated 1.86 0.75 0.26 5.00 127 
     SDR-Denominated 1.89 0.89 0.72 4.32 41 
     Gold Francs-Denominated 3.14 1.60 1.50 5.93 17 
Settlement Rates 1992      
     All 1.88 0.93 0.26 5.70 185 
     Dollar-Denominated 1.80 0.75 0.26 5.00 124 
     SDR-Denominated 1.62 0.70 0.69 3.88 44 
     Gold Francs-Denominated 3.15 1.51 1.50 5.70 17 
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Table 2  Raw Data Descriptive Statistics (all values in U.S. dollars) (continued) 
  
Variable Mean Std Min Max n 
      
Settlement Rates 1993      
     All 1.85 0.91 0.45 5.73 197 
     Dollar-Denominated 1.80 0.76 0.45 5.00 125 
     SDR-Denominated 1.56 0.63 0.69 3.89 55 
     Gold Francs-Denominated 3.18 1.50 1.50 5.73 17 
Settlement Rates 1994      
     All 1.81 0.96 0.34 6.16 194 
     Dollar-Denominated 1.73 0.75 0.34 5.00 125 
     SDR-Denominated 1.59 0.73 0.51 4.19 54 
     Gold Francs-Denominated 3.37 1.70 1.50 6.16 15 
Settlement Rates 1995      
     All 1.72 0.98 0.25 6.16 196 
     Dollar-Denominated 1.67 0.74 0.25 5.00 126 
     SDR-Denominated 1.41 0.69 0.37 3.49 57 
     Gold Francs-Denominated 3.57 1.82 1.50 6.16 13 
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Table 3  Settlement Rate Changes Descriptive Statistics 
 
Variable Mean Std Min Max n 
      
Settlement Rate Change Dummy 0.288 0.453 0 1 1767 
% Change in Settlement Rate 
 -0.0421 0.0895 -0.733 0 1680 

     % Change (if negative) -0.139 0.114 -0.733 -0.000985 509 

% Change in Dollar Exchange 
Rate (Foreign Currency) -0.133 0.351 -0.999 0.861 1479 

     % Change (if positive) 0.199 0.193 1.22x10-6 0.861 418 

     % Change (if negative) -0.341 0.314 -0.999 -2.88x10-7 821 

% Change in Dollar Exchange 
Rate (Settlement Currency) 0.0301 0.0753 -0.0737 0.354 1765 

     % Change (if positive) 0.132 0.0996 0.00441 0.354 420 

     % Change (if negative) -0.0259 0.0164 -0.0737 -0.000457 94 

% Change in Telephone 
Mainlines (Foreign Country) 0.207 0.314 -0.840 3.77 1566 

     % Change (if positive) 0.244 0.317 0.00229 3.77 1368 

     % Change (if negative) -0.0622 0.108 -0.840 0.00180 151 

% Change in Population (Foreign 
Country) 0.0626 0.0836 -0.304 0.587 1516 

     % Change (if positive) 0.0680 0.0820 0.0000530 0.587 1427 

     % Change (if negative) -0.0234 0.0593 -0.304 -0.0000699 87 

% Change in GDP Per Capita 
(Foreign Country) 0.0271 0.109 -0.361 0.833 1363 

     % Change (if positive) 0.0785 0.0905 0.000221 0.833 886 

     % Change (if negative) -0.0685 0.0685 -0.361 -0.000427 477 

% Change in Tourism Receipts 
(Foreign Country) 0.593 1.85 -0.909 38 1445 

     % Change (if positive) 0.857 2.07 0.000844 38 1085 

     % Change (if negative) -0.250 0.226 -0.909 -0.00350 290 

% Change in Imports (Foreign 
Country) 0.117 0.309 -0.915 2.35 1104 

     % Change (if positive) 0.233 0.290 0.0000558 2.35 768 

     % Change (if negative) -0.148 0.143 -0.915 -0.000260 336 

% Change in Exports (Foreign 
Country) 0.155 0.300 -0.871 2.41 1110 

     % Change (if positive) 0.233 0.282 0.000254 2.41 870 

     % Change (if negative) -0.132 0.152 -0.871 -0.00228 240 

Time Trend 5.72 2.88 1 10 1767 
Time Trend Squared 41.0 33.0 1 100 1767 
Elapsed Time Since Previous 
Renegotiation 

2.69 2.10 1 10 1767 

      
Sample includes settlement rates for 238 country pairs between 1985 and 1995 with a positive surplus of 
outgoing minutes. 
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Table 4  Logit Estimation of Probability of Change in Settlement Rate in Sample of Country Pairs 
  Dependent Variable: Settlement Rate Change (Y/N) 
 
   
 
Independent Variable 

 
Coefficient 

Odds 
Ratio# 

   
To Be Completed   

   
Observations  
Log Likelihood  
   
Estimates employ a logistic regression where the dependent variable is one if the settlement rate was 
renegotiated and zero otherwise. Standard errors are in parentheses. 
* Significant at the 15% level.  ** Significant at the 10% level.  *** Significant at the 5% level 
**** Significant at the 1% level. 
# Evaluated at the mean. 
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Table 5  Heckman Selection Model Estimates of Change in Settlement Rates in Sample of 
Country Pairs 

  Dependent Variable: Change in Settlement Rate 
 
   
 
Independent Variable 

Model 
1 

Model 
2 

   
Regression Equation 

Intercept -0.109*** 
(0.0266) 

-0.114*** 
(0.0262) 

% Change in Dollar Exchange Rate 
(Foreign Currency) 

-0.0180 
(0.0180) 

-0.0293* 
(0.0185) 

% Change in Dollar Exchange Rate 
(Settlement Currency) 

-0.440**** 
(0.0963) 

-0.420**** 
(0.0979) 

% Change in Telephone Mainlines (Foreign 
Country) 

0.0816****
(0.0278) 

0.0954****
(0.0299) 

% Change in Population (Foreign Country) -0.537*** 
(0.134) 

-0.769*** 
(0.160) 

% Change in GDP Per Capita (Foreign 
Country) 

-0.0145 
(0.0682) 

-0.223*** 
(0.0917) 

% Change in Tourism Receipts (Foreign 
Country) 

-0.0152* 
(0.0101) 

-0.00846 
(0.0106) 

% Change in Imports (Foreign Country)  0.0491** 
(0.0258) 

% Change in Exports (Foreign Country)  0.0339 
(0.0319) 

Selection Equation 

Intercept -1.32**** 
(0.148) 

-1.39**** 
(0.155) 

Time Trend (Year – 1985) 0.318**** 
(0.0588) 

0.327**** 
(0.0616) 

Time Trend Squared (Year – 1985)2 -0.0201****
(0.00502) 

-0.0204****
(0.00526) 

Elapsed Time Since Previous Renegotiation -0.164**** 
(0.0193) 

-0.180**** 
(0.0207) 

   
Observations 1646 1602 
Censored Observations 1258 1258 
σ  0.0983 0.0926 
ρ  -0.0280 0.00393 
   
Estimates employ a Heckman selection model with truncation in the dependent variable above zero. 
Standard errors are in parentheses. 
* Significant at the 15% level. ** Significant at the 10% level.  *** Significant at the 5% level. 
**** Significant at the 1% level. 
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Appendix 
 
Consider demand Q  for outgoing minutes and demand Q  for incoming 
minutes. We assume throughout that the outgoing market is “bigger,” in that equilibrium 
outgoing quantity, Q , exceeds equilibrium incoming quantity, , and that demand for 

incoming minutes is steeper than that for outgoing minutes 
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Maximization results in  and . So in the first stage the foreign 
carrier’s problem is: 
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The first-order condition yields , the foreign carrier’s optimal settlement rate 
(provided the second-order condition is met): 
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where we have used the envelope condition for . The foreign carrier’s optimal 
settlement rate balances its marginal effect on net settlement minutes (the first term) and 
its effect on inframarginal net settlement minutes (the second term). The first effect is 
negative because an increase in the settlement rate increases AT&T’s marginal cost of 
call initiation (a monopolist’s price is increasing in its marginal cost (see Tirole (1988), p. 
66 – 67)), which decreases its quantity sold. The second effect is positive because the 
foreign carrier is a net exporter of call completion and gains from an increase in the 
settlement rate. Therefore, the foreign carrier’s optimal settlement rate is positive. 

IP

 
The analogous maximization problem and first-order condition for  for AT&T 
are: 
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again applying the envelope condition for  and provided the second order condition is 
met. 

OP

 
AT&T prefers a negative settlement rate: 
 
AT&T’s optimal settlement rate balances its marginal effect on net settlement minutes 
(the first term) and its effect on inframarginal net settlement minutes (the second term). 
The first effect is negative because an increase in the settlement rate increases the foreign 
carrier’s marginal cost of call initiation which decreases its quantity sold. The second 
effect is also negative since AT&T is a net importer of call completion and loses from an 
increase in the settlement rate. Therefore, AT&T’s optimal settlement rate is negative. 
 
Effect of exchange rates: 
 
We can now show that an increase in the exchange rate between dollars and the foreign 
currency decreases the foreign carrier’s optimal settlement rate. The first-order condition 
for s  implicitly defines a function: ( kmFOR ,∗ )
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its marginal cost and 0>−=
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P
FOC  so this is true. When the dollar exchange rate 

increases, the foreign currency has gotten stronger relative to the dollar. The foreign 
carrier would prefer to shift profits from outside the country to within the country 
(repatriating the dollars earned from outgoing calls is worth less in real terms). It can do 
so by decreasing the settlement rate. This will decrease its marginal cost of production, 
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raising its domestic profits, but also decrease its compensation for call completion, 
lowering its foreign profits. 
 
We can also show that an increase in the exchange rate between dollars and the 
settlement rate currency decreases the foreign carrier’s optimal settlement rate for 
reasonable demand functions. Totally differentiating equation 3) with respect to  
letting  change we get: 
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increasing in its marginal cost. 
 
Since  determines the effective settlement rate paid by both AT&T and the foreign 
carrier, an increase in  (holding constant) increases the effective settlement rate 
above the optimally desired level for the foreign carrier. The foreign carrier would prefer 
to reduce the nominal settlement rate to compensate. An increase in this exchange rate 
makes calls more expensive, in both countries, than the foreign carrier would prefer. This 
holds unless the increase in marginal cost increases the foreign carrier’s trade surplus 
sufficiently that the carrier would prefer to increase the settlement rate. There are two 
conditions, both of which are unusual, that might cause this. First, incoming minutes 
decline sufficiently due to the increase in marginal cost. Second, outgoing minutes 
increase sufficiently due to the second-order effect of the marginal cost increase on 
outgoing minutes demand. 

m
m k

 
Effect of demand: 
 
We can now show that “bigger” incoming demand (in the sense of an outward shift in the 
demand curve) decreases the foreign carrier’s optimal settlement rate. Add  to 

incoming demand so that: Q  and 
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The first-order condition for  is now: ( rkmsFOR ,,∗ )
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This implicitly defines a function ( ) ( )[ ]msPkmsPrsFOC FOROFORIFOR ,,,,,, ∗∗∗∗∗ . Applying the 
implicit function theorem, we can totally differentiate this equation around the 
equilibrium with respect to r  letting  change to obtain: ∗
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The term in brackets is the second-order condition for  and is negative by 
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When incoming demand increases relative to outgoing, the foreign carrier would prefer to 
reduce its marginal cost of satisfying this demand. It is willing to sacrifice the lower 
settlement revenues it receives from AT&T because of the increase in demand. 
 
A similar approach can be used to show that “bigger” outgoing demand increases the 
foreign carrier’s optimal settlement rate. Add  to outgoing demand so that: 
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The first-order condition for  is now: ( hkmsFOR ,,∗ )
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Applying the implicit function theorem to totally differentiate this equation around the 
equilibrium with respect to  letting  change we get: h ∗

FORs
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Since  by assumption of an interior maximum, 0<SSOC 0>
∗

dh
dsFOR . When outgoing 

demand increases relative to incoming, the foreign carrier would like to increase the per-
minute settlement rate it receives on the outgoing traffic. It is willing to incur the higher 
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marginal cost of satisfying incoming demand because of the relative increase in outgoing 
demand. 
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